
 
 

DEVELOPING A DIGITAL HEALTH INTERVENTION FOR THE 

SECONDARY PREVENTION OF CARDIOVASCULAR DISEASE 

 

Irene Gibson 

Dip (Nursing), MA (Health Promotion) 

School of Medicine 

University of Galway, Galway 

 

Thesis submitted to the University of Galway, in fulfilment of the requirements for the Degree of 

Doctor of Philosophy 

 

Supervised by: 

Prof. John William McEvoy, School of Medicine, University of Galway, Galway 

Prof. Molly Byrne, Health Behaviour Change Research Group, University of Galway, Galway 

Prof. Andrew Murphy, Health Research Board Primary Care Clinical Trials Network Ireland, University 

of Galway, Galway 

Submitted October 2024



i 
 

Table of Contents 

Declaration ............................................................................................................................................... i 

Statement of Contribution ...................................................................................................................... ii 

Article-based PhD Requirements ........................................................................................................... iii 

Funding .................................................................................................................................................. iv 

List of Works ........................................................................................................................................... v 

Acknowledgments ................................................................................................................................... x 

Abstract ................................................................................................................................................. xii 

List of Tables .........................................................................................................................................xiv 

List of Figures ........................................................................................................................................xiv 

List of Appendices ................................................................................................................................. xv 

List of AbbreviationsΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧΧΧ.Χxvi 

Chapter 1. Introduction .......................................................................................................................... 1 

1.1 Chapter overview .......................................................................................................................... 1 

1.2 Cardiovascular Disease: a global health burden ........................................................................... 1 

1.3 The role of secondary CVD prevention ......................................................................................... 3 

1.4 The guideline implementation gap ............................................................................................... 4 

1.5 Barriers to secondary prevention ................................................................................................. 5 

1.6 The role of digital health in the secondary prevention of CVD .................................................... 7 

1.7 Implementation of digital health interventions.......................................................................... 12 

1.8 Digital health intervention development.................................................................................... 13 

1.9 Rationale for the research .......................................................................................................... 15 

1.10 Overall aim ................................................................................................................................ 16 

1.11 Research questions and associated publications...................................................................... 16 

Chapter 2. Methodology ....................................................................................................................... 17 

2.1 Overview ..................................................................................................................................... 17 

2.2 Aims and objectives .................................................................................................................... 17 



ii 
 

2.3 Approach to the research ........................................................................................................... 17 

2.4 Study 1: Examining the impact of a multicomponent digital CR intervention ........................... 19 

2.5 Study 2: Factors influencing implementation of digital CR: a qualitative analysis of health 

worker perspectives .......................................................................................................................... 21 

2.6 Study 3: Co-design and usability testing in the development of a DHI for the secondary 

prevention of CVD. ............................................................................................................................ 26 

2.7 Public and patient involvement .................................................................................................. 29 

2.8 The context of COVID-19 ............................................................................................................ 34 

2.9 Ethical considerations ................................................................................................................. 35 

/ƘŀǇǘŜǊ оΦ {ǘǳŘȅ м άIŀǊƴŜǎǎƛƴƎ ŘƛƎƛǘŀƭ ƘŜŀƭǘƘ ǘƻ ƻǇǘƛƳƛǎŜ ǘƘŜ ŘŜƭƛǾŜǊȅ ƻŦ ƎǳƛŘŜƭƛƴŜ ōŀǎŜŘ /ŀǊŘƛŀŎ 

Rehabilitation during COVID-мфΥ ŀƴ ƻōǎŜǊǾŀǘƛƻƴŀƭ ǎǘǳŘȅέ ................................................................... 37 

3.1 Introduction ................................................................................................................................ 38 

3.2 Methods ...................................................................................................................................... 39 

3.3 Results ......................................................................................................................................... 44 

3.4 Discussion .................................................................................................................................... 50 

3.5 Conclusion ................................................................................................................................... 53 

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

analysis of health workers perspectives ............................................................................................... 54 

4.1 Introduction ................................................................................................................................ 55 

4.2 Methods ...................................................................................................................................... 56 

4.3 Results ......................................................................................................................................... 59 

4.4 Discussion .................................................................................................................................... 64 

4.5 Conclusion ................................................................................................................................... 68 

Chapter 5. Study 3: Development of a Digital Health Intervention for the Secondary Prevention of 

Cardiovascular Disease (INTERCEPT): Co-design and Usability Testing ................................................ 70 

5.1 Introduction ................................................................................................................................ 71 

5.2 Methods ...................................................................................................................................... 72 

5.3 Results ......................................................................................................................................... 77 

5.4 Discussion .................................................................................................................................... 82 



iii 
 

5.5 Conclusions ................................................................................................................................. 85 

Chapter 6. Discussion ............................................................................................................................ 86 

6.1 Chapter Overview ....................................................................................................................... 86 

6.2 Summary of the overall findings of this research ....................................................................... 86 

6.3 Contribution of the research ...................................................................................................... 87 

6.4 Strengths and limitations ............................................................................................................ 93 

6.5 Implications for research ............................................................................................................ 96 

6.6 Implications for practice ............................................................................................................. 98 

6.7 Implications for policy ................................................................................................................. 99 

6.8 Conclusion ................................................................................................................................. 100 

References .......................................................................................................................................... 102 

Appendices .......................................................................................................................................... 125 



i 
 

Declaration 

I declare that this thesis is entirely my own work. It has not been submitted at this or any other 

university.  

 

 

Signed: ______________________ 

Irene Gibson 

  



ii 
 

Statement of Contribution 

The PhD candidate was responsible for study design, data collection, data analysis and reporting of 

all research presented in this thesis. The research was supported by three PhD supervisors; the 

Collaborative Doctoral Programme in Chronic Disease Prevention Programme Board; two National 

and LƴǘŜǊƴŀǘƛƻƴŀƭ !ŘǾƛǎƻǊǎΤ ǘƘŜ ŎŀƴŘƛŘŀǘŜΩǎ DǊŀŘǳŀǘŜ wŜǎŜŀǊŎƘ /ƻƳƳƛǘǘŜŜΤ ǘƘŜ {tIŜw9 !ŎŀŘŜƳƛŎ 

Panel and collaborators at the National Institute for Prevention and Cardiovascular Health (NIPC); 

and Croí, the West of Ireland Heart and Stroke Foundation. 

  



iii 
 

Article-based PhD Requirements 

This PhD is presented as an article-based PhD in accordance with the guidelines outlined by the 

University of Galway, Galway. Specifically, these guidelines require three peer-reviewed articles with 

the PhD candidate being first author on the major part of the work. 

 

  



iv 
 

Funding 

This research was funded from 2020-2024 by a Health Research Board Collaborative Doctoral Award 

(CDA-2019-001), awarded to Prof. Molly Byrne (co-lead applicant; University of Galway) and Prof. 

Patricia Kearney (co-lead applicant; University College Cork, Cork). Both Prof. John William McEvoy 

(University of Galway, Galway) and Prof. Andrew Murphy (University of Galway, Galway) are co-

applicants on this award. 

 

 

 

  



v 
 

List of Works 

The research conducted as part of this PhD has produced a number of publications and conference 

presentations, listed below: 

 

Published Articles: 

Gibson I, 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 Secondary Prevention of 

Cardiovascular Disease (INTERCEPT): Co-Design and Usability Testing Study 

JMIR Hum Factors 2024; 11:e63707 doi: 10.2196/63707 

Gibson I, 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 

workers perspectives [version 1; peer review: 1 approved, 2 approved with reservations]. HRB Open 

Res 2024, 7:50 (https://doi.org/10.12688/hrbopenres.13929.1) PMID: 39391821 PMCID: 

PMC11464961   

Gibson I, Jennings C, Neubeck L, Corcoran M, Wood D, Sharif F, Hynes L, Murphy A.W, Byrne M, 

McEvoy J.W. ¦ǎƛƴƎ ŀ ŘƛƎƛǘŀƭ ƘŜŀƭǘƘ ƛƴǘŜǊǾŜƴǘƛƻƴ άLb¢9w/9t¢έ ǘƻ ƛƳǇǊƻǾŜ ǎŜŎƻƴŘŀǊȅ ǇǊŜǾŜƴǘƛƻƴ ƛƴ 

coronary heart disease (CHD) patients: protocol for a mixed methods non-randomised feasibility 

study [version 1; peer review: 2 approved]. HRB Open Res 2023, 6:43 

(https://doi.org/10.12688/hrbopenres.13781.1) PMID: 38414839 PMCID: PMC10897504 

Gibson I, McCrudden Z, Dunne D, Harris A, Hynes L, Murphy E, Murphy A.W, Byrne M, McEvoy J.W. 

Harnessing digital health to optimise the delivery of guideline-based cardiac rehabilitation during 

COVID-19: an observational study. Open Heart. 2023 Mar; 10(1):e002211. doi: 10.1136/openhrt-

2022-002211. PMID: 36927866; PMCID: PMC10030287. 

 

Conference Presentations: 

Oral Presentations (National)  

Gibson I. Advancing digitally delivered CVD prevention in Ireland. NIPC National Prevention 

Conference. Athlone, Ireland. November 2023. 

Gibson I. Developing a digital intervention for the secondary prevention of CVD. Collaborative 

Doctoral Programme in Chronic Disease Prevention (CDP-CDP) 3rd Annual Summer School. University 

of Galway, Galway, Ireland. May 2023. 

https://doi.org/10.12688/hrbopenres.13929.1


vi 
 

Gibson I, Hynes L, Lillis M. The role of health related non-profit organisation in facilitating public and 

patient involvement in research: the Croí-University of Galway experience. National PPI Ignite 

Conference. Online. April 2023   

Gibson I. Delivering prevention services digitally in the home for Cardiovascular Disease. 1st 

Department of Health Research Conference, Dublin, Ireland. February 2023. 

Gibson I. Using co-design to develop and implement a digital intervention for the secondary 

prevention of CVD. CDP-CDP 2nd Annual Summer School, University of Galway, Galway, Ireland. June 

2022. 

Gibson I. CVD health in Ireland, future directions. Irish Cardiovascular Nurses National Meeting. 

Online April 2022.  

Gibson I. CVD Health in Ireland. Government of Ireland Oireachtas Joint Committee on Health. 

Online. June 2021. 

Gibson I. Developing and implementing a digital Cardiovascular Disease Prevention programme 

using a co-design approach. Inaugural CDP-CDP Summer School, University of Galway, Galway. June 

2021 

Oral Presentations (International)  

Gibson I. Global survey on strategies to enhance the delivery of cardiac rehabilitation. Global forum: 

cardiac prevention and rehabilitation. London, UK. August 2024.  

Gibson I. Strengthening Secondary prevention strategies in CVD management. World Heart 

Federation, European Society of Cardiology (ESC) Congress. London, UK, August 2024.  

Gibson I. Harnessing digital health to optimise cardiovascular prevention. Keynote address 

Australian Cardiovascular Health and Rehabilitation Association (ACRA). Sydney, Australia. October 

2023. 

Gibson I. Bridging the gap between hospital and home, the INTERCEPT digital health intervention. 

ESC Association of Cardiovascular Nurses and Allied Professionals (ACNAP) Conference. Edinburgh, 

Scotland. June 2023. 

Poster Presentations (National) 

Gibson I, YŜǊƛƴǎ /Σ CƻƭŜȅ [Σ .ȅǊƴŜ aΦΣ aǳǊǇƘȅ !Φ²Σ aŎ9Ǿƻȅ WΦ²Σ aŜŀŘŜ hΦ ά[ŜŀǾƛƴƎ ƴƻ ƻƴŜ ōŜƘƛƴŘ ƛƴ 

ǘƘŜ ŘƛƎƛǘŀƭ ŀƎŜέ IŜŀƭǘƘŎŀǊŜ ǇǊƻǾƛŘŜǊ ǇŜǊǎǇŜŎǘƛǾŜǎ ƻƴ ǘƘŜ ŦŀŎǘƻǊǎ ƛƴŦƭǳŜƴŎƛƴƎ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ŀ 

digital cardiac rehabilitation programme. NIPC National Prevention Conference, Athlone, Ireland. 

November 2023.  

Burton E, Carvalho M. Haseldine C, Dunne P, Gibson I, Kenny E, Meade O, PPI Contributors, CDP-CDP 

Leadership Programme Team. Reflections on embedding Patient and Public Involvement (PPI) 



vii 
 

throughout a structured doctoral programme. Trinity Health and Education International Research 

Conference. Dublin, Ireland. February 2023. 

Gibson I, Neubeck L, Corcoran M, Morland C, Donavan S, Jones. J, Harris A, Atrey A, Ski C, Savickas V, 

Hynes L, Murphy A.W, Byrne M, McEvoy J.W. Using co-design to develop INTERCEPT, a mobile health 

(mHealth) App, for the secondary prevention of cardiovascular disease. NIPC National Prevention 

Conference, Athlone, Ireland. November 2022.  

Dunne P, Gibson I, Kenny E, Burton E, Carvalho M, Haseldine C, Meade O. Advancing research in 

cardiovascular disease (CVD) and diabetes prevention through patient and public involvement (PPI). 

NIPC National Prevention Conference. Athlone, Ireland. November 2022. 

Gibson I, McCrudden Z, Harris A, Hynes L, Dunne D, Murphy A, Byrne M, McEvoy J.W. Harnessing 

digital health to optimise the delivery of guideline based Cardiac Rehabilitation (CR) during COVID- 

19. Sustainable Health Conference, University of Galway, Galway, Ireland. September 2022. 

Gibson I, McCrudden Z, Harris A, Hynes L, Dunne D, Murphy A, Byrne M, McEvoy J.W. Outcomes 

from a digital Cardiovascular prevention and rehabilitation programme delivered in Ireland during 

COVID 19. NIPC National Prevention Conference. Online November 2021. 

Gibson I, McCrudden Z, Harris A, Hynes L, Dunne D, Murphy A, Byrne M, McEvoy J.W. Delivering 

digital cardiovascular prevention and rehabilitation. INCA National Meeting. October 2021.  

Poster Presentations International 

Gibson I, Neubeck L, Corcoran M, Morland C, Donavan S, Jones. J, Harris A, Atrey A, Ski C, Savickas V, 

Hynes L, Murphy A.W, Byrne M, McEvoy J.W. Using co-design to develop INTERCEPT, a mobile health 

(mHealth) App, for the secondary prevention of cardiovascular disease. ESC ACNAP Conference. 

Edinburgh, Scotland. June 2024. 

Gibson I, McCrudden Z, Harris A, Hynes L, Dunne D, Murphy A, Byrne M, McEvoy J.W. Outcomes 

from a digital Cardiovascular prevention and rehabilitation programme delivered in Ireland during 

COVID-19. ESC Preventive Cardiology. Online. April 2022. 

 

Additional Publications: 

Redfern J, Gallagher RΣ aŀƛƻǊŀƴŀ !Σ /ŀƴŘŜƭŀǊƛŀ 5Σ IƻƭƭƛƴƎǎ aΣ DŀǳŎƛ {Σ hΩbŜƛƭ !Σ /ƘŀǎŜƭƛƴƎ DYΣ ½ƘŀƴƎ 

L, Thomas EE, Ghisi G, Gibson I, Hyun K, Beatty A, Briffa T, Taylor RS, Arena R, Jennings C, Wood D, 

Grace S. Cardiac rehabilitation and secondary prevention of CVD: time to think about cardiovascular 

health rather than rehabilitation. NPJ Cardiovasc Health 1, 22 (2024). 

https://doi.org/10.1038/s44325-024-00017-7 

Elfghi M, Dunne D, Jones J, Gibson I, Flaherty G, McEvoy JW, Sultan S, Jordan F, Tawfick W. Mobile 

health technologies to improve walking distance in people with intermittent claudication. Cochrane 

https://doi.org/10.1038/s44325-024-00017-7


viii 
 

Database Syst Rev. 2024 Feb 14;2(2):CD014717. doi: 10.1002/14651858.CD014717.pub2. PMID: 

38353263; PMCID: PMC10865447 

Finucane FM, Gibson I, Hughes R, Murphy E, Hynes L, Harris A, McGuire BE, Hynes M, Collins C, Cradock 

K, Seery S, Jones J, O'Brien T, O'Donnell MJ. Factors associated with weight loss and health gains in a 

structured lifestyle modification programme for adults with severe obesity: a prospective cohort 

study. Front Endocrinol (Lausanne). 2023 Oct 17;14:1257061. doi: 10.3389/fendo.2023.1257061. 

PMID: 37916153; PMCID: PMC10616877. 

Forsyth F, Borregaard B, Norekvål TM, Gibson I. The heart of the matter: advocacy in cardiovascular 

nursing and allied professions. Eur J Cardiovasc Nurs. 2023 Dec 14;22(8):e120-e122. doi: 

10.1093/eurjcn/zvad053. PMID: 37249044 

Breen C, O'Connell J, Geoghegan J, O'Shea D, Birney S, Tully L, Gaynor K, O'Kelly M, O'Malley G, 

O'Donovan C, Lyons O, Flynn M, Allen S, Arthurs N, Browne S, Byrne M, Callaghan S, Collins C, Courtney 

A, Crotty M, Donohue C, Donovan C, Dunlevy C, Duggan D, Fearon N, Finucane F, Fitzgerald I, Foy S, 

Garvey J, Gibson I, Glynn L, Gregg E, Griffin A, Harrington JM, Heary C, Heneghan H, Hogan A, Hynes 

M, Kearney C, Kelly D, Neff K, le Roux CW, Manning S, McAuliffe F, Moore S, Moran N, Murphy M, 

Murrin C, O'Brien SM, O'Donnell C, O'Dwyer S, O'Grada C, O'Malley E, O'Reilly O, O'Reilly S, Porter O, 

Roche HM, Rhynehart A, Ryan L, Seery S, Soare C, Shaamile F, Walsh A, Woods C, Woods C, Yoder R. 

Obesity in Adults: A 2022 Adapted Clinical Practice Guideline for Ireland. Obes Facts. 2022;15(6):736-

752. doi: 10.1159/000527131. Epub 2022 Oct 24. PMID: 36279848; PMCID: PMC9801383. 

Curneen JM, Judge C, Traynor B, Buckley A, Saiva L, Murphy L, Murray D, Fleming S, Kearney P, Murphy 

RT, Aleong G, Kiernan TJ, O'Neill J, Moore D, Nicaodhabhui B, Birrane J, Hall P, Crowley J, Gibson I, 

Jennings CS, Wood D, Kotseva K, McEvoy JW. Interhospital and interindividual variability in secondary 

prevention: a comparison of outpatients with a history of chronic coronary syndrome versus 

outpatients with a history of acute coronary syndrome (the iASPIRE Study). Open Heart. 2021 

Jun;8(1):e001659. doi: 10.1136/openhrt-2021-001659. PMID: 34172561; PMCID: PMC8237732. 

Zafar H, Hall P, Sengupta R, Dineen B, Houlihan A, Sharif R, Gibson I, Sahrif, F.  Patient Empowerment 

Through Community-Based Hypertension Educational Programme in the West of Ireland. SN Compr. 

Clin. Med. 3, 1096ς1105 (2021). https://doi.org/10.1007/s42399-021-00846-y 

Wilhelm M, Abreu A, Adami PE, Ambrosetti M, Antonopoulou M, Biffi A, Cavarretta E, D'Ascenzi F, 

Gibson I, Grobbee DE, Iliou MC, Koskinas K, Marques-Vidal P, Nixdorff U, Papadakis M, Piepoli MF, 

Vassiliou V, Wood D, Dendale P, Halle M. EAPC Core Curriculum for Preventive Cardiology. Eur J Prev 

Cardiol. 2022 Feb 19;29(1):251-274. doi: 10.1093/eurjpc/zwab017. Erratum in: Eur J Prev Cardiol. 

2021 Dec 29;28(15):1719. PMID: 33791783. 



ix 
 

Brazil JF, Gibson I, Dunne D, Hynes LB, Harris A, Bakir M, Keegan D, McGuire B, Hynes M, Collins C, 

Foy S, Seery S, Bassett P, Davenport C, Jones J, Finucane FM. Improved Quality of Life, Fitness, 

Mental Health and Cardiovascular Risk Factors with a Publicly Funded Bariatric Lifestyle Intervention 

for Adults with Severe Obesity: A Prospective Cohort Study. Nutrients. 2021; 13(11):4172. 

https://doi.org/10.3390/nu1311417 

 

Book Chapter: 

Jennings C, Berra K, Hayman L, Gibson I, Jones J, Atrey A, Thompson D.R, Ski C, Kerins M, Conboy T, 

Neubeck L, Gallagher R, and Koob S.  Cardiovascular prevention and rehabilitation. In Jennings C, 

Astin F, Fitzsimons D et. al., editors. ESC Textbook of Cardiovascular Nursing. Oxford: Oxford 

University Press. 2022. Chapter 11. 

 

PhD Training and Development: 

Training and Development during the PhD Candidature are outlined in Appendix A 

  

https://doi.org/10.3390/nu1311417


x 
 

Acknowledgments 

I am extremely grateful to my primary supervisor Prof. Bill McEvoy for his expertise, guidance, and 

support over the past four years. Your commitment to academic excellence, pragmatism, and 

kindness meant that no challenge felt insurmountable during this PhD. To my co-supervisors Prof. 

Molly Byrne and Prof. Andrew Murphy, thank you for your invaluable support, encouragement, and 

guidance. As a supervisory team you created a positive environment to learn in and your collective 

knowledge and expertise significantly helped to shape this research.  

 

This PhD journey began with a conversation with Prof. Molly Byrne at the National Institute for 

Prevention and Cardiovascular Health - National Meeting where we discussed the opportunity to 

apply for the Health Research Board (HRB) Collaborative Doctoral Award (CDA). Your vision, together 

with that of Prof. Patricia Kearney and the entire Collaborative Doctoral Programme (CDP) in Chronic 

Disease Prevention (CDP) consortium, made pursuing what was an academic aspiration a reality. I 

would like to acknowledge Valerie Parker, our amazing programme manager, and my fellow CDP-

CDP colleagues Clair, Eanna, Edel, Márcia and Pauline for sharing your skills and experiences and for 

making the completion of this PhD such an enjoyable experience.  

 

I am extremely thankful to the HRB for developing the CDAs and for supporting professionals from 

health-related disciplines, to conduct patient focused research. This support, together with the high-

quality programme of learning offered through SPHeRE, has been invaluable in helping me advance 

my knowledge, skills, and competencies in population health and health service research, which I 

know will serve me well as I progress in my career. 

 

Sincere thanks to my Graduate Research Committee, Prof. Gerard Flaherty, Prof. Catriona Jennings, 

and Prof. Jenni Jones for your advice and guidance over the past four years. You have been constant 

mentors throughout my career, and I am truly grateful for your support.  

 

Thank you to all my friends and colleagues at Croí and the NIPC who have inspired and encouraged 

me on this PhD journey. Your work serves as a constant reminder as to why this research matters. 

 

Special thanks to the Croí PPI group, for sharing your experiences and guiding this research. Your 

insights, advice, and words of encouragement over the four years were invaluable and I feel truly 

honored and privileged to have worked with you all. I am also thankful to everyone who generously 

gave of their time and participated in the various research studies. 



xi 
 

 

Thank you to my family and friends for your ongoing positivity and motivation over the course of the 

PhD. Special thanks to Shirley for being the best sister-in-law, and for going above and beyond in so 

many ways.  

Undertaking this PhD would not have been possible without the support of my husband Garry. Your 

constant encouragement, patience, and belief in me made everything possible and I will be forever 

grateful to you. To Isabelle and Aoileann, you have grown with me on this journey, and you are a 

constant reminder of what truly matters in life. I hope that by seeing your mum complete this PhD 

that it will inspire you to always pursue your dreams. 

This thesis is dedicated to my parents Mary and John. Mam, you have always encouraged me to 

reach for the stars, embrace challenges and to believe that you can be anything you want to be. To 

my late dad you taught me that if you do something you love you will never work a day in your life. 

 

  



xii 
 

Abstract 

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

  Background: Secondary prevention is an important strategy to reduce the burden of 

cardiovascular disease (CVD). While 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 persistently poor. Digital health 

interventions (DHIs) including mobile apps have the potential to offer innovative, scalable 

approaches that improve the provision of timely secondary prevention. However, despite these 

potential benefits, adoption of DHIs into routine clinical practice has been slow.  Furthermore, 

although secondary prevention DHIs such as CR have been compared to traditional in-person 

programmes, there has been little research focusing on the development of these DHIs, with limited 

use of co-design to approaches. There is also a lack of understanding of the systems required to 

support implementation, scalability, and sustainability. 

  Aim: The overall aim of this research was to advance knowledge on the development of DHIs for 

the secondary prevention of CVD. In line with this aim, the research included in this thesis sought to: 

(i) examine current practice, by assessing the outcomes of a multicomponent digital CR intervention 

delivered in Ireland during the COVID-19 pandemic, (ii) to identify factors influencing 

implementation of this digital CR programme from the perspective of health workers, and (iii) to use 

the resulting evidence to inform the development of a DHI known ŀǎ άLb¢9w/9t¢έ for the secondary 

prevention of CVD that could be provided to patients with coronary heart disease(CHD) at the 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 Council (MRC) framework for developing and evaluating complex interventions. In the first 

study, a single-centre observational study was conducted to examine the outcomes (lifestyle, risk 

ŦŀŎǘƻǊΣ ǘƘŜǊŀǇŜǳǘƛŎ Ǝƻŀƭǎ ŀƴŘ ǉǳŀƭƛǘȅ ƻŦ ƭƛŦŜύ ƻŦ ŀ ŘƛƎƛǘŀƭ /w ǇǊƻƎǊŀƳƳŜ ŎŀƭƭŜŘ άCroí MySláƛƴǘŜέΦ ¢ƻ 

help identify the contextual factors influencing implementation of secondary prevention DHIs, a 

qualitative analysis of health worker perspectives on this programme was conducted in Study 2. 

In Study 3, a person-based, co-design approach to the development of INTERCEPT, inclusive of 

usability testing was adopted. 

  Findings: The observational study of Croí MySláinte (Study 1) showed that multicomponent 

digital CR can be successfully implemented to help patients achieve guideline recommended 

lifestyle, medical and therapeutic targets that are comparable to in-person CR programmes. Insights 

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 



xiii 
 

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 end user, key 

design principles, and the desired app features and content were established through the use of co-

design. Through an iterative process, including usability testing, this facilitated the development of a 

theory informed intervention, which comprised of a mobile Health app linked to a health care 

professional portal and wearable technology.   

  Conclusion: Increasing emphasis is being placed on prioritising the development of DHIs for the 

secondary prevention of CVD. This research contributes to the evidence base for the development of 

such interventions by examining real world evidence including clinical outcomes and contextual 

factors influencing implementation and integrating these findings with the use of co-design to 

inform the development of INTERCEPT. By adopting a mixed method, theory based, approach to the 

development of the INTERCEPT DHI, this programme of research has paved the way for next step 

feasibility testing and definitive evaluation of effectiveness and future replication.  
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Chapter 1. Introduction 

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 condition. Secondary 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 overview of 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 globally.(1) 

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 of age.(2) 

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 of age.(3) CVD 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 burden.(4) ASCVD 

includes coronary heart disease (CHD), cerebrovascular disease, peripheral artery disease, and 

atherosclerotic aortic disease. Of these, CHD is the most common manifestation, leading to 

myocardial infarction (MI), angina and coronary artery stenosis.(5)  

 Over the past three decades there has been a significant decline globally in age-standardised 

death rates from CVD, from 354.5 deaths per 100,000 in 1990 to 239.9 deaths per 100,000 in 2019.(6) 

This decline can be attributed to improvements in the control of major CVD risk factors and 

advancements in treatments.(7, 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 States (US) and Europe, 

especially among younger people.(1) For example in England, CHD mortality rates for persons under 

the age of 75 years increased by 14.3% between 2019 and 2022.(9) The epidemic of obesity and type 

II diabetes are considered to be major contributors.(10) Furthermore, there is a disproportionate 

distribution of CVDs, with 80% of all CVD deaths worldwide occurring in low and middle-income 

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 and between males and females.(12) For example, women have a 20% 

increased risk of dying or developing heart failure within five years after their first severe heart attack 

compared to men.(13)  
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 While age-standardised 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 2019.(1) 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 are associated with poorer health 

outcomes.(14) Indeed, people with CHD are twice as likely to experience anxiety and depression in 

comparison with the general population.(15) 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 a European Union (EU) population-based cost study estimated that the economic cost of CVD 

in the European Union (EU), was ϵнун ōƛƭƭƛƻƴ, ϵмлл ōƛƭƭƛƻƴ ƳƻǊŜ ǘƘŀƴ ǘƘŜ ŜƴǘƛǊŜ 9¦ ŀƴƴǳŀƭ ōǳŘƎŜǘ.(16) 

Of these costs, health and long-ǘŜǊƳ ŎŀǊŜ ŀŎŎƻǳƴǘ ŦƻǊ ϵмрр ōƛƭƭƛƻƴΣ ǇǊƻŘǳŎǘƛǾƛǘȅ ƭƻǎǎŜǎ ŀŎŎƻǳƴǘ ŦƻǊ ϵпу 

ōƛƭƭƛƻƴ ŀƴŘ ƛƴŦƻǊƳŀƭ ŎŀǊŜ Ŏƻǎǘǎ ǿŜǊŜ ϵтф ōƛƭƭƛƻƴΦ(16) While the economic costs for CVD vary 

considerably across the 27 EU countries, for Ireland, /±5 ǊŜǇǊŜǎŜƴǘŜŘ ŀ Ŏƻǎǘ ƻŦ ϵртп ǇŜǊ ŎƛǘƛȊŜƴ, with 

the total cost estimated at 3.42 billion.(16) 

 Driven by the aging and growing population, the burden of non-communicable 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 32.3 million in 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, dyslipidaemias, diabetes).(18) Of these factors, smoking, 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 COVID-19, migration, conflicts and much more, highlight the escalating challenges 

global health systems face in addressing the CVD disease burden.(12) At a global level, the United 

Nations Sustainable Development Goals (SDGs) have set a target to reduce mortality from NCDs such 

as CVD by a third by 2030. To 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 responses that 

cover all dimensions of CVD health.(12, 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 reduce the CVD burden.(22-24)  
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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) events.(25) Consequently, this has led to an 

increasing number of people requiring ongoing, lifelong secondary prevention. As defined by the 

²ICΣ ǎŜŎƻƴŘŀǊȅ ǇǊŜǾŜƴǘƛƻƴ ǊŜŦŜǊǎ ǘƻ άŀƴȅ ǎǘǊŀǘŜƎȅ ǿƘƛŎƘ ŀƛƳǎ ǘƻ ǊŜŘǳŎŜ ǘƘŜ ǇǊƻōŀōƛƭƛǘȅ ƻŦ ŀ 

recurrent CVD event in patients wiǘƘ ŜǎǘŀōƭƛǎƘŜŘ !{/±5έΦ(4) Nearly half of all CV events occur in 

patients with established CHD, with 18% experiencing a recurrent event in the first year after MI.(25) 

Early initiation of comprehensive, secondary prevention can mitigate a large part of this risk 

providing an estimated gain of seven CV event free years, whilst improving quality of life, reducing 

reƘƻǎǇƛǘŀƭƛǎŀǘƛƻƴΩǎ ŀƴŘ ŎƻǎǘǎΦ(26, 27). Guideline recommended, secondary prevention treatments 

include medication (antiplatelet treatments, lipid lowering agents, angiotensin converting enzyme 

inhibitors, angiotensin receptor blockers (ARB), beta blockers), lifestyle modification (tobacco 

cessation, increased physical activity, healthy diet), together with access to cardiac rehabilitation 

(CR).(22, 28)  

1.3.1 Cardiac rehabilitation  

 CR is a multifaceted intervention that supports patients to achieve the recommended 

secondary prevention targets that provide optimal health benefits, including psychosocial 

wellbeing.(22) Lǘ ƛǎ ŘŜŦƛƴŜŘ ōȅ ǘƘŜ ²Ih ŀǎ άǘƘŜ ǎǳƳ ƻŦ ŀŎǘƛǾƛǘƛŜǎ ŀƴŘ ƛƴǘŜǊǾŜƴǘƛƻƴǎ ǊŜǉǳƛǊŜŘ ǘƻ 

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 proper place in society and lead an 

ŀŎǘƛǾŜ ƭƛŦŜέΦ(29) Its core components 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 behaviour change and 

education.(28, 30) The evidence base for CR is well established and consistently demonstrates a 

favourable impact on CVD mortality, hospital readmissions, and in some studies, all-cause mortality 

in patients with CHD. (31-33) The most recent Cochrane review by O Dibben et al., confirms the 

benefits of exercise based CR in reducing CVD mortality by 26% [risk ratio (RR): 0.74, 95% confidence 

interval (CI): 0.64ς0.86, number needed to treat (NNT): 37], overall hospitalizations by 23% (RR: 

0.77, 95% CI: 0.67ς0.89, NNT: 37) and fatal and/or non-fatal MI by 18% (RR: 0.82, 95% CI: 0.70ς0.96, 

NNT: 100). (26) In addition, this review which included 85 randomised controlled trials (RCTs), 

involving 23,430 participants with a median follow-up 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 interventions (n=47). Multicomponent interventions are advocated by 

various International organisations, including the WHF, the ESC and the British Association of Cardiac 
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Rehabilitation and Prevention (BACPR).(4, 28, 34) and have been shown to elicit greater survival 

benefits when compared to exercise only interventions.(35) Systematic review and meta analyses 

evidence shows that multicomponent CR addressing six or more risk factors can reduce all-cause 

mortality by 37% in comparison to less comprehensive CR programmes.(32) While early CR 

programmes focused on supervised exercise to counter deconditioning post MI, these data 

emphasise the need for CR to adopt a comprehensive approach that places equal importance on all 

CVD risk factors.(28)  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 chronic coronary 

syndrome, with lower risk and cost.(36) In addition to clinical efficacy, systematic review evidence 

shows CR to be cost effective.(37) Reflective of both this clinical and economic evidence base, CR is a 

Class 1, Level A recommendation for patients living with CHD and heart failure in current 

international clinical guidelines.(22, 38-40)  

1.4 The guideline implementation gap 

 Despite the compelling evidence for secondary prevention, large implementation gaps persist 

between guidelines and practice. Data from multiple studies including: European Action on 

Secondary and Primary Prevention by Intervention to Reduce Events V (EUROASPIRE);(41) Reduction 

of Atherothrombosis for Continued Health (REACH) Registry, the WHO study on Prevention of 

Recurrences of Myocardial Infarction and Stroke (WHO-PREMISE);(42) the Prospective Urban Rural 

Epidemiology (PURE) study;(43) the prospective observational LongitudinAl RegIstry oF patients with 

stable coronary arterY disease (CLARIFY) study;(44) the Dyslipideemia International Study 

(DYSIS)(45); and the International Action on Secondary Prevention through Intervention to 

Reduce Events (INTERASPIRE) study(46) all demonstrate persistent sub-optimal CVD risk factor 

control in patients with CHD across the globe. In Europe, 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 thirds not achieving 

the recommended Low Density Lipoprotein (LDL) cholesterol targets.(41) Importantly, disparities 

exist in relation to management of CHD between sexes, the presentation type of CHD and between 

high-income countries (HIC) and low and middle-income countries (LMIC).  For instance, studies have 

shown that women are less likely to receive cardio-protective medications, such as antiplatelets, 

lipid and blood pressure (BP) lowering medication in comparison to men.(47-49) In terms of 

presentation type, the Irish Action on Secondary and Primary prevention by Intervention to Reduce 

Events (iASPIRE) study showed that stable chronic coronary syndrome patients are less likely to 

receive the same intensity of secondary prevention than acute coronary syndrome (ACS) 
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patients.(50) Furthermore, findings from the PURE study highlighted that more than 75% of patients 

with established CHD or stroke in LICs were not taking secondary medications compared to less than 

10% in HICs.(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 poor.(30, 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 region.(53) In Ireland, survey data show that 40% of patients are waiting 

at least three months for CR,(54) and there is wide variability in patient attendance from 34% to 97% 

between hospital sites.(50) 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 sessions.(41) Moreover, there is evidence to show that CR is not as well 

implemented as other secondary prevention treatments.(52) Based on US data only 12% of CHD 

patients are referred to CR versus 97% for blood pressure assessment and 81% for lipid lowering.(55, 

56) To successfully address the challenges associated with guideline implementation a 

comprehensive understanding of the barriers to secondary prevention are required.  

1.5 Barriers to secondary prevention  

 Barriers to secondary prevention are multifaceted and exist at multiple levels including the 

individual, the healthcare professional, and the health system.(4, 24, 57) They are influenced by 

geography, economic status, sociocultural factors and structural bias leading to ethnicity and 

gender-related inequalities.(4)  

 At an individual level, non-adherence to lifestyle recommendations, cardio-protective 

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 difficult to make and to sustain.(4) 

Related to this, barriers include lack of family support, beliefs about lifestyle, competing demands, 

and anxiety and depression.(58) Reasons for low adherence to medications relate to cost, beliefs 

about the benefits of medications and potential side effects, low health literacy levels, self-efficacy 

and social support.(59) 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 a disproportionately low rate of CR participation among women, 

members of ethnic minority groups, older adults and those with multiple co-morbidities.(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 the family and lack of financial and social 
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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 hospital-based models of CR which were 

ŘŜǎƛƎƴŜŘ ƻǾŜǊ сл ȅŜŀǊǎ ŀƎƻ ǘƻ ŜǾƻƭǾŜ ǘƻ ǘƻŘŀȅΩǎ ǎƻŎƛŜǘŀƭ ŀƴŘ ƘŜŀƭǘƘ ǎȅǎǘŜƳ ƴŜŜŘǎΦ CƻǊ ƻǇǘƛƳŀƭ 

adherence, greater emphasis on offering patients choice in how, when and where they can access 

CR is required, whilst also ensuring programmes are culturally appropriate and inclusive.(63) In 

addition, as many patients who adopt healthier lifestyles during CR relapse to pre-cardiac event 

habits when returning to everyday life,(64) greater emphasis on long-term secondary prevention 

self-management support is required.   

 For HCPs, multiple factors influence implementation of guideline recommended secondary 

prevention. These include knowledge, skills, attitudes, limited time and resources and financial 

incentives, all of which lead to clinical inertia.(65) 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 motivation or are unable to attend; as well as the 

clinicians own health beliefs.(66) Moreover, secondary prevention guideline implementation has 

shown to be worse in countries where there is limited availability of local evidence-based 

guidelines.(4) Therefore, adapting international guidelines to local settings, in partnership with 

National Societies, or key experts in the field, is required to help address this.(4)   

 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 medications.(67) Furthermore, 

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 al., found 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 CHD.(68) 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 CHD.(53) 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 CR delivery is 

unsustainable.(69)   

 Barriers to secondary prevention were further exacerbated by the Coronavirus Disease 19 

(COVID-19) pandemic. Not only were patients with pre-existing CVD at increased CVD risk when they 

acquired COVID-19, but they also experienced worse clinical outcomes due to disruptions in CV care 

services.(70) The repercussions of these disruptions resulted in: fewer patients calling for help when 
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experiencing symptoms of heart attack or stroke; patients postponing cardiology clinical 

appointments; temporary postponement of elective cardiac and angioplasty procedures; and 

decreases in referrals to and availability of CR.(20, 71) Furthermore, reported increases in pandemic 

related psychosocial distress, including isolation among patients with CVD,(72) resulted in a 

significant increase in referrals to cardiac psychology services post COVID-19.(71)  

 Developing innovative, sustainable, and scalable secondary prevention interventions and 

strategies are key to addressing the aforementioned barriers.(73) Recommended strategies range 

from health policy interventions (these focus on addressing the commercial, environmental, and 

societal threats to CV health) to strengthening secondary prevention services at a health systems 

level, to individual approaches which focus on improving health literacy and supporting self-

management.(4) To improve uptake of CR there is a need to develop more patient-centred, 

innovative approaches that promote personalisation and flexibility in service delivery. Importantly, 

such approaches need to focus on early initiation of secondary prevention, ideally within two weeks 

ƻŦ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ƛƴŘŜȄ ŜǾŜƴǘΦ {ǘŀǊǘƛƴƎ ǿƛǘƘƛƴ ǘƘƛǎ ǘƛƳŜŦǊŀƳŜ Ƙŀǎ ōŜŜƴ ǎƘƻǿƴ ǘƻ ƛƳǇǊƻǾŜ ǳǇǘŀƪŜ ŀƴŘ 

adherence to CR.(22, 28) Accelerated by the COVID-19 pandemic, there is increased recognition of 

the potential of digital health (DH), to transform secondary preventive care. Accordingly, the WHF 

have prioritised the leveraging of DHIs and technologies as one of four main domains for action in 

their World Heart Vision 2030 policy.(12) 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 learn.(74) The healthcare landscape is also rapidly evolving with 

digital technologies being integrated into everyday healthcare practices. With over 70% of the 

ǿƻǊƭŘΩǎ ǇƻǇǳƭŀǘƛƻƴ ǳǎƛƴƎ ŀ ǎƳŀǊǘ ǇƘƻƴŜΣ(75) digital health offers a promising opportunity for timely 

and convenient health care. ¢ƘŜ ǘŜǊƳ ΨŘƛƎƛǘŀƭ ƘŜŀƭǘƘΩ refers to the intersection of computer science 

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

describe digital health technologiesΣ ǘƘŜ ǘŜǊƳ ΨŘƛƎƛǘŀƭ ƘŜŀƭǘƘ ƛƴǘŜǊǾŜƴǘƛƻƴΩ (DHI) is used throughout 

this thesis in line with WHO recommendations to describe these technologies.(76)  

 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 example smart phone apps, wearables, text messaging); telemedicine 

(provision of health services remotely); as well as emerging fields such as big data analytics, artificial 

intelligence (AI) and machine learning.(77) Pertaining to CVD, there are a wide range of DHIs, which 
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span the health care continuum from prevention to pre and post hospital care, to long-term support, 

and self-management. These DHIs have many potentials applications. For example, inflatable 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 potential to enhance health outcomes by: 

improving clinical diagnosis and management; enhancing self-management and shared decision 

making; improving reach; and providing more continuous, equitable, person-centred care.(74, 78, 

79) While DHIs can be classified according to their target group, i.e., the patient, the HCP, and the 

health system,(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, 

which comprises improving population health, improving patient and provider experiences, and 

reducing health care costs.(80) DHIs are 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 adoption.(81) Accordingly, the WHO recommends that 

each country should develop a digital health action plan, which prioritises implementation of 

DHIs.(82) Launched in 2024, the Digital Health Framework for Ireland (2024-2030) 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 equitable healthcare.(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 home.(84) However, to date, 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 DHIs, there is increasing evidence for their use, with the 

majority of this research being published since 2020.(74) Specific to CVD, a recent macro-scale 

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 emerging area of increasing growth.(81) 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 by the COVID-19 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 40% of CR 

services pivoted to digital programme delivery within three months of the pandemic,(85) with 

uptake rates of home-based programmes (which include DHIs) increasing three-fold in countries 

such as the United Kingdom (UK).(86) These pandemic-induced developments not only highlight the 
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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 as web-based platforms, mHealth, wearables, 

virtual reality, and email.(79, 87, 88) While the use of mHealth applications (apps) and web-based 

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 digital CR highlighted that an average 2.6 modes 

of delivery were used across 21 of the 25 included studies.(87) Recent meta-analysis data show that 

secondary prevention DHIs appear to be associated with reductions in all-cause mortality (relative 

risk (wwύ Ґ лΦрмΣ фр҈ /L лΦо-0.70, p < .01), systolic blood pressure (ƳŜŀƴ ŘƛŦŦŜǊŜƴŎŜ Ґ-5.28, 95% CI -

9.47-1.08, p = .01)Σ ŀƭƭ ŎŀǳǎŜ ǊŜƘƻǎǇƛǘŀƭƛǎŀǘƛƻƴΩǎ όww Ґ лΦпрΣ фр҈ /L лΦол-0.67, p < .01) and lower 

medication non-adherence rates (ww Ґ лΦомΣ фр҈ /L лΦнл-0.46, p< .01), compared to standard care 

following acute coronary syndrome (ACS). (89) While the number of studies in this review was small 

(n=14), similar results have been observed in systematic reviews and meta-analysis of mHealth 

secondary prevention interventions.(90-92) These reviews highlighted additional benefits which 

included: improvements in physical activity (standardised mean difference [SMD]=0.42, 95% CI: 

0.04-0.81; p=.03); exercise capacity (SMD=21.64, 95% CI: 12.72-30.55; p<.001); physical and mental 

dimensions of quality life (SMD=0.26, 95% CI: 0.09-0.44; P=.004 and SMD=0.27, 95% CI: 0.06-

0.47; p=.01, respectively)(90),  self-rated anxiety (weighted mean difference = ҍсΦтлΣ фр҈/LΥ-7.78 

to ҍрΦснΣ p < 0.001) and depression (weighted mean difference= ҍтΦутΣ фр҈/LΥ ς8.97 

to ҍсΦтсΣ p < 0.001)(92) as well as reductions in the incidence of major adverse cardiovascular events 

(MACEs) by 32% (RR:0.68, 95% CI: 0.48 to 0.97, p= 0.03)(92) cardiac-related hospitalisations by 45% 

(RR:0.55; 95% CI: 0.44-0.68) and emergency department visits by 63% (RR: 0.37; 95% CI: 0.26-

0.54).(91) However, in contrast to other secondary prevention DHIs,(89) mHealth interventions do 

not appear to offer greater benefits than usual care for all-cause mortality.(90, 91)  

 Furthermore, mHealth apps are a promising strategy for enhancing self-management among 

patients with CVD. A systematic review and meta-analysis by Coorey et al., showed improvements in 

disease specific knowledge as well as multiple behaviours and CVD risk factors.(93) However, 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 show positive health outcomes, they lack many of the 

functions to optimise self-management and user satisfaction is often low.(94)  
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 While the short- to medium-term effectiveness of secondary prevention DHIs are well 

documented, there is also evidence to show that these DHIs are effective in improving long-term 

ƳŀƴŀƎŜƳŜƴǘ όҗ мн ƳƻƴǘƘǎύ ƻŦ Ǌƛǎƪ ŦŀŎǘƻǊǎ ŀƴŘ ǊŜƻŎŎǳǊǊŜƴŎŜ ƻŦ /±5 ŜǾŜƴǘǎ ƛƴ Ǉatients with CVD. A 

systematic review and meta-analysis by Su and Liu et al., which included 10 RCTs, showed that DHIs 

Ŏŀƴ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ǊŜŘǳŎŜ [5[ ŎƘƻƭŜǎǘŜǊƻƭ ό{a5 Ґ ҍлΦнсΣ фр҈ /LΥҍлΦоуΣ ҍлΦмпΣ p< 0.001); systolic blood 

ǇǊŜǎǎǳǊŜ ό{a5 Ґ ҍлΦпсΣ фр҈ /LΥ ҍлΦупΣ ҍлΦлуΣ p= 0.02); and re-hospitalization, reoccurrence, and 

mortality (risk ratio = 0.36, 95% CI:0.17, 0.77, p= 0.009) ŀǘ җ мн ƳƻƴǘƘǎ.(95) Contrary to previous 

reviews, the reductions in LDL cholesterol were an encouraging finding and suggest that long-term 

follow-up of DHIs beyond six months are required in part because interventions to improve the 

control of medical risk factors such as LDL can take time to have an effect.(96) There 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 research,(97) further cost-effectiveness 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 home-based telerehabilitation, telehealth CR, virtual, 

remote or eHealth, involves the use of information and communication technologies to deliver CR at 

a distance outside of traditional hospital-based centres.(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 achieve improved CVD risk factor control, health related 

quality of life, medication adherence, enhanced self-management and shared decision making 

among patients with coronary heart disease in comparison to usual care.(79, 88, 98, 99) Usual 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 telerehabilitation, effects on functional capacity, physical activity behaviour, smoking status, 

medication adherence, quality of life, depression, cardiac related hospitalisations and mortality, 

were comparable with centre based CR.(88) While the conclusions of these reviews are based on 

short and medium term follow-up, the longer-term benefits of digital CR (җ12months) are less well 

studied. Findings from a systematic review and meta-analysis by Zhong et al.,(100) highlight that 

cardiac tele-rehabilitation is more effective in improving cardiopulmonary fitness and quality of life 

long-term than usual care. However, no significant differences between cardiac telerehabilitation 

and usual care for body mass index (BMI), blood 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 centre-based programmes. Therefore, more data are needed to 

confirm if the short-medium 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% CI: 1.04ς1.32; p=0.009) and were 

1.8 times more likely to complete digital CR in comparison to centre based CR.(101) These findings 

are consistent with a recent systematic review and meta-analysis, which showed improved 

adherence in digital CR versus usual care or centre based CR.(100) In 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 adherence.(102)  

 Based on this growing evidence, various international organisations such as the WHF, ESC, 

American Heart Association (AHA), and others endorse the use of DHIs for the secondary prevention 

of CVD.(60, 103, 104)  Furthermore, 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 long-term 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 are remaining knowledge gaps that need to be addressed. Firstly, these 

interventions lack standardisation in terms of their components, content, duration, personnel 

involved, modes of delivery and outcomes reported. For example, in two recent digital CR systematic 

reviews, only 20% of studies delivered five or more of the recommended CR components, with 

exercise training being the most commonly reported component across almost all interventions.(79, 

87) These issues do not just pertain to CVD DHIs, a recent critical review of 342 research articles 

across three digital health journals highlighted that the majority of studies do not offer an adequate 

description of DHI features.(105) 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 settings.(106) 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 delivery.(103) Secondly, there is limited data on which patients are best 

served by DHIs, as most studies tend to focus on homogenous populations, that are male dominated 

and where the majority of participants are younger (<66 years).(87, 90, 100). While DHIs have the 

potential to improve health equity, they may also paradoxically widen the digital divide.(103) For 

instance, it is well established that individuals of higher socioeconomic status are the first to adopt 
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and benefit from DHIs.(107) Indeed while the number of digital CR studies increased during the 

COVID-19 pandemic, these studies frequently excluded underrepresented groups.(103) Therefore, 

ensuring greater patient diversity, including women, older adults and underrepresented ethnic 

minority groups in future DHI research is warranted. This may also help address the issue of 

selection bias, a known confounder of DHI research. Thirdly, despite multiple recommendations for 

early access to secondary prevention there have been very few studies evaluating health apps in 

critical care settings such as the hospital coronary care unit. While the majority of DHIs tend to be 

deployed in out-patient settings, it has been posited that the benefits of DHIs may be more apparent 

when implemented during or soon after admission.(108) A recent nonrandomised, multicentre 

controlled trial among patients with acute MI showed that using a DHI from the early days of 

hospitalisation can improve self-management and reduce 30 day hospital readmissions.(109) 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 base. Fourthly, the trials to date for digital CR have not been 

powered to provide definitive conclusions on hard clinical endpoints like CVD or all-cause death. 

Finally, measurement of outcomes at end of programme is a recommended core component of 

modern CR in various international guidelines and statements.(110, 111) However, this was 

challenging to achieve during the COVID-19 pandemic and there are limited studies reporting on 

clinical, lifestyle and psychosocial outcome both in the short and longer term during this period. As 

health systems are being urged to learn from the pandemic with a view to reassessing how they will 

deliver services in future, robust monitoring and evaluation of digital CR interventions are required 

to inform best practice.(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 sparse.(112) Indeed, many reported 

secondary prevention DHIs are still in the early stages of development and are often being tested as 

part of short-term feasibility studies.(103) In turn, those that have demonstrated efficacy through 

RCTs are not available to the public. For example a recent scoping review by Cruz-Ramos, (94) 

highlighted that only 2 of 16 mHealth apps analysed for the self-management of CVD were publicly 

available through digital distribution platforms. Furthermore, 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 downloading.(113) Implementation of DHIs is challenging, as they are 

complex interventions with various components that interact with the health system and the 

broader context.(104) 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 needs.(104) Even during the 

COVID-19 pandemic, when some of the regulatory barriers were addressed, less sophisticated 

technologies such as the telephone were most widely used to deliver remote CR.(114) Furthermore, 

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 resource-constrained settings.(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 summarises these into four categories: 

the health system: the health workforce, the patient and the technology.(104) 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, only 6 out of 29 studies explored HCP perspectives, and none of 

these studies focused on secondary prevention DHIs.(112) HCPs play a key role influencing whether 

a new technology succeeds or fails.(107, 116). For example a cross study evaluation of 100,000 

mHealth study participants, showed that clinician referral was one of four key factors associated 

with increased app usage and study retention.(117) More recently, a systematic review of HCP 

barriers and enablers to cardiac telerehabilitation 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 home-based (n=4), hybrid (combined in person 

and home based or digitally enabled models, n=1), and 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 DHIs into clinical practice. 

Importantly, ensuring DHIs are designed and developed to meet with the needs and preference of 

the target population is key to contextualising these interventions.  

1.8 Digital health intervention development  

 To ensure engaging and effective DHIs are developed, careful attention to the development 

process is required. Intervention development is an integral component of the UK Medical Research 

Council (MRC) Guidelines on developing and evaluating complex interventions.(119) It refers to the 

whole process of planning, designing, testing and refinement of an intervention, which can often 

extend into the subsequent phase of feasibility testing.(120) While there are a wide variety of 

approaches to intervention development available, key gaps exist around which of these 
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approaches, whether individually or in combination, contribute to successful DHIs.(120) In addition, 

frameworks to guide the development of DHIs do not always integrate behavioural theory into their 

development and evaluation.(121) To address these challenges, guidance on developing complex 

interventions recommends actions such as stakeholder engagement, developing a programme 

theory, and considering context, among others to maximise intervention success.(122)  

 End-user involvement or stakeholder engagement is often referred to using different 

terminologies such as co-creation, co-design, co-production, or user-centred 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 process.(120) As described by McKercher,(123) co-design is an approach to developing 

ŀ ǇǊƻŘǳŎǘ άǿƛǘƘέ ƛƴŘƛǾƛŘǳŀƭǎ ŀǎ ƻǇǇƻǎŜŘ ǘƻ άŦƻǊέ ǘƘŜƳ ŀƴŘ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ƛƴǘŜƎǊŀƭ ǘƻ ǘƘŜ ŘŜƭƛǾŜǊȅ ƻŦ 

person-centred care.(124) Involving end-users (patients and HCPs) in the design and development of 

CVD DHIs is advocated by both the WHF and the AHA as an important strategy to maximise their 

acceptance, uptake and effectiveness.(104, 125) Despite this, the majority of DHIs are designed with 

minimal input from target users. For example, a recent macro-scale analysis of CVD DHI scientific 

literature highlighted the absence of major keywords associated with co-design research.(81) This 

may be due to a lack of standardised terminologies for co-design, 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 included relating to DHIs.(125) However, findings from 

this review highlighted heterogeneity in the reporting of approaches to co-design, including the level 

of stakeholder involvement with only seven studies utilising a theoretical framework.  

 Insufficient reporting of intervention development processes, including the theory underlying 

the intervention, are common across many DHI studies.(126, 127) Indeed, this problem also extends 

to the use of behaviour change techniques (BCTs). In two recent 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 

respectively.(87, 128) Grounding DHIs in behavioural change theory is thought to be critical to 

improving their uptake and engagement.(121, 129) However, 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 change.(130) Mechanisms of change are an important 

ŜƭŜƳŜƴǘ ƻŦ ŎƻƳǇƭŜȄ ƛƴǘŜǊǾŜƴǘƛƻƴǎ ŀƴŘ ǊŜŦŜǊ ǘƻ άƘƻǿέ ŀƴŘ ǳƴŘŜǊ ǿƘŀǘ ŎƛǊŎǳƳǎǘŀƴŎŜǎ ŀƴ ƛƴǘŜǊǾŜƴǘƛƻƴ 

can achieve its desired effect.(125) 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 achieved.(119)  
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1.9 Rationale for the research  

 In summary, with more 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, resulting in inadequate adoption of effective secondary 

prevention strategies, including CR. The emergence of new and innovative models of care such as 

DHIs have the potential to improve access and participation 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, 

implementation and evaluation of secondary prevention DHIs that need to be addressed to ensure 

their effective use. Firstly, secondary prevention DHI studies remain relatively small, are 

heterogeneous in design and few have been conducted in the acute clinical care setting. Moreover, 

there is a paucity of data on comprehensive DHIs that address other risk factors beyond exercise. 

Given the increasing global calls for health systems to adopt DHIs for the secondary prevention of 

/±5Σ ǘƘŜǊŜ ƛǎ ŀ ƴŜŜŘ ǘƻ ŘŜŦƛƴŜ ǿƘŀǘ άƻǇǘƛƳŀƭέ ǎŜŎƻƴŘŀǊȅ ǇǊŜǾŜƴǘƛƻƴ ǳǎƛƴƎ ŀ 5IL ƭƻƻƪǎ ƭƛƪŜΦ(104) This 

requires a detailed description of how these DHIs are developed and what the core elements of 

effective interventions are. Furthermore, more research is needed to generate better evidence of 

the efficacy of CR-DHIs. While the rapid development of new DHIs often outpaces the ability to 

evaluate these interventions in a timely manner, observational data with real-world evidence can 

help to address this issue.(103) Secondly, despite 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 the adoption 

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 context.(112) Thirdly, lack 

of contextualisation of DHIs is one of the most significant barriers to implementation.(104) Nielsen 

and Sahay(105) 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 system and its existing workflows and 

institutional conditions. This is an issue which could be addressed by using a co-design approach to 

intervention development.(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 of co-design methods is common, 

ǘƘǳǎ ƘƛƴŘŜǊƛƴƎ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǎŎŀƭŀōƭŜ ŀƴŘ ǎǳǎǘŀƛƴŀōƭŜ 5ILǎ ǘƘŀǘ ƳŜŜǘ ǿƛǘƘ ŜƴŘ ǳǎŜǊǎΩ ƴŜŜŘǎ 

and that be integrated into clinical practice.(125)  
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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 CVD. To achieve 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 implementation of this 

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 and prior to their discharge from hospital. 

1.11 Research questions and associated publications 

 The research questions for each study conducted as part of this research and corresponding 

papers are outlined as follows: 

Study 1: What is the impact of a multi-component, digital CR programme, delivered during the COVID- 

19 pandemic on medical, lifestyle and psychosocial outcomes, at end of programme and at 6-month 

follow-up? 

¶ Gibson I, McCrudden Z, Dunne D, Harris A, Hynes L, Murphy E, et al. Harnessing digital 

health to optimise the delivery of guideline-based cardiac rehabilitation during COVID-19: an 

observational study. Open Heart BMJ. 2023;10(1):e002211. Open Heart. 2023 

Mar;10(1):e002211. doi: 10.1136/openhrt-2022-002211. PMID: 36927866; PMCID: 

PMC10030287. 

Study 2: What are the factors that influence implementation of digital CR from the perspective of 

health workers?  

¶ Gibson I, 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 workers perspectives. [version 1; peer review: 1 approved, 2 approved 

with reservations]. HRB Open Res 2024, (https://doi.org/10.12688/hrbopenres.13929.1) 

Study 3: How can the development of DHIs for the secondary prevention of CVD be optimised by 

using theory driven, person-based, co-design?   

¶ Gibson I, 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 Secondary Prevention of 

Cardiovascular Disease (INTERCEPT): Co-Design and Usability Testing Study. JMIR 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 overall methodological approach to this thesis. A 

summary level description of the methods used to address the aims and objectives of each study 

including justification for their use will be provided. In regard to the thesis as a whole, the 

overarching role of public and patient involvement (PPI), the impact of the COVID-19 pandemic, and 

ethical considerations will also be discussed in this methodology chapter.  

2.2 Aims and objectives  

 The primary aim of this research was to advance knowledge on the development of DHIs for the 

secondary prevention of CVD. To achieve this aim, a combination of both quantitative and 

qualitative 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 a first-iteration 

digital CR intervention during COVID-19. Secondly, qualitative methods were used to document the 

experiences of HCPs in developing and implementing this digital CR intervention. Thirdly, the 

resulting evidence was then used, together with a theory and person-based co-design approach, to 

inform the development of a secondary-iteration DHI that could be provided to 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 objectives.(119) 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 components.(104) Indeed, for robust evaluation of DHIs the WHO highlight the 

importance of both quantitative and qualitative methods.(131) 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 challenge. Implementation science is defined as the study of methods to 

promote the systematic uptake of research findings and evidence-based 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 typically categorised 

as either barriers or facilitators.(133)  
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 The choice of methodologies employed in this thesis were guided at each stage by the research 

ǉǳŜǎǘƛƻƴ ōŜƛƴƎ ŀŘŘǊŜǎǎŜŘΦ !ƴƻǘƘŜǊ ŦŀŎǘƻǊ ǘƘŀǘ ƛƴŦƭǳŜƴŎŜŘ ǘƘƛǎ ŎƘƻƛŎŜ ǿŀǎ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ 

ontological and epistemological assumptions. Considering these assumptions can help guide the 

research approach, including interpretation of findings and observations.(134) 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 contexts.(134) Critical realism combines observation and interpretation in the 

search for causation to enable a deeper understanding of why interventions work under specific 

conditions and contexts.(135)  

 Intervention development has been defined by Craig et al.,(136) as the period when the 

άƛƴǘŜǊǾŜƴǘƛƻƴ Ƴǳǎǘ ōŜ ŘŜǾŜƭƻǇŜŘ ǳǇ ǘƻ ŀ Ǉƻƛƴǘ ǿƘŜǊŜ ƛǘ Ŏŀƴ ǊŜŀǎƻƴŀōƭȅ ōŜ ŜȄǇŜŎǘŜŘ ǘƻ ƘŀǾŜ ŀ 

ǿƻǊǘƘǿƘƛƭŜ ŜŦŦŜŎǘέΦ IƻǿŜǾŜǊΣ ǘƘŜ ǎǘŀǊǘ ŀƴŘ ŜƴŘǇƻƛƴǘǎ ŀǊŜ ƻŦǘŜƴ ƴƻǘ ŎƭŜŀǊ ŀƴŘ ǘƘŜǊŜ Ŏŀƴ ōŜ ƻǾŜǊƭŀǇ 

between the development phase and subsequent phases of feasibility testing.(120) Within the scope 

ƻŦ ǘƘƛǎ ǘƘŜǎƛǎΣ ǘƘŜ ǘŜǊƳ άŘŜǾŜƭƻǇƳŜƴǘέ ƛǎ ǳǎŜŘ ǘƻ ŎŀǇǘǳǊŜ ǘƘŜ ǿƘƻƭŜ ǇǊƻŎŜǎǎ ŦǊƻƳ ŜȄŀƳƛƴƛƴƎ ŎǳǊǊŜƴǘ 

practice to designing and developing a DHI up to the point of feasibility testing. While there are 

multiple approaches to intervention development, the MRC framework was selected, as it offers 

guidance across four phases of complex intervention research, including development, feasibility, 

evaluation and implementation.(119) 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, 

consideration 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 (CDP-CDP). The aim of this collaborative 

programme is to improve patient care by adopting a transdisciplinary approach to the design, 

implementation and evaluation of novel interventions to prevent and manage chronic disease. The 

studies contained in this thesis and their respective methodological approaches align to this overall 

aim and thus they are also underscored by a transdisciplinary approach throughout. Adopting a 

transdisciplinary approach is relevant to DHI research as there is growing recognition that digital 

health is not just one field of research or discipline but represents a broad interest in digital 

technologies across disciplines.(105) 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 disciplines.(121) The transdisciplinary approach to the 

research was enabled by the broad range of complementary expertise across the supervisory and 

mentoring team which included clinical 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, ensuring public and patient involvement throughout.   

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 development.(122) 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 

Croí MySláinte, which was delivered in Ireland during the COVID-19 pandemic. The objectives were 

to: first examine patient outcomes (lifestyle, risk factor, therapeutic goals and quality of life) at 12 

weeks and 6-month follow-up; and second describe the process of developing a digital CR 

programme, providing a detailed overview of the key intervention features.  

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 setting.(105) With DHIs becoming the only way to deliver secondary prevention care 

during the COVID-19 pandemic, this presented an opportunity to conduct a single centre, 

observational study of Croí MySláinte, one of the first digital CR programmes of its kind in Ireland. 

hŦǘŜƴ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άǊŜŀƭ ƭƛŦŜ ǎǘǳŘƛŜǎέ ƻōǎŜǊǾŀǘƛƻƴŀƭ ǎǘǳŘƛŜǎ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ŜǎǎŜƴǘƛŀƭ ǘƻ ŘƻŎǳƳŜƴǘ 

potential benefits or harms of an intervention in a wider population and to determine if patients in 

routine practice are achieving the expected outcomes.(137) Distinct to RCTs, observational studies 

point towards possible associations between variables without deliberate causal inference.(138) To 

enhance the quality of reporting, the STROBE guidelines were adhered to.(139)  

 To achieve the second objective the Template for Intervention Description and Replication 

(TIDieR) checklist was utilised.(140) The TIDieR checklist 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 

DHIs in many populations including CVD. (87, 141)  

2.4.3 Study procedure   

2.4.3.1 Setting  

 Croí MySláinte was developed by Croí (Gaelic for heart) an Irish heart and stroke patient 

organisation based in Galway, Ireland. A key objective of this non-governmental organisation is on 

improving overall CVD health for all including those who have experienced a CVD event.(142) 
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Accredited by ESC European Association of Preventive Cardiology (EAPC), Croí focuses on the 

delivery of community-based CVD prevention and rehabilitation programmes. Supported through 

once off Government of Ireland Sláintecare integration funding, MySláinte was developed in 

response to the need to provide patients with CHD with timely access to CR during the COVID-19 

pandemic. 

2.4.3.2 The Croí MySláinte intervention  

 Croí MySláinte was 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 was modelled on the evidence-

based MyAction programme(143) a derivative of the ESC EuroAction study.(144) Using their clinical 

experience of delivering MyAction as an in-person programme prior to the pandemic, the team 

followed available best practice guidelines for remote delivery of healthcare to CVD patients in 

designing MySláinte.(145, 146) Based on EAPC and BACPR recommendations, the core components 

of Croí MySláinte included: initial and end of programme assessment, lifestyle modification (smoking 

cessation, healthy food choices, and physical activity), medical risk factor management (BP, lipids, 

and glucose), psychosocial and behavioural change support, and electronic prescribing of cardio-

protective medication where appropriate. Delivered over a 12-week period, patients received access 

to a bespoke web-based platform, a Fitbitϰ, and a home BP monitor, and were invited to attend 

weekly, online group-based supervised exercise sessions and educational workshops.  

2.4.3.3 Participants 

 Study participants included patients referred to Croí MySláinte from cardiology and CR centres 

across five sites in the West of Ireland between July and September 2020. Eligibility criteria for Croí 

MySláinte was informed by guideline recommended inclusion criteria for CR referral.(22) These 

ƛƴŎƭǳŘŜŘ ǇŀǘƛŜƴǘǎ όҗму ȅŜŀǊǎ ƻŦ ŀƎŜύ ǿƛǘƘ ŀƴȅ ƻŦ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŘƛŀƎƴƻǎƛǎΥ ACS, a post coronary-

revascularisation procedure, heart valve disease and heart failure with reduced ejection fraction. In 

addition, patients were required to be English speaking and to have access to a tablet/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 training.(34) Therefore, following an 

individualised risk assessment, certain high-risk 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 hypertension,(147) dyslipidaemia(148) and CVD 
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prevention.(35) To evaluate the effects of Croí MySláinte, outcomes were assessed at baseline, 3- 

month and at 6-month follow-up. Lifestyle outcomes included: anthropometric measurements 

(weight, height, BMI); the Mediterranean Diet Score; (149) smoking habits (self-reported); physical 

activity levels (7-day physical activity recall);(150) and functional capacity (Chester step test).(151) 

Medical risk factors outcomes included, blood pressure (measured using an A&D UA 651 device), 

fasting lipids, glucose and Hba1c (diabetes patients only), and prescribed cardio protective 

medications (antiplatelets, beta blockers, ace inhibitors, ARBs, calcium channel blockers, statins and 

other lipid lowering medications). Psychosocial health outcomes included anxiety and depression 

(Hospital Anxiety and Depression Scale (HADS))(152) and health status and health related quality of 

life. The latter were measured using the EQ-5D-5L which includes a visual analogue scale (EQ 

VAS).(153) As one of the most widely used patient reported outcome measure globally the EQ-5D-5L 

has become cornerstone of routine outcome measures in health care systems including the UK 

National Health Service.(154)   

 Data were stored on secure database hosted by the data controller Croí 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 protected University of Galway computer.  

2.4.3.5 Data Analysis 

 Data analysis was conducted using Stata (V.15.1) with statistician support. Descriptive 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 variables were presented using means with standard deviation (SD) 

where values were normally distributed and the median and interquartile ranges (IQR) otherwise. 

Changes in outcomes between 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 values were normally 

distributed were examined using the paired t-test. The Wilcoxon matched-pairs 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 into 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 facilitators to Croí MySláinte; and b) to identify 

potentially salient factors to inform the future implementation of secondary prevention DHIs. The 

ǘŜǊƳ άƘŜŀƭǘƘ ǿƻǊƪŜǊǎέ ƛǎ ǳǎŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅ ǘƻ ŘŜǎŎǊƛōŜ ǘƘŜ ǊƻƭŜǎ ƻŦ ōƻǘƘ ƘŜŀƭǘƘ ŎŀǊŜ ǇǊƻŦŜǎǎƛƻƴŀƭ 

(HCPs) and those in administrative 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 quantitative methods alone.(155) By 

exploring individual experiences, new insights into the complex and dynamic processes that 

influence implementation of evidence based interventions can be generated.(156) This is particularly 

relevant for DHIs, as their effectiveness is dependent on understanding the dynamic relationships 

between digital and its context of use.(104) 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 comprehensive, meta-theoretical, 

determinant framework that is used to predict or explain the barriers and facilitators to 

implementation effectiveness in health systems at multiple levels.(157) The CFIR contains 48 

constructs and 19 sub-constructs across five domains: 1. Innovation, 2. Outer Setting, 3. Inner 

Setting, 4. Individuals, and 5. Implementation Process (see Figure 2.1).(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 used.(159) 
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Figure 2.1: CFIR constructs 

Figure adapted from the updated consolidated framework for implementation research based on user feedback.(160) 
Image adapted by The Centre for Implementation, © 2022. Version: 
V2024.01.https://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 MySláinte were invited to participate in the study via email.  

2.5.3.2 Participants 

 Participants included: health workers at Croí (nurse prescriber, dietitian, physiotherapist, 

administrator and chief executive officer (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 and post-programme 

assessments (indirect deliverers). Sample size estimates were informed by the concept of 

information power which refers to the more information the sample holds relevant to the actual 

https://thecenterforimplementation.com/toolbox/cfir
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study, the lower amount of participants is needed.(161) 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 10-15 participants.  

2.5.3.3 Data Collection 

 Following informed consent, semi-structured, in-depth 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 allow researchers to explore 

complex and sensitive topics.(156) Following a semi-structured format allowed for flexibility and 

exploration of unexpected themes or topics.(156) Interview topic guides were informed by the CFIR 

and were refined through input from a PPI panel 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 deliverers) (Appendix 

G). The interview guides were piloted in advance with members of the study team, and minor 

refinements were made prior to interview commencement. Due to COVID-19 restrictions, 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 qualitative data collection.(162)   

2.5.3.4 Data analysis 

 Using NVivo R1 software for data management, framework analysis was performed using the 

CFIR as the a priori framework. The framework method is commonly used for thematic analysis of 

semi-structured interviews in health research, providing a systematic method of categorising and 

organising data.(163) 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 commonly occurring steps of 

the framework method.(163-165) 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 accuracy. A draft 

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 analysis was being 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 analysis (166) 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 (CR), a member 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 research.(167) It 

ƛƴǾƻƭǾŜǎ ŀƴ ŀǿŀǊŜƴŜǎǎ ƻŦ Ƙƻǿ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ ōŀŎƪƎǊƻǳƴŘ ŀƴŘ ŜȄǇŜǊƛŜƴŎŜǎ Ŏŀƴ ǎƘŀǇŜ ŀƭƭ ǎǘŀƎŜǎ ƻŦ 

the research process including the study design and interpretation of findings.(168) The rigor of 

ǉǳŀƭƛǘŀǘƛǾŜ ǊŜǎŜŀǊŎƘ ƛǎ ǎǘǊŜƴƎǘƘŜƴŜŘ ōȅ ŀƴ ŜȄǇƭƛŎƛǘ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΩǎ Ǉƻǎƛǘƛƻƴ ŀƴŘ ǊƻƭŜ ƛƴ 

relation to the participants of the study.(169) From the outset, the researcher was cognisant of her 

dual identity as both a researcher and lead nurse on the Croí MySláinte programme and how this 

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

implementing CǊƻƝ aȅ{ƭłƛƴǘŜ ǿƛǘƘ ǇŀǊǘƛŎƛǇŀƴǘǎ ǘƘƛǎ ǇƻǎƛǘƛƻƴŜŘ ƘŜǊ ŀǎ ŀƴ ΨƛƴǎƛŘŜǊΩΦ LƴǎƛŘŜǊ ƪƴƻǿƭŜŘƎŜ 

is highly valued and, consistent with findings by Berger(170), 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 rapport 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 collection. To ensure that participants felt 

comfortable in sharing their experiences and perspectives, and to help minimise any potential power 

differentials that may have occurred (169) the semi-structured interviews were conducted by 

another study team member (LF). Furthermore, during data analysis the researcher was alert to 

άǳƴŎƻƴǎŎƛƻǳǎ ŜŘƛǘƛƴƎέ(170) and while using an established 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 team (nursing, 

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 reflexive journal and by constantly checking in on how the 

ǊŜǎŜŀǊŎƘŜǊΩǎ ŀǎǎǳƳǇǘƛƻƴǎ ǿŜǊŜ ƛƴŦƭǳŜƴŎƛƴƎ ǘƘŜ ǊŜǎŜŀǊŎƘΦ {ǳŎƘ ŀǎǎǳƳǇǘƛƻƴǎ ǿŜǊŜ ƻǇŜƴƭȅ ŘƛǎŎǳǎǎŜŘ 

with the broader research team.  
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2.6 Study 3: Co-design 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 from Study 1 and 2, as well as the wider literature, the aim of Study 

3 was 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 use of co-design, 

integrating end-ǳǎŜǊΩǎ ǇŜǊǎǇŜŎǘƛǾŜǎ ǘƘǊƻǳƎƘƻǳǘΦ Developed in collaboration with the National 

Institute for Prevention and Cardiovascular Health (NIPC), INTERCEPT aims to promote self-

management and to support patients to achieve a healthy lifestyle, manage CVD risk factors, and 

improve adherence with cardio-protective medications. It includes an mHealth app, which integrates 

with a web-based health care professional (HCP) portal, a fitness wearable and BP monitor. 

Responding to the need for early initiation of prevention following an index event,(22) 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 interventions, (119) 

an iterative, theory informed, person-based co-design approach was adopted. Co-design, which 

evolved from the field of participatory design(171) prioritises meaningful engagement of end-users 

(patients, family members and HCPs). It is recognised as important to maximising the acceptance, 

uptake and effectiveness of DHIs. (104, 124) While evidence for the use of co-design 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 

person-based approach was embedded within the development process. The person-based 

approach has been used widely in DHI development as it offers practical methods for undertaking 

many key intervention development activities recommended by MRC guidance.(119, 120) It focuses 

not just on enhancing intervention acceptability and usability, but also persuasiveness and health 

related behaviour change.(172)  

2.6.3 Study procedure 

 Conducted over a 20-month period, a four-phase 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 of usability testing. In 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 development commenced during the COVID-19 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 team of HCPs, software developers, and members from 

the public and patient involvement (PPI) panel of Croí was established. Membership was determined 

ōȅ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭΩǎ ǊŜƭŜǾŀƴǘ ŜȄǇŜǊǘƛǎŜ ƛƴ ǘƘŜ ǎŜŎƻƴŘŀǊȅ ǇǊŜǾŜƴǘƛƻƴ ƻŦ /±5Σ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ŘŜǎƛƎƴ ƻŦ 

complex DHI; health behaviour change; software development and lived experience of CVD. To 

establish meaningful partnership relationships and enhance engagement, roles and responsibilities 

were agreed from the outset and a process for documenting and making decisions was 

established.(125) 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 to identify the guiding principles, including design objectives, content and 

features of INTERCEPT. In keeping with the person-based approach, guiding principles help to keep 

development focused on what is appealing and useful to the intended user, thus helping to 

maximise its acceptability and effectiveness.(172)  INTERCEPT guiding principles were developed by: 

1) synthesising the literature, (66, 93, 129, 174, 175) 2) drawing on the stakeholders clinical and 

research experiences of developing and implementing DHIs,(175-177) and 3) obtaining patient lived 

experience insights. Informed by these principles social cognitive theory (SCT)(178) and select BCTs 

from the behaviour change taxonomy(179) 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 

effectiveness,(119) and SCT is one of the most commonly used theoretical frameworks in secondary 

prevention DHI studies.(87) 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 care pathway post 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 action.(119)  

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, integrating 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 language, ease of navigation and functionality. At 

this stage decisions regarding the INTERCEPT logic (e.g., to trigger push notifications), functional 

requirements (e.g., registration process, user login, safe data storage), integration of data with the 

HCP portal and the use of analytics to capture usage patterns were made. INTERCEPT was developed 

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, and their overall potential to enhance 

the acceptability and usability of INTERCEPT.  

2.6.3.4 Phase 4. Usability testing 

 To further develop INTERCEPT, the finished product (beta version) was subjected to usability 

testing by a separate group of patients, who were not part of the PPI panel. Usability testing is 

critical to determining if an intervention is meeting the end-user needs and, ideally, it should be 

completed with end-users in real-life contexts.(106)  

2.6.3.5 End-user recruitment 

 There was a specific focus on recruiting women, those living in rural isolation and ethnic 

minority groups as these individuals are often under-represented in digital health research.(79, 87) 

Using purposive sampling, participants were consequently recruited through three community 

groups, including Croí, a group representing Travellers (indigenous Irish ethnic minority), and a 

farming organisation. Eligibility criteria included ǇŀǊǘƛŎƛǇŀƴǘǎ όҗпл ȅŜŀǊǎύ ǿƛǘƘ ŀ ǊŜŎŜƴǘ όҖн ȅŜŀǊǎύ 

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. The aim was to recruit a sample size of 10-12 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 testing.(180) 

2.6.3.6 Iterative co-design workshops  

 Once consent was obtained, participants in this phase were provided with a 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 experiences of using INTERCEPT.(172) 
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Participants were invited to five online workshops over a 12-week period. This was considered 

sufficient time to allow participants to test the behavioural change elements of the app, such as goal 

setting and self-monitoring. Furthermore, this allowed for iterative amendments to be made to the 

app based on usability feedback. As guidance for conducting co-design in an online environment 

were unavailable, best practice principles for facilitation of in person co-design workshops were 

adopted to help optimise engagement.(123, 181) This involved: presenting the value proposition 

άǎƘŀǊƛƴƎ ȅƻǳǊ ƛƴǎƛƎƘǘǎ ǿƛƭƭ ōŜƴŜŦƛǘ ƻǘƘŜǊǎέΤ ƘŀǾƛƴƎ ŎƭŜŀǊ ǿƻǊƪǎƘƻǇ ƻōƧŜŎǘƛǾŜǎ ǿƛǘƘ ŘŜŦƛƴŜŘ ǊƻƭŜǎ ŀƴŘ 

expectations; allowing time for participants to share their lived experiences; being supportive 

around the use of technology; keeping the duration of usability workshops to no longer than 1.5 

hours; and offering options for out-of-hours workshops, as well as individual sessions. The topic 

guide (Appendix L) for the usability workshops was developed with input from 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 self-administered SUS following an initial two-week trial of 

the app and after the last workshop when final modifications to the app were made. To measure 

eHealth literacy the validated electronic health literacy scale (eHEALS), an 8 item scale, presented as 

a score out of 40 was utilised.(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. 

2.6.3.7 Data analysis 

 All quantitative data were analyzed using Stata (V.18). To compare the SUS data, between the 

two time points the non-parametric Mann-Whitney test was used. Patient characteristics, 

information technology usage and digital literacy were summarized using descriptive statistics. 

Qualitative data were analysed 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 systems,(184) this project adopted a 

participatory approach by engaging with community and national stakeholders including Croí and 

the NIPC. Accordingly, the research project evolved from a number of needs identified by both of 

these organisations, including PPI members. PPI is an integral component of participatory research 

ŀƴŘ ƛǎ ŘŜǎŎǊƛōŜŘ ŀǎ ǊŜǎŜŀǊŎƘ ǘƘŀǘ ƛǎ ŎƻƴŘǳŎǘŜŘ ΨǿƛǘƘΩ ǇŀǘƛŜƴǘǎ ǊŀǘƘŜǊ ǘƘŀƴ ΨǘƻΩΣ ΨƻƴΩΣ ƻǊ ΨŀōƻǳǘΩ 

them.(185) By involving patients and members of the public in research, it can help improve the 
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relevance, quality and impact of the research.(186) 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 public.(187) 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 Ireland (188) and the UK National Institute for Health and Care Research (NIHR).(189) 

However, despite this there is often little description of the researcher experiences of PPI and the 

impact of such involvement on the research process.(190) 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 CDP-CDP. This was further strengthened by the 

ǊŜǎŜŀǊŎƘŜǊǎΩ ƻǿƴ ōŜƭƛŜŦǎ ƻŦ ttL ŀǎ ŀ ŦǳƴŘŀƳŜƴǘŀƭƭȅ ƳƻǊŀƭ ŀƴŘ ŜǘƘƛŎŀƭ ǿŀȅ ǘƻ ŀǇǇroach research. 

Established PPI supports within the CDP-CDP 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 of early-stage researchers can help foster meaningful long-

term PPI practice, thus making PPI a natural way of working rather than a tick box exercise.(191) In 

addition, budgeted financial resources enabled reimbursement of PPI contributors, a factor 

identified as essential to the formation of genuine and equitable PPI partnerships.(192, 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 knowledge exchange and dissemination strategy 

for Study 1, 3) to advise on the recruitment strategy and topic guide for Study 2, 4) to participate as 

members of the stakeholder group in the development of INTERCEPT in Study 3, and finally, 5) to 

contribute to the development of the INTERCEPT feasibility study protocol. 

 To achieve the aforementioned objectives, the research project was guided by an existing PPI 

panel at Croí. Ensuring diversity among PPI members is encouraged to access a wide range of 

perspectives. While already established, the Croí panel comprised of a mix of patients and family 

members (n=6), including both women (n=4) and men (n-2) 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 digital CR was 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 participation. Due to the COVID-19 pandemic, all PPI activities were conducted online. 

The approach to working with the PPI panels evolved throughout the research and, for the Croí 

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 agenda along with 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 practice of PPI informal feedback was obtained from panel 

members on a continuous basis.(111)  

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 was particularly important given the changing health care landscape due to the 

COVID-19 pandemic and the newly established Health Service Executive (HSE) Integrated 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 research.(187) Therefore, reviewing the research aims and objectives was the 

focus of the first structured meeting with the PPI panel. Extending 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 delays in accessing CR, they highlighted the need to introduce 

secondary prevention measures including CR early in the recovery process. These insights together 

with input from the supervisory team, and members of the broader CDP-CDP transdisciplinary 

consortium, which included Croí 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 Croí to determine the 

best methods to promote the communication of findings of Study 1. Ideas generated included the 

development of a lay summary report and inviting Croí MySláinte participants to share their lived 

experience of the programme. The lay summary report, which was co-produced with Croí was 

reviewed by the PPI group. Suggestions included greater use of plain language and infographics to 
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present data. Following publication of the report, an online launch event was hosted by Croí with 

representation from a number of key stakeholders, including the Irish Minister for Health, HSE 

Digital Transformation and programme participants. Coverage of the event, including outcomes 

from Croí MySláinte appeared in multiple Irish media channels including the: Galway Advertiser, Irish 

Times, Irish Medical Times, Medical Independent, Hospital Doctor of Ireland, World of Irish Nursing, 

Irish Pharmacy Union Review and the Health Manager Journal.  

2.7.2.3 Study design  

 For Study 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 workloads. Advice on 

ǊŜŎǊǳƛǘƳŜƴǘ ƛƴŎƭǳŘŜŘ ǊŜǇƭŀŎƛƴƎ ǘƘŜ ǘŜǊƳ άƛƴǘŜǊǾƛŜǿέ ǿƛǘƘ ǘƘŜ ƭŜǎǎ ŦƻǊƳŀƭ ǘŜǊƳ άŎƻƴǾŜǊǎŀǘƛƻƴέ ŀƴŘ ŀǎ 

interviews were being conducted six months following programme completion, recommendations to 

aid with recollection of experiences were 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 relevance 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 interventions.(172) 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 (Study 3). Through an iterative cycle of development, panel members contributed 

to all four phases of intervention development. For example, in the design phase PPI members 

provided lived experience of the user journey pathway following a cardiac event. Providing these 

insights, not only highlighted the needs of patients but also the barriers that need to be overcome in 

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 INTERCEPT 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 included the 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 a short one-
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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 to co-author the resulting publication. While 

patient authorship is a still a relatively new concept, it can help enhance the relevance and reach of 

publications.(196) Through the extensive involvement of the PPI panel throughout development the 

recommended authorship criteria was met,(197) and 2 members formally agreed to co-author. 

2.7.3 Reflections  

 Reflecting on the experiences of PPI can help generate new knowledge whilst creating a culture 

of learning and sharing to enhance PPI practice.(198) Throughout this research, a reflective approach 

was adopted by using a combination of meeting notes, reflective logs, and peer group discussions 

with fellow CDP-CDP PhD trainees. Indeed, through these discussions, significant variations in PPI 

practice across 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 CDP-CDP and to support other PhD scholars.(199)   

 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 projects at any 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 contributors 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 familiar with PPI methods and had established 

mechanisms of working. Notwithstanding these benefits, the impact of long-term involvement in PPI 

ƛƴ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ ΨǇǊƻŦŜǎǎƛƻƴŀƭ ǇŀǘƛŜƴǘΩ ǿŀǎ ŎƻƴǎƛŘŜǊŜŘΦ .ȅ ǾƛǊǘǳŜ ƻŦ ǘƘŜƛǊ ŜȄǇŜǊƛŜƴŎŜǎ ƻŦ 

continued engagement ŀƴŘ ǎǇŜŎƛŀƭƛǎŜŘ ƪƴƻǿƭŜŘƎŜΣ ΨǇǊƻŦŜǎǎƛƻƴŀƭ ǇŀǘƛŜƴǘǎΩ Ƴŀȅ ƴƻ ƭƻƴƎŜǊ ōŜ 

representative of the typical patient.(200) While PPI contributors are not intended to be 

representative of all patients,(191) 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 may be required at various stages of the 

research.(201) In Study 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 PPI to this 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-19 

 As the programme of research presented in this thesis commenced in September 2020, the 

approaches used were significantly influenced by the COVID-19 pandemic. For example, all studies 

necessitated the adoption of online methods of data collection to minimise in-person contact. This 

required consideration of numerous factors including the identification of suitable virtual platforms 

for participant interaction and questionnaire completion that were user friendly whilst ensuring 

participant safety and privacy. 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 research.(202) This was particularly relevant for Study 3 where there was a 

focus on recruiting a diverse group of representative end-users. Actions taken included: providing 

supports for participants in the use of technology; being flexible in offering participants the choice to 

attend group based or individual online workshops; offering evening sessions; and involving family 

members as they 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 included: ǇǊŜǎŜƴǘƛƴƎ ǘƘŜ ǾŀƭǳŜ ǇǊƻǇƻǎƛǘƛƻƴ ƻŦ ǘƘŜ ǊŜǎŜŀǊŎƘ άǎƘŀǊƛƴƎ ȅƻǳǊ ƛƴǎƛƎƘǘǎ 

ǿƛƭƭ ōŜƴŜŦƛǘ ƻǘƘŜǊǎέΤ ƘŀǾƛƴƎ ŎƭŜŀǊ ǿƻǊƪǎƘƻǇ ƻōƧŜŎǘƛǾŜǎ ǿƛǘƘ ŘŜŦƛƴŜŘ ǊƻƭŜǎ ŀƴŘ ŜȄǇŜŎǘŀǘƛƻƴǎΤ ŀƴŘ 

allowing time for participants to share their lived experiences.(123, 181) These 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 first-hand experiences as CVD nurse specialists, had an authentic 

understanding of the end users real world experiences. This enabled them to operate in an 

empathetic way, leading to more trusted, meaningful and effective stakeholder involvement.(203) 

Consistent with other studies the use of online research methods required a significant amount of 

preparatory and operational work; (204, 205) however, it also presented many benefits. For 
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example, in Study 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 include: value; 

scientific validity; fair subject selection; favourable risk-benefit ratio; independent review; informed 

consent; and respect for enrolled subjects. Moreover, as the methods deployed in this study were 

predominantly online, maintaining the same level of ethical standards was a key priority. This is 

important, as previous research has highlighted that participants can feel insecure regarding how 

ethical standards are adhered to in online settings.(205) 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 of the three studies within this thesis are outlined as follows. 

2.9.1 Study 1 

 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 this study involved analysing an 

anonymous data set, explicit consent was not obtained. However, in accordance with general data 

protection requirements all patients who participated in the Croí MySláinte programme signed 

online informed consent for their personal information to be used for general audit or research 

purposes. By providing this generic consent, the use of anonymised data for the purposes of analysis 

of clinical outcomes related to MySláinte was deemed ethically acceptable. To enhance transparency 

and rigour the STROBE checklist was used. 

2.9.2 Study 2 

 Ethical approval for this study was granted by the Galway University Hospitals Clinical Research 

Ethics Committee. Invitations to participate in the study were circulated via email by the study 

partner Croí. Informed consent involved the provision of an online participant information leaflet 

and consent form (Appendix F), which was followed by a telephone call to explain the study 

procedures and to address any questions and concerns. Participants were informed of their right to 

withdraw from the study at any time and were required to return their signed consent form via 

email or post.  While the potential harms from participating in 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 COVID-19 has 

previously been reported as high.(208) To address this, all interactions with participants were 
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conducted in a sensitive manner and a list of available supports were made available if required. 

Furthermore, to ensure privacy and to minimise potential work-related disruptions, a flexible 

approach to data collection, working around participant availability (including out-of-ƘƻǳǊΩǎ 

sessions), was adopted.    

2.9.3 Study 3 

 Within co-design, the participant is not someone on whom research is done, rather they are 

actively engaged in the design and development of the research.(209) In line with this view and Irish 

PPI Ignite Network guidance, ethical approval for the involvement of the interdisciplinary team of 

key stakeholders (HCPs and PPI members) within this study was not sought.(210)  

 Nonetheless, for the formal usability testing phase which involved recruiting a separate group 

of patients who were not part of the PPI panel, ethical approval was obtained from the Galway 

University Hospitals Clinical Research Ethics Committee. Participants, for usability testing were 

purposively, recruited through a range of diverse community groups, including Croí, a farming 

organisation and a group representing Irish Travellers.  From an ethical perspective, the individual 

experience of living with CVD was considered. As the process of reviewing the app may have 

ƘƛƎƘƭƛƎƘǘŜŘ ŀǎǇŜŎǘǎ ƻŦ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ƻǿƴ ƘŜŀƭǘƘ ǘƘŀǘ ǘƘŜȅ ŀǊŜ ŎƻƴŎŜǊƴŜŘ ŀōƻǳǘΣ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿŜǊŜ 

provided with additional supports and advice as needed through Croí. 

 The next three chapters are presented in publication format, beginning with Study 1 in Chapter 

3 and concluding with Study 3 in Chapter 6. A general discussion is then presented in Chapter 7.   
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Chapter 3. {ǘǳŘȅ м άIŀǊƴŜǎǎƛƴƎ ŘƛƎƛǘŀƭ ƘŜŀƭǘƘ ǘƻ ƻǇǘƛƳƛǎŜ ǘƘŜ ŘŜƭƛǾŜǊȅ ƻŦ ƎǳƛŘŜƭƛƴŜ ōŀǎŜŘ /ŀǊŘƛŀŎ 
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Abstract  

Background 

 The COVID 19 pandemic accelerated the uptake of digital health interventions for the delivery 

of cardiac rehabilitation (CR). However, there is a need to evaluate these interventions.  

Methods 

 We examined the impact of an evidence-based, digital CR programme on medical, lifestyle and 

psychosocial outcomes. Delivered by an interdisciplinary team of health care professionals, the core 

components of this 12-week programme included lifestyle modification, medical risk factor 

management, psychosocial and behavioural change support. To support self-management, patients 

were provided with a Fitbitϰ, a home blood pressure (BP) monitor, and an interactive workbook. 

Patients received access to a bespoke web-based platform and were invited to attend weekly, online 

group-based supervised exercise sessions and educational workshops. Outcomes were assessed at 

baseline, end of programme, and at 6-month follow-up.   

Results  

 Over a 3-month period, 105 patients (88% with coronary heart disease) were referred with 74% 

(n=77) attending initial assessment. Of these, 97% (n=75) enrolled in the programme, with 85% 

(n=64) completing the programme, 86% (n=55) of completers attended 6-month follow-up. 

Comparing baseline to end of programme, we observed significant improvements in the proportion 

of patients meeting guideline-recommended targets for physical activity (+68%, p<0.001), blood 

pressure (+44%, p<0.001) and LDL cholesterol (+27%, p<0.001). There were significant reductions in 

mean weight (-2.7kg, p<0.001). Adherence to the Mediterranean diet score improved 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 sustained at 6-month follow-

up.  

Conclusion 

 Outcomes from this study suggest that interdisciplinary digital CR programmes can be 

successfully implemented and help patients achieve guideline recommended lifestyle, medical and 

therapeutic targets.  

3.1 Introduction 

 Cardiac rehabilitation (CR) is a Class 1 Level A recommendation for coronary heart disease 

(CHD) and heart failure patients, with benefits including reduced cardiovascular disease (CVD) 

mortality, morbidity and improved quality of life.(22, 30) However, despite this compelling evidence, 

data from the EuroAspire V and IAspire surveys indicate that CR utilisation rates across Europe are 

sub-optimal. (41, 50) Indeed, the majority of CHD patients at pan-European and national levels are 

not meeting the recommended lifestyle, medical and therapeutic targets. (41, 50) These challenges 

have only been exacerbated by the COVID-19 pandemic. However, the pandemic also presented an 

opportunity to rethink how secondary preventive care is being delivered. For example, it resulted in 

rapid digital transformation, with increased uptake of digital health interventions (DHIs).(211) With 

up to 75% of CR services being suspended across the globe, (85, 212) DHIs became essential to 

providing appropriate and timely patient care. Consequently, 40% of services globally were reported 

to pivot to digital programme delivery within the first 3 months of the pandemic, (85) with uptake 

rates of home-based CR increasing 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 telemedicine. There is growing evidence, including recent systematic reviews (79) to 

support the use of DHIs for the remote delivery of CR, with data suggesting improved clinical 

outcomes, health related quality of life, as well as enhanced patient empowerment and shared 

decision-making. (79, 211, 214) However, 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, with increasing calls for DHIs to play a role in future CR delivery, there is a need 

ǘƻ ŘŜŦƛƴŜ ǿƘŀǘ άƻǇǘƛƳŀƭέ /w ǳǎƛƴƎ 5ILǎ ƭƻƻƪǎ ƭƛƪŜΦ ¢Ƙƛǎ ǊŜǉǳƛǊŜǎ ŀ detailed replicable description of 

how digital CR programmes were adapted during the pandemic, to what degree they addressed the 

core components of CR, what DHIs worked for whom, and what are the effects on CR participation 

and patient outcomes.  
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 This analysis aims to examine the outcomes (lifestyle, risk factor, therapeutic goals and quality 

of life) of a digital CR programme known as Croí MySláinte at 12 weeks and at 6-month follow-up. 

Using the Template for Intervention Description and Replication (TIDieR) (Appendix B),(140) we 

describe the process of developing the programme and provide 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 Croí MySláinte 

programme between August and December 2020.  To evaluate the effects of the programme, data 

were collected at baseline, 12 weeks and at 6-month follow-up. Reporting  adhered to Strengthening 

the Reporting of Observational Studies in Epidemiology (STROBE) guidelines (Appendix C)(139) and 

the Template for Intervention Description and Replication (TIDieR) (Appendix B) checklist.(140) The 

study was approved by the Galway Clinical Research Ethics Committee (Ref. C.A. 2689). All patients 

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.  

3.2.2 Study setting  

 Croí MySláinte was developed by Croí (Gaelic for heart), an Irish Heart and Stroke patient 

organisation with European Association of Preventive Cardiology (EAPC) centre accreditation. The 

programme was 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 of Croí MySláinte was led by an experienced interdisciplinary team 

which included a Cardiovascular Nurse Prescriber, Specialist Cardiac Physiotherapist, Dietitian, 

Cardiologist (all with postgraduate qualifications in Preventive Cardiology) with the support of an 

administrator and eLearning Technologist. The team utilised their clinical experience, following 

available international recommendations for remote delivery of healthcare to CVD patients, (145, 

146) to model Croí MySláinte on the evidence-based in person MyAction programme that had been 

delivered by Croí before the onset of COVID-19.(143) The MyAction programme was a derivative of 

the EuroAction study.(144) 

 Designed to align to EAPC(110) and British Association of Cardiac Rehabilitation and Prevention 

(BACPR) recommendations,(215) the core components of Croí MySláinte 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), psychosocial 

and behavioural change support, and electronic prescribing of cardio-protective medication where 

appropriate. Patient outcomes measures were based on the lifestyle, risk factor and therapeutic 
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goals as recommended by the European Society of Cardiology (ESC) best practice guidelines for 

Hypertension,(147) Dyslipidaemia (148) and CVD Prevention.(35) While identifying ways of 

objectively measuring these outcomes remotely was challenging, GPs, hospital referral centres and 

patients played a key role in actively supporting. Programme development took place between May 

and July 2020 and involved a number of key steps. These are outlined in Figure 3.1. 

 

  

Figure 3.1: Key steps to programme development 

3.2.3 Recruitment 

 9ƭƛƎƛōƛƭƛǘȅ ŎǊƛǘŜǊƛŀ ŦƻǊ ǘƘŜ ǇǊƻƎǊŀƳƳŜ ƛƴŎƭǳŘŜŘΤ ǇŀǘƛŜƴǘǎ όҗму ȅŜŀǊǎ ƻŦ ŀƎŜύ who met with 

guideline recommended inclusion criteria for CR referral,(22) access to an ipad/laptop, and a home 

internet connection. Patients were referred to the programme from cardiology and rehabilitation 

centres across five sites in the West of Ireland between July and September 2020.  
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3.2.4 Patient care pathway 

 The patient care pathway, including a detailed description of the Croí MySláinte intervention is 

outlined in Figure 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 individual remote 

assessment (via zoom) with each member of the interdisciplinary team (45minutes each). This 

assessment included: diet (Mediterranean diet score, diet history, current eating habits); 

anthropometric measurements (weight, height, body mass index); smoking habit (self-reported); 

physical activity levels (7-day physical activity recall); functional capacity (Chester step test);(151) 

psychosocial health (using 3 instruments; the Hospital Anxiety and Depression Scale [HADS], EQ-VAS 

visually assessed quality of life scale, and EQ-5d-5l measure of health status); blood pressure 

(measured using an A&D UA 651 device),  fasting lipids, glucose and Hba1c (diabetes patients only), 

and  prescribed medications. ¢ƘŜ ŀǎǎŜǎǎƳŜƴǘ ƘŜƭǇŜŘ ǘƻ ƛŘŜƴǘƛŦȅ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭΩǎ ǇǊƛƻǊƛǘƛŜǎ ŀƴŘ ƴŜŜŘǎ 

to reduce their CVD risk, as well as exploring health beliefs, barriers, and motivators to change. To 

help standardise data collection and to ensure a personalised, safe programme of care, 

anthropometric measures and functional capacity were assessed by the referring centres (in person) 

and communicated using a standardised electronic referral form. Lipids and glucose were measured 

ōȅ ǘƘŜ ǇŀǘƛŜƴǘΩǎ DŜƴŜǊŀƭ tǊŀŎǘƛǘƛƻƴŜǊ ŀƴŘ ōƭƻƻŘ ǇǊŜǎǎǳǊŜ ǿŀǎ ǎŜƭŦ-assessed by the patient using a 

clinically validated home monitoring device.  Patients also completed questionnaires online using the 

programme platform and were provided with access to a video tutorial to guide self-measurement 

of blood pressure. 

 The programme was delivered over a 12-week period using a bespoke web-based platform 

called Moodle Learning (Version 3.9.4), which can host a wide range of interactive educational 

resources, including pre-recorded videos and embedded links to weekly online sessions. Delivered 

over 2 hours by the interdisciplinary team, the online group-based sessions (delivered via ZoomTM) 

included a supervised exercise component (1 hour) and an educational workshop (topics are 

outlined in Figure 3.2). These online sessions were facilitated in groups of 12-15. Opportunities for 

individual engagement with the interdisciplinary team were provided through email and telephone 

support.  

 The programme placed a strong emphasis on self-management by utilising specific behavioural 

change strategies, including motivational interviewing, brief intervention, and goal setting. Patients 

were provided with a range of self-monitoring tools. These included a blood pressure monitor for 

home measurement, an accelerometer based FitbitTM to track steps, heart rate and exercise 

progression, food and exercise diaries, and 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 sustained long-term. Exercise was progressed 

weekly through individualised exercise prescription guided by the Specialist Cardiac Physiotherapist. 

This was informed by the ongoing review of physical activity patterns, reported steps from Fitbit as 

well as heart rate monitoring and perceived exertion during the supervised exercise session. To 

enhance safety, individuals were advised to have a family member present during the supervised 

exercise sessions. Where patients ǇǊŜǎŜƴǘŜŘ ǿƛǘƘ ŀōƻǾŜ ƴƻǊƳŀƭ όҗмм) HADS scores at baseline 

assessment, they were offered psychology support. Weekly virtual 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 

and 6-month follow-up assessment, which followed the same standardised approach as the initial 

assessment. The exception was functional capacity testing, which could not be assessed at six 

months due to imposed COVID 19 physical restrictions. All data were stored on a secure database 

hosted by Croí.  
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Figure 3.2: Croí MySláinte patient care pathway 
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3.2.5 Programme modifications  

 As Croí MySláinte was being implemented, modifications were made in response to patient 

feedback and the contextual challenges of delivering a newly established digital CR programme 

during a pandemic. These changes included: moving the consent form and questionnaires online as 

people faced challenges returning by post due to COVID 19 travel restrictions; the pre-recorded 

educational sessions were shortened from 30 to 15 minutes; patient support in the use of 

technology was made available on an ongoing basis rather than for the first few sessions; to help 

support individual goal setting, patients 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 agreed by the interdisciplinary team. 

3.2.6 Data 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 inter-quartile range otherwise. 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 continuous variables where the values were normally distributed were 

examined using the paired t-test and the Wilcoxon matched-pairs test was used where the changes 

in values between time points were not normally distributed. All comparisons were based on the 

same patients attending at both time frames. Statistical significance was set at p<0.05 and data were 

analysed using Stata (version 15.1). 

3.3 Results 

3.3.1 Programme uptake & retention rates  

 Between July 2020 and September 2020, 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 assessment enrolling in the programme. Of these, 64 (85%) 

completed the programme, with a median attendance of 9/10 programme sessions. Programme 

completion was defined as attending 8 or more of the 10 programme sessions, inclusive of the end 

of programme assessment. Of those who completed 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 assessment, barriers to initial 

participation included poor digital literacy skills (n=4), limited access to the necessary IT 

infrastructure (tablet/laptop and internet connection) (n=4), illness (respiratory tract infections and 

COVID 19 (n=4), work commitments (n=3), preference for in person programme (n=3): for the 
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remainder (n=10) either 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 

included lack of interest (n=4), poor home IT infrastructure (n=2), work commitments (n=3), moving 

overseas (n=1), and hearing difficulties (n=1).            

3.3.2 Patient characteristics 

 Baseline characteristics of patients, including demographics, referral diagnosis, and CVD risk 

factor profile are outlined in Table 3.1. 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 risk factors (Table 3.1), with 23% having had a previous 

cardiac event prior to the current referral diagnosis. 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 3.1: Baseline characteristics of patients referred to Croí My Sláinte 

  
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 ς 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 (150 minutes/week) 65 (84%) 

Diet 
% NOT achieving recommended 
aŜŘƛǘŜǊǊŀƴŜŀƴ 5ƛŜǘ {ŎƻǊŜ όƻǇǘƛƳŀƭ ǎŎƻǊŜ җфύ 

74 (96%) 

Anthropometrics ҈ hǾŜǊǿŜƛƎƘǘ ό.aL җнрƪƎκƳ2)  37 (48%) 

  ҈ hōŜǎŜ ό.aL җолƪƎκƳ2)  21 (27%) 

Smoking  % Smokers 2 (3%) 

Psychosocial  % HADS ŀƴȄƛŜǘȅ ǎŎƻǊŜ җу 26 (34%) 

  ҈ I!5{ ŘŜǇǊŜǎǎƛƻƴ ƭŜǾŜƭǎ җу 14 (18%) 

Cholesterol  
% NOT achieving recommended LDL targets 
όҖмΦп ƳƳƻƭκƭύ 

63 (82%) 

Blood Pressure  
% NOT achieving recommended targets 
όҖмолκулƳƳIƎύ 

57 (74%) 

GMS, General Medical Services (refers to the means tested provision of state healthcare); BMI, body mass 
index; HADS, Hospital Anxiety and Depression Scale; LDL, low-density lipoprotein. 
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3.3.3 Programme outcomes  

 Data relating to changes in lifestyle, psychosocial outcomes, medical risk factors and cardio 

protective medications from initial assessment (IA) to end of programme (EOP) and IA to 6-month 

follow-up are presented in Tables 3.2 and 3.3. The proportion of patients achieving the ESC 

recommended guidelines for physical activity, blood pressure and LDL cholesterol (22, 147, 148) 

significantly increased from initial to end of programme assessment, with changes being sustained at 

6-month follow-up. With the exception of other (non-statin) lipid lowering medications, there were 

no significant changes in the prevalence of participants prescribed cardio protective medication 

although it is worth noting that the prescription of cardio protective medication was already high at 

baseline. Nonetheless, the absolute proportion of patients on the maximum statin dose (for example 

rosuvastatin 40mg, or atorvastatin 80mg) increased 26% (95% CI 14%, 39%), from 19% to 45%.  

Significant reductions to weight and BMI were observed and these were maintained at 6 months, 

ǿƛǘƘ оо҈ ƻŦ ǇŀǘƛŜƴǘǎ ŀŎƘƛŜǾƛƴƎ ŀ ǿŜƛƎƘǘ ƭƻǎǎ ƻŦ җ р҈Φ !ƴȄƛŜǘȅ ŀƴŘ ŘŜǇǊŜǎǎƛƻƴ ƭŜǾŜƭǎ ƳƻǊŜ ǘƘŀƴ 

halved between baseline and end of programme assessment, with significant improvements in 

patient reported outcomes as indicated by the EQVAS and EQ5D, which were sustained at 6 months.  

Only one adverse event was reported during the supervised exercise sessions, and this was non 

cardiac in nature.
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Table 3.2: Changes (mean change or change in proportion followed by 95%CI) in lifestyle and psychosocial health in cardiovascular patients 

IA, initial assessment, EOP, end of programme; BMI, body mass index; MET, metabolic equivalent; HADS, Hospital Anxiety and Depression Scale; EQ-VAS, 

visually assessed quality of life scale; EQ-5d-5L-meaure of health status; - data unavailable
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Table 3.3: Changes (mean change or change in proportion followed by 95%CI) in medical risk factors and cardio protective medications in cardiovascular 
patients between IA, EOP and 6-month assessment 

 

IA, initial assessment; EOP, end of programme; LDL, low density lipoprotein; HbA1c, glycosylated haemoglobin; * in those with known diabetes; ARBs, angiotensin II receptor blockers 

 

n IA EOP Change p-value n IA 6-month Change p-value

Blood Pressure (mmHg)

Systol ic Blood Pressure mean(SD) 62 137.1 ± 15.7 117.6 ± 8.1 -19.5(-23.2,-15.8) <0.001 54 137.3 ± 15.9 119.9 ± 11.5 -17.5(-22.5,-12.5) <0.001

Diastol ic 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 74.9 ± 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

HbA1c<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 inhibi tors (%) 64 36 36 0(-9,9) 1.00 55 35 35 0(-9,9) 1.00

ARB's (%) 64 22 25 3(-3,9) 0.5 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 l ipid lowering medications (%) 64 5 17 13(3,22) 0.008 55 5 22 16(5,28) 0.004

From IA to EOP From IA to 6 month follow-up
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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 modern CR programmes.(110, 111) However, 

this has been particularly challenging to achieve during the COVID 19 pandemic. To our knowledge, 

this is one of the first studies to report both short and longer-term clinical, lifestyle and psychosocial 

outcomes from a digital CR programme delivered during the pandemic. Consistent with recent 

systematic reviews,(79, 214) our study shows that it is feasible to deliver comprehensive CR 

remotely and achieve the recommended lifestyle, medical and therapeutic targets that are known to 

be associated with reduced CVD events and improved health outcomes.(22)  

 Furthermore, whilst acknowledging the small sample size and different patient cohorts, the 

findings of the Croí MySláinte digital CR programme compare favourably to published outcomes for 

the in-person MyAction programme previously delivered in Galway (Ireland) and in Westminster 

(United Kingdom).(143, 216) For example, at end of programme the proportions achieving the 

recommended targets for LDL increased by 27% (14% to 41%), versus 6.3% (48.2% to 54.5%) and 

23.8% (25.2% to 49%) for the Westminster and Galway programmes respectively.  Similarly, end of 

programme proportions achieving the recommended targets for blood pressure in MySláinte 

increased by 44% (24% to 68%), versus 15.4% (70.3% to 85.6%) and 25.3% (51.6% to 76.9%) for the 

Westminster and Galway programmes, respectively. For physical activity, mean functional capacity 

increased by 2.1 (7.9 to 10) MET maximum in comparison to 0.9 (7.6 to 8.5) on the Westminster and 

1.7 (7.5 to 9.2) on the Galway programme. Furthermore, the reductions in anxiety and depression 

levels (Hospital Anxiety and Depression score җу) of 23% and 12% compared favourably with those 

achieved on the Westminster (1.55% and 11.6%) and Galway programmes (12.1% and 10.9%). (143, 

216)  

 These findings Ƴŀȅ ōŜ ŘǳŜ ǘƻ /ǊƻƝ aȅ{ƭłƛƴǘŜΩǎ ƛƴŎǊŜŀǎed emphasis on self-management and the 

provision of tools such as home blood pressure monitors and FitbitTM wearables. Self-management 

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 groups. (217, 218). Furthermore, the meta-analysis results 

of 17 RCTs in a systematic review by Kirk et al., showed wearable devices significantly increased both 

steps and moderate to vigorous physical activity in CVD patients. (219) 

 Furthermore, in contrast to the in person MyAction programme, the prescribing and 

optimisation of cardio protective medication in MySláinte was initiated by a Nurse prescriber, with 

Cardiologist, GP and Pharmacist support. This helped ensure efficient guideline-driven management 

of lipids and blood pressure at a time when access to General Practice and hospital-based cardiology 
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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 doses. It is likely that the significant reductions to blood 

pressure and LDL cholesterol were due to a combination of increased prescribing, dose-changes, 

support with medication adherence and lifestyle modification. Consistent with Cochrane systematic 

review evidence,(220) findings from this study highlight the important role of non-medical 

prescribing by nurses and wider implementation of this practice in CR DHIs should be considered.  

In keeping with findings by Candelaria et al., and Huang et al., (221, 222) our study showed that CR 

DHIs can significantly improve health related quality of life and anxiety and depression both at end 

of programme and importantly 6-month follow-up. These improvements can be attributed to the 

strong emphasis placed on addressing psychosocial health through group-based activities, stress 

management and psychological support. The timing of this support was particularly important given 

the reported increase in pandemic related psychological distress, including social isolation among 

CVD patients.(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 depression.(22)  

 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 pandemic. (85) We achieved this through 

individualised risk assessment, supported by functional capacity testing using the sub maximal 

Chester Step Test, and monitoring through FitbitTM and live video conferencing.  

 Multiple studies have demonstrated that effective diet and weight management interventions 

can be delivered using DHIs.(34) We observed significant improvements in self-reported adherence 

to the Mediterranean diet (+2.1 units, p<0.001) and reductions in BMI (-1.0, p<0.001) and weight (-

2.7kg, p<0.001) which were sustained at 6-month follow-up.  

3.4.1 Programme participation 

 The high programme uptake and retention rates are consistent with existing evidence which 

shows that adherence to DHIs is not inferior to in person CR programmes.(79) It is likely that the 

support and training provided to patients in the use of the programme technology helped enable 

access and increase participation. Of 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 attendance. Despite waiting on average 8 weeks for referral to CR, once 

referred, patients received access to Croí MySláinte within 3 weeks. The need for timely CR is well 

established, with guidelines recommending that CR should start as early as possible after a cardiac 

event. (22, 223) However in reality global access and uptake of CR remains consistently poor,(30) 
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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 Croí MySláinte 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 Croí MySláinte, 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, psychosocial health and cardio protective 

medications) which are necessary to achieve optimal CR benefits. (110, 215) It is highly likely that the 

inclusion of these components contributed to the significant clinical outcomes achieved on Croí 

MySláinte. In contrast, there is significant heterogeneity in the delivery of the core components in 

CR DHIs with a recent systematic review by Wongvibulsin et al., highlighting that 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 addressed. (79) While 

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 exercise training and initial and end of programme 

assessments was essential to retain some level of service.(34, 85, 114). The successful delivery of the 

core components on Croí MySláinte can be attributed to the skilled interdisciplinary team of 

healthcare professionals, who together with the technologies employed helped to ensure that a 

ǘŀƛƭƻǊŜŘ ǇǊƻƎǊŀƳƳŜ ƻŦ ŎŀǊŜ ǘƘŀǘ ŀƭƛƎƴŜŘ ǘƻ ǘƘŜ ǇŀǘƛŜƴǘǎΩ ƴŜŜŘǎ ŀƴŘ Ǌƛǎƪ ŦŀŎǘƻǊ ǇǊƻŦƛƭŜ ǿŀǎ ƻŦŦŜǊŜŘΦ  

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 design. For 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 such, future research should ideally include a comparison group preferably based in the same 

centre. However, it is reassuring that our virtual Croí MySláinte intervention is almost identical to 

the in-person intervention delivered during the Euroaction trial (this trial did have a comparison 

group and did demonstrate superior efficacy for the intervention relative to control) (144) Second, 

despite participants being recruited from 5 hospital sites in Ireland, the generalisability of our 

findings may be limited, as these sites were located in one region of Ireland. Nonetheless, the results 

are comparable to those achieved in international face-to-face programmes upon which Croí 

MySláinte is modelled. Third, there was the potential for selection bias as patients who were more 

motivated and engaged in their health may have been more likely to participate, however the sub-
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optimal control of risk factors at baseline could suggest otherwise (Table 3.1). 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 literacy and ensuring equitable access to technologies. 

Moreover, to understand the potential inequalities associated with DHIs, future research needs to 

be more inclusive of marginalised populations such as ethnic minorities and socioeconomic deprived 

groups and, where possible, sources of inequalities should be reported so that effective strategies 

can be developed to address them. 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 weighing scales and bloods may have been sent to different laboratories for analysis. In 

addition, many participants found it difficult to secure appointments with their GPs for bloods; this 

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 

ǇǊƻŦŜǎǎƛƻƴŀƭΩǎ ǇŜǊǎǇŜŎǘƛǾŜǎ ƻŦ 5ILǎΦ ¢Ƙƛǎ ǿƛƭƭ ƘŜƭǇ inform future development of digital CR 

programmes and the systems required to support implementation and scalability. To address this 

the authors are conducting qualitative research in this area. 

3.5 Conclusion 

 hǳǘŎƻƳŜǎ ŦǊƻƳ /ǊƻƝ aȅ{ƭłƛƴǘŜ ǇǊƻǾƛŘŜ ƛƳǇƻǊǘŀƴǘ ΨǇǊƻƻŦ ƻŦ ŎƻƴŎŜǇǘΩ ǘƘŀǘ ƎǳƛŘŜƭƛƴŜ ōŀǎŜŘΣ Ƴǳƭǘƛ 

component digital CR programmes can be successfully implemented and achieve measurable 

improvements in medical and lifestyle risk factors and psychosocial health. Given the pre-COVID care 

gaps, such as poor uptake and accessibility of hospital/centre-based CR programmes, there is an 

urgent need to offer all eligible patients a choice of CR delivery options that meet with their needs 

and preferences. While DHIs are one 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 interventions must ensure quality in both the reporting of 

their intervention and in service delivery, specifically incorporating the evidence-based core 

components of comprehensive CR.  With COVID 19 likely to result in disruption to health services for 

the foreseeable future, it would seem timely to embrace digital health and utilise the skills and 

infrastructure that have been developed during the pandemic to optimise the future delivery of 

guideline-based CR.  
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Abstract  

Background 

 Despite growing evidence for the effectiveness of digital cardiac rehabilitation (CR) uptake of 

this technology remains low. Understanding the factors that influence implementation of digital CR 

in clinical practice is a growing area of research. The aim of this nested qualitative study was to 

explore health worker perspectives on factors influencing implementation of a digital CR 

programme.  

Methods 

 Using convenience sampling, semi-structured interviews were conducted with health workers, 

including health care professionals (nurses, dietitians, physiotherapists) and those in administrative 

and managerial roles who were involved in delivering and referring patients to Croí MySláinte, 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 Croí 

MySláinte were multiple, with some operating independently and others in combination. They 

related to: (i) characteristics of individuals (e.g., senior leadership support, commitment and 
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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 patients, the digital 

platform, patient self- monitoring tools, the multidisciplinary team and core components); (iii) the 

external environment (e.g., partnership and connections between organisations, broadband and 

COVID-19); (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, multi-level implementation strategies are required if the true potential of 

digital health in improving equitable cardiac rehabilitation access, participation and patient 

outcomes is to be realised. 

4.1 Introduction  

 Secondary prevention is an important strategy to reduce the burden of cardiovascular disease 

(CVD), which accounts for almost one third of all deaths globally.(2, 110) Comprehensive secondary 

prevention programmes, which include cardiac rehabilitation (CR), can reduce CVD mortality, 

recurrent CVD hospital admissions, and improve overall quality of life.(22, 30) However, CR is 

underutilised, with barriers including low referral rates, lack of access and limited capacity, among 

others.(4, 34) Notably, the majority of eligible patients do not meet guideline recommended lifestyle 

and risk factor targets.(41, 50) Digital cardiac rehabilitation (CR) interventions 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 participation.(34) There is 

growing evidence to show similar efficacy on important endpoints such as LDL cholesterol, exercise 

capacity, and medication adherence, which are comparable to in-person, 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 scale.(112, 225) Even during the 

Coronavirus disease-2019 (COVID-19) pandemic, when technology was urgently needed and 

embraced, less 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 level.(118) Health workers play a pivotal role in bridging the 

gap between innovative solutions and patient care, ultimately influencing whether a new technology 

succeeds or fails.(107, 116) Therefore understanding their experiences is an important part of digital 

CR evaluation.(107) However, in comparison to patients, health worker related barriers and 
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facilitators to digital CR,(226) have been less frequently described with one of the first systematic 

reviews in this field recently being published.(118) While this review included 20 studies, from 5 

countries, the majority of studies were surveys (n=13) with the remainder (n= 7) focusing on 

implementation of home-based (n=4), hybrid (combined in person and home based or digitally 

enabled models, n=1) and virtually delivered interventions (n=2).(118) Given that the effectiveness 

of digital interventions are highly dependent on context,(104) there remains a need to expand the 

number of implementation studies focusing on health workers perspectives of specific 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.  

 IŀǾƛƴƎ ŀƭǊŜŀŘȅ ŜȄŀƳƛƴŜŘ ǘƘŜ ŎƭƛƴƛŎŀƭ ƻǳǘŎƻƳŜǎ ƻŦ άaȅ{ƭłƛƴǘŜέ a digital CR intervention 

delivered during the COVID-19 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 this qualitative study were to a) conduct a post implementation 

evaluation of the barriers and facilitators to άaȅ{ƭłƛƴǘŜέ and b) to identify potentially salient factors 

ǘƻ ƛƴŦƻǊƳ ǘƘŜ ŦǳǘǳǊŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ŘƛƎƛǘŀƭ /wΦ ²Ŝ ǳǎŜ ǘƘŜ ǘŜǊƳ άƘŜŀƭǘƘ ǿƻǊƪŜǊǎέ ǘƻ ŘŜǎŎǊƛōŜ ǘƘŜ 

roles of both health care professional (HCPs) and those in administrative and managerial positions.  

 MySláinte (Gaelic for MyHealth) was developed by Croí, an Irish Heart and Stroke patient 

organisation in response to the need to provide patients with access to comprehensive CR during 

the COVID-19 pandemic. The process of developing MySláinte, together with the key intervention 

features and clinical outcomes have been previously reported.(176) In brief, the core components 

included lifestyle modification, risk factor management, and psychosocial and behavioural change 

support. Patients received access to a bespoke web-based platform, a Fitbitϰ, a home blood 

pressure monitor, and were invited to attend weekly, online group-based supervised exercise 

sessions and educational workshops.   

4.2 Methods 

4.2.1 Study design 

 A nested qualitative design using semi-structured 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 qualitative data collection and analysis. The CFIR 

is a comprehensive, meta-theoretical framework that is used to predict or explain the barriers and 

facilitators to implementation effectiveness, in health systems at multiple levels.(157) The CFIR 

contains 48 constructs and 19 sub-constructs across five domains: 1. Innovation, 2. Outer Setting, 3. 

Inner Setting, 4. Individuals, and 5. Implementation Process. Table 4.1. outlines how the CFIR was 
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operationalised for this current study.(157) As one of the most highly cited frameworks in 

implementation science, the CFIR has been widely used in digital health research.(158) 

Ethical approval was obtained from the Galway Clinical Research Ethics Committee (Ref. C.A 2689) 

on the 27th of August 2021. The study is reported in accordance with the Consolidated Criteria for 

Reporting Qualitative Research (COREQ) (Appendix D).(159) 

Table 4.1: Operationalisation of CFIR  

CFIR 
Domain  

Definition 

Innovation The Croí MySláinte programme. This domain includes factors related to 

innovation: design and core components; complexity (number of steps 

involved in delivery); relative advantages to current practice; evidence 

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

Outer Setting The broader extrinsic ecosystem, in which the Inner Setting exists. This 

domain includes factors related to policies and laws; critical incidents 

such as COVID-19; local technological conditions such as availability of 

broadband, and partnerships and connections between the Inner Setting 

organisations.  

Inner Setting The setting in which Croí MySláinte was implemented, including both 

Croí, the heart and stroke patient organisation that directly delivered the 

programme, and the various hospitals who referred patients and 

conducted pre- and post-programme assessments. This domain includes 

factors related to structural characteristics (staffing levels); available 

resources (funding); access to knowledge and information; compatibility 

with existing workflows; and tension for change.    

Individuals Roles and characteristics of individuals involved in implementing, 

delivering, and/or receiving the Croí MySláinte programme. This domain 

includes factors related to the health workers involved in direct and 

indirect programme delivery, high-level leaders (cardiologists and senior 

management), IT support, and family members and patients who 

received the programme. Characteristics relate to individual needs, 

capability, opportunity, and motivation. 

Implementation 
Process 

The activities and strategies used to implement Croí MySláinte. This 

domain includes factors related to forming a team, planning, engaging 

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 MySláinte were invited to participate in the study via email by 

the study partner Croí (Appendix E). Participants included health workers at Croí 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 pre- and post-

programme assessments (indirect deliverers). We aimed to recruit a sample of 10-15 health workers. 

Sample size estimates were informed by the concept of information power(161) and by the number 

of potential participants available to recruit.  

4.2.3 Data collection 

 Following informed written consent, which involved providing participants with a description of 

the research along with the participant information sheet (Appendix F), semi-structured interviews 

were conducted online between October and December 2021.  In acknowledging the lead 

ƛƴǾŜǎǘƛƎŀǘƻǊΩǎ όLDύ Ǉƻǎƛǘƛƻƴŀƭƛǘȅ ŀǎ ŀ /±5 ƴǳǊǎŜ ƛƴǾƻƭǾŜŘ ƛƴ ǘƘŜ ŘŜƭƛǾŜǊȅ ƻŦ aȅ{ƭłƛƴǘŜΣ ƛƴǘŜǊǾƛŜǿǎ ǿŜǊŜ 

conducted by another study team member (LF). This helped to minimise potential power 

differentials during data collection, which may have occurred due to existing relationships between 

the lead investigator and health workers.(169) 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 CR programmes (Appendix G). The interview guide was piloted in 

advance with members of the study team, and minor refinements were made prior to interview 

commencement.  

4.2.4 Data analysis 

 Using NVivo R1 software for data management, framework analysis (163) was performed using 

the CFIR as the a priori framework. To determine if modifications to the coding frame were required, 

open coding was conducted on a small sample of transcripts. Following this, 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 using thematic 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 (IG) and a third investigator (CR), a 

member the CFIR development group, provided expert input on CFIR construct definitions as 

required.  
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4.3 Results  

 Of the 15 health workers invited to participate, 14 (93%) responded. Interviews lasted on 

average 46 minutes (range 32-50 minutes). Participants included Croí HCPs (nurse prescriber, 

dietitian, physiotherapist) an administrator and chief executive officer (CEO) (n=5), and hospital 

cardiology and CR nurses (n=9). Characteristics of participants are outlined in Table 4.2. 

Table 4.2: Baseline characteristics of participants 

  
Participants 
(n=14) n (%) 

Gender, female 12 (86%) 

Professional role  
Clinical Nurse Specialist 6 (43%) 

Clinical Nurse Manager  1 (7%) 

Advanced Nurse Prescriber  1 (7%) 

Cardiac Rehabilitation Co-ordinator (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%) 

11 to 20 5 (36%) 

21 to 30 2 (14%) 

30 or more 4 (28%) 

Service type   
Community Cardiac Rehabilitation (Direct Deliverers) 5 (36%) 

Hospital Cardiac Rehabilitation (Indirect Deliverers) 5 (36%) 

Hospital Cardiology Department (Indirect Deliverers) 4 (28%) 

 

 Factors influencing implementation of the MySláinte programme operated across the five CFIR 

domains: (1) Innovation; (2) Outer Setting; (3) Inner Setting; (4) Individuals; and (5) Implementation 

Process (Figure 4.1).  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 and facilitators to 

implementation. Supported by sample quotes, this matrix also includes considerations to guide the 

future implementation of digital CR (Appendix H). The following section provides a narrative 

summary of the most commonly occurring factors and how they manifested across the five CFIR 

domains. HCP perspectives on considerations for future implementation efforts of digital CR are 

incorporated throughout.  
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Figure 4.1: Factors influencing implementation of Croí MySláinte across multiple levels 

This figure has been reproduced with permission from CFIR 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 feedback. Implementation Science, 17, 75. https://doi.org/10.1186/s13012-022-01245-0. Image 
adapted by The Center for Implementation, © 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 MySláinte was implemented; Individuals = roles and characteristics of those involved in implementing, 
delivering and/or receiving MySláinte; Innovation = the Croí MySláinte programme; Implementation Process = activities 
and strategies used to implement MySláinte 

 

4.3.1 Domain: Innovation 

 The design of the MySláinte programme acted as both a barrier and facilitator to 

implementation. Many of the programme features, which facilitated implementation, were 

compared favourably by Health workers to hospital-based CR programmes. Perceived advantages 

included increased accessibility and convenience for patients to attend, and while this was identified 

as particularly important during COVID-19, the need to deliver digital CR programmes beyond the 

pandemic was emphasised. Furthermore, health workers identified the advantages of having a 

multidisciplinary team (MDT) including a nurse prescriber and a dietitian, which is not routinely 

available in many hospital-based CR programmes. Virtual care was described as being more 

individualised due to the use of self-monitoring tools, patients being in their own environment, and 

https://doi.org/10.1186/s13012-022-01245-0
https://thecenterforimplementation.com/toolbox/cfir
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the ability to involve the family. All of these programme 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 

ŘƛŘƴΩǘ ƘŀǾŜ ǘǊŀƴǎǇƻǊǘΦ ¢ƘŜȅ ǿŜǊŜ ƳƛƴŘƛƴƎ ŦŀƳƛƭȅΣ ƳƛƴŘƛƴƎ ƪƛŘǎΣ ƳƛƴŘƛƴƎ ǇŀǊǘƴŜǊǎ ǎƻ ȅƻǳ 

know they could just do it from the comfort of their own home. (P11, Referrer) 

The programme evidence base, together with the professionalism, reputation and credibility of the 

MySláinte team who developed the programme, were identified as positively influencing 

implementation. These factors helped to secure programme funding and importantly helped to 

engage patients to participate and health workers to refer.  

While we were hesitant about it being online, we were confident in Croí 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 barriers to implementation. For example, health workers reported managing a larger 

volume of patients, having additional paperwork, and a general lack of compatibility between virtual 

and existing work practices, which added to the complexity 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 world. (P9, Croí HCP)  

Furthermore, referring health workers identified challenges associated with supporting end of 

programme assessments. Having not been involved in direct programme delivery, these challenges 

related to a lack of familiarly with the patient, which was exacerbated by limited access to their 

clinical information. Relative to hospital-based CR programmes, identified disadvantages included 

the inability to monitor patients in the absence of telemetry, and the impact of limited face-to-face 

contact on peer support and the patient relationship. 

¢ƻ ƳŜ ǘƘŜǊŜΩǎ ŀ ƘǳƎŜ ǾƻƛŘ ȅƻǳ ƪƴƻǿ ƛŦ ǘƘŜǊŜ ƛǎ ƴƻ ǘŜƭŜƳŜǘǊȅΦ L Řƻ ǘƘƛƴƪ ǘƘŜȅ ƴŜŜŘ ǘƻ ōŜ ƻƴ 

telemetry to identify problems post event, heart blocks and new A-fibs and all of that. (P5, 

Referrer) 

4.3.2 Domain: Outer Setting  

 As a critical incident, the COVID-19 pandemic largely facilitated implementation of MySláinte. It 

created the momentum for change, increasing patient and HCP engagement in programme 

implementation. 

I think the fact ǘƘŀǘ /h±L5 ƘŀǇǇŜƴŜŘ ǿŜ ǿŜǊŜ ǇǳǎƘŜŘ ǘƻ Řƻ ǘƘƛƴƎǎ ǘƘŀǘ ǿŜΩŘ ŀƭǿŀȅǎ ǿŀƴǘŜŘ ǘƻ 

do a bit quicker, it forced us all online, even patients and made the uptake of these things 

easier. (P1, Croí HCP)  
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However, local conditions, specifically the lack of broadband was identified as a major barrier to 

implementation and a source of inequity in terms of patient access, with health workers 

recommending that: 

Broadband should be a fundamental right and nobody should be left behind in terms of the 

digital age. (P9, Croí HCP)  

Strong partnerships and connections facilitated implementation, with referring health workers 

speaking to the positive relationships that had developed between organisations (referring hospitals 

and Croí) through previous projects and how this helped to engage them and increase their 

confidence in referring to MySláinte. Information sharing and co-learning from other CR centres 

beyond those involved in the study also helped inform implementation efforts.  

Our organisations had a ƎƻƻŘ ǊŜƭŀǘƛƻƴǎƘƛǇ Χ we would have met face-to-face on a couple of 

different initiatives that we did together so we kind of knew each other and that helped. (P8, 

Referrer) 

4.3.3 Domain: Inner Setting 

 The Inner Setting where health workers worked (Croí and the referring hospitals) exerted both a 

positive and negative influence on implementation. Limited access to hospital-based CR services due 

to the COVID-19 pandemic and ensuring patient needs were met created the tension for change, 

which facilitated implementation. Related to this, MySláinte was seen as compatible with the 

organisations mission, culture and service priorities to address waiting lists for CR.  

As an organisation our role is to respond to patients needs and our raison dΩetre for delivering 

this programme was to make sure that these patients received this vitally important care and 

support. (P14, Croí HCP) 

It was desperately needed. The waiting lists for rehab, ǘƘŜȅΩǊŜ ǎǘƛƭƭ ǊŜŀƭƭȅ ōŀŘ, but they were 

very bad back then because there was nothing happening and people were still having events. 

(P4, Croí HCP) 

Access to available resources such as funding, the digital platform, and knowledge and information 

to deliver MySláinte facilitated implementation, and were highlighted as critical to future 

implementation efforts.   

They need to come up with all the resources, I.T., ƳŀƴǇƻǿŜǊΣ ŦǳƴŘƛƴƎΣ ŜǾŜǊȅǘƘƛƴƎ Χ ƛŦ ȅƻǳΩǊŜ 

establishing a program like this ... that planning has to be there before it is implemented. (P13, 

Croí HCP) 

For referring health workers, the existing work infrastructure acted as a barrier to implementation, 

with low staffing levels decreasing their opportunity to refer patients. Furthermore, referring 
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patients to MySláinte became an additional task and less of a priority with the return of in person 

programmes. 

We were short staffed as we were being redeployed and referring was time-consuming Χ  

especially when we were starting back with our own groups again. (P10, Referrer) 

4.3.4 Domain: Individuals 

 Individuals involved with implementing, delivering, and/or receiving MySláinte are outlined in 

Figure 4.1. Health workers identified how the commitment and support from many individuals, 

ranging from high-ƭŜǾŜƭ ƭŜŀŘŜǊǎ ό/ŀǊŘƛƻƭƻƎƛǎǘǎΣ IƻǎǇƛǘŀƭ aŀƴŀƎŜƳŜƴǘΣ bǳǊǎƛƴƎ ŀƴŘ /9hΩǎύ ǘƻ 

implementation project managers, to IT support facilitated implementation.  

Everybody just seemed to row in together you know and get things done that would have 

taken months previous to COVID, it just happened. (P5, Referrer) 

While health workers described barriers having to navigate new technology with limited training, 

they were highly motivated to deliver MySláinte. This was influenced by their knowledge and beliefs 

regarding the positive consequences for patients, and their service (e.g., reduced waiting lists), and 

fit with their social/professional role and identity.  

²Ŝ ŀƭƭ ƘŀŘ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ōŜǎǘ ƛƴǘŜǊŜǎǘǎ ŀƴŘ ǿŜ ŀƭƭ ǿŀƴǘŜŘ ǘƻ Řƻ ǎƻƳŜǘƘƛƴƎ ŀƴŘ ƳŀƪŜ ŀ 

difference Χ when we saw it was working ... their blood pressure improved, their cholesterol 

improved ... that gave us confidence. (P4, Croí 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 stratification), coupled with increased administrative 

duties, was time consuming. Access to patient information through more integrated technology 

information systems and greater administrative support were identified as solutions to overcome 

these barriers.  

Invest in the technology to ensure online delivery is more streamlined ... we need to be able to 

share information across organisations Χ ǘƻ ŜƴǎǳǊŜ ǇŀǘƛŜƴǘ ŎŜƴǘǊŜŘΣ ƛƴǘŜƎǊŀǘŜŘ ŎŀǊŜΦ όtмΣ Croí 

HCP) 

Health workers reported that while the programme responded to unmet patient needs regarding 

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 socio-demographics, and the potential to disenfranchise those with low digital literacy levels. 

tŜƻǇƭŜ ƳƛƎƘǘƴΩǘ ƴŜŎŜǎǎŀǊƛƭȅ ƘŀǾŜ ŀ ǎƳŀǊǘ ǇƘƻƴŜΣ ǘƘŜȅ ƳƛƎƘǘƴΩǘ ƘŀǾŜ ŀ ƭŀǇǘƻǇ ŀƴŘ those kind of 

digital inequalities and financial constraints can be an issue. (P3, Referrer) 
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4.3.5 Domain: Implementation process  

 The strategies used to implement MySláinte mainly acted as facilitators to delivery. Health 

workers highlighted how efforts to engage patients, through the provision of information and 

ǘŜŎƘƴƛŎŀƭ ǎǳǇǇƻǊǘΣ ƛƴŎǊŜŀǎŜŘ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ŎŀǇŀōƛƭƛǘȅ ŀƴŘ ŎƻƴŦƛŘŜƴŎŜ ǘƻ ǇŀǊǘƛŎƛǇŀǘŜΦ  

WƘŜǊŜ ǇŜƻǇƭŜ ŘƛŘƴΩǘ ƘŀǾŜ ǘƘŜ ƴŜŎŜǎǎŀǊȅ ǎƪƛƭƭǎΣ but they had the technology, they actually went 

and trained them. (P14, Croí HCP) 

Referring health workers reported that they were effectively engaged through good relationships 

with Croí. 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.  

If ȅƻǳΩǊŜ ƭƻƻƪƛƴƎ ǘƻ ƛƴƴƻǾŀǘŜ ŀƴŘ ǎǳǇǇƻǊǘ ȅƻǳ ƴŜŜŘ ǘƻ ǘǊȅ ŀƴŘ ŜƴƎŀƎŜ ŀǎ ƳǳŎƘ ŀǎ ȅƻǳ Ŏŀƴ ƛƴ 

advance and not just land something on people. And be sensitive to all these fears and 

anxieties that people will have. (P7, Referrer) 

The commitment and motivation of the team, coupled with a project plan where roles and 

responsibilities were agreed in advance positively influenced the implementation process.  

Furthermore, through reflecting and evaluating, MySláinte was adapted iteratively in response to 

patient needs. 

Some of the first education sessions we did we were like ... these are a bit long ... so we tried to 

make them more interactive Χ we were constantly changing and tweaking it. (P14, Croí HCP) 

4.4 Discussion  

 Using the CFIR, this study examined health worker perspectives of factors influencing 

implementation of MySláinte, a digital CR intervention delivered during the COVID-19 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 within which they operate.(78, 104) 

Consistent with recent systematic review and scoping review evidence,(112, 118, 227) we identified 

barriers and facilitators to implementation across all 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 CFIR. While most factors influencing implementation of MySláinte 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.g., inclusion 

of the MDT and recommended CR core-components) and evidence base increased health worker 

confidence, and subsequent engagement in implementation. Consistent with previous studies, (116, 



65 
 

158, 227) these findings demonstrate the dynamic inter-relationships that exists between factors. 

Therefore, understanding these inter-relationships is essential to optimising implementation of 

digital CR.(158)  

 The perceived usefulness of technology has been identified as one of the most common 

facilitators to implementation of DHIs among health workers.(112, 227) In keeping with these 

findings, the perceived value of MySláinte in providing patients with essential CR, whilst also 

addressing CR service waiting lists, motivated health workers to engage in implementation. 

Engagement was further enhanced by organisational leadership support and a culture of patient 

centeredness, both established predictors of implementation success.(157, 158) These findings 

reaffirm that implementation of DHIs is a social process which is influenced by the values, mind-set 

and engagement of individuals involved, including local champions.(116, 228) Health workers 

identified multiple benefits associated with MySláinte (e.g., increased accessibility and convenience 

for patients) which superseded in person CR programmes. However, health workers acknowledged 

that there was a trade-off between these benefits and perceived programme disadvantages, for 

example lack of peer support. In line with WHO recommendations, these findings emphasise the 

ƴŜŜŘ ŦƻǊ ǘƘŜ άǾŀƭǳŜέ ƻŦ ŘƛƎƛǘŀƭ /w ǘƻ ōŜ ŎƭŜŀǊƭȅ ŎƻƳƳǳƴƛŎŀǘŜŘΣ ƛƴŎƭǳŘƛƴƎ ōŜƴŜŦƛǘǎ ŦƻǊ ǇŀǘƛŜƴǘǎΣ ƘŜŀƭǘƘ 

workers, and health systems as well as the rationale for why they are superior to the current 

standards of care.(107, 229)  

 The implementation of MySláinte required a significant shift in how health workers delivered CR 

care with new work practices and care pathways needing to be established. Not unique to 

MySláinte, the rapid transition to remote care during the COVID-19 pandemic necessitated the use 

of an existing platform Moodle , which was not appraised as optimal for CR delivery.(114, 230) This 

led to an increased workload, which added to the complexity of delivering CR care. Increased work 

and altered workflows are frequently cited barriers among health workers to DHI implementation 

(227), including those specific to CR.(118) To address these barriers, there is a need to involve health 

workers in all stages of the design, development and implementation of digital CR.(104, 231, 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 reviews.(227) Beyond the usability of the digital platform, health workers 

identified challenges regarding its interoperability in the context of a health system where 

information and communications technology (ICT) is not standardised or harmonised. Not limited to 

our study, interoperability of DHIs is a global problem,(104, 232) which requires implementation of 

national data interoperability standards in order to be addressed.(233)  
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 Similar to recent systematic review findings by Ferrel-Yui et. al,(118) workforce capacity issues 

including HCP-patient ratios and time to deliver in the context of the return to in-person 

programmes acted as barriers to implementation. Frederix et.al,(234) argue that DHIs need to be 

ōƭŜƴŘŜŘ ƛƴǘƻ ŎǳǊǊŜƴǘ ǇǊŀŎǘƛŎŜǎΣ ǊŀǘƘŜǊ ǘƘŀƴ ōŜƛƴƎ ŀƴ άŀŘŘ ƻƴέ ǘƻ ŜȄƛǎǘƛƴƎ ŘŜƭƛǾŜǊȅ ƳƻŘŜƭǎΦ Ultimately, 

implementation of digital CR requires dedicated resources, including staff who are equipped with 

skills and competencies in digital health delivery.(225) Our findings show that limited experience and 

training in digital health was an obstacle to implementation with similar barriers reported 

internationally.(85, 104) These findings point to the need for greater integration of digital health 

competencies into the undergraduate and postgraduate curriculum as well as real-time, on the job 

training and support.(116, 235)  

 Health workers reported uncertainties regarding patient suitability for virtual care; these 

ǊŜƭŀǘŜŘ ǘƻ ƭƻǿ ŘƛƎƛǘŀƭ ƭƛǘŜǊŀŎȅ ƭŜǾŜƭǎΣ ƭƛƳƛǘŜŘ ŀŎŎŜǎǎ ǘƻ ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ ōǊƻŀŘōŀƴŘΣ ŀƴŘ ǘƘŜ ǇŀǘƛŜƴǘΩǎ 

CVD risk profile. These findings are not surprising given that digital CR studies tend to focus on 

homogenous populations, where the majority of participants are male, and younger (<63 years).(79, 

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 by conducting 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 internationally,(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 high-risk patients.(34, 236) Notwithstanding the importance of patient 

preference, health workers identified that hybrid CR, which combines in-person and remote 

components, could be a promising opportunity to broaden CR access.(61) However, essential to this 

approach is effective integration of care between digital CR and in-person CR, and further research is 

required to understand how to optimally achieve this.  

 We observed similarities between our findings and the recent study by Kenny et al.,(237) 

exploring patient experiences of MySláinte 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 of technical support, increased engagement. These 

findings suggest that DHIs do not necessarily compromise the patient-health worker relationship, a 
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commonly held perception among health workers.(238) Furthermore, health workers identified 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 importance of partner and family support in engaging patients 

to use the technology, a factor which is known to improve DHI use by patients.(15)(237) 

4.4.1 Considerations for future implementation  

 Identifying strategies for effective implementation of digital health are a national and 

international priority. (82, 83, 104) Based on our study findings, which included health workers views 

on factors to help inform future implementation, we developed a summary of key considerations to 

assist with future implementation efforts (see Table 4.3). 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 facilitators to implementation of digital CR 

are interdependent, these considerations should not be viewed in isolation but rather as part of a 

whole systems approach to implementation. Currently, findings from this study are informing the 

development and implementation of a self-management, mHealth intervention for the secondary 

prevention of CVD.(239)  

4.4.2 Limitations 

 This study has some potential limitations. Due to funding, this study was conducted six months 

after patients had completed MySláinte, which 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 richness of the data collected. We recognise that the context of COVID-19 may 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 qualitative study 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 CR (104, 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 a multi-method evaluation of 

MySláinte, and while previous research has examined clinical outcomes(176) and patient 

experiences,(237) 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 MySláinte, future research should align these factors to implementation 

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

 

Table 4.3: Key considerations for the future implementation of digital cardiac rehabilitation 

Level Considerations for future implementation of digital cardiac rehabilitation 

Digital 
Health 
Intervention 

Digital health interventions should:  

¶ Incorporate evidence-based core components and be delivered using a 
standardised approach 

¶ Be delivered by a skilled inter-professional team including nurse prescribers   

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

¶ Be integrated with in-person programmes and offered as part of a hybrid 
approach to care  

Patient  Patients should:  

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

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

Health 
Workers  

 

Health workers should be:  

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

¶ Provided with adequate resources including staff, administrative support, time 
and technological support 

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

¶ Provided with clear guidance on how to appropriately risk stratify and monitor 
patients remotely  

Health 
System  

At a systems level there needs to be: 

¶ Approval and support by the organisational leadership team including 
Cardiologists 

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

¶ Long-term funding to develop technology that minimises workload whilst also 
ensuring that there is an adequate workforce to deliver  

¶ A focus on patient centred care, ensuring seamless integration of care across all 
CR delivery modalities   

¶ A robust digital infrastructure, with greater interoperability  

¶ A focus on developing implementation strategies, which address context specific 
barriers. 

  

4.5 Conclusion  

 With an increasing emphasis being placed on offering patients a range of CR options, successful 

implementation of DHIs is contingent upon a comprehensive understanding of the challenges and 

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

digital CR intervention during the COVID-19 pandemic, we identified a number of factors which may 

help inform future strategies to enable scale up and integration into clinical practice. Findings from 

this study highlight how factors influencing implementation of digital CR are interconnected. 
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Therefore, multi-level 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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Chapter 5. Study 3: Development of a Digital Health Intervention for the Secondary Prevention of 
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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 prevention of CVD, the majority are designed with 

minimal input from target end users, resulting in poor uptake and usage. 

Objective 

 This study aimed to optimise the acceptance and effectiveness of a DHI for the secondary 

prevention of CVD through co-ŘŜǎƛƎƴΣ ƛƴǘŜƎǊŀǘƛƴƎ ŜƴŘ ǳǎŜǊǎΩ ǇŜǊǎǇŜŎǘƛǾŜǎ ǘƘǊƻǳƎƘƻǳǘΦ 
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Methods 

 A theory-driven, person-based approach using co-design was adopted for the development of 

the DHI, known as INTERCEPT. This involved a 4-phase iterative process using online workshops. In 

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, DHI prototypes were reviewed for clarity of 

language, ease of navigation, and 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 administered before and after 

testing. ¢ƘŜ άDǳƛŘŀƴŎŜ ŦƻǊ ǊŜǇƻǊǘƛƴƎ ƛƴǘŜǊǾŜƴǘƛƻƴ ŘŜǾŜƭƻǇƳŜƴǘ ǎǘǳŘƛŜǎ ƛƴ ƘŜŀƭǘƘ ǊŜǎŜŀǊŎƘέ όD¦L595ύ 

checklist was used to report the development process. 

Results  

 Five key design principles were identified: simplicity and ease of use, behavioural change through 

goal setting and self-monitoring, personalization, system credibility, and social support. Usability 

testing resulted in 64 recommendations for the app, of which 51 were implemented. Improvements 

in System Usability Scale scores were observed comparing the results before and after 

implementation of recommendations (61 vs 83, P=.02). 

Conclusions 

 Combining behaviour change theory with a person-based co-design approach facilitated the 

development of a DHI for the secondary prevention of CVD that optimised responsiveness to end 

ǳǎŜǊǎΩ ƴŜŜŘǎ ŀƴŘ ǇǊŜŦŜǊŜƴŎŜǎΣ ǘƘŜǊŜōȅ ǇƻǘŜƴǘƛŀƭƭȅ ƛƳǇǊƻǾƛƴƎ ŦǳǘǳǊŜ ŜƴƎŀƎŜƳŜƴǘΦ 

5.1 Introduction 

 Patients with coronary heart disease (CHD) are at high risk of recurrent cardiovascular 

events,(22) with 1 in 5 experiencing a recurrent event in the first year, after hospital discharge.(25) 

To minimise this risk, guidelines recommend early initiation of evidence-based, secondary 

prevention lifestyle and pharmacological treatments, together with access to a cardiac rehabilitation 

(CR) program.(22, 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 

discharge.(41) The promising role of digital health interventions (DHIs), including mobile health 

(mHealth) apps, in addressing this implementation gap is increasingly recognized.(104) 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 of CHD.(79, 211) 

mHealth apps have the potential to enhance patient empowerment and self-management,(94) with 

growing evidence to support their use for secondary prevention of cardiovascular disease 
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(CVD).(104) Recent meta-analysis 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 CHD.(90) However, beyond the research setting, uptake and usage of 

health apps is low.(79, 93, 241) In addition, there is limited understanding of how these apps are 

ŘŜǾŜƭƻǇŜŘ ŀƴŘ ǿƘŀǘ ǘƘŜƛǊ άŀŎǘƛǾŜ ƛƴƎǊŜŘƛŜƴǘǎέ ƛƴŎƭǳŘŜ.(87, 126)  

 Involving end users in the design and development of DHIs is recognised as essential to 

maximising their acceptance, uptake, and effectiveness.(104, 124) Despite this, the majority of 

mHealth apps are designed with minimal input from target end users.(126) For example, in a recent 

scoping review, the use of co-design methodologies in the development of CVD secondary 

prevention interventions was reported in only 4 of 22 studies related to mHealth apps.(125) 

Furthermore, none of these studies reported using a theoretical framework to guide the 

development of the intervention, including the use of theory-based behavioural strategies. Although 

this absence of reporting is not uncommon (127), it impacts on our ability to understand which parts 

of digital behaviour interventions contribute to outcomes.(130) 

 For DHIs to reach their full potential, we need to better understand how they are developed 

and what the core elements of effective interventions are.(126) This paper aims to describe the 

ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀ ƳǳƭǘƛŎƻƳǇƻƴŜƴǘΣ ŎƻƳǇƭŜȄ 5IL ŎŀƭƭŜŘ άLb¢9w/9t¢έ ǘƻ ƛƳǇǊƻǾŜ ǎŜŎƻƴŘŀǊȅ 

prevention in patients with CHD. Developed by the Irish National Institute for Prevention and 

Cardiovascular Health, INTERCEPT aims to promote self-management 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 a web-based health care professional 

(HCP) portal, a fitness wearable and blood pressure monitor. Responding to the need for early 

initiation of prevention after an index event,(22) particularly given delays in patients accessing 

traditional (CR) programs, (52, 242) INTERCEPT 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 evidence-ōŀǎŜŘ ŀǇǇǊƻŀŎƘ ǘƻ ŘŜǾŜƭƻǇƳŜƴǘΣ ƛƴǘŜƎǊŀǘƛƴƎ ŜƴŘ ǳǎŜǊǎΩ όǇŀǘƛŜƴǘǎ ŀƴŘ I/tǎύ 

perspectives throughout. We use the term άŘŜǾŜƭƻǇƳŜƴǘέ ǘƻ ŎŀǇǘǳǊŜ ǘƘŜ ǿƘƻƭŜ ǇǊƻŎŜǎǎ ŦǊƻƳ ƛƴƛǘƛŀƭ 

planning, to designing and usability testing. 

5.2 Methods 

5.2.1 Overview 

 We used a theory-driven, person-based approach to the development of INTERCEPT in an 

iterative co-design process. Our overall approach was guided by the UK Medical Research Council 
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(MRC) framework for developing and evaluating complex interventions.(119) While co-design refers 

to meaningful end-user engagement across all aspects of intervention development,(124) the 

person-based approach focuses on the psychosocial context of users and the behavioural elements 

of an intervention.(172) Through a series of qualitative workshops, conducted between May 2021 

and December 2022, we adopted a 4-phase approach to development (Figure 5.1). As development 

commenced during the COVID-19 pandemic, all workshops were conducted online (Zoom, Zoom 

±ƛŘŜƻ /ƻƳƳǳƴƛŎŀǘƛƻƴǎύΦ ¢Ƙƛǎ ǇŀǇŜǊ ƛǎ ǊŜǇƻǊǘŜŘ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ άDǳƛŘŀƴŎŜ ŦƻǊ ǊŜǇƻǊǘƛƴƎ 

ƛƴǘŜǊǾŜƴǘƛƻƴ ŘŜǾŜƭƻǇƳŜƴǘ ǎǘǳŘƛŜǎ ƛƴ ƘŜŀƭǘƘ ǊŜǎŜŀǊŎƘέ (GUIDED, see Appendix I).(243) 

 

Figure 5.1: Four phases of INTERCEPT development 

5.2.2 Phase 1: Planning 

 To ensure a diverse and inclusive approach to intervention development, an interdisciplinary 

stakeholder team was established. This comprised HCPs, software developers, and members from 

the public and patient involvement (PPI) panel of Croí (Gaelic for heart), an Irish heart and stroke 

patient organisation. MŜƳōŜǊǎƘƛǇ ǿŀǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭΩǎ ǊŜƭŜǾŀƴǘ ŜȄǇŜǊǘƛǎŜ ƛƴ ǘƘŜ 

secondary prevention of CVD, including the design of complex DHIs; health behaviour change; 

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 established.(125) 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 were centred 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 development of the intervention aim and objectives and identification of specific 

target behaviours for change. These behaviours were related to lifestyle (smoking cessation, making 

healthy food choices, and increasing physical activity), CVD risk factor management (blood pressure, 

lipids, and glucose), and adherence to cardioprotective medications. A project plan with key 

milestones for developing INTERCEPT was established. 

5.2.3 Phase 2: Design 

 This phase aimed to identify the guiding principles, including design objectives, content, and 

features of INTERCEPT. In keeping with the person-based approach, guiding principles help to keep 

development focused on what is appealing and useful to the intended user, thus helping to 

maximise its acceptability and effectiveness.(172) INTERCEPT guiding principles were developed by 

(1) synthesising the literature,(66, 93, 129, 174, 176) όнύ ŘǊŀǿƛƴƎ ƻƴ ǘƘŜ ǎǘŀƪŜƘƻƭŘŜǊǎΩ ŎƭƛƴƛŎŀƭ ŀƴŘ 

research experiences of developing and implementing DHIs,(175-177) and (3) obtaining patient lived 

experience insights. Informed by these principles, we used social cognitive theory (SCT)(178) and 

select behaviour change techniques (BCTs) from the behaviour change taxonomy (179) 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 effectiveness,(119) and SCT is one of the most commonly used theoretical 

frameworks in secondary prevention DHI studies.(87) 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 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 key components of INTERCEPT and its expected mechanisms of action.(119) 

5.2.4 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, integrating 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 was pilot tested among the stakeholder 

team and reviewed multiple times for clarity of language, ease of navigation, and functionality. At 
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this stage, decisions regarding the INTERCEPT logic (e.g., to trigger push notifications), functional 

requirements (e.g., 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 and to ensure compliance with general data protection regulations (GDPR), a 

series of data privacy and security measures were considered in this phase. These included the 

introduction of encryption 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 personal data are 

collected, processed, and stored was developed. 

 INTERCEPT was developed 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 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 and their 

overall potential to enhance the acceptability and usability of INTERCEPT. 

5.2.5 Phase 4: Usability Testing 

 To further develop INTERCEPT, the finished product (beta version) was subjected to usability 

testing by a separate group of patients, who were not part of the PPI panel. Usability testing is 

critical to determining if an intervention is meeting the end-user needs, and, ideally, it should be 

completed with end users in real-life contexts.(106) 

5.2.5.1 End-User Recruitment 

 Using purposive sampling, participants were recruited through 3 community groups, including 

Croí, the heart and stroke patient organization; a group representing Travellers (indigenous ethnic 

minority); and a farming organisation (see Appendix J for Study recruitment flyer). 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 health research.(79, 87) Eligibility criteria 

ƛƴŎƭǳŘŜŘ ǇŀǊǘƛŎƛǇŀƴǘǎ όҗпл ȅŜŀǊǎύ ǿƛǘƘ ŀ ǊŜŎŜƴǘ όҖн ȅŜŀǊǎύ ŘƛŀƎƴƻǎƛǎ ƻŦ /I5Φ tŀǊǘƛŎƛǇŀƴǘǎ ǿŜǊŜ 

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. Furthermore, as 

trust in data security and privacy is a frequently reported barrier to DHI engagement,(93) 

participants were informed of the measures taken to ensure that INTERCEPT was compliant with 

GDPR. We aimed to recruit a sample size of 10-12 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 testing.(180) 

5.2.5.2 Ethics Approval  

 Ethical approval for phase 4 was granted by the clinical research ethics committee at Galway 

University Hospitals (Ref: C.A.2797) on May 11, 2022. Informed consent was obtained from all 

participants, who were informed of their right to withdraw from the study at any time (Appendix K). 

Data obtained from participants was handled according to GDPR and all data were anonymous to 

the study team. 

5.2.5.3 Iterative Co-design 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 device; A&D), and a user support manual. The manual incorporated a diary, which 

participants were encouraged to use to document their experiences of using INTERCEPT.(172) 

Participants were invited to 5 online workshops over a 12-week period. This was considered 

sufficient time to allow participants to test the behavioural change elements of the app, such as goal 

setting and self-monitoring. Furthermore, this allowed for iterative amendments to be made to the 

app based on usability feedback. We were unable to find guidance for conducting co-design in an 

online environment; therefore, we adapted best practice principles for facilitation of in-person co-

design workshops, to help optimise engagement.(123, 181) This involved presenting the value 

ǇǊƻǇƻǎƛǘƛƻƴ άǎƘŀǊƛƴƎ ȅƻǳǊ ƛƴǎƛƎƘǘǎ ǿƛƭƭ ōŜƴŜŦƛǘ ƻǘƘŜǊǎΣέ ƘŀǾƛƴƎ ŎƭŜŀǊ ǿƻǊƪǎƘƻǇ ƻōƧŜŎǘƛǾŜǎ ǿƛǘƘ 

defined roles and expectations, allowing time for participants to share their lived experiences, being 

supportive around the use of technology, keeping the duration of usability workshops to no longer 

than 1.5 hours, and offering options for out-of-hours workshops as well as individual sessions. The 

topic guide (Appendix L) for the usability workshops was developed with input from 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 4 were invited to complete the self-administered SUS after an initial 2-week trial of the app 

and after the last workshop when final modifications to the app were made. To measure eHealth 

literacy the validated eHealth Literacy Scale, an 8-item scale, presented as a score out of 40 was 

utilised.(183) Although there is no fixed cut off 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 analysed using Stata (V.18; StataCorp). To compare the SUS data 

between the 2 time points, the nonparametric Mann-Whitney test was used. Patient characteristics, 

information technology usage, and digital literacy were summarised using descriptive statistics. 

Qualitative data were analysed by 2 study team members (IG and CJ) who used a deductive 

approach to map to 3 key aspects: usability (functionality and ease of navigation), comprehensibility 

(language), and content. 

5.3 Results 

5.3.1 Participant Characteristics 

 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 psychologists, 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 the associated literature identified the following key app features: self-monitoring of 

health behaviours, behaviour change motivation, education, personalised content, ease of use, and 

the ability to integrate with other apps and devices.(66, 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 introduced early in the recovery journey as patients often experience delays or have limited access 

to CR. By consolidating findings from the literature with stakeholder team insights, we identified 5 key 

guiding principles for the development of INTERCEPT. An outline of these principles, comprising design 

objectives and intervention features to address these objectives, are presented in Table 5.1. 
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Table 5.1: INTERCEPT design-guiding principles  

Design objectives  Intervention features  

Promote user competence ¶ Ensure simplicity across layout, language, and 
navigation procedures 

¶ Provide clear guidance on how to use 
INTERCEPT 

Incorporate strategies to motivate and engage 
users in healthy behaviours 

¶ Support goal setting, self-monitoring, and 
tracking of behaviours 

¶ Acknowledge app usage, and provide tailored 
feedback on self-reported progress, using 
rewards where appropriate 

¶ Use positive language, promoting the benefits 
of engaging in health behaviours  

Adopt a personalised approach ¶ Offer choice in relation to how users engage in 
the app (graded goal setting, turning 
notification on and off, timing of reminders, 
and personalised messages) 

Promote system credibility  ¶ Be explicit in stating the organisations or people 
involved in developing INTERCEPT 

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

¶ Comply with data privacy obligations, ensuring 
that appropriate data security measures are 
in place 

Social support ¶ Establish a communication link with health care 
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 healthy lifestyle change; 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, psychosocial 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 and Replication (see Appendix M), and screenshots are presented in Figure 

5.2. To operationalise the intervention components and features, 14 BCTs from the taxonomy of 

BCTs were used. An overview of these BCTs, and how they align to the components and features of 

INTERCEPT, including the proposed mechanisms of actions and outcomes, is presented in the 

INTERCEPT logic model (see Appendix N). Examples of how this feedback influenced the end product 

features are as follows: (1) to promote user competence, additional guidance 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 tailored notification messages mapped to 

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

resources and messaging were included. 

 

Figure 5.2: 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 semi-structured interviews (n=3). Reasons 
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for non-attendance were related to illness and family caring responsibilities. Baseline characteristics 

of participants, including demographics, CVD diagnosis, technology usage, and digital literacy, are 

reported in Table 5.2. 

Table 5.2: Baseline characteristics of usability testing participants 

Characteristic Value, n (%) or mean (SD) 

Demographics (n=9)   

 Gender, female 6 (67) 

 Age, mean (SD) 62.2 (11.4) 

 Enrolled in GMSa scheme 7 (78) 

Geographical region (n=9) 

 Connacht 4 (44) 

 Leinster 3 (33) 

 Munster 2 (22) 

 Urban 3 (33) 

 Rural 6 (67) 

Ethnicity (n=9) 

 White Irish 8 (89) 

 Irish Traveller 1 (11) 

Education level (n=9) 

 Primary education 1 (11) 

 Secondary education 3 (33) 

 Technical or vocational 1 (11) 

 Third level diploma or degree 4 (44) 

Cardiovascular diagnosis (self-reported) (n=8)  
 Myocardial infarction and percutaneous 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 completion (n=8) 7 (78) 

 In-person 4 (57) 

 Online 3 (43) 

Information technology and digital literacy (n=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) 

 eHEALSb score, mean (SD) 27.6 (6.1) 
aGMS: General Medical Scheme (refers to the means tested provision of state health care). 

beHEALS, eHealth Literacy Scale. 

 



81 
 

 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 the small sample size, improvements 

were identified in overall mean SUS scores from 60.8 at commencement of usability testing to 82.8 

after usability testing, P=.02 (Table 5.3). Although improvements were observed across all 10 

questions, they were significant for questions 2 (I found the app unnecessarily complex, P=.04), 3 (I 

thought the app was easy to use, P=.02), 5 (I found the various functions of the app well integrated, 

P=.03), and 9 (I felt confident using the app, P=.03). 

Table 5.3: Pre- and post-usability system usability scores 

Question 

Pre-
usability 
testing 
(n=9), 
mean (SD) 

Post-usability 
testing (n=8), 
mean (SD) 

P value 

1. I think that I would like to use the app frequently 2.7 (1.4) 3.5 (1.1) .12 

2. I found the app unnecessarily complex 2.6 (1.1) 3.6 (0.5) .04 

3. I thought the app was easy to use 2.6 (1.2) 3.8 (0.5) .02 

4. I think that I would need assistance to be able to use this app 2.1 (1.3) 2.6 (0.9) .39 

5. I found the various functions in the app were well integrated 2.3 (1.0) 3.4 (0.7) .03 

6. I thought there was too much inconsistency in the app 2.3 (1.1) 3.1 (0.4) .05 

7. I would imagine that most people would learn to use this app very quickly 2.3 (1.2) 3.3 (1.0) .08 

8. I found the app very cumbersome or awkward to use 2.4 (1.2) 3.4 (0.5) .06 

9. I felt very confident using the app 2.8 (0.7) 3.5 (0.5) .03 

10. I needed to learn a lot of things before I could get going with the app 2.2 (1.6) 3.0 (0.5) .37 

Total score 60.8 (23.5) 82.8 (7.1) .02 

 
 Across the 3 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 considerations (budget and time) 

and misalignment with the guiding principles. A summary of suggestions, across the themes of 

usability, comprehensibility, and content, were mapped to the intervention components (Appendix 

O). The following are selected insights. To enhance functionality and minimize the user burden 

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 consideration 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 adequate technical support, 

including user instructions and manuals to guide setup. Although addressing 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 achieving goals and 

ǳǎƛƴƎ ƭŀƴƎǳŀƎŜ ǘƻ ǇǊƻƳƻǘŜ ƳƻǊŜ ǇŜǊǎƻƴŀƭ ƻǿƴŜǊǎƘƛǇΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ŎƘŀƴƎƛƴƎ άȅƻǳǊ Řŀǘŀέ ǘƻ άƳȅ 

ŘŀǘŀΦέ In recognising the 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 achieves a low 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 CHD. By providing a comprehensive and transparent 

description of methods used, we envision that our reporting will facilitate replication of the design 

process for future DHIs while also contributing to the growing science of intervention development. 

For creating effective DHIs, the use of the best combination of approaches to intervention 

development is required.(121) Accordingly, we used a combination of behavioural change theory, 

co-design, and the person-based 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 approaches to developing interventions by 

hΩ/ŀǘƘŀƛƴ Ŝǘ ŀƭ.(120) This highlights the relevance of using a taxonomy for future CVD DHI 

development research. 

 Developing DHIs is increasingly being recognised as a transdisciplinary endeavour, and 

meaningful stakeholder involvement is critical to successful co-design.(121, 125) Despite this, a 

recent scoping review revealed that establishing meaningful relationships was the least reported 

process used in co-design studies in CVD secondary prevention.(125) Moreover, PPI is often absent 

from approaches to intervention development.(120) 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 

software developers), the role of facilitators (study team members IG and CJ) was critical to ensuring 

ŀƴ ŀǳǘƘŜƴǘƛŎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ǎǘŀƪŜƘƻƭŘŜǊǎΩ ǊŜŀƭ-world experiences. Through their backgrounds 

as CVD nurse specialists, they were able to operate in an empathetic way, while also managing 



83 
 

potential power imbalances between members of the stakeholder team. The interdisciplinary 

ŜȄǇŜǊǘƛǎŜ ƻŦ ǘƘŜ ǎǘŀƪŜƘƻƭŘŜǊ ǘŜŀƳ ƘŜƭǇŜŘ ǘƻ ŜƴǎǳǊŜ ǘƘŀǘ ǘƘŜ ǳǎŜǊǎΩ ƴŜŜŘǎ ŀƴŘ ǇǊŜŦŜǊŜƴŎŜǎΣ ǘƘŜ 

influence of behavioural theory, best practice CVD prevention guidelines, and technical and practical 

factors were considered throughout development. Through dynamic, iterative cycles of 

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

behaviours for change through a personalised user interface, with bidirectional communication via 

a HCP portal and remote monitoring technology. Consistent with findings from other DHI co-design 

studies, having the same PPI and HCP group involved throughout enhanced this process, allowing for 

more in-depth and intensive iteration along the development continuum.(181, 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 CHD.(109) 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 CR and CVD health outcomes.(245) Although 

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

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

without becoming resource intensive.(246) The INTERCEPT portal strives to achieve this balance 

through protocol-driven remote monitoring and support based on real-time data. 

 To our knowledge, INTERCEPT is one of the few secondary prevention mHealth DHIs that target 

multiple behaviours for change. This is particularly important as lifestyle and medical-related CVD 

risk factors and their corresponding behaviours are strongly interlinked.(22)Although the guiding 

principles were key to identifying key components and features to help address these behaviours, 

using BCTs targeting determinants of SCT helped to operationalise them. Many of the BCTs included 

in INTERCEPT (e.g., self-monitoring of behaviour [2.3], information about health consequences [5.1], 

and goal setting [1.1]) align to recent systematic review evidence for effective BCTs in CR DHIs.(87) 

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 action of co-

designed interventions.(119, 125)  

 Similar to findings by Tay et al.,(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, the diverse group of representative end 

users in the stakeholder team and recruited for usability testing was a key strength of the 

INTERCEPT development process. For example, among those recruited for usability testing, one-third 

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

score 27.6). 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 

optimising their potential benefits.(104) Outcomes from the usability-testing 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 in optimising the user experience and overall quality of the product.(181) 

Following UK MRC guidance for developing and evaluating complex interventions, our next step in 

the intervention development process is to evaluate the feasibility of INTERCEPT among a sample of 

patients with CHD in a real-world clinical setting. By conducting a non-randomised, mixed methods, 

feasibility study, the acceptability and usability of INTERCEPT will be assessed. These insights will 

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

randomised controlled trial . The protocol for this feasibility study is detailed elsewhere.(239) 

5.4.2. Limitations 

 The INTERCEPT development process had some limitations. First, the outcomes of our co-design 

process focus primarily on the development of INTERCEPT. However, there is also a need to report 

on stakeholder experiences and cost-effectiveness.(124, 247) This would help address the paucity of 

data on the impact of co-design processes on stakeholders, while also informing strategies to 

optimise participatory approaches for intervention development.(248) Second, co-design is time-

consuming, and the evolving nature of technology demands more fast-paced design processes to 

ensure that DHIs remain relevant and engaging.(247) Although our development timeframe was 

consistent with in person co-design studies,(126) 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 required. Fourth, social desirability bias 

may have influenced the SUS results; to address this, the survey was self-administered and the 

results were anonymous to the study team. Finally, because of the low sample size, the SUS results 

should be interpreted with caution; 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 uptake in clinical practice. 

This paper illustrates how combining behaviour change theory with a person-based, co-design 

approach to DHI development is feasible and can result in the successful development of an 

ƛƴǘŜǊǾŜƴǘƛƻƴ ǘƘŀǘ ǊŜǎǇƻƴŘǎ ǘƻ ŜƴŘ ǳǎŜǊǎΩ ƴŜŜŘǎ ŀƴd preferences including desired content and 

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 6. Discussion 

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 

DHIs. The strengths and limitations of each of the studies will be discussed along with their 

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

6.2 Summary of the overall findings of this research  

 Findings from the observational study of Croí MySláinte (Study 1), suggest that multi-

component digital CR programmes can achieve measurable improvements in medical and lifestyle 

risk factors and psychosocial health, at 12 weeks and at 6-month follow-up. For example, the 

proportion of patients achieving the ESC recommended guidelines for physical activity, blood 

pressure and LDL cholesterol significantly increased from initial to end of programme (EOP) 

assessment, with changes being sustained at 6-month follow-up. Furthermore high programme 

uptake (97%) and completion rates (85%) were observed. While these utilisation rates may have due 

to Croí MySláinte being the only CR option available to patients at the time, systematic review 

evidence shows that shows that adherence to DHIs is not inferior to centre based CR programmes. 

 Importantly, no cardiac related adverse events were reported during the delivery of the 

programme, suggesting that digital CR which includes remote supervised exercise appears safe 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 favourably to the 

published outcomes for the in-person MyAction programme (delivered in Galway, Ireland and in 

Westminster, UK) upon which MySláinte is modelled.  

 To contribute to understanding 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 (HCPs, administrators and managers) was conducted in Study 2. 

Findings from this qualitative study identified barriers and facilitators to implementation across 

multiple domains. These related to: (i) the features of the digital intervention (e.g., increased 

accessibility and convenience for patients, individualised care, involvement of the multidisciplinary 

team, inclusion of CR core components, intervention functionality and altered workflows); (ii) the 

health worker (e.g., senior leadership support, commitment and motivation of health workers to 

meet patient needs, perceived fit with role, technical capability, workload and uncertainty regarding 

patient suitability); (iii) the health care setting (e.g., organisational culture, teamwork, resources 

including funding, digital infrastructure and staffing); (iv) the broader extrinsic ecosystem (e.g., 

partnership and connections between organisations, availability of broadband and COVID-19); 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 core-components) and evidence base increased 

health worker confidence in the programme resulting in increased referrals.  

 Findings from Study 3 showed that combining behavioural change theory with a person-based, 

co-design approach facilitated the development of INTERCEPT, an mHealth app which links to a 

health care professional portal, and wearable technology. By following an iterative cycle of 

development, characterised by extensive stakeholder engagement, the needs of the end-user, key 

design principles and the desired app features and content were established. To operationalise the 

intervention components and features of INTERCEPT, 14 BCTs from the 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 end-users generated 64 bespoke recommendations for INTERCEPT. These 

recommendations spanned three key areas related to usability, comprehensibility and content, and 

of these, 51 were implemented. Improvements in the SUS scores, comparing results before and after 

implementation of recommendations highlight the important value of usability testing in optimizing 

the user experience and overall quality of the product. 

6.3 Contribution of the research  

 Despite the growing evidence for CVD secondary prevention DHIs, adoption of these 

interventions into practice is slow and there is limited understanding of how these DHIs are 

ŘŜǾŜƭƻǇŜŘ ŀƴŘ ǿƘŀǘ ǘƘŜƛǊ ΨŀŎǘƛǾŜ ƛƴƎǊŜŘƛŜƴǘǎΩ ƛƴŎƭǳŘŜΦ DǳƛŘŜŘ ōȅ ǘƘŜ aw/ ŦǊŀƳŜǿƻǊƪ ŦƻǊ ŘŜǾŜƭƻǇƛƴƎ 

and evaluating complex interventions, this body of research leveraged real world experiences of 

developing and delivering a digital CR during the COVID-19 pandemic to address these gaps and 

develop a DHI for the secondary prevention of CVD. Accordingly, this thesis contributes to a new 

direction in DHI research, which calls for the features of these interventions and the context of their 

use to take a much more prominent role. This research not only builds on international evidence for 

CVD secondary prevention DHIs, but it also responds to a lack of focused studies in this field within 

the Irish healthcare system. 

6.3.1 Delivering the core components of CR 

 Outcomes from the observational study of Croí MySláinte (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 counselling and exercise training,(79, 87) Study 1 
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addresses the paucity of data on comprehensive DHIs that comprise of the internationally 

recommended core components. These include: initial and end of programme assessments; lifestyle 

modification (smoking cessation, healthy food choices, and physical activity); medical risk factor 

management (blood pressure, lipids and glucose); psychosocial and behavioural change support; and 

prescribing of cardio-protective medications. Inclusion of these components are necessary to 

achieve optimal CR benefits.(28, 32, 110). It is highly likely that the inclusion of these evidence-based 

core components contributed to the significant clinical outcomes achieved in Study 1. Moreover, 

findings from Study 2 suggest 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 recent systematic review evidence which highlights that beliefs about the quality 

of the intervention are a key factor facilitating implementation of cardiac telerehabilitation among 

health care providers.(118)  

 With increasing calls by a number of international associations for digital CR to deliver the 

recommended CR core components, (34, 103, 249) it is important to consider what features, delivery 

mechanisms, dose, and 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. Furthermore, there 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 CR.(87) To address these challenges, Study 1 used the TIDieR reporting 

guideline, to provide a comprehensive description of the key intervention features of Croí MySláinte. 

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 videoconferencing platform Zoom, a web-based platform was used to support 

education and wearable technologies such as FitbitTM, and home blood pressure monitors were used 

to promote self-management.  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 

DHIs into CR practice.(103)  

6.3.2 Models of delivery of CR 

 A key theme across Study 1 and 2 was that digital CR should not be viewed as a one-size fits all 

option and that it should be used to augment rather than replace existing centre-based CR services. 

This theme translated into the development of INTERCEPT in Study 3, where it was designed to be 

introduced to the patient at the time of their acute hospitalisation, thus acting as a bridge to CR, 

rather than replacing it. Insights from health workers in Study 2 emphasised that by adopting a 

hybrid approach, which combines in-person, and remote components, this could be a promising 
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opportunity to broaden CR access. Furthermore, health workers identified that it may help address 

uncertainties around delivering remote exercise to high-risk groups as well as providing peer 

support, which can be challenging to achieve in digital CR.(237) These views are consistent with a 

scientific advisory by the AHA which highlights how the future direction of CR is shifting towards 

patient-tailored hybrid models to ensure a more individualised patient centred approach.(103) 

Indeed this shift is reflected in the recently published AHA and American Association of 

Cardiovascular and Pulmonary Rehabilitation (AACPR) scientific statement which emphasises that CR 

core components can be delivered in person, virtually (using synchronous audio-visual 

communication technology), remotely (asynchronous with no real-time interaction), or using a 

hybrid of these methods.(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.g. 

centre, home, telerehabilitation) to how it is being delivered (e.g. virtually, hybrid or in person) to 

meet with patient needs.(250)  

6.3.3 Context matters 

 Study 2 contributes 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 

facilitating a better understanding of the challenges of effectively implementing and using DHIs in 

real-world settings.(104) Yet despite this, there is a limited focus on context in DH research. A recent 

review of 342 original DH research articles published in three leading DH journals showed that 

almost 80% of papers were based on decontextualised data (e.g. datasets, RCTs, surveys), thus 

raising questions about the relevance of this research for real-life settings.(105) The acceptance of 

DHIs by health workers has been recognised as a crucial factor influencing their success or failure at 

the local level.(116) By using the CFIR in Study 2 this offered the theoretical grounding to explain 

what factors influenced implementation of Croí MySláinte (Study 1) from the perspective of health 

workers. Importantly, it led to the development of a number of key considerations which were used 

to inform the development of INTERCEPT in Study 3. These included: (i) involving health workers and 

patients in all stages of the INTERCEPT development process, this helped to ensure that a 

contextualised intervention ǘƘŀǘ ǊŜǎǇƻƴŘǎ ǘƻ ǘƘŜ ŜƴŘ ǳǎŜǊǎΩ ƴŜŜŘǎ ǿŀǎ ŘŜǾŜƭƻǇŜŘ; (ii) the value of 

INTERCEPT, including its potential health benefits were introduced on the home screen to motivate 

patient engagement; (iii) to minimise any potential increased workload, a healthcare professional 

portal was developed, supporting protocol driven remote monitoring based on real-time data and 

(iv) to minimise the potential for exacerbating the digital divide, there was a focus on providing clear 

guidance and support to both patients and healthcare professionals in using INTERCEPT.  
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General implementation strategies tend to focus on one of two approaches to achieve change, 

ŜƛǘƘŜǊ άǘƻǇ Řƻǿƴέ ƘŜŀƭǘƘ ǎȅǎǘŜƳ ƭŜǾŜƭ όŜΦƎΦ, governance, policies, and guidelines) ƻǊ άōƻǘǘƻƳ ǳǇέ 

health workforce approaches.(251) Outcomes from Study 2 highlight that DH implementation 

requires a broader, multi-level approach, spanning key areas such as: the intervention characteristics 

and technical factors; individuals (workforce and patients); the healthcare ecosystem; and the 

broader extrinsic ecosystem within which they operate. Moreover, while factors influencing 

implementation of MySláinte operated independently, many also acted in combination. These 

dynamic interactions reflect the reality of implementing complex DHIs such as digital CR into health 

care systems, and thus understanding this complexity is key to developing strategies to optimise 

implementation of digital CR. (158) MRC guidance for developing and evaluating complex 

interventions recommends considering context as early as possible in the development 

process.(119) In Study 3, contextual insights were gathered in two ways by using data from Study 2 

and by inviting participants from Study 1 and 2 (health workers and patients) to join the stakeholder 

team. This process was facilitated using co-design and the person-based approach, which helped to 

generate an in-depth understanding 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. 

6.3.4 Intervention 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, intervention development processes are often 

under reported and it is unclear which approaches and their associated actions are superior to 

others and in which contexts.(243) .ȅ ǳǎƛƴƎ ǘƘŜ άGUIDance for rEporting Intervention Development 

studies in health researchέ (GUIDED) checklist, a transparent overview of the development process 

for INTERCEPT, a DHI for the secondary prevention of CVD is provided. The GUIDED checklist 

includes 14 items which focus on: context; purpose; target population; approaches; evidence; 

theory; guiding principles; stakeholder contribution; changes in content or format during the 

development process; required changes for subgroups; continuing uncertainties and open access 

publications.(122) By providing details across these key areas, it will 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 studies.(122)  

 To address the challenges of implementing DHIs into the complexities of the health care system, 

the incorporation of diverse perspectives during intervention development are required.(252) 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 patients, as part 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 needs, as well 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 industry, and academia.(253) Guided by the expertise of this team, and their 

lived experiences, a combination of behavioural change theory, and the person-based approach was 

used to develop INTERCEPT. While these approaches individually have acknowledged merits in their 

application to DHIs, (120, 121) this is one of the first studies to combine these approaches for the 

development of a secondary prevention DHI. This process was achieved by adopting best practice 

principles for intervention development, in an iterative co-design process.(120, 122). This 

collaborative co-design 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 disciplines in this way, adopting this approach has been 

identified as an important strategy for effectively translating DHIs to real-world settings.(105) 

Importantly in Study 3, it helped to ŜƴǎǳǊŜ ǘƘŀǘ ǘƘŜ ǳǎŜǊǎΩ ƴŜŜŘǎ ŀƴŘ ǇǊŜŦŜǊŜƴŎŜǎΣ ǘƘŜ ƛƴŦƭǳŜƴŎŜ ƻŦ 

behavioural theory, best practice CVD prevention guidelines, and technical 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 for change.(87) Incorporating behavioural change theory is 

acknowledged as critical to the development of interventions to change health behaviour.(121) 

Informed by SCT, select BCTs from the behaviour change taxonomy were used to construct the 

intervention components and features of INTERCEPT. (178, 179) Recent 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 SCT.(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 

responds 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) were key barriers to 
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implementing digital CR. Furthermore, Study 2 highlighted concerns regarding digital literacy levels 

with uncertainties regarding the suitability of DHIs for certain patient groups. Indeed, known 

characteristics associated with lower DHI use are sex, low health literacy, and 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 example Study 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 participation. However, 

this requires a valid assessment of digital literacy, which can be challenging to achieve given the 

absence of consensus on standardized methods of measurements.(61) Digital literacy was not 

formally assessed on the Croí MySláinte programme, nonetheless the provision of technical support 

and training, together with involving family members, were identified as factors positively 

influencing patient engagement (Study 2). Importantly, ǘƘŜǎŜ ƛƴǎƛƎƘǘǎ ƭŜŘ ǘƻ άǇǊƻƳƻǘƛƴƎ ǳǎŜǊ 

ŎƻƳǇŜǘŜƴŎŜέ ōŜƛƴƎ ƛŘŜƴǘƛŦƛŜŘ ŀǎ ƻƴŜ ƻŦ ŦƛǾŜ ƎǳƛŘƛƴƎ ǇǊƛƴŎƛǇƭŜǎ ŦƻǊ ǘhe development of INTERCEPT in 

Study 3, with simplicity across layout, language and navigation procedures, together with guidance 

on using INTERCEPT, being established as key intervention features.  

 As cultural and socioeconomic factors, including gender and digital literacy, influence the 

acceptability of DHIs, involving diverse populations in their design has been recommended as 

essential to ensuring more equitable DHI solutions are developed.(104) Yet despite this, a recent 

scoping review of co-design 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, Study 3 fostered an 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 who are often underrepresented in DH 

research for usability testing.(79, 87) These included women, ethnic minority groups, and those 

living in rural isolation. Conducting usability testing with end users in real life context is key to 

ŘŜǘŜǊƳƛƴƛƴƎ ƛŦ ŀƴ ƛƴǘŜǊǾŜƴǘƛƻƴ ƛǎ ƳŜŜǘƛƴƎ ƛǘǎ ŜƴŘ ǳǎŜǊΩǎ ƴŜŜŘǎΦ(106) Moreover, involving users with 

abilities representative of the target population can help achieve high accuracy in usability 

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 explicitly report on the methods 

to achieve this.(255) 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 groups. Study 3 helps to address 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 patient organisations was a critical factor to 

enhancing study enrolment among these groups. (181) 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 development 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 limitations in future research will be offered.  

6.4.1 Study 1 strengths 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 (uptake and 

retention) and patient (clinical, lifestyle, and psychosocial) level at two time-points (end of 

programme and at 6-month follow-up). Assessing programme quality is an important component of 

CR and Study 1 is one of the few studies to report short-and medium-term outcomes of digital CR 

during the pandemic. However, a limitation of this design is that cause 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 comparisons between CR 

delivery models within and across programmes.(250) While observational design occupies the 

middle and lower part of the hierarchy of the evidence pyramid, RCTs represent the gold standard 

for evaluating efficacy and minimising issues such as causality.(256) However, RCTs are not always 

appropriate for complex DHIs. For example, RCTs have long-time frames, resulting in technology 

being outdated by the time the study is complete, their rigid protocols are incompatible with the 

flexible, adaptive, context specific focus required for DHIs and they often fail to capture the 

granularity derived from digital platforms.(103, 257) To address these limitations, extensions to 

standard RCTs design, such as, sequential multiple assignment randomised trials, can enable 

adaptive interventions to be delivered that can be personalised and modified based on the changing 

context and the participants response.(103, 119)  
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6.4.2 Study 2 strengths and limitations 

 A key strength of Study 2 was its theoretical grounding through the use of the updated 

CFIR.(258) By using this determinant framework, it offered a structured approach, guiding data 

collection and analysis to identify the factors influencing implementation of Croí MySláinte. Although 

CFIR is not a technology implementation framework, it has been widely used in DH research due to 

its comprehensive taxonomy of domains and constructs which offer a holistic approach to 

understanding barriers and facilitators to implementation.(158) 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, design, and cost. Indeed, the innovation domain was a prominent 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 process, are key best practices.(258) The importance of 

conducting a rigorous context and needs assessment was emphasised 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 workers.(104)  

 While the CFIR offers a comprehensive structure for assessing implementation determinants, a 

key challenge was that the boundaries between constructs were not often clear. For example, 

statements regarding time ŎƻǳƭŘ ŜƛǘƘŜǊ Ŧŀƭƭ ƛƴǘƻ άinner setting available resourcesέ ƻǊ άƛndividual 

ƻǇǇƻǊǘǳƴƛǘȅ όŀǾŀƛƭŀōƛƭƛǘȅΣ ǎŎƻǇŜ ǘƻ ŦǳƭŦƛƭ ǘƘŜ ǊƻƭŜύέΦ ¢ƘŜǎŜ ŎƘŀƭƭŜƴƎŜǎ ǿŜǊŜ ŀŘŘǊŜǎǎŜŘ ōȅ ǎŜŜƪƛƴƎ 

advice from a member of the CFIR development groups and by developing a codebook to increase 

the reliability of the coding process. Another limitation of the qualitative design of Study 2 was that 

the research was conducted six months after completion of the MySláinte programme, which may 

have impacted on health workers recollections of 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 responses which can be difficult to achieve on the 

spot.(259) 
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6.4.3 Study 3 Strengths and limitations 

 While the use of co-design approaches are widely advocated for the development of DHIs for 

the secondary prevention of CVD, they are rarely evaluated for their validity and quality.(124, 260) 

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 the co-design approach more broadly. Considering the 

experiences of those involved in co-design can help identify exemplars of good practice as well as 

areas for improvement, including the avoidance of tokenism, thus ensuring co-design is beneficial 

for all involved.(247, 248) A recently developed co-design evaluation framework by Peters et al., 

highlights two levels of evaluation.(261) The first relates to the context of the co-design group, 

which includes the methods and processes of engagement, and the second includes the context 

beyond the co-design group, i.e., what are the outcomes on the beneficiaries of the co-design 

activities, i.e., patients, health workers, and systems.(261) While the utility of this framework has not 

been tested it offers a systematic approach that could be used at various stages of the co-design 

process in future DHI development.  Furthermore, the use of such a framework may help address 

the discordance that often exists between what people say they want and the features they use 

once DHIs are available.(262) Next phase feasibility testing of INTERCEPT will offer valuable insights 

into this and it will help ascertain the extent to which co-design can potentially improve patient 

outcomes. Another important aspect of co-design evaluation is consideration of the financial 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 features design, and software development time) and researcher and 

stakeholder team time once the evaluation of INTERCEPT is complete.  

6.4.4 Overall strengths and limitations 

 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 light on the quantitative data in Study 1. For example, health workers identified 

that the digital literacy supports provided to help engage patients in Croí MySláinte positively 

influenced programme uptake and completion rates. Importantly, it also helped to identify 

unintended consequences of the programme, which would otherwise not be captured through 

quantitative 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 are well equipped 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 context, (119) adopting a multi method approach 

to the research helped to inform this decision. For instance, while findings from Study 1 showed 

positive patient and service outcomes, Study 2 revealed multiple barriers suggesting that the 

feasibility of adapting Croí MySláinte 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 effective in one healthcare setting but understanding under what conditions did the 

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 PPI and co-design. Accordingly, this research aligns to the shifting healthcare paradigm 

towards patient centred, value-based healthcare.(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 healthcare services. Furthermore, this approach acknowledges that for 

adoption, acceptance and sustained use, DHI development needs to be centred around user 

experiences.(264) While the contribution of PPI to the overall programme of research has been 

ŘŜǘŀƛƭŜŘ ƛƴ /ƘŀǇǘŜǊ нΣ ƛǘ ŀŎǘŜŘ ŀǎ ǘƘŜ άƎƻƭŘŜƴ ǘƘǊŜŀŘέ ŀŎǊƻǎǎ ŜŀŎƘ ǇƘŀǎŜ ƻŦ ƛƴǘŜǊǾŜƴǘƛƻƴ ŘŜǾŜƭƻǇƳŜƴǘ 

in Study 3 from initial planning right through to usability testing.(264) This helped to ensure that the 

participatory co-design methods used were anchored on the insights of the user at all times. While a 

description of the use of PPI is provided in Study 3 this could have been further strengthened 

through the use of the Guidance for Reporting Patient and Public Involvement 2 (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 absent.(120) 

6.5 Implications for research 

 While Study 1 supports the growing body of evidence of the 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 co-morbidities including frailty, and individuals with visual and auditory impairments.(61, 

103) Indeed while overall CR utilisation is sub-optimal, the aforementioned groups are even less well 

represented in CR.(266) 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 technology.(61) For example, findings from Study 1 and 2 highlight how the use of 

the fitness wearable and home blood pressure monitor enabled more individualised care, thus 

enhancing self-management, whereas the delivery of group-based education through 

videoconference proved challenging to engage patients. Therefore, 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, tobacco cessation and much 

more.  Furthermore, while hybrid CR offers the potential to increase CR access, further investigation 

of this approach is required. This involves identifying what is the ideal blend of in-person, 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 Study 2 regarding disruptions to 

care pathways, further 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 development process. 

Implementation strategies refer to the methods or techniques to enhance the adoption, 

implementation, and sustainability of a clinical programme.(267) In Study 2, health workers 

highlighted the challenges associated with the rushed implementation of Croí MySláinte due to the 

COVID-19 pandemic. Therefore, in addition to identifying barriers and facilitators to implementation, 

future research should seek to develop and test implementation strategies to address these barriers.   

 The research conducted within this thesis resulted in the development of INTERCEPT, a DHI for 

the secondary prevention of CVD. In line with MRC guidance for developing and evaluating complex 

interventions,(119) the next step is to assess the feasibility and acceptability of INTERCEPT in the 

real-world ŎƭƛƴƛŎŀƭ ŎƻƴǘŜȄǘΦ CŜŀǎƛōƛƭƛǘȅ ǎǘǳŘƛŜǎ ƘŀǾŜ ōŜŜƴ ŘŜǎŎǊƛōŜŘ ŀǎ άŜǎǎŜƴǘƛŀƭ ōǳƛƭŘƛƴƎ ōƭƻŎƪǎέ ƛƴ 

trial development and can help address numerous uncertainties to make an informed decision about 

progression to next step evaluation.(119, 268) Consequently, 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 the UK NIHR.(268) Within the scope of this PhD thesis the 

protocol for this feasibility study was developed and published (Appendix P). While originally it was 

intended that this feasibility study would be completed within the timelines of this PhD, this proved 

difficult due to challenges encountered with navigating the regulatory and ethical approval 

processes. These challenges are not unique to this research, a recent commentary by Meyerheim et 

al., highlighted that digital health feasibility studies are time and resource intensive, particularly in 

the planning and set up phase.(269) For example, consultation with the data protection officer is a 

common requirement in DHI research to ensure GDPR compliance; however, 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 classification of software 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 sharing 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 health.(270) 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 important to support evidence generation to justify the clinical adoption of secondary 

prevention DHIs but also to prioritise clinical workflow integration.(107) In Study 2, barriers such as 

poor usability of the online platform together with the increased workload arising from a lack of 

compatibility between virtual and existing work practices added to the complexity of delivering Croí 

MySláinte. 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 systems.(104, 112) This underscores the 

need for a greater emphasis on user-focused design, to enhance the usability of DHIs and to ensure 

optimal integration in clinical workflows, which is essential for the effective scale up of DHIs.(112) 

While recent systematic review evidence shows that co-design is still an emerging field in CVD 

research,(118, 125) findings 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 dedicated resources, rather than 

being seen as additional to existing services.(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 required.(266)    

 Secondly, outcomes from Study 2 showed that health worker, knowledge, beliefs, and 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 technology with limited training. The need for 

health workers to acquire new digital competencies to effectively integrate DHIs into clinical practice 

is widely advocated.(104, 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 privacy, and security issues.(271) In addition there is a need to provide on the 

job training as previous research has identified that clinicians want practical support, guided by 

shared learning from other DHI experiences.(116, 118) Integrating 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 implementation.(112, 118) In Study 2, the 

perceived value of Croí MySláinte in providing patients with essential CR, whilst also reducing 

waiting lists motivated health workers to engage. These findings emphasise the importance of 

communicating the value of DHIs to patients, health workers, and health systems to optimise 

adoption and minimise potential resistance.(271)  

 Thirdly, successful implementation of DHIs necessitates robust support from organisational 

leadership, along with a readiness for change and a well-aligned innovation system.(104, 116) In 

Study 2, health workers described how everyone working together, from high-level leaders 

ό/ŀǊŘƛƻƭƻƎƛǎǘǎΣ IƻǎǇƛǘŀƭ aŀƴŀƎŜƳŜƴǘΣ bǳǊǎƛƴƎ ŀƴŘ /9hΩǎύ to project managers and IT support, 

facilitated a rapid implementation that prior to COVID-19 would have taken months to achieve. 

These findings provide evidence of what is possible when there is a singular focus and organisational 

commitment to implementation. Fourthly, 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 greater sharing of good practice to promote safety.(114, 236) Finally, 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 disparities and avoid any unnecessary anxieties 

associated with using DHIs.(103) Moreover, fundamental issues regarding the ethics of referring 

patients to CR when there are insurmountable barriers to participation must be considered. This is 

an important area, which requires further exploring.(61)    

6.7 Implications for policy  

 While the research conducted as part of this thesis aligns to national priorities for health system 

reform, digital transformation, it is also likely to have implications for policy. The need for enhanced 

digital health is seen as a critical enabler to the successful implementation of ά{ƭłƛƴǘŜŎŀǊŜέΣ a ten-

year plan for health reform in Ireland.(84) Sláintecare focuses on the need to shift health services 

from reactive hospital-centric models of care to more integrated community based models that 

encompass the prevention and management of chronic diseases such as CVD.(84) While the Croí 

MySláinte programme examined in Studies 1 and 2 was supported through once off Sláintecare 
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integration funding, findings from Study 2 highlight the need for long-term financial sustainability of 

DHIs. Health workers emphasised that this should be considered early in the development process to 

ensure an adequately developed digital infrastructure, and workforce are established. For DHIs to 

move beyond proof of concept and become an integrated part of the health system, they need to be 

incorporated into health policies including service models which are formally approved by 

funding.(116) ¢ƘŜ ŦƛǊǎǘ άbŀǘƛƻƴŀƭ aƻŘŜƭ ƻŦ /ŀǊŜ ŦƻǊ LƴǘŜƎǊŀǘŜŘ /ŀǊŘƛŀŎ wŜƘŀōƛƭƛǘŀǘƛƻƴέ ǿŀǎ ƭŀǳƴŎƘŜŘ 

in 2023 and findings from Study 1 informed this model by demonstrating the potential role for DHIs 

in CR delivery.(272) While the model endorses the need to facilitate 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 services that offer more personalised care that enable them to actively self-

manage their own CVD health, further guidance on how to blend new methods such as DHIs into 

existing CR practice are required.(103) Related to this is the need for national digital health policies 

to address issues such as data governance, data security, and the interoperability of DHIs.(104) The 

interoperability of Croí MySláinte 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 in Study 2. Although Ireland is currently ranked the 5th most 

advanced digital country in the EU, it lags significantly behind in terms of digital health maturity.(83) 

Digitally enabled and connected care is a key principle in the ƴŜǿ ά5ƛƎƛǘŀƭ IŜŀƭǘƘ CǊŀƳŜǿƻǊƪ ŦƻǊ 

LǊŜƭŀƴŘέ ŀƴŘ ǿƘƛƭŜ ǘƘƛǎ ƛǎ ŀ ǇǊƻƎǊŜǎǎƛǾŜ ǎǘŜǇ ŦƻǊǿŀǊŘ ǘƻ ŀŘŘǊŜǎǎƛƴƎ ǘƘŜ ŀŦƻǊŜƳŜƴǘƛƻƴŜŘ ŎƘŀƭƭŜƴƎŜǎΣ 

successful implementation of this framework will require resources, continuous monitoring and 

engagement with multiple stakeholders 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 Studies 1 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 high-speed fibre broadband in many areas.(273). 

If DHIs are to fulfil their potential and be an enabler of sustainable health systems and universal 

health coverage, they must be considered within the broader extrinsic eco-system 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 by the year 2030. 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 contextual factors influencing 

implementation and 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 person-based approach, helped to ensure an inclusive approach to intervention 

ŘŜǾŜƭƻǇƳŜƴǘ ǿƘŜǊŜ ǘƘŜ ŜƴŘ ǳǎŜǊǎΩ ƴŜŜŘǎ ŀƴŘ Ǉreferences were considered throughout. Given the 

growing interest in the use of DH for the secondary prevention of CVD, this research is timely as not 

only does it advance the evidence base on best practices for the development of DHIs, but it also has 

the potential to inform future strategies to enable scale up and integration into clinical practice.  By 

adopting a multi method, theory based, approach to the development of the INTERCEPT DHI, this 

programme of research has paved the way for next step of feasibility testing and evaluation of 

effectiveness of the INTERCEPT DHI.  
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Appendices 

Appendix A: Training and Development during the PhD Candidature 

SPHeRE Programme structured PhD training modules: 

¶ Module 1: Perspectives on Population Health and Health Services Research (10 ECTs).  

¶ Module 2: Practical Approaches to Population Health and Health Services Research ς 

Methods & Study Design (10 ECTs) 

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

¶ 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:  

¶ 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 (2-day workshop) 

¶ Getting research into policy and practice  

¶ Evidence and policy making in a political context  

¶ Communicating your research for policy  

¶ Social media for researchers 

CDP-CDP Training: 

¶ 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:  

¶ World Heart Federation Emerging Leaders Programme (2023) 

¶ Irish Implementation Science Training Institute, University College Cork (2022)  

¶ Research Integrity ςEpigeum (2021) 

¶ LƳǇƭŜƳŜƴǘŀǘƛƻƴ {ŎƛŜƴŎŜ aŀǎǘŜǊŎƭŀǎǎ ƛƴ YƛƴƎΩǎ /ƻƭƭŜƎŜ [ƻƴŘƻƴ όнлнмύ  

Conference Attendance: 

¶ NIPC National Prevention Conference (online) - November 2020  

¶ Annual SPHeRE Network conference (online) - February 2021  

¶ ESC Preventive Cardiology (online) - April 2021  

¶ National Public and Patient Involvement (PPI) in Research conference (online)- April 2021 

¶ ESC EuroHeart Care conference (online) - June 2021  

¶ CDP-CDP Summer School (online) - June 2021 

¶ Irish Cardiac Society (online) - October 2021 

¶ NIPC National Prevention Conference (Athlone) - November 2021  

¶ Annual SPHeRE Network conference (Dublin) - March 2022  

¶ ESC Preventive Cardiology (online)- April 2022 

¶ Irish Cardiovascular Nurses Annual meeting (online) - April 2022 

¶ ESC EuroHeart Care conference (Madrid) - May 2022 

¶ CDP- CDP Summer School (Galway) - June 2022  

¶ Sustainable Digital Health Conference (Galway) - September 2022 

¶ Irish Cardiac Society meeting (Cork) - October 2022 

¶ NIPC National Prevention Conference (Athlone) - November 2022 

¶ Department of Health Research Conference (Dublin) - February 2023  

¶ Irish Cardiovascular Nurses meeting (Dublin) - March 2023 

¶ ESC ACNAP conference (Edinburgh) - June 2023 

¶ CDP- CDP Summer School (Galway) - June 2023  

¶ Australian Cardiovascular Health and Rehabilitation Association (Sydney, Australia) - October 

2023  

¶ NIPC National Prevention Conference (Athlone) - November 2023 

¶ Irish Cardiovascular Nurses meeting (Dublin) - March 2024 
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Appendix B: TIDieR Checklist (Study 1) 
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Appendix C: STROBE Guidelines (Study 1) 

 Item 
No Recommendation 

Page  
No 

Title and abstract 1 (aύ LƴŘƛŎŀǘŜ ǘƘŜ ǎǘǳŘȅΩǎ ŘŜǎƛƎƴ ǿƛǘƘ ŀ ŎƻƳƳƻƴƭȅ ǳǎŜŘ 
term in the title or the abstract 

1 

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

1 

Introduction 

Background/rationale 2 Explain the scientific background and rationale for the 
investigation being reported 

1 & 
2 

Objectives 3 State specific objectives, including any prespecified 
hypotheses 

2 

Methods 

Study design 4 Present key elements of study design early in the paper 2 

Setting 5 Describe the setting, locations, and relevant dates, 
including periods of recruitment, exposure, follow-up, 
and data collection 

2-3 

Participants 6 (a) Cohort studyτGive the eligibility criteria, and the 
sources and methods of selection of participants. 
Describe methods of follow-up 

Case-control studyτGive the eligibility criteria, and the 
sources and methods of case ascertainment and control 
selection. Give the rationale for the choice of cases and 
controls 

Cross-sectional studyτGive the eligibility criteria, and 
the sources and methods of selection of participants 

2 

(b) Cohort studyτFor matched studies, give matching 
criteria and number of exposed and unexposed 

Case-control studyτFor matched studies, give matching 
criteria and the number of controls per case 

N/A 

Variables 7 Clearly define all outcomes, exposures, predictors, 
potential confounders, and effect modifiers. Give 
diagnostic criteria, if applicable 

2 

Data sources/ 
measurement 

8*  For each variable of interest, give sources of data and 
details of methods of assessment (measurement). 
Describe comparability of assessment methods if there is 
more than one group 

3 

Bias 9 Describe any efforts to address potential sources of bias N/A 

Study size 10 Explain how the study size was arrived at N/A 
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Quantitative variables 11 Explain how quantitative variables were handled in the 
analyses. If applicable, describe which groupings were 
chosen and why 

4 

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

4 

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

N/A 

(c) Explain how missing data were addressed 4 

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

Case-control studyτIf applicable, explain how matching 
of cases and controls was addressed 

Cross-sectional studyτIf 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 studyτe.g. 
numbers potentially eligible, examined for eligibility, confirmed 
eligible, included in the study, completing follow-up, and analysed 

5 

(b) Give reasons for non-participation at each stage 5 

(c) Consider use of a flow diagram  

Descriptive 
data 

14* (a) Give characteristics of study participants (e.g. demographic, 
clinical, social) and information on exposures and potential 
confounders 

5 

(b) Indicate number of participants with missing data for each 
variable of interest 

7 & 
8 

(c) Cohort studyτSummarise follow-up time (e.g., average and 
total amount) 

 

Outcome data 15* Cohort studyτReport numbers of outcome events or summary 
measures over time 

7 & 
8 

Case-control studyτReport numbers in each exposure category, or 
summary measures of exposure 

 

Cross-sectional studyτReport numbers of outcome events or 
summary measures 

 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-
adjusted estimates and their precision (e.g., 95% confidence 
interval). Make clear which confounders were adjusted for and 
why they were included 

7 & 
8 
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(b) Report category boundaries when continuous variables were 
categorized 

7 & 
8 

(c) If relevant, consider translating estimates of relative risk into 
absolute risk for a meaningful time period 

N/A 

Other analyses 17 Report other analyses doneτe.g. analyses of subgroups and 
interactions, and sensitivity analyses 

N/A 

Discussion 

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

Limitations 19 Discuss limitations of the study, taking into account sources of 
potential bias or imprecision. Discuss both direction and 
magnitude of any potential bias 

9- 
10 

Interpretation 20 Give a cautious overall interpretation of results considering 
objectives, limitations, multiplicity of analyses, results from similar 
studies, and other relevant evidence 

6-10 

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

Other information 

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

10 

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed 
groups in cohort and cross-sectional 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 sites of 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.strobe-statement.org. 
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Appendix D: COREQ (Study 2) 
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Appendix E: Study recruitment letter (Study 2) 

 

 

 

 

Appendix F: Consent form and participant information sheet (Study 2) 
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Appendix G: Interview Guide (Study 2) 

Health workers perspectives of Croí MySláinte, a digital cardiac rehabilitation programme 

 
Interview guide for referring health workers 

Section A. Engagement and referral to Croí MySláinte 

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

2. Tell me about how you came to know about Croí MySláinte and why you decided to refer 
your patients? 

3. Initially, how did you feel about referring your patients to Croí MySláinte an online 
programme versus face to face? 
Prompts- did you have any reservations, if so, can you describe what these were and how 

they were overcome?  

4. On a scale of 1-10, how confident were you that your patients would receive a high-quality 
cardiac rehab programme? 

5. What gave you that level of confidence (or lack of confidence)? 
6. 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  

7. Tell me about your role in the Croí MySláinte programme? 
Prompts- the referral process, functional capacity testing and bloods both at baseline and 

end of programme assessment  

8. What aspects of your involvement worked well?  
Prompt-for example the referral process  

9. What were your biggest challenges in referring patients & how did you overcome these 
challenges? Prompts-organisational issues, technical, COVID, paperwork  
 

Section B. Integration of care 
1. How would you describe your interaction with the Croí team during the set up and 

throughout the delivery of the programme?  
Prompts-were 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?  

2. Do you think the programme managed to achieve integration of care between the acute and 
community setting? 
Prompts-what worked well, what not so well, please explain? 

 

Section C. Components of the Croí MySláinte programme 
As a brief reminder the programme involved a 12-week 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 educational web-based platform 
and were invited to attend weekly (2hr) group-based sessions (via zoom), which included an exercise 
component, goal setting, and an interactive workshop.  

1. Can you tell me how you think the Croí MySláinte programme compares to existing hospital 
based Cardiac Rehab programmes? 
Prompts-how different are the various components, for example dietary input, nurse 

prescribing, self-monitoring of BP, fitness etc. 
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2. Can you describe any advantages that you see Croí MySláinte having compared to existing 
programs? 

3. Can you describe any disadvantages that you see Croí MySláinte having in comparison to 
existing programs? 

4. Are there aspects of the Croí MySláinte 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. How well do you think Croí MySláinte met with the patient needs & how did you determine 

this? 
2. Can you describe the overall response of patients to the intervention? 
3. Did patients face any barriers in accessing the programme and are you aware of any 

strategies used to help overcome these barriers? 
4. What aspects of the programme do you think patients found most useful? (IT support, 

access to multidisciplinary team, nurse prescribing, individualised care)  
5. Do you think there were there any unforeseen consequences (positive or negative) for the 

patient because of the programme? 
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. Knowledge & beliefs about the Intervention 
1. In general, do you see a role for digital cardiac rehab programmes in Ireland?  
2. Prompts- If yes, who should deliver these programmes, for example could you see yourself 

delivering, if no why not? 
3. If digital cardiac rehabilitation programmes were to be rolled out in Ireland in the 

appropriate patients what would be your key recommendations for implementation? 
4. Prompts ςwhat supports or conditions should be in place for this to happen, training, 
ǊŜǎƻǳǊŎŜǎΣ ǘŜŎƘƴƻƭƻƎȅΧ 

5. 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. 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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Exploration of health workers perspectives of Croí MySláinte, a digital cardiac 
rehabilitation programme 

 
Interview Guide for Croí health workers  

Section A. Process of developing Croí MySláinte 
1. Tell me about the background to Croí MySláinte and why it was developed?  

Prompts-COVID 19, Sláintecare 
2. How did you go about the development process, who was involved and what was your role?  

Prompts-did it follow any particular guidelines, recommendations 
3. How did you initially feel about the plan to pivot Croí MySláinte from face-to-face delivery to 

online? 
Prompts- feelings of anticipation? Stress? Enthusiasm? Why? 

4. On a scale of 1-10, how confident were you that you would be able to successfully 
implement the intervention? 

5. What gave you that level of confidence (or lack of confidence)? 
6. 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 Croí MySláinte and & how did 
you overcome these challenges?  
Prompts-logistical organisational issues, technical, new protocols for online working, moodle 
and resources development. 
 

Section B. Characteristics of Croí MySláinte  
1. How do you think the intervention compare to other similar existing programs in CVD 

prevention and Cardiac rehab? 
2. Prompts-how different are the various core components, for example dietary input, nurse 

prescribing, self-monitoring of BP, fitness etc. 
3. What advantages does the intervention have compared to existing programs? 
4. What disadvantages does the intervention have compared to existing programs? 
5. How would describe the process of delivering the Croí MySláinte, (how easy or difficult was 

it) in comparison to face to face? Perhaps we could discuss each stage of the programme: 

¶ initial contacting of patients  

¶ booking of appointments 

¶ initial assessments (paperwork, communication with team, duration) 

¶ delivery of the 10-week programme (exercise, educational talks, prescribing)  

¶ end of programme assessments 
Prompt -was it a clear departure from previous practices 

6. If delivering this programme long-term what kinds of changes or alterations do you think 
would need to be made to the intervention for it to continue to work effectively? 

7. 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? 
 
Section D. Responding to the patient needs 

1. How well do you think Croí MySláinte met with the patient needs & how did you 
determine this? 

2. Can you describe the overall response of patients to the intervention? 
3. Did participants face any barriers in accessing the programme and what strategies 

were used to help overcome these barriers? 



139 
 

4. Were there any unforeseen consequences (positive or negative) for the patient or Croí 
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? 
Prompts-meeting with cardiac rehab units, development of patient resources 

2. Do you think the programme managed to achieve good integration of care between the 
acute and hospital setting? Please explain? 
 

Section F. Implementing the project  
1. What factors led to the successful implementation of the programme?  
2. What were the biggest challenges in implementing the programme and how did you 

overcome these challenges? 
 

Section C. Knowledge & beliefs about Croí MySláinte  
1. In general, do you see a role for digital cardiac rehab programmes in Ireland?  

Prompts- If yes, who should deliver these programmes 
2. 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? 
Prompts ςwhat supports or conditions should be in place for this to happen, training, 
ǊŜǎƻǳǊŎŜǎΣ ǘŜŎƘƴƻƭƻƎȅΧ 

3. 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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Appendix H: 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 Croí MySláinte  

Domains and Constructs  
HCPs that identified 
facilitators  

HCPs that identified 
barriers  

I. Innovation (Croí MySláinte programme)     

A. Innovation Source 10 No data  

B. Innovation Evidence-Base 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  

II. 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. External Pressure   
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  

III. 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. Human Equality-Centeredness No data  No data  

2. Recipient-Centeredness 3 No data  

3. Deliverer-Centeredness No data  No data  

4. Learning-Centeredness  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. High-Level Leaders (Cardiologists, Hospital Management, CEO and 
Directors) 7 No data  

B. Mid-Level Leaders (Clinical Nurse Managers) 2 No data  
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C. Opinion Leaders No data  No data  

D. Implementation Facilitators (IT and Communication) 3 No data  

E. Implementation Leads (Project Manager)  1 No data  

F. Implementation Team Members (Cardiologist, Project Manager, and 
Innovation Direct Deliverers) No data  No data  

G. Other Implementation Supports (Students and Human Resources) 5 No data  

H. Innovation Direct and Indirect Deliverers (HCPs 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 Recipients (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. High-Level 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  

I. Adapting 5 No data  

*Denotes new sub-constructs, which were added to the codebook based on inductive themes from 

ǘƘŜ ŘŀǘŀΦ ¢ƘŜ ǳǎŜ ƻŦ ǘƘŜ ǘŜǊƳ άƴƻ Řŀǘŀέ ŀŎƪƴƻǿƭŜŘƎŜǎ ǘƘŀǘ ƴƻ Řŀǘŀ ǊŜƭŜǾŀƴǘ ǘƻ ǘƘŜǎŜ /CLw ŎƻƴǎǘǊǳŎǘǎ 

emerged from the interviews. 
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Table 2. Perceived barriers, facilitators, and considerations for future implementation of Croí MySláinte  

Domains and 

Constructs 

Facilitators to 

implementation  

Barriers to 

implementation 

Considerations 

for future 

implementation 

Sample quotes 

I. Innovation  

 

    

A.Innovation 

Source 

 

Professionalism, 

reputation and 

credibility of 

Croí team 

No data No data 

 
 

hƴ ǘƘŜ ǇƻǎƛǘƛǾŜΣ LΩǾŜ ǿƻǊƪŜŘ ǿƛǘƘ /ǊƻƝ ŦƻǊ ǎƻ Ƴŀƴȅ ȅŜŀǊǎ ƴƻǿΦ ±ŜǊȅ 

professional. Very safe. So you know if it was a new company coming to me 

ǿƛǘƘ ǘƘƛǎ LΩŘ ƘŀǾŜ ōŜŜƴ ǇŜǘǊƛŦƛŜŘΦ L ǊŜŀƭƭȅ ǿƻǳƭŘΦ L ǿƻǳƭŘƴΩǘ ǿŀƴǘ ǘƻ ƘŀǾŜ ōŜŜƴ 

one of the first groups to be involved in it but because it was who it was it was 

Croí yeah I was comfortable. I knew it would be safe. I knew it would be 

evidence based. I knew the people. I knew everybody that was delivering so 

you know I was very comfortable. (Referrer-facilitator) 

B.Innovation 

Evidence-Base 

 

Previous 

experiences of 

delivering 

community 

based cardiac 

rehabilitation 

and utilisation 

of guidelines 

No data Programmes 

should be 

evidence-based 

and operate to 

best international 

standards.  

 

So I suppose like I said we had good grounding because we had piloted the 

first major community program and that was hugely successful. Its evidence 

based on generic cardiac rehab guidelines both nationally and internationally. 

We used what we had done and mimicked it online. (Croí -facilitator) 

 

You have to be operating to a standardised intervention. And of course this 

comes back to the model of care question, what is the model of care for 

cardiac rehabilitation in Ireland. (Croí HCP-future barrier) 

C.Innovation 

Relative Advantage 

 

Increased, 

accessibility, 

convenience 

and flexibility 

for patients 

 

Safety due to 

COVID 19 

 

Lack of 

telemetry 

monitoring  

 

Lack of face-to-

face contact  

 

Lack of in-

person peer 

support  

 

Adopting a hybrid 

approach where 

there is a blend of 

online and in 

person. 

It was more convenient for so many people at that time you know with COVID 

ŀƴŘ ƛǘΩǎ Ǝƻƴƴŀ ǎǳƛǘ ǎƻƳŜ ǇŜƻǇƭŜ ŀƴȅǿŀȅΦ {ƻƳŜ ǇŜƻǇƭŜ ŎŀƴΩǘ ŎƻƳŜ ōŜŎŀǳǎŜ 

ǘƘŜȅ ƘŀǾŜƴΩǘ Ǝƻǘ ǘƘŜ ǘƛƳŜ ƻǊ ǘƘŜȅ ƘŀǾŜ ǎƻƳŜƻƴŜ ǘƘŀǘ ǘƘŜȅΩǊŜ ƳƛƴŘƛƴƎ ŀǘ 

ƘƻƳŜΦ ¢ƘŜǊŜΩǎ ǎƻ Ƴŀƴȅ ŘƛŦŦŜǊŜƴǘ ǊŜŀǎƻƴǎ ǇŜƻǇƭŜ Ƨǳǎǘ ŎŀƴΩǘ ŎƻƳŜ ǘƻ ŀ ǇǊƻƎǊŀƳΦ 

(Referrerςfacilitator) 

 

Definitely just the accessibility. I think more people probably were able to 

engage with it because of the fact that there was a flexibility with the time the 

patients could log in and then with the fact that they could still be at work and 

log into it and not have to actually take time off work for the program. That 

was probably one of the main benefits I think. (Referrer-facilitator) 
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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  

 

I suppose you see the benefit of having the multidisciplinary team all present. 

Other than nurses and a special one hour with the dietician we have nothing 

ŜƭǎŜΦ ²Ŝ ŘƻƴΩǘ ƘŀǾŜ ǘƘŜ ǇƘȅǎƛƻΦ ²Ŝ ŘƻƴΩǘ ƘŀǾŜ ǘƘŜ h¢Φ ²Ŝ ŘƻƴΩǘ ƘŀǾŜ ǘƘŜ 

ǇǎȅŎƘƻƭƻƎȅ ƛƴǇǳǘΦ ²Ŝ ŘƻƴΩǘ ƘŀǾŜ ŎƭŜǊƛŎŀƭΦ {ƻ ƛǘΩǎ Ƨǳǎǘ ƴǳǊǎƛƴƎΦ {ƻ ŦǊƻƳ ŀ 

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. (Referrer-facilitator) 

 

¸ƻǳ Ŏŀƴ ǎŜŜ ƛƴǘƻ ǘƘŜƛǊ ƘƻƳŜΦ ¸ƻǳ ƪƴƻǿ ǿƘŀǘ ǎǇŀŎŜ ǘƘŜȅΩǊŜ ǿƻǊƪƛƴƎ ǿƛǘƘΦ 

Some people will pick up the camera or the laptop and they will go and show 

ƳŜ ǘƘŜƛǊ ƪƛǘŎƘŜƴΣ ǘƘŜȅΩƭƭ ǎƘƻǿ ƳŜ ǿƘŀǘΩǎ ƛƴ ǘƘŜ ŦǊƛŘƎŜΣ ǘƘŜȅΩƭƭ ǎƘƻǿ ƳŜ ǘƘŜƛǊ 

ǇǊƻŘǳŎǘǎΦ Χ ǘƘŜȅΩƭƭ ōǊƛƴƎ ƻǾŜǊ ǘƘŜ ƭŀōŜƭ ŀƴŘ ǘƘŜȅΩƭƭ ǊŜŀŘ ƛǘ ƭƛƪŜ ŀǘ ǘƘŜ ƛƴƛǘƛŀƭ 

assessment or during the program. And often because this program was 

ǇǊŜŘƻƳƛƴŀƴǘƭȅ ƳŜƴ ǿƘƻ ƳƛƎƘǘƴΩǘ ōŜ ǘƘŜ Ƴŀƛƴ ŎƘŜŦǎ ƛƴ ǘƘŜ ŦŀƳƛƭȅ ǘƘŜ ǿƛǾŜǎ 

would pop their head in, sit down and ask the questions and I can speak to 

ǘƘŜƳΦ {ƻ ȅƻǳ ƎŜǘ ǘƻ ǎŜŜ ŀ ƭƻǘ ƳƻǊŜ ƻŦ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ƭƛǾƛƴƎ ǎƛǘǳŀǘƛƻƴ ǘƘŀƴ ƛŦ ǘƘŜȅ 

ŎƻƳŜ ƛƴǘƻ ǘƘŜ ƻŦŦƛŎŜ ȅƻǳ Ƨǳǎǘ ŘƻƴΩǘ ǊŜŀƭƭȅ ƎŜǘ ŀƴȅ ǎŜƴǎŜ ƻŦ ǘƘŀǘΦ ό/ǊƻƝ I/t-

facilitator) 

 

Some of them were also using some personal tracking devices and personal 

ǊŜǇƻǊǘƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘŀǘ ǿŜ ǿŜǊŜƴΩǘ ƴŜŎŜǎǎŀǊƛƭȅ ǳǎƛƴƎ ŀƴŘ ǘƘƛǎ ƴƻ Řƻǳōǘ 

helped motivate them. (Croí HCP-facilitator) 

 

Χ L ǘƘƛƴƪ ǘƘƛƴƎǎ ƳƻǾŜ ǉǳƛŎƪŜǊΦ L ǘƘƛƴƪ ȅƻǳΩǾŜ ƳƻǊŜ ŀŎŎŜǎǎ ǘƻ ǇŀǘƛŜƴǘǎ ƻǳǘǎƛŘŜ 

of the program like email, phone. The assessments I think can run quicker 

when people are on time. (Croí HCP-facilitator) 

 

Well the telemetry for me is important. You know the patients from day one 

ǿŜ ǎƘƻǿ ǘƘŜƳ ǘƘŜƛǊ ǊŀǘŜ ƻƴ ƳƻƴƛǘƻǊΦ ²ŜΩǊŜ Ŏƻƴǎǘŀƴǘƭȅ ŀƭǘŜǊƛƴƎ ƳŜŘƛŎŀǘƛƻƴǎΦ 

LΩƳ ŀ ƴǳǊǎŜ ǇǊŜǎŎǊƛōŜǊ ǎƻ LΩƳ Ŏƻƴǎǘŀƴǘƭȅ ƛƴŎǊŜŀǎƛƴƎ ōŜǘŀ ōƭƻŎƪŜǊǎ ƻǊ ŘŜŎǊŜŀǎƛƴƎ 

or looking at monitors becŀǳǎŜ ǿŜΩǾŜ ǎŜŜƴ ŀǊǊƘȅǘƘƳƛŀΧΦ ¢ƘŜǊŜΩǎ ǉǳƛǘŜ ŀ ƭƻǘ 

picked up to be honest on telemetry. (Referrer-Barrier) 
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{ƻ ƛƴ ŀ ǎǘŀƴŘŀǊŘ ǊŜƘŀō ǘƘŜǊŜΩǎ ŀōƻǳǘ ȅƻǳ ƪƴƻǿ ǎƛȄ ƻǊ ŜƛƎƘǘ ƻǊ Ƙƻǿ Ƴŀƴȅ 

patients in with you and you get to have camaraderie with those people 

ǿƘƻΩǾŜ ōŜŜƴ ǘƘǊƻǳƎƘ ǎƻƳŜǘƘƛƴƎ ǎƛƳƛƭŀǊ ǘƻ ȅƻǳ ŀƴŘ L ǎǳǇǇƻǎŜ ǘƘŜǊŜΩǎ ŀƭƭ ǘƘŀǘ 

social support then that comes with it. (Referrer-barrier) 

I think for sure cardiac rehab of the future will have to be of the hybrid model. 

I think to meet the patients face-to face at some point and not to have it all 

completely online would mean best of both worlds. (Referrer-future 

facilitator) 

D.Innovation 

Adaptability 

No data  No data No data N/A 

E.Innovation 

Trialability 

 

No data No data No data N/A 

F.Innovation 

Complexity 

 

No data Multiple steps in 

the process and 

volume of work  

 

Robust digital 

infrastructure to 

help streamline 

delivery and 

ensure greater 

interoperability  

Χ ƛǘ ǿŀǎ ŀ ƭƻǘ ƻŦ ŦƻǊƳ ŦƛƭƭƛƴƎ ŀƴŘ ȅƻǳΩǊŜ ǘȅǇƛƴƎ ŀǎ ǘƘŜȅΩǊŜ ǘŀƭƪƛƴƎ ǘƻ ȅƻǳ ŀƴŘ 

kind of going through all ǘƘŜƛǊ ŘŜǘŀƛƭǎΦ  Χ ŎƘŜŎƪƛƴƎ ǘƘŜƛǊ ōƭƻƻŘǎ ƻǊ ǎǇŜŀƪƛƴƎ ǘƻ 

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 

ƛƴŦƻǊƳŀǘƛƻƴ ƛŦ ƛǘ ǿŀǎ ƳƛǎǎƛƴƎ ōŜŎŀǳǎŜ ǇŀǘƛŜƴǘǎ ŘƻƴΩǘ ŀƭǿays know exactly 

ǿƘŀǘΩǎ ƘŀǇǇŜƴŜŘ ƻǊ ǘƘŜƛǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƛǎ ǎƭƛƎƘǘƭȅ ŘƛŦŦŜǊŜƴǘ ǘƻ ƳŀȅōŜ ǿƘŀǘ 

the referral says. (Croí HCP-barrier) 

 

Invest in the technology to ensure online delivery is more streamlined. ..we 

need to be able to share information across organisations in a safe and secure 

way to ensure patient centred integrated care. (Croí HCP-future 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: 

¶ 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 for 

example being able to make those quick changes to medications and then 

being able to see you know the reduction in blood pressure the next week. But 

then of course because they were exercising each week that was having an 

impact on blood pressure, cholesterol, mood, anxiety and depression scores. 

And then I think diet as well was having an impact on their mood, their health, 

how they were feeling. (Croí HCP-facilitator) 
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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 

¶ Include the 
guideline 
based core-
components  

¶ Be expanded to 
include other 
patient 
groups such 
as diabetes 
and stroke  

¶ Be user centred 
designed.  

¶ Be delivered 
using a 
hybrid 
approach 

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

 
 

There seemed to be really good use of the nurse prescriber increasing doses of 

statins, titration you know and that seemed to have a huge benefit. (Referrer-

facilitator) 

 

The one thing I did think was great was giving the patients the watches. They 

really zoned in on those watches. And you know when they came back to us 

they were zoned in on their steps. You know they really got motivated by 

them. (Referrer-facilitator)  

 

Delivering it online made it more available and easier just for people that are 

working and also people that live in a rural area. (Croí HCP-facilitator) 

 

aƻƻŘƭŜ ώƭŜŀǊƴƛƴƎ ǇƭŀǘŦƻǊƳϐ ƛǎƴΩǘ ƎǊŜŀǘ ƭƛƪŜΦ ¸ƻǳ ŘƻƴΩǘ ƘŀǾŜ ŀƴȅ ƪƛƴŘ ƻŦ 

ŦŜŜŘōŀŎƪ ŦƻǊ ǘƘŜ ǇŀǘƛŜƴǘǎΣ ǘƘŜǊŜΩǎ ƴƻ ŦŜŜŘōŀŎƪ ŦƻǊ ǘƘŜ ŎƭƛƴƛŎƛŀƴǎΦ ¢ƘŜǊŜΩǎ ƴƻ 

ǿŀȅ ƻŦ ƪƛƴŘ ƻŦ ƘƻƳŜ ƳƻƴƛǘƻǊƛƴƎΦ {ƻ ǘƘŜ ǇŀǘƛŜƴǘǎ ŎŀƴΩǘ ǊŜŀƭƭȅ ƛƴǘŜǊŀŎǘ ǿƛǘƘ ǘƘŜ 

platform bar we had a blog section, but mainly they emailed us. (Croí HCP-

barrier) 

 

And I suppose the other one that patients said was they missed the kind of 

camaraderie of the group. So although they were really close and we tried to 

facilitate that kind of peer support and it did work very well I think some of 

them did miss the actual physically being in a room and being able to see 

someone. (Croí HCP -barrier) 

 

And then I think as well obviously the pressures of a caseload can potentially 

ōŜ ŜȄǇŜǊƛŜƴŎŜŘ ƎǊŜŀǘŜǊ ŦƻǊ ŀ ǎǘŀŦŦ ƳŜƳōŜǊ ƛŦ ƛǘǎ ƻƴƭƛƴŜΦ ¸ƻǳ ŘƻƴΩǘ ƘŀǾŜ ŀ 

chance to crosscheck yourself. So you know we were carrying probably 100 

active patients across multiple programmes and how safe is that for one 

individual or one team member you know and each discipline then all carrying 

that caseload. (Croí HCP-barrier) 

 

Χ L ǎǳǇǇƻǎŜ ǿŜ ǿƻǳƭŘ ƳŀȅōŜ ōŜ ŀ ƭƛǘǘƭŜ ōƛǘ ƘŜǎƛǘŀƴǘ ŀōƻǳǘ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ƛǘ ǿŀǎ 

online and the lack of telemetry and cardiac monitoring. But I suppose we did 
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have an element of trust that Croí you know knew what they were doing. 

(Referrer-barrier) 

 
Personally I would have maybe preferred a more kind of comprehensive sort 

of feedback on what had happened with them during the program. Because 

some of them were telling us things and we were like oh okay. You felt like 

ȅƻǳ ŘƛŘƴΩǘ ƘŀǾŜ ǘƘŜ Ŧǳƭƭ ǇƛŎǘǳǊŜΦ ²e did get a little bit of feedback but I 

probably would prefer a little bit more before we met them at the post 

program step. (Referrer-barrier) 

 

I think yeah the team, the nurse prescriber, the physio, dietitian and the 

ŀŘƳƛƴ ǎǳǇǇƻǊǘ ƛŦ ƛǘΩǎ Ǝƻƴƴŀ ōŜ ŘƻƴŜ ǾƛǊǘǳŀƭƭȅ ƛǎ ƪŜȅΦ ό/ǊƻƝ I/t-future 

facilitator) 

I think everyone currently delivering cardiac rehab should be offering a triage 

ƻŦ ƻŦŦŜǊƛƴƎǎ ŀƴŘ ǘƘŀǘ ǘƘŜ ƻƴƭƛƴŜ ǎƘƻǳƭŘ ōŜ ƻƴŜ ƻŦ ǘƘŜƳΦ L ŘƻƴΩǘ ǘƘƛƴƪ ƛǘ ǎƘƻǳƭŘ 

replace face-to-face. (Referrer ςfuture facilitator) 

H.Innovation Cost 

 

No data  No data  No data N/A 

II. Outer Setting  

 

    

A.Critical Incidents 

 

COVID 19 drove 

the need to 

develop a digital 

health platform  

COVID 19 

impacted on: 

 

Staff capacity to 

refer to the 

programme 

 

The ability to 

support patients 

to engage in the 

programme   

No data We had no choice at the time, it was either that or nothing you know. And at 

least you felt you were doing something. It is an essential part of the recovery 

from their cardiac event and it was left fall by the wayside cardiac rehab 

during the pandemic. (Referrerςfacilitator) 

 

Some sites worked better than others but then that depended on I suppose 

/h±L5Σ ƛŦ ǘƘŜȅ ƘŀŘ ǘƘŜ ǎǘŀŦŦ ƻǊ ǘƘŜ ǘƛƳŜ ǘƻ ŀŎǘǳŀƭƭȅ ǎŜƴŘ ǘƘŜ ǊŜŦŜǊǊŀƭǎΦ Lǘ ǿŀǎƴΩǘ 

ǘƘŀǘ ǘƘŜȅ ƴŜŎŜǎǎŀǊƛƭȅ ŘƛŘƴΩǘ ǿŀƴǘ ǘƻ Řƻ ƛǘΦ Lǘ ǿŀǎ ƳƻǊŜ Ƨǳǎǘ ōŜƛƴƎ ŀōƭŜ ǘƻ Řƻ ƛǘΦ 

(Croí HCP-barrier) 

 

I suppose we were very conscious that people were trained at a distance 

ōŜŎŀǳǎŜ ƛǘ ǿŀǎ ǊƛƎƘǘ ƛƴ ǘƘŜ ƳƛŘŘƭŜ ƻŦ ƛǘ ǿƘŜǊŜ ȅƻǳ ǿŜǊŜƴΩǘ ǎǳǇǇƻǎŜŘ ǘƻ ǎŜŜ 

anyone. We wanted to give them the independence as well so that they could 



147 
 

Řƻ ƛǘΦ ¢ƘŜȅ ƪƴŜǿ ǘƘŜȅΩŘ ŘƻƴŜ ƛǘ ŀƭƭ ƻƴ ǘƘŜƛǊ ƻǿƴΦ .ŜŎŀǳǎŜ ǎƻƳŜ ƻŦ ǘƘŜƳ ǿŜǊŜ 

ŘŜƭƛƎƘǘŜŘ ǿƛǘƘ ǘƘŜƳǎŜƭǾŜǎ ǘƘŀǘ ǘƘŜȅΩŘ ŘƻƴŜ ƛǘ ŀƴŘ Ǝƻǘ ǘƘǊƻǳƎƘ ƛǘΦ ό/ǊƻƝ I/t-

barrier) 

 

B.Local Attitudes 

 

No data No data  No data N/A 

C.Local Conditions  

 

No data  Lack of or poor  

broadband 

coverage 

hindered 

delivery of the 

programme  

Access to 

broadband  

People who were willing and able to participate and happy to do so but their 

broadband let them down the coverage in their area you know.  

(Croí HCP-barrier) 

 

The fundamental thing of broadband and making sure that people can have 

ŀŎŎŜǎǎ ΦΦΦ ƛǘΩǎ ŀ ŦǳƴŘŀƳŜƴǘŀƭ ǊƛƎƘǘΦ .ŜŎŀǳǎŜ ƴƻǘƘƛƴƎ ƭƛƪŜ ǘƘƛǎ Ŏŀƴ ǇǊƻƎǊŜǎǎ ǳƴǘƛƭ 

that kind of infrastructure is properly in place.  

(Croí HCP-future facilitator) 

D.Partnerships and 

Connections  

 

Information 

sharing 

 

Established 

connection with 

referral sources.   

No data Collaboration 

between in 

person and digital 

CR programmes 

to ensure 

integrated patient 

care 

Talking to other people in other organisations kind of seeing what they were 

doing. (Croí HCP-facilitator) 

 

Likely because we had a good relationship as I say set up. Always a prompt 

reply if there was any queries. We would have met face-to-face on a couple of 

different initiatives that we done together so we kind of knew each other as it 

was. (Referrer -facilitator) 

 

The other thing would be close communication with existing services that 

ǘƘŜǊŜ ƛǎƴΩǘ ŘǳǇƭƛŎŀǘƛƻƴ ŀƴŘ ǘƘŀǘ ǘƘŜǊŜΩǎ ŀ ŘŜŦƛƴŜŘ ŀƴŘ ŀƎǊŜŜŘ ǊŜŦŜǊǊŀƭ ǇŀǘƘǿŀȅΦ 

(Referrer-future facilitator) 

E.Policies and Laws 

 

Alignment with 

National health 

reform 

programme 

ά{ƭáƛƴǘŜŎŀǊŜέ 

 

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 SláinteCare funding and this would be 

ǾŜǊȅ ŜƳōŜŘŘŜŘ ǿƛǘƘ ǿƘŀǘ ǘƘŜȅΩǊŜ ǘǊȅƛƴƎ ǘƻ Řƻ ƴŀǘƛƻƴŀƭƭȅ ƭƛƪŜ ƛƴŎƭǳŘƛƴƎ ǘƘŜ 

chronic diseases and obviously cardiology is one of the chronic diseases. (Croí 

HCP-facilitator) 

 

Well I suppose the main thing was to be careful around issues around GDPR 

ǘƘŀǘ ǿŜ ǿŜǊŜƴΩǘ ǇŀǎǎƛƴƎ ƻƴ ƛƴŦƻǊƳŀǘƛƻƴ ǘƻ ŀƴƻǘƘŜǊ ƻǳǘǎƛŘŜ ƻǊƎŀƴƛǎŀǘƛƻƴ 

ǿƛǘƘƻǳǘ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ŎƻƴǎŜƴǘ ŀƴŘ ƘŀǾƛƴƎ ǎŀŦŜǘȅ ŀǊƻǳƴŘ ǘƘŀǘΦ όwŜŦŜǊǊŜǊ-

facilitator) 
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patient safety 

measures  

 

And there was the GDPR issue of how do we get people to consent to doing a 

virtual program. Are we allowed to keep the data and all of that kind of 

scenario as well. (Croí HCP- barrier) 

 

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 where 

ȅƻǳΩǊŜ ǎŜǘǘƛƴƎ ǳǇ ŀ ŎŀǊŘƛŀŎ ǊŜƘŀō ǘƻ ōŜ ƘƻƴŜǎǘΦ ό/ǊƻƝ I/t-barrier) 

F.External Pressure 

 

    

1.Funding Pressure 

 

The need for 

funds help drive 

the 

development of  

the innovation  

Pressure to get 

started 

negatively 

impacted on 

time to prepare  

No data There was huge pressure to get it off the ground. We were almost starting the 

program before we actually had the kit in place. So you know and that would 

be one of my limitations. If I was to go back again I definitely would have kind 

of put more time into it or allowed more time as a team. (Croí HCP-barrier) 

 

When the shutdown came it was like somebody turned off a tap. There was no 

ƳƻƴŜȅΦ {ƻ ǘƘŜǊŜΩǎ ƴƻ ƎǊŜŀǘŜǊ ƛƴŎŜƴǘƛǾŜ ǘƻ ōŜŎƻƳŜ ŎǊŜŀǘƛǾŜΦ ό/ǊƻƝ I/t-

facilitator) 

2.Societal Pressure 

 

No data  No data  No data N/A 

3.Market Pressure 

 

No data  No data  No data N/A 

4. Performance 

Measurement 

Pressure 

Having key 

performance 

indicators drove 

the delivery of 

the innovation 

 

No data No data We had a deadline in terms of a start date and then a certain number of 

people we needed to see until the end of the year. (Croí HCP-facilitator) 

III.Inner Setting      

A. Structural 

characteristics 

    

1.Physical 

Infrastructure  

No data No data No data N/A 
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2.Information 

Technology 

Infrastructure 

Use of existing 

platform  

Unstable 

internet 

connection 

No data We used the technology that we already had and because we had the Moodle 

[learning] platform we found that we were able to put a lot of the information 

on the platform. (Croí HCP-facilitator)   

 

¢ƘŜ ƛƴǘŜǊƴŜǘ ǘƘŀǘ ǿŀǎ ŀ ōƛƎ ƻƴŜΦ ¢ƘŜǊŜ ǿŀǎ ŀ ŎƻǳǇƭŜ ƻŦ ǘƛƳŜǎ ǘƘŀǘ ǿŜΩŘ ōŜ 

talking and our internet would just drop. (Croí HCP-barrier) 

3.Work 

Infrastructure 

Staffing levels 

were adequate 

to support  

Staffing levels 

were 

inadequate to 

support  

There needs to be 

adequate staffing 

in place 

There were three nurses here. Between us all we were able to refer to Croí so 

there were no issues there. (Referrer-facilitator) 

 

No we had no issue with referring the patients. The problem we had really was 

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 recruited. 

And because you know we were being redeployed and all of that it was hard. 

(Referrer-barrier) 

B.Relational 

Connections 

No data  No data  No data N/A 

C.Communications Weekly meeting No data No data ²Ŝ ǎǘƛƭƭ ƘŀŘ ƻǳǊ ǿŜŜƪƭȅ a5¢ ƳŜŜǘƛƴƎǎ ŀƴŘ ǿŜΩŘ ƘŀǾŜ ƭƛƪŜ ŀ ǉǳƛŎƪ Ŏŀƭƭ ōŜŦƻǊŜ 

each session just to discuss the plan for the session, if there was anyone we 

needed to check in with specifically if someone needed a diet check-in or a 

nursing check-ƛƴ ƻǊ ŀ ǇƘȅǎƛƻΦ {ƻ ǿŜ ǿƻǳƭŘ ǎǘƛƭƭ ƘŀǾŜ ǘƘŀǘΦ ¢Ƙŀǘ ŘƛŘƴΩǘ ƳŀǎǎƛǾŜƭȅ 

change. (Croí HCP- facilitator) 

D.Culture     

 

1.Human Equality-

Centeredness 

 

 

No data 

 

 

No data 

 

 

No data 

 

 

N/A 

2.Recipient-

Centeredness 

Supporting 

recipients  

No data  No data I think in general we were there to support people and at the very least you 

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 them. 

(Croí HCP-facilitator) 

3.Deliverer-

Centeredness 

No data No data No data N/A 
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4.Learning-

Centeredness 

Gathering 

insights and 

data 

No data  No data From our point of view we satisfied the requirement of responding to need 

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

programmes. (Croí HCP-facilitator)  

 

E.Tension for 

Change 

Tension for 

change was 

driven by COVID 

19  

 

Responding to 

patient need  

 

Lack of cardiac 

rehabilitation 

services with 

associated long 

waiting lists 

No data No data We started when COVID was at its peak, no-one had vaccines like it was such 

an awful time. People were barely getting in to see their GP. They had their 

event with no follow-up. So I think we really met the need there in making it 

an accessible service and a safe space. (Croí HCP-facilitator) 

 

Well it was either that or nothing. You know we ŘƛŘƴΩǘ ƘŀǾŜ ŀ Ǉƭŀƴ .Φ  Χ ŀƴŘ L 

ǿŀǎƴΩǘ ƛƴ ŀ Ǉƻǎƛǘƛƻƴ ǘƻ Ƴŀƛƴǘŀƛƴ ŀ ǎŜǊǾƛŎŜ ƘŜǊŜ ƻǾŜǊ ǇƘƻƴŜ ŀƴŘ ǎǘŀǊǘ ŦǊƻƳ 

scratch building an online program. Why reinvent the wheel? Somebody else 

ƛǎ ŘƻƛƴƎ ƛǘ ŀƴŘ ƛǘǎ ōŜŜƴ ŘƻƛƴƎ ǿŜƭƭ ǘƘŜƴ ǘƘŀǘΩǎ ǿƘŀǘ LΩƳ ƎƻƛƴƎ ǘƻ Ǝƻ ǿƛǘƘ ȅƻǳ 

know. (Referrer-facilitator) 

F.Compatibility The innovation 

fitted with 

existing work 

processes in 

terms of 

addressing 

waiting lists  

Lack of 

compatibility 

with processes 

regarding 

medical 

management  

No data I suppose at the time with our gym being closed because of COVID restrictions 

you know we felt it was a great way of working through our waiting list and 

supporting the patients whatever way we could during the COVID until our 

own gym could open up again. (Referrer-facilitator) 

 

I suppose that was the only thing you know if they were our patients we might 

have been getting them reviewed by one of our on site doctors but because I 

ǎǳǇǇƻǎŜ ŜǎǎŜƴǘƛŀƭƭȅ /ǊƻƝ ƘŀŘ ǘŀƪŜƴ ǘƘŜƳ ƻǾŜǊ ǿŜ ŘƛŘƴΩǘ ǿŀƴǘ ǘƻ Ǝƻ ƳŀƪƛƴƎ 

changes to their treatment when your cardiologist might have had a plan or 

something for them. So I suppose that was just that little bit different. We 

were like should we be making changes or should we be leaving them to Croí? 

(Referrer-barrier) 

G.Relative Priority No data The need to 

deliver other 

clinical 

programmes 

impacted on 

No data Well we only got a certain number of patients on the program because we had 

the other in-house program running at the same time you see. So I suppose in 

the beginning of COVID when we were doing no classes for those months if 

this had been up and running we would have been well able to have got more 

ǇŀǘƛŜƴǘǎ ōŜŎŀǳǎŜ ǿŜΩŘ ƘŀǾŜ ƘŀŘ ƳƻǊŜ ǘƛƳŜΦ όwŜŦŜǊǊŜǊ-barrier) 
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referral to Croí 

MySláinte  

 

H.Incentive 

Systems 

No data No data No data N/A 

I.Mission Alignment Implementation 

and delivery of 

Croí MySláinte  

aligned to 

overall  

organisation 

mission 

No data No data Well I suppose it would have been one of the sort of directions the 

organisation was going in for the last number of years. We would describe 

ourselves as like an R and D centre for CVD prevention in that we had a 

facility, we had a multidisciplinary health team who were skilled and trained in 

risk factor management. And we were also from a charitable point of view you 

know tasked with addressing local and regional need and doing that in a way 

that is evidence based. (Croí HCP-facilitator) 

J.Available 

Resources 

    

1.Funding Funding was 

available  

No data Long-term 

funding needs to 

be in place to 

support 

implementation 

and sustainment  

Oh absolutely. I mean we applied for a SláinteCare innovation grant which is a 

very competitive grant bid and we were successful and that is what absolutely 

made it possible. (Croí HCP-facilitator) 

 

They need to come up with all the resources, I.T., manpower, funding, 

ŜǾŜǊȅǘƘƛƴƎΦ ¸ƻǳ ƪƴƻǿ ƛŦ ȅƻǳΩǊŜ ŜǎǘŀōƭƛǎƘƛƴƎ ŀ ǇǊƻƎǊŀƳ ƭƛƪŜ ǘƘƛǎ ǘƘŀǘ ǎƘƻǳƭŘ ōŜ 

a long-ǘŜǊƳ ǇǊƻƎǊŀƳΦ Lǘ ǿƻƴΩǘ ƳŜŜǘ ǘƘŜ ǇǳǊǇƻǎŜ ƛŦ ȅƻǳ Ǌǳƴ ŀ ǇǊƻƎǊŀƳ ƻƴƭȅ ŦƻǊ 

с ƳƻƴǘƘǎΣ ƻƪŀȅ ǘƘŀǘΩǎ ƛǘ ǿŜ ŀǊe stopping it and we are back to square one. So 

that planning has to be there before that is if that is being implemented. (Croí 

HCP-future facilitator) 

2.Space No data No data No data N/A 

3.Materials and 

Equipment 

Access to IT 

platform  

No data No data IŀǾƛƴƎ ŀ ǎȅǎǘŜƳ ŜǾŜƴ ǘƘƻǳƎƘ ƛǘ ǿŀǎƴΩǘ ǘƘŜ ƻƴŜ ǿŜ ǿŀƴǘŜŘ ōǳǘ ƛǘ ǿŀǎ ŀ ǎȅǎǘŜƳ 

ǿƘƛŎƘ ǿŀǎ ƘǳƎŜ ƭƛƪŜ ǿŜ ǿƻǳƭŘƴΩǘΩ ƘŀǾŜ ōŜŜƴ ŀōƭŜ ǘƻ Ǌǳƴ ƛǘ ǿƛǘƘƻǳǘ aƻƻŘƭŜ 

[learning platform]. (Croí HCP-facilitator) 

K.Access to 

Knowledge and 

Information 

Sufficient 

information to 

enable referral 

to the 

programme  

 

No data HCPs should be 

equipped with the 

IT skills 

I think we had sufficient information to know the referral process. And even 

ƛƴŦƻǊƳŀǘƛƻƴ ȅƻǳ ƪƴƻǿ ŜǾŜǊȅǘƘƛƴƎ ǿŀǎ ƻƴ ǘƘŜ ǊŜŦŜǊǊŀƭ ŦƻǊƳΦ ¸ƻǳ ŘƛŘƴΩǘ ƘŀǾŜ ǘƻ 

add on anything additional any additional reports. It was all mentioned there 

so it was quite easy. (Referrer-facilitator) 
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Training in use 

of Zoom and 

Moodle (online 

learning 

platform)  

LΩŘ ƴŜǾŜǊ ƘŜŀǊŘ ƻŦ ½ƻƻƳ ōŜŦƻǊŜ aŀǊŎƘ нлнл ǎƻ ǿŜ ƘŀŘ ǘƻ ŀǘǘŜƴŘ ǘǳǘƻǊƛŀƭǎ ŀƴŘ 

all that kind of stuff to learn more about it. (Croí HCP-facilitator) 

 

Cardiac rehabilitation professionals need to be trained in this type of 

engagement using digital tools. (Referrer-future facilitator) 

IV. Individuals      

A.High-Level 

Leaders 

Support from 

hospital 

management 

and 

Cardiologists  

No data No data So we agreed to participate again by going through all the channels. We had 

to get you know the okay from the consultant the lead consultant and our 

own line management as well. (Referrer-facilitator) 

 

²Ŝ ƘŀŘ ŜƛƎƘǘ ŘƛŦŦŜǊŜƴǘ Ŏƻƴǎǳƭǘŀƴǘǎ ǎƻ ǿƘŀǘ ǿŜ ŘƛŘ ǿŀǎ ǿŜ ƘŀŘ ŀ ǳǎŜǊΩǎ ƎǊƻǳǇ 

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 nursing 

was fully supportive. But then our own cardiology the cardiac services 

manager everyone was very much trying to I suppose find a way to get access 

to some sort of service during the COVID pandemic. There was no obstacles 

anywhere along the line. Everyone was very supportive.  

(Referrer-facilitator) 

B.Mid-Level 

Leaders 

Clinical nurse 

managers  

No data No data So we took the lead myself and our cardiology team I suppose CNM3 the 

cardiology CNM2. We were having the discussion okay this is gonna happen 

and we just started rolling the program. (Referrer-facilitator) 

C.Opinion Leaders No data No data  No data N/A 

D.Implementation  

Facilitators 

Technical, 

communication 

and 

administration 

support  

No data Availability of IT 

personal to 

support  

Our communication team were pivotal to an awful lot of this. As well as all the 

various administration people. So it was a real all hands approach to making it 

ǿƻǊƪ ŀƴŘ ǇǳǎƘƛƴƎ ƛǘ ǘƘǊƻǳƎƘ ŀƴŘ ƴŜǾŜǊ ǘƘƛƴƪƛƴƎ ŦƻǊ ŀ ƳƛƴǳǘŜ ǘƘŀǘ ƛǘ ǿŀǎƴΩǘ 

gonna work. (Croí HCP-facilitator) 

 

We had external technical support for Moodle [learning platform] who then 

upskilled staff in the training and education department so then they were 

able to pop content on Moodle [learning platform] for us. (Croí HCP- 

facilitator) 
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There needs to be somebody who is confident to deal with any sort of I.T. 

ƛǎǎǳŜΦ .ŜŎŀǳǎŜ ƛŦ ȅƻǳΩǾŜ ŀ ǇŀǘƛŜƴǘ ŀǘ ƘƻƳŜ ŀƴŘ ȅƻǳΩǾŜ ǎƻƳŜōƻŘȅ ǳƴǎǳǊŜ 

ǘƘŜƳǎŜƭǾŜǎ ǘǊȅƛƴƎ ǘƻ ŦƛƎǳǊŜ ƻǳǘ ǘƘŜ ƛǎǎǳŜ ǘƘŜǊŜΩǎ ƎƻƛƴƎ ǘƻ ōŜ ŘƛǎŜƴƎŀƎŜƳŜƴǘ 

fairly quickly. So I think the I.T is a big big deal (Referrer-future facilitator) 

E.Implementation 

Leads 

No data No data No data  N/A 

F. Implementation 

Team Members 

No data No data No data N/A 

G.Other 

Implementation 

Supports 

Support from 

students and 

Human 

Resources (HR)  

 

No data No data A student was allocated to me for the length of time that I needed her and she 

was proficient and competent and trained in exercise assessment and step 

testing. And then HR were brilliant as well because obviously we had to clear 

her quickly with garda vetting and the confidentiality and all of that sort of 

thing so I mean HR were brilliant. Everybody just seemed to row in together 

you know and get things that would have taken months previous to COVID it 

just happened. (Referrer-facilitator) 

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, 

including 

behaviour 

change 

techniques  

IT capability of 

team  

 

No data I would have a massive opinion that it would come down to skillset within the 

ǘŜŀƳΦ L ǿƻǳƭŘƴΩǘ ŜȄǇŜŎǘ ŀ ǎǘŀŦŦ ƎǊŀŘŜ ǇƘȅǎƛƻǘƘŜǊŀǇƛǎǘ ƻǊ ŀ ǎǘŀŦŦ ƎǊŀŘŜ ǘƻ Ǝƻ ƻǳǘ 

ŀƴŘ ŘŜƭƛǾŜǊ ƛǘΦ Χ L ǘƘƛƴƪ ƛǘǎ ǾŜǊȅ ƘŜƭǇŦǳƭ ǘƻ ƘŀǾŜ ōŜƘŀǾƛƻǳǊ ŎƘŀƴƎŜ ǘǊŀƛƴƛƴƎΦ !ƴŘ 

I think probably more helpful in an online situation because communication is 

more difficult in an online platform. (Croí HCP-facilitator) 

 

Definitely the tech side. I think first because it was so long ago I forget how 

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 it. 

So for the team that was definitely a big challenge (Croí HCP-barrier) 

3.Opportunity  Insufficient time 

for delivery 

No data ²Ŝƭƭ ƛǘ ǿŀǎƴΩǘ ŘƛŦŦƛŎǳƭǘ ƭƛƪŜ L ǎŀƛŘ ōǳǘ ƛǘ ǿŀǎ ǘƛƳŜ-consuming and especially 

when we were starting back with our own groups again. I suppose it kind of 

slowed us down from bringing in more groups ourselves. But at the same time 
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ǘƘŀǘΩǎ Ƨǳǎǘ ǘƘŜ ǿŀȅ ƛǘ ǿŀǎ ŀǘ ǘƘŜ ǘƛƳŜΦ .ǳǘ L ƳŜŀƴ ƛǘ ǿŀǎƴΩǘ ƘŀǊŘǎƘƛǇ ōǳǘ ǘƘŜǊŜ 

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

 

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

ƳƻƴǳƳŜƴǘŀƭΦ tǊƻōŀōƭȅ L ǎǳǇǇƻǎŜ ƛǘ ǿŀǎ ōŜŎŀǳǎŜ ǿŜ ŘƛŘƴΩǘ ƘŀǾŜ ƳŀȅōŜ ǘƘŜ 

right technology. But you know on the other hand I suppose its good to do it 

like that as well because yƻǳ ƘŀǾŜ ǘƻ ǿƻǊƪ ǘƘǊƻǳƎƘ ŀƭƭ ǘƘŀǘΦ ¸ƻǳ ŎŀƴΩǘ Ƨǳǎǘ 

suddenly just land yourself into the virtual world and say how did I get here 

kind of thing. (Croí HCP-barrier) 

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 

¢ƻ ōŜ ƘƻƴŜǎǘΦ L ŘƻƴΩǘ ƳƛƴŘ ŎƘŀƴƎŜ ŀƴŘ L ǿŀǎ ŀƭƭ ŦƻǊ ƎƛǾƛƴƎ ƛǘ ŀ Ǝƻ ōǳǘ ŀǘ ǘƘŜ 

ǎŀƳŜ ǘƛƳŜ L ǿŀǎ Ƨǳǎǘ ƭƛƪŜ LΩƳ ƴƻǘ ƎǊŜŀǘ ƻƴ ŎƻƳǇǳǘŜǊǎ ƳȅǎŜƭŦΦ LΩǾŜ ƴŜǾŜǊ ƘŜŀǊŘ 

ƻŦ ½ƻƻƳΦ LΩǾŜ ƴŜǾŜǊ ƘŜŀǊŘ ƻŦ aƻƻŘƭŜ ώƭŜŀǊƴƛƴƎ ǇƭŀǘŦƻǊƳϐΦ .ǳǘ ȅŜŀƘ ǿŜ Ƨǳǎǘ 

gave it a shot and kind of learned as we went and it worked out really well. I 

ǘƘƛƴƪ ȅƻǳΩǾŜ Ƨǳǎǘ Ǝƻǘǘŀ ƎƛǾŜ ǘƘŜǎŜ ǘƘƛƴƎǎ ŀ ǘǊȅ ŜǾŜƴ ƛŦ ȅƻǳΩǊŜ ƳƛƭŘƭȅ ǘŜǊǊƛŦƛŜŘΦ 

(Croí HCP-facilitator) 

 

L ǎǳǇǇƻǎŜ L ƪƴŜǿ ǿŜ ƘŀŘ ŀ ƎƻƻŘ ǘŜŀƳΦ ¸ƻǳ ƪƴƻǿ ǿŜ ŀƭƭ ƘŀŘ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ōŜǎǘ 

interests and we all wanted to do something and make a difference and we 

were all very enthusiastic that way. So there was kind of that team confidence. 

And then when we saw it was working and the feedback from the patients and 

the results we were getting kind of even their blood pressures improved, their 

cholesterol improved, the weight they lost and just literally seeing it on the 

screen the difference in the patients week to week was amazing so that gave 

us confidence as well. (Croí HCP-facilitator) 

 

bƻǿ ƳŀȅōŜ LΩƳ ƻƭŘ-fashioned but I was a little anxious about it because you 

ƪƴƻǿ ǿƘŜƴ ȅƻǳΩǊŜ ǳǎŜŘ ǘƻ ŦŀŎŜ-to-ŦŀŎŜ ŀƴŘ ƛŦ ŀƴȅǘƘƛƴƎ ƎƻŜǎ ǿǊƻƴƎ ȅƻǳΩǊŜ 

there. You know you can do an ECG, you can take the blood pressure. So I 

suppose the lack of control if you like that did make me nervous. (Referrer-

barrier) 
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I.Innovation 

Recipients 

    

1.Need Programme 

responded to 

unmet patient 

needs 

regarding: 

1) access to 

cardiac 

rehabilitation 

2)Peer support  

 

No data Patients should 

be provided with 

a range of CR 

options including 

a hybrid approach 

 

It definitely met a need for people who had been discharged from hospital 

post an event with no sign of cardiac rehab, no GP to contact, no consultant to 

see, nowhere to go, into a vacuum basically. (Croí HCP-facilitator) 

 

I think it was so valuable that they heard from other people because a lot of 

them you know in the initial assessment they said I just want to hear from 

ǎƻƳŜƻƴŜ ŜƭǎŜ ǿƘƻΩǎ ōŜŜƴ ǘƘǊƻǳƎƘ ǘƘŜ ǎŀƳŜ ǘƘƛƴƎ ǿƘƻ ǳƴŘŜǊǎǘŀƴŘǎ ƳŜΣ ǿƘƻ 

gets me. So when they heard people talking about their events and their 

similar fears about their family or that they had a near death experience you 

could see people just open up over the twelve weeks and start to talk to each 

other. (Croí- facilitator) 

 

L ǎǳǇǇƻǎŜ ǘƘŜ LΦ¢ ǘƘƛƴƎ ƻǊ ǎƻƳŜōƻŘȅ ǿƘƻ ŘƛŘƴΩǘ ƘŀǾŜ ŀƴȅ ƭŀǇǘƻǇ ƻǊ ƛƴǘŜǊƴŜǘ 

not good you know. And sometimes the people who needed it the most were 

ǘƘŜ ƻƴŜǎ ǿƘƻ ŘƛŘƴΩǘ ƘŀǾŜ ƛǘ ȅƻǳ ƪƴƻǿΦ 9ǾŜƴ ǘƘŜ ǇŜƻǇƭŜ ǿƘƻ ǿŜǊŜ ǊŜƳƻǘŜΦ 

¢ƘŜǊŜΩǎ ǇŜƻǇƭŜ ȅƻǳΩŘ ƭƻǾŜ ǿƘƻ ƳƛƎƘǘ ōŜ able to do it. (Referrer-barrier) 

 

{ƻ ƛǘΩǎ ŀōǎƻƭǳǘŜƭȅ ƴƻǘ ǘƘŜ ŘŜŦƛƴƛǘƛǾŜ ŎŀǘŎƘ ŀƭƭΣ ōǳǘ ŘƛƎƛǘŀƭ ƛǎ ǎƻƳŜǘƘƛƴƎ ǘƘŀǘ 

needs to be there in terms of responding to needs and can constantly evolve. 

.ǳǘ L ǘƘƛƴƪ ŀ ƘȅōǊƛŘ ƳƻŘŜƭ ƛǎ ǇǊƻōŀōƭȅ ǿƘŀǘΩǎ ƻǇǘƛƳŀƭ. (Referrer-future 

facilitator) 
2.Capability Some patients 

had good IT 

skills and where 

needed others 

were equipped 

with the skills to 

use the IT  

Lack of IT skills  Patients need to 

be provided with 

the skills and 

support to use 

digital 

technologies   

 

The challenges of just getting patients online was another big one. So that was 

assisted with the admin support and it required a lot of admin support. (Croí 

HCP-barrier) 

 

But I was surprised how some of them were able to master it so quickly. So 

ȅƻǳ ƪƴƻǿ ǎƻƳŜǘƛƳŜǎ L ǘƘƛƴƪ ƳŀȅōŜ ǿŜ ǘƘƛƴƪ ōŜŎŀǳǎŜ ǇŜƻǇƭŜ ŀǊŜ ƻƭŘŜǊ ǘƘŜȅΩǊŜ 

not going to be able to pick it up but you know they definitely were able to use 

the laptop and the computer which did surprise me for a few of them. (Croí 

HCP-facilitator) 
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¢ƘŜȅ ƴŜŜŘ ǘƻ ǇǊƻǾƛŘŜ ǘǊŀƛƴƛƴƎ ǘƻ ǇŜƻǇƭŜ ǘƻ ǳǎŜ ǘŜŎƘƴƻƭƻƎȅ ōŜŎŀǳǎŜ ƛǘΩǎ ƘŜǊŜ 

for the future. (Croí HCP-future facilitator) 

3.Opportunity No data Limited access 

to IT equipment 

broadband 

Patients need to 

be provided with 

IT equipment and 

broadband access 

tŜƻǇƭŜ ƳƛƎƘǘƴΩǘ ƴŜŎŜǎǎŀǊƛƭȅ ƘŀǾŜ ŀ ǎƳŀǊǘ ǇƘƻƴŜΣ ǘƘŜȅ ƳƛƎƘǘƴΩǘ ƘŀǾŜ ŀ ƭŀǇǘƻǇ 

and I suppose its those kind of digital inequalities and financial constraints can 

be an issue. (Referrer-barrier) 

The fundamental thing of broadband and making sure that people can have 

ŀŎŎŜǎǎ ƛŦ ǘƘŜȅ ƴŜŜŘ ƛǘ ŀƴŘ ƛŦ ǘƘŜȅ ǿŀƴǘ ƛǘ ǎƘƻǳƭŘ ōŜ ǘƘŜǊŜΦ LǘΩǎ ŀ ŦǳƴŘŀƳŜƴǘŀƭ 

right now I think that they should have access to that.. its something that 

needs to be looked at and advocated for patients for sure. (Croí HCPs-future 

facilitator) 

4.Motivation Beliefs about 

their capability   

No data  No data People were trained at a distance to use the IT, because it was right in the 

ƳƛŘŘƭŜ ƻŦ ƛǘ ǿƘŜǊŜ ȅƻǳ ǿŜǊŜƴΩǘ ǎǳǇǇƻǎŜŘ ǘƻ ǎŜŜ ŀƴȅƻƴŜΦ ²Ŝ ǿŀƴǘŜŘ ǘƻ ƎƛǾŜ 

ǘƘŜƳ ǘƘŜ ƛƴŘŜǇŜƴŘŜƴŎŜ ŀǎ ǿŜƭƭ ǎƻ ǘƘŀǘ ǘƘŜȅ ŎƻǳƭŘ Řƻ ƛǘΦ ¢ƘŜȅ ƪƴŜǿ ǘƘŜȅΩŘ 

done it all on their own. Because some of them were delighted with 

ǘƘŜƳǎŜƭǾŜǎ ǘƘŀǘ ǘƘŜȅΩŘ ŘƻƴŜ ƛǘ ŀƴŘ Ǝƻǘ ǘƘǊƻǳƎƘ ƛǘΦ ό/ǊƻƝ I/t- facilitator) 

J.Innovation 

Indirect recipients 

(family members) 

    

1.Need No data No data No data N/A 

2.Capability Family 

members had 

the skills to 

support patient 

access 

No data No data Well I know for some patients they had a relative that was going to help them. 

That was how they overcame the barrier of the technology.  

(Croí HCP-facilitator) 

 

3.Opportunity No data No data No data N/A 

4.Motivation Supported their 

relative to use 

technology 

No data No data ¢ƘŜǊŜ ƳƛƎƘǘ ƘŀǾŜ ōŜŜƴ ƻƴŜ ƻǊ ǘǿƻ ǿƘƻ ǿƻǳƭŘƴΩǘ ōŜ ǾŜǊȅ ƘŀǇǇȅ ǳǎƛƴƎ 

computers but they did get help from family members and younger family 

members who were eager to help (Referrer-facilitator) 
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V.Implementation 

process  

    

A.Teaming  Agreed roles 

and 

responsibilities 

  

Shared 

motivation 

among the 

team  

No data No data !ǎ ŀ ǘŜŀƳ ǿŜ ŀƭƭ ƪƴŜǿ ƻǳǊ ǊƻƭŜǎ ŀƴŘ ǿŜΩŘ ŀƭƭ Řƻ ƭƛǘǘƭŜ ōƛǘǎ ǎƻ ǿŜΩŘ ŀƭƭ ƪƛƴŘ ƻŦ 

pick up on different things (Croí HCP-facilitator) 

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

ǿŜ Řƻ ƛǘ ŀƴŘ ƭŜǘΩǎ Řƻ ƛǘ ōŀǎƛŎŀƭƭȅΦ L ǘƘƛƴƪ ǘƘŀǘ ǿŀǎ ƛǘΦ L ŘƻƴΩǘ ǘƘƛƴƪ ŀƴȅōƻŘȅ 

ǎǘƻǇǇŜŘ ǘƻ ǘƘƛƴƪ ǿŜ ŎŀƴΩǘ Řƻ ǘƘƛǎ ƻǊ Ŏŀƴ ǿŜ ŀŎǘǳŀƭƭȅ Řƻ ǘƘƛǎ ό/ǊƻƝ I/t-

facilitator)  

B.Assessing Needs     

1.Innovation 

Deliverers 

No data  No data  No data N/A 

2.Innovations 

Recipients 

Identification of 

patient 

priorities, needs 

and preferences  

No data  No data ¢ƘŜ ŀŘƳƛƴ ǘŜŀƳ ǇƘƻƴŜŘ ǘƘŜ ǇŀǘƛŜƴǘǎ Χ ǘƻ ǎŜŜ ǿƻǳƭŘ ƛǘ ǎǳƛǘ ǘƘŜƳ ƻǊ would 

they be interested (Croí HCP-facilitator) 

C.Assessing context Determining 

barriers and 

enablers to 

delivery of Croí 

MySláinte  

Assessing digital 

literacy  

No data Yeah first of all it was just planning and looking at how we could do it and then 

testing the different options and then kind of also looking at how easy it would 

be to get people on a virtual program because there was issues such as WIFI, 

did they have a laptop, did they have a smart phone, would it even be possible 

(Croí HCP-facilitator) 

 

While we looked at barriers around access to the technology, availability of 

the technology, how to use the technology the training component. This 

potentially did not allow you to fully assess things like digital literacy and so 

forth which you may get you know a better insight to on a one to one basis. 

(Croí HCP-barrier) 

D.Planning A plan to 

manage the 

project was 

established 

No data No data Well we approached it as a project so it was all kind of thought through from 

the start to finish. My input would have been very much around the logistics 

of it and the back end stuff in terms of what we normally would have done in 

a face-to-face thing the different steps that you would have had and how they 

translated in a different way in terms of communicating. And there was hours 
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and meetings and you know lots of coming at it from so many different ways 

in terms of trying to make sure that we got it right. (Croí HCP-facilitator) 

E.Tailoring 

strategies 

No data  No data No data N/A 

Engaging     

1.High level leaders Support from 

Cardiologists 

No data  No data  We engaged with the department of cardiology. It was important, there were 

no real issue there at leadership level at least. (Croí HCP-facilitator) 

2.Innovation 

deliverers 

Meeting and 

provision of 

information 

about Croí 

MySláinte 

 

Cardiology 

support  

 

Components of 

the 

programmes  

 

Patient 

outcomes 

promoted 

increased 

engagement 

with the 

programme.  

 

Achievement of 

service goals  

No data Everyone should 

be engaged in the 

implementation 

process. 

  

Provide regular 

updates on 

programme 

outcome to help 

promote referral 

to CR  

 

 

 

Χ ōŜƛƴƎ ǿƛǘƘƛƴ ŀƴ ŀŎǳǘŜ ŀǊŜŀ ǿŜ ǘŜƴŘ ƴƻǘ ǘƻ ǎŜŜ ǇŜƻǇƭŜ ǳƴǘƛƭ ŀ ŦŜǿ ƳƻƴǘƘǎ 

Řƻǿƴ ǘƘŜ ƭƛƴŜΦ .ǳǘ L ǎǳǇǇƻǎŜ ǿŜ ŘƻƴΩǘ ǊŜŀƭƭȅ ǎŜŜ ǘƘŜ ŜƴŘ ǊŜǎǳƭǘ ƻŦ prevention. I 

suppose looking over the data that you have collected the outcomes are really 

ƛƳǇǊŜǎǎƛǾŜΦ LǘΩǎ ƎǊŜŀǘ ǘƻ ŀŎǘǳŀƭƭȅ ǎŜŜ ǘƘŀǘ ōŜŎŀǳǎŜ L ǎǳǇǇƻǎŜ ǘǊŀŘƛǘƛƻƴŀƭƭȅ ǿƘŜƴ 

ǿŜ ǊŜŦŜǊ ǇŀǘƛŜƴǘǎ ƻƴ ŦƻǊ ŎŀǊŘƛŀŎ ǊŜƘŀō ǿŜ ŘƻƴΩǘ ƎŜǘ ŀ ƪƛƴŘ ƻŦ ŀ ǎǳƳƳŀǊȅ ƻŦ 

their reǎǇƻƴǎŜǎ ŀƴŘ Ƙƻǿ ǿŜƭƭ ǘƘŜȅΩǾŜ ŀŎǘǳŀƭƭȅ ŘƻƴŜ ŎƻƳǇƭŜǘƛƴƎ ǘƘŜ ǇǊƻƎǊŀƳΦ 

(Referrer-facilitator) 

 
You know the program was explained very well to us. The literature we were 

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 the 

program and also the fact you know patients were been given a blood 

pressure monitor. They were been given a watch. They were asked to do their 

weight. So I 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. So it was more you 

know sometimes when people think of online programs you know they just 

ǘƘƛƴƪ ƛǘǎ Ǝƻƴƴŀ ōŜ ǎƻƳŜǘƘƛƴƎ ǉǳƛŎƪ ŀƴŘ Ŧŀǎǘ ŀƴŘ ȅƻǳ ƪƴƻǿ ǘƘŜǊŜ ǿƻƴΩǘ ōŜ 

huge involvement in it whereas there was a lot  of involvement in this. 

(Referrer-facilitator) 

 

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 to 

do and what we needed them to do in terms of the referral paperwork. And 

some of them had to do step tests or different things. So it was whether they 

ŎƻǳƭŘ ŀŎŎƻƳƳƻŘŀǘŜ ǘƘŀǘ ŀǎ ǿŜƭƭ ŀǎ ȅƻǳ ƪƴƻǿΧ L ǎǳǇǇƻǎŜ ƛǘ ǿŀǎ ǿƻǊƪƛƴƎ ǿƛǘƘ 

them to try and get what we wanted and they wanted (Croí HCP-facilitator) 
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Provide updates so that the staff who are looking after the patient you know 

during their journey would actually get an idea as to what the rehab is about 

and what results do you get and all and it will motivate them more (Referrer-

future facilitator) 

3.Innovation 

Recipients 

Patients were 

engaged 

through: 

  

1)The provision 

of IT support  

 

 

2)Support and 

accessibility of 

the healthcare 

team 

 

3)Multi-

component 

nature of the 

programme 

 

4)Use of the self 

monitoring 

devices  

 

5)Programme 

information 

provided by 

referral centres 

and Croí 

Trying to engage 

and 

communicate 

the details of 

the programme 

without prior 

experience of 

delivering it   

Provision of 

information and 

support to access 

the programme  

I think it was fact that they could monitor and see for themselves how things 

were improving so they could actually see their blood pressures by monitoring 

because they had their own machine. They could look at their steps. They got 

quite competitive looking at how many steps they did each day. They could 

get goals from it. Some wanted to improve fitness. Some it was weight loss. 

(Croí HCP-facilitator) 

 

Trying to get across to them and I suppose even the rehabs that were referring 

to us what the program was gonna be. Because no-one had done it online and 

the exercise online was like a new thing especially with this high risk group. I 

think no-one apart from us really knew exactly (Croí HCP-barrier) 

 

Having someone who calls the patient, sells them the program, makes them 

ŦŜŜƭ ŎƻƳŦƻǊǘŀōƭŜΦ {ƻƳŜƻƴŜ ǿƘƻΩƭƭ ƘŜƭǇ ǘƘŜƳ ƎŜǘ ǎŜǘ ǳǇ ŦƻǊ ǘƘŜƛǊ ŦƛǊǎǘ ½ƻƻƳ 

ŎŀƭƭΣ ƘŜƭǇ ǘƘŜƳ ƎŜǘ ƻƴ ǘƘŜ ǇǊƻƎǊŀƳ ŜŀŎƘ ǿŜŜƪΦ LŦ ȅƻǳ ŘƻƴΩǘ ƘŀǾŜ ǘƘŀǘ ȅƻǳΩǊŜ 

ƴƻǘ ȅƻǳΩǊŜ ƴƻǘ Ǝƻƴƴŀ ƘŀǾŜ ǘƘŀǘ ōuy-ƛƴ ǎƻ ǘƘŀǘΩǎ Ǝƻƴƴŀ ōŜ ƪŜȅΦ ό/ǊƻƝ I/t-future 

facilitator) 

 

G.Doing Testing options 

prior to delivery 

of innovation  

No data  No data Yeah first of all it was just planning and looking at how we could do it and then 

testing the different options and then kind of also looking at how easy it would 

be to get people on a virtual program because there was issues such as WIFI, 
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did they have a laptop, did they have a smart phone, would it even be 

possible. (Croí HCP-facilitator) 

H.Reflecting and 

Evaluating 

    

1.Implementation No data  No data  No data N/A 

2.Innovation Programme was 

evaluated on an 

ongoing basis 

and feedback 

reviewed  

No data There is need for 

national 

standards, audit 

and evaluation of 

digital CR 

programmes 

Post the program they would have received a survey. So you know any issues 

or if ǘƘŜȅ ŦŜƭǘ ǎƻƳŜǘƘƛƴƎ ǿŀǎƴΩǘ ƳŜŜǘƛƴƎ ǘƘŜƛǊ ƴŜŜŘ ǘƘŜǊŜ L ǎǳǇǇƻǎŜ ƛǘ ƳƛƎƘǘ 

have been highlighted there. But also I guess throughout people would have 

ƳŀȅōŜ ŀƛǊŜŘ ƻǇƛƴƛƻƴǎ ŀǊƻǳƴŘ ŘƛŦŦŜǊŜƴǘ ǘƘƛƴƎǎ ŀǎ ǿŜƭƭ ƛŦ ǎƻƳŜǘƘƛƴƎ ǿŀǎƴΩǘ 

working for them or whatever and we took this on board in so much as it was 

possible. (Croí HCP-facilitator) 

Χ ƛŦ ƛǘǎ ŘƻƴŜ ǊŜƎƛƻƴŀƭƭȅ ƻǊ ƛƴ ǘƘŜ Ƙǳōǎ ƻǊ ǿƘŜǊŜǾŜǊ ǿƘƻ ƻǾŜǊǎŜŜǎ ƛǘΣ ǿƘƻ 

ensures standardisation quality evaluation. (Croí HCPςfuture barrier) 

I.Adapting Modifying the 

innovation by:  

Addition of 

psychological 

support 

 Adapting 

education 

sessions 

Adapting 

communication 

techniques for 

online delivery  

 

Adapting work 

processes 

No data .ǳǘ ȅŜŀƘ ǘƘŜƛǊ ƴŜŜŘǎ ƛŦ ǘƘŜȅ ƘŀŘ ŀŘŘƛǘƛƻƴŀƭΦ !ǎ ǿŜ ŘƛŘƴΩǘ ƘŀǾŜ ŀ ǇǎȅŎƘƻƭƻƎƛǎǘ 

on the team we utilised some of the funding for psychology intervention 

which was helpful for them. (Croí HCP-facilitator) 

 
Some of the first education sessions we did we were like oh actually these are 

ŀ ōƛǘ ƭƻƴƎΣ ǘƘŜȅΩǊŜ ǎŀǘ ŦƻǊ ǘƻƻ ƭƻƴƎ ŀƴŘ ƛǘΩǎ ƴƻǘ ƛƴǘŜǊŜǎǘƛƴƎ ŀƴŘ ǘƘŜǊŜΩǎ ƳƻǊŜ 

ŘƛǎǘǊŀŎǘƛƻƴǎΣ ƛǘǎ ƘŀǊŘŜǊ ǘƻ ƪŜŜǇ ǎƻƳŜƻƴŜΩǎ ŀǘǘŜƴǘƛƻƴ ǿƘŜƴ ǘƘŜȅΩǊŜ ƛƴ ǘƘŜƛǊ 

kitchen and they can go and make a cup of tea for example. So trying to make 

it more interactive. So we started incorporating quizzes or more questions so 

it was changed that way kind of as we went. So we were constantly changing 

and tweaking it. (Croí HCP-facilitator) 
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Appendix I: GUIDED Checklist (Study 3) 
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Appendix J: Study recruitment flyer (Study 3) 
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Appendix K: Consent form and participant information sheet (Study 3) 
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Appendix L: Topic guide for usability testing (Study 3) 

Topic Guide for Usability Testing Workshops   

  

Components of the 

INTERCEPT App 

Comments: 

Were you able to find the 

instructions on how to use 

the app? 

How helpful were these 

instructions? 

 

Home Screen  

Was it easy to understand the 

home screen? 

 

Goal setting section 

¶ How easy was it to 
understand the goal 
setting section? 

¶ Was the importance of goal 
setting clear to you? (If 
no please comment) 

¶ Were you able to set 
yourself goals? (If no 
please comment) 

¶ Were you able to track your 
goals? (If no please 
comment) 

¶ How motivational did you 
find this section?  

¶ What did you most like 
about this section? 

¶ What did you least like 
about this section 

 

My Health Tracker: 

¶ How easy was it to 
understand the health 
tracker section? 

¶ Was the importance of this 
section clear to you? (if 
no please comment) 

¶ How 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?) 

¶ What did you most like 
about this section?  

¶ What did you least like 
about this section? 

Resources 

¶ Was the importance of this 
section clear to you? (If 
no please comment) 

¶ Was there sufficient 
information provided in 
this section? 

¶ What did you like most 
about this section? 

¶ What 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 to 

move between screens in the 

app?  

Did you receive notifications 

from the app?  

Were these notifications 

helpful or unhelpful? 

Have you any suggestions 

that might help improve the 

app? 
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Appendix M: TIDieR Checklist (Study 3)         
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