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Abstract

Digital health technology is receiving increasing attention in cardiology. The rise of accessibility of digital health tools including
wearable technologies and smart phone applications used in medical practice has created a new era in healthcare. The coro-
navirus pandemic has provided a new impetus for changes in delivering medical assistance across the world. This Consensus
document discusses the potential implementation of digital health technology in older adults, suggesting a practical approach
to general cardiologists working in an ambulatory outpatient clinic, highlighting the potential benefit and challenges of digital
health in older patients with, or at risk of, cardiovascular disease. Advancing age may lead to a progressive loss of indepen-
dence, to frailty, and to increasing degrees of disability. In geriatric cardiology, digital health technology may serve as an
additional tool both in cardiovascular prevention and treatment that may help by (i) supporting self-caring patients with
cardiovascular disease to maintain their independence and improve the management of their cardiovascular disease and
(ii) improving the prevention, detection, and management of frailty and supporting collaboration with caregivers. Digital
health technology has the potential to be useful for every field of cardiology, but notably in an office-based setting with fre-
quent contact with ambulatory older adults who may be pre-frail or frail but who are still able to live at home. Cardiologists
and other healthcare professionals should increase their digital health skills and learn how best to apply and integrate new
technologies into daily practice and how to engage older people and their caregivers in a tailored programme of care.
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Introduction

Digital health (DH) technology is increasingly adopted in car-
diovascular (CV) medicine, although its implementation has
been slow, and quality standards focused around improve-
ments in clinical practice are still lacking.1,2 The increased ac-
cessibility of wearable technologies and mobile applications
(mApps) has created a new era in health tracking, with the
coronavirus disease-2019 (COVID-19) pandemic providing
the impetus for changes in delivering healthcare across the
world and in building a more comprehensive picture of a pa-
tient during follow-up.3–6

The potential support of DH technology may have a spe-
cial role in patients living with health status limitations due
to ageing. Ageing is a natural process that poses several
challenges and threats to the preservation of
independence.7 In healthy older adults the maintenance
of healthy ageing, defined as developing and maintaining
the functional ability that enables well-being in older age,
has become a principal goal worldwide.8,9 Moreover, ad-
vancing age may lead to frailty, which has been increasingly
recognized to be central to health and outcomes in an age-
ing population and, more generally, in patients with CV
diseases.10–12 This is a multisystem/multidomain complex
condition characterized by reduced functional reserves
and increased vulnerability to adverse stress and health
events, often associated with multimorbidity. Frailty can
contribute to an accelerated clinical decline (Figure 1A)
which may lead to progressive loss of independence and
disability, defined as difficulty or dependency in carrying
out activities essential for daily living, including tasks
needed for self-care and living.10–12 The frail condition is
the result of deficits in various domains: physical, medical,
psychological, cognitive, and social. Better consideration of
these specific domains allows better identification of spe-
cific needs, which can then be targeted (Figure 1B).11,13 Be-
cause frailty may be, at least in part, reversible, early iden-
tification and characterization of the frailty, along with
interventions on frailty components, together with the gen-
eral management of frailty (including support for physical
activity, nutrition, medical optimization, and social interac-
tion) may improve the degree of frailty, or at least slow
down the frailty trajectory.11,14

Although these terms are not synonymous, ageing, frailty,
and disability are clearly interconnected.11 Considering the
impact of increasing population ageing on health care sys-
tems, the older population is therefore a prime target for
new technologies and interventions.10

This Consensus document highlights the potential benefit
and challenges of DH in older adults with, or at risk of, CV dis-
ease, providing a practical approach to general cardiologists
working in an ambulatory (outpatients) setting by (i) provid-
ing suggestions for DH in the management of common

age-associated CV diseases so as to foster self-care and inde-
pendence and (ii) providing suggestions for DH in the preven-
tion, detection, and management of frailty.

Technical innovations for the care of
older adults

Although DH technologies (Box: Definitions)15–17 have be-
come increasingly common place, their utility, feasibility,
and roles may differ by age group. Gerontology studies on
digital technology include applications to physical and mental
health, mobility, social connectedness, loneliness, communi-
cation, leisure, and safety.18 In relation to older adults, DH
technology holds the potential to improve well-being, opti-
mize healthcare delivery and monitoring particularly in indi-
viduals with limited mobility and to support ageing people
in a safe and independent environment.19,20

Box: Definitions

Electronic-Health (eHealth). The use of information and com-
munications technology in support of health and health-related
fields, including health care services, health surveillance, health
literature, and health education, knowledge and research.
Mobile-Health (mHealth). The use of mobile and wireless tech-
nologies to support health objective; the application of sensors,
mobile apps, social media, and location-tracking technology to
obtain data pertinent to wellness and disease diagnosis, preven-
tion, and management. mHealth is a component of eHealth.
Digital Health. An overarching term that comprises eHealth
(which includes mHealth), and emerging areas, such as the use
of computing sciences in the fields of artificial intelligence, big
data and genomics.
Applications (Apps). Computer software programs that operate
on computer, tablets and other mobile devices such as
smartphones and smartwatches [Mobile-Apps (mApps)].
Client-to-provider telemedicine. Provision of health services at
a distance; delivery of health care services where clients/patients
and health workers are separated by distance.
Digital biomarkers. Physiological and behavioural measures col-
lected by means of digital devices such as portables, wearables,
implantables, or digestibles that characterize, influence, or pre-
dict health-related outcomes.
Digital diagnostics. The application of wearable and ambient
sensors, mobile apps, social media, and location-tracking technol-
ogy singly or in combination to diagnose medical conditions.
Digital therapeutics. Interventions that use wearable and ambi-
ent sensors, mobile apps, social media, and location-tracking
technology independently or in conjunction with medications, de-
vices, or other therapies to improve patient care and health
outcomes.
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Digital tools may vary from simple text messaging plat-
forms (short message service: SMS) to mApps, or more com-
plex algorithms including information obtained by biological
sensors. Text messages are simple, instant, and popular. They
offer a widely available medium for delivery of health-related
communication and can be sent remotely to large numbers of
people in an unobtrusive manner. Apps are computer soft-
ware programs that operate on smartphones, tablets, and
other mobile devices such as smartwatches.17 Apps are gen-

erally readily available—for those that have a mobile device
—and relatively easy to use via touchscreen interfaces.
Examples of more complex DH technology based on sensors
are algorithms that can detect physical instability and predict
the risk of falls. A number of studies have utilized camera
and sensor-based systems to assess gait and developed
predictive algorithms with the formation of novel digital fall
risk assessment protocols, thus allowing early preventive
intervention.21 Because falls are the main cause of accidental

Figure 1 (A) Ageing and frailty-related health decline. (B) Frailty domains and components.
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death and disability (and the related healthcare costs) within
the European Union in older adults,22,23 the development of
new technical solutions is receiving much attention.

Digital health instruments that may be
useful in common age-associated
cardiovascular diseases

The use of text message programs has been shown to support
the management of chronic disease and CV risk factors. These
include smoking cessation, weight loss, physical activity, blood
pressure lowering, and diabetes care (see below).24 Because
the prevention, detection and treatment of CV disease [in-
cluding atrial fibrillation (AF) and heart failure (HF)] are closely
related to improving health decline in older subjects11 DH
technology management of these diseases is becoming part
of the routine CV care in older adults (Figure 2).

Historical underutilization of DH technologies, such as
video visits and remote patient monitoring, reflects an in-
complete understanding of their value and applications
across the chronological and physiological spectrum of older
age. This is related to various factors including (i) healthcare
workers’ incomplete understanding and inertia in old
methods of care delivery; (ii) older patients’ lower rates of
digital device usage and comprehension; (iii) manufacturers’
lack of attention to adapted needs of older adults, for exam-
ple, simple devices with large screens and text sizes.

During the COVID-19 pandemic, the use of DH technology
has been accelerated to preserve and optimize the health of

older adults with regard to CV prevention and treatment of
CV disease. Restrictions on the use of DH technology have
been modified to increase flexibility for clinicians to conduct
non–face-to-face visits and to improve patient access to
healthcare. Several hospitals and commercial insurance com-
panies currently reimburse telehealth similarly to in-person
visits, thus supporting increased telehealth utilization. How
this will play out as the pandemic precautions are withdrawn,
is unclear and may differ geographically.

In the past decade there has been a proliferation of
Web sites and mApps that claim to support secondary
prevention of heart disease. A systematic review and
meta-analysis of telehealth (phone, Internet, and videocon-
ference communication between patient and health care
provider) found that such interventions were not associated
with lower all-cause mortality but resulted in significantly
lower re-hospitalization or cardiac events compared with
non-intervention groups.25,26

Arterial hypertension and dyslipidaemias

DH technologies may offer various potential improvements in
the care of older adult including a closer relationship be-
tween patients and medical staff, empowerment of the pa-
tients, more frequent measures to tailor therapy, and the
chance of avoiding transportation needs, particularly
distressing in the oldest and frail patients.27–35

Remote monitoring and telehealth models of care are im-
portant for older adult patients with chronic diseases be-

Figure 2 DH interventions in older adults with, or at risk of, CV disease.

Digital health in older adults for the prevention and management of cardiovascular diseases and frailty 2811

ESC Heart Failure 2022; 9: 2808–2822
DOI: 10.1002/ehf2.14022

 20555822, 2022, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ehf2.14022 by C

ochraneItalia, W
iley O

nline L
ibrary on [14/06/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



cause they allow acquisition of physiological data from home
locations.

Hypertension is a good target for telemedicine, and in par-
ticular, for telemonitoring, as it is the most common and im-
portant risk factor for CV disease worldwide.35,36 Although
data are highly heterogenous regarding both the DH method-
ology used for telemonitoring, the clinical setting of the
patients studied, and the presence of co-morbidities, most
reviews and meta-analyses tend to show an improvement in
blood pressure control.35–38 In addition to the use of
telemonitoring, many DH trials include other interventions
leading to a comprehensive approach to hypertension,
including patient education, behavioural and motivational
support, close follow-up and focus on medication
adherence, probably all contributing to optimization of
clinical outcomes. Moreover, with a new DH intervention com-
bining self-monitoring of blood pressure with guided
self-management in patients with poorly controlled hyperten-
sion, the drop in blood pressure was larger in the DH-managed
group when compared with the usual care group (follow-up
12 months: mean difference of �3.4 mm Hg in systolic blood
pressure, 95% confidence interval �6.1 to �0.8 mm Hg, and
mean difference of �0.5 mm Hg in diastolic blood pressure,
�1.9 to 0.9 mm Hg). However, the benefit was observed to
be larger in patients aged less than 67 years.39

Although telemedicine has been shown to improve blood
pressure control as compared with standard care, its place
in daily clinical practice is not yet clear. While most guidelines
refer to it in the context of excluding white coat or masked hy-
pertension, there are no current specific recommendations on
the place of telemedicine in general hypertension manage-
ment, with the partial exception of the 2018 Hypertension
Clinical Practice Guidelines, which suggest that telehealth
strategies can be useful adjuncts to interventions shown to re-
duce blood pressure for adults with hypertension.40

Several barriers still limit the implementation of telemedi-
cine in the routine clinical management of CV risk factors, in-
cluding the fact that telemedicine is considered as an add-on
to existing care rather than an indispensable tool to be
blended in current care delivery.41

Nevertheless, adopters of DH activity trackers tend to ad-
here more to hypertension and dyslipidaemia medications,
and adherence increases with tracking frequency and
smartphone-associated blood pressure controls.34,38,39,41–44

Digital interventions in the presence of multimorbidity, in pa-
tients with difficult-to-treat hypertension or with poor adher-
ence to medication management seem to be clinically
relevant.

Diabetes mellitus

Diabetes mellitus is an important risk factor for the develop-
ment of CV morbidity and mortality. Self-management with

DH technologies was recommended recently by the European
Society of Cardiology (ESC) guidelines on diabetes and CV
diseases.45 mApps can facilitate self-management by provid-
ing reminders for regular measurement of the required pa-
rameters and medication adherence, and may support educa-
tion and motivational support. Improved glycaemic control
may improve other aspects of CV health such as reducing
AF incidence and recurrence.46,47 Regular transmission of
blood glucose levels from patients to their physicians can
be based on SMS, e-mail, or various web-based services.
Bluetooth-enabled glucose meters are frequently used.48,49

BlueStar™ (Welldoc, Columbia, MD), was the first to receive
US FDA clearance for diabetes mellitus management: it
comes with an App which requires a physician prescription
and enables patients to titrate insulin dosing by using the
proprietary insulin calculator. The Freestyle™ LibreLink™ app
(Abbott Laboratories, Abbott Park, IL) links with an associated
continuous glucose monitoring patch and displays trends.50

Stand-alone diabetes management mApps have recently
been reviewed.51 Efficacy for improving glycaemic control in
randomized controlled trials has shown varied results.52

Meta-analyses indicate that mobile phone interventions for
self-management reduced haemoglobin (Hb)A1c modestly
by 0.2–0.5% over a median of 6-months’ follow-up, with a
greater reduction in patients with type 2 compared with type
1 diabetes.53 A significant impact on clinical outcomes may
affect healthcare expenditures by reducing the need for
in-person contact with healthcare providers, preventing hos-
pital admissions, and improving prognosis. In a retrospective
study, the use of DH technologies was associated with a
21.9% reduction in medical spending than a control group
during the first year.54 Key determinants to successful
uptake of decision-support mApps will likely be their user-
friendliness, simplicity, delivery of electronic communica-
tions, and feedback to the patient.

Atrial fibrillation

Although opportunistic tools for AF diagnosis are widely
used, the key to making AF identification clinically valuable
is the selection of patients with an increased likelihood of
harbouring undiagnosed AF55 and an increased risk of stroke
that may qualify for anticoagulation. Patients with
non-valvular AF and left ventricular hypertrophy are often
older and with a higher prevalence of multimorbidity.56

Different mHealth-based modalities for arrhythmia moni-
toring may be used in different settings and to address differ-
ent questions. Recording electrocardiogram (ECG) tracings
(single or multi-lead, in intermittent or continuous format,
of various durations) and non-ECG technologies such as pulse
photoplethysmography are two different modalities to ap-
proach mHealth signal monitoring.57
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Mobile recorders are increasingly used to facilitate fre-
quent brief (e.g. 30 s) recordings over prolonged periods of
time by the ubiquity of such devices (including
smartphone-based mApps or watches).57 These devices are
particularly well suited to capture intermittent or
non-persistent arrhythmias. However, because snapshot
ECG recordings are unable to capture infrequent paroxysmal
AF, new algorithms based on more frequent sampling are
needed.58 Such algorithms include repetitive verifications of
pulse rate regularity through plethysmography sensors
followed by periodic verifications of ECG rhythm when irreg-
ularity is detected. According to the Apple Heart Study, noti-
fication of irregular pulse is very low in participants without
self-reported arrhythmias. However, once notification was re-
ceived, the chance to confirm AF after returning an ECG patch
was about 84%, thus supporting the ability of the algorithm
to correctly identify AF in users whom it notifies of irregular
pulses.59

AF burden is increasingly recognized as a powerful
independent predictor of stroke.60,61 Formal screening with
mobile ECG recordings has yielded higher incidence of newly
diagnosed AF compared with diagnosis relying only on the of-
fice ECG.57 The yield generally is enhanced by the presence of
risk factors, such as older age and higher CHA2DS2-VASc
scores. By focusing on older patients (75–76 years of age)
at greater risk, Swedish studies identified new AF in 3% of
study participants, and up to 7.4% when additional risk fac-
tors beyond age were required.62–64 A recent meta-analysis
found that new AF detection rate increased progressively
with age from 0.34% for <60 years to 2.73% ≥ 85 years.65 Im-
portantly, the number of subjects needed to screen to dis-
cover AF meeting indications for anticoagulation was 1089
for subjects < 60 years but only 83 for ≥ 65 years.

While subclinical device-detected AF is associated with
heightened stroke risk, there is insufficient data and ongoing
debate about the minimum duration which would be associ-
ated with heightened risk of stroke warranting anticoagula-
tion therapy. One key study suggested that decisions to
anticoagulate should not be based on a single cutoff but
rather consideration of AF duration relative to CHA2DS2-VASc
score (i.e. AF ≥ 6 min/day if CHA2DS2-VASc scores 3 or more
or AF ≥ 23.5 hours/day if CHA2DS2-VASc score is 2).66

However, according to 2020 AF ESC Guidelines, ECG docu-
mentation is recommended to establish the diagnosis of
AF.67 When screening for AF, definite diagnosis in
screen-positive cases is established only after the physician
reviews the single-lead ECG recording of ≥30 s or 12-lead
ECG and confirms that it shows AF. Moreover, systematic
ECG screening for those ≥75 years, or those at high risk of
stroke should be considered,67 thus emphasizing the rele-
vance for screening in the older patient.

In addition to the role of ECG for arrhythmia detection, re-
cent studies have shown promising results for detecting

undiagnosed left ventricular dysfunction, hypertrophy, and
ischaemic heart disease.68

Heart failure

The prevalence of HF is ≥10% among those 70 years and
older. It is associated with co-morbidities, poor quality of life,
high healthcare utilization, and increased mortality.11,12 Peo-
ple living with HF may often be geographically separated
from specialized healthcare providers, making symptom mon-
itoring and disease control more difficult.

Telehealth programmes for HF patients at home have been
suggested to have positive impacts on both mortality and
morbidity.69 However, adoption is limited by the fact that
most often programmes require the patients’ ability to use
a computer, a tablet or a mobile phone together with other
medical equipment.70 The most recent ESC HF guideline71

made a ‘may be considered’ recommendation for the use of
home-based telemonitoring, based on a meta-analysis pub-
lished in 2017.72

Clinical guidelines and national organizations have recently
recommended the integration of palliative care into standard
HF care.73 The Educate, Nurture, Advise, Before Life Ends (EN-
ABLE) Comprehensive Heartcare For Patient and Caregivers
(CHF-PC) Study74 has been designed to implement behav-
ioural support in advanced HF patients. The study includes
a series of 30 to 60 min, weekly telehealth coaching sessions
with a nurse addressing palliative care topics.74

Remote monitoring in HF patients may monitor symptom
and activity levels, sleep disordered breathing, changes in
heart rate (as a marker of autonomic activity), arrhythmia,
and support dietary and medication adherence. Such moni-
toring can be achieved using stand-alone equipment and/or
wearables, or cardiac implantable electronic devices (if pres-
ent). Such systems may enable remote adjustment of medica-
tion, and other earlier interventions to reduce the need for
emergency department visits and unplanned HF-related hos-
pitalizations. If scalable, remote monitoring coupled with mo-
bile communication may reduce costs associated with HF, al-
though the evidence to date is not conclusive.75–78 Careful
patient selection, more rapid and locally-integrated re-
sponses to evidence of deterioration, and reimbursement
support are likely success factors.78

Patients with an implantable cardiac device such as an im-
plantable cardioverter-defibrillator (ICD) or cardiac
resynchronization therapy (CRT) require regular checks to
monitor device performance, battery longevity and detection
of arrhythmia, but most modern devices can wirelessly con-
nect with home monitors that transmit relevant data and
alerts, allowing a device check to be performed remotely.79

Home monitoring is safe and effective for routine device
checks, with earlier detection of arrhythmia and technical

Digital health in older adults for the prevention and management of cardiovascular diseases and frailty 2813

ESC Heart Failure 2022; 9: 2808–2822
DOI: 10.1002/ehf2.14022

 20555822, 2022, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ehf2.14022 by C

ochraneItalia, W
iley O

nline L
ibrary on [14/06/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



issues.80 Centres using home monitoring of implanted de-
vices have reported reduced face-to-face contact.81 Such de-
vices can also collect physiological data that may correlate
with HF status. Multiparametric monitoring, incorporating in-
trathoracic impedance with other variables such as heart
rate, heart rate variability, physical activity and heart sounds,
has shown potential, but requires consideration of the
workflow issues such as what actions should be taken in re-
sponse to ‘alerts’ being raised, and the need to persuade pa-
tients to change therapy (or be more adherent to lifestyle
and drug therapies) despite them feeling well.82

Implantable haemodynamic monitors have shown promise
at preventing HF hospitalization. Pulmonary artery pressure
(PAP) increases in response to increasing intracardiac pres-
sure or fluid volume, with rises in pressure typically preceding
symptoms by some weeks.83 A randomized trial showed that
remote daily PAP monitoring, (via a CardioMEMSdevice;Ab-
bott) and titration of medications in response to rises in pres-
sure, reduced subsequent HF hospitalization by 30% in NYHA
Class III patients who had been admitted for HF in the previ-
ous year.84 Data from NYHA Class III patients outside the US
confirm this benefit.85,86 The GUIDE HF study recently re-
ported benefit in a pre-specified pre-COVID-19 subgroup
analysis of a broader spectrum of symptomatic severity87

leading to FDA support of the use of CardioMEMS in patients
with HF and a recent hospitalization or raised natriuretic
peptides.

ESC HF guidelines make a recommendation only for
CardioMEMS and as only a ‘may be considered’ Class 2 B level
of evidence.71

Digital tools able to prevent and
manage frailty

DH tools and mApps have been developed to assess and
monitor frailty status in patients with CV disease, and are be-
ing studied to target therapeutically the various components
of frailty.11 Certain mApps have integrated assessments of
frailty alongside CV risk scores to provide global estimates
of post-procedural risk or poor outcomes. One example is
the Frailty Tool mApp (frailtytool.com) that integrates the Es-
sential Frailty Toolset (EFT) alongside the Society of Thoracic
Surgeons risk score to guide decision making in older adults
referred for transcatheter aortic valve replacement (TAVR)
or cardiac surgery. In addition to prognostic value,88,89 thera-
peutic value has been demonstrated by de-frailing patients
with high EFT score using prehabilitation and multicompo-
nent geriatric intervention.90,91

In daily clinical practice, general cardiologists are increas-
ingly using DH tools for the management of deficits associ-
ated with older-age (Figure 2). The progression of health de-
cline and frailty may be usefully opposed by DH-supported

management of medication adherence, physical and nutri-
tional needs, and the specific requirements after acute
events. Moreover DH assistance may help to enhance the col-
laboration with family caregivers and health personnel who
are supporting older adults living at home (Figure 2).

Because major cognitive impairment or poor social support
often limit the ambulatory access to an outpatient clinic,
DH-based management focused on the physical and medical
domains deficits may be particularly relevant to frail patients
with CV disease who are seen in office-based practice.11

Drug adherence and persistence

Poor adherence to medical therapy is frequent in older
patients92,93 resulting in poorer clinical outcomes and in-
creased healthcare costs94; forgetfulness, communication
barriers, socio-economic factors, and lack of motivation
represent the main causes of poor adherence. Interventions
to assess and improve medication adherence within a home
setting based on mHealth techniques have been investigated.
The assessment of drug adherence may rely on self-report
methods, visual confirmation by smartphone, digital pills dis-
penser or a Quick Response code.95–97

Drug adherence may be improved by two broad categories
of strategies: behavioural (e.g. ‘smart’ pill boxes, follow-up
telephone calls, SMSs, and Apps) and educational (e.g. web-
based e-learning). A systematic review including 10 trials re-
ported that mHealth interventions improved medication ad-
herence in CV patients, although the magnitude of benefit
was not consistently large.98 A recent review, evaluating drug
adherence in older adults identified 50 studies (14 269 partic-
ipants) comparing interventions versus usual care.99

Behavioural-only (RR 1.22, 95% CI 1.07 to 1.38) and mixed in-
terventions (RR 1.22, 95% CI 1.08 to 1.37) may increase ad-
herence, while educational-only interventions (SMD 0.16,
95% CI �0.12 to 0.43) may have little or no impact. Globally,
the quality of evidence is low, due to heterogeneity and
methodological limitations of studies included in the review.
Further studies are required.

Greater progress is expected with better co-designed
smartphone mApps that take into account age-related factors
that limit optimal use by elderly and/or frail patients, with
more optimal user friendliness obtained with appropriate
levels of training and support.100,101 Voice and visual inter-
faces could be useful by recognizing vocal biomarkers of
change in neurological or mental health status.4,102 Potential
concerns on privacy and security regarding medications may
be overcome for instance by using biometrics during
authentication.103,104 A patient-centred approach is encour-
aged to assist patients construct their own individualized ad-
herence strategies.105 Machine learning and artificial intelli-
gence may help in personalized patients experiences, taking
into account socio-economic, cultural and personal
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characteristics.106 Current evidence suggests that DH tools
can improve medication adherence in older patients with,
or at risk of, CV disease.

Nutrition

Malnutrition is one of the important determinants of physical
frailty and sarcopenia—defined as the progressive loss of
muscle mass and strength associated with ageing—and an ac-
tionable target for its improvement. Several studies have
demonstrated the high prevalence and negative impact of
malnutrition in older adults with CV diseases.11,107–110 Most
mApps for multidomain assessment of frailty include malnu-
trition screening11,111 and many DH technologies have been
employed to identify hospital malnutrition.112

Nutritional therapy should be individualized for each pa-
tient according to their needs and consider both food sources
and pharmacological supplements such as vitamin D and
calcium.107 A systematic review on nutrition in older adults
reported a negative association between lower intake of spe-
cific micronutrients and frailty, and a protective association
between higher intake of protein and dietary antioxidant
and frailty.108

Calculation of energy, protein, micronutrient needs should
be performed in consultation with qualified nutritionists in
line with the appropriate guidelines, while taking into ac-
count the specific requirements of the older adult given their
relevant co-morbidities such as cancer, gastroenterologic,
neurologic, and renal diseases.113

Telemedicine can be used in the monitoring of patients
with parenteral nutrition at home, even though there is lim-
ited literature that has focussed in this space.114,115 Elderly
and frail patients must have access to nutritional care as a
part of primary and secondary healthcare services.115 Re-
cently, Krznaric and colleagues proposed a simple remote nu-
tritional screening tool and practical guidance for nutritional
care in primary care, along with their implementation into
telemedicine processes and digital platforms suitable for
healthcare providers.116 The intervention consisted of practi-
cal guidance on nutritional interventions for family physicians
after identification of nutritional risk and loss of muscle mass
and function by validated tools.

Movement and fitness

Physical frailty is characterized by diminished strength and
endurance.11,107 Early detection of health transitions towards
a frail condition is often challenging, particularly in the
pre-frailty state where changes may be subtle. Screening to
diagnose frailty syndrome in older adults with subtle or no
overt clinical manifestations of frailty can be achieved by
employing DH technologies that incorporate physical

performance-based screening, such as gait speed and assess-
ments of gait, ‘sit-to-stand’ tests, grip strength, or using re-
cently developed Apps to quickly perform a multidomain
screening for frailty.11,117 Digital biomarkers when applied
to the identification of the frailty phenotype are objective,
quantifiable, physiological and behavioural data that are col-
lected and measured by means of digital devices such as sen-
sors or wearables, enabling remote data collection and pro-
cessing of large amounts of real-life, continuous and long-
term health-related data.118 Examples of such digital bio-
markers include waist-worn accelerometer sensors that allow
digital monitoring of walking speed—they have been shown
to be able to accurately measure continuous gait speed in
frail, older patients.119 Wrist-worn sensor-derived frailty indi-
ces have also been validated in comparison with other estab-
lished measures of frailty such as gait, timed ‘up and go’ and
‘sit-to-stand’ assessments.120 Sit-to-stand tests can be under-
taken remotely through measures of hip and knee angular ve-
locity range, weakness, and exhaustion (coefficient of varia-
tion of angular velocity range of hip and knee, and vertical
power range) from sensors attached to the trunk and thighs
thereby providing remote assessment of this traditional mea-
sure of physical frailty.121

Other sensor based digital solutions provide data to popu-
late risk scores for frailty. For example, wrist-worn fitness
trackers used before TAVR have been used to develop a
Fitness-tracker assisted Frailty-Assessment Score (FIFA score)
that has greater predictive performance for in-hospital mor-
tality compared with that of the 6-minute walk test and the
Edmonton Frail Scale classification.122

Physical support and rehabilitation

Telerehabilitation is the supervision and performance of com-
prehensive cardiac rehabilitation at a distance, typically in-
cluding video-consulting, tele-monitoring, tele-assessment
(active remote assessment), tele-support (supportive tele-
visits by nurses, psychological support), tele-therapy (actual
interactive therapy), tele-coaching (support and instruction
for therapy), and teleconsulting and tele-supervision of exer-
cise training.25,26,123

Home-based tele-rehabilitation has been demonstrated to
be safe and effective, with high adherence among people liv-
ing with HF. It improves physical and psychological status,
6-minute walk distance, and Quality of Life.123–125 The recent
Scientific Statement from the American Association of Car-
diovascular and Pulmonary Rehabilitation, the American
Heart Association, and the American College of Cardiology
highlights that home-based rehabilitation using telemedicine
is a promising new service model.126

Moreover, such technologies may provide support focused
on nutrition and fitness before scheduled procedures, and DH
technology have been used after interventional TAVR proce-
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dures and to guide rehabilitation after lower limbs
revascularization.11,127,128

Home stay and interaction with health personnel

The collaboration between caregivers (family members,
nurses, and health personnel for home support) and medical
personnel is central in the management of older people who
have lost some degree of independence but are still living at
home. DH technology has the potential to improve the con-
nection and exchange of medical information.

Older adults are considered to be at the highest risk for poor
communication with healthcare providers.129 This is due to
the presence of a multiple co-morbidities, poly-pharmacy,
functional impairment, affective disorders, cognitive decline
and sensory impairment.130 Compared with younger patients,
older adults in general are frequently less proactive and ask
fewer and less in-depth questions which may result in poor
memory retention of medical information.131 This is problem-
atic because adequate information recall positively contrib-
utes to patient treatment adherence, disease management,
quality of life and health outcomes.129,132,133 To increase the
likelihood that health information will be understood,
processed and applied by older adults, it is critical to provide
instructions in a variety of ways.129 Both interpersonal com-
munication (e.g. patient-provider communication through
video consulting) and digital communication (e.g. mHealth
Apps) provide opportunities to improve information process-
ing, self-management and health outcomes in older adults.
One important reason to use interpersonal communication
during consultations with health communication technologies
is their synergistic effect.134 The combination of multiple com-
munication media exceeds the sum of their individual
effects.135 Moreover, use of online interventions among older
adults can be associated with increased social activity, de-
creased loneliness, increased perceived social support, im-
proved self-competence, and enhanced wellbeing.136,137 As
people with frailty have distinct informational, social and
health-management needs, they might derive unique benefit
from accessing relevant health information and from
interacting with others with similar health issues through on-
line group interventions or through social media.138

Limitations faced by older adults in
using digital health technology

Although the familiarity of older adults with technology is in-
creasing, barriers to wider adoption include very old age,
lower disposable income, and higher co-morbidity.139–141 Al-
though patients with cognitive impairment and high degree
of frailty are probably less likely to direct benefit from DH ap-

proaches to disease management and care, DH technology
may provide support to their caregivers. Whilst it has been
shown that older adults are less likely to use new technology
compared with younger adults, there is ample evidence that
they also desire interaction with new technologies to remain
active and engaged with society.24 Several challenges that
older adults face when adopting digital technology include
the poor confidence in their ability to learn and use technology
devices, in part because of their perception that the technol-
ogy is too complicated, and physical or functional barriers in
using technology devices not designed with their needs in
mind.24,139 For example, touchscreen devices may be chal-
lenging in the case of visual impairment or when hearing de-
fects may impair verbal tele-communications. Larger font
sizes, bigger icons, magnification and volume amplification
or earphones might be helpful in this population. Further-
more, elderly patients with cognitive decline may struggle to
use technology that requires active interaction rather than
more passive monitoring functionality such as the wearing of
a sensor or a smart watch. While DH developments may in-
crease access to care for older adults we should be aware of
the need to avoid increasing inequality by ageism or geograph-
ical or socioeconomic biases.142 Co-designing the new techni-
cal supports taking into account the specific ageing-associated
needs of those who will use the technology would appear
essential.

Conclusions

DH is changing daily practice in general cardiology. Although
recent results from an ESC survey developed to assess the
knowledge of cardiologists about DH technologies showed in-
terest from cardiologists, the experience of (and knowledge
about) DH tools were lower in ‘general’ office-based
cardiologists compared with hospital-based cardiologist.143

DH technology has potential to be useful for every field of
cardiology, but notably in an office-based setting with fre-
quent contact with ambulatory older adults who may be
pre-frail or frail but who are still able to live at home.

DH technology may enhance the characterization of older
adults’ health status and increase the personalisation of clin-
ical follow-up, and help in the prevention and the general
management of frailty, while supporting specific age-related
CV diseases with dedicated tools. However health personnel
should not consider DH as a replacement for face-to-face
clinic visits, but rather as an additional tool to help support
better outcome and experience of care. To fully benefit from
the potential of DH, cardiologists and other healthcare pro-
fessionals should increase their DH skills and learn how best
to apply and integrate new technologies. The ESC actively
supports improved multi-stakeholder interaction, co-design
and education in DH as a key element of its mission to reduce
the burden of CV disease.
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