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Abstract

Purpose of review—Despite cutting edge acute interventions and growing preventive strategies
supported by robust clinical trials, cardiovascular disease (CVD) has stubbornly persisted as

a leading cause of death in the United States and globally. The American Heart Association
recognizes mobile health technologies (mHealth) as an emerging strategy in the mitigation of
CVD risk factors, with significant potential for improving population health. The purpose of this
review is to highlight and summarize the latest available literature on mHealth applications and
provide perspective on future directions and barriers to implementation.

Recent findings—While available randomized controlled trials and systematic reviews tend

to support efficacy of mHealth, published literature includes heterogenous approaches to similar
problems with inconsistent results. Some of the strongest recent evidence has been focused on the
use of wearables in arrhythmia detection. Systematic reviews of mHealth approaches demonstrate
benefit when applied to risk factor modification in diabetes, cigarette smoking cessation, and
physical activity/weight loss, while also showing promise in multi risk factor modification via
cardiac rehabilitation.

Summary—Evidence supports efficacy of mHealth in a variety of applications for CVD
prevention and management, but continued work is needed for further validation and scaling.
Future directions will focus on platform optimization, data and sensor consolidation, and clinical
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workflow integration. Barriers include application heterogeneity, lack of reimbursement structures,
and inequitable access to technology. Policies to promote access to technology will be critical to
evidence-based mHealth technologies reaching diverse populations and advancing health equity.
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technology

INTRODUCTION

In the years leading up to the COVID-19 pandemic, mobile health technologies (mHealth)
were already emerging as a promising avenue to enhance cardiovascular disease (CVD)
prevention. Not only may mHealth technologies help in identification of unidentified CVD
risk, they may enable the acquisition of longitudinal and personalized data capture to

tailor management while empowering patients with accessible resources for education and
behavioral support. Now, with the ubiquitous adoption of telehealth necessitated by the
pandemic, mHealth strategies are poised to become essential to daily practice. While this
may be inevitable, mHealth suffers from a lack of robust clinical trials to support widespread
implementation. In this new field, continued research and investment in mHealth related
clinical trials will be necessary to foster legitimacy and routine clinical implementation,
while fueling enthusiasm for further study and innovation. Policy makers and insurance
companies can promote equal access to mHealth for patients with diverse socioeconomic
backgrounds who are otherwise disadvantaged due to barriers such as cost and education.
Further, legitimizing the mHealth approach within the scope of cardiology can open avenues
for incorporating such tech across the medical field at large.

In this review, we will explore how mHealth strategies have been evaluated and implemented
in the prevention and management of CVD and discuss how the role of mHealth may grow
in the postpandemic era.

BACKGROUND STATISTICS

The emergence of mHealth as a viable clinical tool has been facilitated by the growing
widespread adoption of smartphones. According to a review of the 2018 Health Information
National Trends Survey Database, 73% of individuals with or at risk for CVD risk owned
a smartphone, compared with 89% in individuals without CVD risk factors or established
CVD. Notably, smartphone ownership in the CVD risk group has increased compared with
63% in 2014. Likewise, the prevalence of those having a health app has increased from
36% in 2014 to 48% in 2018 [1]. Despite this, 38% used a smartphone or tablet to make

a health decision, 32% used a smartphone or tablet to aid in discussion with a clinician,
and only 23% shared information from a smartphone/wearable with a clinician [1]. Given
these statistics are for those with CVD risk, the discrepancy between those in possession
of a smart device and those who use it for mHealth suggest a significant potential for
implementation of novel preventive strategies.
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Studies looking at demographic factors and mHealth uptake have clearly shown disparities
in smartphone ownership between those with CVD risk and those without [1]. Younger
age, higher education, higher income, health insurance coverage, and urban environment
are associated with greater odds of health app ownership, while male sex has a higher
association with use of sensors and wearable devices [1-4]. Unsurprisingly, these same
demographics also factor into predicted success with telemedicine visits [5,6].

CURRENT STRATEGIES

mHealth encompasses a wide array of communication platforms and mobile devices. These
range from smartphones and mobile applications (apps), to wearable technologies such

as the Apple Watch, FitBit, and other sensors capable of monitoring physical activity,

heart rate, and even ECG. The goals of mHealth technology for CVD span prevention,
early disease detection, disease management, and patient engagement/self-care/education to
remote monitoring approaches and tools to augment clinician ability to care for patients.
Demonstrably successful mHealth strategies incorporate patient-driven data collection met
with personalized feedback via communication platforms, such as short media service
(SMS) messages [7,8]. To this point, systematic reviews have demonstrated that the use

of mHealth can reduce CVD outcomes and have a positive impact on CVD risk factors, and
the American Heart Association has made efforts to recognize this and drive innovation in
this sector [9,10].

We will discuss strategies as they pertain to primary prevention and secondary prevention.
Tables 1 and 2 highlight notable randomized control trials (RCTs) and meta-analyses for
each.

Primary prevention

The mHealth strategies for primary prevention are aimed at risk factor identification and
modification prior to the development of CVD. As risk factor modification often relies
on behavior change, a wide range of approaches have been developed to support healthy
lifestyle practices. The spectrum of approaches includes SMS-based coaching programs,
internet-based or app-based data educational and data entry resources, wearable activity
monitors, and complex integrated multimedia programs.

SMS-based coaching programs account for some of the earlier pre smartphone mHealth
interventions that were explored for multiple different preventive health applications
spanning obstetrics, pediatrics, and general adult medicine [11]. The breadth of application
has derived from studies pertaining to smoking cessation, with multiple RCTs and
Cochrane meta-analyses supporting improved short-term and long-term quit rates from fixed
scheduled messaging [12-15]. Favorable features of such SMS-based programs include
fixed scheduled messaging, providing tips on preparing to quit as well as managing

urges after cessation, and the ability to text for more behavioral support [16]. Other

text messaging interventions included periodic check-ins on quit status, tailored messages
based on quit status, optional quit buddies, polls and quizzes, and support networks

[13]. Similar principles for SMS-based coaching have been utilized for strategies aimed
toward weight loss, activity promotion, as well as diabetes and blood pressure control with
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consistently demonstrated success when comparing groups receiving personalized feedback
from mHealth applications to those utilizing such applications only for data tracking
[10,17,18,19%].

Compared with the available body of literature supporting SMS-based feedback messaging,
the newer internet-based and app-based mHealth CVD prevention strategies suffer from a
lack of high-quality evidence. For example, with smoking cessation interventions, internet-
based and app-based strategies have demonstrated superiority to passive literature resources,
but the available RCTs and meta-analyses have failed to demonstrate improved efficacy over
SMS-based interventions [13-15,20]. Meanwhile, commercially developed wellness apps
like MyFitnessPal have likewise suffered from a lack of robust studies supporting clinical
efficacy [10]. Specifically, MyFitnessPal, which utilizes goal setting, self-monitoring of
macronutrients and calories, and feedback to facilitate weight loss goal-tracking, has been
shown to achieve no significant difference in weight change when directly studied in an
RCT [21].

Other technologic advancements have led to consumer adoption of activity tracking devices
ranging from smartphones or wearable wristbands capable of monitoring total daily steps,
to wearable devices capable of monitoring degree and duration of aerobic activity via
heartrate monitoring. Commercial fitness apps have managed to automatically incorporate
fitness data into goals. With MyFitnessPal, wearable-based activity tracking information

is integrated with diet and weight loss goal tracking. Studies related to app-based activity
promotion interventions have consistently demonstrated that mHealth strategies can increase
physical activity in the short term. Notably, RCTs support the pervading theme of benefit
derived from personalized motivational communications [8,10,22-27]. Future multimedia
applications look to incorporate complex data from other wearable devices, such as
continuous glucose monitors (CGMs) [28], as will be discussed below.

Ultimately, the available literature provides promising RCTs and meta-analyses broadly
supporting mHealth in primary prevention applications, especially where personalized
feedback is included [8,9,10,29]. However, inconsistent RCT results and limited quantity
of high-quality evidence highlights such limitations as diversity of interventions, readiness
of study participants, and lack of studies comparing user satisfaction across platforms, all
reinforcing the need for further study and platform optimization.

Secondary prevention

In many ways, primary prevention mHealth strategies have served as building blocks

for integrated secondary prevention and chronic disease management mHealth strategies.
Studied programs tend to incorporate multimedia approaches with app-based and internet-
based applications that utilize SMS-based notifications and wearable technology.

For the secondary prevention of coronary artery disease related morbidity and mortality,
cardiac rehabilitation programs have shown significant benefit toward preventing unplanned
readmission following hospitalization for acute myocardial infarction. Despite this benefit,
utilization rates are low [30]. Studies on mHealth-based cardiac rehabilitation programs have
suggested that mHealth can reach patients in more convenient settings with comparable,
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if not better, results when compared with center-based approaches [31-33]. mHealth-based
cardiac rehabilitation approaches are similar to the multimedia approaches discussed for
improving physical activity, often incorporating app-based platforms with educational
references, self-monitored vitals charting, and medication tracking, with SMS or push-style
notifications for encouragement and adherence reminders, as well as wearable devices

for monitoring heartrate or physical activity. On the contrary, while some RCTs have
shown benefit with mHealth-based cardiac rehabilitation [32], other RCTs failed to achieve
improvements in their primary outcomes [34,35]. The discrepancy of results highlights the
heterogeneity of mHealth approaches. Further study may help optimize future mHealth
approaches, and multiple RCTs are underway [36].

mHealth has also been studied among patients with heart failure. Advanced technologies
such as the permanently implanted pulmonary artery pressure monitoring CardioMEMS
system have been studied for early detection of heart failure decompensation [37].
Noninvasive monitoring via integrated mHealth platforms may avoid procedural risk while
improving accessibility. Unfortunately, there is limited literature on this subject, with meta-
analyses showing inconsistent evidence of impact on clinical end-points [38,39].

Arrhythmia detection has fueled exciting mHealth developments within the field of
wearables. Due to the paroxysmal nature of arrhythmias, the field has historically relied

on intermittent Holter monitors, as well as externally applied event monitors and implantable
loop recorders for detection and characterization of arrhythmia [8,40]. mHealth has officially
cemented a role in the field with Food and Drug Administration (FDA) approval of the
Apple Watch, Kardia Band, and Kardia Mobile 6L devices for detection of atrial fibrillation
[41M 42]. Coupled with the emergence of atrial fibrillation management apps [43], these
devices present potential applications ranging from new diagnosis of atrial fibrillation

and postablation monitoring to facilitation of pill-in-pocket management strategies and
prevention of emergency department visits or hospitalizations for cardioversion in cases
where sinus rhythm is restored prior to presentation [41™ 44]. Notably, the ongoing
HEARTLINE study (heartlinestudy.com) will investigate if stroke and thromboembolic
events can be reduced by early atrial fibrillation diagnosis via Apple Watch. Promising
results from this study could have enormous implications to mHealth adoption and
reimbursement.

DISCUSSION

Future applications

Often, information collected from mHealth devices requires manual data entry from the
patient or clinician, which can limit the amount of potential data transmitted. As of 2020,
large institutions such as Duke and Stanford have partnered with the Epic Electronic

Health Record (EHR) system to incorporate smartphone Apple Healthkit and Dexcom

G4 CGM data into the EHR clinician workflow [45]. These efforts were in pilot stages

as early as 2016 [46], with further study ongoing. While this may add to the vast

amount of data interpretation already required for patient care, these efforts may lead to
streamlined incorporation of mHealth data as development continues. Regardless, efforts
toward mHealth-EHR integration are still in early stages and further study will be necessary.
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Consolidation of wearable sensors is likewise an appealing field of future study. For
example, using similar technology to the Apple Watch, remote vital monitoring devices have
been developed to monitor multiple parameters via a single external device [47]. Meanwhile,
future development of CGM-like wearable biosensors capable of analyzing sweat, tear,
saliva, or interstitial fluid composition could have a role in monitoring surrogates of serum
sodium, brain natriuretic peptide, potassium, or creatinine for chronic disease monitoring in
heart failure [48].

Despite advancements in mHealth technology and growing supporting its various
applications in CVD prevention and chronic disease management, implementation into
daily practice has been slow. While integration of mHealth and EHR and consolidation
of wearable sensors are promising efforts toward streamlining implementation, barriers to
uptake exist.

Access to mHealth technologies represents the foremost barrier to uptake by patients and
implementation by clinicians. Previously mentioned demographics suggest advanced age,
lower education, lower socioeconomic status, and rural environments are associated with
decreased uptake. Concerningly, these demographics also portend susceptibility to CVD.
Increasing access to mHealth would require creative solutions toward each inequity. For
aged and low education populations, advanced onboarding sessions by dedicated tech
support teams may be beneficial. However, such measures with direct tech support may

be costly and time consuming. A reasonable study might weigh passive tech support with
onboarding videos compared with active support with person-to-person coaching. If proven
effective, using onboarding videos could reduce the burden of hiring and maintaining staff.
In addition, new apps or multimedia mHealth programs could incorporate representative
focus groups in the early design process to guide the development team toward an easily
adoptable product [49]. Despite efforts to optimize, some patients may be hindered by cost
and access to broadband or mobile networks.

For clinicians, the litany of information provided by mHealth products can be
overwhelming, of uncertain accuracy, and impractical to integrate into clinical workflow in
a highly time constrained clinical environment. Streamlined integration with the EHR might
minimize this burden, though high levels of friction in EHR workflow is already a major
hurdle for clinicians. However, with frequent updates provided between visits, clinician
lack the framework for reimbursement of mHealth data review and services performed
between visits. A robust body of research supporting mHealth technology has the potential
to facilitate formal coverage by health insurers. In addition, demonstrated benefit of mHealth
along with telemedicine may bolster policy advocacy for lowering cost and increasing
access to broadband internet and highspeed mobile data networks nationwide. The Federal
Communications Commission’s Lifeline program to provide subscribers a discount on
broadband Internet service from participating wireline or wireless providers is a step in

the right direction.

The regulation of apps presents an intriguing set of problems. Currently, the US FDA
regulates a specific subset of apps that are intended for use with medical devices or for
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converting mobile platforms into regulated medical devices [50]. Consequently, the majority
of health apps are not subject to regulation. Meanwhile, as of 2018, roughly half of the

3.4 billion global smartphone users have downloaded a health app, with the majority of
consumers neglecting to check app publisher credibility [8,50,51]. Marketplace dilution
with ineffective apps has numerous potential consequences. First, increased heterogeneity
threatens meta-analyses, potentially diminishing the overall quality of evidence. Second,

it could overwhelm patients with options. This issue is further compounded when
clinicians lack familiarity with what options are publicly available and which of those

are supported by quality evidence. Third, poorly optimized apps could discourage future
use altogether. Finally, many studied apps are not commercially available, while many
commercially available apps have not been appropriately studied [10]. These issues suggest
need for either increased oversight from governing bodies like the FDA, or endorsement

by guidelines of professional organizations. Alternatively, health systems could integrate
evidence-based mHealth technologies into their EHR. Any of these solutions may hinder
creative development, but may prove necessary to ensure safety, efficacy, and uptake.

CONCLUSION

The future of mHealth in preventive cardiology promises exciting advancements in
EHR-integrated multimedia programs that incorporate smartphone capabilities with cutting-
edge wearables. Even with ongoing technology advancements, relatively lowtech SMS-
based interventions have consistently shown benefit across a wide array of studied

mHealth applications. In addition to furthering technology advancement, continued research
supporting mHealth use will serve to support incorporation into clinical practice guidelines
and facilitate reimbursement for patients and clinicians alike. Policy questions, such as
mHealth app development oversight and expanding equitable mHealth access, will shape
the future. With the COVID-19 pandemic forcing patient and clinician familiarity with
telehealth, discussions on implementation and policy are likely to reach the forefront of
medical debate sooner than previously expected.
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KEY POINTS

Available evidence supports efficacy of mHealth in a variety of applications
for CVD prevention and management.

Food and Drug Administration approval of wearable sensors for applications
such as atrial fibrillation detection is a milestone for the mHealth field,
solidifying the validation of commercial wearables in healthcare applications.

Future mHealth applications are expected to include multimedia platforms
that include app-based programs and wearable data-collecting devices
integrated with Electronic Health Record interfaces.

Socioeconomic status and age remain significant barriers to patient mHealth
uptake, while lack of reimbursement structures and application heterogeneity
are barriers to clinician utilization.

Policies to promote access to technology will be critical to evidence-based
mHealth technologies reaching diverse populations and advancing health

equity.
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