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Abstract

Developing a Digital Health Intervention for the Secondary Prevention of Cardiovascular Disease

BackgroundSecondary prevention is an important strategy to reduce the burden of
cardiovascular disease (CVIdhile guidelines recommend that secondary prevention should start
as early as possible following a CVD diagnosis, referral to and uptake of secondary prevention
programmes such as cardiac rehabilitation (CR) remains persistentlyfgaalhealth
interventions (DHIs) including mobile apps have the potential to offer innovative, scalable
approaches thaimprove the provision of timely secondary preventibtowever, despite these
potential benefits, adoption of DHIs into routine clinical practice has been dtonmthermore,
although secondary prevention DHIs such as CR have been compared to traditjperaion
programmes, there has been little research focusing on the development of these DHIs, with limited
use of cedesignto approaches. There is also a lack of understanding of the systems required to
support implementation, scalabilifand sustainability.

Aim: The overall aim of this research wasatvance knowledge on the development of DHIs for
the secondary prevention of CVID.line with this aim, the research included in this thesis sbtmh
(i) examine current practice, by assessing the outcomes of a multicomponent digital CR intervention
delivered in Irelandluring the COVI29 pandemic, (jito identify factors influencing
implementation of this digital CR programme from the parstive of health workers, and {iio use
the resulting evidenceo inform the development of a Dhown| & & L b ¢fér thé s@doridary
prevention of CVD that coulae provided to patients with coronary heart disease(Catidhe time
of their diagnosis and prior to their discharge from hospital

Methods: Using a mixed methods approach, this research was underpinned by the UK Medical
Research Coun¢MRC)Yramework for developing and evaluating complex interventions. In the first
study, a singleentre observational study was conducted to examine the outcomes (lifestyle, risk
FIOU2NE GKSNILISdziAO 3I21fa YR ljdgrdMySRy 2F¢ ®ATFS 0
help identify the contextual factors influencing implementation of secondary prevention DHIs, a
gualitative analysis of héth worker perspectives on this programme was conducted in Study 2.
In Study 3apersonbased, cedesign approach to the development of INTERCEPT, inclusive of
usability testing was adopted.

Findings:The observational study of Croi MySlai(udy 1showed that multicomponent
digital CR can be successfully implemented to help patients achieve guideline recommended
lifestyle, medical and therapeutic targets that are comparable tpdrson CR programmelsisights
from the qualitative analysis of health worker perspectives on digital CR (Study 2) revealed that

factors influencing implementation of DHIs relate to: intervention characteristics and technical

Xii



considerations; individuals (workforce and patients); the healthcare ecosystem; and the broader
extrinsic ecosystem within which they operate. Then, in Study 3, the needs of the enéayser
design principlesand the desired app features and content were established through the use of co
design.Through an iterative process, including usability testihip facilitated the development of a
theory informed intervention, whickkomprised of anobile Health app linked to a health care
professional portal andearable technology

Conclusionincreasing emphasis is being placed on prioritising the development of DHIs for the
secondary prevention of CVDhis researclontributes tothe evidence base for the development of
such interventiondy examining real world evidence including clinical outcomes and contextual
factors influencingmplementation andntegrating these findingwith the use of cedesign to
inform the development of INTERCEBY adopting a mixed methgtheory based, approach to the
development of the INTERCERI Dhis programme of research has paved the way for next step

feasibility testing andlefinitive evaluation of effectiveness and future replication.
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Chapter lintroduction

1.1 Chapter overview

In this chapter the background literature relevant to the research undertaken for this PhD thesis
will be presented. This includes an overview of Cardiovascular Disease (CVD) and the role of
secondary prevention in reducing the burden of this conditiowoBdary prevention strategies such
as digital health interventions (DHIs) will be explored and factors influencing the development and
implementation of these DHIs will be outlined. Finally, the research rationale will be presented, as
well as an overviewf the aims and objectives of this thesis, including the papers resulting from the

research.

1.2 Cardiovascular Disease: a global health burden

CVDs are a major cause of premature death, disability and health care expenditure dtbbally.

In 2021, 20.5 million deaths were due to CVDs, which accounted for one third of all deaths
worldwide, with one in three of these deaths occurring in persons under 70 years (2age.

Reflecting the global picture, CVD is one of the leading causes of death in Ireland and is the third
most common cause of death in those aged under 55 years of3a@a/D is a collective term for a
group of diseases affecting the heart and circulatory system. While there are many different types of
CVD, atherosclerotic cardiovascular disease (ASCVD) presents the greatest{4)#A&D\VD
includescoronary heart disease (CHD), cerebrovascular disease, peripheral artery disease, and
atherosclerotic aortic diseas@f these, CHD is the most common manifestation, leading to
myocardial infarctio{Ml), angina and coronary artery stenogi.

Over the past threedecades there has been a significant declifeballyin agestandardised
death rates from CVD, from 354.5 deaths per 100,000 in 1990 to 239.9 deaths per 100,000(@) 2019.
This decline can be attributed to improvements in the control of major CVD risk factors and
advancements in treatment&, 8)However, recent data shows that this decline in CVD mortality is
plateauing and even appears to be rising in certain regions in the United $té&and Europe,
especially among younger peoflB.For example in England, CiHidrtality rates for persons under
the age of 75 years increased by 14.3% between 2019 and(2)28e epidemic of obesity and type
Il diabetes are considered to be major contribut¢t®) Furthermore, there is a disproportionate
distribution of CVDs, with 80% of all CVD deaths worldwide occurring in low and +imicloilee
countries (LMIC]11)Indeed, inequities in CVD are widespread, with disparities in awareness of CVDs,
exposure to risk factors, health behaviours and access to healthcare services existing between and
within countries, across ages abdtween males and femalg42) For examplewomen have a 20%
increased risk of dying or developing heart failure within five years after their first severe heart attack

compared to mer(13)



While agestandardised death rates have reduced, more people are as a consequence living with
CVD than ever, with the prevalence of CVD nearly doubling from 271 million in 1990 to 523 million
people in 20191) This presents a significant burden on the individual and their families or carers. The
experience of a heart attack is profound and can have a long lasting impact on quality of life, resulting
in increased stress, anxiety and depression, all of which em®ociated with poorer health
outcomes(14) Indeed, people with CHD are twice as likely to experience anxiety and depression in
comparison with the general populatiqd5)In addition to the loss of, and impact on, individual lives,
the economic burden of CVD through healthcare costs, loss of productivity and disability is enormous.
In 2023 &uropean Union (EU) populatirased cost studgstimated that theeconomic cost of CVD
in theEuopean Union (EU),wasHy H @ mintnA Xt €t A2y Y2NB GKIF Y6 KS Sy
Of these costs, healthand loiigS N OF NB | 002 dzy i F2NJ empp OAffA2Yy>
OAfEA2Y YR AYF2NXI{ (1B)Wie thd 2céotomic ad8sNiBr C¥Dr vary 0 A  f )
considerably across the 27 EU countries|feland/ +5 NBLINBaSy i SR | ,Wwtdad 2F
the total cost estimated at 3.42 billiaf16)

Driven by the aging and growing population, the burden of-nommunicable diseases (NCDs)
such as CVD are expected to grow, with the number of deaths from CVD projected to rise from an
estimated 18.9 million in 2020 to over 22.2 million in 2030 and 32ll&min 2050(17)Based on the
landmark INTERHEART study, the factors which contribute most significantly to the burden of CVD
include behavioural (smoking, physical inactivity, harmful use of alcohol and unhealthy diet) and
medical risk factors (hypertension, dyslipidaes)idiabetes18) Of these factors, smaoking, lipids,
hypertension and diabetes account for 80% of the population attributable risk for both CHD and
stroke(18, 19)However, CVD is also rooted in the broader context of societal, environmental and
commercial factors. These factors together with global uncertainties regarding climate change,
pandemics such as COMIB, migration, conflicts and much more, highlight #eealating challenges
global health systems face in addressing the CVD disease bir2lefst a global level, the United
NationsSustainable Development Goals (SDGs) have set a tangatuioe mortalityfrom NCDsuch
as CVD by a third by 20300 accelerate progress towards achieving this target, international
organisations including the World Health Organisation (WHO), World Heart Federation (WHF) and
European Society of Cardiology (ESC) advocate for scalable and sustainable national se¢bpbnse
cover all dimensions of CVD hedalft2, 20, 21)While recommended responses range from
implementation of healthy public policies to early detection and management of behavioural and
medical risk factors, there is substantial evidence to support a focus on secondary prevention

implementation to reducehle CVD burde(22-24)



1.3 The role of secondary CVD prevention

In recent decades, advances in the diagnosis, acute treatment, and management of CHD mean
that more people are surviving initial cardiovascular (CV) ey@agConsequently, this has led to an
increasing number of people requiring ongoing, lifelong secondary prevention. As defined by the
2|1 Cz aSO2yRIFENE LINBOGSyiGAz2y NBFSNE (G2 alyeé adN) dS:
recurrent CVD event in patientsivk S & (0 | 0 f A4)Ne&IR half df 4ll €8 évants occur in
patients with established CHD, with 18% experiencirgcarrent event in the firsyear after MI(25)
Early initiation ocomprehensive, secondary preventioan mitigate a large part of this risk
providing an estimated gain of seven CV event free years, whilst improving quality of life, reducing
reK2 & LA G £ A al (26, 27yQuidelire yeéommehded, sedondary prevention treatments
include medicationgntiplatelet treatments, lipid lowering agents, angiotensin converting enzyme
inhibitors, angiotensin receptor blockers (ARB), beta blogkéfasstyle modification (tobacco
cessation, increased physical activity, healthy diet), together with access to cardiac rehabilitation
(CR)X22, 28)
1.3.1 Cardiac rehabilitation

CR is a multifaceteidtervention that supports patients to achieve the recommended
secondary prevention targets that provide optimal health benefits, including psychosocial
wellbeing22)L i Aa RSTAYSR o6& (GKS 21 h Fa aiKS adzy 2F | C
ensure the best possible physical, mental and social conditions so that patients with chronic-or post
acute CVD may, by their own efforts, preserve or resume their propee jtasociety and lead an
I OG0 A A)Ité core Simnents include lifestyle (physical activity and exercise training, healthy
eating and weight management, and tobacco cessation) and medical (blood pressure, lipids,
diabetes) risk factor management, psychosocial support, and health behaviourechadg
education(28, 30)The evidence base for CR is well established and consistently demonstrates a
favourable impact on CVD mortality, hospital readmissians in some studiesll-cause mortality
in patients with CHOO(31-33) The most recent Cochrane review by O Dibben et al., confirms the
benefits of exercise based CR in reducing CVD mortality byrd&%atio (RR): 0.74, 95% confidence
interval (Cl): 0.640.86, number needed to treat (NNT): 37], overall hospitalizations by 23% (RR:
0.77, 95% CI: 0.60.89, NNT: 37) and fatal and/oon+fatal MIby 18% (RR: 0.82, 95% CI: 0796,
NNT: 100)(26)In addition, this eview which included 85 randoneid controlled trials (RCTSs),
involving 23,430 participants with a median folleyw of 12 months, also showed improvements in
health-related quality of life (HRQoL). The review included exercise only CR studies (n=38) and
multiple component CR interventioie=47). Multicomponent interventions are advocated by

various International organisations, including the WHF, the ESC and the British Association of Cardiac



Rehabilitation and Prevention (BACR4&R)28, 34and have been shown to elicit greater survival
benefits when compared to exercise only interventi@BS) Systematic review and meta analyses
evidence shows that multicomponent CR addressing six or more risk factors can reaueeseall
mortality by 37% in comparison to less comprehensive CR prograif@2pa/hile early CR
programmes focused on supervised exercise to counter decontitqost MI, these data
emphasise the need for CR to adopt a comprehensive approach that places equal importance on all
CVD risk factor&8) CR complements acute cardiac care treatments by improving function of the
vascular system over time and there is emerging evidence to show that its benefits are similar to
commonly performed percutaneous coronary interventions for patients with chramenary
syndrome, with lower risk and cog26)In addition to clinical efficacy, systematic review evidence
shows CR to be cost effecti{@?) Reflective of both this clinical and economiddence base, CR is a
Class 1,dvel A recommendation for patients living with CHD and heart failure in current

international clinical guideline®2, 3840)

1.4 The guideline implementation gap

Despite the compelling evidence for secondary preventiamge implementation gaps persist
between guidelines and practiceafa from multiple studies includinguropean Action on
Secondary and Primary Prevention by Intervention to Redivesnts \EUROASPIRE])) Reduction
of Atherothrombosis for Continued Health (REACH) Redik&WVHO study on Prevention of
Recurrences of Myocardial Infarction and Stroke (VWHREMISEX2)the Prospective Urban Rural
Epidemiology (PURE) stu@8)the prospective observational LongitudinAl Reglstry oF patients with
stable coronary arterY disease (CLARIFY) $tiddshe Dyslipigemia International Study
(DYSI$)5) and thelnternational Action on Secondary Prevention through Intervention to
Reduce Events (INTERASPIRE) (@t6ihll demonstrate persigint suboptimal CVD risk factor
control in patients with CHD across the glolveEurope, the EUROASPIRE V survey highlighted that
despite high levels of cardio protective drug prescribing; over half of all patients with CHD do not
achieve guideline recommended blood pressure targets, with more than two thirdaahieving
the recommended Low Density LipoproteitD() cholesterol targetg41) Importantly, disparities
exist in relation tananagement of CHD between sext®e presentdéion type of CHD and between
highrincome countriesHIQ andlow and middleincome countriesl(MIQ. For instance, studies have
shown that women are less likely to receive cardiotective medications, such as antiplatelets,
lipid andblood pressureBP lowering medgation in comparison to mef47-49) In terms of
presentation type, thdrish Action on Secondary and Primary prevention by Intervention to Reduce
EventqiASPIREYtudyshowed that stable chronic coronary syndrome patients are less likely to

receive the same intensity of secondary prevention than acute coronary syndrome (ACS)



patients(50) Furthermore, findings from the PURE study highlighted that more than 75% of patients
with established CHD or stroke in Li@ge not taking secondary medications compared to less than
10% in HIE(51)

While guidelines recommend that secondary prevention should be initiated as early as possible
following diagnosis, global access and uptake of secondary prevention programmes such as CR
remains consistently pod0, 52)Based on International survey data, CR is available in only half of
the countries of the world, with the lowest availability in Africa, where CVD is expected to increase
more than any other global regiq®.3)In Ireland, survey data show that 40% of patients are waiting
at least three months for C@4)and there is wide variability in patient attendance from 34% to 97%
between hospital siteg50) Across Europe, results from the EUROASPIRE V survey demonstrated that
less than half of patients (46%) were advised to participate in CR and of those who attended, 69%
attended at least half of all sessioffsl) Moreover, there is evidence to show that CR is not as well
implemented as other secondary prevention treatme(i®)Based on US data only 12% of CHD
patients are referred to CR versus 97% for blood pressure assessment and 81% for lipid I@Bering.
56) To successfully address the challenges associated with guideline implementation a

comprehensive understanding of the barriers to secondary prevention are required.

1.5Barriers to secondary prevention

Barriers to secondary prevention are multifaceted and exist at multiple levels including the
individual, the healthcare professional, and the health systén24, 57)hey are influenced by
geography, economic status, sociocultural factors and structural bias leading to ethnicity and
genderrelated inequalitieg4)

At an individual level, neadherence to lifestyle recommendations, cargimtective
medication and participation in CR are key issues. Management of risk factors is a lifelong task,
which requires multiple health behaviour changes that can be diffioutbéke and to sustai(¥)
Related to this, barriers include lack of family support, beliefs about lifestyle, competing demands,
and anxiety and depressiqb8)Reasons for low adherence to medications relate to cost, beliefs
about the benefits of medications and potential side effects, low health literacy levelefseticy
and social supportc9)For CR, barriers to participation include, inconvenience (travel and distance
to the CR site), cost, family responsibilities and lack of awareness of the perceived need and benefits
of CR(57, 60)Furthermore, there is disproportionatelylow rate of CR participatioamong women,
members of ethnic minority groups, older adults and those with multiplencobidities(30, 61)
Reasons for this include, delayed and low rates of referral to CR, and lack of tailoring of programmes
to meet with individual needs. For example, women are less likely to engage in CR likely due to

factors associated with being the primary carer in tamily and lack of financial and social



support(62)While CR has traditionally been delivered in hospital outpatient departments, during

the 9-5pm working day, it is recognised that this one size fits all approach does not meet the needs

of patients with CHD. Therefore, there is a need for current hospi#tabd models of CR which were
RSAAIYSR 20SNJcn &SFENR |32 G2 S@2t@0S (2 (2RlIe&Qa
adherence, greater emphasis on offering patients choice in how, when and where they can access

CR is required, whilst also ensurprggrammes are culturally appropriate and inclusj@a)in

addition, as many patients who adopt healthier lifestyles during CR relapse-tapi@c event

habits when returning to everyday li{f€4)greater emphasis on loAgrm secondary prevention
selfmanagement support is required.

For HCPsnultiple factors influencémplementation of guideline recommended secondary
prevention. These include knowledge, skills, attitudes, limited time and resources and financial
incentives, all of which lead to clinical iner(&b) Specific to CR, reported barriers among clinicians
include: lack of knowledge of CR and its benefits; uncertainty how to refer; safety concerns; time
constraints; perceptions that patients lack mattion or are unable to attendis well as the
clinicians own health belief&6)Moreover, secondary prevention guideline implementation has
shown to be worse in countries where there is limited availability of local evideased
guidelines(4) Therefore, aapting nternational guidelines to local settings, in partnership with
National Societieor key experts in the field, is required to help address 4)s.

At a health system level, availability and affordability of secondary prevention medications are
key challenges across both HIC and LMIC contributing to low use of medi¢&fpRarthermore,
limited availability, capacity and affordability of programs to support physical activity, diet, smoking
cessation and psychosocial wellbeing have been identified as key roadblocks to secondary
prevention(4) A recent survey by Abreu et gbund that, while CR was available in 91% of
European countries, there was only one spot for every seven patients in need and over three million
more places are required per year to treat patients with G6) Consistent with European data, CR
capacity is also globally insufficient and it is estimated that 19 million more CR spots are needed to
treat all patients with CHI(b3) This does not include heart failure and other patient groups who are
eligible for CR. The vast underutilization of CR together with its limited capacity to meet with
demand, suggests that the current traditional in person, hospital based, model of @&yl
unsustainablg69)

Barriers to secondary prevention were further exacerbated by the Coronavirus Disease 19
(COVIEL9) pandemic. Not only were patients with pegisting CVD at increased@¥isk when they
acquired COVHRY, but they also experienced worse clinical outcomes due to disruptions in CV care

serviceq;70) The repercussions of these disruptions resulted in: fewer patients calling for help when



experiencing symptoms of heart attack or stroke; patients postponing cardiology clinical
appointmens; temporary postponement of elective cardiac and angioplasty procedures; and
decreases in referrals to and availability of @&.71)Furthermore, reported increases in pandemic
related psychosocial distress, including isolation among patients with(yEsulted in a
significant increase in referrals to cardiac psychokxgyicegpost COVIEL9(71)

Developing innovative, sustainabbnd scalable secondary prevention interventions and
strategies are key to addressing the aforementioned bariiéB3Recommended strategies range
from health policy interventions (these focus on addressing the commercial, environremdal
societal threats to CV health) to strengthening secondary prevention services at a health systems
level, to individuabpproachesvhich focus on improving health literacy and supporting-self
managemeni4) To improve uptake of CR there is a need to develop more patiemtred,
innovative approaches that promote personalisation and flexibility in service delivery. Importantly,
such approaches need to focus on early initiation of seaongrevention, ideally within twaveeks
2F GKS LI GASydiQa AYyRSE SoSyio {GFNIAYy3I sAGKAY 0
adherence to CR22, 28)Accelerated by the COVI® pandemic, there is increased recognition of
the potential of digital health (DH), to transform secondary preventive care. Accordingly, the WHF
have prioritised thdeveraging 6 DHIs and technologies as one of fousin domains for action in
their World Heart Vision 2030 poli€¥2) The next section of this chapter will outline the evidence
base for using DHIs for the secondary prevention of CVD.

1.6 The role of digital health in the secondary prevention of CVD
1.6.1 Digital health

Digital technologies are transforming many aspects of everyday life, including how we
communicate, shop, socialise, and le§rd) The healthcare landscape is also rapidly evolving with
digital technologies being integrated into everyday healthcare practices. With over 70% of the
g2NI RQa LJ2 Lzt | G A 27Ap)digital hedlf offers & promiNifig opder@intySda timely
and convenient health caré. K S S NI W Rrferdtd ihe iftersicBon 6f Gokhguter science

and technology with medical science to achieve health outcomes. While multiple terms are used to

K

describedigital health technologies G KS G SNY WRA 3 A(DHI)fs ugedthrdughisut A y i S NID

this thesis in line with WHO recommendations to describe these technol(¢fés.

Digital health encompasses: electronic health (eHealth) (i.e. the use of information and
communications technology in health); mobile health (mHealth) (i.e. the use of wireless mobile
technologies for health for exampfemart phone apps, wearables, text messaging); telemedicine
(provision of health services remotely); as well as emerging fields such as big data analytics, artificial

intelligence (Al) and machine learni(gf)Pertaining to CVD, there are a wide range of DHIs, which



span the health care continuum from prevention to pre and post hospital care, tetéwrmgsupport
and selfmanagement. These DHIs have many potentials applications. Fopkxanilatable BP
cuffs connected to a smart phone via Bluetooth can guide home BP monitoring, wearable devices
such as smartwatches can aid in the diagnosis of arrhythmias and can provide health data such as
step counts and sleep time. Ultimately, DHIs have the potetatiahhance health outcomdsy:
improving clinical diagnosad management; enhancing setianagement and shared decision
making; improving reach; and providing more continuous, equitable, persatred care(74, 78,
79)While DHIs can be classified according to their target group, i.e., the patient, theaHC e
health systen{;76)the focus of this thesis is on patient specific interventions.

Digital transformation of health services aims to deliver on the quadruple aim of healthcare,
whichcomprisedamproving population healthimprovingpatient and provider experienceand
reducing health care cos{80)DHlsare seen as an essential component and critical enabler to
achieving the 2030 agenda for sustainable development, with the potential for increased access to
care and health equity driving digital health adopti@1.) Accordingly, the WHO recommends that
each country should develop a digital health action plan, which prioritisplementation of
DHIs(82)Launched in 2024, the Digital Health Framework for Ireland (2020) sets out how
digital health can be used to improve population health, widen access to health and social care
services and provide high quality, sustainable, affordable and equitabléhbare(83)In line with
national priorities, this framework emphasises the importance of harnessing digital technologies in
re-orientating service delivery to support people to stay healthy or manage their chronic condition
(including CVD) closer to hon(i@4) However, todate, there has been a lack of focused studies on
the use of DHIs for the secondary prevention of CVD within the Irish healthcare context.

In addition to the rapid proliferation of Dgjlthere is increasing evidence for their ugdth the
majority of this research being published since 2024).Specific to CVD, a recent maatale
analysis of DHI literature highlighted that the current frequency of secondary prevention clinical
trials related to mobile health technology has been ranked as one of the highest, with CR being
identified as an emeligg area of increasing grow(i81) While DHIs for the secondary prevention of
CVD have received increased interest in the past decade, the impetus to increase their use has been
further accelerated byhe COVIEL9 pandemic. Amid this infectious disease crisis, many centre
based CVD preventive and rehabilitation services were either suspended or stopped, resulting in the
rapid adoption of DHIs to improve access. Data from international surveys showed that @& of
services pivoted to dital programme delivery within thremonths of the pademic(85)with
uptake rates of homdoased programmes (which include DHIs) increasing tfolkekin countries

such as the United KingdofK)(86) These pandemitnduced developments not only highlight the



ability of CR services to adapt and use innovation technology to deliver care, but also underscore the

potential of DHIs to address the persistent challenges associated with access and uptake of CR.

1.6.2 Digital health interventions for the secondary prevention of CVD

There is growing evidence to support the use of DHIs for the secondary prevention of CVD.
Studies of DHIs include various modes of delivery such adasdd platforms, mHealth, wearables,
virtual reality, and email79, 87, 88)While the use of mHealth applicatiofepps)and webbased
platforms are the most common type of DHIs used, many of these DHIs are often used in
combination(87, 88)A recent systematic review of digit@R highlightethat an average 2.6 modes
of delivery were used across 21 of the 25 included stu@@@jRecent metaanalysis data show that
secondary prevention DHéppear to beassociated with reductions in adhuse mortality(relative
riskWwwo [ 1 ®p-0.730,peh @) systdlic blosbipressurr Sy RA F-EBNEHDS T
9.471.08,p=.01F I ff OF dzda S MBKZ & DX lp D6HHET0L)ENY IONerdd n
medication noradherence rategww ' n ®o m D.46fpp:01) ¢omparedhte standard care
following acute coronary syndrome (AGC8R)While the number of studies in this review was small
(n=14), similar results have been observed in systematic reviews andanalgsis of mHealth
secondary prevention interventior(90-92) These reviews highlighted additional benefits which
included: improvements in physical activistandardised mean difference [SMD]=0.42, 95% CI:
0.040.81;p=.03);exercise capacity (SMR1.64, 95% CI: 12.89.55;p<.001) physical and mental
dimensions of quality lifeSMD=0.26, 95% CI: 0-:0914;P=.004 and SMD=0.27, 95% CI: 6.06
0.47;p=01, respectively(p0), selfrated anxiety Wweighted mean differenceb ¢ &1 n Z-7.7@p:2 / LY
tob p Pr<W.B01) and depressionveighted mean differenceb T dy T 28§z / L Y
tob ¢ dp<®.B01)92)as well as reductions in the incidence of major adverse cardiovascular events
(MACES) by 329RR0.68, 95% CI: 0.48 to 0.93% 0.03)92)cardiacrelated hospitalisations by 45%
(RR:0.55; 95% CI: 0-848) and emergency department visits by 63% (RR: 0.37; 95% CI: 0.26
0.54)(91)However, in contrast to other secondary prevention D8 mHealth interventions do
not appear to offer greater benefits than usual care forcallise mortality(90, 91)

Furthermore mHealthapps are a promising strategy for enhancing-se#fnagement among
patients with CVD. A systematic review and matalysis by Coorey et al., showed improvements in
disease specific knowledge as well as multiple behaviours and CVD risk {@8jétewever, the
overall scientific quality of the evidence in this review was low, highlighting the need to conduct
larger controlled studies of longer duration. A more recent review of mHealth apps for CVD self
management highlighted that, while apps showasjive health outcomes, they lack many of the

functions to optimise selfnanagement and user satisfaction is often 1(8«)



While the shortto mediumterm effectiveness of secondary prevention DHIs are well
documented, there is also evidence to show that these DHIs are effective in improviagtong
YEYFISYSYyG 6x MH Y2y (iKao 2F N A& atientsifhZCNB A Y R NEB 2
systematic review and metanalysis by Su and Liu et al., which included 10 RCTs, showed that DHIs
Oy &aA3IyAFAOLyidfe NBRdAzOS [ 5] OKpz0.®EH;ERMWE bood { a5 T
LINBaadz2NB 6{ a5 § nkn pm@eoR)yadprdospitdli2atios, redecurrence, and
mortality (risk ratio = 0.36, 95% CI:0.17, 07 0.009) i x ™ H95)CanifaiyKodprevious
reviews, the reductions in LDL cholesterol were an encouraging finding and suggest tHationg
follow-up of DHIdeyond sixnonths are required in part because interventions to improve the
control of medical risk factors such as LDL can take time to have an@®Bgctere is also a small
but growing body of evidence to show the cost effectiveness of DHIs in the management of CVDs.
However, as one of the most recent systematic reviews in this area was published in 2019 despite a
high volume of subsequent resear(di) further costeffectiveness studies, conducted alongside

clinical trials are required.

1.6.2.1 Digital health interventions for cardiac rehabilitation

Digital CR, which is also referred to as hdmsed telerehabilitation, telehealth CR, virtual,
remote or eHealth, involves the useiaformation and communication technologies to deliver CR at
a distance outside of traditional hospitahsed centre¢88) With its more flexible approach, digital
CR offers a promising solution to improve access, uptake and adherence to CR. Several systematic
reviews have shown that digital CR can achieyeroved CVD risk factor control, health related
guality of life, medication adherence, enhanced safnagement and shared decision making
among patients with coronary heart disease in comparison to usual(¢8re38, 98, 99)sual care is
defined as centre based CR or standard medical care that does not include centre based CR.
Importantly, findings from these reviews also demonstrate equivalent effects to those produced by
traditional centre based CR models. For example in a systematic review, examining 14 RCTs of home
based telerehabilitéion, effects on functional capacity, physical activity behaviour, smoking status,
medication adherence, quality of life, depression, cardiac relhtegpitalisations and mortality,
were comparable with centre based (88)While the conclusions of these reviews are based on
short and medium term followp, the longerterm benefits of digital CR{2months) are less well
studied. Findings from a systematic review and rrmtalysis by Zhong et.&L00)highlight that
cardiac telerehabilitation is more effective in improving cardiopulmonary fithess and quality of life
longterm than usual care. However, no significant differences between cardiac telerehabilitation
and usual care for body mass index (BMlood pressure, lipids, anxiety and depression were

observed. Notably this review included a small number of studies (n=10) and the comparison group
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comprised of both usual care and centrased programmes. Therefore, more data are needed to
confirm if the shordmedium term benefits of digital CR can be sustained over time.

Beyond the direct benefits on health outcomes, digital CR has the potential to improve
programme adherence. A study using mobile technology reported that patients attended a higher
number of prescribed sessions (mean 28 versus 22; RR, 1.17; 95%132;@40.009) and were
1.8 times more likely to complete digital CR in comparison to centre bas€tDCR hese findings
are consistent with a recent systematic review and maalysis, which showed improved
adherence in digital CR versus usual care or centre bas€)Gn addition to the increased
flexibility and convenience associated with digital CR, the use of personalised features (for example
tailored text messages) within their design are considered a key factor contributing to their
increased adherencgl02)

Based on this growing evidence, various international organisations such as thee®EIF
American Heart Association (AKHANd others endorse the use of DHIs for the secondary prevention
of CVD(60, 103, 104)-urthermore, these organisations advise that digital CR should be offered to
patients who cannot attend centred based programmes as well as an adjunct to CR programme to

improve longterm adherence.

1.6.3 Gaps in the evidence

While the overall evidence for DHIs for the secondary prevention of CVD, inclusive of digital CR,
appears favourable, there aremainingknowledgegaps that need to be addressed. Firstly, these
interventionslack standardisatioin terms of their components, content, duration, persuh
involved, modes of delivery and outcomes reported. For exaniplevo recent digital CR systematic
reviews, only 20% of studiekelivered fiveor more of the recommended CR components, with
exercise training being the mosbmmonly reported component across almost all interventiors.
87)These issues do not just pertain to CVD DPddiecent critical review d342 research articles
across thredigital health journals highlighted that the majority of studies do not offer an adequate
description of DHI featured.05)Authors of this review argue that digital health research has not
engaged with its core subject i.e. the features of the technology, and that it is disconnected from the
complexity of health care setting406) Therefore, future DHIs should be designed to deliver the
core components more comprehensively, ensuring quality in both the reporting of the intervention
details and subsequent delive(¥03)Secondlythere is limiteddataon which patients arbest
served by DHIs, asost studies tend to focus on homogenous populations, that are male dominated
and where the majority of participants are younger (<66 yeg%).90, 10Q)While DHIs have the
potential to improve health equity, they may also paradoxically widen the digital di¥@i.For

instance, it is well established that individuals of higher socioeconomic status are the first to adopt
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and benefit from DHIEL07)Indeed while the number of digital CR diess increased during the
COVIEL9 pandemic, these studies frequently excluded underrepresented gridiy®Therefore
ensuring greater patient diversity, including women, older adults and underrepresented ethnic
minority groups in future DHI research is warrantétis may also help address the issue of

selection bias, a known confounder of DHI research. Thildspitemultiple recommendations for

early access to secondary preventitiere have beervery fewstudies evaluating health apps in

critical care settings such as the hospital coronary care unit. While the majority of DHIs tend to be
deployed in oupatient settings, it has been posited that the benefits of DHIs may be more apparent
when implemented during or soon after admissid8)A recent nonrandomesd, multicentre

controlled trial among patientwith acute Mishowed that using a DHI frothe earlydays of
hospitalisation can improve satianagement and reduce 30 day hospital readmiss{@09) The

use of DHIs in acute CVD care settings is an emerging area of interest and therefore further research
is required to establish the evidence baBeurthly,the trials to date for digital CR have not been
powered to provide definitive conclusions on hard clinical endpoints like CVDaoawuak death.

Finally measurement of outcomes at end of programme is a recommended core component of
modern CR in various international guidelines and statemgtitd, 111However, this was

challenging to achieve during the COMMDpandemic and there are limited studies reporting on
clinical, lifestyle and psychosocial outcome both in the short and longer term during this pesiod.
health systemare being uged to learn from the pandemic with a viewreassessig how they will
deliver services in future, robust monitoring and evaluation of digital CR interventions are required

to inform best practic€107)

1.7 Implementation of digital health interventions

While DHIs offer new opportunities for delivering secondary CVD care, their adoption in clinical
practice has been slow and real world evaluations remain sgafs®)Indeed,many reported
secondary prevention DHIs are still in the early stages of development and are often being tested as
part of shortterm feasibility studie¢103)In turn, those that have demonstrated efficacy through
RCTs are not available to the public. For example a recent scoping review {Ra@roz(94)
highlighted that only 2 of 16 mHealth apps analysed for thersaliagement of CVD were publicly
available through digital distribution platformBurthermore, uptake and usage of DHIs among
patients is low and it is estimated that 21% of mHealth app users only use an app once and 71%
disengage within 90 days of downloadifid.3)Implementation of DHIs is challenging, as they are
complex interventions with various components that interact with the health system and the
broader contexi104)Barriers to implementation include lack of: national legislation on data

security and access; regulatory guidance; reimbursement; monitoring and evaluation standards;
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interoperability; and understanding of health workforce and patient ne@dgl)Even during the
COVIEL9 pandemicwhen some of the regulatory barriers were addressed, less sophisticated
technologies such as the telephone were most widely used to deliver remotgl@Rurthermore,
the pandemic highlighted inequalities in infrastructure, limited access to technology and internet
and lack of HCP competencies in digital health as major challenges to implementation of DHIs,
especially in resoureeonstrained setting$115)

There are a wide range of barriers that hinder implementation of DHIs across all aspects of CVD
care and the WHF roadmap for digital health in cardiology summarisesititedeur categories:
the health system: the health workforce, the patient and the technold@4)While several studies
have examined health system and patient barriers to secondary prevention DHIs, less emphasis has
been placed on the health workforce. In a systematic scoping review of barriers and facilitators to
the uptake of DHIs in CVD care, dfilyut of 29 studies explored HCP perspectives, and none of
these studies focused on secondary prevention HIR)HCPs play a key role influencing whether
a new technologwpucceeds or failéLl07, 116) For example a cross study evaluation of 100,000
mHealth study participants, showed thalinician referral was one of foley fators associated
with increasedapp usage and study retentiqdl7)More recently, a systematic review of HCP
barriers and enabler® cardiac telerehabilitdon identified that resource availability, staff
preparation and beliefs about the value and quality of the intervention were key factors related to
implementation(118)Notably, the majority of included studies in this review were surveys (n=13)
with the remainder being implementation studies of hofhased (n=4), hybrid (combined in person
and home based or digitally enabled models, nahyl virtually delivered interventions (n=2).
Successful implementation and effectiveness of secondary prevention DHIs requires the
development of contextualised interventions that meet with both unmet patient and HCP
needs(104)Therefore, further research on HCP perspectives of DHI implementation is required to
help optimise strategies to enable scale up and translation of these DHiIs into clinical practice.
Importantly, ensuring DHIs are designed and developed to meet withébdsand preference of

the target population is key to contextualising these interventions.

1.8 Digital health intervention development

To ensureengaging and effective DHIs are developed, careful attention to the development
process is requiredntervention development is an integral component of the UK Medical Research
Council (MRC) Guidelines on developing and evaluating complex intervefitid)# refers to the
whole process of planning, designing, testemgd refinement of an intervention, which can often
extend into the subsequent phase of feasibility test{tg0)While there are a wide variety of

approaches to intervention development availalkey gaps exist around which of these
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approaches, whether individually or in combination, contribute to successful(@2D3In addition,
frameworks b guide the development of DHi® not always integrate behavioural theory into their
development and evaluatio(l21)To address these challenggsiidance on developing complex
interventions recommends actions suabstakeholder engagement, developing a programme
theory, and considering context, among others to maximise intervention su¢t@zs.

Enduser involvement or stakeholder engagement is often referred to using different
terminologies such as emreation, cedesign, ceproduction, or usercentred design. While these
terms are often used interchangeably, despite some varying in their methodologies, they share the
integral component of understanding the user needs and involving them in all aspects of the

development proces€l20)As described by McKerchér23)co-design is an approach to developing

I LINPRdzOG do6A(iKé AYRADGARdIzZ & & 2LIIRASR (2 aF2NE

personcentred carg(124)Involvingend-users (patients and HCPs) in the design and development of
CVD DHis is advocated by both the WHF and thea&k# important strategy to maximise their
acceptance, uptake and effectivengd494, 125Despite this, the majority of DHIs are designed with
minimal input from target users. For example, a recent mazrale analysis of CVD DHI scientific
literature highlighted the absence afiajor keywords associated with -clesign researcl81) This
may be due to a lack of standardised terminologies fedesign, as a more recent scoping review of
co-design and related terminologies in CVD secondary prevention interventions showed more
encouraging results with 14 of the 22 studies includedtiaggto DHIg125)However, findings from
this review highlighted heterogeneity in the reporting of approaches tdesign, including the level
of stakeholder involvement with dy severstudies utilising a theoretical framework.

Insufficient reporting of intervention development processes, including the theory underlying
the intervention, are common across many DHI studi&s, 127)ndeed, this problem also extends
to the use of behaviour change techniques (BARgworecent systematic reviews and meta
analysis of digital CR, explicit mention of the use of BCTs occurred in only 4 of 24 and 3 of 14 studies
respectively87, 128)Grounding DHIs in behavioural change theory is thought to be critical to
improving their uptake and engagemefit21, 129However, to understand which BCTs are most
effective in changing lifestyle behaviours, there is a need for greater reporting of the BCTs being
applied and their proposed mechanisms for chaff&@)Mechanisms of change are an important
St SYSyid 2F O02YLX SE Ay(iSNBSydGAz2ya FyR NBFSNI G2
can achieve its desired effet25)Focusing on these mechanisms of change helps to ensure that
attention is not just focused on the intervention design but also the conditions and contextual

factors which will help influence if and how outcomes are achi€%é8)
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1.9 Rationale for the research

In summary, wittmore individuals living longer with CVD, the need for comprehensive,
effective and timely access to secondary prevention care has never been more important. However,
large evidence to practice gaps exist, resultinipalequate adoption of effective secondary
prevention strategiesncluding CRThe emergence of new and innovative models of care such as
DHlIs have the potential to improve access padicipation in CR as well as supporting patients to
achieve and maintain lifestyle behaviours that improve CVD health. Although evidence to support
the use of these interventions is growing, there are gaps along the continuum of development,
implementaton and evaluation of secondary prevention DHIs that need to be addressed to ensure
their effective useFirstly, secondary prevention Dstudies remain relatively small, are
heterogeneous in design and few have been conducted in the acute clinical targ.ddoreover,
there is a paucity of data on comprehensive DHIs that address other risk factors leernise.
Given the increasing global calls for health systems to adopt DHIs for the secondary prevention of
/ 53 GKSNB Aa I ySSR (2 RSTAYS o6KI G a@ogyinssYl f ¢ &S
requires adetailed description of how these DHIs are developed and what the core elemients
effective interventions are-urthermore, moregesearch is needetb generate betterevidence of
the efficacy of CBRHIs Whilethe rapid development of new DHIs often outpaces the ability to
evaluate these interventions in a timely manner, observational data withweald evidence can
help to address this issy@&03)Secondlydespite recent strides in the use of DHIs for the secondary
prevention of CVD, notable deficiencies relating to poor uptake and adoption into clinical practice
persist. This necessitates a comprehensive understanding of barriers and facilitators to phiemado
and implementation of DHIs. While these factors have been examined at a patient and system level,
HCP perspectives are less well studied, particularly in the Irish healthcare c@rit2Xthirdly, lack
of contextualisation of DHIs is one of the most significant barriers to implementgt@Nielsen
and Sahafl05)suggest that DH by itself can do little unless it is embedded within the broader
context of its use. This involves giving consideration to the multifaceted interconnected relationship
between the technology and the patient, the HCP, the health systenitaedisting workflows and
institutional conditions. This is an issue which could be addressed by usifdeaiga approach to
intervention developmen{104)The value of stakeholder engagement in intervention development
has been highlighted by the MRC guidance for developing and evaluating complex
interventions(119)However, inadequate usage and reporting ofdesign methods is common,
0KdzA KAYRSNAYy3I (KS RS@GSt2LISyid 2F aoltlFrotS IyR 3
and thatbe integrated into clinical practicgd.25)
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1.10 Overall aim

The overarching aim of this research was to advance knowledge on the development of DHIs for
the secondary prevention of CVDoachieve this aim there were three key objectives: 1) to examine
current practice, by assessing the outcomes of a multicomponent digital CR intervention delivered in
Ireland during the COVID 19 pandemic, 2) to identify factors influencing implementatiois of
digital CR programme from the perspective of health workers, and 3) to use the resulting evidence
to inform the development of a DHI for the secondary prevention of CVD that could be provided to

patients with CHD at the time of their diagnosis anapto their discharge from hospital

1.11 Research questions and associated publications

The research questi@for each study conducted as part of this research and corresponding
papers are outlined as follows:
Study 1: What is the impact of a mutibmponent, digital CR programme, delivered during the COVID
19 pandemic on medical, lifestyle and psychosocial outcomiesnd of programme and &month
follow-up?

1 Gibson ] McCrudden Z, Dunne D, Harris A, Hynes L, Murphy E, et al. Harnessing digital
health to optimise the delivery of guidelifased cardiac rehabilitation during COMI® an
observational studyOpen Heart BMJ. 2023;10(1):e00220pen Heart. 2023
Mar;10(1):e002211. doi: 10.1136/openH2022002211. PMID: 36927866; PMCID:
PMC10030287.

Study 2: What are the factors that influence implementatmindigital CR from the perspective of
health workers?

1 Gibson ] Kerins C, Foley L, Hynes L, Byrne M, Murphy A.W, Reardon C.M, McEvoy J.W,
Meade O, Factors influencing implementation of digital cardiac rehabilitation: a qualitative
analysis of health workeserspectives|version 1; peer review: 1 approved, 2 approved
with reservations]. HRB Open Res 2024, (https://doi.org/10.12688/hrbopenres.13929.1

Study 3How can the development of DHIs for the secondary prevention of CVD be optimised by
using theory driven, persebased, cedesign?

1 Gibson ] Neubeck L, Corcoran M, Morland C, Donavan S, Jones J, Costello C, Hynes L, Harris
A, Harahill M, Lillis M, Atrey A, Ski CF, Savickas V, Byrne M, Murphy A.W, McEvoy J.W, Wood
D, Jennings C. Development of a Digital Health Intervention for the Secondaentn of
Cardiovascular Disease (INTERCEPDeS€ign and Usability Testing StudylIR Hum
Factors 2024;11:e63707 doi: 10.2196/63707
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Chapter 2. Methodology

2.1 Overview

The aim of this chapter is to outline the overakthodological appach to this thesis. A
summarylevel description of the methods used to address the aims and objectives of each study
including justification for theiuse will be provided. In regatd the thesis as a whole, the
overarching role of public and patient involvement (PPI), the impact of the CTMpAndemic, and

ethical considerations will also be discussed in this methodology chapter.

2.2 Aims and objectives

The primary aim of this research wasadvance knowledge on thdevelopnent of DHEfor the
secondary prevention of CVIDo achieve this aim, a combination of both quantitative and
gualitative methods, across 3 studies, were used. An incremental approach to the research was
adopted by, firstly, examining real world clinical outcomes following the delivery of dtéiration
digital CR intervention during COVID. Secondly, qualitative methodsre usedo document the
experiences of HCPs in developamgl implementing this digital CR intervention. Thirdly, the
resulting evidence was then used, together with a theory and pebsmed cedesign approach, to
inform the development of a secondaitgration DHI that could be providdd patients with CHD at
the time of their diagnosis and prior to their discharge from hospital.
2.3 Approach to the research

While the overall approach to the research was guided by the UK MRC framework for
developing and evaluating complex interventions, a range of methodologies were used to achieve
the research objectivefl19)These included both quantitative and qualitative approaches along
with implementation science. The use of mixed methods intervention research that is sensitive to
complexity and that emphasises the importance of implementation is recommended by the
MRC(119)This is especially relevant for DHIs as they are often complex interventions with multiple
interacting component$104)Indeed, for robust evaluation of DHIs the WHO highlight the
importance of both quantitative and qualitative metho(s31)As is evident from the literature
presented in chapter 1, generating evidence does not guarantee the uptake or implementation of
secondary prevention DHIs into practice. The use of implementation science is a methodology that
can help address this challge. Implementation science is defined as the study of methods to
promote the systematic uptake of research findings and eviddrased interventions into practice
to improve health(132)Whilst there are numerous implementation science theories, models and
frameworks, most relevant to this thesis are determinant frameworks. These frameworks help to
analyse determinants of implementation including contextual factors that are typicallg@ased

as either barriers or facilitatord.33)

17



The choice of methodologies employed in this thesis were guided at each stage by the research
jdzSaGA2y 06SAy3a I RRNBaaSRed ' y20iKSNI FI OlG2NJ GKI G
ontological and epistemological assumptions. Considering these assurspto help guide the
research approach, including interpretation of findings and observatib84)Accordingly, this
study was underpinned by the philosophy of critical realism, which enables health service
researchers to understand health and illness as a process that are affected by interactions between
individuals and their context& 34)Critical realism combines observation and interpretation in the
search for causation to enable a deeper understanding of why interventions work under specific
conditions and contextEl35)

Intervention development has been defined by Craig gfld@6)as the period when the
GAYGSNBSYy(liA2Y Ydzald 06S RSOSf2LISR dzLJ G2 | LRAYD
G2NIKogKAES STFFSOGed 1 26SOSNE GKS adGFENIL FyR SyR
between the development phase and subsequphases of feasibility testing.20)Within the scope
2F GKA&A GKSarAaxr GKS GSNY aRS@St2LIVSyi(ié¢ Aa dzaSR
practice to designing and developing a DHI up to the point of feasibility testing. While there are
multiple approaches to intervention delmment, the MRC framework was selected, as it offers
guidance across four phases of complex intervention research, including development, feasibility,
evaluation and implementatiofl19)Central to each of these phases are the core elements of
considering: context; developing and refining theory; engaging stakeholders; refining interventions;
and economic consideration. While the development phase is most relevant to this research,
consiceration is also given to the feasibility phase.

The research presented in this thesis is part of the Health Research Board (HRB) Collaborative
Doctoral Programme in Chronic Disease Prevention{CIDI®. The aim of this collaborative
programme is to improve patient care by adopting a transdisciplinapyagzh to the design,
implementation and evaluation of novel interventions to prevent and manage chronic disSEase.
studies contained in this thesis and their respective methodological approaches align to this overall
aim and thus they are also undersed by a transdisciplinary approach throughout. Adopting a
transdisciplinary approach is relevant to DHI researdhe® is growing recognition that digital
health is not just one field of research or discipline but represents a broad interest in digital
technologies across disciplin€s05)Furthermore, the effectiveness of DHIs rests on multiple factors
including aesthetic design, behavioural theory, evidence, and technical capacity, which requires
knowledge and expertise from multiple disciplin@21) The transdisciplinary approach to the
research was enabled by the broad range@hplementary expertise across the supervisory and

mentoring team which includedinical therapies, health psychology, nursing, medicine,
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implementation science and software development. This was enhanced, through collaboration with
international experts in digital health who acted as PhD advisors and by engaging with community
partners, ensuringublic and patient involvemerthroughout.
2.4 Study 1: Examining the impact of a multicomponent digital CR intervention
2.4.1 Aims and objectives

Identifying existing interventions and their substantive intervention components are a critical
first step in intervention developmer(tL22)With this in mind, the aim of this study was to examine
current practice, by assessing the outcomes of a multicomponent digital CR intervention known as
Croi MySlainte, which was deliveredrigland during the COVID9 pandemic. The objectives were
to: first examine patient outcomes (lifestyle, risk factor, therapeutic goals and quality of life) at 12
weeks and-month follow-up; and second describe the process of developing a digital CR

programme, providing a detailed overview of the key interventionfess.

2.4.2 Study design

While there is a wide range of research examining secondary prevention CVD DHIs, much of this
research is conducted in controlled research environments and therefore is often disconnected from
the health care setting105)With DHIs becoming the only way to deliver secondary prevention care
during the COVI29 pandemic, this presented an opportunity to conduct a single centre,
observational study of Croi MySlainte, one of the first digital CR programmes of its kindrid.Irela
hFGSy NBFSNNBR (2 a aNBIFt ftAFS aidzRASaé¢ 20aSNDL
potential benefits or harms of an intervention in a wider population and to determine if patients in
routine practice are achieving the expected autmes(137)Distinct to RCTs, observational studies
point towards possible associations between variables without deliberate causal infe(E3&)d.0
enhance the quality foreporting, the STRORfidelines were adhered t(1.39)

To achieve the second objective the Template for Intervention Description and Replication
(TIDieR) checklist was utilis€t40)The TIDieRhecklist was selected due to its rigorous approach in
promoting intervention description across 12 items ranging from programme theory to materials
and procedures, modes of delivery, frequency, duration, adherence and tailoring of the
intervention.(140)Furthermore, it is relevant to most interventions and has been used to describe

DHls in many populations including CY&, 141)
2.4.3 Study procedure
2.4.3.1 Setting

Croi MySiinte was developed by Croi (Gaelic for heart) an Irish heart and stroke patient
organisation based in Galway, Ireland. A key objective of thigogarnmental organisation is on

improving overall CVD health for all including those who have experienced &&ni(142)
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Accredited by ESC European Association of Preventive Cardiology (EAPC), Croi focuses on the
delivery of communitybased CVD prevention and rehabilitation programmes. Supported through
once off Government of Ireland Slaintecare integration funding, My®léwais developed in
response to the need to provide patients with CHD with timely access to CR during theX®0VID
pandemic.
2.4.3.2 The CiddySlainte intervention

Croi MySlaintevas developed by an interdisciplinary team comprising of a CVD nurse specialist,
a CVD nurse prescriber, specialist cardiac physiotherapist, dietitian and cardiologist with the support
of an administrator and eLearning Technologist. The intervention vwaiehed on the evidence
based MyAction programn{&43)a derivative of the ESC EuroAction st(t§4)Using their clinical
experience of delivering MyAction as arg@rson programme prior to the pandemic, the team
followed available best practice guidelines for remote delivery of healthcare to CVD patients in
designing MySlaintél45, 146 Based on EAPC and BACPR recommendations, the core components
of Croi MySlainte includedhitial and end of programme assessment, lifestyle modification (smoking
cessation, healthy food choices, and physical activity), naédsk factor management (BRpids,
and glucose), psychosocial and behavioural change support, and electronic prescribing ef cardio
protective medication where appropriate. Delivered over anigek period, patients received access
to abespoke wekbased platforma Fibitu, and a hore BPmonitor, and were invited to attend

weekly, online grougnased supervised exercise sessions and educational workshops.

2.4.3.3 Participants

Studyparticipants included patients referred to Croi MySlaifitan cardiology and CR centres
across five sites in the West of Ireland between July and September 2020. Eligibility criteria for Croi
MySlainte was informed by guideline recommended inclusion criteria for CR ref2jdlhese
AyOf dzZRSR LI GASyGa oxmy &SI N AESalp@Sorondgnh 0 K | y @
revascularisation procedure, heart valve disease and heart failure with reduced ejection fraction. In
addition, patients were required to be English speaking and to have accesalie#laptop and a
home internet connection. While exercise related adverse CR events are known to be rare, safety
was a key consideration due to the remote nature of exercise traifd4ayTherefore, following an
individualised risk assessment, certain higdk patients groups such as survivors of exercise related
sudden cardiac death and patients with clinically unstable heart failure were excluded from
participation.
2.4.3.4 Outcome measures

Patient outcome measures were based on the lifestyle, risk factor and therapeutic goals as

recommended by the ESC guidelines for hyperten€ldi7)dyslipidaemi&l48)and CVD
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prevention(35) To evaluate the effects of Croi MySlainte, outcomes were assessed at ba3eline,
month and at6-month follow-up. Lifestyle outcomes included: anthropometric measurements
(weight, height, BMI the Mediterranean Diet Scorét49)smoking habits (seleported); physical
activity levels (®ay physical activity recalll:;50)and functional capacity (Chester step te@hl)
Medical risk factors outcomes included, blood pressure (measured using an A&D UA 651 device),
fasting lipids, glucose and Hbalc (diabetes patients only), and prescribed cardio protective
medications (antiplatelets, beta blockers, ace inhibitéf®Bscalcium channel blockers, statins and
other lipid lowering medications). Psychosocial health outcomes included anxiety and depression
(Hospital Anxiety and Depression Scale (HADE)and health status and health related quality of
life. The latter were measured using the-BR5L which includes a visual analogue scale (EQ
VAS)153)As one of the most widely used patient reported outcome measure globally tHeESD
has become cornerstone of routine outcome measures in health care systems including the UK
National Health Serviggd.54)

Data were stored on secure database hosted by the data controller Croi and an anonymous
dataset was provided to the researcher for the purposes of statistical analysis. This data was stored

in a password protected file on an encrypted password protectegdssity of Galway computer.

2.4.3.5 Data Analysis

Data analysis was conducted using Stata (V.1ftl)statistician supportDescriptive statistics
were used to report baseline patient characteristics, including demographics, referring diagnosis,
risk factors and participation rates. Categorical variables were summarised by frequencies with
percentage, whilst continuous varis were presented using means with standard deviation (SD)
where values were normally distributed and the median and interquartile ranges (IQR) otherwise.
Changes in outcomes beter each of the time points from baseline to 12 weeks and to six months,
were based on the same patients attending both time points. Changes in categorical variables were
assessed by the McNemar test and changes in continuous variables where the valuesnveky
distributed were examined using the pairetetst. The Wilcoxon matcheplairs test was used where
the changes in values were not normally distributed between time points. Statistical significance was
set at p<0.05.
2.5 Study 2: Factors influencing implementation of digital CR: a qualitative analysis of health worker
perspectives
2.5.1 Aims and objectives

Having described the key intervention features and clinical outcomes of a digital CR programme
in study one, the aim of this study was to understand what factors influenced implementation of this

programme from the perspective of health workers. Insights these perspectives are critical for
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optimising implementation strategies to enable scale up and implementation of secondary
prevention DHIs into clinical practice. Therefore, the objectives of this study were to: a) conduct a
post implementation evaluation of the barriers and facilitator<mi MySlainte; and b) to identify
potentially salient factors to inform the future implementation of secondary prevention DHIs. The
GSNY aKSFfGK ¢2N)JSNERE A& dzaSR Ay GKAa aiddzRe G2 F
(HCPs) and those in adgmstrative and managerial positions.
2.5.2 Study design

To achieve the aforementioned aim and objectives, a nested qualitative approach to the study
design was adopted. Qualitative research methods can offer in depth understanding of phenomena,
meanings and context that are difficult to capture using quantiatnethods alon€155)By
exploring individual experiences, new insights into the complex and dynamic processes that
influence implementation of evidence based interventions can be gener@tes) This is particularly
relevant for DHIs, as their effectiveness is dependent on understanding the dynamic relationships
between digital and its context of ug@04)To help understand and interpret these complex and
dynamic relationships, the updated Consolidated Framework for Implementation Research (CFIR)
was used to guide data collection and analysis. The CFIR is a comprehensivtbeoretical,
determinant franework that is used to predict or explain the barriers and facilitators to
implementation effectiveness in health systems at multiple le¢Ei)The CFIR contains 48
constructs and 19 subonstructs across five domains: 1. Innovation, 2. Outer Setting, 3. Inner
Setting, 4. Individuals, and 5. Implementation Progess Figur®.1).(157)As one of the most
highly cited frameworks in implementation science, the CFIR has been widely used in digital health
research(158)To enhance rigor and to ensure transparency in reporting the Consolidated Criteria
for Reporting Qualitative Research (COREQ) was(58)l.

22



Consolidated Framework for Implementation Research (CFIR) 2.0

* Outer Setting Implementation Process

= Taaming

= Assesting Needs

* Assassing Contaxt
= Planning

= Talloring Strategies
= Engaging

* Policies and i

= Daing
= Reflecting & Evaluating iy

= ddapting

@ Inner Setting

* Structural characteristics = Relative prionty
= Relational connections = Incantive systems
* Communications = Mizsion alignmsant
ure = Availahle resr The THING {Innovut'lon}

= Tension for change = Access to e

= = Source
aboul the nnovation -

* Compatibility = Evidence-Base
= Relative Advantage
P = Adaptability
! Process
- = Trialakility
= Complexity
= Dasign

= Cost

Individuals

m & Oiplrdan leaders # innovaibion selveners

= Innoaat mcipienis = jnnowation Bensaliciarias

* High-level leaters # implementalion facililalors & |mplemeniation feam member

* Mid-level leaders = Implementation leads = Cithar implemantation suppart
‘[ | The Sentarfar
. mpls manictan
Baorriers and Facilitotors -—
-_— Based on Domsthioder et ol (2022). Imoge adapted by The
ot Neod * Capabdity * Opportunity  * Mothation - ) l:?'-e':n‘.nllll'\':.-' "'pk_.‘f.' sriation, § _)_jj.} .| W .".Ij.‘l:':'l 0l | For .Iu,l citation
. F hitps:/ [ ihecenbes implameantationcom /ool box| clir

Figure2.1: CFIR constructs

Figure adapted from the updatembnsolidated framework for implementation research based on user feedb&@k.
Image adapted by The Centre for Implementation, © 2022. Version:
V2024.01https://thecenterforimplementation.com/toolbox/cfir

2.5.3 Procedure

2.5.3.1 Recruitment

Using convenience sampling, health workers with various roles and responsibilities for
implementation and/or delivery of MySlainte were invited to participate in the study via email.
2.5.3.2 Participants

Participants included: health workers at Croi (nurse prescriber, dietitianjqthgsapist,
administrator and chief executivefa@er (CEO)) who delivered the programme (direct deliverers);
and health workers from hospital cardiology and CR centres (cardiology and CR nurses) across five
sites in the West of Ireland, who referred their patients and/or conducted pre andgrogfranme
assessments (indirect deliverers). Sample size estimates were informed by the concept of

information powerwhich refers to he more information the sample holds relevant to the actual
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study, the lower amount of participants is needédl)Furthermore, this concept emphasises that:
a study will need the least amount of participants when the study aim is narrow; the combination of
participants is specific for the study aim; the quality of the interview dialogue is strong and the study
is supported by the established theory. These factors were all relevant for this study and therefore
the aim was to recruit between 105 participants.
2.5.3.3 Data Collection

Following informed consent, seraiructured, inrdepth interviews were arranged with each
health worker at a time that was convenient to them. In depth interviews are one of the most
common data collection methods used in qualitative research and they aflegarchers to explore
complex and sensitive topi¢$56)Following a semstructured format allowed for flexibility and
exploration of unexpected themes or topitks6)Interview topic guides were informed by the CFIR
and were refined through input from RPIpanel of HCPs (n=5), all with experience of delivering
digital CR programmes. As a result, two topics guides were developed covering similar topics but
tailored to acknowledge the two groups of health workers (direct and indirect delise(Appendix
G). The interviewguides were piloted in advance with members of the study team, and minor
refinements were made prior to interview commencemeBtie to COVIR9 restritions, all
interviews were conducted online using Zoom (Zoom Video Communications, San Jose, California).
This online platform was selected, due to its relative ease of use, data management and safety
features and it has shown to be suitable for qualitatdata collectior{162)
2.5.3.4 Data analysis

Using NVivo R1 software for data management, framework analysis was performed using the
CFIR as tha prioriframework. The framework method is commonly used for thematic analysis of
semistructured interviews in health research, providing a systematic method of categorising and
organising dat4163) This approach was particularly relevant to this study as identifying, describing
and interpreting patterns of data across the domains of CFIR was integral to identifying factors
influencing implementation. The procedure for analysis followed the comnaadyrring steps of
the framework method163-165)Firstly, interview audio recordings were transcribed verbatim by
an independent transcriber. Following this, familiarisation with the data occurred by listening to
each interview, which was cross checked and compared to the transcripts for accuracit. A dra
version of the updated CFIR codebook (provided by the CFIR development group) was then used as
the coding frame. To determine if modifications to this coding frame were required, open coding
was conducted on a small sample of transcripts. As analysi®eiag guided by the CFIR, a
deductive approach was adopted to code barriers and facilitators using the framework. In addition,

participant views on factors to help inform the future implementation of digital CR were captured
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using inductive thematic analyqik66)and were mapped to the CFIR. Two members of the study
team (IG and CK) independently coded two transcripts, checking for data interpretation and coding
consistency, modifying CFIR definitions as necessary. The remainder of the data was analysed by the
lead researcher (IG) and a third researcher (ER)ember the CFIR development group, provided
expert input on CFIR construct definitions as required.
2.5.4 Reflexivity and positionality

Reflexivity is crucial for strengthening the rigor and credibility of qualitative res¢a6at)it
Ay@2t@Sa +y el NBySaa 2F K2g GKS NBaSIFNOKSNRA

the research process including the study design and interpretation of fin@l&@The rigor of

ol
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relation to the participants of the stud§L69)From the outset, the researcher was cognisant of her
dual identity as both a researcher and lead nurse on the Croi MySlainte programme and how this

would influence her approach to the research. Having shared the experience of developing and

implementing®I 2 N a&{ft AyiS gAGK LINLAOALIY(Ga (GKAA LIRaA

is highly valued and, consistent with findings by B€G&) it offered many advantages, including
having a good understanding of the topic and being sensitized to certain dimensions of the data and
the nuanced reactions of participants. In addition, the existing relationship with participants meant
trust and rapprt were already established and this helped facilitate recruitment. However, the
researcher was also mindful of how her own beliefs, values and assumptions may influence the
research and in particular the responses during the data collectioan3are trat participants felt
comfortable in sharing their experiences and perspectives, and to help minimise any potential power
differentials that may have occurrdd69)the semistructured interviews were conducted by

another study team member (LF). Furthermore, during data analysis the researcher was alert to
Gdzy O2 y & OA @x@and WiRlé usikgyad éstablished framework helped to minimise this, the
researcher also kept an audit trail of key decisions made during the analysis. In addition, any
reporting biases were mitigated by involving different disciplines in the research taansir{g,

dietetics and implementation science). This process was not considered data analysis but rather it
occurred alongside the generation of study results. Finally, reflexivity was maintained throughout all
phases of study by maintaining a reflexivarjoal and by constantly checking in on how the
NBaSINOKSNDE | adadzYLliaAzya sSNB AyTfdzSyOray3a GKS

with the broader research team.
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2.6 Study 3: Gdesign and usability testing in the development of a DHI for the secondary prevention
of CVD.

2.6.1 Aims and Objectives

Informed by the outcomes frorBtudy 1 and2, as well as the wider literature, the aim &ftidy
3was to develop INTERCEPT, a DHI for the secondary prevention of CVD. The main objective was to
optimise the acceptance and potential effectiveness of INTERCEPT through the uslesifno
integrating enddzd S N & LIS N& LIS Oévdlopetl in cdlladiaiaizikh 2hdatiohal
Institute for Prevention and Cardiovascular HealhRQ, INTERCEPT aims to promote-self
management and to support patients to aetie a healthy lifestylepnanage CVD risk factors, and
improve adherence with cardiprotective medications. It includesianHealth app, which integrates
with a webbased health care professional (HCP) portal, a fitness wearablBRmanitor.
Responding to the need for early initiation of prevention following an index eZ)INTERCEPT is
designed to be introduced to the patient at the time of their acute hospitalisation and before
discharge home.
2.6.2 Study design

Guided by the UK MRC framework for developing and evaluating complex interve(iib®),
an iterative, theory informed, persebased cedesign approach was adoptedodesign, which
evolved from the field of participatory desi@¥ 1)prioritises meaningful engagement of enders
(patients, family members and HCPs)s tecognised as important to maximising the acceptance,
uptake and effectiveness of DH(%04, 124)While evidence for the use of @esign in the
development of health interventions is increasing, it is still an emerging area in the field of CVD
research(125)To ensure development was grounded in the psychosocial context of users, the
persontbased approach was embedded within the development process. The pbasaul
approach has been used widely in DHI development as it offers practical methods for undgrtakin
many key intervention development activities recommended by MRC guidaid®e.120)t focuses
not just onenhancing intervention acceptability and usability, but also persuasiveness and health

related behaviour chang@l.72)

2.6.3 Study procedure

Conducted over a 2@nonth period,a fourphase approach to intervention development was
adopted. While qualitative workshops were deployed across all four phases of planning, design,
prototype development and usability testing, quantitative methods were used to help evaluate the
impact ofusability testingln depth, qualitative research can enhance intervention development by
eliciting the views of end users including their beliefs and attitudes at every stage of

development(173)As develoment commenced during the COVID pandemic, all workshops
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were conducted online (Zoom, Zoom Video Communications, San Jose, California). The following is

an overview of the four phases of intervention development:

2.6.3.1 Phase 1. Planning
Firstly, an interdisciplinary stakeholder teamH€Ps, software developers, ameémbers from
the public and patient involvement (PPI) panel of @ras established. Embership was determined
08 (KS AYRAQGARIZ f Qa NBtS@Iyd SELISNIA&EZS Ay (KS a

N>

complex DHI; health behaviour change; software development and lived experience of CVD. To
establish meaningful partnership relatisiips and enhance engagement, roles and responsibilities
were agreed from the outset anal process for documenting and making decisions was
established125)Initial meetings focused on project conceptualisation, and identifying the key
needs and challenges to be addressed. This led to the development of the intervention aim and
objectives and identification of specific target behaviours for change.
2.6.3.2 Phase 2. Design

This phase aimed tidentify the guiding principles, including design objectives, content and
features of INTERCEPT. In keeping with the pdrasad approach, guiding principles help to keep
development focused on what is appealing and useful to the intended user, thuadédpi
maximise its acceptability and effectiven€432) INTERCEPT guiding principles were developed by:
1) synthesising the literatur¢66, 93, 129, 174, 172) drawing on the stakeholders clinical and
research experiences of developing and implementing RHIS177)and 3) obtaining patient lived
experience insights. Informed by these principles social cognitive theory(138)Bnd select BCTs
from the behaviour change taxonorfiy79)were used to help construct the intervention
components and features required to achieve the objectives of INTERCEPT. Incorporating behaviour
change theory in the development of health interventions is known to enhance their
effectivenesq119)and SCT is one of the most commonly used theoretical frameworks in secondary
prevention DHI studie@7) This process was facilitated by a series of structured brainstorming
workshops with the stakeholder team, where creative idea generation around strategies to address
specific target behaviours was encouraged. Contextual insights into the clinical cavweagaiost a
cardiac event were incorporated, by involving HCPs and patients in the user journey mapping
process. In line with UK MRC guidance, a logic model was developed to articulate the key
components of INTERCEPT and its expected mechanisms of(a¢®jn.
2.6.3.3 Phase 3. Developing prototypes

To help visualise the basic layout and functionality of the app, the software developers initially
produced a series of prototype mock ups of the INTERCEPT digital interface. Through a series of

workshops, these mock ups underwent several iterations, hatidgg feedback from the entire
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stakeholder team, until a more refined design solution was reached. This led to the development of
a usable first version of the app (alpha prototype), which was pilot tested among the stakeholder
team and reviewed multiple times for clarity of languagase of navigation and functionality. At
this stage decisions regarding the INTERCEPT logic (e.qg., to trigger push notifications), functional
requirements (e.g., registration process, user login, safe data storage), integration of data with the
HCP portal iad the use of analytics to capture usage patterns were mldiEERCEPT wadsveloped
for both iOS and Android mobile phone platforms and was tested multiple times across a range of
devices and operating systems to guarantee reliable performance and compatibility.

Feedback from the workshops was collated and formulated into design specifications using a
custom designed data extraction spreadsheet. All new design features and content changes were
prioritised based on their alignment to the guiding principles, andrtheerall potential to enhance

the acceptability and usability of INTERCEPT.

2.63.4 Phase 4. Usability testing

To further develop INTERCEPT, the finished product (beta version) was subjected to usability
testingby a separate group of patients, who were not part of the PPI palsalbility testing is
critical to determining if an intervention is meeting the ensler needs and, ideally, it should be

completed with eneusers in realife contexts(106)

2.63.5Enduser recruitment

There was a specific focus on recruiting women, those living in rural isolation and ethnic
minority groups as these individuals are often undepresented in digital health resear€i9, 87)
Using purposive sampling, participants were consequently recruited through three community
groups, including Croi, a group representing Travellers (indigenous Irish ethnic minority), and a
farming organisation. Eligibility criteriacludedLJr NI A OA LI y i & oxnn &SI NRO
diagnosis of CHD. Participants were required to have a smartphone and family members were
included, as they play an important role in supporting engagement with technology in the
home(112)To minimise barriers to online engagement, participants were offered training in the use
of Zoom technology. Theim was to recruit a sample size of-1P participants to test usability, as
this has been demonstrated to detect a minimum of 80% of usability problems, which is considered
satisfactory for complex intervention testir{@30)
2.63.6lterative cedesign workshops

Once consent was obtained, participants in this phase were prowidtfda link with
instructions to download the app via email; a pedometer (Sportline 340); a blood pressure monitor
(A&D UA 651 device) and a user support manual. The manual incorporated a diary, which

participants were encouraged to use to document their eigreres of using INTERCEFP2)
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Participants were invited to five online workshops over anezk period.This was considered

sufficient time to allow participants to test the behavioural change elements of the app, such as goal
setting and selfnonitoring Furthermore, this allowed for iterative amendments to be made to the
app based on usability feedback. As guidance for conductiaigsign in an online environment

were unavailablebest practice principles for facilitation of in personaesign workshops were

adopted to help optimisengagemen{123, 181)This involved: presenting the value proposition
GAKFNRY3I @2dzNJ AyaArAdaKaGa gAff o0SYSTAOG 20KSNBRET KI ¢
expectations; allowing time for participants to share their lived experiences; being supportive
around theuse of technology; keeping the duration of usability workshops to no longer than 1.5
hours; and offering options for owdf-hours workshops, as well as individual sessions. The topic
guide AppendixL) forthe usability workshops was developed with infrem the stakeholder team

and participants were encouraged to refer to their diary to aid recollection of their experiences.

The validated System Usability Scale (SUS) was selected to evaluate the impact of usability
testing(182) The SUS assesses components of usability, effectiveness, efficiency and satisfaction
and includes 10 questions with a Likert scale, with values ranging from 0 to 100. Participants in
phase four were invited to complete the seliministered SUS followiram initial twoweek trial of
the app and after the last workshop when final modifications to the app were nlaaeeasure
eHealth literacy the validated electronic health literacy scale (eHEALS), an 8 item scale, presented as
a score out of 40 was utiéigl (183)While there is no fixed cut off to distinguish between high and

low literacy, a higher score reflects a high level of eHealth literacy.

2.63.7 Data analysis

All quantitative data were analyzed using Stata (V.18). To compare the SUS data, between the
two time points thenon-parametric ManAWhitney testwas used. Patient characteristics,
information technology usage and digital literacy were summarized using descriptive statistics.
Qualitative data weranalysed by two investigators who used a deductive approach to map to three
key aspects of: usability (functionality and ease of navigation), comprehensibility (language), and
content.
2.7 Public and patient involvement

Given the increasing calls to embed research within health systg&gthis project adopted a
participatory approach by engaging with community and national stakeholders including Croi and
the NIPCAccordingly, the research project evolved from a number of needs identified by both of
these organisations, including PPl members. PPl is an integral component of participatory research
YR Aad RSAONAOSR |a NBaSINOKI GKIY Na20Zy R&ZYDOSR 2

them.(185)BYy involving patients and members of the public in research, it can help improve the
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relevance, quality and impact of the reseafd86)Evidence also suggests that PPI can aid in
reducing research waste and improving research integrity by facilitating research on questions that
are most relevant to patients and members of the pulfli87) Therefore, PPI is considered a marker
for high quality research and consequently it is now a requirement of many funding bodies including
the HRB in IrelanflLl88)and the UK National Institute for Healimd Care ResearchlIfiR)(189)

However, despite this there is often little description of the researcher experiences of PPI and the
impact of such involvement on the research procg€0)To help address this, a descriptive account

of the role and impact of PPI on the research, together with reflections will be provided below.

2.7.1 Approach to PPI

The capacity and capability for PPI within this body of research was enabled by the
comprehensive PPI strategy embedded within the CIDP. This was further strengthened by the
NEaSIHNOKSNEQ 26y o0StASTa 2F tt L Iraachlreseirday Rl YSy G| €
Established PPI supports within the GDIPP included structured education and training, ongoing
mentorship and peer learning through fellow PhD scholars on the programme. Introducing the skills
and values of PPI early in the training oflg&tage researchers can help foster meaningful fong
term PPI practice, thus making PPI a natural way of working rather than a tick box eiEdtide.
addition, budgeted financial resources enabled reimbursement of PPI contributors, a factor
identified as essential to the formation of genuine and equitable PPI partnerglfigs.193)
While every stage of the research pathway can benefit from PPI, there were a number of specific
objectives for PPI in this research thesis. These included: 1) to guide the overall development of the
research aims and objectives, 2) to advise on the knogdezkchange and dissemination strategy
for Sudy 1, 3) to advise on the recruitment strategy and topic guideSady 2, 4) to participate as
members of the stakeholder group in the development of INTERCERIOWS, and finally, 5) to
contribute to thedevelopment of the INTERCEPT feasibility study protocol.

To achieve the aforementioned objectives, the research project was guidad &yisting PPI
panel at Croi. Ensuring diversity among PPl members is encouraged to access a wide range of
perspectives. While already established, the Croi panel comprised of a mix of patients and family
members (n=6), including both women (n=4) and rgeg) all with lived experience of CVD. In
addition, for study two, a separate PPI panel comprising of health care professionals (n=5) all with
experience of delivering digitaROwvas established. PPI panel members for this study were recruited
through both personal and professional contacts and were briefed on roles and expectations in
advance of particigtion. Due to the COVHD9 pandemic, all PPI activities were conducted online.
The approach to working with the PPI panels evolved throughout the research and, for the Croi

panel, it was particularly strengthened by the existing relationship with the researcher, which was
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established through previous projects. Essential to the foundation of this relationship were the key
principles of respect, trust, equity and empowerment. These principles are considered essential in
PPI(194)and were reinforced throughout the research process. For example, at the start of each
meeting, roles and expectations of both the researcher and PPI panel were outlined and processes
for collaboration were agreed. These included: circulating the ageluha avith any materials to

review a week in advance of meeting; providing notes to capture meeting outcomes; and regular
communication on the impact of the PPI feedback on the research. Furthermore, to support
continuous learning and to improve the praetiof PPI informal feedback was obtained from panel

members on a continuous bagik11)

2.7.2 Impact of PPI on the research
The following is an overview of the contribution of the PPI panel at various stages of the

research cycle.

2.7.2.1 Developing the research aims and objectives

At the outset of the PhD, the original application was reviewed to ensure relevance and
feasibility. This waparticularly important given the changing health care landscape due to the
COVID19 pandemic and the newly established Health Service Executivel(itegfeated Care
Programme for the Prevention and Management of Chronic Disease (ICPD). The role of PPI in
shaping and setting research priorities is considered key to reducing research waste, a persistent
problem in health researctl87)Therefore, reviewing the research aims and objectives was the
focus of the first structured meeting with the PPI paitettending from previous PPI research
related to barriers to CR attendance, panel members emphasised the importance of offering
patients a range of CR options including digital to increase access. Furthermore, as some panel
members had experienced long dg&in accessing CR, they highlighted the need to introduce
secondary prevention measures includingg2Ry in the recovery processhese insights together
with input from the supervisory team, and members of the broader-CDIP transdisciplinary
consortium, which included Croi and the NIPC led to a revision of the original research aims and
objectives.
2.7.2.2 Knowledge exchange and dissemination

Involving PPI in sharing research data is known to improve dissemination of the research
findings.(195)Accordingly, the PPI panel were engaged with the study partner Croi to determine the
best methods to promote the communication of findingshidy 1. Ideas generated included the
development of a lay summary report and inviting Croi ¥ing# participants to share their lived
experience of the programme. The lay summary report, which wgga@duced with Croi was

reviewed by the PPI group. Suggestions included greater use of plain langudgéographicgo
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present data. Following publication of the report, an online launch event was hosted by Croi with
representation from a number of key stakeholders, including the Irish Minister for Health, HSE
Digital Transformation and programme participar@average of the event, including outcomes

from Croi MySlainte appeared in multiple Irish media channels incltldéngsalway Advertiser, Irish
Times, Irish Medical Times, Medical Independent, Hospital Doctor of Ireland, World of Irish Nursing,

Irish Pharmacy Union Riew and the Health Manager Journal.

2.7.2.3 Study design

ForSudy 2, the PPI panel provided guidance in relation to recruitment of study participants and
data collection. As the study aimed to recruit HCPs, the panel emphasised the importance of
adopting a flexible approach to data collection, acknowledging busy workldasce on
NEONMXZA G YSy G AyOf dzZRSR NBLX I OAy3a GKS GSNY Ayl SNDA
interviews were being conducted six months following programme completion, recommendations to
aid with recollection of experiencesane made. These included providing participants with a copy of
the lay summary report and the topic guide in advance of interviews. Panel members also made
suggestions to help refine the interview topic guide. These included tailoring questions to capture
the organisational factors influencing implementation, as well as personal beliefs around digital
health. Engaging HCPs with prior experience in digital CR delivery as PPI contributors helped to both

optimise the approach to recruitment and ensure the kglace of the interview questions.

2.7.2.4 Intervention development

Understanding the needs and preferences of end users is considered essential to maximising
the acceptability and effectiveness of interventigiig.2) While the views of end users can be
elicited in numerous ways, the PPI panel were invited from the outset to join the INTERCEPT
stakeholder team%udy 3). Through an iterative cycle of development, panel members contributed
to all four phases of intervention development. For example, in the design phase PPl members
provided lived experience of the user journey pathway following a cardiac event. Prowidsey
insights, not only highlighted the needs of patients but also the barriers that need to beooveiio
the clinical care pathway. In addition, the panel emphasised the importance of simplicity in the
layout and content of the app, as well as the need to motivate patients in behaviour change. This
feedback directly informed the development of the INRRKEEPT guiding principles, and subsequent
construction of the intervention components. In the prototype development phase, panel members
reviewed the app multiple times for clarity of language, ease of navigation and functionality.
Suggested changes inclutithe use of more visuals such as emojis and the positive framing of
language. Given the focus on ensuring diverse representation in usability testing, the panel advised

on recruitment through specific community groups and recommended developing amhesrt
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minute video to accompany the information flyer. These recommendations helped to strengthen
opportunities to meaningfully engage with traditional underrepresented groups in digital health
research.

To reflect the authentic, equitable and collaborative role of the PPI contributors in the
development of INTERCEPT, the panel were invited-Buttwor the resulting publication. While
patient authorship is a still a relatively new concept, it can helpaech the relevance and reach of
publications(196) Through the extensive involvement of the PPI panel throughout development the

recommended authorship criteria was m@97)and 2 members formally agreed to-eoithor.

2.7.3 Reflections

Reflecting on the experiences of PPl can help generate new knowledge whilst creating a culture
of learning and sharing to enhance PPI pradfic&8) Throughout this research, a reflective approach
was adopted by using a combination of meeting notes, reflective logs, and peer group discussions
with fellow CDFCDP PhD trainees. Indeed, through these discussions, significant variations in PPI
practice acoss academic institutions in Ireland were identified, including the noted absence of
national guidelines. This resulted in trainees developing a guidance document to inform and align
best practice for PPI within the CEIIDP and to support other PhD schiskd 99)

While PPI occurred at multiple stages of the research process, it is important to acknowledge
that it was not involved at every stage. This was mainly due to the engagement of an already
established PPI panel who were advising on multiple research prajeatsy given time. To help
overcome this challenge, various potential involvement opportunities were discussed with the panel,
who then determined what aspects of the research they could contribute to. Adopting this flexible
approach, with PPI contribute having the option to choose the extent of involvement helped to
enhance engagement and minimise potential research burden. Involving an existing PPI panel
presented many benefits. For example, their prior experiences of involvement in another CR related
research project contributed significantly to the redefining of the project aims and objectives, in a
way that would not have been possible with a newly established group. Furthermore, it resulted in
greater efficiencies, as the panel were already famwiagh PPI methods and had established
mechanisms of working. Notwithstanding these benefits, the impact ofteng involvement in PPI
Ay GKS RSOSE2LIVSYld 2F GKS WLINRTFSaarzylf LI GASYGC
continued engagemerit YR a4 LJISOALF f AASR (y2¢6ft SRIST WLINRFSaaAzy
representative of the typical patierf200)While PPI contributors are not intended to be
representative of all patient191)this concern was openly discussed with the panel and
subsequently 2 new members were recruited. Another key consideration was the potential for

online methods to marginalise people, indeed during the pandemic the number of studies involving
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PPI reduced. This was mediated by providing PPI contributors with the necessary supports to use the
online meeting platform and to download the beta versions of the INTERCEPT app. For PPI to work
effectively, the input of diverse stakeholder groups mayduguired at various stages of the
research(201)In Sudy 2, this resulted in a PPI group of HCPs being established.

From the experience of incorporating PPI into this research it is clear that there is no one size
fits all approach, rather it must be tailored to the individual needs of the research project and
capacity of the PPI group. While the contribution of PRhi®research was invaluable, a formal
evaluation was not conducted. Given the limited scientific evidence on the impact of PPI and the
growing interest in this area, evaluation is a key consideration for future doctoral projects.

2.8 The context of COVID

As the programme of research presented in this thesis commenced in September 2020, the
approaches used were significantly influenced by the CQ9lpandemic. For example, all studies
necessitated the adoption of online methods of data collection to misgnmkperson contact. This
required consideration of numerous factdreludingthe identification of suitable virtual platforms
for participant interaction and questionnaire completion that were user friendly whilst ensuring
participant safety and privgc Furthermore, careful attention was given to minimising potential
barriers to online engagement, as digital access and digital literacy are known factors influencing
participation in online researcf202)This was particularly relevant f&udy 3 where there was a
focus on recruiting a diverse group of representative-esdrs. Actions taken included: providing
supports for participants in the use of technology; being flexible in offering participants the choice to
attend group based or individuahline workshops; offering evening sessions; and involving family
members ashey play an important role in supporting engagement with technology in the
home(112)Furthermore, as establishing relationships with participants can be more challenging
online(202)specific strategies were used to foster meaningful relationships, to enhance
engagement. These includddINS A Sy Ay 3 GKS @I fdzS LINRBLRaAAGAZY 27
gAfft O0SYSTAOG 20KSNEET KIFI@GAYy3a Of SFNJI 62N aK2L) 2028
allowing time for participants to share their lived experien¢E23, 181)lhese strategies were also
relevant for enhancing PPI across the breath of research studies.

Underscoring the successful implementation of these strategies was the role of the facilitators
(IG and CJ), who, from their filsnd experiences as CVD nurse specialists, had an authentic
understanding othe end users real world experiences. This enabled them to operate in an
empathetic way, leading to more trusted, meaningful and effective stakeholder involve{®@8}.
Consistent with other studies the use of online research methods required a significant amount of

preparatory and operational work204, 205however, it also presented many benefits. For
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example, inRudy 2 and three it enabled a more inclusive and flexible approach to participant

engagement, where geography was not a barrier.

2.9 Ethical considerations

Ethical considerations in this research were guided by the ethical framework by Emanuel et
al.(206) This framework outlines seven requirements to make research ethical. These inciluks
scientific validity; fair subject selection; favourable +tignefit ratio; independent review; informed
consent; and respect for enrolled subjects. Moreover, as the methods deployed in this study were
predominantly online, maintaining the same é&wf ethical standards was a key priority. This is
important, as previous research has highlighted that participants can feel insecure regarding how
ethical standards aradhered to in online setting®05)As the research participants in all studies
conducted as part of this thesis were either HSE service users or staff, ethical approval was obtained
from the Galway University Hospitals Clinical Research Ethics Committee. Ethical considerations for

each ofthe three studies within this thesis are outlined as follows.

2.9.1Studyl

Due to the lack of uniformity regarding approval from ethical committees for observational
studies(207)precaution was taken and ethical approval was sought and granted by the Galway
University Hospitals Clinical Research Ethics Committee. As thigrstobtlyed analysing an
anonymous data set, explicit consent was not obtained. However, in accordance with general data
protection requirements all patients who participated in the Croi MySlainte programme signed
online informed consent for their personaf@mmation to be used for general audit or research
purposes. By providing this generic consent, the Ussmonymised data for the purposes of analysis
of clinical outcomes related to Myé&ihite was deemed ethically acceptable. To enhance transparency

and rigour the STROBE checklist was used.
2.9.2Study2

Ethical approval for this study was granted by the Galway University Hospitals Clinical Research
EthicsCommittee.Invitations to participate in the study were circulated via email by the study
partner Croi. Informed consent involved the provision of an online participant information leaflet
and consenform (AppendixF), whichwas followed by a telephone call to explain the study
procedures and to address any questions and conc&adicipants were informed of their right to
withdraw from the study at aytime and were required to return their signed consent form via
email or post.Whilethe potential harms from participating this study were minimal, there was a
chance that participants could become distressed when discussing the delivery of virtual health care
during the pandemic. The prevalence of psychological stress among HCPs during €0a4D

previously been report as high208)To address this, all interactions with participants were

35



conducted in a sensitive manner and a list of available supports were made available if required.
Furthermore, to ensure privacy and to minimise potential wielated disruptions, a flexible
approach to data collection, working around participant avalighfincluding outof-K 2 dzNXI2 a

sessions), was adopted.

2.9.3Study3

Within codesign, the participant is not someone on whoesearch is done, rather they are
actively engaged in the design and development of the rese@@®)In line with this view andrish
PPI Ignite Networguidance, ethical approval for the involvement of the interdisciplinary team of
key stakeholdersHCPs an@PI members) within this study was not sou(it0)

Nonetheless, for the formal usability testing phase which involved recruiting a separate group
of patients who were not part of the PPI panel, ethical approwad obtained from the Galway
University Hospitals Clinical Research Ethics Committee. Participants, for usability testing were
purposively, recruited through a range of diverse community groups, includingadssming
organisation and a group representing Irish Travellers. From an ethical perspective, the individual
experience of living with C\Midas consideredAs the process of reviewing the app may have
KAIKE AGKGSR aLlsoda 2F Iy AYRAGARAzZ £ Qad 26y KSI €
provided with additional supports and advice as needed througl Cro

The next three chapters are presented in publication format, beginning wittyStin Chapter

3 and concluding with Studyifi Chapter 6. A general discussion is then presented in Chapter 7.
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Abstract
Background

The COVID 19 pandemic accelerategluptake of digital health interventions fahe delivery
of cardiac rehabilitatiofCR. However, there is aeed to evaluate these interventions
Methods

We examined the impact of an evidentased digital CR programme anedical lifestyle and
psychosocial outcomes. Delivered by an interdisciplinary team of health care professionals, the core
components of this 1#veek programme included lifestyle modification, medical risk factor
management, psychosocial and behavioural change support. To diggtemanagement, patients
were provided with a Fithit, a home blood pressure (BP) monitor, and an interactive workbook.
Patients received access to a bespoke swabed platform and were invited to atterwdeekly, online
group-based supervised exercise sessions and educatiemddshops Outcomes were assessed at
baseline, end of programme, and antonth follow-up.
Results

Over a 3month period 105 patient{88% with coronary heart diseasggre refared with 74%
(n=77) attending initial assessment. Of these, 97% (n=75) enrolled in the progravitm85%
(n=64)compleing the programme, 86% (n=55) of completers attendeddhth follow-up.
Comparing baseline to end of programme, we observed significant improvementspnojh@rtion
of patients meeting guidelineecommendedargets forphysical activitf+68%p<0.001)blood
pressure(+44%, p<0.001) and LDL cholesterol (+27%, p<0.001). There were sigratications in
meanweight (2.7kg,p<0.001) Adherence to théVlediterranean diet score impved from 5.2 to 7.3

(p<0.001).Anxiety and depression levels (Hospital Anxiety and Depression score) both reduced by
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more than 50% (p<0.001). The majority of these improvements were sustainechanih follow
up.
Conclusion

Outcomes from this studsuggesthat interdisciplinarydigital CR programmes can be
successfully implemented arelp patientsachieveguideline recommended lifestyle, medical and
therapeutic targets.

3.1 Introduction

Cardiac rehabilitation (CR) is a Class 1 Level A recommendation for coronary heart disease
(CHDRanNd heart failure patients, with benefits including reduced cardiovascular disease (CVD)
mortality, morbidity and improved quality of lif@22, 30)However, despite this compelling evidence,
data from the EuroAspire V and IAspire suniegicate thatCR utilisation rates across Europe are
sub-optimal. (41, 50)indeed,the majority of CHD patients at pdfuropean and national levels are
not meeting the recommended lifestyle, medical and therapeutic tarddts,. 50)These challenges
have only beemxacerbated by the COMVI® pandemicHowever, he pandemic also presented an
opportunity to rethink howsecondarypreventive care is being delivered. For examjilegsulted in
rapid digital transformation, with increased uptake of digital health interventions (j2il&)With
up to 75% of CR services being suspended across the (#8h@12)DHIs became essential to
providing appropriate and timely patient care. Consequently, 40% of selesllywere reported
to pivot to digital programme delivery within the first 3 months of the pandeii@6)with uptake
rates of homebasedCRincreasing by as much as 60% (15.9% to 76%) in countries such as the UK.
(213)

Digital health refers to the use of information or communication technologies to achieve health
outcomes(77)The term encompasses eHealth, mHealth (smart phone apps, wearables, text
messaging), and telemedicinehére is growing evidengéncluding recent systematic revie\{&d)to
support the use of DHIs for the remote delivery of CR, dattasuggesting improved clinical
outcomes, health related quality of lifas well as enhanced patient empowerment and shared
decisionmaking.(79, 211, 214However,more data are needed to confirm the efficacy of these
programmes and to establish if benefits observed during these programmes can be sustained over
time. Furthermore, vith increasing calls for DHIs to play a role in future CR delivery, there is a need
02 RSTAYS 6KIG G2LINGAYIF T ¢ /[ wletdiddieplBablé descptiobf2 2 | &
how digital CR programmes were adapted during the pandemic, to what degree they addressed the
core components of CR, what DHIs worked for whanadwhat are the effects oi€Rparticipation

and patient outcomes.
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Thisanalysisaims to examine the outcomes (lifestyle, risk factor, therapeutic goals and quality
of life) of a digital CR programme known as Croi MySlainte at 12 weeks antbatl® follow-up.
Using the Template for Intervention Description aRdplication (TIDR)(AppendixB),(140)we
describe the process of developing the programme prayide a detailed overview of the key

intervention features of this DHI.
3.2 Methods
3.2.1 Study design

This is a single centre, observational study of patients who attended the Croi MySlainte
programme between August and December 2020. To evaluate the effects of the programme, data
were collected at baseline, 12 weeks and ahénth follow-up. Reporting adhered to Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE)nesgAppendix0(139)and
the Template for Intervention Description and Replication (TID&RYendixB) checklis{140)The
study was approved by the Galway Clinical Research Ethics Committee (Ref. C.A. 2&68@ntall
provided informed consent (online) for their data to be used as part of the evaluation of the

programme. Researchers beyond the interdisciplinary team only had access to anonymised data.

3.2.2Study setting

Croi MySlinte was developed by Croi (Gaelic for heart), an Irish Heart and Stroke patient
organisation with European Association of Preventive Cardiology (EAPC) centre accreditation.
programmewas designed to enable patients to receive timely access to a structured, comprehensive
CR programme that otherwise may not have been available to them due to the COVID 19 pandemic.
The design and development Gfoi MySlainte was ldaly an experienced interdisciplinary team
which included a Cardiovascular Nurse Prescribpecialist Cardidehysiotherapist, Dietitian,
Cardiologist (all with postgraduate qualifications in Preventive Cardiology) with the support of an
administrator and eLearning TechnologiBhe teamutilised their clinical experien¢éllowing
available international recommendations for remote delivery of healthcare to CVD patidats
146)to modelCroi MySlainte on the evidendrmsed in person MyAction programrifeat had been
delivered by Croi before the onset of COXIHY143)The MyAction programme wasderivative of
the EuroAction studyl44)

Designed to align to EARQO0)andBritish Association of Cardiac Rehabilitation and Prevention
(BACPR) recommendatio(®l 5)the core components of Croi MySlainte included: initial and end of
programme assessment, lifestyle modification (smoking cessation, healthy food choices, and
physical activity), medical risk factor management (blood pressure, lipids, and glucose), psiathos
and behavioural change suppoand electronic prescribing of cardpotective medication where

appropriate. Patient outcomes measures were based orlifbstyle, risk factor and therapeutic
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goalsas recommended by the European Society of Cardiology (ESC) best practice guidelines for
Hypertension(147)Dyslipidaemig148)and CVD Preventiof85)While identifying ways of
objectivelymeasuring these outconseremotely was challenginGPs, hospital referral centres and
patients played a key role in actively supportiRgogramme development took place between May

and July 2020 and involved a number of key st@ese are outlined iAgure 3.1.

Programme development involved:

» Identifying a suitable web-based platform to support online
programme delivery, given the urgent need to provide timely patient
care an already available learning platform (Moodle) was utilised.

» Development and adaptation of programme materials for online
delivery, including patient information leaflet, clinical documentation,
referral forms, educational resources, pre-recorded presentations,
workshop lesson plans, and programme evaluation forms.

» Establishing efficient referral pathways, to ensure seamless patient
care with successful integration between key stakeholders. These
included the referral centres in Galway, Mayo and Sligo and GPs.

= ® @

» Development of virtual care protocols, policies and procedures
including general data protection regulation (GOPR), to ensure safe,
high quality programme delivery.

» Training Croi healthcare professionals in the use of virtual technology
and delivery of remote health care.

» Provision of technical guidance for patients, supporting access to
online platform, and use of zoom.

» Identification of strategies to monitor and measure programme
outcomes virtually. This was a collaborative effort, whereby GPs
supported by obtaining clinical measures such as bloods, the referral
centres provided functional capacity testing and patients completed
self-administrated questionnaires online and measured their own blood
pressure using the provided monitors.

®
@

Figure3.1: Key steps to programme development
3.2.3 Recruitment
9ft AFA0ATAGE ONRGSNAI FT2NJ 6KS LWNBDBMWNHYS Ay Of dzRS
guideline recommended inclusion criteria for CR refgf2@) access to an ipad/laptop, and a home
internet connectionPatients were referred to the programme from cardiology and rehabilitation

centres across five sit@s the West of Ireland between July and September 2020.
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3.2.4Patient care pathway

The patient care pathwayncluding a detailed description of ti&roi MySlainténterventionis
outlined inFgure 3.2. On receipt of referral, the patient was contacted via telephone by the
programme administrator, details of the programme were explained and guidance in the use of the
programme technology was provided. Patients were then invited to attend an indivieonlte
assessment (via zoom) with each member of the interdisciplinary team (45minutes each). This
assessment included: diet (Mediterraare diet score, diet history, current eating habits);
anthropometric measurements (weight, height, body mass index); smoking habitgpetted);
physical activity levels {@ay physical activity recall); functional capaé®hester step test)151)
psychosocial health (using 3 instruments; the Hospital Anxiety and Depression Scale [HADS], EQ
visually assessed quality of life scale, anebB®I| measure of health status); blood pressure
(measured using aA&D UA 651evice, fasting lipids, glucose and Hbalc (diabetes patients,only)
and prescribednedications¢ KS | 8aSaayYSyid KSfLISR (2 ARSyGATFTe (K
to reduce theirCVDrisk, as well as exploring health beliefs, barriers, and motivators to ch@nge.
help standarike data collection and to ensure a personalised, safe programme of care,
anthropometric measures and functional capacity were assessed by the referring c@mtpesson)
and communicated using a standardised electronic referral faipids and glucosevere measured
08 GKS LI GASYyidQa DSYSNIf t Nissodsed byire pafidubingsgr R o0f 2 2 R
clinically validatedhome monitoringdevice. Patientalsocompleted questionnaires online using the
programme platform and were provided wititcess to a videtitorial to guide seimeasurement
of blood pressure.

The programme was delivered oveflzweek period using a bespoke wbhsed platform
called Moodle Learning (Version 3.9.4), which can host a wide range of interactive educational
resources, including preecorded videos and embedded links to weekly online sessions. Delivered
over 2 hours byhe interdisciplinary team, the onlingroup-basedsessionsdeliveredvia Zoom™)
included a supervised exercise component (1 hour) and an educational workshop (topics are
outlined inFgure 3.2). These online sessisrwere facilitated in groups of 115. Opportunities for
individual engagement with the interdisciplinary team were provided through email and telephone
support.

The programme placed a strong emphasis onmalhiagement by tilising spedic behavioural
change strategiedgncluding motivational interviewing, brief interventipand goal settingPatients
were provided with a range of satfonitoring tools These included a blood pressure monitor for
home measurement, an accelerometer based Fittib track steps, heart rate and exercise

progression, food and exercise diariaad a workbook to support goal setting and overall tracking
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of progress. The objective was to equip individuals with the knowledge skills and confidence to make
changes to their lifestyle in a realistic way that can be sustainedtkrng Exercisavas progressed
weekly throughindividualised exercise prescription guided by the Specialist Cardiac Physiotherapist.
This was informed by the ongoingview of physical activity patterns, reported steps from Fitbit as
well as heart rate monitoring and perceived exertion during the supervised exercise session. To
enhance afety, individuals were adviséd have a family member present during the supervised
exercise sessions. Where patiehttNBE 4 Sy 1§ SR 6 A (| K) HADR OBct PaBeNide I O XM M
assessmenthey were offered psychology suppoweeklyvirtual interdisciplinary team meetings
were conducted to review lifestyle, risk factor and therapeutic goals and where necessary, the nurse
prescriber optimised medication working in collaboration with the Cardiologist, GP and Pharmacist.
Following programme completion, we invited patients to attend an online end of programme
and6-month follow-up assessment, which followed the same standardised approach as the initial
assessment. The exceptimrasfunctional capacity testing, which could not be assessesixat
months due to imposed COVID 19 physical restrictiothslafa were stored on aesure database

hosted by Croi.
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Invitation to Programme

Plus technological support to access the
web-based platform

Referral from

Hospital Initial Assessment

Week 1

Conducted online via Zoom™ with interdisciplinary team:
Nurse Prescriber, Dietitian & Physiotherapist.

(45 mins per health care professional)

Nur:
i () Dietitian 1@‘ Physiotherapist %

Prescriber (0.3

Past medical history, smoking . Current eating habits, . Exercise preferences, barriers

status, blood pressure, diet history, weight, to exercise, functional capacity,
lipids, psychosocial health, Mediterranean diet. risk stratification, exercise
medication adherence. prescription.

10-week lifestyle and medical risk factor management
programme.
(Weeks 2-11)

Weekly 2 hour, live (via Zoom™) supervised exercise programme and interactive health
promotion workshop on topics such as: stress management, understanding CVD and

risk factors, healthy eating; basics of the mediterranean diet: getting the balance right:
understanding food labels, cardio-protective medications, physical activity, emotional health
and well-being, living with heart disease (sexual health, sleep, returning to work), making and
maintaining changes.

Access to a web-based platform which hosted a range of interactive, educational resources
including pre-recorded education sessions on the health promotion workshop topics (listed
above).

Provision of self-management tools: a blood pressure monitor, Fitbit™,

waist circumference tape and workbook.

Behavioural change support using goal setting and motivational interviewing.

Targeted and protocol driven Nurse prescribing.

End of Programme Assessment
Week 12 - same as initial assessment

6-Month Assessment as per initial assessment.

Figure3.2: Croi MySlainte patient care pathway
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3.2.5 Programme modifications

As Croi MySlainteras being implemented, modifications were made in response to patient
feedback and the contextual challenges of deliverimgpwaly established digital CR programme
during a pandemic. These changes includedving the consent form and questionnaires online as
people faced challenges returning by post due to COVID 19 travel restrictionmsgthecorded
educational sessiongere shortened from 30 to 15 minutes; patient support in the use of
technology was made available on an ongoing basis rather thahddirst few sessions; to help
support individual goal settingatients were offered the opportunity to connect with healthcare
professionals directly via email or phone in addition to the online platform. All modifications to the
programme were agregby the interdisciplinary team.
3.2.6Data analysis

Patient characteristics and programme participation rates were summarised using descriptive
statistics. Continuous variables were presented using means with standard deviation where values
were normally distributed and the median and intguartile rangeotherwise. Categorical variables
were summarised by frequencies with percentages. To compare outcomes between each of the time
periods (baseline, 12 weeks and 6 months) changes in categorical variables were assessed by the
McNemar test. Changes in conius variables where the values were normally distributed were
examined using the pairedtést and the Wilcoxon matcheplairs test was used where the changes
in values between time points were not normally distributédl.comparisons werbased on the
same patients attending at both time frame3tatistical significance was set at p<0.05 and data were

analysed using Stafzersion 15.1).
3.3 Results

3.3.1Programme uptake & retention rates

Between July 2020 arSeptember2020, 105 patients were referred to the programme, with 77
(74%) patients attending initial assessment. Uptake and retention rates were high with 97% of
patients (n=75) who attended the initial asse@nt enrolling in the programme.f@hese 64 (85%)
completed the programme, with a median attendance of 9/10 programme ses§ongramme
completion was defined as attending 8 or marfethe 10programme sessions, inclusive of the end
of programme assessmer®f those who comieted the programme (n=64), 55 (86%) attended the
6-month follow-up assessment.

Of the 28 individuals referred but who did not attend the initial assessmentjdys to initial
participation included poor digital literacy skills (n=4), limited access tod¢kessary IT
infrastructure {ablet/laptop and internet connection) (n=4ijlness (respiratory tract infections and

COVID 19n=4) work commitments (n=3)preference for in person programme (n=&)r the
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remainder (n=10gither we were unable to contact them or they declined to provide a reason. Of
the 11 individuals who enrolled in the programme but did not complete it, barriers to completion
includedlack of interes{n=4),poor homelT infrastructurgn=2), work commitments (n=3), moving
overseas (n=1pnd hearing difficulties (n=1)
3.3.2 Patient characteristics

Baseline characteristics of patieptscluding demographicseferral diagnosisand CVDrisk
factor profile are outlined iTable3.1. The mean age of participants was 63 years, 81% were male,
the majority were white (94%) and living with a family member (86%). At initial assessment, patients
presented with multiple poorly controlled rigictors {Table3.1), with 23% having had a previous
cardiac evenprior to the current referraldiagnosis. There was a median wait time of 8 weeks from

the event to referral, with patients being enrolled in the programme within 3 weeks upon referral.
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Table 31: Baseline characteristics of patients referred to Croi My Sléinte

Patients (n=77)
n (%)

Demographics
Age, years, median, IQR 62.9 £10.8 (35, 84)
Male 62 (81%)
Living with a family member 66 (86%)
Employed 35 (45%)
Unemployed 5 (6%)
Retired 37 (48%)
Living in a rural area 43 (56%)
Enrolled in GMS scheme 28 (36%)
Ethnicity¢ White Irish 72 (94%)
Referring Diagnosis
Percutaneous Coronary Intervention 37 (48%)
Myocardial Infarction & Percutaneous Coronary Intervention 24 (31%)
Heart Valve Disease 6 (8%)
Coronary Artery Bypass Graft 5 (6%)
Heart Failure 3 (4%)
Myocardial Infarction 2 (3%)
Risk Factors
Physical Activity % NOT achieving targets (1nutes/week) | 65 (84%)
e ET S g (74
Anthropometrics 2 h@SNBSAIKGY) 6. al  xH| 37 (48%)

2 hoSasS 6.%2aL xoni 3kY 21(27%)
Smoking % Smokers 2 (3%)
Psychosocial %HADS YEASGE a02NB xy |26 (34%)

2 11 5{ RSLINBaaiAzy f S 14 (18%)
Cholesterol ?Hl\ﬁlaTq)anchie\\/fing ;e;:o?rfneonded LDL targets 63 (82%)
Blood Pressure ZA)NI\éaTOaﬁh}i(e\;inj? :f ::;)Pgegnded targets 57 (74%)

GMS, General Medic8lervices (refers to the means tested provision of state healthcare); BMI, body me
index; HADS, Hospital Anxiety and Depression Scale; LEdemnaiwty lipoprotein.
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3.3.3 Programme outcomes

Data relating to changes in lifestyle, psychosomisitomes medical risk factorand cardio
protective medications from initial assessment (I1A) to end of programme @&©@RA to month
follow-up are presented iMables3.2 and3.3. The proportion of patients achieving the ESC
recommended guidelines for physical activity, blood pressure and LDL cholé2&rdfi7, 148)
significantly increased from initial to end of programme assessment, with changes being sustained at
6-month follow-up. With the exception of othefnon-statin) lipid lowering medications, there were
no significanthangesn the prevalence of participants prescribedrdio protective medication
although it is worth noting that the prescription of cardio protective medication was already high at
baseline Nonethelessthe absolute proportion of patients on the maximustatin dose (for example
rosuvastatirdOmg, or atorvastatin 80mgncreased26%(95% Cl 1%, 39%), from 19% to 45%
Significant reductions to weight and BMI were observed and these maintainedat 6 months,
GAGK oo 2F LI GASyida FOKASGAYy3I | ¢gSAIKG f2a3a 27
halved between baseline and end of programme assessment, with significant improvements in
patient reported outcomes as indicated by the EQVAS arkDE®hich were sustained at 6 months.
Only one adverse event was reported during the supervised exesessgonsand this wasnon

cardiacin nature
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Table3.2: Changes (mean change or change in proportion followed by 95%Cl) in lifestyle and psychosocial health in cardiovastsilar pati

From IA to EOP From IA to 6 month follow-up

n 1A EOP Change p-value n 1A 6-month Change p-value
Lifestyle
Mediterranean Diet Score mean (SD) 63 22%21 73+22 2.1(16,26) <0.001 55 53%2.1 73+21 2.1(15,2.7) <0.001
Weight (kg) mean (SD) 61 86.3 +175 83.7 +16.1 -2.7(-35-19) <0.001 51 86.4+15.1 829+141 -3.6(-4.8-2.4) <0.001
BMI (kg/m®) mean (SD) 61 287 +53 277+49  -1.0(-13,0.7) <0.001 51 28.6+45 27.5+42 -1.2(-1.6,0.8) <0.001
Physical activity (2150min per week) % 52 14 82 68 (52,84) <0.001 53 15 64 49(32,66) <0.001
Estimated MET max 52 7.9+22 10+1.9 2.1(16,26) <0.001 - - - - -
Smoking (%) 64 2.00 0.00 -2(-6,3) 1.00 - - - - -
Pyschosocial Health
HADS anxiety median (IQR) 60 6(3,10) 4(1,6) -2(-3,-1) <0.001 34 6(3,9) 4(1,8) -2(-3,-1) <0.001
HADS anxiety >8 (%) 60 40 17 -23(9,38) 0001 34 41 26 -15(-3%,32%) 0.13
HADS depression median (IQR) 60 3(1,6) 4(0,4) -1(-2,0) <0.001 34 3(1,6) 1(0,4) -1(-2,0) <0.001
HADS depression >8(%) 60 22 10 -12(2,21) 002 34 18 14 -4(-10%,16%)  <0.001
EQ-VAS mean (SD) 60 70+ 15 85+9 16 (12,19) <0.001 34 70+15 80 + 10 10(5,15) <0.001
EQ-5D-5L Mobility - Level 1 no problems (%) 41 63 77 14 0008 21 67 78 11 0.29
EQ-5D-5L Self-Care-level 1 no problems (%) 41 81 97 16 0.01 21 74 95 21 0.1
EQ-5D-5L Usual Activities-Level 1 no problems (%) 41 67 73 6 0.01 21 67 78 11 0.29
EQ-5D-5L Pain/discomfort-Level 1 no problems (%) 41 57 69 12 0.005 21 52 48 -4 1
EQ-5D-5L Anxiety/Depression-Level 1 no problems (%) 41 59 70 11 0.01 21 62 62 0 0.69

IA, initial assessment, EOP, end of programme; BMI, body mass index; MET, metabolic equivalent; HADS, Hospital Angressamd3dale; EQAS,

visually assessed quality of life scale:3ekbL-meaure of health statys data unavailalg
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Table3.3: Changes (mean change or change in proportion followed by 95%CI) in medical risk factors and cardio protective medicatiinsscular

patients between IA, EOP aneéhnth assessment

From IA to EOP

Change

p-value

From IA to 6 month follow-up

Blood Pressure (mmHg)

Systolic Blood Pressure mean(SD) 62 137.1+15.7 117.6 £+ 8.1 -19.5(-23.2,-15.8) <0.001 54 137.3+159 119.9+115 -17.5(-22.5,-12.5) <0.001
Diastolic Blood Pressure mean (SD) 62 75.9+9.3 73.7+48.3 -2.2(-5.2,0.9) 0.17 54  75.4+9.0 749+7.9 -0.5(-3.5,2.5) 0.76
Blood Pressure <130/80 (%) 62 24 68 44(27,60) <0.001 54 26 69 43(25,59) <0.001
LDL Cholesterol

LDL (mmol/l) mean(SD) 59 2.33+0.88 1.57 +0.58 -0.76(-0.98,-0.54) <0.001 37 2.18+0.76 1.71+0.74 0.46(-0.77,-0.16) 0.004
LDL <1.4mmol/l (%) 59 14 41 27 (14,40) <0.001 37 14 41 27(5,49) 0.02
HbAlc<48" (%) 4 50 50 0 (-25,25) 1.00 3 67 67 0(-33,33) 1.00
Cardioprotective Medications

Antiplatelets (%) 64 91 91 0(-2,2) 1.00 55 89 89 0(-2,2) 1.00
Beta blockers (%) 64 67 66 -2(-6,3) 1.00 55 66 62 -4(-10,30) 0.50
ACE inhibitors (%) 64 36 36 0(-9,9) 1.00 55 35 35 0(-9,9) 1.00
ARB's (%) 64 22 25 3(-3,9) 05 55 25 31 5(-2,13) 0.25
Calcium channel blockers (%) 64 19 22 3(-3,9) 0.5 55 18 24 6(-2,2) 0.25
Statins (%) 64 84 88 2(-5,11) 0.63 55 82 82 0(-11,11) 1.00
Other lipid lowering medications (%) 64 5 17 13(3,22) 0.008 55 5 22 16(5,28) 0.004

IA, initial assessment; EOP, end of programme; LDL, low density lipoprotein; HbAlc, glycosylated haemoglobin; * in thusemdiabetes; ARBangiotensin Il receptor blockers
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3.4 Discussion

International guidelines and position papers recommend that measurement of outcomes at the
end of the programme should be a core component of moderp@gammeg110, 111 However,
this has beemarticularlychallenging to achieve during the COVID 19 pandemic. To our knowledge,
this is one of the first studies to report both short and lenterm clinical, lifestyle and psychosocial
outcomes from aigital CRprogramme delivered during the pandemic. Consistent with recent
systematic review$/79, 214)ur study shows that it is feasible to deliver comprehensive CR
remotely and achieve the recommended lifestyle, medical and therapeutic tattggtsre known to
be associated with reduced CVD events and improved health outc¢22)s.

Furthermore, whilst acknowledging the small sample aizédifferent patient cohorts, the
findings of theCroiMySlaintedigital CR programmeompare favourablyo published outcomes for
the inperson MyAction programme previously delivered in Galway (Ireland) and in Westminster
(United Kingdom[143, 216)or example, at end of programme the proportions achieving the
recommended targets for LDL increased by 27% (14% to 41%), ve3%u8182% to 545%)and
23.8% (252%to 49%) for the Westminster and Galway programmes respectively. Similarly, end of
programme proportions achieving the recommended targets for blood pressuviySlante
increased by 44% (24to 68%), versus 18% (703% to 856%)and 25.36(51.6% to 76.9%pr the
Westminster and Galway programmes, respectivedyr. physical activity, medanctional capacity
increased by 2.17.9 to 10)MET maximum in comparison to QA6 to 8.5)on the Westminster and
1.7(7.5 to 9.2pn the Galway programme. Furthermore, the reductions in anxiety and depression
levels(Hospital Anxiety and Depression scay§ of 23% and 12%ompared favourably witthose
achieved on th&Vestminster (1.55% and 11.6%) and Galway programmes (12.1% and 1043%).
216)

These findingyF @ 06S RdzS G2 / N&Emphasi§ dnkelhghagdrikat ard 1h© NB | &
provision of tools such as home blood pressure monitors and Plthi¢éarables Selfmanagement
DHIs have been shown to be an effective treatment for the management of hypertension, with two
recent systematic reviews reporting improved systolic and diastolic control and medication
adherence in comparison to the control grouf®17, 218) Furthermore, thameta-analysigesults
of 17 RCTs in a systematic review by Kirk.eslhbwed wearable devices significantly increased both
steps and moderate to vigorous physical activity in CVD patigtit8)

Furthermore, m contrast to thein personMyAction programme, the prescribing and
optimisation of cardio protective medication in MgiBke was initiated by a Nurse prescribevith
Cardiologist, GP and Pharmacist supp®ttis helped ensure efficient guidelidéven management

of lipids and blood pressure at a time when access to General Practideapitatbasedcardiology
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support was limited. While there were modest improvements in the use of most cardioprotective
medications, these were not significant, the exception being increased prescribing of other lipid
lowering agents and up titration of statin dosétsis likely that the significant reductions to blood
pressure and LDL cholesterol were due to a combination of increased prescribinghdogges,
support with medication adherence atitestyle modification Consistent with Cochrane systematic
review evidencg220)findings from this study highlight the important role of roredical

prescribing by nurses and wider implementation of this practice in CR DHIs should be considered.
In keeping with findings by Candelaria ef ahd Huang et al(221, 222pur study showed that CR
DHls can significantly improve health related quality of life and anxiety and depression both at end
of programme andmportantly 6-month follow-up. These improvements can be attributed to the
strong emphasis placed on addressing psychosocial health through-besepl activities, stress
management and psychological support. The timing of this support was particularly importamt give
the reported increase in pandemic related psychological distress, including social isolation among
CVD patient$72) Furthermore, it is well established that a healthy diet and regular physical activity
can positively impact on quality of life and symptoms of anxiety and depregn.

A key feature of our programme was the delivery of a remote programme of supervised
exercise training. Recent survey data highlighted that only 25.5% of CR centres globally provided
supervised exercise training in the first few months of the pandef@&)We achieved this through
individualised risk assessment, supported by functional capacity tassingthe sub maximal
Chester Step Tesand monitoring through Fitbit' and live video conferencing.

Multiple studies have demonstrated that effective diet and weight management interventions
can be delivered using DHB#4)We observed significant improvements in sedported adherence
to the Mediterranean dit (+2.1 units p<0.001) andeductionsin BMI(-1.0, p<0.001and weight(-
2.7kg, p<0.001ywhich were sustained at-Gonth follow-up.

3.4.1 Programme participation

The high programme uptake and retention ragee consistent with existing evidence which
shows that adherence to DHiIs is not inferior to in person CR prograrfi@gsis likely that the
support and training provided to patients in the use of the programme technology helped enable
access and increase participati@f note, we observed that 56% of programme participants (n=43)
were living in rural areas, suggesting that the convenience of less travel may have been an important
factor in influencing attendanc@®espite waiting on average 8 weeks for referral to CR, once
referred, patients received access to Croi MySlainte within 3 wdglksneed for timely CR is well
established, with guidelines recommending that CR should start as early as possible after a cardiac

event.(22, 223However in reality global access and uptake of CR remains consistentl{Bppor,
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with a recent Irish survey reporting that 40 per cent of patients are waiting at least three months for
CR(54) This highlights the potential role that digital CR programmes such as Croi MySlainte could
play in broadening CR access, minimising waiting times and ensuring consistent delivery of services

beyond the pandemic.

3.4.2 Delivering the core components

Notwithstanding the rapid implementation of Croi MySlainte, a key strength of the programme
was its focus on delivering the internationally recommended core components (medical and lifestyle
risk factor management, health behaviour change, psychosocisthhead cardio protective
medications) which are necessary to achieve optimal CR ber{&fi3, 215)t is highly likely that the
inclusion of these components contributed to the significant clinical outcomes achieved on Croi
MySlainte. In contrast, there is significant heterogeneity in the delivery of the core components in
CRDHIswith arecent systematic review by Wongvibulsin et highlightingthat from 31 selected
studies of DHIs only 6 included 5 or more of the recommended CR components with risk factors such
as smoking cessation, lipid management and blood glucose levels being poorly addiEpAfthile
there have been increasing calls by organisations such as the EAPC to maintain the delivery of the
core components during the pandemic, this proved difficult for many centres, where limiting the
provision of elements such as supervised exerciseitrgiand initial and end of programme
assessments was essential to retain some level of sef@&e5, 114)The successful delivery of the
core components on Croi MySlainte can be attributethmskilledinterdisciplinary team of
healthcare professionalsvho together with the technologies employéeélped to ensure that a
GFAf2NBR LINRPINIYYS 2F OFNB GKFG FfA3IYySR G2 GKS
3.4.3 Limitations

There are a number of limitations to our study. First, cause and effect cannot be inferred due to
the observational nature of the study desidgfor example, CVD risk factors may have been
improving in the patients enrolled as a function of their usual care and not due to the intervention.
As suchfuture research shoul@leallyinclude a comparison groymreferablybased in the same
centre. However, it is reassuring that our virtual CkéyShinte intervention is almost identical to
the in-person intervenion delivered during the Euroaction trial (this trial did have a comparison
group and did demonstrate superior efficacy for the intervention relative to conftd)Second,
despite participants being recruited from 5 hospital sites in Ireland, the generalisability of our
findings may be limitedas these sites were located in one region of Irel@dwhetheless, the results
are comparable to those achieved in international fa@dace programmes upon which Croi
MySlainte is modelled. Third, there was the potential for selection bias as patients who were more

motivated and engaged in their health mhagve been more likely to participate, however the sub
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optimal control of risk factors at baseline could suggest other@fisdle3.1). Furthermore, as

patients were required to have an internet connection and access to either an iPad/laptop this
potentially excluded those with low digital health literacy. For DHIs to reach their full potential,
consideration must be given to health litery and ensuring equitable access to technologies.
Moreover, to understand the potential inequalities associated with Didisre research needs to

be more inclusive of margatised populations such as ethnic minorities and socioeconomic deprived
groups andwhere possiblesources of inequalitieshould be reportedo that effective strategies

can be developed to addresisem. Fourth, as this study was conducted during two National
lockdowns, the imposed restrictions impacted on the ability to collect outcome data in a
standardised way for all participants, for example CR centres may have used different equipment
such as weighimscales and bloods may have been sent to diffelaoratories for analysis. In

addition, many participants found it difficult to secure appointments with their GPs for bjtloids
resulted in incomplete data for some risk factors. Finally, while the focus of this study was on
evaluating service and patient outcomes, there is also a need to explore the patient and health care
LINEFSaaAzylfQa LISNAE LG s deveb@merd of HigitabCRE KA & G Af K
programmes and the systems required to support implementation and scalability. To adhigs

the authors are conducting qualitative research in this area.

3.5 Conclusion

hdzi O2YSa FTNRBY / NBN aé{ftAydS LINROARS AYLRNII y
component digital CR programmes can be successfully implemented and achieve measurable
improvements in medical and lifestyle risk factors and psychosocial h&iiten the preCOVID care
gaps, such as poor uptake and accessibility of hogpatatre-based CR programmes, there is an
urgent need to offerll eligiblepatients a choice of CR delivery options that meet with their needs
and preferences. While DHIs ayge such option, they should not be viewed as a one size fits all
solution and, where barriers to DHI participation exist, patients should continue to be offered centre
based programmes. Importantly these interventianast ensure qualityn both the reporting of
their intervention andn servicedelivery, specifically incorporatirne evidencebased core
components of comprehensive CR/ith COVID 19 likely to result in disruption to health services for
the foreseeable future, it would seem timely to emabe digital health and utilise the skills and
infrastructure that have been developed during thandemic tooptimise thefuture delivery of

guidelinebased ®
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Chapter 4Study 2: Factors influencing implementation of digital cardiac rehabilitation: A qualitative

analysis of health workers perspectives
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Abstract
Baclground

Despite growing evidence for the effectiveness of digital cardiac rehabilitatiorupfdke of
this technology remain®w. Understanding théactors thatinfluenceimplementationof digital CR
in clinical practices a growing area of researcfe aim of thismested qualitativestudy was to
explore health worker perspectives on factors influencing implementation of a digital CR
programme.
Methods

Usingconvenience samplingemistructured interviews were conducted withealth workers,
including health care professionals (nurses, dietitians, physiotherapists) and those in administrative
and managerial roles who wenavolved indelivering and referring patients to Croi MySlainte, a 12
week digital CR intervention delivered during the Coronavirus 2019 pandemic. The updated
Consolidated Framework for Implementation Research (CFIR) guided data collection and framework
analysis.
Results

Interviews were conducted with 14 health workers. Factors influencing implementation of Croi
MySlainte were multiple, with some operating independently and others in combination. They

related to: (i) characteristics of individuals (e.g., senior leadeport, commitment and

54



motivation of Health workers to meet patient needs, technical capability, workload and perceived fit
with role); (ii) features of the programme (e.g., accessibility and convenience for pattemtigital
platform, patient sef monitoring tools, the multidisciplinary team and core componen(is) the
external environment (e.g., partnership and connections between organisations, broadband and
COVIBEL9); (iv) the internal environment (e.g., organisational culture, teamwork, resources including
funding,digital infrastructure and staffing); and (v) the implementation process (e.g., engaging
patients through provision of technical support).
Conclusion

The study findings suggest that factors influencing implementation of digital CR operate at
multiple levels. Therefore, multevel implementation strategies are required if the true potential of
digital health in improving equitable cardiac rehabilitataecess, participation and patient

outcomes is to be realised.

4 1Introduction

Secondary preventions an important strategy to reduce the burden of cardiovascular disease
(CVD), which accounts for almost one third of all deaths glofal/10)Comprehensiveecondary
prevention programmeswhich include cardiac rehabilitatid@R)canreduce CVD mortality,
recurrent CVD hospital admissions, and improve overall quality R@fe30)However,CRis
underutilised with barriers including low referral rates, lack of access and limited capacity, among
others(4, 34)Notably, themaijority of eligible patients do not meet guideline recommended lifestyle
and risk factor targeté41, 50)Digital cardiac rehabilitation (CR}erventions such as telemedicine,
mobile health (smart phone apps, wearables, text messaging), web based applications and virtual
reality are emerging as a promising solution to improve uptake and particip&Bié)There is
growing evidence to show similar efficacy on important endpoints such as LDL cholesterol, exercise
capacity, and medication adherence, which are comparable-feeison, centre based
rehabilitation(87, 214, 224)

Despite the potential benefits of digital CR interventions, their adoption into routine clinical
practice has been slow and most do not reach large implementation E€chke 225 ven during the
Coronavirus diseas2019 (COVIR9) pandemicwhentechnology wasirgently needed and
embraced)ess sophisticated technologies such as the telephone were most widely used to deliver
remote CR(114)Barriers to the implementation of digital CR are complex and exist at the health
system, patient and health workforce ley@&ll8)Health workers play a pivotal role in bridging the
gap between innovative solutions and patient care, ultimatefijuencing whethea new technology
succeeds or fail€l07, 116)Therefore understanding their experiences is an important part of digital

CR evaluatioff107)However, in comparison to patients, health worker related barriers and
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facilitators to digital CR226)have been less frequently described with one of the first systematic
reviews in this field recently being publishédL8)While this review included 20 studies, from 5
countries, the majority of studies were surveys (n=13) withremainder (n=) focusing on
implementation of homebased (n=4), hybrid (combined in person and home based or digitally
enabled models, n=1) and virtually delivered interventions (1§£28)Given that the effectiveness

of digital interventions ardiighly dependent on context,04)there remains aeed toexpand the
number ofimplementationstudies focusing on health workers perspectivesg¥cific digital CR
interventions. Insights into these perspectives are critical for optimising implementation strategies
for digital CR, to enable scale up and translation into clinical practice.

Il gAy3a £t NBFRé SEFYAYSR (i KaSligitQlCR iyftan@mtibn 2 dzii 02 YS &
delivered during the COWAI® pandemic, we conducted a nested qualitative study, to understand
what factors influenced implementation of this programme from the perspective of health
workers(176)The aims of thigjualitative study wereto @) conduct a post implementation
evaluation of the barriers anfcilitatorsto & a & { f larfd ¥)id 8léntify potentially salient factors
G2 AYF2NY GKS FdzidzNB AYLX SYSydlFdAzy 2F RAIAGEE /
roles of both health care professional (HCPs) and those in administrative and managerial positions.

MysSlainte (Gaelic for MyHealth) was developed by Croi, an Irish Heart and Stroke patient
organisation in response to the need to provide patients with access to comprehensive CR during
the COVIEL9 pandemic. The process of developMigSlainte, together with the key intervention
features and clinical outcomes have been previously repofig®)In brief, the core components
included lifestyle modification, risk factor management, and psychosocial and behavioural change
support. Patients received access to a bespoke-baded platforma Fitbitt, a home blood
pressure monitorand were invited to attend weekly, online grolased supervised exercise

sessions and educational workshops.
4.2 Methods
4.2.1Study design

A nested qualitative design using sestriuctured interviews was used to examine barriers and
facilitators to the delivery of a digital CR intervention. The updated Consolidated Framework for
Implementation Research (CFIR) was used to guide qualitatisecddiéction and analysis. The CFIR
is a comprehensive, metheoretical framework that is used to predict or explain the barriers and
facilitators to implementation effectiveness, in health systems at multiple l€&l8) The CFIR
contains 48 constructs and 19 sabnstructs acrasfive domains: 1. Innovatio, Outer Setting3.

Inner Setting4. Individualsard 5. Implementation Proces$able4.1. outlines how the CFIR was
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operationalised for this current studiL57)As one of the most highly cited frameworks in
implementation science, the CFIR has been widely used in digital health reEa83h.

Ethical approval was obtained from the Galway Clinical Research Ethics Committee (Ref. C.A 2689)
on the 27" of August 2021. The study is reported in accordanite the Consolidated Criteria for
Reporting Qualitative Resedr (COREQAppendixD).(159)

Table4.1: Operationalisation of CFIR

CFIR Definition
Domain
Innovation The Croi MySlainterogramme. This domain includes factors related tq

innovation: design and core components; complexity (number of step
involved in delivery); relative advantages to current practice; evidency

base; and the credibility of the HCP team at the source optbgramme

Outer Setting The broader extrinsic ecosystem, in which the Inner Setting exists. Tk
domain includes factors related to policies and laws; critical incidents
such as COVALR; local technological conditions such as availability of
broadband, and partnerships and comtiens between the Inner Setting

organisations.

Inner Setting The setting in which Croi MySlainte was implemented, including both
Croi, the heart and stroke patient organisation that directly delivered {
programme, and the various hospitals who referred patients and
conducted preand postprogramme assessments.igtdomain includes
factors related to structural characteristics (staffing levels); available
resources (funding); access to knowledge and information; compatibi

with existing workflows; and tension for change.

Individuals Roles and characteristics of individuatsolved in implemering,
delivering, and/or receiving the Croi MySlainte programme. This dom
includes factors related to the health workers involved in direct and
indirect programme delivenhighlevelleaders (cardiologists and senio
management), IT support, afidmily membersand patients who
received the programme. Characteristics relate to individual needs,

capability, opportunity, and motivation.

Implementation | The activities and strategies used to implement Croi MySlainte. This

Process domain includes factors related to forming a team, planning, engagin

health workers and patients, and making programme adaptations.
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4.2 2 Participants

Using convenience sampling, health workers with various roles and responsibilities for
implementation and/or delivery of MySlainte were invited to participate in the study via email by
the study partner CrajAppendixE) Participants included health workers at Croi who delivered the
programme (direct deliverers) and health workers from hospital cardiology and CR centres across
five sites in the West of Ireland who referred their patients and/or conducted gmd post
programme assessments (indirect deliverers). We aimed to recruit a sampleldf i€alth workers.
Sample size estimates were informed by the concept of information pdeéjand by the number
of potential participants available to recruit.
4.23 Data collection

Following informed written consentvhich involved providing participants withdgscription of
the research along with the participant informatisheet(AppendixF), semistructured interviews
were conducted online between October and December 2021. In acknowledging the lead
AYy@SaitAal G2NRa O6LDUO LRaAAGA2YFEAGE a | /25 ydzNB S
conducted by another study team membeFfLThis helped to minimise potential power
differentials during data collection, which may have occurred due to existing relationships between
the lead investigator and health worke{69)The interview guide was informed by the CFIR and
was refined through input from a Public and Patient Involvement (PPI) panel of HCPs (n=5), all with
experience of delivering digital @rRogrammes AppendixG). The interview guide was piloted in
advance with members of the study team, and minor refinements wegi€e prior to interview

commencement.

4.2 A Data analysis

UsingNVivo RXkoftware for data management, framework analydi§3)was performed using
the CFIR as the prioriframework. To determine if modifications to the coding frame were required,
open coding was conducted on a small sample of transcHattowing this, a deductive approach
was adopted to code barriers and facilitatarsingthe framework In addition participant views on
factors to help inform the future implementation of digital CR were captured ubegatic analysis
(166)and were mapped to the CFIR. Two investigators (IG and CK) independently coded two
transcripts, checking for coding consistency and modifying CFIR definitions as necessary. The
remainder of the data was analysed by the lead investigator (IGadhitld investigator (CR3,
member the CFIR development group, provided expert input on CFIR construct definitions as

required.
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4.3Results

Of the 15 health workers invited to participate, 14 (93%) responded. Interviews lasted on
average 46 minutes (range -89 minutes)Participants included Croi HCPs (nurse prescriber,
dietitian, physiotherapist) an administrator and chief executive officer (CEQO) (n=5), and hospital
cardiology and CR nurses (n=Garacteristics of participants are outlinedTiable4.2.

Table4.2: Baseline characteristics of participants

Participants
(n=14) n (%)

Gender, female 12 86%)
Professioal role

Clinical Nurse Specialist 6 (43%)
Clinical Nurse Manager 1 (7%)
Advanced Nurse Prescriber 1(7%)
Cardiac Rehabilitation @wrdinator (nurse) 2 (14%)
Physiotherapist 1 (7%)
Dietitian 1(7%)
Administrator 1(7%)
Chief Executive Officer 1(7%)
Years working in health

0-10 3 (21%)
11to 20 5 (36%)
21t0 30 2 (14%)
30 or more 4 (28%)
Service type

Community Cardiac RehabilitatigDirect Deliverers) 5 (36%)
Hospital Cardiac Rehabilitatighndirect Deliverers) 5 (36%)
Hospital Cardiology Departme(ndirect Deliverers) 4 (28%)

Factors influencing implementation of the MySlainte programme operated across the five CFIR
domains: (1)nnovation (2) Outer Setting;3) Inner Setting (4) Individuals and (5) Implementation
ProcesgFigured.1). Most factors acted simultaneously as barriers and facilitators, and while many
acted independently in influencing implementation, some acted in combination. Through our
analysis, we developed a matrix combining health workers perceived barriers aitdtfarsilto
implementation. Supported bgample quotes, this matrix also includemsiderations to guide the
future implementationof digital CRAppendixH). Thefollowing section provides a narrative
summaryof the most commonly occurring factors and how they manifestexss the five CFIR
domains. HCP perspectives on considerations for future implementation efforts of digital CR are

incorporated throughout.
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3{{ Quter Setting Implementation Processes

= Teaming (+/-]
=] = Pali {1 - s = Assessing needs (+)
onnections (+) * External p [+ f == = Assessing context (+/<)
(-] = Planning [+)

* Tailoring strategies (+)

= Engaging (+)

= Daing [+)

= Reflecting and evaluating (+)
= Adapting [+)

The Innovation (Croi MySldinte)

ca [+/=)

= Evidence

O Process

= Design

Individuals

= High-level leaders {Cardiologists, hospital management, CECQ and directors): Maotivation (+)

= Mid-level leaders (Clinical nurse managers): Motivation [+)

= Implementation facilitators {Information technology and communication experts): Motivation (+) Capability (+)

= Implementation leads [Project manager): Motivation (+]

= Other implementation supports (Students and human resources): Motivation (+) Capability (+)

= Innovation recipients (Patients): Meed (+/-) Capability (+/-), Opportunity (-], Motivation {+)

» Innovation indirect recipients (Family members): Motivation (+), Capability(+)

» Innovation direct deliverer (Murse prescriber, physiotherapist, dietitian, cardiologist and administrator): Capability (+/-), Motivation (+), Opportunity (=)
= Innovation indirect deliverer [HCPs who referred and/or conducted patient assessments): Motivation (+/<), Opportunity (<), Meed (-]

Figure4.1: Factors influencing implementation of Croi MySlainte across multiple levels

This figure has been reproduced with permission fr@fIR 2.0. Adapted from Damschroder, L. J., Reardon, C.
M., Widerquist, M. A. O., et al. (2022). The updated consolidated framework for implementation research
based on user feedbacknplementation Science, 175.https://doi.org/10.1186/s13012022-012450. Image
adapted by The Center for Implementatia®,2022. Version: V2024.01.
https://thecenterforimplementation.com/toolbox/cfir

Note: +, facilitators:, barriers. Outer Setting = the extrinsic ecosystem, in which the Inner Setting exists; Inner Setting = the
setting in which MySlainte was implemented; Individuals = roles and characteristics of those involved in implementing,
delivering and/or receiving MySlainte; Innovation = the Croi MySlainte programme; Implementation Process = activities
and strategies used to implement MySlainte

4.3.1Domain: Innovation

Thedesignof the MySlainteprogramme acted as both a barrier and facilitator to
implementation. Many of the programme features, which facilitated implementation, were
compared favourably by Health workers to hospliased CR programmes. Perceiaggantages
included increased accessibility and convenience for patients to gtemtwhile this was identified
as particularly important durinGOVIBL9, the need to delivedigital CR programmelseyondthe
pandemic vas emphasised. Furthermore, health workelentified the advantagesfdaving a
multidisciplinary teamNIDT) including a nurse prescriber amadietitian, which s not routinely
available in many hospitddlased CR programme¥rtual carewas describe@s being more

individualised due to the use of seifonitoring tools, patients being in their own environmeand
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the ability to involve the family. All of theggogramme features were identified as important in
engaging patients to participate and subsequently, achieving positive patient outcomes.
With virtual it just makes it more easily accessible. Also some people were carers, some
RARY QU KIF@S GNIYyaLR2NI® ¢KSe@ oSNB YAYRAYy3I Tl Y,
know they could just do it from the comfort of their own home 1(RReferrey
The programmevidence basgtogether with the professionalism, reputation and credibility of the
MySlainteteam who developed the programme, were identified as positively influencing
implementation. These factors helped to secure programme funding and importantly helped to
engage patientsa participate and balth workers to refer.
While we were hesitant about it being online, we were confident in Croi because of their
experience and reputation for delivering high quality prevention programmes. (P7, Referrer)
Poor functionality of the online platform, together with an increased workload for Health workers,
acted as barrierstimplementation. For exampleghlth workers reported managing a larger
volume of patients, having additional paperwork, and a genear ofcompatibilitybetween virtual
and existing work practices, which added to ttemplexity of implementing the programme.
We had to rethink how you actually did everything because maybe one step in the real world
could equal two or three or even four steps in the virtual w¢F@, Croi HCP)
Furthermore, referrindnealth workerdsdentified challenges associated with supporting end of
programme assessments. Having not been involvetirect programmedelivery, these challenges
related to a lack of familiarly with the patient, which wasacerbatedy limited access to their
clinical informationRelativeto hospitatbased CR programmes, identified disadvantages included
the inability to monitor patiens in the absence of telemetry, and the impact of limifede-to-face
contact on peer suppomndthe patient relationship
¢2 YS GKSNBQa | KdzAS @2AR &2dz 1y2¢6 AT GKSNB A
telemetry to identify problems post event, heart blocks aed Afibs and all of that. (¥,
Referrer)
4.3.2Domain: Outer Setting
As acritical incidentthe COVIEL9 pandemic largely facilitatachplementationof MySlainte It
created the momentum for change, increasing patient and HCP engagement in programme
implementation.
I'thinkthe facti K+ & / h+L5 KIFLILISYSR 65 6SNB LdzAKSR (2 R
do a bit quickerit forced us all onlineeven patienteind made the uptake of these things

easier (P1, Croi HCP)
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However local conditionsspecificallythe lack of broadband was identified asnajor barrier to
implementationanda source ofnequityin terms of patient access, withelalth workers
recommending that:
Broadband should be fundamentalright and nobody should be left behind in terms of the
digital age.(P9, Croi HQP
Strongpartnerships and connectiorfacilitated implementationwith referring realth workers
speaking to the positive relationships that had developed between organisations (referring hospitals
and Croi) through previous projects and how this helped to engage them and increase their
confidence in referring to MySlainte. Informatiohasing and cdearning from other CR centres
beyond those involved in the study also helped inform implementation efforts.
Our organisationshadd 2 2 R NB f Iwé voflyHave mnétfag-face on a couple of
different initiatives that we did together so we kind of kneach other and that helped. (P8,
Referrej
4.3.3Domain: Inner Setting
Thelnner Setting wherehealth workersworked (Croi and the referring hospitalexerted both a
positive and negative influence on implementatituimited access to hospithhsedCR servicedue
to the COVIEL9 pandemic and ensuring patient needs were rrefated the tension for change
which facilitated implementation. Related to this, MySlainte was seaagpatiblewith the
organisations mission, culture and service priorities to address waiting lists for CR.
As an organisation our role is to respond to patients neadisour raison @tre for delivering
this programme was to make sure that these patigetseivedhis vitally important care and
support. (P14, Croi HCP)
It was desperately needed. The waiting lists for reflal S @ QNB &, butthdy weidS | £ t & o |
very bad back then because there was nothing happening and people were still having events
(P4, Crof HQP
Accesgo available resources such as funding, the digital platf@mad knowledge and information
to deliverMySlaintefacilitated implementation, and were highlighted as critical to future
implementation efforts.
They need to come up with all the resources,Y.F Yy LJ2 § SNE Fdzy RAy3a3Z SOSNEI
establishing a program like thisthat planning has to be there before it is implemented. (P13
Croi HCP)
For referring lealth workers, tle existingwvork infrastructureacted as a barrier to implementation

with low staffing levels decreasing their opportunity to refer patients. Furthermore, referring
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patients to MySlainte becaman additionataskandless of a priority with the return of in person
programmes.
We were short staffedswe were being redeployed ameferringwas timeconsumingX
especially when we were starting back with our own groups agRit0, Referrer)
4.3.4Domain: Individuals
Individuals involved with implementing, delivering, and/or receiving MySl@rgeutlined in
Figured.1. Health workers identified how the commitment and support from many individuals,
rangngfromhight S@St f SIF RSNE 6/ NRA2f23AaGax 1 2aLRAdGrt a
implementation project managers, @ supportfacilitated implementation.
Everybody just seemed to row in together you know and get thiogsthat would have
taken months previous to@YID,t just happened(P5, Referrer)
While health workers described barriers having to navigate new technology with limited training,
they were highly motivated to deliver MySlainte. This was influenced by their knowledge and beliefs
regarding the positiveonsequencefor patients, and their service (e.g., reduced waiting lists), and
fit with their social/professional role and identity.
2SS |ff KIR GKS LI GASyGQa o0Sald AyaSNBada FyR o
differenceX when we saw it was working their blood pressure improved, their cholesterol
improved ..that gave us confidencéP4, Croi HCP)
Time constraints impacted negatively on the opportunity to deliver the programme. Health workers
reported that the process of using the technology, determining patient suitability (contacting
patients, accessing medical information, risk stratificatioajpted with increased administrative
duties, was time consuming\ccess to patient information through more integrated technology
information systems and greater administrative support were identified as solutioogeixwome
these barriers.
Invest in the technology to ensure online delivery is more streamlivegl need to be able to
share information across organisatiods 2 Sy adzNBE LI G§ASyd O®yiNBRX
HCP)
Health workers reported that while the programme responded to unmet patie@dsregarding
access to CR and peer support, there was a sense of uncertainty regarding who digital CR
interventions are suitable for. This uncertainty related to the patients CVD risk profile and safety,
their sociedemographics, and the potential to disenfichise those with low digital literacy levels.
t $2LX S YAIKGYQH ySOSHERENAYRIKG WS thesa Bl ofli  LIK I

digital inequalities and finamal constraints can be an issue. (P3, Referrer)
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4.35 Domain: Implementation process
The strategies used to implement MySlainte maadied as facilitators to deliveridealth
workers highlighted how efforts tengagepatients, through the provision of information and
G§SOKYAOIf &dzllR2 NI S AYyONBFaSR (GKS LI GASydQa OF LI ¢
WKSNB LIS2LX S RARY Qi buktheyhad tlie KeShnofo§yte$ dctudiyé@nt a { A f £ &
and trained them. (P14, Croi HCP)
Referringhealth workersreported thatthey wereeffectivelyengagedhroughgood relationships
with Croi. There were multiple meetings, with demonstrations on the digital platform, and they felt
their expectations and concerns were acknowledged. This was identified as an important factor to
support future implementation.
Ife 2dzQNB t221Ay3 (G2 Ayy20F4GS YR adzLlLR2 NI @&2dz y.
advance and not just land something on peogind be sensitive to all thefgars and
anxieties that people will havgP7, Referrer)
The commitment and motivation of thieam, coupled with groject planwhere roles and
responsibilities were agreed in advance positively influenced the implementation process.
Furthermore, throughreflecting and evaluatindylySlainte wasdaptediteratively in response to
patient needs.
Some of the first education sessions we did we were. lilkeese are a bit long. so we tried to

make them more interactiv¥ we were constantly changing and tweaking R14,Croi HCP)

4.4Discussion

Using the CFIR, this study examined healtinker perspectives ofactorsinfluencing
implementation of MySlaintea digital Cihterventiondelivered during theCOVIEL9 pandemic.
Established areas of focus for implementation of digital health interventions (DHIs) include:
intervention characteristics and technical factors, individuals (workforce and patients), the
healthcare ecosystem and the broader extrinsic ecosystem withinhathizy operate(78, 104)
Consistent with recent systematic review and scoping review evidgri,118, 227yve identified
barriers and facilitators to implementaticacrossall of these areas, including the implementation
process which often receives insufficient attention in digital technology implementation
frameworks(116)To our knowledge, this is the first study to explore health worker perspectives of
digital CR using the CFWRhile most factors influencing implementation of MySlainte operated
independently, many also acted in combination. For example, strong partnerships and connections
at the outer setting between organisations combined with the programme features (e.gsimclu
of the MDT and recommended CR cammponents) and evidence base increased health worker

confidence, and subsequent engagement in implementation. Consistent with previous s{idigs,
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158, 227these findings demonstrate the dynamic inteslationships that exists between factors.
Therefore, understanding these integlationships is essential to optimising implementation of
digital CR158)

The perceived usefulness of technology has been identified as one of the most common
facilitators to implementation of DHIs among health work&r$2, 227)n keeping with these
findings, the perceived value of MySlainte in providing patients with essential CR, whilst also
addres#ng CRservicewaiting lists motivated health workers to engage in implementation.
Engagement was further enhanced by organisational leadessipportand a culture of patient
centeredness, both established predictors of implementation sucEss, 158)rhese findings
reaffirm that implementation of DHIs is a social process which is influenced by the valueseanind
and engagement of individuals involved, including let@mpiong(116, 228 Health workers
identified multiple benefits associated with MySlainte (e.g., increased accessibility and convenience
for patients) which superseded in person CR programmes. However, health workers acknowledged
that there was a trad®ff between these benfiés and perceived programme disadvantages, for
example lack of peer support. In line with WHO recommendations, these findings emphasise the
YSSR FT2NJ GKS a@FtdzS¢ 2F RAIAGEE /w (G2 0SS Of SI NI &
workers, anchealth systems as well as the rationale for why they are superior to the current
standards of car¢107, 229)

The implementation of MySlainte required a significant shift in health workersdelivered CR
care with new work practices and care pathwageding to be established. Not unique to
MySlainte the rapid transition taremote care during the CO\UD® pandemimecessitated the use
of an existing platfornMoodle, which was not appraised as optimal for CR deliygiy, 230)This
led to an increased worklogdvhichadded to the complexity of delivering CR cdnereased work
and altered workflows arérequently cited barriers amonigealth workergo DHIlimplementation
(227) including those specific to GRL8)To address these barriers, there is a need to involve health
workers in all stages of the design, development and implementation of digitdl@@R231, 232)

Indeed, in a recent overview of systematic reviews of HCP barriers and facilitators to DHIs, involving
health workers in DHI design was identified as a common facilitator to utilisation of DHIs across all
108 primary systematic review227)Beyondthe usability of the digital platformhealth workers

identified challenges regarding its interoperability in thentext of a health system where

information and communications technolog{) is not standardised or harmonised. Not limited to

our study, inteoperability of DHIs is a global probldd04, 232which requires implementation of

national data interoperability standards in order to be addres¢2d3)
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Similar torecent systematic reviewindings byFerretYui et. al118)workforcecapacity issues
includingHCPpatient ratios and time to deliver in the context of the return tegarson
programmesacted as barriers to implementation. Frederix e{284)argue that DHIs need to be
0f SYRSR Ayid2 OdaNNByid LINI OGAOSaz NI GKSUMinaiely] v 0 SAy
implementation ofdigital CRequires dedicated resourcesicluding staff who are equipped with
skills and competencies in digital health delixé25)Our findings show thatrhited experience and
training indigital healthwas an obstacle to implementatiomith similar barriers reported
internationally(85, 104)These findings point to the need for greater integration of digital health
competenciesnto the undergraduate and pogtaduate curriculum as well asaltime, on the job
trainingand suppor(116, 235)

Health workers reported uncertainties regarding patient suitability for virtual care; these
NEtFGSR G2 t2¢ RAIAGHE fAGSNIOe tS@Stax fAYAGSR
CVD risk profile. These findings are not surprising giverdigaal CR studies tend to focus on
homogenous populationsyhere the majority of participants are male, and younger (<63 yd@es).
87)To determine which patients may be best served by digital CRs, future research needs to be
inclusive of oppressed and minoritized groups, e.g., people of colour, women, and the elderly.
Furthermore, we believe these uncertainties could be addressed byumbing a rigorous
assessment of patient needs, including their digital literacy and access to technology and broadband,
in advance of DHI deployment. This will ensure that adequate supports are in place to enhance
participation(104)

While there was widespread agreement that patients should be offered digital CR beyond the
pandemic, referring health workers expressed safety concerns about delivering exercise remotely to
high CVD risk patients. These safety concerns are mirrored itinady (114, 236)and could be
addressed by greater use of remote monitoring technologies and sharing of good practice for the
use of digital CR in higisk patients(34, 236)Notwithstanding the importance of patient
preference, health workers identified that hybrid CR, which combinggiaon and remote
components, could be a promising opportunity to broaden CR a¢6é&¥slowever essential to this
approach ieffectiveintegration of carebetweendigital CR and iperson CRand furtherresearch is
required to understand howo optimally achieve this.

We observed similarities between our findings and the recent study by Kenny(283).
exploring patient experiences of MySlainte and a similar digital CR intervention. Specifically, health
workers efforts to engage and support patients through developing interpersonal relationships, for
example being more accessible and the provision oifiécal support, increased engagement. These

findings suggest that DHIs do not necessarily compromise the pdtesth worker relationship, a
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commonly held perception among health work¢288)Furthermore health workersdentified that
limited opportunities for peer support negatively affected patient engagement. A challenge, which
health workers suggested, could potentially be overcome through a hybrid CR delivery model.
Finally, health workers identified the importanoépartner and family support in engaging patients

to use the technology, a factor which is known to improve DHI use by patien{@3T})

4.4.1Considerations for future implementation

Identifying strategies for effective implementation of digital health are a national and
international priority.(82, 83, 104Based on our study findings, which included health workers views
on factors tohelp inform future implementationwe developed a summary of key considerations to
assist with future implementatioefforts (see Tabld.3). Many of these considerations are
consistent with solutions identified in the recent World Heart Foundation roadmap for digital health
in cardiology(104)thus emphasising the relevance of this roadmap for digital CR. Considerations
include actions at multiple levels from the digital intervention, to the patient, the health worker, and
the broader health system. Importantly, as barriers and facilitatoign@ementation of digital CR
are interdependent, these considerations should not be viewed in isolation but rather as part of a
whole systems approach to implementatid@urrently, findings from this study are informing the
development and implementationfa selfmanagement, mHealth intervention for the secondary
prevention of CV[§239)

4.42 Limitations

This study has some potential limitatiof®ue to fundingthis study was conducteslxmonths
after patients had completed MySlainteshich may have impacted HCP recollection of their
experiences of implementation. However, it is also likely that having this time offered an
opportunity for reflection on implementation efforts and achievement of programme goals, thus
enhancing the richess of the data collected. We recognise that the context of CQVIDay have
influenced HCP perspectives of DHIs and therefore, factors influencing implementation may not be
as relevant in the post pandemic era. Furthermore, as this was a nested qualgaidy of a digital
CR intervention in one region, we acknowledge that our findings may differ to other digital CR
interventions. Nonetheless, we found similarities in our results to international data on DHIs in CVD
care and CRLO4, 112, 118)Understanding health workers perspectives of digital CR is a growing
area of research and therefore future research inclusive of other health workers (for example
physicians and psychologists) is required. This study was part of ametittod evaluatiorof
MySlainte, and while previous research has examined clinical out¢@@@®snd patient
experienceg237)there is also a need to consider cost effectiveness, an often neglected area in DHI

research(240)Finally, while the aim of this study was to identify contextual factors influencing
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implementation of MySlainte, future research should align these factommptementation

outcomes (e.g., fidelity) to help determine which factors matter most.

Table4.3: Key considerations for the future implementation of digital cardiac rehabilitation

Level

Considerations fordture implementation of digital cardiac rehabilitation

Digital
Health
Intervention

Digital health interventions should:

fIncorporate evidencdased core components and be delivered using a
standardised approach

91Be delivered by a skilled int@rofessional team including nurse prescribers

1 Be designed with end user involvement (Patients and health workers)

1 Be integrated with irperson programmes and offered as part of a hybrid
approach to care

Patient

Patients should:

9 Be offered a choice of CR delivery options, including digital programmes

91 Be provided with access (equipment and broadband) and the necessary ski
and supports to use technology, which includes involving the family

Health
Workers

Health workers should be:

1 Equipped with the necessary skills and competencies to deliver digital CR

9 Provided with adequate resources including staff, administrative support, tin
and technological support

1 Engaged early in the implementation process to ensure barriers to
implementation are addressed

9 Provided with clear guidance on how to appropriately risk stratify and monitg
patients remotely

Health
System

At a systems level there needs to be:

T Approval and support by the organisational leadership team including
Cardiologists

1 Compliance with general data protection regulations and other relevant
regulatory standards

{Longterm funding to develop technology that minimises workload whilst alsg
ensuring that there is an adequate workforce to deliver

T A focus on patient centred care, ensuring seamless integration of care acro
CR delivery modalities

T A robust digital infrastructure, with greater interoperability

1A focus on developing implementation strategies, which address context sp
barriers.

4.5Conclusion

With an increasing emphasis being placed on offering patients a range of CR cpicuessful

implementation ofDHIsis contingent upon a comprehensive understanding of the challenges and

opportunitiesfaced by health workers. Leveraging on the practical experiences of implementing a

digital CR intervention during the COMI® pandemicyve identified a number of factors which may

help inform future strategies to enable scalp andintegration intoclinical practiceFindings from

this study highlight how factors influencing implementation of digital CR are interconnected.
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Therefore, multilevel implementation strategies are required if the true potential of digital health in

improving equitable CR access, participation and patient outcomes is to be realised.
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Abstract
Background

Secondary prevention is an important strategy to reduce the burden of cardiovascular disease
(CVD), a leading cause of death worldwide. Despite the growing evidence for the effectiveness of
digital health interventions (DHIs) for the secondary preventio@D, the majority are designed with
minimal input from target end users, resulting in poor uptake and usage.
Objective

This study aimed toptimisethe acceptance and effectivenessaDHI for the secondary
prevention of CVD throughe®Sa A 3y X Ay iS3INI GAYy3I SYyR dzZASNEQ LISNA
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Methods

A theorydriven, persorbased approach using @esign was adopted for the development of
the DHI, known as INTERCEPT. This involvgghas# iterative process using online workshdps.
phase 1, a stakeholder team of health care professionals, software developers, and public and patient
involvement members was established. Phase 2 involved identification of the guiding principles,
content, and design features of the DHI. In phase 3|, [btotypes were reviewed for clarity of
language, ease of navigatiomnd functionality. To anticipate and interpret DHI usage, phase 4
involved usability testing with participants who had a recent cardiac event (<2 years). To assess the
potential impact of usability testing, the System Usability Scale was administereck kaeid after
testing.¢ KS & DdzZA R yOS F2NJ NBLRNIAY3I AYyiSNBSyiliAzy RSO
checklistwas used to report the development process.
Results

Five key design principles were identified: simplicity and ease obakayioual change through
goal setting and sefhonitoring, personalization, system credibility, and social support. Usability
testing resulted in 64 recommendations for the app, of which 51 were implemented. Improvements
in System Usability Scalscores were observed comparing the results before and after
implementation of recommendations (61 vs &%..02).
Conclusions

Combiningoehaviourchange theory with a persebased cedesign approackacilitated the
development of a DHI for the secondary prevention of CVD that optimised responsiveness to end
dzZASNEQ ySSRa IyR LINBTSNBYyOSas (GKSNBoe& LRGSYGAlff
5.1Introduction

Patients with coronary heart disease (CHD) are at high risk ofresd cardiovascular
events(22)with 1 in 5 experiencing a recurrent event in the first year, after hospital discl{aige.
To minimise this risk, guidelines recommend early initiation of evidéased, secondary
prevention lifestyle and pharmacological treatments, together with access to a cardiac rehabilitation
(CR) prograni22, 28)However,in reality,only a minority of patients with CHD achieve optimal risk
factor control and less than a half attend CR, usually several weeks or even months after hospital
dischargg(41) The promising role digital health interventions (DHIs), including mobile health
(mHealth) apps, in addressing this implementation gap is increaseggnized104)Indeed, the
widespread availability of smartphones and mobile devices means that mHealth apps are one of the
most common types of DHIs being developed to improve the secondary prevention g7 & 1)
mHealth apps have the potential to enhance patient emvyprment and selimanagemeni94)with

growing evidence to support their use for secondary prevention of cardiovascular disease
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(CVD)104)Recent metaanalysis data show that mHealth apps can improve exercise capacity,

physical activity, adherence to medication, and quality of life, as well as reduce hospital

readmissions in patients with CH80)However, beyond the research setting, uptak® usage of

health apps is low79, 93, 241)n addition, there is limited understanding of how these apps are
RS@GSt2LISR FyR ¢KI(G GKSA8RIAGY OGAPS AYyINBRASYy(Hac Ay

Involving end users in the design and development of DHéEagnised as essential to
maximisingheir acceptance, uptake, and effectivess(104, 124 Despite this, the majority of
mHealth apps are designed with minimal input from target end u€Ez6)For example, in a recent
scoping review, the use of @tesign methodologies in the development of CVD secondary
prevention interventions was reported in only 4 of 22 studies related to mHealth. @2
Furthermore, none of these studies reported using a theoretical framework to guide the
development of the intervention, including the use of thedogsed behavioural strategies. Although
this absence of reporting is not uncomm@@®R7) it impacts on our ability to understand which parts
of digitalbehaviourinterventions contribute to outcomeg£L30)

For DHis to reach their full potential, we need to better understand how they are developed
and what the core elements of effective interventions §t26)This paper aims to describe the
RSGSt2LIYSyid 2F | YdzZ GAO2YLRySyids O02YLX SE 51 L OFft
prevention in patients with CHIDeveloped by the Irish National Institute for Prevention and
Cardiovascular HealtiNTERCEPT aims to promote-sgdihagement and support patients to
achieve a healthy lifestyle, manage CVD risk factors, and improve adherence to cardioprotective
medications. It includes an mHealth app, which integrates with abas®d health care profesmal
(HCP) portal, &itness wearable and blood pressure monitBesponding to the need for early
initiation of prevention after an index evexi22) particularly given delays in patients accessing
traditional (CR) program¢52, 242JNTERCEPT is designed to be introduced to the patient at the
time of their acute hospitalisation and before discharge home. In this way, it provides a bridge to CR
or an alternative for patients who choose not to join a CR programme.

To maximise the potential effectiveness of INTERCEPT, the aim of this study was to adopt a
theory-and evidenced & SR | LILINRB I OK (2 RS@St2LIVSyds AydSaNI
perspectives throughout. We use the tednRS @St 2 LIYSy (¢ G2 OF LJGdzNBE (GKS ¢
planning, to designing and usability testing

5.2Methods

5.2.10verview
We used a theorgriven, persorbased approach to the development of INTERCEPT in an

iterative codesign process. Our overall approach was guided by the UK Medical Research Council
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(MRC) framework for developing and evaluating complex interven{ibf@)While cedesign refers

to meaningful eneliser engagement across all aspects of intervention developjfig#)the

persontbased approach focuses on the psychosocial context of users afehia@iounl elements

of an intervention(172)Through a series of qualitative workshopenducted between May 2021

and December 2022ye adopted a 4hase approach tdevelopment (Figuré.1). As development

commenced during the COVI® pandemic, all workshops were conducted online (Zoom, Zoom

+ARS2 /2YYdzyAOIFGA2ya0® ¢KAA LI LISNI A& NBLRNISR Ay
AYUSNBSYidAz2y RS@St 2 LIS (GUIDEDSedMRe®ad).(M3) KSI £ K NBaSH

Usability Testing Planning

=y._

*» |dentify representative end users « Estahlizh a staksholer group
Establizh a st ler grou

» Agree user testing methodology « Define the problam to ke addressed
» User test beta version i . o

- « Define the aims and objectives of
» Bvaluate the process WTERCEDT
+ Agree the development approach and
decision making process
« Establish a project development plan

with key milestones
Develop e |
Prototypes o Creating

* Develop prototype mockups and
obtain user insights

» Agree the functions and features of
the user interface

= Develop an alpha version of

# Generate ideas based on lived and
professional experiences

Review the literature

dentify target behaviours for change
Create guiding principles

MTERCEPT Use theory to construct the components
+ Review for clarity of language, ease and features of INTERCEPT
of navigation and functionality # Develop a logic model to describe the
hypothesised mechanisms of action of
NTERCEPT

Figure5.1: Four phases of INTERCEPT development

5.2.2Phase 1: Planning
To ensure a diverse and inclusive approach to intervention development, an interdisciplinary
stakeholder team was established. This comprid@Ps, software developers, amémbers from
the public and patient involvement (PPI) panel of Croi (Gaelic for heart), an Irish heart and stroke
patient organisationMS Y0 SNA KAL) gl & RSUGSNNXAYSR o0& (KS AYRAODA
secondary prevention of CVD, including the design of complex DHIs; bheh#tiourchange;
software development; and lived experience of CVD. To establish meaningful partnership
relationships and enhance engagement, roles and responsibilities were agreed upon from the outset

and a process for documenting and making decisions was estati{i125)Furthermore, to enable
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stakeholders to participate to the best of their capabilities, a flexible and supportive approach to
development was adopted. For example, workshops veergred around participant availability
and supports to address digital health literacy challenges were made available. Initial meetings
focused on project conceptualisation, and identifying the key needs and challenges to be addressed.
This led to the developmermf the intervention aim and objectives and identification of specific
targetbehavious for ciange. Thesbehavious were related to lifestyle (smoking cessation, making
healthy food choices, anidcreasing physical activity), CVD risk factor management (blood pressure,
lipids, and glucose), and adherence to cardioprotective medicatdpsoject plan with key
milestones for developing INTERCEPT was established.
5.2.3Phase 2: Design

This phase aimed tidentify the guiding principles, including design objectives, content, and
features of INTERCEPT. In keeping with the pdrasad approach, guiding principles help to keep
development focused on what is appealing and useful to the intended user, thuadédp
maximise its acceptability and effectiven€432)INTERCEPT guiding principles were developed by
(1) synthesising the literatur¢66, 93, 129, 174,176)H 0 RNJ ¢ Ay 3 2y (G KS aidl 1 SK?2
research experiences of developing and implementing QH1I5177)and (3) obtaining patient lived
experience insights. Informed by these principles, we usedbkoognitive theory (SQTIY8)and
selectbehaviourchange technigues (BCTs) frone thehaviour change taxonon{79)to help
construct the intervention components and features required to achieve the objectives of
INTERCEPT. Incorporatb@haviourchange theory in the development of health interventions is
known to enhance their effectivenegsl19)and SCT is one of the most commonly used theoretical
frameworks in secondary prevention DHI studi@g) This process was facilitated by a series of
structured brainstorming workshops with the stakeholder team, where creative idea generation
around strategies to address specific targehavious was encouraged. Contextual insights into the
clinical care pathway after a cardiac event were incorporated by involving HCPs and patients in the
user journey mapping process. In line with UK MRC guidance, a logic model was developed to

articulate the keycomponents of INTERCEPT and its expected mechanisms of(ad@jn

5.2.4Phase 3: Developing Prototypes

To help visualise the basic layout and functionality of the app, the software developers initially
produced a series of prototype mocips of the INTERCEPT digital interface. Through a series of
workshops, these moelps underwent several iterations, integing feedback from the entire
stakeholder team, until a more refined design solution was reached. This led to the development of
a usable first version of the app (alpha prototype), which pikg testedamong the stakeholder

team and reviewed multiplémes for clarity of language, ease of navigation, and functionality. At
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this stage, decisions regarding the INTERCEPT lapi¢qerigger push notifications), functional
requirements (&y., registration process, user login, and safe data storage), integration of data with
the HCP portal, and the use of analytics to capture usage patterns were made. Furthermore, to
promote user trust ando ensurecompliance withgeneral data protection regulations (GDPR), a
series of data privacy and security measures were considered in this phase. These included the
introduction of encrypion and access controls, adhering to data protection standards for data
hosting and storage and ensuring data minimisation, by developing the app to collect only the
necessary personal information. In addition, a privacy policy detailing how personaréata
collected, processed, and stored was developed.

INTERCEPT w@mveloped for both iOS (Apple) and Android (Google) mobile phone platforms and
was tested multiple times across a range of devices and operating systems to guarantee reliable
performance and compatibilittFeedback from the workshops was collated and formulated into
design specifications using a custa@signed data extraction spreadsheet. All new design features
and content changes were prioritised based on their alignment to the guiding principles and thei

overall potential to enhance thacceptability and usability of INTERCEPT.

5.2.5Phase 4. Usability Testing

To further develop INTERCEPT, the finished product (beta version) was subjected to usability
testingby a separate group of patients, who were not part of the PPI palsalbility testing is
critical to determining if an intervention is meeting the eusler needs, and, ideally, it should be
completed with end users in reéife contexts(106)
5.2.5.1EndUser Recruitment

Using purposive sampling, participants were recruited through 3 community groups, including
Croi, the heart andtsoke patient organizationa group representing Travellers (indigenous ethnic
minority); and a farmingrganisation(see AppendixJfor Study recruitmentlyer). There was a
specific focus on recruiting women, those living in rural isolation, and ethnic minority groups as
these individuals are often underrepresented in digital headtbearch(79, 87)Eligibility criteria
AyOf dzZRSR LI NOHAOALI YyG& o6xnn &8SEFENBROL gAGK | NBOSyl
required to have a smartphone, and family members were included as they play an important role in
supporting engagement with technology imethome(112)To minimise barriers to online
engagement, participants were offered training in the use of Zoom technology. Furtherasore,
trust in data security and privacy afrequently reported barrier to DHI engageme®(3)
participants were informed of the measures taken to ensure that INTERCEPT was compliant with

GDPRWe aimed to recruit a sample size of-18 participants to test usability, as this has been
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demonstrated to detect a minimum of 80% of usability problems, which is considered satisfactory

for complex intervention testingl80)

5.2.5.2Ethics Approval

Ethical approval fophase 4 was granted by the clinical research ethics committee at Galway
University Hospitals (Ref: C.A.2797) on May2022. Informed consent was obtained from all
participants, who were informed of their right to withdraw from the studyaat time(AppendixK).
Data obtained from participants was handled according to GDPR and all data were anonymous to

the study team.

5.2.5.3lterative Cedesign Workshops

Once consent was obtained, participants in phase 4 were provided with a link with instructions
to download the app via email, a pedometer (Sportline 340; HRM USA Inc), a blood pressure monitor
(UA 651 deviceA&D), and a user support manual. The manual incorporated a diary, which
participants were encouraged to use to document their experiences of using INTERTEPT.
Participants were invited to 5 online workshops over aniszk period.This was considered
sufficient time to allow participants to test theehavioual change elements of the app, such as goal
setting and selmonitoring Furthermore, this allowed for iterative amendments to be made to the
app based on usability feedback. We were unable to find guidance for conductdesignm in an
online environment; therefore, we adaptdabst practice principles for facilitation of-person ce
design workshops, to e optimise engagemen(tLl23, 181)lhis involved presenting the value
LINP LR AAGAZ2Y GaAKINRARY3I €2dzNJ Ayaradakida oAttt oSySTAl
defined roles and expectations, allowing time for participants to share their lived experiences, being
supportive around thaise of technology, keeping the duration of usability workshops to no longer
than 1.5 hours, and offering options for eaf-hours workshops as well as individual sessions. The
topic guide AppendixL) for the usability workshops was developed with inpainfrthe stakeholder
team, and participants were encouragtmirefer to their diary to aid recollection of their
experiences.

The validated System Usability Scale (SUS) was selected to evaluate the impact of usability
testing(182)The SUS assesses components of usability, effectiveness, efficiency, and satisfaction
and includes 10 questions with a Likert scale, with values ranging from O to 100. Participants in
phase 4 were invited to complete the seliministered SUS after an iiait 2week trial of the app
and after the last workshop when final modifications to the app were maidaneasure eHealth
literacy the validated eHealth Literacy Scale, daref scale, presented as a score out of 40 was
utilised(183)Although there is no fixed cuiff to distinguish between high and low literacy, a higher

score reflects a high level of eHealth literacy. Data on baseline characteristics of participants,
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eHealth literacy, and the SUS were obtained by providing participants with an email link to an online

survey that was created using Survey Monkey (Survey Monkey).

5.2.5.4 Data Analysis

All quantitative data were anadgd using Stata (V.18; StataCorp). To compare the SUS data
between the 2 time points, theaonparametric ManANhitney testwas used. Patient characteristics,
information technology usage, and digital literacy werenmarigd using descriptive statistics.
Qualitative data weranalysed by 2 study team membgl& and CJ) who used a deductive
approach to map to 3 key aspects: usability (functionality and ease of navigation), comprehensibility
(language), and content.
5.3Results
5.3.1 ParticipantCharacteristics

INTERCEPT followed an iterative cycle of development, involving 29 participants. These included
20 participants from the stakeholder team (4 nurse specialists, 1 physiotherapist, 1 physical activity
specialist, 2 dietitians, 1 pharmacist, 2 health psychisks, 2 cardiologists, 2 software developers,
and 5 PPI members), who were based in 6 different countries, and a separate group of 9 patients

who were recruited for usability testing in phase 4.

5.3.2 INTERCEPT Guiding Principles

A review of theassociated literature identified the following kapp features: selfnonitoring of
health behavious, behaviourchange motivation, education, personalised content, ease of use, and
the ability to integrate with other apps and devics, 93) Feedback from the stakeholder team
yielded further insights. INTERCEPT should (1) engage and motivate the user, (2) facilitate psychosocial
support and contact with an HCP, (3) be credible and evidence based, (4) ensure data privacy, and (5)
be introducedearly in the recovery journey as patients often experience delays or have limited access
to CRBY consolidating findings from the literature with stakeholder team insjgirddentified 5 key
guiding principles for the development of INTERCEPT. Aneatlthese principles, comprising design

objectives and intervention features to address these objectives, are presenieable5.1.
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Table5.1: INTERCEPT desuriding principles

Design objectives Intervention features

Promote user competence 9 Ensuresimplicity across layout, language, and
navigation procedures

9 Provide clear guidance on how to use

INTERCEPT
Incorporate strategies to motivate and engage | 1 Support goal setting, sefhonitoring, and
users in healthypehavious tracking ofbehavious

T Acknowledge app usage, and provide tailored
feedback on selfeported progress, using
rewards where appropriate

1 Use positive language, promoting the benefits|
of engaging in healtbehavious

Adopt a personalised approach 1 Offer choice in relation to howsers engage in

the app (graded goal setting, turning

notification on and off, timing of reminders,
and personalised messages)

Promote system credibility 9 Be explicit in stating the organisations or peoq
involved in developing INTERCEPT

T Use trusted and credible resources, with
appropriate links to reputable,
noncommercial organisations

9 Comply with data privacy obligations, ensuring
that appropriate data security measures arg
in place

Social support 9 Establish a communication link with health cal

professionals through integrating the app

with a health care professional portal

5.3.3 Developing Prototypes

After a series of workshops (n=7) with the stakeholder team (2 workshops with HCPs and 5 with
PPI collaborators), the core components and features of INTERCEPT were agreed upon. In brief, the
components included goal setting to motivate and support hedifegtyle change; a health tracker
to support sedmonitoring of physical activity, mood, healthy eating, medications, blood pressure,
cholesterol, and glucose levels; educational resources to increase knowledge and awareness of
healthy lifestyle changepsychosocial health and adherence to cardioprotective medications;
notifications to motivate and prompt engagement; and a link to an HCP portal to enable remote
monitoring and support. A description of these components is provided in the Template for
Intervention Description an&®Replication $eeAppendixM), and screenshots are presented in Figure
5.2.To operationalise the intervention components and featutks BCTs from the taxonomy of
BCTs were used. An overview of these BCTs, and how they aligndontiponents and features of
INTERCEPT, including the proposed mechanisms of actions and outcomes, is presented in the
INTERCEPT logic model (&ppendixN). Examples of how this feedback influenced the end product

features are as follows: (1) to promote user competence, additignalance on goal setting was
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provided and a hard copy support manual was developed; (2) to motivate and engage users, the
value proposition of the app describing its potential benefits was introduced on the home screen; (3)
to ensure a personalized approach, a schedule of tailoredication messages mapped to

individual usage patterns was developed; and (4) to emphasise psychological health, credible

resources and messaging were included.

Al

Figureb.2: Screenshots of (A) the home screen, goal setting, and health tracker and (B) the health
professional portal

5.3.4 Usability Testing
Usability testing was conducted between July and October 2022. In total, 11 individuals were

recruited and 9 attended either the workshops (n=6) or setnictured interviews (n=3). Reasons
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for nonattendance were related to illness and family caring responsibilities. Baseline characteristics
of participants, including demographics, CVD diagnosis, technology usage, and digital literacy, are
reported inTable5.2.

Table5.2: Baseline characteristics of usability testing participants

Characteristic Value, n (%) amean (SD
Demographicsr{=9)
Gender female 6 (67)
Age, mean (SD) 62.2 (11.4)
Enrolled in GMSscheme 7 (78)
Geographical regionn=9)
Connacht 4 (44)
Leinster 3(33)
Munster 2 (22)
Urban 3(33)
Rural 6 (67)
Ethnicity =9)
White Irish 8 (89)
IrishTraveller 1(11)
Education levelr{=9)
Primary education 1(11)
Secondary education 3 (33)
Technical or vocational 1(11)
Third level diploma or degree 4 (44)
Cardiovascular diagnosis (seported) (=8
Myocardial infarction anghercutaneous coronary intervention 3(33)
Heart failure 2 (22)
Percutaneous coronary intervention 1(11)
Heart valve disease 1(11)
Atrial fibrillation 1(11)
Cardiac rehabilitation program completiom§g8) 7 (78)
In-person 4 (57)
Online 3 (43)
Information technology and digital literacyn=8)
Access to internet at home 9 (100)
How often do you use apps on your phone?
Frequently 7 (78)
Occasionally 1(11)
Rarely 1(11)
eHEAL'Sscore, mean (SD) 27.6 (6.1)

aGMS:General Medical Scheme (refers to the means tested provision of state health care).

beHEALS, eHealth Literacy Scale.
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The mean age of participants was 62 years, 67% were female, 89% had a diagnosis of CVD, and
one was a family member. Although the majority of participants reported frequently using apps, the
mean eHealth literacy score was 27.6. While acknowledging th#é samaple size, improvements
were identified in overall mean SUS scores from 60.8 at commencement of usability testing to 82.8
after usability testingP=.02(Table5.3). Although improvements were observed across all 10
guestions, they were significant for questions 2 (I found the app unnecessarily copi@x), 3 (I
thought the app was easy to u€es.02), 5 (I found the various functions of the app well integrated,
P=.03), and 9 (I felt confident using the af,03).

Table5.3: Pre and postusability system usability scores

Pre- Postusability Pvalue

usability testing (n=8),

testing mean (SD)

(n=9),
Question mean (SD)
1. | think that | would like to use the app frequently 2.7(1.4) 35(1.1) | .12
2. | found the app unnecessarily complex 2.6(1.1) 3.6(0.5 | .04
3. | thought the app was easy to use 2.6(1.2) 3.8(0.5) | .02
4. | think that | would neeassistance to be able to use this app 2.1(1.3) 2609 | .39
5. | found the various functions in the app were well integrated 2.3(1.0) 34(0.7) | .03
6. | thought there was too much inconsistency in the app 23(1.1) 3.1(04) | .05
7. 1 wouldimagine that most people would learn to use this app very qui 2-3 (1.2) 33(10) | .08
8. | found the app very cumbersome or awkward to use 24(1.2) 34(0.5) | .06
9. | felt very confident using the app 2.8(0.7) 35(0.5) | .03
10. | needed tdearn a lot of things before | could get going with the app| 2-2 (1.6) 3.0(05) | .37
Total score 60.8 (23.5) 82.8(7.1)| .02

Across the8 key areas of usability, comprehensibility, and content, participants made 64
suggestions for INTERCEPT, and of these, 51 were implemented. Through stakeholder consensus,
reasons for not implementing suggestions were related to practical consideratiodgéband time)
and misalignment with the guiding principles. A summary of suggestions, across the themes of
usability, comprehensibility, and content, were mapped to the interventiomponents Appendix
0). The following are selected insights.&rthance functionality and minimize the userten
associated with manual data entry, participants identified the importance of integrating data from
the fitness wearable and blood pressure monitor with INTERCEPT. However, this change was not
feasible to implement immediately, as it required considena of multiple technical and user
experience factors. These included ensuring reliable data transfer and compatibility between
INTERCEPT and other devices, privacy and security, and the provision of atlschuatal support,
including user instructions and manuals to guide seflfhoughaddressing these factors required

additional time and resources, integration of data was achieved following usability testing. To
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motivate the user, participants recommended including rewards for setting and achievingagdals

dZaAAy3 f1Fy3Adz23S (2 LINRBY2(GS Y2NB LISNE2YIlIf 26y SNAKA
R I {ilh dbgnisinghe acute clinical context of implementation, participants emphasised the

importance of including welcoming messages on the home screen to acknowledge the early stages

of recovery. To enhance navigation, participants recommended greater integration between

components. For example, if a user achiezésw mood score, they should receive prompts with

links to the goal setting and resource sections, rather than having to access these components

separately.

5.4 Discussion
5.4.1 Principal Findings

This paper describes the methods used to develop INTERCEPT, a multicomponent DHI, which
integrates a smartphone app, HCP portal, fitness wearable, and blood pressure monitor to improve
secondary prevention in patients with CHEY. providing a comprehensive and transparent
description of methods used, we envision that our reporting will facilitate replication of the design
process for futuredDHIswhile also contributing to thgrowing science of intervention development
For creating effective DHIs, the uskthe best combination of approaches to intervention
development is required121)Accordingly, we used a combination of behavioural change theory,
co-design, and the persebased approach to developing INTERCEPT. To our knowledge, this is one
of the first studies to adopt this approach for the development of mHealth secondary prevention
interventions. The broad range of actions undertaken across the development phases ensured the
success of this approach. Many of these actions, for example, planning, designing, and creating, are
consistent with guidance from the taxonomy of approacheséveloping interventions by
h Q/ I (i K {1RO)Thi§ highligHts the relevance of using a taxonomy for future CVD DHI
development research.

Developing DHls is increasingly being recognised as a transdisciplidiaayvour and
meaningful stakeholder involvement is critical to successfudezign(121, 125Despite this, a
recent scoping review revealed that establishing meaningful relationships was the least reported
process used in edesign studies in CVD secondary preven(itZb)Moreover, PPl is often absent
from approaches to intervention developme(t20)We addressed this by engaging PPI early in the
development process and by using specific strategies, such as agreeing roles and responsibilities to
foster meaningful relationships. Given the high level of stakeholder diversity (HCPs, patients, and
softwaredevelopers), the role of facilitators (study team members IG and CJ) was critical to ensuring
Fy FdziKSydA O dzy RSNE (I ywidyederignges. THiedbigh dhairl-bdckgioantisk S NA Q

as CVD nurse specialists, they were able to operate in anteetgaway, while also managing
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potential power imbalances between members of the stakeholder team. The interdisciplinary
SELISNIAAS 2F (GKS aidl 1SK2ft RSNJ GSI'Y KStLISR G2 Syao
influence ofbehavioual theory, best practice CVD prevention guidelines, and technical and practical
factors were considered throughout developmemhrough dynamidterative cycles of

development, this resulted in the development of a complex intervention, targeting multiple

behavours for change through personalisediserinterface, with bidirectional communication via

a HCP portal and remote monitoring technolo@pnsistent with findings from other DHI-design
studies,having the sam®&PI and HCP group involved throughout enhanced this process, allowing for
more indepth and intensive iteration along the development continu(tB81, 244)

Although most secondary prevention DHIs focus on outpatient settings, INTERCEPT is designed to be
introduced to patients as early as possible after the diagnosis of(0B#)Based on recent

systematic review and realist synthesis evidence, focusing on early engagement, ensuring a
personalised approach, and providing opportunities to connect with a HCP are all features

associated with improved participation in telehealth ClH @VD health outcom&245)Although

HCP support has been identified as one of the most important factors associated with engagement

in mHealth DHI$129)it is important to establish the extent to which it can add further value,

without becoming resource intensiy@46)The INTERCEPT portal strives to achieve this balance
through protocotdriven remote monitoring and support based on rtiate data.

To our knowledge, INTERCEPT is one of the few secondary preveht@aith DHIs that target
multiple behaviousfor change. This is particularly important as lifestyle and medatated CVD
risk factors and their corresponditighavious are strongly interlinke¢{22)Although the guiding
principles were key to identifying key components and features to help addresslikes®ious,
using BCTs targeting determinants of SCT helped to operationalise them. Many of the BCTs included
in INTERCEPTde seltmonitoring ofbehaviour[2.3], information about health consequences [5.1],
and goal setting [1.1]) align to recent systematic review evidence for effective BCTs in (& DHls
By presenting an overview of these BCTs as part of the INTERCEPT logic model, we respond to the
increasing calls for explicit reporting of components and expected mechanisms of actien of co
designed intervention§119, 125)

Similar to findings by Tay et ,§204)this paper highlights that it is feasible to develop DHIs in an
online environment. Importantly, this enabled us to foster an inclusive approach to intervention
development where geography was not a barrier. Indeed diverse group of representative end
users in the stakeholder teamndrecruited for usability testing waa key strength of the
INTERCEPT development procéss.example, among those recruited for usability testing,-thied

had never previously attended CR, almost 70% were women, 78&ocemeslled in the general

83



medical scheme (means tested provision of state health care), one individual identified as an Irish
Traveller, and eHealth literacy levels were mixed, with scores ranging from 15 to 34 out of 40 (mean
score27.6). Given how cultural and socioeconomic factors including gender and digital literacy
influence the acceptability of DHIs, involving diverse populations in their design is essential to
optimisingtheir potential benefitg104)Outcomes from the usabilittesting phase resulted in a

number of refinements being made to INTERCEPT. Data from the SUS evaluation suggest that these
refinements potentially led to improvements in its usability. This highlights the important value of
usability testing inoptimisingthe user experience and overall quality of the prod(i81)

Following UK MRC guidance for developing and evaluating complex interventiongxostep in

the intervention development process is to evaluate the feasibility of INTERCEPT among a sample of
patients with CHD in a realorld clinical setting. By conductimgon-randomised, mixed methods,
feasibility study, the acceptability and usability of INTERCEPT will be asS$éesedinsights will

help to (1) inform further refinement of INTERCEPT and (2) determine the feasibility of a definitive

randomised controlled trial . The protocol for thi feasibility study is detaileglsewhere(239)

5.4.2. Limitations

The INTERCEPT development process had some limitations. First, the outcomes -afesigrco
process focus primarily on the development of INTERCEPT. However, there is also a need to report
on stakeholder experiences and cestectivenesq124, 247)This would help address the paucity of
data on the impact of caesign processes on stakeholders, while also informing strategies to
optimise participatory approaches for intervention developmé8)Second, calesign is time
consuming, and the evolving nature of technology demands morepfastd design processes to
ensure that DHIs remain relevant and engadiz¢j7)Although our development timeframe was
consistent with in person edesign studie$l126)further research is required to ascertain if online
approaches can improve efficiencies. Third, usability testing of INTERCEPT required participants to
retrospectively report their experiences over a defined period of time, which may have resulted in
insights been forgotten or distorted. Including the use of think aloud interviews, whereby
participants are asked to give their immediate reactions to every element, may help to address this.
However, further guidance on using this approach online is requitedrth, social desirability bias
may have influenced the SUS results; to address this, the survey wassétistered and the
results were anonymous to the study team. Finally, because of the low sample size, the SUS results
should be interpreted witha&ution; further research with a larger sample size is warranted to help

evaluate the usability testing process.
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5.5 Conclusions

The proliferation of DHIs including mHealth has enabled the development of new and
innovative approaches for the secondary prevention of CVD. However, careful attention to the
development of these DHIs is required to increase their effectiveness and uptakeical practice.
This paper illustrates how combining behaviour change theory with a pdrased, cedesign
approach to DHI development is feasible and can result irsticeessful development of an
AYGSNBSYyGAz2y GKI G NI & piefefeRces itciding gestreddzanteNiEn® y SSRa |
features.Additionally, our comprehensive reporting offers guidance to other researchers for

developing future DHIs, thus facilitating translation of evidence into practice.
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Chapter 6Discussion
6.1 Chapter Overview
This chapter will present a summary of the overall findings of the three studies conducted as
part of this thesis and their contribution to the existing evidence base on CVD secondary prevention
DHls. The strengths and limitations of each of the studidbwidiscussed along with their

implications for future research, policgnd practice. The chapter will end with concluding remarks.

6.2 Summary of the overall findings of this research

Findings from the observational study of Croi MySlainte (Study 1), suggest that multi
component digital CR programmes can achieve measurable improvements in medical and lifestyle
risk factors and psychoseatinealth, at 12 weekand at6-month follow-up. Forexample, the
proportion of patients achieving the ESC recommended guidelines for physical activity, blood
pressure and LDL cholesterol signifitaimcreased from initial to end of programme (EOP)
assessment, with changes being sustaine@-aionth folow-up. Furthermore high programme
uptake (97%) and completion rates (85%&re observed. While these utilisation ratesy have due
to Croi MySlainte being the only CR option available to patients at the systsmatic review
evidence shows thathows that adherence to DHiIs is not inferioicentre basedCR programmes

Importantly, no cardiac related adverse events were reported during the delivery of the
programme, suggesting that digital CR which includes remote supervised exgpesssafe once
appropriate risk assessment and remote monitoring tools are utilised. While acknowledging the
small sample size and different patient cohorts, findings from this study compare favourab#y to th
published outcomes for the iperson MyAction programme (delivered in Galway, Ireland and in
Westminster, UK) upon which MySlairngemodelled.

Tocontribute tounderstandng what factors influenced the implementation of the digital CR
programme in Study 1, a post implementation evaluation of barriers and facilitators from the
perspective of health workers (HCRdministrators and managers) was conducted in Study 2.
Findings from this qualitative study identified barriers and facilitators to implementation across
multiple domains. These related to) (e features ofthe digital intervention(e.g.,increased
accessibility and conveniencer fpatients,individualised cargnvolvement of the multidisciplinary
team, inclusion of CBore componentsintervention functionality and altered workfloygii) the
health worker €.g., senior leadership support, commitment and motivation of health workers to
meet patient needsperceived fit with rolefechnical capability, workloadnd uncertainty regarding
patient suitability) (iii) the health care settinge.g., organisational culture, teamwork, resources
including funding, digital infrastructure and staffin@y; the broader extrisic ecosysten(e.g.,

partnership and connections between organisaticesilability ofboroadband and COVADD); and
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(v) the implementation process (e.g., engaging patients through provision of technical support).
While these factors operated independently, many also acted in combination highlighting the
dynamic interplay that exists across the various implementation domains. For example, strong
collaborative relationships between health care settings combined with the programme features
(e.g., inclusion of the MDT and recommended CR-components) and evidence base increased
health worker confidence in the programmesidting in increased referrals

Findings from Study 3 showed that combinbehaviouralkcharge theorywith a persorbased,
co-designapproachfacilitated the development dNTERCEPan mHealth appwhich linksto a
heath care professional portal, andearabletechnology. By following an iterative cycle of
development, characterised by extensive stakeholdegagement, the needs of the endser, key
design principles and the desired app features and content were established. To operationalise the
intervention components ath features of INTERCEPT, 14 B@msthe taxonomy of BCTs were
selected and a logic model was developed to illustrate the proposed mechanism of actions and
outcomes. Outcomes from the usability testing phase, which involved a diverse group of
representative enelisers generated 6Bespokerecommendations for INTERCEPT. These
recommendatbns spanned thre&eyareas related to usability, comprehensibility and content, and
of these, 51 were implemented. Improvements in the SUS scores, comparing results before and after
implementation of recommendationsighlightthe important value of usabilitiesting in optimzing

the user experience and overall quality of the product

6.3 Contribution of the research

Despite the growing evidence for C¥€condary prevention DHIs, adoption of these
interventions into practice is slow and there is limited understanding of how these DHIs are
RSOSt2LISR YR ¢KIFd GKSANI WIOGUAGS AYyaANBRASyGaQ
and evaluating compk interventionsthis body of researcleveraged real world experiences of
developing and delivering a digital CR during the CQ9lpandemic to address these gaps and
develop a DHior the secondary prevention of CVD. Accordingly, this thesis contsliata new
direction in DHI research, which calls for the features of these interventions and the context of their
use to take anuchmore prominent roleThis research not only builds on international evidence for
CVD secondary prevention DHiat it also responds to a lack of focused studrethis fieldwithin
the Irish healthcare system.
6.3.1 Deliveringhe core components of CR

Outcomes from the observational study of Croi MySlainte (Study 1) extend previous research
supporting the use of DHIs for the delivery of CR. However, in contrast to the majority of digital CR

studies which primarily focus on physical activity counsefimgjexercise training7/9, 87)3udy 1
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addresses th@aucity of data on comprehensive DHIs thamprise of the internationally
recommended core components. Thaselude:initial and endof programme assessment#gstyle
modification (smoking cessation, healthy fochbices, and physical activityliedical risk factor
management (blod pressure, lipids and glucosesychosociahnd behavioural change suppoand
prescribing of cardigrotective medications. Inclusion of these componeatsnecessary to

achieve optimal CR benefi{®8, 32, 11Q)it is highly likely that the inclusion of these evidetzsed
core components contributed to the significant clinical outcomes achievedidy 3t Moreover,
findings from Study 8uggest that the inclusion of these core components positively influenced HCP
confidence in the quality of the intervention leading to increased patient referrals. These findings
are consistent with recergystematic review evidence which highlights that beliefs about the quality
of the intervention are a key factor facilitatinmplementation of cardiac telerehabilitation among
health care provider§118)

With increasing calls by a number of international associations for digital CR to deliver the
recommended CR core component34, 103, 249it is important to consider what features, delivery
mechanisms, dosand frequency are required to ensure optimal implementation. However, these
details are often inadequately described in digital CR studies thus limiting the ability for these
interventions to be replicated and scaled up. Furthermadnere is wide variation in the digital tools
used, leading to uncertainties regarding what is the most effective combination of digital tools to
achieve the goals of QB7)To address these challenges, Study 1 used the TIDieR reporting
guideline, to provide a comprehensive daption of the key interventiorfeatures of Croi MySlainte.
This also included an overview of the range of digital tools used to deliver the individual core
components. For example, the individual assessments and supervised exercise sessions were
conducted using the videooderencing platform Zoom, a welased platform was used to support
education and wearable technologies such as Fifpitnd home bbod pressure monitors were used
to promote selfmanagement. Delineating the specific aspects of CR that can be achieved or
enhanced by DH has been described by the AHA as essential to advancing knowledge on integrating

DHls into CRractice(103)
6.3.2 Models of deliveryf CR

A key theme across Study 1 and 2 was that digital CR should not be viewed asizediis all
option and that it should be used to augment rather than replace existing cénatsed CR services.
This theme translated into the development of INTERCEPT in Study 3, where it was dedigned to
introduced to the patient at the time of their acuteospitalisation, thus acting as a bridge to CR,
rather than replacing itlnsights from health workers in Studyethphasised that by adopting a

hybrid approach which combines imperson, and remote componentthiscouldbe a promising
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opportunity to broaden CR acces$aurthermore, health workers identified that it may help address
uncertainties around delivering remote exercise to higtk groups as wedls providing peer

support, which can be challenging to achieve in digitalZ3R) These views are consistent with a
scientific advisory by the AHA which highlights how the future direction of CRtiisgstowards
patient-tailored hybrid models to ensure a more individualised patient centred appr¢408)

Indeed this shift is reflected in the recently published AHAZ&american Association of
Cardiovascular and Pulmonary Rehabilitati@ACPIRscientific statement which emphasises that CR
core components can be delivered in person, virtually (using synchronous\asda

communication technologyyemotely (asynchronous with no retiine interaction) or using a

hybrid of these method$§249)Thus in line with these recommendations and insights from Study 2, it
may be timely to embrace suggestions to evolve CR terminology from a focus on settings (e.
centre, home, telerehabilitéon) to how it is being delivered (e.qg. virtually, hybrid or in person) to

meet with patient need$250)

6.3.3 Context matters

Study 2contributes to a growing body of knowledge on health workers perspectives of the
contextual factors that influence implementation of digital CR, an area currently lacking in the
literature. Given the slow translation of DHIs into practice, understanding context is key to
facilitatinga better understanding of thehallenges of effectively implementing and usiDiglsin
realworld settings(104)Yet despite thisthere is a limitedocus on context in DH research. A recent
review of 342 origindDHresearch articles published in thrésading DH journals showed that
almost 80% of papers were based on decontextualised data (e.g. datasets, RCTs,, shingeys)
raising questioaabout the relevance of this research for rdié settings(105)The acceptance of
DHIs by health workers has been recogdias a crucial factor influencing their success or failure at
the local leve(116)By using the CFIR Study 2Zhis offered the theoretical grounding to explain
what factors influenced implementation of Croi MySlainte (Study 1) from the perspective of health
workers. Importantlyit led to the development of a number of key considerations which weezlu
to inform the development ofNTERCEPT in Study 3. These included: (i) involving health workers and
patients in all stages of tiNTERCERIEvelopment procesghis helped teensurethat a
contextualisednterventioni K & NB aLRyRa (2 GKS SYiRhedzaiu®NEQ Yy SSR
INTERCEPIRcluding its potential health benefitgere introducedon thehome screen tanotivate
patientengagenent; (iii) to minimise any potenal increased worklogad healthcare professional
portal was developed, supporting protocol driven remote monitoring based orireal dataand
(iv) to minimise the potential forxacerbating the digital divide, there was a focus on providing clear

guidanceand support to both patients and healthcare professionalssing INTERCEPT.
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General implementation strategigend to focus on one of two approaches to achieve change,
SAGKSNI alG2L) R2gY ¢ ,goSernaniekpoliésiadigBideliney3 B 60 8 8 A Y  dzLXk
health workforce approache@51)Outcomes from Study 2 highlight that DH implementation
requires a broader, muHievel approach, spanning key areas suclitesintervention charateristics
and technical factorgndividuals (workforce and patientshe healthcare ecosystenand the
broader extrinsic ecosystem within which they operdiareover, while factors influencing
implementation of MySlainte operated independenthgany also acted in combination. These
dynamic interactions reflect the reality of implementing complex DHIs sudigdal CR into health
care systems, and thus understanding this complexity is key to developing strategies to optimise
implementation of digital CR158)MRC guidance for developing and evaluating complex
interventions recommends considering context as early as possible in the development
process119)In Study 3, contextual insights were gathered in two ways by using data from Study 2
andby inviting participants fromt8dy 1 and 2 (health workers and patients) to join the stakeholder
team. This process was facilitatadingco-design and the persehased approachyhich helped to
generate an irdepth understanéhg of the problems and issues to be addressed. These in turn led to
the development of the guiding principles and subsequent prototype development of INTERCEPT.
6.3.4Intervention development

Study 3 contributes to the growing science of intervention development, particularly in the
context of CVD secondary prevention DHIs. Despite being one of four phases in the MRC framework
for developing and evaluating complex interventions, interventionalie@pment processes are often
under reported and its unclear which approaches and their associated actions are superior to
others and in which contexi®43). & dza AGUHandefér3Eaiting Intervention Development
studies in health researéfGUIDED) checklist transparent overview of the developmentqmess
for INTERCEPA DHI for the secondary prevention of CVD is provided. The GUIDED checklist
includes # items which focus on: contexturpose; target population; approaches; evidence;
theory; guiding principlestakehdder contribution;changes in content or formaturing the
development process; required changes for subgroups; continuing uncertainties and open access
publications(122)By providing details across these key aré@asill facilitate learning on
intervention development and will enable links to be made between the intervention development
processes and subsequent outcomes of INTERCEPT in future evaluation(d2@jies.

To address the challenges of implementing DHIs into the complexities of the health care,system
the incorporation of diverse perspectives during intervention development are req(@®2)Study

3 adopted a transdisciplinary approach to intervention development by bringing together a wide
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range of disciplines from health, psychology, software development as well as patiempart of a
stakeholder team. Adopting this approach represents a shift from the traditional siloed approach to
DHI development to a more holistic one, which draws on different disciplines, grounded on
understanding healthcare processes, user neadsvell as DH design, including technical capacity.
(105, 121)This acknowledges the sociotechnical nature of the field of DH which brings together
health care, the digital industnand academig253)Guided by the expertise of this teamsmdtheir
lived experiences, eombination of behavioral change theoryandthe personbasedapproach was
used to developNTERCEPWhile these approaches individually have acknowledged merits in their
application to DHIg120, 121}his is one of thdirst studies tocombine these approaches for the
development of asecondary preventio®HI. This process was achieved by adopting best practice
principles for intervention development, in an iterative-design proces§l20, 122) This
collaborative cedesign approach represents a paradigm shift towards a truly transdisciplinary
approach to DHI research. While a recent review of DHI articles highlighted that less than 1% of
papers focused on researchers transcended disciplinggsway, adopting this approach has been
identified as an important strategy for effectively translating DHIs toweald settings(105)
Importantly in Study 3, ithelpedt®®y a8 dzZNB G KIF G GKS dzaSNARAQ ySSRa | yR
behaviairal theory, best practice CVD prevention guidelirsgjtechnical and practical factors
were considered throughout development

In contrast to the majority of other DHIs for the secondary prevention of CVD, INTERCEPT
targets multiple behaviours farthange(87) Incorporating behavioural change theory is
acknowledged as critical to the development of interventions to change health behgt®Ly.
Informed by SCT, select BCTs from the behaviour change taxonomy were used to construct the
intervention components and featured INTERCERT78, 179Recent systematic review evidence
by Kenny et al shows that behavioural outcomes of digital CR can be improved by the inclusion of
BCTs which target the determinants of $87).To articulate the link between the key components
of INTERCEPT, including its content and associated features, with the BCTs and their mechanism of
actions, a logic model was developed. By explicitly outlining the use of theory in this way, Study 3
respords to the need for greater reporting on how an intervention is expected to lead to its
effects(119)As the intervention progresses to next step feasibility testing it is likely that the
programme theory will be need to be refined in response to further iterations.
6.3.5 Equity in digital health

A key theme arising across all three studies in this research was the need to minimise the
potential inequalities associated with DHIs. Findings from Study 1 and 2 highlighted that

accessibility, affordability and connectivity (internet and broadband) viesebarriers to

91



implementing digital CR. Furthermore, Studhighlighted concerns regarding digital literacy levels
with uncertainties regarding the suitability of DHIs for certain patient groups. Inde®dvn
characteristics associated with lower DHI ase sexJow health literacyand low socioeconomic
status(104)As one of the great promises of DHIs are their ability to improve access and uptake to
CR, they must be developed and implemented to avoid disparities that may arise due to the digital
divide (250, 254)This can be achieved in multiple ways, for exangiledy 2 highlighted that
assessing patient needs in advance of DHI deployment can help ensure that adequate supports
related to digital literacy and access to technology, are in place to enhance participadioever,
this requires a valid assessment of digital literacy, which can be challenging to achieve given the
absence of consensus on standardized methods of measurer{@hiBigital literacy was not
formally assessed on the Croi MySlainte programme, nonetheless the provision of technical support
and training, together with involving family members, were identified as factors positively
influencing patient engagement (Study. Bnportantly i KSa S Ay aAi3dakKida SR G2 & LN
O2YLISGSy 0S¢ 06SAy3a ARSY(HATASRedevalop@eitdf IRTERCERTAS 3 dzA F
Study 3 with simplicity across layout, language and navigation procedtogsther with guidance
on usng INTERCERRIng established as key intervention features.

Ascultural and socioeconomic factgiacluding gender and digital literagpfluence the
acceptability of DHIs, involvingveérse populations in their desidras been recommended as
essential toeensuring more equitable DHI solutions are develofiH#)Yet despite this, a recent
scoping review of cdesign methodologies in the development of CVD secondary prevention
interventions (including DHIs) highlighted that only 1 out of 22 studies involved diverse
populations(125)In contrast to this review, Stud/fosteredan inclusive approach to developing
INTERCEPT. This involved inviting a PPI group with a variety of lived experiences of CVD to join the
stakeholder team and specifically recruiting individuals whoaoditen underepresented irbH
researchfor usability testing.79, 87)These included women, ethnic minority groupad those
living in rural isolation. Conducting usability testing with end users in real life context is key to
RSGUSNNAYAYI AT |y AyidSNDS yl0eMbrEover,anvolibgsarswit A G a

abilities representative of the target populati@an help achieve high accuracy in usability

(s}
<«

testing(180)Data from the SUS evaluation suggests that the refinements made during usability
testing potentially led to improvements in the usability of INTERCEPT. Although there are calls to
involve more diverse populations in DHI development, few studies expligfttrt on the methods

to achieve thig255)Furthermore, while stakeholder engagement is a core element of many
intervention development frameworks, including the MRC, insufficient attention is given to how to

optimise engagement particularly among diverse population gmugtudy dhelps toaddress this by
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providing a detailed overview of the methods used to recruit, engage and maintain connections with
the diverse group of representative end users recruited for usability testing. For example, partnering
with local community groups such as farming and pat@ganisations was a critical factor to
enhancing study enrolment among these groud®1) These findings illustrate the need for equity
to be considered both in the development and implementation of DHIs. While implementation
science frameworks such as the CFIR are embracing the need to assess equity related determinants,
intervention developrent frameworks need to follow this example and position equity as a central
component.
6.4 Strengths and limitations

Both the overall thesis and the individual studies within the thesis have a number of strengths
and limitations in terms of the approach taken and methods applied. These strengths and limitations

will be discussed and suggestions for overcoming limitatiogture research will be offered.

6.4.1Study Istrengths and limitations

A strength of the quantitative observational study design in Study 1 was that it offered a
pragmatic approach to assessing outcomes at the system (referral rates), programme @mdake
retention) and patien{clinical, lifestyleand psychosocialgvelat two time-points (end of
programme and aé-month follow-up). Assessing programme quality is an important component of
CR and Study 1 is onetbé few studies to report shorand mediumterm outcomes of digital CR
during the pandemic. However, a limitati of this design is that aae and effect cannot be inferred.
For example, CVD risk factors may have been improving as a function of their usual care and not due
to the intervention.The inclusion of a comparator group ideally within the same centre would have
helped overcome this challenge. Further, the use of existing data registries with modifications to
capture how CR is delivered could provide a pragmatic approach to enable ¢somgabetween CR
delivery models within and across programn{gs0)While observational design occupies the
middle and lower part of the hierarchy tife evidence pyramid, RCTs represent the gold standard
for evaluating effiacy andminimising issues such as causal#g6)However, RCTs are not always
appropriate for complex DHIs. For example, RCTs havditoadrames, resulting in technology
being outdated by the time the study is complete, their rigid protocols are incompatible with the
flexible, adaptivecontext specific focus required for DHIs and they often fail to capture the
granularity derived from digital platform@d.03, 257)lo address these limitations, extensions to
standard RCTs design, suchsagjuential multiple assignment randomised trials, can enable
adaptive interventions to be delivered that che personalised and modified based on the changing

context and the participants respong#03, 119)
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6.4.2Study 2 strengthand limitations

A key strength of Study 2 was its theoretical grounding through the use of the updated
CFIR258)By using this determinant framework, it offered a structured approach, guiding data
collection and analysis to identify the factors influencing implementation of Croi MySlainte. Although
CFIR is not a technology implementation framework, it has beenywdeld in DH research due to
its comprehensive taxonomy of domains and constructs which offer a holistic approach to
understanding barriers and facilitators to implementatid®8)For example, while most
frameworks address the material properties of DHIs such as physical features and functionality
(116)CFIR proposes a much broader set of attributes for consideration. These include the
intervention source, evidence strength and quality, relative advantage, adaptability, trialability,
complexity, designand cost. Indeedhe innovation domain was a pminent domain of influence in
Study 2 a finding consistent with recent scoping review evidence of telehealth implementation
studies(158)Furthermore, a distinguishing feature of CFIR is its focus on the implementation
process, an area that often receives insufficient attention in digital technology implementation
frameworks(116)Among the many constructs within the implementation process domain, assessing
context and the needs of the end user (patients and health workers), as well as engaging them and
relevant others in the implementation processe key best practice®58) The importance of
conducting a rigorous context and needs assessmentwgshasised in the recent WHF roadmap
for DH in cardiology as a strategy to help improve the acceptability and feasibility of DHIs among
both patients and health worker.04)

While the CFIR offea comprehensive structure for assessing implementation determinants
key challenge was that the boundaries between constructs were not often clear. For example
statements regarding tim® 2 dzf R S A (i ikn8r¢&ttifid alvaiblefesbiirges & andlvidaah
2L Nl dzyAle ol @FAtroAfAGesY a02L)S (G2 FdzZ FAE GKS
advice from a member of the CFIR development groups and by developing a codebook to increase
the reliability of the coding proas. Another limitatia of the qualitative design ot&ly 2 was hat
the research was conducted snonths after completion of the MySlainte programme, which may
have impacted on health workers recollectgwf their experiences. This limitation could potentially
be overcome in future research by providing participants with the topic guide in advance of the
interview. This would have allowed participants more time to reflect, leading to the formulation of
more nuanced understandings and deeper responseshvban be difficult to achieve on the
spot(259)
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6.4.3 Study 3 Strengths and limitations

While the use of calesign approaches are widely advocated for the development of DHIs for
the secondary prevention of CVD, they are rarely evaluated for their validity and qualty260)
While a strength of Study 3 was the use of the SUS to evaluate the usability testing phase, a
limitation was the lack of focus on evaluating thed&sign approach more broadly. Considering the
experiences of those involved in-design can help identifgxemplars of good practice as well as
areas for improvement, including the avoidance of tokenism, thus ensurhugsign is beneficial
for all involved(247, 248)A recently developed cdesign evaluation framework by Peters ef al
highlights two levels of evaluatiqi261) The first relates to the context of the @esign group,
which includes the methods and processes of engagenaet the second includes the context
beyond the cedesign groupi.e., what are the outcomes on the beneficiaries of thedasign
activities, i.e. patients, health workersand systemg261)While the utility of this framework has not
been tested it offers a systematic approach that could be used at various stages ofdbsign
process in future DHI development. Furthermore, the use of such a framework may help address
the discordance thiaoften exists béwveen what people say they waand the features they use
once DHls are availab{262)Next phase feasibility testing of INTERCEPT will offer valuable insights
into this and it will help ascertain the extent to which-design can potentially improve patient
outcomes. Another important aspect of-ciesign evaluation is consideration of thieancial costs.
As INTERCEPT is still in development, these costs were not reported on. Rather the aim is to report
on cost effectiveness including details related to the direct app development costs (influenced by
the choice of digital tool, key featurelesign and software development time) and researcher and
stakeholder team time once the evaluation of INTERCEPT is complete.
6.4.40verall strengths and limitatien

A key strength of this research was the combination of quantitative and qualitative methods,
which were used to achieve the research objectives. In Study 2 the qualitative research helped to
shed an explanatory lig on the quantitative data in Study. For example, health workers identified
that the digital literacy supports provided to help engage patients in CroidnySpositively
influenced programme uptake and completion rates. Importaritlglso helped to identify
unintended consequences of tiogramme, which would otherwise not be captured through
guantitative measures. For instance, while the use of a wide range of DH tools facilitated the
delivering of the core components, their lack of interoperability and compatibility with existing
workflows led to an increased workload for health workers. This illustrates how DHIs can have
multiple consequences, including adverse ones and therefore understanding DHIs in context can

only be achieved by contextualised data which qualitative methods aresgpeiibped to
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capture(105) Furthermore as intervention development can focus either on developing a new
intervention or adapting an existing one for a new contéxf,9)adopting a multi method approach

to the research helped to inform this decisionr Fwstance while findings from Study ¢howed
positivepatient and service outcomes, Studye¥ealed multiple barriers suggesting that the
feasibility of adapting Croi MySlainte for a different context would be challenging to achieve,
particularly within the scope of a PhD. This emphasises the importance of not just adopting a DHI
because it is #ective in one healthcare settingut understanding under what conditions dige
intervention achieve its effects and how can it be transferrable across contexts.

Another strength of this thesis was its overall participatory approach to the research. This
involved extensive stakeholder engagement across all three studies, which was enhanced through
the use of PPl and edesign. Accordingly, this research alignshte shifting healthcare paradigm
towards patient centred, valubased healthcar¢263) This represents a move from where the
patient is seen as a passive recipient of care to one of total involvement where they are an active
participant in designing healtareservices. Furthermore, this approach acknowledges that for
adoption, acceptance and sustained use, DHI development needs to be centred around user
experienceg264)While the contribution of PPI to the overall programme of research has been
RSGFAESR AY [/ KFLIGSNI HE AG FOGSR a GKS 32t RSY
in Study 3 from initial planning right through to usability testiig4) This helped to ensure that the
participatory cedesign methods used were anchored on the insights of the user at all times. While a
description of the use of PPl is provided in Study 3 this could have been further strengthened
through the use of th&uidance for Reporting Patieahd Public Involvemerg (GRIPP2)
checklist(265)This checklist helps to improve the transparency and consistency of PPI reporting,
thus enhancing the evidence base on best PPI practice. This is particularly important as the role of

PPI within intervention development approaches is often abg&aQ)

6.5Implications for research

While Study 1 supports the growing body of evideatthe efficacy and safety of DHIs for the
secondary prevention of CVD, gaps remain about the effectiveness of DHIs in diverse patient groups.
These include women, people from racial and ethnic minority groups, the elderly, those living with
multiple comorbidities including frailtyand individuals with visual and auditory impairme(4,
103)Indeed while overall CR utilisation is spjfitimal, the aforementioned groups are even less well
represented in CR66)Therefore, future DHI research should prioritise the inclusion of these
population groups and report on the methods used to optimise engagement.

When considering the use of innovative digital CR programmes, significant knowledge gaps exist

in relation to the optimal delivery formats and how the delivery of CR may change when it is
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mediated through technologgs1) For examplefindings from Study 1 and 2 highlight how the use of
the fithess wearable and home blood pressure monitor enabled more individualisedluase,
enhancing selmanagementwhereas the delivery of grodpased education through
videoconference proved challenging to engage patiehiterefore further research, underpinned
by the use of intervention reporting guidelines is required to identify optimal approaches for
delivering core components such as education, behaviour modification, tobacsatioesand much
more. Furthermorewhile hybrid CR offers the potential to increase CR access, further investigation
of this approach is required. This involves identdyivhat is the ideal blend ofperson, and
remote delivery, and how does it impact on both patient and clinical outcomes as well as cost.
Indeed regardless of the delivery mode, improvements in CR uptake cannot come at the expense of
intervention quality(61)Moreover, given the reported challenges in Studyedjarding disruptions to
care pathwaysfurther research is required to understand how to effectively integrate care when
using hybrid models. Another important aspect of intervention development is planning and
developing strategies for implementation as early as possible in the developnmreagy.
Implementation strategies refer to the methods or techniques to enhance the adoption,
implementation and sustainability of a clinical programr(67)In Study 2, health workers
highlighted the challenges associated with the rushed implementation of Croi MySlainte due to the
COVIBEL9 pandemic. Therefore, in addition to identifying barriers and facilitators to implementation,
future research should sed& develop and test implementation strategies to address these barriers.
The research conducted within this thesis resulted in the development of INTERIEMTor
the secondary prevention of CVD. In line with MRC guidéorageveloping and evaluating complex
interventions(119)the next step is to assess the feasibility and acceptability of INTERCEPT in the
reakworldOf Ay A Ol t O2yGSElG® CSIFaAoAftAlGe &adGdzRASE KI @S
trial development and can help address numerous uncertainties to make an informed decision about
progression to next step evaluati@hl9, 268Consequently, conducting feasibility work prior to full
trial can help minimise research waste and thus it is now a prerequisite for securing large research
funding from grant bodies including thék NIHR268)Within the scope of this Phibesisthe
protocol for this feasibility study was developadd publishedAppendixP). While originally it was
intended that thisfeasibilitystudy would be completed within the timelines of this Pkids proved
difficult due to challenges encountered with navigating the regulatory andafkipproval
processes. fiese challenges are not unique to this research, a recent commentary by Meyerheim et
al., highlighted that digital health feasibility studies are time and resountensive, particularly in
the planning and set up phag269)For example, consultation with the data protection officer is a

common requirement in DHI research to ensure GDPR compjiboagver, this can be a lengthy
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process depending on the institution resources. Furthermore, regulations can vary depending on
whether the DHI is considered a medical device or not, therefore awareness and expert knowledge
of the relevant guidance on qualification and classificatioroftixsare is required as early as

possible in the development process. The aforementioned challenges highlight the complexities
associated with setting up digital health feasibility studies in the clinical environment and
underscore the need for greater shiag of experiences and lessons to inform future research.
Notably, in comparison to effectiveness studies, there is a dearth of literature on the challenges
associated with conducting feasibility studies, particularly those related to digital hga)As DH
research is a rapidly growing area, understanding these challenges is key to developing actionable
solutions, which will help improve both the efficiencies of conducting feasibility studies and the

overall quality of future DH research.

6.6 Implications for practice

Findings of this thesis have a number of implications for practice. Firstly, they highlight that it is
not only importantto support evidence generation to justify the clinical adoption of secondary
prevention DHIs but also to prioritise clinical workflow integratjb@7)In Study 2, barriers such as
poor usability of the online platform together with the increased workload arising from a lack of
compatibilitybetween virtual and existing work practices added to the complexity of delivering Croi
MysSlainte. It is well established that health workers are less likely to adopt DHIs that do not reduce
their workload and that require them to maintain multiple syste(t84, 112)rhis underscores the
need for a greater emphasis on udecused design, to enhance the usability of DHIs and to ensure
optimal integration in clinical workflows, which is essential for the effecttadesup of DHI$112)

While recent systematic review evidence shows thatlesign is still an emerging field in CVD
research(118, 125¥indings from Study 3 highlight that it is a feasible approach which helps to
ensure that both the end user needs are met and contextual factors are considered. Related to this
is the need for DHIs to be integrated into current practice with dedicateduregs, rather than

being seen as additional to existing servi(234)Given that CR is already under resourced globally,
the proposed hybrid approach to delivery suggested in Study 2 may help to maximise capacity,
however, further validation of this model is requirg@66)

Secondly, outcomes from Study 2 showed that health wolksowledge, beliefsand skills
including digital health competences were key factors influencing implementation. While health
workers identified the need to deliver digital CR beyond the pandemic, reported barriers related to
their lack of confidence and having to navigate new techgyhith limited training. The need for
health workers to acquire new digital competencies to effectively integrate DHIs into clinical practice

is widely advocate104, 271)This should involve structured curricula at both an undergraduate and
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postgraduate level that not only focuses on competencies but the ability to critically appraise DHIs,
understanding data priva¢cand security issue@71)In addition there is a need to provide on the
job trainingasprevious research has identified that clinicians want practical support, guided by
shared learning from other DHI experien¢&46, 118)ntegrating DHIs into practice requires taking
into account the beliefs and attitudes of health workers. The perceived usefulness of DHI has been
identified as one of the most common factors facilitating implementa{itt2, 118)n Study 2, the
perceived value of Croi MySlainte in providing patients with essentjali@Bt also reducing
waiting lists motivated health workers to engage. These firglgigphase the importance of
communicating the value of DHis patients, health workers, and health systems to optimise
adoption and minimise potential resistan¢271)

Thirdly,successful implementation of DHIs necessitates robust support from organisational
leadership, along with a readiness for change and aaliglhed innovation systerti04, 116)n
Study 2, health workers described how everyone working togefham highlevel leaders
O/ F NRA2t23Aadaz | 2&LRAI0GI fto paojeot madydfSayidiTsugpatNE A Y3 | YV F
facilitated a rapid implementation that prior to COVI1B would have taken months to achieve.
These findings provide evidence of what is possible when there is a singular focus and organisational
commitment to implementationFourthly, while Study 1, reported no adverse effect of DHIs on
patient safety, referring health workers in Study 2 highlighted safety concerns about delivering
exercise remotely to high risk CVD patients. These safety concerns are echoed internationally and
highlight the need for greatertgring of good practice to promote safety14, 236 inally, findings
across all three studies within this thesis highlight the importance of providing patients with
adequate support to use technology. Ensuring access to appropriate digital literacy support
programmes is necessary to minimise health digjgs and avoid any unnecessary anxieties
associated with using DHI03)Moreover, fundamental issues regarding the ethics of referring
patients to CR when thie are insurmountable barriers to participation must be considertis is

an important area, which requires further explori(ffl)

6.7 mplicaions for policy

While the research conducted part of this thesis aligns toational priorites for health system
reform, digital transformationit is also likely to havinplications for policyThe need for enhanced
digital health is seen as a critical enabler to thecassfuimplementation ofé{ f + A y (a$e® NB ¢ =
year plan for health reform in Irelan@4) Slaintecare focuses on the need to shift health services
from reactive hospitatentric models of care to more integrated community based models that
encompass the prevention and management of chronic diseases such g§84)\iile the Croi

MySléainte programme examined in Stesll and 2 was supported through once off Slaintecare
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integration funding, findings fromt&dy 2 highlight the need for lontgrm financial sustainability of

DHls. Health workers emphasised that this should be considered early in the development process to
ensure an adequately developed digital infrastructure, and workforce are establishedHfoto

move beyond proof of concept and become an integrated part of the health systesnneed to be
incorporated into health policiescluding service models which are formally approved by

funding(116)¢ KS FANRG dabl dA2ylf az2RSt 2F /FNB F2NILydG$S
in 2023 andindings from Study 1 informed this model by demonstrating the potential role for DHIs

in CR delivery272)While the modekndorses the need téacilitate patient choice by offering

multiple modes of participation, attention to how DHIs can support the delivery of the various CR

core components is limited. As the landscape of CR delivery is rapidly evolving, and with more

patients demanding DH sdces that offer more personalised care that enable them to actively self

manage their own CVD healtflurther guidance on how to blend new methods such as DHiIs into

existing CR practice are requir€tD3)Related to this is the need for national digital health policies

to address issues such as data governance, data se@niythe interoperability of DHIE.04) The
interoperability of Croi My&inte including sharing of data, in the context of a health system where
information and communication technology is not standardised or harmonised was identified as a

key barrier to implementation int8dy 2.Although Ireland is currently ranked the 5th most

advanced digital country in the Ett)lags significantly behind in terms of digital health matu¢8@)

Digitally enabled and connected cdsa key principleinth# Sg a5A3A Gt | SFfGK CNI
LNBfFYyRé YR gKAfS GKA&A A& | LINRPINBaarAgsS adasSLl 72
successful implementation of this framework will require resources, continuous monitoring and
engagement with multiple staholders including patients and health workers.

The successful deployment of DHIs for the secondary prevention of CVD relies on equitable
patient access. Local conditions such as broadband were identified as a major barrier to
implementation in Stuigts1 and 2, with health workers recommending that no one should be left
behind in the digital age. While 94% of households have internet connectivity in Ireland, the quality
of connectivity can be poor, with limited access to kégleed fibre broadband in g areag273)

If DHIs are to fulfil their potential and Iz enabler of sustainable health systems and universal
health coverage, they must be considered within the broader extrinsiesgstem which includes
the communications infrastructure.

6.8 Conclusion

Improving secondary prevention is critical to achieving the UN SDG of a 33% reduction in CVD
mortality bythe year2030. While DH represents an important strategy that may help achieve this

goal, greater attention to the development of DHIs is required to increase their effectiveness and
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uptake in clinical practice. This thesis illustrates a systematic process to intervention development,
which involved examining real world evidence including contextuabfadinfluencing

implementationand integrating this with the use of theory to inform the development of
INTERCEPT. The overall participatory approach of the research, which involved PPI, the-use of co
design and the persofbased approach, helped to ensure an inclusive approach to intervention
RSOSt 2LIYSy i 6 KSNB ( KeferefegsRverdzoisingiea thrfugio@®isien the/ R LJ
growing interest in the use of DH for the secondary prevention of CVD, this research is timely as not
only does it advancthe evidence basen best practices for the development of DHist it alsohas

the potential to inform future strategies to enable scale up and integration into clinical practice. By
adopting amulti method, theory based, approach to the development of the INTERCEPT DHlI, this
programme of research has palthe way for next stepf feasibility testing and evaluation of

effectivenesof the INTERCEPT DHI
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Appendices

AppendixA: Training and Development durinige PhD Candidature

SPHeRBrogramme structured PhD training modules:

1
1

T

Module 1: Perspectives on Population Health and Health Services Research (10 ECTSs).
Module 2: Practical Approaches to Population Health and Health Services Research
Methods & Study Design (10 ECTSs)

Module 3: Health Systems, Policy and Management (10 ECTSs)

Module 4: Systematic Reviewing and Protocol Development (10 ECTs)

Module 5: Working with Health Information, Data Informatics and Statistical Analysis (10
ECTs)

Module 6: Health Economics (10 ECTs)

SPHeRE Programme advanced workshops:

=A =/ =4 =4 4 4 4 4 4 -4 -

Completing ethics applications

Code of good practice in research

What is your contribution?

Writing skills

Presentation skills

Publishing in a peer review journal

Research prioritisation and impact

NVivo introduction & advanced training-dayworkshop)
Getting research into policy and practice
Evidence and policy making in a political context
Communicating your research for policy

Social media for researchers

CDPCDP Training:

=A =/ =4 =4 =

PPI in health research

Academic dissemination of research
Career development focus

Thesis write up

Planning for the end of PPI
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Other formal training:

T
T
1
T

World Heart Federation Emerging Leaders Programme (2023)

Irish Implementation Science Training Institute, University College Cork (2022)
Research IntegritgEpigeum (2021)

LYLX SYSyGlFridAa2y {OASYyOS al aGSNDflFaa Ay

Conference Attendance

= -4 -4 A4 -4 A A - -8 -5 -8 -5 A -4 -4 A -4 -4 - -5 -

NIPMNational Prevention Conference (onlindjovember 2020
Anrual SPHeRE Network conference (onlitegbruary 2021

ESC Preventive Cardiolgoyline)- April 2021

National Public and Patient InvolvemdRPI) in Research conference (onlidg)ril 2021
ESC EuroHeart Carenference (onlinej June 2021

CDPCDP Summer Schdohline)- June 2021

Irish Cardiac Societgnline)- October 2021

NIPC National Premntion Conference (AthloneNovember 2021
Annual SPHRE Network conference (Dublinylarch 2022

ESC Preventive Cardiology (onli#gril 2022

Irish Cardiovascular Nurses Annual meefmgine)- April 2022
ESC EuroHeart Care conference (Madiday 2022

CDPCDP Summer School (Galwajyine 2022

Sustainable Digital Health Conference (Galw&gptember 2022
Irish Cardiac Society meeting (Corctober 2022

NIPC National Prevention Conference (Athleriédvember 2022
Department of Health Research Conference (Dubk@bruary 2023
Irish Cardiovascular Nurses meet{iyblin)- March 2023

ESC ACNAP conference (Edinburgbhe 2023

CDPCDP Summer School (Galwajyine 2023

Australian Cardiovascular Health and Rehabilitation Association (Sydney, AusDatiader

2023
NIP(National Prevention Conference (Athlondyovember 2023
Irish Cardiovascular Nurses meeting (DublMparch 2024
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AppendixB: TIDieR Checklist (Study 1)

The TIDieR (Template for Intervention Description and Replication) Checklist*:

T = D e R Information to include when describing an intervention and the location of the information

Template for Intervention

Description and Replication
Itern Item Where located **
number Primary paper Other * (details)
(page or appendix
number)
BRIEF NAME
1. Provide the name or a phrase that describes the intervention. Page 3
WHY
2. Describe any rationale, theory, or goal of the elements essential to the intervention. Page 3-4
WHAT
3. Materials: Describe any physical or informational materials used in the intervention, including those Page 5-6
provided to participants or used in intervention delivery or in training of intervention providers.
¥ Materials used in Groi MySiainte are available on request by emailing info@croi.ie
4. Procedures: Describe each of the procedures, activities, and/or processes used in the intervention, Pages 4-6
including any enabling or support activities.
WHO PROVIDED
5. For each category of intervention provider (e.g. psychologist, nursing assistant), describe their Page 3
expertise, background and any specific fraining given.
HOW
6. Describe the modes of delivery (e.g. face-to-face or by some other mechanism, such as internet or Pages 4-6
telephone) of the intervention and whether it was provided individually or in a group.
WHERE
7. Describe the type(s) of location(s) where the intervention oceurred, including any necessary Pages 4-6
infrastructure or relevant features.
TIDieR checklist
WHEN and HOW MUCH
8. Describe the number of times the intervention was delivered and over what period of time including Page 5
the number of sessions, their schedule, and their duration, intensity or dose.
TAILORING
9. If the intervention was planned to be personalised, fitrated or adapted, then describe what, why, Pages 5-6
when, and how.
MODIFICATIONS
10.% If the intervention was modified during the course of the study, describe the changes (what, why, Page 6-7
when, and how).
HOW WELL
11. Planned: If intervention adherence or fidelity was assessed, describe how and by whom, and if any N/A
strategies were used to maintain or improve fidelity, describe them.
Given the rapid pace of intervention development and delivery, fidelity was not formally assessed.
12.% Actual: If intervention adherence or fidelity was assessed, describe the extent to which the N/A
intervention was delivered as planned.

** Authors - use N/A if an item is not applicable for the intervention being described. Reviewers — use “?' if information about the element is not reported/not
sufficiently reported.

1 If the information is not provided in the primary paper, give details of where this information is available. This may include locations such as a published protocol
or other published papers (provide citation details) or a website (provide the URL).
¥ If completing the TIDieR checklist for a protocol, these items are not relevant to the protocol and cannot be described until the study is complete.

* We strongly recommend using this checklist in conjunction with the TIDieR guide (see BMJ 2014;348:g1687) which contains an explanation and elaboration for each item.

* The focus of TIDieR is on reporting details of the intervention elements (and where relevant, comparison elements) of a study. Other elements and methodological features of
studies are covered by other reporting statements and checklists and have not been duplicated as part of the TIDieR checklist. When a randomised trial is being reported, the
TIDieR checklist should be used in conjunction with the CONSORT statement (see www.consort-statement.org) as an extension of Item 5 of the CONSORT 2010 Statement.
When a clinical trial protocol is being reported, the TIDieR checklist should be used in conjunction with the SPIRIT statement as an extension of Item 11 of the SPIRIT 2013

TIDieR checklist
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AppendixC STROBE Guidelines (Study 1)

Iltem
No

Recommendation

Page
No

Title and abstract

1

@ LYRAOIFIGS GKS addzReQa
term in the title or the abstract

(b) Provide in the abstract anformative and balanced
summary of what was done and what was found

Introduction

Background/rationale

N

Explain the scientific background and rationale for the
investigation being reported

Objectives

State specific objectivescluding any prespecified
hypotheses

Methods

Study design

Present key elements of study design early in the pap

Setting

Describe the setting, locations, and relevant dates,
including periods of recruitment, exposure, follay,
and datacollection

Participants

(@) Cohort study Give the eligibility criteria, and the
sources and methods of selection of participants.
Describe methods of followp

Casecontrol study Give the eligibility criteria, and the

sources and methods of case ascertainment and cont
selection. Give the rationale for the choice of cases ar
controls

Crosssectional study Give the eligibility criteria, and
the sources and methods of selection of participants

(b) Cohort study For matched studies, givaatching
criteria and number of exposed and unexposed

Casecontrol study For matched studies, give matchin
criteria and the number of controls per case

N/A

Variables

Clearly define all outcomes, exposures, predictors,
potential confounders, andffect modifiers. Give
diagnostic criteria, if applicable

Data sources/
measurement

8*

For each variable of interest, give sources of data anc
details of methods of assessment (measurement).
Describe comparability of assessment methods if ther|
more than one group

Bias

Describe any efforts to address potential sources of b

N/A

Study size

10

Explain how the study size was arrived at

N/A
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Quantitative variables 11 Explain how guantitative variables were handled in the

analyses. lapplicable, describe which groupings were
chosen and why

Statistical methods

12 (a) Describe all statistical methods, including those us
to control for confounding

(b) Describe any methods used to examine subgroups
and interactions

N/A

(¢) Explain how missing data were addressed

(d) Cohort study If applicable, explain how loss to
follow-up was addressed

Casecontrol study If applicable, explain how matching
of cases and controls was addressed

Crosssectional study If applicable, describe analytical
methods taking account of sampling strategy

N/A

(e) Describe any sensitivity analyses N/A

Results

Participants 13* (a) Report numbers of individuals at each stage of stuglg. 5
numbers potentially eligible, examined for eligibility, confirmed
eligible, included in the study, completing follaye, and analysed
(b) Give reasons for ngparticipation at each stage 5
(c) Consider use of a flow diagram

Descriptive 14* (a) Give characteristics of study participarggy(demographic, 5

data clinical, social) and information on exposures and potential
confounders
(b) Indicate number of participants with missing data for each | 7 &
variable of interest 8
(c)Cohort study Summarise followp time €.g, average and
total amount)

Outcome data 15 Cohort study Report numbers of outcome events or summary | 7 &
measures over time 8
Casecontrol study Report numbers in each exposure category
summary measures of exposure
Crosssectional study Report numbers of outcome events or
summary measures

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder |7 &
adjusted estimates and their precisioag, 95%confidence 8

interval). Make clear which confounders were adjusted for and
why they were included
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(b) Report category boundaries when continuous variables wer| 7 &
categorized 8

(o) If relevant, consider translating estimates of relative risk intg N/A
absolute risk for a meaningful time period

Other analyses 17 Report other analyses domee.g.analyses of subgroups and N/A
interactions, and sensitivity analyses

Discussion

Key results 18 Summarise key results with reference to study objectives 6-8

Limitations 19 Discuss limitations of the study, taking into accosoirces of 9-
potential bias or imprecision. Discuss both direction and 10
magnitude of any potential bias

Interpretation 20  Give a cautious overall interpretation of results considering 6-10

objectives, limitations, multiplicity of analyses, results from simi
studies, and other relevant evidence

Generalisability 21  Discuss the generalisability (external validity) of the study resul 9

Other information

Funding 22  Give the source of funding and the role of the funders for the | 10
present study andf applicable, for the original study on which tk
present article is based

*Give information separately for cases and controls in casgrol studies and, if applicable, for exposed and unexposed
groups in cohort and crossectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely
available on the Web sitedf PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available
at www.strobestatement.org.

130



AppendixD: COREQ (Study 2)

COREQ (COnsolidated criteria for REporting Qualitative research) Checklist

A checklist of items that should be included in reports of qualitative research. You must report the page number in your manuscript
where you consider each of the items listed in this checklist. If you have not included this information, either revise your manuscript

accordingly before submitting or note N/A.

Topic Item No. Guide Questions/Description Reported on
Page No.
Domain 1: Research team
and reflexivity
Personal characteristics
Interviewer/facilitator 1 Which author/s conducted the interview or focus group? 7
Credentials 2 What were the researcher’s credentials? E.g. PhD, MD PhD
Occupation 3 What was their occupation at the time of the study? |2ost doctoral t
Gender 4 Was the researcher male or female? Femate
Experience and training 5 What experience or training did the researcher have? 6 years exper|
Relationship with
participants
Relationship established 6 Was a relationship established prior to study commencement? No |
Participant knowledge of 7 What did the participants know about the researcher? e.g. personal
the interviewer goals, reasons for doing the research plo |
Interviewer characteristics 8 What characteristics were reported about the inter viewer/facilitator?
e.g. Bias, assumptions, reasons and interests in the research topic pUA |
Domain 2: Study design
Theoretical framework
Methodological orientation 9 What methodological orientation was stated to underpin the study? e.g.
and Theory grounded theory, discourse analysis, ethnography, phenomenology, 6 |
content analysis
Participant selection
Sampling 10 How were participants selected? e.g. purposive, convenience,
consecutive, snowball 6 |
Method of approach 11 How were participants approached? e.g. face-to-face, telephone, mail, - |
email
Sample size 12 How many participants were in the study? 8
Non-participation 13 How many people refused to participate or dropped out? Reasons? 8
Setting
Setting of data collection 14 Where was the data collected? e.g. home, clinic, workplace 7 |
Presence of non- 15 Was anyone else present besides the participants and researchers?
participants No |
Description of sample 16 What are the important characteristics of the sample? e.g. demographic
data, date B |
Data collection
Interview guide 17 Were questions, prompts, guides provided by the authors? Was it pilot v |
tested?
Repeat interviews 18 Were repeat inter views carried out? If yes, how many? No
Audio/visual recording 19 Did the research use audio or visual recording to collect the data? 7
Field notes 20 Were field notes made during and/or after the inter view or focus group? [Yes
Duration 21 What was the duration of the inter views or focus group? 8
Data saturation 22 Was data saturation discussed? No
Transcripts returned 23 Were transcripts returned to participants for comment and/or No
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Topic Item No. Guide Questions/Description Reported on
Page No.

correction?

Domain 3: analysis and

findings

Data analysis

Number of data coders 24 How many data coders coded the data? 7

Description of the coding 25 Did authors provide a description of the coding tree?

tree ’

Derivation of themes 26 Were themes identified in advance or derived from the data?

Software 27 What software, if applicable, was used to manage the data?

Participant checking 28 Did participants provide feedback on the findings? NO

Reporting

Quotations presented 29 Were participant quotations presented to illustrate the themes/findings?
Was each quotation identified? e.g. participant number P

Data and findings consistent 30 Was there consistency between the data presented and the findings? Yes

Clarity of major themes 31 Were major themes clearly presented in the findings? Yes

Clarity of minor themes 32 Is there a description of diverse cases or discussion of minor themes? 1

Developed from: Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative research (COREQ): a 32-item checklist

for interviews and focus groups. International Journal for Quality in Health Care. 2007. Volume 19, Number 6: pp. 349 — 357

Once you have completed this checklist, please save a copy and upload it as part of your submission. DO NOT include this

checklist as part of the main manuscript document. It must be uploaded as a separate file.
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AppendixE Study recruitment letter (Study 2)
OF Gaillimh National Irctitute for Prevention .
) CRVI

Dear 3000

| am writing to ask you to consider taking part in a research study entitled “Exploration of
heaith core professional’s perspectives of Grof MySiginge, o digitol Cardiovasculor (CVD)
secondory prevention and rehabilitotion progromme”.

This study is being conducted as part of my PhD project which is under the supervision of
prof. Bill McEvoy and is a collaboration between the National University of Ireland, Galway,
the National Institute for Prevention and Cardiovascular Health and Groi the West of Ireland
Heart and Stroke Foundation. We are keen to get your perspectives on: how the Groi
MySlainte programme responded to patient needs during the COVID-19 pandemic; what
factors you think contributed to the clinical outcomes; what were the enablers and barriers
to implementation; and what factors should be taken into consideration for the future
implementation of digital CVD prevention & rehabilitation programmes.

If you are interested in taking part, please read the attached information sheet and sign the
enclosed consent form, which can be emailed to Irene gibson@nuigalway.ie. | will then be
in contact with you to organise an intenview.

It is important that you know that participation in this research is completely voluntary and
you are under no obligation to take part. Even if you agree to participate, you will be free to
stop your participation at any time without giving a reason.

If you would like more information, please feel free to contact me on

Irene gibson@nuigalway.ie or 086 8779059.

Kind regards,
/ﬁﬁ (bocn

Irene Gibsor|

AppendixF: Consent form and participant information sheet (Study 2)
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Fi

ghting Heart Disease & Stroke

NI
79| M| NUI Galway -

What will happen to me if | take part?

If you decide to take part, the researcher will contact you to arrange an interview at a date
and time to suit you. The interview will take place via telephone or using Zoom technology,
whatever suits you best. The interview will be recorded using an audio-recorder or zoom.
The researcher will ask you questions about your perception of the Croi MySlainte
programme. After the interview the researcher will transcribe the audio recording into
written text and the audio-file will be securely stored. Your name will not be attached to the
written text. If you wish, you can view the interview transcript to review and edit the
document produced from your interview. The file will be saved on a secure computer
protected with a password and accessible only to the researchers. No one else will have
access to the information you provide.

How long will my participation in the study last?

Your participation in the interview is anticipated to last somewhere between 30 minutes
and 45 minutes. Later on, before the researchers finalise their results, you might be asked to
participate in ‘member-checking’ where the researcher will ask you if the conclusions they
reached accurately reflect your experiences.

Is the study confidential?

Any information you provide for the study will be kept private and confidential and will be
managed in line with current GDPR regulations. Your identity will be protected through
assignment of a unique participant identification number. Audio files will be deleted from
the recording device following transcription, and stored in a password-protected file on a
password-protected NUI Galway computer. Interview transcripts will be stored in a
password-protected file on a password-protected NUI Galway computer until the PhD is
completed (3 years). Only the researcher and their supervisors will have access to the raw
data. Your identity will be protected in all reports and presentations of the study results. At
any time, you have the right to access your data or to request that your data be erased as
outlined by the Data Protection Act 2018.

What are the possible benefits of taking part?

Your participation will contribute to the evaluation of the first in kind web-based
programme for the delivery of secondary prevention and rehabilitation in Ireland. Your
opinion will provide a unique insight into the enablers, barriers, and systems required to
support the implementation of digital CVD prevention programmes. There are rarely
explored in the literature and given that the need for enhanced digital health is seen as a
critical enabler to the successful implementation of Sldintecare (a 10 year programme for
health and social reform in Ireland), this research is timely. We want to use the knowledge
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from this study to help improve patient care and inform the future development of CVD
prevention and rehabilitation in Ireland.

What are the possible disadvantages and risks of taking part?
We don’t anticipate any disadvantages or risks to you as a result of taking part in this study.

What happens at the end of the study?

The information you provide in your interview will be pooled with information from other
participants and analysed. The results of the analysis will be published in an academic
journal and will be presented at academic conferences. The study will also be included in a
PhD thesis. This will be within 2-3 years after you take part in the study. These reports and
presentations may include direct quotes from the interviews, but the participant’s identity
will never be linked to any quotes used. When we publish and present this study, your
identity will never be revealed.

What happens if | change my mind during the study?

You are free to change your mind about taking part in this study at any time up to the point
when we submit the study for publication and PhD examination, at which point your data
cannot be removed. Your legal rights or medical care will not be affected if you do change
your mind about taking part in the study.

Who do | contact for more information?
Researcher: Irene Gibson Project Supervisor: Prof. Bill McEvoy
Email:irene.gibson@nuigalway.ie Email:johnwilliam.mcevoy@nuigalway.ie

What do | do if | want to take part?

If you are interested in taking part, we ask you to carefully read the attached consent form.
If you agree with the statements, please sign the form and return it to us within 2 weeks of
receiving this email. There is a space to write your phone number and/or email address on
the form. We will only use this information to contact you to organise an interview.
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AppendixG: Interview Guide (Study 2)

Health workers perspectives of Croi MySlainte, a digital cardiac rehabilitation programme

Interview guide forreferring health workers

Section A. Engagement and referral to Croi MySlainte

1.

2.

oo

Tell me about how COVID 19 affected your services and what steps your organisation to
support cardiac patients from a rehab perspective?

Tell me about how you came to know about Croi MySlainte and why you decided to refer
your patients?

Initially, how did you feel about referring your patients to Croi MySlainte an online
programme versus face to face?

Prompts did you have any reservations, if san you describe what these were and how
they were overcome?

On a scale of-10, how confident were you that your patients would receiv@gh-quality
cardiac rehab programme?

What gave you that level of confidence (or lack of confidence)?

Was there support within your organisation for referral of patients and were there specific
organisational requirements that you needed to have in place?

Prompts Consultant agreement, administrative resources, GDPR

Tell me about your role in the Croi MySlainte programme?

Prompts the referral process, functional capacity testing and bloods both at baseline and
end of programme assessment

Whataspects of your involvement worked well?

Promptfor example the referral process

What were your biggest challenges in referring patients & how did you overcome these
challengesPromptsorganisational issues, technical, COVID, paperwork

Section B. Integration of care

1.

How would you describe your interaction with the Croi team during the set up and
throughout the delivery of the programme?

Promptswere you given enough info about the programme, your patient during and after
programme, did you receive feedback at end of programme assessment and if so was it
useful?

Do you think the programme managed to achieve integration of care between the acute and
community setting?

Promptswhat worked well, what not so well, please explain?

Section C. Components of the Croi MySlainte programme

As a brief remindertte programme involved a 3®eek medical and lifestyle intervention delivered

by a specialist interdisciplinary team (CVD Nurse Prescriber, Physiotherapist, Dietitian) with the
support of a Cardiologist. Patients were given access to a bespoke educateinbhged platform

and were invited to attend weekly (2hr) grodgased sessions (via zoom), which included an exercise
component, goal setting, and an interactive workshop.

1.

Can you tell me how you think the Croi MySlainte programme compares to existing hospital
based Cardiac Rehab programmes?

Promptshow different are the various components, for example dietary input, nurse
prescribing, selimonitoring of BP, fitness etc.
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Can you describe any advantages that you see Croi MySlainte having compared to existing
programs?

Can you describe any disadvantages that you see Croi MySlainte having in comparison to
existing programs?

Are there aspects of the Croi MySlainte programme that you feel need to be changed or
altered? If so which ones and why not?

Section D. Responding to the patient needs

1.

2.
3.

4.

How well do you think Croi MySlainte met with the patient needs & how did you determine
this?

Can you describe the overall response of patients to the intervention?

Did patients face any barriers in accessing the programme and are you aware of any
strategies used to help overcome these barriers?

What aspects of the programme do you think patients found most useful? (IT support,
access to multidisciplinary team, nurse prescribing, individualised care)

Do you think there were there any unforeseen consequences (positive or negative) for the
patient because of the programme?

The improvements to medical, lifestyle and risk factanagement were significant, what
aspects of the programme do you think contributed to these outcames

Section E. Knowledge & beliefs about the Intervention

1.
2.

3.

In general, do you see a role for digital cardiac rehab programmes in Ireland?

Prompts If yes, who should deliver these programmes, for example could you see yourself
delivering, if no why nét

If digital cardiac rehabilitation programmes were to be rolled out in Ireland in the
appropriate patients what would be your key recommendations for implementation?
Promptsgwhat supports or conditions should be in place for this to happen, training,
NBaz2dNODSaszx (SOKyz2f238X

Do you think your perceptions of digital Cardiac Rehabilitation delivery have changed from
pre-COVID 19 pandemic to now? Please explain

Section G. About the participant

1.
2.
3.

How many years have you been in clinical practice or working in a health care setting?
What is your professional background?
Is there anything else that you would like to add?
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Exploration of health workers perspectives of Croi MySlainte, a digital cardiac
rehabilitation programme

Interview Guide for Croi health workers

Section A. Process of developing Croi MySlainte
1. Tell me about the background to Croi MySlainte and why it was developed?
PromptsCOVID 19, Slaintecare
2. How did you go about the development process, who was involved and what was your role?
Promptsdid it follow any particular guidelines, recommendations
3. How did you initially feel about the plan to pivot Croi MySlainte ffaceto-facedelivery to
online?
Prompts feelings of anticipation? Stress? Enthusiasm? Why?
4. On a scale of-10, how confident wergou that you would be able to successfully
implement the intervention?
What gave you that level of confidence (or lack of confidence)?
Were there any supports available to you to help you develop and deliver the intervention?
Prompts- online training for virtual consultations, support for materials development, and
technical support for moodle?
7. What do you think were the biggest challenges in developing Croi MySlainte and & how did
you overcome these challenges?
Promptslogistical organisational issues, technical, new protocols for online working, moodle
and resources development

oo

Section B. Characteristics of Croi MySlainte
1. How do you think the intervention compare to other similar existing programs in CVD
prevention and Cardiac rehab?
2. Promptshow different are the various core components, for example dietary input, nurse
prescribing, selfnonitoring of BP, fithess etc.
What advantages does the intervention have compared to existing programs?
What disadvantages does the intervention have compared to existing programs?
5. How would describe the process of delivering thei®tgSlainte, (how easy or difficult was
it) in comparison to face to face? Perhaps we could discuss each stage of the programme:
T initial contacting of patients
9 booking of appointments
1 initial assessmentpéperwork communication with team, duration)
T delivery of thelO-weekprogramme (exercise, educational talks, prescribing)
1 end of programme assessments
Prompt-was it a clear departure from previous practices
6. If delivering thigorogramme longerm what kinds of changes or alterations do you think
would need to be made to the intervention for it to continue to work effectively?
Do you think you these changes are feasible? Why or why not?
8. Are there components that should not be altered? Which ones should not be altered and
why?

kW

~

Section D. Responding to the patient needs
1. How well do you think Croi MySlainte met with the patient needs & how did you
determine this?
2. Can you describe the overall response of patients toitbervention?
3. Did participants face any barriers in accessing the programme and what strategies
were used to help overcome these barriers?
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4. Were there any unforeseen consequences (positive or negative) for the patient or Croi
because of the programme?

5. What aspects of the programme do you think patients found most useful and kept
them engaged? (IT support, access to MDT, nurse prescribing, individual care)

6. The improvements to medical, lifestyle and risk factor management were significant,
what aspects of the programme do you think contributed to these outcomes

Section E. Stakeholder engagement
1. Who were the key individuals to get on board with the project & how did you engage with

these individuals?

Promptsmeeting with cardiac rehab unitdevelopment of patient resources

Do you think the programme managed to achieve good integration of care between the
acute and hospital settirgyPlease explath

Section F. Implementing the project

1.
2.

What factors led to the successful implementation of the programme?
What were the biggest challenges in implementing the programme and how did you
overcome these challenges

Sction C. Knowledge & beliefs about Croi MySlainte

1.

2.

In general, do you see a role for digital cardiac rehab programmes in Ireland?

Prompts If yes, who should deliver these programmes

If digital cardiac rehabilitation programmes were to be rolled out in Ireland in the
appropriate patients what would be your key recommendations for future implementation?
Promptsgwhat supports or conditions should be in place for this to happen, training,
NE&2dNDSax (SOKyz2f23eX

Do you think your perceptions of digital Cardiac Rehabilitation delivery have changed from
pre-pandemic to now? Please explain?

Section G. About the participant

1.

How many years have you been in clinical practice or working in a health care setting?

2. What is your professional background?

3.

Is there anything else that you would like to add?
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AppendixH: Matrix combining health workers perceived barriers and facilitators to implementation

(Study 2)

Supplementary material 2

Table 1. Summary of perceived barriers and facilitators to implementation of Croi MySlainte

Domains and Constructs

HCPs that identified
facilitators

HCPs that identified
barriers

I. Innovation (Croi MySlainte programme)

A. Innovation Source 10 No data
B. Innovation EvideneBase 3 No data
C. Innovation Relative Advantage 13 9
D. Innovation Adaptability No data No data
E. Innovation Trialability No data No data
F. Innovation Complexity 0 3
G. Innovation Design 10 10
H.Innovation Cost No data No data
Il. Outer Setting
A. Critical Incidents: COVID 19 Pandemic 11 2
B. Local Attitudes 0 0
C. Local Conditions 0 11
D. Partnerships and Connections 11 No data
E. Policies and Laws 3 4
F. ExternaPressure
1. Funder Pressure* 1 2
2. Societal Pressure No data No data
3. Market Pressure No data No data
4. Performance Measurement Pressure 1 No data
I1l. Inner Setting
A. Structural Characteristics
1. Physical Infrastructure No data No data
2. Information Technology Infrastructure 1 1
3. Work Infrastructure 1 4
B. Relational Connections No data No data
C. Communications 2 1
D. Culture
1. HumarEqualityCenteredness No data No data
2. RecipierdiCenteredness 3 No data
3. DelivererCenteredness No data No data
4. LearningCenteredness 2 No data
E. Tension for Change 13 No data
F. Compatibility 8 1
G. Relative Priority No data 4
H. Incentive Systems No data No data
I. Mission Alignment 2 No data
J. Available Resources
1. Funding 2 No data
2. Space No data No data
3. Materials and Equipment 3 No data
K. Access to Knowledge and Information 5 2
IV. Individuals
A. HighLevel Leaders (Cardiologists, Hospital Management, CEO and
Directors) 7 No data
B. MidLevel Leaders (Clinical Nurse Managers) 2 No data
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C. Opinion Leaders No data No data
D. Implementation Facilitators (IT a@mmunication) 3 No data
E. Implementation Leads (Project Manager) 1 No data
F. Implementation Team Members (Cardiologist, Project Manager, ang
Innovation Direct Deliverers) No data No data
G. Other Implementation Supports (Students and HufResources) 5 No data
H. Innovation Direct and Indirect Deliver¢H4CPs who referred and/or
conducted patient assessments)

1.Need No data 2

2. Capability 4 5

3. Opportunity No data 8

4. Motivation 10 1
J. Innovation Recipien{Patients)

1. Need 12 4

2. Capability 6 9

3. Opportunity No data 3

4. Motivation 1 No data
K. Innovation Indirect Recipients (family members)*

1. Need No data No data

2. Capability 6 No data

3. Opportunity No data No data

4. Motivation 4 No data
B. Assessing Needs

1. Innovation Deliverers No data No data

2. Innovations Recipients 1 No data
C. Assessing Context 2 1
D. Planning 3 No data
E. Tailoring Strategies 1 No data
F. Engaging

1. HighLevel leaders* 1 No data

2. Innovation Direct and Indirect Deliverers 9 No data

4. Innovation Recipients 11 No data
G. Doing 3 No data
H. Reflecting and Evaluating

1. Implementation No data No data

2. Innovation 2 No data
|. Adapting 5 No data

*Denotes new swoonstructs, which were added to the codebook based on inductive themes from

GKS RIGF® ¢KS dzasS 2F GKS
emerged from the interviews
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Table 2. Perceived barriers, facilitators, and considerations for future implementation of Croi MySlainte

Safety due to
COVvID 19

face contact

Lack of in
person peer
support

Domains and Facilitators to Barriers to Considerations Sample quotes
Constructs implementation | implementation | for future
implementation
I. Innovation
A.Innovation Professionalism| No data No data hy GGKS LR2aAidAGBSET LQOBS 62N]J SR 6AlK
Source reputation and professional. Very safe. So you know if it was a oempany coming to me
credibility of gAGK GKA& LQR KI @S 0SSy LISGNRTASR
Croi team one of the first groups to be involved in it but because it was who it was it
Croi yeah | was comfortable. | knew it would be safe. | knew it would be
evidence based. | knew the people. | knew everybody that was delivering
you know | was very comfortable. (Referfacilitator)
B.Innovation Previous No data Programmes So | suppose like | said we had good grounding because we had piloted t
EvidenceBase experiences of should be first major community program and that was hugely successful. Its eviden
delivering evidencebased based on generic cardiac rehab guidelines both nationally and internation
community and operate to We used what we had done amiimicked it online. (Crofacilitator)
based cardiac bestinternational
rehabilitation standards. You have to be operating to a standardised intervention. And of course th
and utilisation comes back to the model of care question, what is the model of care for
of guidelines cardiac rehabilitation in Ireland. (Croi HfCRure barrier)
C.Innovation Increased, Lack of Adopting a hybrid| It was more convenient for so many people at that time you know with CO
Relative Advantage| accessibility, telemetry approachwhere | YR AGQa 3A2yyl &adaAd az2yvy$s LS2LxXS |
convenience monitoring thereisablendoff i KS& KIF @Sy Qi 326G GKS GAYS 2NJ (iKSe@
and flexibility online and in K2YSd ¢KSNBQa a2 NMEgRX EAZFBSHBPHY N
for patients Lack of facdo- | person. (Referrecfacilitator)

Definitely just the accessibility. | think more people probably were able to
engage with it because of the fact that there was a flexibility with the time
patients could log in and then with the fact that they could still be at work &
log into it andnot have to actually take time off work for the program. That
was probably one of the main benefits | think. (Refeffeailitator)
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Inclusion of the
Multidisciplinar
y team (MDT)

More
individualised
care due to
being in home
environment,
family
involvement
and use of self
monitoring
tools

Greater
efficiencies
regarding time

Technical issues
regarding
broadband

More time
consuming to
deliver

| suppose you see the benefit of having the multidisciplinary team all pres¢
Other than nurses and a special one hour wiith dietician we have nothing
StaSe 2SS R2y Qi KI @S GKS LIKearAz2zod 2
LJaeOK2f 238 Ayldzie 2SS R2y Qi KI @S (
multidisciplinary perspective you know patients would benefit an awful lot
better from the availability of the multidisciplinary team and that would be

probably nationally as well. (Referkgacilitator)

,2dz Oy aSS Ayi2 GKSANI K2YS® | 2dz
Some people will pick up the camera or the laptop and they will go and sh
YS GKSANI {AGOKSys GKSeQftt aKz2g YS
LINE RdzOGad X iKSe Ot HSONKYR ZRSNIQE f
assessment or during the program. And often because this program was
LINBR2YAYlyiGfte YSy 6K2 YAIKGYyQd o085
would pop their head in, sit down and ask the questions andh Isgeeak to
GKSY® {2 @&2dz 3SG G2 &asSS I t24 Y2N
02YS Ayid2 GKS 2FFAOS @&2dz 2dzal -R2Y,|
facilitator)

Some of them were also using some personal tracking devices and perso
NELI2NIGAYy3I G§SOKy2t23ASa GKIG ¢S 48§
helped motivate them. (Croi H@&xilitator)

X L GKAYyl dKAy3a Y2@S 1jdAO1SN® L
of the program like email, phone. The assessments | think can run quicke
when people are on time. (Croi HERilitator)

Well the telemetry for me is important. You know the patients from day on
6S aK2¢ GKSY GKSANINIXGS 2y Y2yAGz
LQY | ydzZNBES LINBAONAROGSNI a2 LQY 02y
or looking at monitors bécdza S ¢ SQ@S aSSy | NNKe&
picked up to be honest on telemetry. (Referiarrier)
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{2 Ay | &adlyRINR NBKIFI0o GKSNBEQa I 0
patients in with you and you get to have camaraderie with those people
sK2Q@S 0SSy GKNRdAzZZK a2YSOGKAY3I &RAY

social support then that comes with Referrerbarrier)

| think for sure cardiac rehab of the future will have to be of the hybrid mo
I think to meet the patients facto face at some point and not to have it all
completely online would mean best of both worlds. (Refeffidure

facilitator)
D.Innovation No data No data No data N/A
Adaptability
E.Innovation No data No data No data N/A
Trialability
F.Innovation No data Multiple steps in| Robust digital X Al gla I t£20 2F F2N¥Y FA{EAy3I |V
Complexity the process and | infrastructure to | kind of going through alit K SA NJ RS Af a o X OKSO|

volume of work

help streamline
delivery and

ensure greater
interoperability

the GPs [general practitioners] just to check their medical history or going
back to the centres that referred to us to double check some of the
AYF2NNXIGAZ2Y AF AlG 61 & Yayskaowgxacty S G
GKI Q& KFLIISYSR 2NJ 6KSANI dzy RSN& G |
the referral says. (Croi H®Rrrier)

Invest in the technology to ensure online delivery is more streamlined. ..w
need to be able to share information across organisations in a safe and se
wayto ensure patient centred integrated care. (Croi H@tRre facilitator)

G.Innovation
Design

Delivery by MDT|
team
(Cardiologist,
Nurse
prescriber,
dietitian and
Physiotherapist)

Delivery of

guideline

Online platform
was not user
friendly

Lack of in
person peer
support

Digital
programmes
should:

1 Be delivered by
a skilled MDT
with
experience
knowledge
and
competencies

I think it was an interplay of everything. By focusing on all key risk factors
example being able to make those quick changes to medications and the
being able to see you know the reduction in blood pressure the next week
then of course because they were exercising each week that was having

impact on blood pressure, cholest#, mood, anxiety and depression scores
And then | think diet as well was having an impact on their mood, their heg
how they were feeling. (Croi H@&ilitator)
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recommended
core
components

Focus on
behaviour

change

Programme
resources

Accessibility

Insufficient
feedback on
patient progress

Increased
workload

Uncertainties
regarding who
online
programme are
suitable for

in delivering
CR

9 Include the
guideline
based core
components

fBe expanded to
include other
patient
groups such
as diabetes
and stroke

9 Be user centred
designed.

9 Be delivered
using a
hybrid
approach

9 Be offered to all
patients as
part a range
of CR options

There seemed to be really good use of the nurse prescriber increasing do
statins, titration you know and that seemed to have a huge benefit. (Refer
facilitator)

The one thing | did think was great was giving the patients the watches. T
really zoned in on those watches. And you know when they came back to
they were zoned in on their steps. You know they really got motivated by
them. (Referreffacilitator)

Delivering it online made it more available and easier just for people that &
working and also people that live in a rural area. (Croi-faCitator)

az22RfS Ot SINYyAy3a LIIGF2NY¥E AayQi

FSSRol O]l F2NJ GKS LI GASydasz GKSNBQ
gre 2F {AYR 2F K2YS Y2yAG2NAy3ID {
platform bar we had a blogection, but mainly they emailed us. (Croi HCP
barrier)

And | suppose the other one that patients said was they missed the kind 0
camaraderie of the group. So although they were really close and we tried
facilitate that kind of peer support and it did work very well | think some of
them did miss the actuadhysically being in a room and being able to see
someone. (Croi HGParrier)

And then | think as well obviously the pressures of a caseload can potenti
0S SELISNASYOSR aANBLFGSNI F2NJ + adl ¥
chance to crosscheck yourself. So you know we were carrying probably 1
active patients across multiplprogrammes and how safe is that for one
individual or one team member you know and each discipline then all carr
that caseload. (Croi H&Rrrier)

X L &adzllllzasS ¢S ¢2dZ R YreoS 0SS
online and the lack of telemetry and cardiac monitoring. But | suppose we
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have an element of trust that Croi you know knew what they were doing.
(Referrerbarrier)

Personally | would have maybe preferred a more kind of comprehensive s
of feedback on what had happened with them during the program. Becaus
some of them were telling us things and we were like oh okay. You felt lik
82dz RARY QU KI @&didigét § littl€ bitfofffeed@iciOhuizNG ¢
probably would prefer a little bit more before we met them at the post
program step. (Referrebarrier)

| think yeah the team, the nurse prescriber, the physio, dietitian and the
FRYAY &dzLILI2 NI AF A0Q&a 3I2yyuture6 S R2
facilitator)

| think everyone currently delivering cardiac rehab should be offering a trig
2F 2FFSNAy3Ia YR GKIG GKS 2ytAyS
replace faceto-face.(Referrercfuture facilitator)

H.InnovationCost | No data No data No data N/A
Il. Outer Setting
A.Critical Incidents | COVID 19 drove COVID 19 No data We had no choice at the time, it was either that or nothing you know. And
the need to impacted on: least you felt you were doing something. It is an essential part of the reco
develop a digital from their cardiac evenand it was left fall by the wayside cardiac rehab
health platform | Staff capacity to during the pandemic. (Referrefacilitator)
refer to the
programme Some sites worked better than others but then that depended on | suppos
/' h+L53 AT GKS& KFR GKS adlF¥F 2N
The ability to GKFd GKSe& ySOSaalNxte RARyQiU sl yi

support patients
to engage in the
programme

(Croi HCBarrier)

| suppose we were very conscious that people were trained at a distance
0S0OldzaS Al ¢l a NAIKG Ay GKS YARRE
anyone. We wanted to give them the independence as well so that they ¢
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Rz AG® CKS& 1yS6 GUKSEQR R2yS Ad F
RStAIKGSR gA0GK (GKSyaSt@gSa GKIFG -0K
barrier)
B.Local Attitudes | No data No data No data N/A
C.Local Conditions | No data Lack of or poor | Access to People who were willing and able to participate and happy to do so but the
broadband broadband broadband let them down the coverage in their area you know.
coverage (Croi HCarrier)
hindered
delivery of the The fundamental thing of broadband and making sure that people can ha
programme F00Saa odd AGQA | FdzyRFEYSydlt NA3I
that kind of infrastructure is properly in place.
(Croi HCHRuture facilitator)
D.Partnerships and| Information No data Collaboration Talking to other people in other organisations kind of seeing what they we
Connections sharing between in doing. (Croi HCRcilitator)
person and digital
Established CR programmes | Likely because we had a good relationship as | say sé&tlwpys a prompt

connection with
referral sources.

to ensure
integrated patient
care

reply if there was any queries. We would have met faméace on a couple of
different initiatives that we done together so we kind of knew each other a
was. (Referreffacilitator)

The other thing would be close communication with existing services that
G§KSNBE AayQi RdzZLX AOFGAZ2Y YR GKI G
(Referrerfuture facilitator)

E.Policies and Law:

Alignment with
National health
reform
programme

G @y SOt

Data protection

General Data
Protection
Regulation
(GDPR)

Ensuring
patients were
appropriately
risk stratified

Clear information
regarding GDPR
and other
relevant
regulatory
standard

Appropriate risk
stratification and

So this one luckily came down from the SlainteCare funding and this woul

“““““ gKFG GKS@QNB i
chronic diseases and obviously cardiology is one of the chronic diseases.
HCPfacilitator)

Well | suppose the main thing was to be careful around issues around GD

GKFG 6S 6SNBYyQl LI aaiay3a 2y AyT2NY
gAUGK2dzi GKS LI GASyGQa O2yaSyda- | yR
facilitator)
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patient safety

measures And there was the GDPR issue of how do we get people to consent to doi
virtual program. Are we allowed to keep the data and all of that kind of
scenario as well. (Croi HQRrrier)
So again kind of coming back to that piece around health and safety, risk
stratification is one of the challenges that will always exist no matter wher¢
82dzQNB aSGidAy3a dzLJ I O NFvaried NBKI 6
F.External Pressurg
1.Funding Pressurg The need for Pressure to get | No data There was huge pressure to get it off the ground. We were almost starting
funds help drive| started program before we actually had the kit in place. So you know and that wo
the negatively be one of my limitations. If | was to go back again | definitely would have k
development of | impacted on of put more time intoit or allowed more time as a team. (Croi HaPrier)
the innovation | time to prepare
When the shutdown came it was like somebody turned off a tap. There wa
Y2ySeod {2 (GKSNBQa y2 3IAINBIFIISN-AYyOS
facilitator)
2.Societal Pressurel No data No data No data N/A
3.Market Pressure | No data No data No data N/A
4. Performance Having key No data No data We had a deadline in terms of a start date and then a certain number of
Measurement performance people we needed to see until the end of the year. (Croi-faCiRtator)
Pressure indicators drove
the delivery of
the innovation
lll.Inner Setting
A. Structural
characteristics
1.Physical No data No data No data N/A
Infrastructure

148



2.Information Use of existing | Unstable No data We used the technology that we already had and because we had the Mo

Technology platform internet [learning] platform we found that we were able to put a lot of the informatic

Infrastructure connection on the platform. (Croi HGRcilitator)
¢KS AYyOiSNYySi GKFG s6la | oA3 2ySo
talking and our internet would just drop. (Croi HRrier)

3.Work Staffing levels | Staffing levels | There needs to bg There were three nurses here. Between us all we were able to refer to Crg

Infrastructure were adequate | were adequate staffing | there were no issues there. (Referfecilitator)

to support inadequate to in place
support No we had no issue with referring the patients. The problem we had really

having the time to get the patients to refer. Because we were short staffed
and you know there was only a window of opportunity to get them recruite
And because you know we webeing redeployed and all of that it was hard
(Referrerbarrier)

B.Relational No data No data No data N/A

Connections

C.Communications| Weekly meeting| No data No data 2SS aGAff KIFER 2dzNJ 6SS1fte a5¢ YSSiGA
each session just to discuss the plan for the session, if there was anyone
needed to check in with specifically if someareeded a diet chech or a
nursingchech y 2 NJ | LIK&aAzo {2 ¢S ¢2dz R
change. (Croi HERcilitator)

D.Culture

1.Human Equality

Centeredness No data No data No data N/A

2.Recipiert Supporting No data No data I think in general we were there to support people and at the very least yo

Centeredness recipients know let them feel that there was somebody with some kind of interest in
their general health and wellbeing to kind of help them along and guide th
(Croi HCHacilitator)

3.Deliverer No data No data No data N/A

Centeredness
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4. earning Gathering No data No data From our point of view we satisfied the requirement of responding to need

Centeredness insights and but we were also gaining hugely valuable insights and data into digital heg

data programmes. (Croi H&Rcilitator)

E.Tension for Tension for No data No data We started when COVID was at its peakone had vaccines like it was such

Change change was an awful time. People were barely getting in to see their GP. They had the

driven by COVIL event with no followup. So | think we really met the need there in making i

19 an accessible service aadsafe space. (Croi HERIlitator)

Responding to Well it was either that or nothing. You knowweA Ry Qi KI @S |

patient need grayQid Ay | LRarAdAzy G2 YFAYGlLAy
scratch building an online program. Why reinvent the wheel? Somebody €

Lack of cardiac Ad R2Ay3 Ad FyR Ala 0SSy R2Ay3 4SS

rehabilitation know. (Referreffacilitator)

services with

associated long

waiting lists

F.Compatibility The innovation | Lack of No data | suppose at the time with our gym being closed because of COVID restrig

fitted with compatibility you know we felt it was a great way of working through our waiting list ang

existing work with processes supporting the patients whatever way we could during the COVID until ou

processes in regarding own gym could open up agaifReferrerfacilitator)

terms of medical

addressing management | suppose that was the only thing you know if they were our patients we m

waiting lists have been getting them reviewed by one of our on site doctors but becaus
adzllll2asS SaasSyidAartte / NBN KIFIR GF1 S
changes to their treatment wén your cardiologist might have had a plan or
something for them. So | suppose that was just that little bit different. We
were like should we be making changes or should we be leaving them to
(Referrerbarrier)

G.Relative Priority | No data The need to No data Well we only got a certain number of patients on the program because we
deliver other the other inrhouse program running at the same time you see. So | supposg
clinical the beginning of COVID when we were doing no classes for those months
programmes this had been up and runningemvould have been well able to have got mor
impacted on LI GASyGa o0SOlFdzaS 6SQR Kdrgs KIFIR Y2
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referral to Crof

MySlainte
H.Incentive No data No data No data N/A
Systems
I.Mission Alignment Implementation | No data No data Well | suppose it would have been one of the sort of directions the
and delivery of organisation was going in for the last number of years.Wdald describe
Croi MySlainte ourselves as like an R and D centre for CVD prevention in that we had a
aligned to facility, we had a multidisciplinary health team who were skilled and traine
overall risk factor management. And we were also from a charitable point of view
organisation know taskedwith addressing local and regional need and doing that in a w
mission that is evidence based. (Croi HfaEilitator)
J.Available
Resources
1.Funding Funding was No data Longterm Oh absolutely. | mean we applied for a SlainteCare innovation grant which
available funding needs to | very competitive grant bid and we were successful and that is what absoly
be in place to made it possible. (Croi H@&ilitator)
support
implementation They need to come up with all the resources, I.T., manpower, funding,
and sustainment | SOSNEB KAy Id , 2dz 1y26 AF @2dz2QNB Sa
alongd SN LINPINI YP LG 62yQld YSSOG (K
c Y2y iKasz 21 kstopging It an@we arke BackdSsquiarbldne. S
that planning has to be there before that is if that is being implemen(€doi
HCPfuture facilitator)
2.Space No data No data No data N/A
3.Materials and Access to IT No data No data I'F@Ay3 + aeadSy S@Sy (K2dAK Ad g
Equipment platform GKAOK ¢l & Kdz38 tA1S 6S ¢2dzZ RyQiQ
[learning platform]. (Croi HCECilitator)
K.Accesto Sufficient No data HCPs should be | | think we had sufficient information to know the referral process. And eve
Knowledge and information to equipped withthe| A Y T2 NI A2y @&2dz {y26 SOSNBOIKAY3I 4
Information enable referral IT skills add on anything additional any additional reports. It was all mentioned the

to the
programme

S0 it was quite easy. éRerrer-facilitator)
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Training in use

LOR ySOSNI KSINR 2F %22Y 0ST2NB al

of Zoom and all that kind of stuff to learn more about it. (Croi HfaBilitator)
Moodle (online
learning Cardiac rehabilitation professionals need to be trained in this type of
platform) engagement using digital toolReferrerfuture facilitator)
IV. Individuals
A.HighLevel Support from No data No data So we agreed to participate again by going through all the channels. We H
Leaders hospital to get you know the okay from the consultant the leamhsultant and our
management own line management as well. (Referfecilitator)
and
Cardiologists 2S KIFIR SAIKG RAFFSNByYyG Oz2yadzZ Gl yi
meeting with each of those to make sure that they were all happy with the
plan to refer. And then within the nursing department our director of nursir]
was fully supportive. But #m our own cardiology the cardiac services
manager everyone was very much trying to | suppose find a way to get ac
to some sort of service during the COVID pandemic. There was no obstag
anywhere along the line. Everyone was very supportive.
(Referrerfacilitator)
B.Mid-Level Clinical nurse No data No data So we took the lead myself and our cardiology team | suppose CNM3 the
Leaders managers cardiology CNM2. We were having the discussion okay this is gonna hapy
and we just started rolling the program. (Referfacilitator)
C.Opinion Leaders | No data No data No data N/A
D.Implementation | Technical, No data Availability of IT | Our communication team were pivotal to an awful lot of this. As well as all
Facilitators communication personal to various administration people. So it was a real all hands approach to mak
and support $2N] FYR LldzaKAy3 Ad GKNRdzZZK | yR
administration gonna work. (Croi H&Rcilitator)
support

We had external technical support for Moodle [learning platform] who ther
upskilled staff in the training and education departmenttsen they were
able to pop content on Moodle [learning platform] for us. (Croi HCP
facilitator)
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There needs to be somebody who is confident to deal with any sort of I.T.
AdadzsSe . SOldzaS AF 22dzQ@S I+ LI GASYy,
GKSYyaSt @Sa (GNBAy3a (G2 FAIdNB 2dzi @
fairly quickly. So I think the 1.3 & big big deal (Referréuture facilitator)

E.Implementation | No data No data No data N/A
Leads
F. Implementation | No data No data Nodata N/A
Team Members
G.Other Support from No data No data A student was allocated to me for the length of time that | needed her and
Implementation students and was proficient and competent and trained in exercise assessment and ste
Supports Human testing. And then HR were brilliant as well because obviously we had to cl
Resources (HR) her quickly with garda véihg and the confidentiality and all of that sort of
thing so | mean HR were brilliant. Everybody just seemed to row in togeth
you know and get things that would have taken months previous to COVI[
just happened. (Referrdiacilitator)
H.Innovation Direct
and Indirect Deliverers
(HCPs who referred
and/or conducted
patient assessments)
1.Need No data No data No data N/A
2.Capability Skill set of team| IT capability of | No data I would have a massive opinion that it would come down to skillset within {
including team G§SFY® L 62dZ RyQd SELISOG + adl ¥ 3
behaviour FYR RStAGSNI AGO X L GKAYy|l AGa @SN
change | think probaby more helpful in an online situation because communication
techniques more difficult in an online platform. (Croi H@&Rilitator)
Definitely the tech side. I think first because it was so long ago | forget hoy
difficult we as a team actually found it to work Zoom and work the Moodle
[learning platform] and know how to upload things and know how to work
So for the team that was diitely a big challenge (Croi HG&rier)
3.0pportunity Insufficient time | No data 2S5ttt Ad gl ayQid RATT icOndziming dndiespecially &

for delivery

when we were starting back with our own groups again. | suppose it kind
slowed us down from bringing in more groups ourselves. But at the same
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0KFGQa edzad GKS gl & AdG ela G GKS

was a lot of administration and not enough staff. (Refegbarrier)

The administrative burden in delivering something like this it was great, it

Y2ydzYSyidlfeo t NBOolofeé& L adzaliasS Al
right technology. But you know on the other hand | suppose its good to dg
like that as well becauseydz KI @S (2 62NJ] GKNERdA

suddenly just land yourself into the virtual world and say how did | get her
kind of thing.(Croi HC#arrier)

4 Motivation

Beliefs around
capability to
deliver

Good fit with
social and
professional
role and identity

Lack of fit with
social and
professional role
and identity

Underlying
reasons for
resistance to
change need to
be addressed

¢2 0S K2ySadeo L R2y Qi YAYR OKIy3S§
aryS GAYS L gla 2dzad ftA1S LQY yz2i
2F %22Y® LQ@GS YySOHSNI KSFNR 2F az22R
gave it a shot and kind ¢éarned as we went and it worked out really well. |

GKAY]l @2dz2Q@S 2dzad 3I20GF 3IAGS (KSA
(Croi HCHacilitator)
L &dzZll2asS L (yS¢ S KIR F 3I22R 6§

interests and we all wanted to do something and make a difference and wj|
were all very enthusiastic that way. So there was kind of that team confide
And then when we saw it wagorking and the feedback from the patients ar
the results we were getting kind of even their blood pressures improved, t
cholesterol improved, the weight they lost and just literally seeing it on the
screen the difference in the patients week to weelts amazing so that gave
us confidence as well. (Croi Hf2Bilitator)

b2é YI &0 $ashiofed bulivas a little anxious about it because yo
1y26 6KSYy 22dzoNB8 OBASKHRIATTH Y8 GKAY
there. You know you can do an ECG, you can take the blood pressure. Sq
suppose the lack of control if ydike that did make me nervous. (Referrer
barrier)
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|.Innovation

Recipients
1.Need Programme No data Patients should | It definitely met a need for people who had been discharged from hospital
responded to be provided with | post an event with no sign of cardiac rehab, no GP to contact, no consultg
unmet patient a range of CR see, nowhere to go, into a vacuum basicdlroi HCFacilitator)
needs options including
regarding: a hybrid approach| | think it was so valuable that they heard from other people because a lot
1) access to them you know in the initial assessment they said | just want to hear from
cardiac a2YS2yS StasS 4K2Qa 0SSy GKNRdAzAK 0
rehabilitation gets me. So when they heard pdepalking about their events and their
2)Peer support similar fears about their family or that they had a near death experience y
could see people just open up over the twelve weeks and start to talk to e
other. (Croi facilitator)
L adzldlizasS GKS Lod¢ GKAYy3I 2N a2YS0o2
not good you know. And sometimes the people who needed it the most w
GKS 2ySa 6K2 RARYyQiU KIFI@S Al @&2dz |
¢CKSNB Q& LIS2LX S @& 2a®tRdofit.R&Brrebakigr) Y A 3
{2 AlGQa lFtoazfdziSte y20 GKS RSTAYA
needs to be there in terms of responding to needs and can constantly evo
.dzi L GKAY]l || K@doNAR VY.Re&feduturd LINE
facilitator)
2.Capability Some patients | Lack of IT skills | Patients need to | The challenges of just getting patients online was another big one. So thal

had good IT
skills and where
needed others
were equipped
with the skills to
use the IT

be provided with
the skills and
support to use
digital
technologies

assisted with the admin support and it required a lot of admin support. (Cr|
HCPbarrier)

But | was surprised how some of them were able to master it so quickly. S
82dz 1y2s a2YSGAYSa L GKAY]l YlI@é&oS
not going to be able to pick it up but you know they definitely were able to
the laptop and the compur which did surprise me for a few of them. (Croi
HCPfacilitator)
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¢tKSe ySSR (2 LINPGARS UGUNIAYyAy3 (2
for the future. (Croi HGRiture facilitator)
3.0pportunity No data Limited access | Patientsneedto |t S2LJX S YAIKGY QG ySOSaal NAte KIF@S

to IT equipment

be provided with

and | suppose its those kind of digital inequalities and financial constraints

broadband IT equipment and| be an issue. (Referrdrarrier)
broadband accesg The fundamental thing of broadband and making sure that people can ha
I 00Saa AF (KSe ySSR Al FYR AT GKS
right now | think that they should have access to this. something that
needs to be looked at and advocated for patients for sure. (Croi-FHi@RPe
facilitator)
4.Motivation Beliefs about No data No data People were trained at a distance to use the IT, because it was right in the
their capability YARRES 2F Al 6KSNB &2dz 6SNBy Qi ad
GKSY GKS AYRSLISYRSyOS +a ¢Sttt az
done it all on their own. Becaus®me of them were delighted with
GKSYaSt @gSa (KIFIG (KS@ QR R2faditatar)i | v
J.Innovation
Indirect recipients
(family members)
1.Need No data No data Nodata N/A
2.Capability Family No data No data Well | know for some patients they had a relative that was going to help th
members had That was how they overcame the barrier of the technology.
the skills to (Croi HCHacilitator)
support patient
access
3.0Opportunity No data No data No data N/A
4 Motivation Supported their | No data No data ¢KSNE YAIKG KI@S 0SSy 2yS 2N (g2

relative to use
technology

computers but they did get help from family members and younger family
members who were eager to he(Referrerfacilitator)
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V.Implementation
process

A.Teaming Agreed roles No data No data 'a | GSIrY ¢S Ftft 1ySg 2dzNJ NRf Sa |
and pick up on different things (CréiCPfacilitator)
responsibilities

| think the general atmosphere in the team was what can we do and how

Shared S R2 AG FYyR £SGQa R2 Al ol aixolrftt
motivation A02LIISR G2 GKAY]l 6S OFyQl R2-GKAA
among the facilitator)
team

B.Assessing Needs|

1.Innovation No data No data No data N/A

Deliverers

2.Innovations Identification of | No data No data ¢KS FTRYAY GSIY LK2YSR GKS LI viokld y i

Recipients patient they be interested (Croi HG&cilitator)

priorities, needs
and preferences

C.Assessing conteX Determining Assessing digital No data Yeah first of all it was just planning and looking at how we could do it and
barriers and literacy testing the different options and then kind of also looking at how easy it w
enablers to be to get people on a virtual program because there was issues such as V|
delivery of Croi did they have daptop, did they have a smart phone, would it even be poss
MySlainte (Croi HCHacilitator)

While we looked at barriers around access to the technology, availability g
the technology, how to use the technology the training component. This
potentially did not allow you to fully assess things like digital literacy and s
forth which you may get ywoknow a better insight to on a one to one basis.
(Croi HCBarrier)

D.Planning A plan to No data No data Well we approached it as a project so it was all kind of thought through frg
manage the the start to finish. My input would have been very much around the logistiq
project was of it and the back end stuff in terms of what we normally would have done
established a faceto-face thing thedifferent steps that you would have had and how the

translated in a different way in terms of communicating. And there was ho
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and meetings and you know lots of coming at it from so many different wal
in terms of trying to make sure that we got it right. (Croi H&Hlitator)

E.Tailoring No data No data No data N/A

strategies

Engaging

1.High leveleaders | Support from No data No data We engaged with the department of cardiology. It was important, there we
Cardiologists no real issue there at leadership level at least. (Croi-tdCiRtator)

2.Innovation Meeting and No data Everyoneshould | X 0SAy3 6AGKAY |y | O0dziS FNBI ¢S

deliverers provision of beengagedinthe R2 g6y G(KS fAySd . dzi L &dzLILIR d@Beventon. R
information implementation suppose looking over the data that you have collected the outcomes are r
about Croi process. AYLINBaaA@Se LGQa INBFG G2 | OGdz f ¢
MySlainte S NBFSNI LI GASyida 2y FT2N OF NRAIFO

Provide regular | theirred LI2y4Sa& IyR K2¢g oStt (KSeQoS |

Cardiology updates on (Referrerfacilitator)
support programme

Components of
the
programmes

Patient
outcomes
promoted
increased
engagement
with the
programme.

Achievement of
service goals

outcome to help
promote referral
to CR

You know the program was explained very well to us. The literature we we
given with regards to who was involved in the program and you know the
length of time of the program and the sessions that would be given during
program and also the fact you &w patients were been given a blood
pressure monitor. They were been given a watch. They were asked to do
weight. So | just felt there was an awful lot of involvement there that it was
nearly like having them in the gym but it was just online. Sa# more you
know sometimes when people think of online programs you know they jus
GKAY1l Ada 3F2yyl 6S a2YSUKAyYy3 |jdzia G
huge involvement in it whereas there was a lot of involvement in this.
(Referrerfacilitator)

So there was a lot of meeting initially with hospitals and different sites that
had like a waiting list of cardiac rehab patients to explain what we wanted
do and what we needed them to do in terms of the referral paperwork. An
some of them had to dotsp tests or different things. So it was whether they
O02dzZ R FO02YY2RIGS GKIG ra ¢Sttt I a
them to try and get what we wanted and they wanted (Croi f#HZRitator)
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Provide updates so that the staff who are looking after the patient you kno
during their journey would actually get an idea as to what the rehab is abo
and what results do you get and all and it will motivate them more (Referre
future facilitator)

3.Innovation Patients were | Trying to engage Provision of | think itwas fact that they could monitor and see for themselves how thing
Recipients engaged and information and | were improving so they could actually see their blood pressures by monitc
through: communicate support to access| because they had their own machine. They could look at their steps. They
the details of the programme | quite competitive looking at how emy steps they did each day. They could
1)The provision | the programme get goals from it. Some wanted to improve fithess. Some it was weight los
of IT support without prior (Croi HCHRacilitator)
experience of
delivering it Trying to get across to them and | suppose even the rehabs that were refe
2)Support and to us what the program was gonna be. Becaus@®ne had done it online and
accessibility of the exercise online was like a new thing especially with this high risk grou
the healthcare think no-one apart fom us really knew exactly (Croi Hi@Rrier)
team
Having someone who calls the patient, sells them the program, makes the
3)Multi- FSSt O2YF2NIlIoftSad {2YS2yS 46K2Qf ¢
component OFftfz KStLI GKSY 3SG 2y GKS LINEINI
nature of the y2i @2dzQNB y 2 uy-ae yy2 Kk IGEQal KA Fitybe
programme facilitator)
4)Use of the self
monitoring
devices
5)Programme
information
provided by
referral centres
and Crd
G.Doing Testing options | No data No data Yeah first of all it was just planning and looking at how we could do it and

prior to delivery

of innovation

testing the different options and then kind of also looking at how easy it w
be to get people on a virtual program because there was issues such as
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did they have a laptop, did they have a smart phone, would it even be
possible. (Croi HERcilitator)

H.Reflecting and

Evaluating
1.Implementation | No data No data No data N/A
2.Innovation Programme was No data There is need for | Post the program they would have received a survey. So you know any is
evaluated on an national orifi KS& TSt az2YSGiKAy3 gFayQi YSSi
ongoing basis standards, audit | have been highlighted there. But also | guess throughout people would ha
and feedback and evaluationof | Y 806 S FANBR 2LIAYyA2ya | NRPdzyR RAFTS
reviewed digital CR working for them or whatever and weotk this on board in so much as it wa
programmes possible. (Croi H&Rcilitator)
X AT Ada R2yS NBIAz2yltfte 2NJAYy (K
ensures standardisation quality evaluation. (Croi ¢f@Bre barrier)
I.Adapting Modifying the | Adapting work | No data .dzii @SIFK GKSANJYSSRa AT (GKS& KIR
innovation by: | processes on the team weutilised some of the funding for psychology intervention
Addition of which was helpful for them. (Croi HE&ilitator)
psychological
support Some of the first education sessions we did we were like oh actually these
Adapting I oAl f2y33 GKS@QNB atd F2N d22 f
education RAAGNI OlGA2yas Aida KFENRSNI G2 1SSLI
sessions kitchen and they can gand make a cup of tea for example. So trying to mal
Adapting it more interactive. So we started incorporating quizzes or more questions

communication
techniques for
online delivery

it was changed that way kind of as we went. So we were constantly chang
and tweaking it. (Croi H&Rclilitator)
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Supplementary material

Appendixl: GUIDED Checklist (Study 3)

BM.J Open

GUIDED - a guideline for reporting for intervention development studies.

Supplementary File 1: Blank Checklist

Item description

Explanation

Page in manuscript

where item is located
1. Report the context for  Understanding the context in which an intervention was developed 2
which the informs readers about the ity and f ity of the interventi
Intervention was to the context in which they are considering evaluating, adapting or using the
deveioped. intervention. Context here can include place, organisational and wider socio-
political factors that may influence the development and/or delivery of the
intervention (15).
2 Report the purpose of  Clearly describing the purpose of the intervention specifies what it sets out to
the intervention achieve. The purpose may be informed by research priorities, for example 2
development process.  those identified in ic reviews, gaps set out in practice
guidance such as The National Institute for Health and Care Excellence or
specific prioritisation exercises such as those undertaken with patients
and practitioners through the James Lind Alliance.
3. Report the target The target is the that will benefit from 2
population for the the intervention - this may include patients, clinicians, and/or members of
intervention the public. If the target population is clearly described then readers will be
development process.  able to understand the relevance of the intervention to their own research
or practice. Health inequalities, gender and ethnicity are features of the target
population that may be relevant to intervention development processes.
4. Report how any Many formal intervention development approaches exist and are used to
published guide the intervention development process (e.g. 65quid (16) or The 234
intervention Person Based to Intervent (17)). Where a formal
development intervention development approach is used, it is helpful to describe the
approach contributed  process that was followed, including any deviations. More general approaches
to the development to intervention development also exist and have been categorised as follows
process (3):- Target tred and
theory-based intervention development; partnership intervention
k based interver ds efficacy-
based intervention development; step or phased-based intervention
development; and intervention-specific intervention development (3). These
approaches do not always have specific guidance that describe their use.
Nevertheless, it is helpful to give a rich description of how any published approach
was operationalized.
5. Report how evidence
from different sources  !ntervention development is often based on published evidence and/oc primary
informed the data that has been collected to inform the intervention development process. 4.5
intervention Itis useful to describe and reference all forms of evidence and data that have
process. inf the of the intervention because evidence bases can
change rapidly, and to explain the manner in which the evidence and/or
data was used. Understanding what evidence was and was not available at the
time of intervention development can help readers to assess transferability to their
current situation.
6. Report how/if Reporting whether and how theory inf the inter
published theory process aids the reader’s g of the that 3
f'r:"""“:i"“ the intervention. Though not mentioned in the e-Delphi or consensus meeting, Supplementary material 4
intervention

development process,

it became increasingly apparent through the development of our guidance that

theory

N

Report any use of
components from an
existing intervention
in the current

this theory item could relate to either existing published theory or programme
Some jons are with that have been adopted from N/A
existing inter Clearly i ying that have been adopted or

adapted and acknowledging their original source helps the reader to understand and

distinguish between the novel and adopted components of the new intervention.

™

Report any guiding
principles, people or
factors that were
prioritised when
making decisions
during intervention

g any guiding p iples that g d the of the

helps the reader to understand the authors’ reasoning behind the decisions that were
made. These could include the examples of particular populations who views are

being considered when the , the

that is viewed as being

most appropriate, design features considered important for the target population,

or the potential for the Intervention to be scaled up.

Duncan E, et al. BMJ Open 2020; 10:¢033516. doi: 10.1136/bmjopen-2019-033516
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Supplementary material

BM.J Open

Page in manuscript

Item description Explanation Whete ke b locatad Other*
9, Report how Potential stakeholders can include patient and community representatives,

stakeholders local and national policy makers, health care providers and those paying for 3-8

contributed to the or commissioning health care. Each of these groups may influence

intervention the intervention development process in different ways. Specifying how differing

development process.

groups of to the inte i process
helps the reader to understand how stakeholders were involved and the
degree of influence they had on the overall process. Further detail on how to
integrate stakeholder contributions within intervention reporting are
available (19).

10. Report how the
intervention changed in
content and format
from the start of the
intervention
development process.

Intervention development is frequently an iterative process. The conclusion

of the initial phase of intervention development does not necessarily 6,78

mean that all uncertainties have been addressed. It is helpful to list supplementary material 5
remaining uncertainties such as the intervention intensity, mode of delivery,

materials, procedures, or type of location that the intervention is most suitable

for. This can guide other researchers to potential future areas of research and

practitioners about uncertainties relevant to their healthcare context.

. Reportany changes to
interventions
required or likely to
be required for

Specifying any changes that the intervention development team perceive are
required for the intervention to be delivered or tailored to specific sub groups
enables readers to understand the applicability of the intervention to their
target population or context. These changes could include changes to

| delivering the intervention, to the content of the intervention,

or to the mode of delivery of the intervention.

is not for itis for all patients with
Coronary Heart Disease

12. Reportimportant
uncertainties at the
end of the
intervention
development process.

Intervention development is frequently an iterative process. The conclusion

of the initial phase of intervention development does not necessarily mean 9
that all uncertainties have been addressed. It is helpful to list remaining

uncertainties such as the intervention intensity, mode of delivery, materials,

procedures, or type of location that the intervention is most suitable for.

This can guide other researchers to potential future areas of research and

practitioners about uncertainties relevant to their healthcare context.

13. Follow TiDieR Interventions have been poorly reported for a number of years. In response
guidance when to this, internati i i has been published to support the
describing the high quality reporting of health care? interventions®and public health supplementary material 3
fievelopefi interventions'<. This guidance should therefore be followed when describing
O a developed intervention.
Unless reports of intervention development are available people considering
18 !ieport tﬁe using an intervention cannot understand the process that was undertaken and
intervention

development process
in an open access
format.

make a judgement about its appropriateness to their context. It also limits
cumulative learning about intervention development methodology and
observed at later i ion and i i
stages. Reporting intervention development in an open access (Gold or Green)
publishing format increases the accessibility and visibility of intervention
development research and makes it more likely to be read and used. Potential
platforms for open access publication of intervention development include
open access journal publications, freely accessible funder reports or a study
web-page that details the intervention development process.

Published in an open access journal

*eg. if item is reported elsewhere, then the location of this information can be stated here.

Duncan E, et al. BMJ Open 2020; 10:¢033516. doi: 10.1136/bmjopen-2019-033516
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Appendix} Study recruitment flyer (Study 3)

HAVE YOU HAD A RECENT '

HEART EVENT?

Are you Interested In being part of a research study to help design
and develop a mobile phone app to support patients to recover from
and live well with their heart condition? If so, we want to hear from you.

Why do we need your input?
To ensure that the App, known as INTERCEPT, is developed to meet with the

needs of heart patients, we want to seek input from individuals who have
experienced heart disease.

What is involved?

We will ask you to download the INTERCEPT app to your phone and to
provide feedback on your experience of using it.

Are you eligible to take part in this study?

To participate in this study you must:
* Be over the age of 40 years
* Have had, or care for someone who has
had a cardiac event in the past 2 years
* Have a mobile phone or a tablet

We are particularly keen to hear from women, those
living in rural areas and ethnic minority groups.

*No previous experience in using mobile phone opps is reguired to participate.

If you are interested in taking part, please contact Irene
Gibson at Irene.gibson@nuigalway.ie or 086-8779059

INTERCEPT is o research project by the NIPC supported by NUY Galway, Crol and the Health Research Boord.

M€ CRe/ (ReiL.
=

Board

Fightimy Hore Diveats & Stk
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AppendixK: Consent form and participant information sheet (Study 3)

OE Ilimh National Institute for Prevention 4
Iway and Cardiovascular Health CRO’
I

ighting Heart Disease & Stroke

PARTICIPANT INFORMATION SHEET

Title of study: Using co-design to develop “INTERCEPT” a mobile health app for the
secondary prevention of cardiovascular disease

Invitation

You are being invited to take part in a research study. Before you decide to take part, we
want to make sure you understand why the research is being carried out and what it will
involve for you. This Participant Information Sheet will tell you about the purpose, risks and
benefits of this research. If you agree to take part, we will ask you to sign a Consent Form. If
there is anything that you are not clear about, we will be happy to explain it to you. Please
take as much time as you need to read this sheet. You should only consent to take partin
this research when you are sure that you understand what you are being asked to do, and
when you have had enough time to think about your decision.

Why am | receiving this invitation?
You are receiving the invitation because either (a) you have experience of heart disease or
(b) you are a carer or family member of someone with heart disease

What is the purpose of the research?

Our study aims to gain an insight into the user (patients and health care professionals)
perspective of the INTERCEPT app, to ensure it is designed to be relevant, motivational,
accessible and engaging. We want to understand how different people in different
situations may view and engage with the app, which elements are relevant and useful and
which are not. We will seek your views on the usability, content, features and visual appeal
(colours and images) of the app. Your feedback will then inform the design process, helping
to enhance the acceptability of the app to patients.

Do | have to take part?

It is totally up to you to decide whether or not to take part. If you decide to take part, you
will be given this information sheet to keep and you will be asked to sign a consent form.
After you decide to take part, you are still free to withdraw at any time without giving a
reason. A decision to withdraw will not affect your legal rights.

What will happen to me if | take part?

Once you decide to take part, the researcher will contact you to invite you to a series of
focus group meetings with the researchers and the app development team. These meetings
will take place via Zoom technology or in person (pending COVID guidelines and the
preferences of the research participants). At the first meeting you will be introduced to the
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app and will be supported with downloading the app to your phone or tablet. Following this,

B Ve National Institute for Prevention ~

=4

I»Li‘. and Cardiovascular Health CRO’
N Fig

shting Heart Disease & Stroke

we will ask you to test the app over a period of 3 weeks and to give feedback on various
aspects of the app by keeping a diary (which we will give you), completing a short
questionnaire and attending a series of follow-up focus group discussions. The meetings will
be recorded using an audio-recorder or zoom. After each focus group the researcher will
transcribe the audio recording into written text and the audio-file will be securely stored.
Your name will not be attached to the written text. The file will be saved on a secure
computer protected with a password and accessible only to the researchers. No one else
will have access to the information you provide.

How long will my participation in the study last?

Your participation in the study is anticipated to last for up to 2 months and during this time
you will invited to attend a maximum of 6 meetings. Each meeting will take between 1-1.5
hours.

Is the study confidential?

Any information you provide for the study will be kept private and confidential and will be
managed in line with current GDPR regulations. Your identity will be protected through
assignment of a unique participant identification number. Audio files will be deleted from
the recording device following transcription, and stored in a password-protected file on a
password-protected NUI Galway computer. Interview transcripts and questionnaires will be
stored in a password-protected file on a password-protected NUI Galway computer until the
PhD is completed (3 years). Only the researcher and their supervisors will have access to the
raw data. For the purposes of downloading the app to your phone and for technical support
we will need to provide the app development company your email address, which will only
be used for this purpose and will be deleted from their records after the study is complete.
Your identity will be protected in all reports and presentations of the study results. At any
time, you have the right to access your data or to request that your data be erased as
outlined by the Data Protection Act 2018.

What are the possible benefits of taking part?

Your participation will contribute to the development of a first in kind smart phone app for
the secondary prevention of cardiovascular disease in Ireland. Your opinion will help ensure
that the app is designed to meet with the needs of individuals like you, is user friendly and
engaging to use. This is important as many health apps rarely have input from the end user
into the design process resulting in low uptake and acceptance rates. We want to use the
knowledge from this study to help improve patient care and inform the future development
of CVD prevention and rehabilitation in Ireland.
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What are the possible disadvantages and risks of taking part?

Other than the time commitment, we don’t anticipate any major disadvantages or risks to
you as a result of taking part in this study. However, there is a chance that the process of
reviewing the app may highlight aspects of your own health that you may become
concerned about. If this occurs, we will offer your support through the Croi Heartlink West
telephone support service.

What happens at the end of the study?

The information you provide through the focus groups and the questionnaires will be
analysed. The results of the analysis will be shared with the app developer to inform the
design and development of INTERCEPT. The co-design process in addition to the study
outcomes will be published in an academic journal as presented at academic conferences.
The study will also be included in a PhD thesis. This will be within 2-3 years after you take
part in the study. These reports and presentations may include direct quotes from the
interviews, but the participant’s identity will never be linked to any quotes used. When we
publish and present this study, your identity will never be revealed.

What happens if | change my mind during the study?

You are free to change your mind about taking part in this study at any time up to the point
when we submit the study for publication and PhD examination, at which point your data
cannot be removed. Your legal rights or medical care will not be affected if you do change
your mind about taking part in the study.

Who do | contact for more information?
Researcher: Irene Gibson Project Supervisor: Prof. Bill McEvoy
Email: irene.gibson@nuigalway.ie Email:johnwilliam.mcevoy@nuigalway.ie

What do | do if | want to take part?

If you are interested in taking part, we ask you to carefully read the attached consent form.
If you agree with the statements, please sign the form and return via email to
Irene.gibson@nuigalway.ie or by post to Irene Gibson, Croi Heart & Stroke Centre, Moyola
Lane, Newcastle Galway within 2 weeks of receiving this email. There is a space to write
your phone number and/or email address on the form. We will only use this information to
contact you to organise meetings.
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PARTICIPANT CONSENT FORM

Participant Identification No:

Title of Project: Using co-design to develop “INTERCEPT” a mobile health app for the
secondary prevention of cardiovascular disease

Name of Researcher: Irene Gibson (PhD Scholar, Collaborative Doctoral Programme in
Chronic Disease Prevention)

If you are happy to participate in this study, please complete the following by ticking (v') the
appropriate box and sign below

Yes No

| confirm that | have read the information sheet for this study and have
had the opportunity to ask questions.

| am satisfied that | understand the information provided and have had
enough time to consider the information and understand what my
participation in the research will involve

| understand that my participation is voluntary and that | am free to
withdraw at any time, without giving any reason, without my legal rights
being affected

| agree to participate in a focus group discussion, either via Zoom or in
person and agree for this interview to be audio/video-recorded.

| give permission for anonymous quotes from the focus group to be
included in reports of the findings from the research.

I understand that any data | provide will be managed in line with current
GDPR regulations. Data will be stored securely and will not be used or
shared in a way that can make me identifiable.

| agree to take part in this study

Name of Participant Date Signature

Name of Researcher Date Signature
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AppendixL: Topic guide for usability testing (Study 3)

Topic Guide for Usability Testing Workshops

Components of the Comments:
INTERCEPT App

Were you able to find the
instructions on how to use
the app?

How helpful werghese
instructions?

Home Screen
Was it easy to understand th
home screen?

Goal setting section

fHow easy was it to
understand the goal
setting section?

fWas the importance of goa
setting clear to you? (If
no please comment)

fWere you able to set
yourself goals? (If no
please comment)

fWere you able to track you
goals? (If no please
comment)

How motivational did you
find this section?

fWhat did you most like
about this section?

fTWhat did you least like
about this section

My Health Tracker:

fHow easy was it to
understand the health
tracker section?

fTWas the importance of this
section clear to you? (if
no please comment)

fTHow easy or difficult was it
to log your information
across all sections
including mood, physical
activity, cholesterol,
blood pressure,
cholesterol and weight?
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(what might make it
easier?)
fTWhat did you most like
about this section?
What did you least like
about this section?

Resources

fWas the importance of this
section clear to you? (If
no please comment)

fWas theresufficient
information provided in
this section?

ffWhat did you like most
about this section?

TWhat did you like least
about this section?

General Comments

Did the app maintain your
interest and attention? (if no
please comment)

What did you think of the
look and feel of the app?
What aspects of the app did
you like the most?

How easy or difficult was it t
move between screens in th|
app?

Did you receive notifications
from the app?

Were these notifications
helpful or unhelpful?

Have you any suggestions
that might help improve the

app?

169




AppendixM: TIDieR Checklist (Study

receive a hard copy user support manual and are provided with a link to access frequently asked
questions (FAQs).

4. Procedures: Describe each of the procedures, activities, and/or processes used in the intervention,
including any enabling or support activities.
The components of INTERCEPT include: a home screen to support app navigation; tailored goal
setting to motivate and support healthy lifestyle changes; a health tracker to support self-monitoring
of physical activity, mood, healthy eating, medications, blood pressure, cholesterol and glucose
levels; educational resources to increase knowledge and awareness of healthy lifestyle changes
and adherence with cardio-protective medications and notifications to prompt engagement with the
INTERCEPT.

Home Screen

This is the first screen that users see when they open the app. It includes a personalised welcome
from Nurse Ciara, with specific pop up messages, including instructions for new users. It presents a
quick reference overview of goal progress and key readings for example, blood pressure which the
user can favourite for viewing. The link at the top of the screen "more" provides access to the
privacy policy, module settings and instructions. The menu bar along the bottom gives users easy
access to the app modules, which include goal setting, my health tracker, resources and contact
team.

Goal Setting

This page allows the user to set individual goals across the categories of healthy eating, physical
activity, stress management, blood pressure, weight managing, quit smoking, cholesterol, HbA1c and
blood glucose and mood. Users can choose to select from a menu of pre-set goals or can create
their own personalised goals. To set a goal, users must specify the duration and frequency of the
goal. They can track their progress, which is visually represented using a graph and a dashboard,

which shows the number of active goals, achieved goals and expired goals. Users receive

TIDieR checklist
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notifications and motivational messages to prompt them to both set and track their goals. They
receive a reward (trophies) when they both set and achieve goals.

Health tracker

This page is designed to support self-monitoring of progress across physical activity, mood, healthy
eating, smoking, medications, weight, blood pressure, cholesterol, HbA1c and glucose levels. Users
can integrate data from their blood pressure monitor and fitness wearable in this section. Tailoring of
messages, with recommended actions, including follow-up at general practice are based on
responses to pre-set questions and data entered. Feedback is presented visually through graphs and
progress can be viewed daily, weekly and monthly. When the user enters their data they receive
motivational messages to provide positive reinforcement when progressing well towards their goals
or as messages of encouragement if progress is not as expected

Resources

Provision of education information using interactive, evidence-based, credible resources from Irish
organisations such as Croi (the heart and stroke patient organisation) and the Health Service
Executive (HSE). These include: Lifestyle Ideas (goals setting, keeping active, eating to protect my
heart, moving towards a healthy weight and shape); My Mind Health (keeping stress levels down, my
mood & useful websites); Protective Medications for your Heart; Knowing My Numbers (blood
pressure, cholesterol and blood glucose and diabetes); Your Heart (Heart Conditions explained and
support services) and training on how to measure blood pressure. Users have the option to

favourite resources that are most relevant to them.

TIDieR checklist

171



172



