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Abstract
Purpose of Review To review the current evidence supporting the use of digital health technologies in cardiovascular disease
(CVD) care.
Recent Findings Studies have evaluated the impact of the use of digital health technologies to improve CVD outcomes through
several modalities: text-messaging programmes, smartphone applications (apps) and wearable devices. Text-messaging
programmes are to date the most studied type of digital health interventions, and studies have demonstrated reduced CVD risk
and improved medication adherence. Literature supporting the use of smartphone apps is also growing but remains limited, with
some studies favouring the use of health apps but others showing negative results. Wearable devices are the latest type of
technology investigated, and studies have shown positive outcomes in terms of physical activity and detection of arrhythmias.
Summary Digital health is a growing and evolving area of investigation. To date, the scientific evidence overall supports the use
of such technologies in CVD care and management. Future research using new models are needed to continue to evaluate these
new technologies.
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Introduction

Cardiovascular Diseases: Burden, Risk Factors and
Management

Cardiovascular diseases (CVD) are the leading cause of death
globally. In 2016, the global prevalence of CVD was estimat-
ed to be approximately 470 million [1] and there were

approximately 17.6 million deaths due to CVD worldwide
[2]. Furthermore, the number of deaths due to CVD increased
about 15% between 2006 and 2016, and this increase was
mainly due to an increase in deaths due to ischaemic heart
disease [2]. Importantly, over three quarters of these deaths
occurred in low- and middle-income countries, where the car-
diovascular mortality rates are substantially higher than those
in high-income countries [3].

The term CVD encompasses a wide range of diseases, in-
cluding ischaemic heart disease, cerebrovascular disease, hy-
pertensive heart disease, peripheral vascular disease, rheumatic
heart disease, cardiomyopathies and arrhythmias, among
others. The majority of CVD is related to a combination of
behavioural and metabolic risk factors. Important modifiable
behavioural risk factors include smoking, physical inactivity
and unhealthy diet. The long-term presence of behavioural risk
factors can lead to the metabolic risk factors, such as hyperten-
sion, diabetes, dyslipidaemia and overweight/obesity.

The cornerstone of CVD management and prevention is
based on interventions to motivate lifestyle modification and
adherence to effective cardiovascular medications. Successful
strategies to promote smoking cessation, increase physical ac-
tivity levels, motivate healthy diet and improve medication ad-
herence are associated with improvements in morbidity and
reductions in mortality [4, 5]. However, given the millions of
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people at risk for or with CVD, there are practical, logistical,
geographical and financial challenges associated with deliver-
ing comprehensive risk factor management to diverse popula-
tions. Health systems throughout the world are charged with
finding ways to reach more people in efficient and scalable
ways.

Digital Health

Digital Health is defined as the use of digital, mobile and
wireless technologies to support the achievement of health
objectives [6]. Recently, the term digital health is most often
used to describe the use of information and communications
technologies for health, and encompasses eHealth and
mHealth interventions, as well as emerging fields such as
big data analytics, artificial intelligence (AI) and machine
learning [7, 8]. Digital health technologies are transforming
healthcare by facilitating disease prevention, diagnosis and
management, which in turn empower patients and healthcare
professionals to achieve better health outcomes [9].

In a resolution published in 2018, the World Health
Organization (WHO) urged health organizations from around
the globe to prioritize the development, evaluation, implemen-
tation and expansion of digital health technologies and inte-
grate these new technologies into existing health systems in-
frastructures [8, 10]. As stated by the WHO Director-General
in another report published in 2019, digital health has the
potential to close the gap of health access inequities, by im-
proving reach and strengthening health systems [8]. The po-
tential of digital health interventions has become even more
relevant during the current COVID-19 pandemic, in which
social isolation has boosted the need for rapid proliferation
of digital medicine and brought to light some of the regulatory
restrictions that make digital expansion difficult [11].

Digital health is a dynamic, ever-evolving field that re-
quires new approaches to assess the efficacy and effectiveness
of these innovative technologies. To address this need, WHO
has released guidance on how to monitor and evaluate digital
health technologies [6]. In this guide, several recommenda-
tions are presented, including how to select the study design
and indicators to best evaluate a digital health intervention,
key components and tools for digital health monitoring, dif-
ferent approaches on data quality assessment, and guidelines
for reporting the findings, particularly the mHealth Evidence
Reporting and Assessment (mERA) checklist. [6, 12] The
guide also highlights the importance of including quantitative
as well as qualitative and economic methods in the evaluation
of the digital health interventions. [6] In addition, the United
States (US) Food and Drug Administration (FDA) is also
reshaping its oversight and regulation over digital health tech-
nologies, by recognizing that a more efficient, risk-based ap-
proach is necessary to appropriately regulate digital health
technologies while continuing to foster innovation [9]. One

of FDA’s new approaches to digital health oversight was the
creation of the Digital Health Program, in which several pol-
icies were created to allow lower risk technologies to be read-
ily available to the public while assuring that these digital
technologies are high quality, safe and effective. While digital
health interventions have the potential for significant, large-
scale impact on healthcare, the implementation of such inter-
ventions must be done with a careful evaluation of the scien-
tific evidence of the risks and benefits of these interventions so
that resources are not wasted on ineffective interventions [8].

Digital Health Interventions to Improve CVD
Care

As it pertains to CVD, digital health technologies have many
potential applications. For example, for diagnostic purposes, an
echocardiogram transducer connected to smartphone or tablet
can be useful in the diagnosis of valvular heart disease in
limited-resource income settings, where a standard echocardio-
gram machine is not available. In addition, wearable devices,
such as smartwatches, can aid the diagnosis of arrhythmias that
require continuous rhythm monitoring, where long periods of
monitoring would previously have only be feasible with the
implantation of a loop recorder. For monitoring purposes, in-
flatable blood pressure (BP) cuffs connected to a smartphone
app via Bluetooth can facilitate home BP monitoring to guide
treatment. For treatment purposes, 3-D printing could be used
as a potential solution to produce low-cost cardiac valves for
valve replacement in the future. Furthermore, AI can be used to
assist the development of new medicines and machine learning
to predict CVD outcomes.

Although digital health has a huge potential to improve
CVD prevention and care, there is limited robust scientific
evidence to date to support the use of digital health technolo-
gies. In this section, we will review the evidence on digital
health interventions in CVD. We will focus on the three main
types of interventions that have been most studied to date and
are supported by rigorous well-conducted clinical trials: (i)
text-messaging programmes, (ii) smartphone applications
(apps) and (iii) wearable devices.

Text-Messaging Programmes

Text-messaging programmes are the most studied type of dig-
ital health interventions, being a relatively old technology
from the early 2000s. Early on when they started being used,
text messages became a convenient, frequent and inexpensive
way of communication that did not require Internet connec-
tion.Within the healthcare field, text messages also became an
attractive tool for communication with patients, as text mes-
sages can be sent to a large number of people at once with
minimal human input through an automated software, can be
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bought at a bulk-rate reducing the cost to the provider and is
usually perceived as a non-intrusive way of communication.
Moreover, interventions delivered via text message can reach
people who have limited access to healthcare, such as those
living in rural and remote areas. In the context of CVD, text
messages have been used to improve two cornerstone aspects
of CVD management: lifestyle behaviours and medication
adherence.

Smoking was one of the first lifestyle behaviours to be ad-
dressed via text-messaging programmes. Several studies aimed
to assess whether text messages could improve smoking cessa-
tion. A Cochrane systematic review published in 2016
reviewed all the available data published up to April 2015 and
found 12 studies with a total of 11,885 patients [13••]. The
meta-analysis results showed that participants who received
the text-messaging programmes were almost twice as likely
(relative risk (RR) 1.67, 95% confidence interval (CI) 1.46–
1.90) to quit smoking at 6 months compared with participants
who did not receive the programme. All studies were of good
quality and, therefore, added to the strength of evidence. Given
these findings, governments and medical organizations are now
offering free text-messaging programmes to support those who
wish to quit smoking, such as the SmokefreeTXT programme
in the USA [14] and the Short Messages against Tobacco
(SMAT) programme in Canada [15].

Physical inactivity is another lifestyle behaviour studied in
many text-messaging trials. A systematic review recently pub-
lished evaluated whether text-messaging programmes were
effective in promoting physical activity [16••]. The authors
reviewed the published data up to December 2017 and found
57 studies with a total of 8742 patients. However, only 13
randomized controlled trials (RCTs) with a total of 1346 pa-
tients used objectively measured physical activity outcomes
through pedometers and accelerometers. A meta-analysis of
10 of these RCTs found a significant increase in step counts
per day (Cohen’s d = 0.38, 95% CI 0.19–0.58) at a median
follow-up of 12weeks. About half of the RCTs included in the
meta-analysis were considered to have medium to high risk of
bias; however, in a sensitivity analysis excluding these low-
quality trials, the results did not change significantly (Cohen’s
d = 0.37, 95% CI 0.11–0.64).

BP and weight management have also been evaluated in
text-messaging studies. A recent 2019 systematic review in-
vestigated the effects of text-messaging interventions on BP
levels and body mass index (BMI) [17••]. This included nine
RCTs, with a total of 3779 participants. and the meta-analyses
results demonstrated a reduction of 4.13 mmHg (95% CI −
11.07 to − 2.81 mmHg, p < 0.0001) in systolic BP, of
1.11 mmHg (95% CI − 1.91 to − 0.31 mmHg, p = 0.002) in
diastolic BP and of 0.32 kg/m2 (95% CI − 0.49 to −
0.158 mmHg, p < 0.0001) in BMI. However, individual pa-
tient data meta-analyses of five of these trials with 1976 par-
ticipants did not confirm the results. Another recent 2020

meta-analysis confirmed the benefits of text-messaging
programmes on weight loss in overweight participants [18•].

Medication adherence is the other cornerstone of CVD
management, and like lifestyle behaviours, several studies
have evaluated text-messaging programmes to improve adher-
ence. A Cochrane systematic review, published in 2017,
aimed to assess the effects of text-messaging interventions
on medication adherence in CVD patients [19••]. Only seven
RCTs with a total of 1310 patients were included in the re-
view. It was not possible to conduct a meta-analysis as there
were heterogeneities in the way the adherence outcomes were
measured, but the authors reported that six out of the seven
trials showed beneficial effects of text-messaging programmes
on medication adherence in CVD patients. Although promis-
ing, it is important to mention that the included studies were
small, and the quality of the evidence was considered to be
low. Another 2016 systematic review published performed a
meta-analysis of RCTs aimed at improving adherence through
text messages [20•]. Although the included studies were not
restricted to CVD patients, and included studies evaluating
patients with a variety of chronic conditions, this study report-
ed that text-messaging interventions resulted in an approxi-
mate 18% absolute increase in adherence rates.

Importantly, most of the text-messaging studies have eval-
uated its impact on a single health behaviour. Although im-
proving a specific health behaviour is beneficial to people
livingwith CVD, improvements inmultiple behaviours simul-
taneously are likely to provide a more significant health im-
pact. The TEXTME study, published in 2015, was one of the
few robust RCTs published to date that investigated the effects
of text messages on multiple health behaviours [21, 22].
Briefly, TEXTMEwas a 6-month text-messaging programme
based on behavioural psychology that focused on motivating
and supporting change in multiple lifestyle behaviours in pa-
tients with coronary heart disease. [23] The study included
710 patients and found that the text-messaging programme
was associated with lower total and LDL cholesterol, lower
BP, lower BMI, lower smoking rates, higher physical activity
levels and higher adherence to dietary guidelines [22, 24, 25].
Of note, participants in the text-messaging group were almost
three times more likely to achieve multiple risk factor control
than the usual care group (RR 2.80, 95% CI 1.95–4.02, for
achieving 4 or more key CVD risk factors). Other very impor-
tant findings of this study were that the text-messaging inter-
vention was engaging and useful for patients, was predicted to
lead to better clinical outcomes and was cost-saving in a
modelling analysis [26, 27].

Smartphone Apps

With the advent of smartphones and tablets, digital health
interventions delivered via these new devices started to grow
exponentially. Interventions delivered via smartphones and
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tablets are more sophisticated than text-message interventions,
as these newer devices are capable of running apps, which are
computer-like programmes with many functionalities. Apps
can educate patients through written and visual information
and monitor and manage health conditions through in-built
diaries and automatic reminders. Although there is a huge
potential for health apps, there is one important aspect to con-
sider. Different from text-messaging programmes, health apps
are often developed with no or little input from health profes-
sionals and are not guided by evidence-based guidelines [28].
Hundreds of thousands of health apps are made available to
the general public in the app stores with little investigation
into whether such apps are beneficial or harmful to patients.

Given the many potential functionalities of a health app, it
is important to build an app that focuses on features most
likely to impact an individual’s behaviour. An interesting re-
view of the evolution of smartphone apps in preventing CVD
was published in 2015 [29•]. The authors discuss that CVD
prevention apps should have some core components to pro-
mote behaviour change. They conclude these apps should be
simple, have credible information, be based on behavioural
change concepts, use real-time data tracking for monitoring
behaviours, provide rewards to motivate patients to keep on
track, have personalized information, have social elements to
engage patients and ensure privacy.

A recent systematic review published in 2018 aimed to
evaluate the effectiveness, acceptability and usefulness of
health apps for CVD management and control [30••]. The
authors reviewed the literature published up to April 2017
and found 10 studies with a total of 607 patients. The inter-
ventions were varied and targeted different populations of
patients with hypertension, coronary heart disease, heart fail-
ure and stroke. Only three studies were RCTs, and due to the
heterogeneity of the studies, a meta-analysis was not carried
out. The results showed that app users had improvements in
BP, BMI, waist circumference, cholesterol, physical activity,
smoking cessation and medication adherence, as well as qual-
ity of life, disease-specific knowledge, psychological well-
being and re-hospitalization rates. This review also evaluated
app characteristics and found that appealing app features in-
cluded tracking of health behaviours, self-monitoring, disease
information and personalized/customisable content. Although
the results point to a potential benefit of health apps for CVD
care, the authors caution that low-quality of evidence to date,
given the small number of RCTs, small sample sizes and short
duration of the interventions, limit interpretation of these
results.

Since the publication of the afore-mentioned review, three
relevant RCTs have been published. The results of these
RCTs are presented in Table 1. The study by Morawski
et al. was published in 2018 and aimed to assess whether a
smartphone app improved medication adherence and BP
control in patients with uncontrolled hypertension [31, 35].

An interesting aspect of this trial was that it was an entirely
virtual RCT with no in-person visits. Recruitment was done
via social media, online patient communities and advertise-
ments; informed consent was provided via the study website;
eligibility assessment was conducted via an online question-
naire; and home BP measurements performed using a
Bluetooth-enabled automated BP monitor mailed by the
study team. At 12 weeks, the results showed an improvement
in self-reported medication adherence and no significant dif-
ference in systolic BP in the app users compared with non-
app users.

A second trial published by Santo et al. in 2019 also aimed
to assess whether medication reminder apps improved medi-
cation adherence and other clinical outcomes, such as BP and
cholesterol levels [32, 36]. This study was a 3-arm RCT com-
paring a basic medication reminder app, an advanced remind-
er app and usual care (see Table 1 for intervention details) in a
coronary heart disease population. Similar to the previous tri-
al, the results showed an improvement in self-reported medi-
cation adherence that was not accompanied by any statistically
significant improvements in clinical outcomes in app users
compared with usual care. Of note, a mixed-methods evalua-
tion of this trial found that the majority of patients who re-
ceived the app intervention found useful to have an easily
accessible record of their medications names and dosages on
their smartphones and that the medication reminders helped
them take their medications correctly [37]. In terms of usabil-
ity and engagement, most patients found the app was easy-to-
use and used the medication reminders at least once a day,
while only a small number of patients have technical difficul-
ties while using the app.

A few interesting aspects of both of these trials should be
discussed. Both studies had a small but statistically significant
improvement in self-reported medication adherence at a short-
term follow-up of 3 months. First, the magnitude of effect
might have been too small, and second, the follow-up period
might not have been long enough to translate the benefits of
improved medication adherence into clinical outcomes, such
as BP and cholesterol levels. Of note, both trials reported that
some participants in the intervention groups did not download
the apps and, therefore, did not receive the intervention, while
some participants in the control group downloaded a medica-
tion reminder app during the course of the trial. Both of these
situations could also have contributed to the null effect in the
clinical outcomes.

The third relevant trial by Redfern et al. assessed whether a
consumer-directed digital health strategy for CVD risk man-
agement, which included a website and an accompanying app
(CONNECT), would improve medication adherence and clin-
ical outcomes in patients with moderate to high risk of CVD
[33, 34•, 38]. The intervention was integrated with the pa-
tient’s electronic health record at the primary healthcare facil-
ity. At 12 months, the study results did not show a statistically
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Table 1 Recent randomized clinical trials of app-based interventions in CVD patients

Author,
year
Country

Number of
participants

Duration Population
characteristics

Interventions Outcomes p
value

Morawski,
[31•]
2018

USA

412 12 weeks Mean age:
52 years
(SD: NP)

Males: 165
(40%)

Intervention: Medisafe app
- BP monitoring/tracking
- Medication list
- Medication reminders
- Medication adherence weekly reports
- Medfriend feature, in which the user would allow app access to a

family member or friend to view the medication-taking history,
receive alerts when the user would miss a medication dose and
provide peer-support

Control: Usual care

Co-primary outcome:
SBP—mean (SD)
I: 140.8 mmHg (15.7)
C: 141.2 mmHg (17.3)

0.78

Co-primary outcome:
Medication adherence

MMAS-8 score—mean
(SD)

I: 6.3 (1.6)
C: 5.7 (1.8)

0.01

Secondary outcome:
SBP/DBP < 140/90 mmHg—

n (%)
I: 67 (35.8)
C: 69 (37.9)

0.68

Santo,
[32•]
2019

Australia

163 3 months Mean age:
57.9 years
(SD 8.91)

Males: 143
(87.7%)

Intervention 1: Basic app
- Simple non-interactive daily reminders (one-time only), similar

to an alarm or text message, for medication-taking at the correct
time every day

Intervention 2: Advanced app
- Interactive and customizable features
- Daily reminders that could be snoozed, rescheduled or marked as

‘taken’ or ‘missed’
- Default settings for the reminders to occur up to 3 times at

10-min intervals
- Medication refill reminders
- Medication adherence statistics
- Ability to export and share information with others
- Ability to alert other people if the participant missed a

medication dose
Control: Usual care

Primary outcome:
Medication adherence

MMAS-8 score—mean
(95% CI)

I: 7.11 (6.90–7.31)
C: 6.63 (6.35–6.92)

0.008

Secondary outcome:
SBP—mean (SD)
I: 125.0 (17.05)
C: 126.0 (19.12)

0.773

Secondary outcome:
DBP—mean (SD)
I: 80.2 (8.76)
C: 81.1 (10.47)

0.592

Secondary outcome:
Total cholesterol—mean (SD)
I: 3.60 (0.90)
C: 3.60 (0.84)

0.990

Secondary outcome:
LDL cholesterol—mean (SD)
I: 1.62 (0.75)
C: 1.68 (0.70)

0.692

Redfern,
[33, 34•]
2019

Australia

934 12 months Mean age:
67.0 years
(SD 8.1)

Males: 719
(77%)

Intervention: CONNECT website/app
- Integration with patient’s electronic health record with the ability

to view personal health information, such as prescribed
medicines, test results, BP and weight

- Heart age calculator
- Simple medication and lifestyle reminders
- Appointment reminders
- Motivational message prompts, e.g. salt reduction tips
- Interactive goal setting
- Peer forums
Control: Usual care

Medication adherence—%*
I: 32.8
C: 29.9

0.485

SBP—mean (SD)
I: 136.4 (17.6)
C: 136.3 (16.1)

0.921

LDL cholesterol—mean (SD)
I: 2.40 (1.00)
C: 2.50 (0.90)

0.240

BMI—mean (SD)
I: 29.7 (5.70)
C: 29.4 (5.00)

0.508

Physically active—%
I: 87
C: 79.7

0.016

Current smoker—%
I: 8.1
C: 12

0.087

eHealth literacy (eHEALS
score)—mean (SD)

I: 28.3 (6.3)
C: 26.4 (7.5)

0.002

BMI, body mass index; C, control group; CI, confidence interval; DBP, diastolic blood pressure; I, intervention group; LDL, low-density lipoprotein; n, number;
NP, not provided; SBP, systolic blood pressure; SD, standard deviation

*Medication adherence defined as taking BP and cholesterol medications on ≥ 80% of days
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significant improvement in medication adherence in the inter-
vention group compared with the control group. However,
there were more intervention participants who were physically
active and had high eHealth literacy than control participants.
Interestingly, qualitative research of participants in the
CONNECT trial found that 87% of primary care physicians
said they would recommend the strategy. Also, as a result of
the CONENCT intervention, 31% of patients reported im-
proved medication adherence, 40% reported doing more to
improve mental health and well-being, 47% reported higher
weekly physical activity and 61% reported healthier eating
habits [39]. Taken together, the results of the CONNECT trial
highlight potential health value usefulness for patients despite
no significant improvement in medication adherence.

Taken together, the three recent RCTs described above
provide insight into the assessment of outcome measures
and the potential value for patients, and the importance of
this when evaluating digital health interventions. The trials
highlight the importance of patient engagement and interest
in the intervention and the alignment of those aspects with
perceived benefit. As stated in the WHO guide on monitor-
ing and evaluating digital health interventions, it is essential
to monitor the digital intervention in terms of whether the
intervention worked as it was intended to, as well as how
much the user interacted with the technology [6]. Therefore,
it is extremely important to engage different stakeholders
(including health professionals and consumers) in co-
designing the digital health interventions to maximize the
potential benefit of such interventions. Another aspect is en-
gaging key players in the delivery of the intervention; for
example, if the apps are prescribed by a physician, patients
might feel more motivated to engage with the app than
downloading an app on their own or even as part of a re-
search study. In the aforementioned RCTs, there was no
physician involvement in reinforcing the use of the apps,
and thus, this might have contributed to some of the trial
results. Finally, the RCTs highlight challenges with
assessing outcomes that are clinically measurable but also
meaningful to patients. It is important that digital health in-
terventions be developed and evaluated in collaboration with
end users and that patient-reported outcomes and experience
measures are considered in the final evaluation.

Wearable Devices

Wearable devices are electronic devices that can be worn and
have the capability to capture information, perform data pro-
cessing and provide output of relevant information through a
connection with another device, such as a smartphone app, or
by itself [40]. Given these characteristics, wearable devices
have become increasingly popular in healthcare settings as
they can be used as real-time tools to continuously monitor
data such as vital signs, activities and behaviours. This

relevant information provided by wearable devices can, in
turn, assist health professionals in making informed clinical
decisions.

In the context of CVD care and management, the first ma-
jor lifestyle factor that wearable devices targeted was physical
activity. Consumer-based activity trackers, such as Fitbit, are
now widely available in stores around the world with accessi-
ble prices. These activity trackers provide information on dai-
ly step counts, distance walked, energy expenditure and heart
rate. When connected to smartphone apps, activity trackers
can be motivational tools, reminding individuals to be physi-
cally active, providing virtual rewards when a goal is achieved
(e.g. the user gets ‘stars’ when achieving 10,000 steps in a
day) and offering peer support by sharing performance results
to stimulate a competition-like environment.

Given the wide availability and increasing popularity of
these consumer-based activity trackers, many studies have
investigated whether the use of such gadgets can improve
physical activity levels. A recent systematic review published
in 2019 aimed to investigate the effects of interventions that
used consumer-based activity trackers compared with no ac-
tivity tracker use on physical activity participation and seden-
tary behaviour [41••]. The authors reviewed studies published
up to March 2017 and included 28 RCTs in the review with a
total of 3646 participants. Of these, 11 trials provided objec-
tive outcome data on the number of steps per day and were
pooled in a meta-analysis that showed a significant increase in
steps per day, an increase of approximately 627 steps per day
(95% CI 417–862 steps per day), in the arm that used activity
trackers compared with the one that did not (standardized
mean difference (SMD) 0.23, 95% CI 0.15–0.32, p < 0.001).
In addition, 12 trials measured moderate-to-vigorous physical
activity (MVPA) levels and were also pooled in a meta-
analysis that showed a significant increase in minutes per
day spent in MVPA, approximately 75 min per day increase
(95% CI 42–109 min per day) in the activity tracker users
compared with non-users (SMD 0.28, 95% CI 0.14–0.41,
p < 0.001). However, no significant difference in sedentary
behaviour was found. An interesting aspect found in this re-
view was that interventions that were classified as multi-fac-
eted, in which the consumer-based activity trackers were only
one component of the intervention, had a greater impact on
physical activity levels compared with interventions in which
the wearable devices were the only component of the
intervention.

Specifically, in a population of patients with CVD, another
systematic review also aimed to evaluate the use of the same
type of wearable devices on physical activity outcomes [42••].
This review reviewed studies from January 2000 toMay 2018
and found 35 eligible studies with a total of 4528 patients. Of
these, 28 trials were included in the meta-analyses. For the
steps per day outcome, the meta-analysis results of 17 RCTs
showed a statistically significant increase with a mean

71 Page 6 of 10 Curr Atheroscler Rep (2020) 22: 71



difference of 2592.33 steps per day (95% CI 1688.62–
3496.04 steps per day, p < 0.00001) in favour of the use of
wearable devices. In terms of weekly minutes of MVPA, the
meta-analysis results of 12 RCTs showed a statistically signif-
icant increase with a mean difference of 36.31 min per week
(95% CI 18.33–54.29 min per week, p < 0.0001) in favour of
the intervention.

Wearable devices have the potential to impact other CVD-
related outcomes, such as weight, BP, diabetes and cholester-
ol. To investigate the effects of wearable devices on these
outcomes, a systematic review was conducted in 2019,
reviewing the available data up to October 2018 [43•]. This
review found only 6 studies with 1615 participants. In regard
to effects on weight management, five trials provided weight
loss outcomes; however, only one showed a significant weight
reduction in 47 adults with BMI ≥ 23 kg/m2 and sleep apnoea.
Regarding BP control, three studies evaluated BP outcomes
with two of them reporting improved systolic BP with the
intervention. In terms of cholesterol management, two studies
reported outcomes on total, LDL and HDL cholesterol and
presented conflicting results, where in one study there were
significant improvements in total cholesterol and in the other
study a significant improvement is seen only in HDL choles-
terol. Diabetes management was also assessed in one study
and demonstrated a significant reduction in HbA1c.

More recently, a more sophisticated type of wearable de-
vices, the smartwatches, have become a potential tool to mon-
itor heart rhythm and detect arrhythmias. The Apple Heart
Study was a ground-breaking study, published in 2019, that
aimed to evaluate the ability of an irregular pulse notification
algorithm to detect atrial fibrillation (AF) with the use a
smartwatch, the Apple Watch [44••]. The study was an entire-
ly virtual pragmatic study, in which potential participants were
any individual who owned an Apple Watch and a compatible
iPhone, were 22 years or older, resided in the USA, spoke
English, did not have a previous history of AF and were not
currently taking anti-coagulants. Potential participants had to

download the study app in the app store to check eligibility
and provide informed consent before the irregular pulse noti-
fication was activated on the smartwatch. Upon activation, the
app algorithm would evaluate the heart rhythm using the
smartwatch photoplethysmography sensor, which uses LED
lights to intermittently measure changes in blood flow. These
pulse signals were used to generate a pulse interval graph,
called a tachogram, which was then classified as regular or
irregular. A participant would receive an irregular pulse noti-
fication if 5 out of 6 tachograms were considered irregular in
48 h. If the participant received this irregular pulse notifica-
tion, he/she was scheduled for a telemedicine consultation
with a physician who would evaluate whether the case re-
quired further evaluation. If so, participants were mailed an
ECG patch to wear for up to 7 days to confirm the arrhythmia.
The study results are presented in Fig. 1. Based on the results
presented in Fig. 1, the authors report that the positive predic-
tive value of a single irregular tachogram was 0.71 (95% CI
0.69–0.74), meaning that 71% of the time when a tachogram
detected an irregular pulse, AF was also detected by the ECG
patch. Meanwhile, the positive predictive value of the irregu-
lar pulse notification was 0.84 (95% CI 0.76–0.92), meaning
that 84% of the times when a participant received an irregular
pulse notification, the participant had confirmed AF on the
simultaneous ECG. There are a few key points to discuss
about this study. First, the huge number of recruited patients
in a short period of 8 months is impressive, demonstrating that
new models of virtual studies where data is collected directly
from the participant, without the direct involvement of a re-
search team, may be the way forward for clinical studies.
Second, wearable devices, such as smartwatches, that are
now already being used by millions of consumers can be used
to provide meaningful information, through big data analyses,
that can provide prompts to motivate people to seek medical
care for further evaluation of a significant medical condition.
Third, this study also opens up new opportunities for collab-
orations between technology companies, which are

Fig. 1 Apple Heart Study results
[44••]
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manufacturing these innovative gadgets and already collecting
data from consumers, and researchers; and these new collab-
orations can provide new insights into improving healthcare
of patients.

Conclusion

Digital health is a growing and evolving area of investiga-
tion. To date, text-messaging programmes are the type of
digital health interventions that are most supported by scien-
tific evidence with studies showing potential benefits for
smoking cessation, physical activity, blood pressure and
cholesterol control, weight management and medication ad-
herence. The literature to support the use of smartphone apps
in CVD prevention is growing, but it is still limited. Small
studies have favoured the use of health apps for improved
CVD health outcomes; however, recent RCTs have not con-
firmed benefits associated with the use of health apps.
Wearable devices are the latest type of technology investi-
gated in clinical studies. Studies support the use of physical
activity trackers on improving physical activity levels, while
smartwatches can be used as a novel tool to detect arrhyth-
mias. Importantly, digital technology does have the potential
to overcome several barriers, such as geography and time,
and hence, even with equivalent health outcomes to standard
care, there are enormous positives in terms of reach from a
public health perspective. Furthermore, digital health inter-
ventions should not be viewed as a stand-alone, one-size-
fits-all solution but rather an addition to the current multifac-
eted health interventions that can be personalized to different
types of patient populations. With the digital health revolu-
tion, we can not only consider these tools as a way to achieve
better patient health outcomes but also as innovative ways to
reimagine the way we currently conduct clinical studies.
These digital technologies can enable new models of virtual
trials, potentially reducing the duration and costs of future
research, while increasing our ability to achieving meaning-
ful results.
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