
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



rdiology 38 (2022) 145e148
Canadian Journal of Ca
Editorial

Digital Health: The Promise and Peril
Stefan Superina, BEd,a Abdullah Malik, HBSc,a Yasbanoo Moayedi, MD, FRCPC,a

Michael McGillion, RN, PhD,b and Heather J. Ross, MD, MHSc, FRCPCa

aTed Rogers Centre for Heart Research, Peter Munk Cardiac Centre, University Health Network, Toronto, Ontario, Canada
bSchool of Nursing, Faculty of Health Sciences, McMaster University, Hamilton, Ontario, Canada
Many have said that a potential silver lining of the COVID-
19 pandemic is the push, at speed, to adopt digital health1 as
a means to enhance timely access and equitable delivery of
services. Adoption of virtual care would not have happened
without the underlying monetary incentive for health care
providers to scale such services during the pandemic through
the provision of temporary virtual care billing codes.
Furthermore, we cannot summarily dismiss the accompa-
nying expansion and commercialisation of virtual care ven-
dors in the Canadian marketplace.2 While such virtual care
services may purport to reduce the cost of and need for
travel, reducing carbon tax, as well as reducing the need to
take time off work to receive health care, they also carry a
significant risk of increasing health disparities owing to what
is often referred to as the digital divide.3,4 The digital divide
may be attributable to a number of factors, including lan-
guage barriers, lack of access to technology, and digital health
literacy.5 The past 18 months have highlighted both the
promise and the potential peril of digital health, herein
encompassing virtual care, mobile health (mHealth), tele-
medicine, remote patient monitoring, wearables, sensors,
point-of-care diagnostics, software as a medical device, and
data-driven algorithms that include machine learning and
artificial intelligence.

While research publications continue to grow exponen-
tially in the digital health space, implementation and evalua-
tion of digital technologies are lagging. Telemedicine research
outputs have increased tremendously over the past decade
(compound annual growth rate of 7.4%), outpacing the
growth in medicine publications (3.5%) and publication
output overall (5.1%), a trend that will likely rise exponen-
tially because of the pandemic (Fig. 1).6 Moreover, the
pandemic has allowed for the proliferation of virtual care
services that have not undergone the rigorous validation and
Received for publication August 21, 2021. Accepted September 30, 2021.

Corresponding author: Dr Heather J. Ross, Peter Munk Cardiac Centre,
585 University Ave, Toronto, Ontario M5G 2N2, Canada. Tel.: þ1-416-
340-3482, fax: þ1-416-340-4134.

E-mail: heather.ross@uhn.ca
See page 147 for disclosure information.

https://doi.org/10.1016/j.cjca.2021.09.033
0828-282X/� 2021 Canadian Cardiovascular Society. Published by Elsevier Inc. A
evaluation by provincial health technology advisory commit-
tees required to be acceptable as a mode of delivery in our
publicly funded system.2

Despite growing evidence that remote patient monitoring
reduces hospital readmissions and improves health out-
comes,7,8 a 2018 report from Canada Health Infoway found
that only 31,500 patients participated in tele-homecare pro-
grams (both heart failure and lung disease) over the past 8
years.9 In Ontario, despite 350,000 patients actively living
with heart failure, fewer than 1% receive remote patient
monitoring. And although many virtual health care applica-
tions are available for download and use for self-care, few have
been developed in partnership with patients and communities
to reflect social, cultural, and local contexts. If done so
effectively, virtual care has tremendous potential to improve
how we deliver care at scale, helping to build health care
system capacity while transforming the experience of people
living with or at risk for cardiovascular disease.

To achieve incremental improvement in digital health
service delivery, we must consider the Quadruple Aim, an
internationally recognised framework with a goal to design
and deliver effective health care systems. The 4 key objectives
of the Quadruple Aim are to improve the patient and care-
giver experience, improve the health of populations, reduce
the per-capita cost of health care, and improve the provider
experience.10 A recently developed interdisciplinary collabo-
rative (family practice, mental health, diabetes, cardiovascular
disease, digital health, and big data) highlights fundamental
elements of the quadruple aim needed to transform the health
of those with chronic disease (Fig. 2).11 In this context,
digital health includes patient, provider, and researcher re-
lationships connected by technology, supported through
artificial intelligence-based algorithms and wearables, and
driven by data and integrated health records available to all
providers and patients. For success, this must be driven by
health equity, focused on people at the greatest risk for
adverse health outcomes, simultaneously improving individ-
ual and population health and use of system resources,
designed, studied, and implemented across disciplines and
parts of the health continuum, including linking primary,
community and specialist care around patient-defined out-
comes, and fundamentally designed for person-centred care,
ll rights reserved.
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Figure 1. Global scholarly output in telemedicine research from 1999
to 2019. Reproduced from Jayabalasingham6 with permission from
Elsevier.
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focused on self-management, patient autonomy, and close
relationships with providers.
Respecting Self-Determination and Community
Leadership in Digital Health Service Delivery
Models

The deployment of digital health services because of the
pandemic may be of particular benefit for those accessing
specialised cardiac care in remote and isolated communities,
who are often required to travel great distances, at prohibitive
costs, to receive in-person care. While the pandemic may have
Figure 2. The fundamental elements that enable the success of
digital health. Reproduced from Lewis et al.11 with permission from
the University of Toronto.
magnified these inequities,12 unmasking significant disparities
in access to caredparticularly in Indigenous communities that
have been historically disenfranchised by a colonial healthcare
system meant to deny them caredit has also revealed the
importance of self-determination, community leadership, and
respect for local knowledge in working to address barriers to
safe and effective care. As a result of these measures, Indige-
nous communities in Canada have experienced lower rates of
COVID-19 and lower case fatality rates than non-Indigenous
peoples.13 We must recognise the success of these self-
determined approaches and embrace them in our service de-
livery models if we are to properly address the growing burden
of cardiovascular disease and other chronic illnesses in the
Indigenous population.14 This recognition will require an
examination of our own positionality, privilege, and power as
health care providers.

As such, if Indigenous communities determine that digital
health is part of a relevant strategy to improve cardiovascular
care, then it is incumbent on us that a community-based
engagement model, a “Nothing About Us Without Us”
approach,15 be used in respecting the principle of self-
determination. We must adhere to the provisions pertaining
to health promotion as outlined in the United Nations
Declaration on the Rights of Indigenous Peoples,16 including
the right of Indigenous Peoples to be actively involved in
developing and determining health and social programs that
affect them.

Furthermore, situational awareness, capacity building, and
cultural safety are all essential components in the proposition
of innovative approaches and technologic advances to improve
health care delivery in these settings. For example, access to
reliable high-speed internet is essential for access to and de-
livery of digital health care, with many stating that it is a social
determinant of health.17 Yet only one-fourth of Indigenous
communities have access to broadband internet, compared
with 97% of urban households in Canada.18 This divide is
even more apparent in Indigenous youth, who report a 13%
gap in confidence regarding digital literacy compared with
non-Indigenous youth.19 Therefore, we must look beyond the
traditional biomedical definition of health to better appreciate
factors affecting the broader social determinants of health.
Particularly if we are to have a conversation focusing realisti-
cally and sensibly on digital health service delivery models. If
not, we will undoubtedly fail in this pursuit and inevitably
widen the digital dividedeven with the best intentions at
hand.

Finally, building trust should also go beyond bilateral ne-
gotiations and agreements. Inherent to these partnerships is
recognising that these relationships are not political or aca-
demic ventures, areas that often fraught with the exploitation
of data. Eliminating the digital divide requires developing
ownership and accessibility policies related to data collection
from which communities can become empowered. Sustain-
able change will be the result of actively listening to com-
munities to understand their needs and develop infrastructure
that local leadership can manage.
Finding the Silver Lining in Digital Health
It is the role of elected officials and health care system

leaders to invest in collaborative efforts that promote
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connecting with communities, develop digital health tech-
nologies that meet the needs of the community, and support
infrastructure to implement the technologies. Furthermore,
stipulating how these goals are to be met allows for true
collaborative efforts to develop technologies useful to these
communities. As is the case with any effort to improve health
care outcomes, it will be essential to develop and support the
infrastructure necessary to implement and maintain these
technologic developments for the future.

While we consider digital health as a potential solution to
better health care outcomes in Canada, perhaps we should also
pause and consider that Canada spends less on social de-
terminants than any other wealthy country.20 We know the
pandemic has revealed deeply rooted inequities in health access
and outcomes in vulnerable populations, such as those with
sociodemographic risk factors21 (ie, economically disadvantaged
populations,22 racial/ethnic minorities,23 older adults, chil-
dren), health status (ie, pregnant women, individuals suffering
chronic disease and mental disabilities), and/or place-based/
geographic factors (ie, who are institutionalised in long-term
care homes, homeless, and rural/isolated24).

Therefore, if we are to realise the promise of equitable
digital health rather than encountering the perils represented
by the digital divide, we must also address growing income
inequality and increase expenditures on supportive housing,
healthy food, and educationdall likely more essential than
digital health for improving the cardiovascular health of our
most vulnerable. For example, access to the internet does not
necessarily translate to adoption. In a recent cross-sectional
study including 4525 community adults, 38% of seniors
> 65 years of age and 72% > 85 were not ready for video
visits. Unreadiness was more prevalent among older and single
men, non-Caucasians, those with lower education status, and
those who resided in nonurban areas. Lack of familiarity with
the technology, lack of stable internet connection, difficulty
with hearing/seeing, and language were identified as barriers
to video visits.25 We must begin to recognise that health is
more than health care if we are to realise the long-term ben-
efits of digital health. Successful digital health programs
commit to patient, family, and clinician education. Valuable
lessons learned across groups can be shared to optimise
comfort with virtual care and other digital health technologies.

This theme issue of the Canadian Journal of Cardiology
highlights the tremendous promise that digital health may
bring. With a commitment to education, a number of key
topics are examined, including major advances in virtual care
and remote patient health-monitoring technologies, big data
utilisation, innovations in artificial intelligence, and data
analytics. These innovations have the potential to realise high-
quality, cost-efficient, guideline-directed, digital, and exem-
plary cardiovascular care. These breakthroughs must empower
collaborative decision making with patients, recognising local
cultural context and relevance, such that patients can actively
participate in managing their care and improving their quality
of life and survival.26 Digital health should be central to
enabling this transformation, achievement of the Quadruple
Aim, while reducing inequities and disparities in care.
Funding Sources
The authors have no funding sources to declare.
Disclosures
The authors have no conflicts of interest to disclose.

References

1. US Food and Drug Administration. What is digital health? September
22, 2020. Available at: https://www.fda.gov/medical-devices/digital-
health-center-excellence/what-digital-health. Accessed August 13, 2021.

2. Office of the Auditor General of Ontario. Value-for-money audit. Virtual
care: use of communication technologies for patient care. December
2020. Available at: https://www.auditor.on.ca/en/content/annualreports/
arreports/en20/20VFM_08virtualcare.pdf.

3. Veinot TC, Ancker JS, Bakken S. Health informatics and health equity:
improving our reach and impact. J Am Med Inform Assoc 2019;26:
689-95.

4. Veinot TC, Mitchell H, Ancker JS. Good intentions are not enough: how
informatics interventions can worsen inequality. J Am Med Inform Assoc
2018;25:1080-8.

5. Smith B, Magnani JW. New technologies, new disparities: the intersec-
tion of electronic health and digital health literacy. Int J Cardiol
2019;292:280-2.

6. Jayabalasingham B. Telemedicine research output and leaders. Presented
at the Emerging Trends in Telemedicine Webinar, December 7, 2020.

7. Ware P, Ross HJ, Cafazzo JA, et al. Outcomes of a heart failure tele-
monitoring program implemented as the standard of care in an outpatient
heart function clinic: pretest-posttest pragmatic study. J Med Internet Res
2020;22:e16538.

8. Koehler F, Koehler K, Deckwart O, et al. Efficacy of telemedical inter-
ventional management in patients with heart failure (TIM-HF2): a
randomised, controlled, parallel-group, unmasked trial. Lancet
2018;392(10152):1047-57.

9. Canada Health Infoway. Telehomecare: delivering value for Canadians.
May 23, 2018. https://www.infoway-inforoute.ca/en/component/
edocman/3540-telehomecare-delivering-value-for-canadians-infographic/
view-document. Accessed August 13, 2021.

10. Premier’s Council on Improving Healthcare and Ending Hallway Med-
icine. A healthy Ontario: building a sustainable healthcare system. June
25, 2019. Available at: https://www.ontario.ca/document/healthy-
ontario-building-sustainable-health-care-system.

11. Lewis G, Selby P, Ross HJ. Workshop on integrating health care in
Ontario. Toronto, Ontario: Presented at the Potential Group Meeting,
July 9, 2021.

12. Ontario Agency for Health Protection and Promotion (Public Health
Ontario). COVID-19-what we know so far about. social determinants of
health. May 24, 2020. Available at: https://www.publichealthontario.
ca/-/media/documents/ncov/covid-wwksf/2020/05/what-we-know-social-
determinants-health.pdf.

13. Richardson L, Crawford A. COVID-19 and the decolonization of
Indigenous public health. CMAJ 2020;192:E1098-100.

14. Reading J. Confronting the growing crisis of cardiovascular disease and
heart health among aboriginal peoples in Canada. Can J Cardiol
2015;31:1077-80.

15. Herbert CP. “Nothing About Us Without Us”: taking action on indig-
enous health. Longwoods, January 2017, https://www.longwoods.com/
content/24947/insights/-nothing-about-us-without-us-taking-action-on-
indigenous-health. Accessed August 13, 2021.

https://www.fda.gov/medical-devices/digital-health-center-excellence/what-digital-health
https://www.fda.gov/medical-devices/digital-health-center-excellence/what-digital-health
https://www.auditor.on.ca/en/content/annualreports/arreports/en20/20VFM_08virtualcare.pdf
https://www.auditor.on.ca/en/content/annualreports/arreports/en20/20VFM_08virtualcare.pdf
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref3
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref3
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref3
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref4
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref4
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref4
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref5
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref5
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref5
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref7
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref7
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref7
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref7
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref8
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref8
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref8
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref8
https://www.infoway-inforoute.ca/en/component/edocman/3540-telehomecare-delivering-value-for-canadians-infographic/view-document
https://www.infoway-inforoute.ca/en/component/edocman/3540-telehomecare-delivering-value-for-canadians-infographic/view-document
https://www.infoway-inforoute.ca/en/component/edocman/3540-telehomecare-delivering-value-for-canadians-infographic/view-document
https://www.ontario.ca/document/healthy-ontario-building-sustainable-health-care-system
https://www.ontario.ca/document/healthy-ontario-building-sustainable-health-care-system
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref11
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref11
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref11
https://www.publichealthontario.ca/-/media/documents/ncov/covid-wwksf/2020/05/what-we-know-social-determinants-health.pdf
https://www.publichealthontario.ca/-/media/documents/ncov/covid-wwksf/2020/05/what-we-know-social-determinants-health.pdf
https://www.publichealthontario.ca/-/media/documents/ncov/covid-wwksf/2020/05/what-we-know-social-determinants-health.pdf
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref13
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref13
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref14
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref14
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref14
https://www.longwoods.com/content/24947/insights/-nothing-about-us-without-us-taking-action-on-indigenous-health
https://www.longwoods.com/content/24947/insights/-nothing-about-us-without-us-taking-action-on-indigenous-health
https://www.longwoods.com/content/24947/insights/-nothing-about-us-without-us-taking-action-on-indigenous-health


148 Canadian Journal of Cardiology
Volume 38 2022
16. United Nations. United Nations Declaration on the Rights of Indigenous
Peoples. March 2008. https://www.un.org/esa/socdev/unpfii/documents/
DRIPS_en.pdf. Accessed August 13, 2021.

17. Benda NC, Veinot TC, Sieck CJ, Ancker JS. Broadband internet access is
a social determinant of health. Am J Public Health 2020;110:1123-5.

18. Innovation, Science, and Economic Development Canada. High-speed
access for all: Canada’s connectivity strategy. 2019. Available at:
https://www.ic.gc.ca/eic/site/139.nsf/eng/h_00002.html.

19. Schrumm A, Bell S, Smith T. Building bandwidth: preparing indigenous
youth for a digital future. July 13, 2021. Available at: https://
thoughtleadership.rbc.com/building-bandwidth-preparing-indigenous-yo
uth-for-a-digital-future/. Accessed August 13, 2021.

20. Papanicolas I, Woskie LR, Jha AK. Health care spending in the United
States and other high-income countries. JAMA 2018;319:1024-39.

21. Eberly LA, Khatana SAM, Nathan AS, et al. Telemedicine outpatient
cardiovascular care during the COVID-19 pandemic: bridging or open-
ing the digital divide? Circulation 2020;142:510-2.
22. Julien HM, Eberly LA, Adusumalli S. Telemedicine and the forgotten
America. Circulation 2020;142:312-4.

23. Wang X, Hidrue MK, del Carmen MG, Weiner RB, Wasfy JH. Soci-
odemographic disparities in outpatient cardiology telemedicine during
the COVID-19 pandemic. Circ Cardiovasc Qual Outcomes 2021;14:
e007813.

24. Government of Canada. Vulnerable populations and COVID-19. Avail-
able at: https://www.canada.ca/en/public-health/services/publications/
diseases-conditions/vulnerable-populations-covid-19.html. Accessed August
13, 2021.

25. Lam K, Lu AD, Shi Y, Covinsky KE. Assessing telemedicine unreadiness
among older adults in the United States during the COVID-19
pandemic. JAMA Intern Med 2020;180:1389-91.

26. Canadian Medical Association. What Canadians think about virtual health
care. May 2020. Available at: https://www.cma.ca/sites/default/files/pdf/
virtual-care/cma-virtual-care-public-poll-june-2020-e.pdf. Accessed August
13, 2021.

https://www.un.org/esa/socdev/unpfii/documents/DRIPS_en.pdf
https://www.un.org/esa/socdev/unpfii/documents/DRIPS_en.pdf
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref17
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref17
https://www.ic.gc.ca/eic/site/139.nsf/eng/h_00002.html
https://thoughtleadership.rbc.com/building-bandwidth-preparing-indigenous-youth-for-a-digital-future/
https://thoughtleadership.rbc.com/building-bandwidth-preparing-indigenous-youth-for-a-digital-future/
https://thoughtleadership.rbc.com/building-bandwidth-preparing-indigenous-youth-for-a-digital-future/
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref20
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref20
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref21
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref21
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref21
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref22
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref22
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref23
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref23
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref23
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref23
https://www.canada.ca/en/public-health/services/publications/diseases-conditions/vulnerable-populations-covid-19.html
https://www.canada.ca/en/public-health/services/publications/diseases-conditions/vulnerable-populations-covid-19.html
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref25
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref25
http://refhub.elsevier.com/S0828-282X(21)00756-X/sref25
https://www.cma.ca/sites/default/files/pdf/virtual-care/cma-virtual-care-public-poll-june-2020-e.pdf
https://www.cma.ca/sites/default/files/pdf/virtual-care/cma-virtual-care-public-poll-june-2020-e.pdf

