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Design for telemonitoring of master athletes with coronary artery disease
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Telemonitoring technologies used in cardiac rehabilitation (CR) mainly address patients who need to increase physical activity and are
not used to self-monitoring. In this position paper, we discuss design implications and challenges for telemonitoring of an emerging
patient population - master athletes (MAs) with coronary artery disease, at high risk of sudden cardiac death. Highly active and usually
asymptomatic, MAs do not fit into traditional CR programs, and have different needs and values when it comes to technology and data
interaction. Our work discusses current design guidelines for telemonitoring in cardiac care through the lens of a patient population
who (i) need to “slow down” rather than “speed up”, and (ii) transition from using data as measurement for athletic success to data as

an indication of health.
CCS Concepts: « Human-centered computing — Interaction design.

Additional Key Words and Phrases: telemonitoring, master athletes with CAD, human-data interaction

1 INTRODUCTION

Telemonitoring technologies used in cardiac rehabilitation (CR) monitor patient symptoms and behaviour remotely
through e.g., blood pressure monitors, ECG sensors, activity trackers [5]. These technologies enable personalised
assessment and recommendations from clinicians and assist patient self-management [6, 7]. Current cardiac telemoni-
toring interventions have widely focused on patient populations with unhealthy lifestyle mechanisms (e.g., sedentary
behaviours) and low data literacy [8-11, 13, 15]. Our interest lies in an emerging patient population at high risk of
exercise-related death: master athletes (MAs) with coronary artery disease (CAD) [4]. MAs are recreational athletes
above 35 years of age who engage in competitive athletics (e.g., cycling, triathlon, marathon) [12]. MAs do not “fit into”
traditional CR programs due to a mismatch in exercise pace, goals and needs, and CR recommendation guidelines for
MAs are still in their infancy [3]. Cardiac telemonitoring can offer safe and tailored conditions for the rehabilitation of
MAs. However, design guidelines for telehealth aimed at this population have not yet been sufficiently investigated. In
prior work, we addressed the importance of personalised cardiac telemonitoring. In our current and future work, we

look at existing design challenges for cardiac telemonitoring through the lens of MAs.

2 DESIGN CHALLENGES
2.1 The emotional ambivalence of self-tracking and data interaction

Prior to their diagnosis, MAs heavily rely on commercial fitness trackers for measuring activity performance. They
experience enthusiasm and reassurance when interacting with their data [2]. After the diagnosis with CAD, the same

insights are perceived as metrics of both performance and health. Insights of systems trained on non-patient data, as
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well as comparing “alarming” data with previous performances (e.g., too much time in heart rate zone 4) can create
feelings of anxiety and confusion. Moreover, as MAs are usually recommended to renounce intense physical activity and
limit themselves to leisure-time sports [3], they might experience a lack of motivation in health-tracking post-diagnosis.
Lastly, some MAs get diagnosed based on concerns about data derived from commercial heart rate monitors [4] - the

association between self-tracking and unexpected, negative outcomes may prevail after being diagnosed.

2.2 Enabling co-experience and collaboration

Physical activity recommendations for MAs are based on the type of sport, performance goals of the patient and
development of symptoms [3, 12]. MAs have high expectations and standards for sports activities. In order to ensure
adherence and avoid appropriation of training recommendations, intelligent telemonitoring systems should allow for
patient-clinician co-experience, collaboration and negotiation in creating and maintaining recommendations. Moreover,
as a majority of MAs are asymptomatic, systems which contain automatic symptom-classification should always allow

for clinical verification and feedback [1, 14].

REFERENCES

[1] Tariq O. Andersen, Pernille R. D. Andersen, Anders C. Kornum, and Trine M. Larsen. 2017. Understanding Patient Experience: A Deployment Study
in Cardiac Remote Monitoring. In Proceedings of the 11th EAI International Conference on Pervasive Computing Technologies for Healthcare (Barcelona,
Spain) (PervasiveHealth ’17). Association for Computing Machinery, New York, NY, USA, 221-230. https://doi.org/10.1145/3154862.3154868

[2] Tariqg Osman Andersen, Henriette Langstrup, and Stine Lomborg. 2020. Experiences With Wearable Activity Data During Self-Care by Chronic
Heart Patients: Qualitative Study. J Med Internet Res 2020;22(7):e15873 https://www.jmir.org/2020/7/e15873 22 (7 2020), e15873. Issue 7. https:
//doi.org/10.2196/15873

[3] Mats Borjesson, Mikael Dellborg, Josef Niebauer, Andre LaGerche, Christian Schmied, Erik E. Solberg, Martin Halle, Emilio Adami, Alessandro Biffi,
Francois Carré, Stefano Caselli, Michael Papadakis, Axel Pressler, Hanne Rasmusen, Luis Serratosa, Sanjay Sharma, Frank Van Buuren, and Antonio
Pelliccia. 2019. Recommendations for participation in leisure time or competitive sports in athletes-patients with coronary artery disease: a position
statement from the Sports Cardiology Section of the European Association of Preventive Cardiology (EAPC). European heart journal 40 (1 2019),
13-18. Issue 1. https://doi.org/10.1093/EURHEART]J/EHY408

[4] Timothy W. Churchill and Aaron L. Baggish. 2020. Cardiovascular Care of Masters Athletes. Journal of cardiovascular translational research 13 (6
2020), 313. Issue 3. https://doi.org/10.1007/512265-020-09987-2

[5] Roberto Rafael Cruz-Martinez, Jobke Wentzel, Rikke Aune Asbjernsen, Peter Daniel Noort, Johan Magnus van Niekerk, Robbert Sanderman,
and Julia EW.C. van Gemert-Pijnen. 2020. Supporting Self-Management of Cardiovascular Diseases Through Remote Monitoring Technologies:
Metaethnography Review of Frameworks, Models, and Theories Used in Research and Development. J Med Internet Res 2020;22(5):e16157
https://www.jmir.org/2020/5/e16157 22 (5 2020), e16157. Issue 5. https://doi.org/10.2196/16157

[6] Melinda M. Davis, Michele Freeman, Jeffrey Kaye, Nancy Vuckovic, and David I. Buckley. 2014. A systematic review of clinician and staff views
on the acceptability of incorporating remote monitoring technology into primary care. Telemedicine and e-Health 20 (5 2014), 428-438. Issue 5.
https://www.liebertpub.com/doi/10.1089/tmj.2013.0166

[7] Hang Ding, Rajiv Jayasena, Sheau Huey Chen, Andrew Maiorana, Alison Dowling, Jamie Layland, Norm Good, Mohanraj Karunanithi, and Iain
Edwards. 2020. The Effects of Telemonitoring on Patient Compliance With Self-Management Recommendations and Outcomes of the Innovative
Telemonitoring Enhanced Care Program for Chronic Heart Failure: Randomized Controlled Trial. Journal of Medical Internet Research 22 (7 2020),
€17559. Issue 7. https://doi.org/10.2196/17559

[8] Walsh D.-Malone S. McDermott L. Furlong B. O’Connor N. Moran K. Woods C. Duff, O. 2018. MedFit App, a Behavior-Changing, Theoretically
Informed Mobile App for Patient Self-Management of Cardiovascular Disease: User-Centered Development. JMIR Formative Research 2 (1 2018).
Issue 1. https://doi.org/10.2196/FORMATIVE.9550

Ines Frederix, Niels Van Driessche, Dominique Hansen, Jan Berger, Kim Bonne, Toon Alders, and Paul Dendale. 2015. Increasing the medium-term

=

clinical benefits of hospital-based cardiac rehabilitation by physical activity telemonitoring in coronary artery disease patients. European Journal of
Preventive Cardiology 22 (2 2015), 150-158. Issue 2. https://doi.org/10.1177/2047487313514018

[10] Kitipawang P. Kakria P, Tripathi NK. 2015. A real-time health monitoring system for remote cardiac patients using smartphone and wearable
sensors. International Journal of Telemedicine and Applications 2015 (2015). https://doi.org/10.1155/2015/373474

[11] Jos J. Kraal, Niels Peek, M. Elske Van Den Akker-Van Marle, and Hareld mc Kemps. 2014. Effects of home-based training with telemonitoring
guidance in low to moderate risk patients entering cardiac rehabilitation: short-term results of the FIT@Home study. European Journal of Preventive
Cardiology 21 (11 2014), 26-31. https://doi.org/10.1177/2047487314552606


https://doi.org/10.1145/3154862.3154868
https://doi.org/10.2196/15873
https://doi.org/10.2196/15873
https://doi.org/10.1093/EURHEARTJ/EHY408
https://doi.org/10.1007/S12265-020-09987-2
https://doi.org/10.2196/16157
https://www.liebertpub.com/doi/10.1089/tmj.2013.0166
https://doi.org/10.2196/17559
https://doi.org/10.2196/FORMATIVE.9550
https://doi.org/10.1177/2047487313514018
https://doi.org/10.1155/2015/373474
https://doi.org/10.1177/2047487314552606

105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150

152
153
154
155
156

Telemonitoring of master athletes with CAD 3

[12] Gemma Parry-Williams, Sabiha Gati, and Sanjay Sharma. 2021. The heart of the ageing endurance athlete: the role of chronic coronary stress.
European heart journal 42 (7 2021), 2737-2744. Issue 28. https://doi.org/10.1093/EURHEARTJ/EHAB095

[13] Ewa Piotrowicz, Anna Jasionowska, Maria Banaszak-Bednarczyk, Joanna Gwilkowska, and Ryszard Piotrowicz. 2012. ECG telemonitoring
during home-based cardiac rehabilitation in heart failure patients. http:/dx.doi.org/10.1258/jtt.2012.111005 18 (5 2012), 193-197. Issue 4. https:
//doi.org/10.1258/JTT.2012.111005

[14] Shreya Tadas, Claudette Pretorius, Emma J Foster, Trish Gorely, Stephen J Leslie, and David Coyle. 2021. Transitions in Technology-Mediated
Cardiac Rehabilitation and Self-management: Qualitative Study Using the Theoretical Domains Framework. JMIR Cardio 5 (10 2021), e30428. Issue
2. https://doi.org/10.2196/30428

[15] Charles Worringham, Amanda Rojek, and Ian Stewart. 2011. Development and Feasibility of a Smartphone, ECG and GPS Based System for Remotely
Monitoring Exercise in Cardiac Rehabilitation. PLOS ONE 6 (2011), e14669. Issue 2. https://doi.org/10.1371/JOURNAL.PONE.0014669


https://doi.org/10.1093/EURHEARTJ/EHAB095
https://doi.org/10.1258/JTT.2012.111005
https://doi.org/10.1258/JTT.2012.111005
https://doi.org/10.2196/30428
https://doi.org/10.1371/JOURNAL.PONE.0014669

	Abstract
	1 INTRODUCTION
	2 DESIGN CHALLENGES
	2.1 The emotional ambivalence of self-tracking and data interaction
	2.2 Enabling co-experience and collaboration

	References

