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Abstract: The use of mHealth apps for the self-management of cardiovascular diseases (CVDs) is an
increasing trend in patient-centered care. In this research, we conduct a scoping review of mHealth
apps for CVD self-management within the period 2014 to 2021. Our review revolves around six
main aspects of the current status of mHealth apps for CVD self-management: main CVDs managed,
main app functionalities, disease stages managed, common approaches used for data extraction,
analysis, management, common wearables used for CVD detection, monitoring and/or identification,
and major challenges to overcome and future work remarks. Our review is based on Arksey and
O’Malley’s methodological framework for conducting studies. Similarly, we adopted the PRISMA
model for reporting systematic reviews and meta-analyses. Of the 442 works initially retrieved, the
review comprised 38 primary studies. According to our results, the most common CVDs include
arrhythmia (34%), heart failure (32%), and coronary heart disease (18%). Additionally, we found
that the majority mHealth apps for CVD self-management can provide medical recommendations,
medical appointments, reminders, and notifications for CVD monitoring. Main challenges in the
use of mHealth apps for CVD self-management include overcoming patient reluctance to use the
technology and achieving the interoperability of mHealth applications with other systems.

Keywords: cardiovascular diseases; mHealth; self-management

1. Introduction

According to the World Health Organization (WHO), cardiovascular diseases (CVDs)
are a group of disorders of the heart and blood vessels. They affect the normal behavior of
the organism and have an adverse impact on a patient’s emotional wellbeing, as well as
on their work, family, social, and economic environments. On a much larger scale, CVDs
are a public health concern due to their high prevalence, mortality, vulnerability, and the
high public costs implied in their management. According to the WHO, CVDs are and will
remain the number one cause of death globally at least for the following eight years. In
fact, by 2030 almost 23.6 million people are estimated to die from some form of CVD [1].
In 2017 alone, approximately 17.9 million people died from CVDs, representing 31% of
all global deaths. Overall, 85% of CVD-related deaths are due to either heart attacks or
strokes. People suffering from CVDs or those at greater risk of developing them need to
rely on effective means, such as counseling and medicines, for early CVD detection and
management.

Mobile health (mHealth) is a medical and public health practice supported by mobile
devices, such as mobile phones, portable monitoring devices, and personal digital assistants.
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It involves using strategies such as smartphone apps, global positioning systems (GPS), and
Bluetooth technologies. Approximately 500 million patients use mobile health (mHealth)
applications to support their self-healthcare activities [2]. In this sense, cardiovascular
mHealth is the most used in the mHealth domain through innovation, research, and
implementation in the areas of CVD prevention, cardiac rehabilitation, and education [3].
Additionally, the most promising domains of mHealth use have to do with blood pressure
monitoring, cardiac rehabilitation, arrhythmia monitoring, medication management, and
social support.

mHealth apps hold promise for delivering health information and services to patients,
especially for chronic diseases such as CVDs, which require extensive self-management.
Self-management is key to person-centered care, but its support requires an understanding
of individual preferences for different types of health information and decision-making
autonomy. The self-management of chronic conditions requires the ability to manage
the symptoms, treatment, physical, and psychosocial consequences and lifestyle changes
inherent to living with a chronic condition. Additionally, self-management is inherent to
person-centered care that promotes a balanced consideration of the values, needs, expecta-
tions, preferences, capacities, health, and wellbeing of all the constituents and stakeholders
of the healthcare system. Effective self-management and person-centered care require full
accommodation of people’s needs and preferences for different types and amounts of infor-
mation and other care services, a degree of autonomy in health-related decision-making,
and support from their healthcare professionals and family members [4].

Current studies investigating mHealth interventions for patients with CVDs have
returned mixed findings. Hence, more effort and work are needed to create engaging
mHealth platforms that provide the necessary level of support to make sustained behavioral
change. Similarly, addressing specific motivational, physical, and cognitive barriers to
mHealth adoption among patients might increase the utilization of future interventions. It
is also important to adopt new approaches that minimize the weaknesses of commercially
available mobile apps [5].

We found related reviews that are focused on mobile apps for CVDs self-management
using different technologies. These reviews studied the impact of incorporating mobile
applications for symptom tracking, medication reminding, self-care support, and physio-
logical state monitoring on the self-management of CVD patients’ health. In addition, we
identified that most of these proposals addressed the prevention and treatment of heart
failure, arrhythmias, and coronary disease. Searcy et al. [5] documented the use domains
of mHealth in CVD management, the barriers to mHealth adoption in older adults, and
future directions for mHealth to increase engagement in this population. Furthermore,
other studies [6–11] have explored the effectiveness, acceptability, and usefulness of mobile
applications for CVD self-management and risk factor control using a variety of perfor-
mance metrics. These studies have identified the most attractive features of the applications,
such as the monitoring of healthy behaviors and the personalization of content. In ad-
dition, they have concluded that cardiovascular disease risk factors and behaviors are
modifiable in the short term. Other authors [3,4,12] studied the mHealth apps for CVD
prevention and management. Likewise, Cruz-Martínez et al. [13] identified interventions
of self-management through the use of remote monitoring technologies. Other studies
have rather focused on the self-management of specific CVDs. For instance, Refs. [14,15]
analyzed the effect of the use of wearables and apps for cardiac rehabilitation of arrhythmia
patients, whereas [16–18] studied a series of prevention and treatment programs for heart
failure management through mHealth. Additionally, in [2,19–22] the functionalities of
mHealth apps for heart failure self-management were evaluated.

The main difference between our scoping review and similar state-of-the-art reviews
is that ours addresses more CVDs than those more frequently addressed in other reviews.
Our scoping review aims at describing the current state of mHealth apps for CVD self-
management by analyzing six aspects: (1) main CVDs managed, (2) main app functionali-
ties, (3) common wearables used with these apps, (4) disease stages managed, (5) common
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approaches used for data extraction, analysis, and management, and (6) challenges and
future work remarks. The review comprises a body of scientific literature issued from 2014
to mid-2021. The remainder of this paper is organized as follows: Section 2 introduces the
materials and methods used to conduct the review. In Section 3, we present our results with
respect to the research questions, whereas in Section 4, we discuss such findings. Finally,
our conclusions are summarized in Section 5.

2. Materials and Methods

Our review is based on Arksey and O’Malley’s [23] methodological framework for
conducting studies as well as on the recommendations of Levac regarding such a frame-
work [24]. Similarly, we adopted the PRISMA model proposed by Moher et al. [25] for
reporting systematic reviews and meta-analyses and the PRISMA-ScR model extension.
Next, we relied on the work of Tricco et al. [26] to determine how to organize and present
the scoping review findings. The scoping review comprises five development phases:
(1) identify research questions, (2) identify relevant studies, (3) select relevant studies,
(4) chart the data, and (5) collate, summarize, and report findings.

2.1. Research Questions

We formulated seven research questions that framed our scoping review, helped us
meet our research goals, and guided us throughout the reviewing process.

• RQ1. Which CVDs are most commonly managed by mHealth apps?
• RQ2. Which mHealth apps for CVD self-management are reported in the literature?
• RQ3. What are the main functionalities of mHealth apps for CVD self-management?
• RQ4. What are the major remarks for future work and challenges to be overcome by

mHealth apps for CVD self-management?
• RQ5. Which approaches to data extraction, analysis, and management are commonly

implemented in mHealth apps for CVD self-management?
• RQ6. Which wearables are commonly used to detect, monitor, and/or identify CVDs?
• RQ7. Which CVD stages are commonly managed by mHealth apps?

2.2. Inclusion and Exclusion Criteria

At the first stage of the search strategy, we defined the repositories in which we would
search for the primary studies. These repositories included IEEE Xplore Digital Library,
PubMed, ScienceDirect (Elsevier), SpringerLink, and Wiley Online Library. According to
our preliminary search, these digital libraries hosted a greater amount of related literature
when compared to other repositories, such as ACM (Association for Computing Machinery)
Digital Library and Web of Science. Additionally, we relied on Google Scholar to expand
our search. At the second stage of the search strategy, we performed a keyword search for
primary studies issued within the 2014–2021 period. Table 1 lists such keywords, which
were used both individually and combined using the conjunctions “and” and “or” to
broaden our results.

The following queries were built to search for primary studies in each selected repository.

1. ‘Cardiovascular disease’ AND (‘Self-management’ OR ‘Self-care’ OR ‘Self-monitoring’)
AND (‘mHealth’ OR ‘mobile application’ OR ‘smart application’ OR ‘wearable’ OR
‘smartwatch’ OR ‘app’). The analysis of the preliminary results of this query revealed
relevant search terms related to different cardiovascular disease types. Query 2 includes
these search terms to expand on the relationship identified.

2. (‘Heart disease’ OR ‘Cardiac issues’ OR ‘Heart failure’ OR ‘Arrhythmia’ OR ‘Coronary
heart disease’ OR ‘Atrial Fibrillation’ OR ‘Hypertension’ OR ‘Cardiac arrest’ OR ‘Pe-
ripheral artery disease’) AND (‘Self-management’ OR ‘Self-care’ OR ‘Self-monitoring’)
AND (‘mHealth’ OR ‘mobile application’ OR ‘smart application’ OR ‘wearable’ OR
‘smartwatch’ OR ‘app’).

Finally, we used the PRISMA model as a guide to organize and report our results.



Healthcare 2022, 10, 322 4 of 21

Table 1. Keywords and related concepts.

Area Keywords Related Concepts

Cardiovascular disease

Self-management
Self-care

Self-monitoring
Heart disease
Cardiac issues
Heart failure
Arrhythmia

Coronary heart disease
Atrial Fibrillation (AF)

Hypertension
Cardiac arrest

Peripheral artery disease

mHealth
mobile application
smart application

wearable
smartwatch

app

2.3. Study Selection and Eligibility

At the end of the search process, we found 442 relevant results: 33 from IEEE Xplore
Digital Library, 105 from PubMed, 96 from ScienceDirect (Elsevier), 57 from SpringerLink,
16 from Wiley Online Library, and 135 from Google Scholar. Then, after removing duplicates,
we relied on 159 articles for the first analysis, which necessitated classifying these papers
by title and abstract. We performed a full-text reading of 84 of these articles, 38 of which
were finally used in the scoping review (see Figure 1).
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Once we gathered the initial 442 studies, we selected those containing at least two of
the keywords listed in Table 1 in their abstract. Then, we removed those papers that were
not directly related to CVD self-management. Following this step, we kept just 159 studies:
16 from IEEE Xplore Digital Library, 35 from PubMed, 27 from ScienceDirect (Elsevier), 12
from SpringerLink, 10 from Wiley Online Library, and 59 from Google Scholar. Next, we
analyzed these papers with respect to our set of established exclusion criteria:

1. Studies on diseases other than CVDs;
2. Studies conducted in domains other than health self-management;
3. Studies written in languages other than English.

The remaining 38 primary studies were those comprising the scoping review. We
downloaded the entire file of each study to ensure its proper analysis. As depicted in
Figure 2, the majority of the studies (92.1%) were published in journals, 2.6% were issued
as book chapters, and 5.3% were published in conference proceedings. Moreover, most of
the studies were published between 2017 and 2018.
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As regards allocation (see Figure 4), the majority of the primary studies were collected
from PubMed, followed by Google Scholar, and then ScienceDirect. Research articles
retrieved from SpringerLink, Wiley Online Library, and IEEE were less frequent.
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2.4. Data Collection and Analysis

Once we defined the primary studies to be used in the review, we retrieved their
bibliographic data and content data. The former included research title, authors, research
goals, and database of provenance. The latter refer to the information contained in each
study helping us answer our research questions (see Section 2.1).

3. Results

We reviewed the studies with respect to six aspects (see Table 2) aligned with our
research questions. These aspects are listed and briefly explained below:

1. Type of CVD that is managed by each mHealth app.
2. Main app functionalities. Central capabilities of mHealth apps for CVD self-management,

including (a) medical recommendations for patient follow-up, (b) real-time alerts
before vital sign alterations, (c) medication management, (d) report of monitored
parameters, (e) reminders for patient adherence to medication, physical activity,
and/or dietary plans, (f) patient–physician communication via text messages, and
(g) atrial fibrillation (AF) detection.

3. Challenges and/or future work remarks (when applicable). Main challenges to
overcome and/or suggestions for future work for mHealth apps used in CVD self-
management.

4. Approaches to data analysis, extraction, and management. The approaches were
identified such as (a) machine learning techniques, (b) machine learning tasks, (c) big
data types, and (d) device/sensor types. We identified mHealth apps relying on large
datasets and big data analysis techniques. Additionally, there are apps relying on
machine learning algorithms (MLAs) or techniques. Finally, we detected mHealth
apps relying on sensors/wearables to obtain patient data (e.g., vital signs).

5. Device and apps. Information on the wearables and web and mobile apps—either
commercially available or purposefully developed in the study itself—used by each
mHealth app to retrieve patient data and biomedical variables.

6. CVD phase or set of phases managed by each mHealth app reviewed. The main CVD
phases identified were diagnosis, prevention, monitoring, and treatment.
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Table 2. Comparison of the main characteristics of mHealth apps.

Study Reference CVD Main App Functionalities Challenges and/or Future
Work Remarks Approaches Device or Web/Mobile

Application CVD Phase

Zisis et al. [27] Heart failure Medical recommendations,
reminders, weight control

Computer skills of the patient,
hearing problems, impaired

vision, and cognitive
impairment

Supervised machine learning
(classification)

Smartphone or
Tablet, Heart Failure app

Monitoring,
treatment

Bohanec et al. [28] Heart failure

Nutrition management,
managing medication intake,
psychological support, daily

Exercise management,
monitoring biomedical

variables, medical
recommendations

Increased adaptation to the
patients’ lifestyle, add methods

for recognizing
patients’ activities, and

integrating the optimization
module in a smart-home

environment

Supervised machine learning
(random forest algorithm),

classic differential evolution
algorithm, and IoT device (heart

rate, blood pressure)

Wristband, Blood pressure
monitor,

HeartMan Web app

Monitoring,
treatment

Heiney et al. [29] Heart failure

Text messages for
communication between

patients and physicians, weight
and symptoms control, medical
recommendations, medication

management

Disparate population with low
literacy, low health literacy, and

limited smartphone use
IoT device (heart rate) Smartphone, Healthy Heart

app
Monitoring,
treatment

Koirala et al. [30] Heart failure Medical recommendations Implement the app in a real
environment

Big data type (unstructured
data), Supervised machine

learning
Smartphone Prevention, diagnosis

Gonzalez-Sanchez et al. [31] Heart failure Medical recommendations

Overcome patient resistance
behavior toward using

technology
Add more functionality to the

mobile app

Unsupervised machine learning Smartphone, Evident II app Prevention

Barret et al. [32] Heart failure Medical recommendations
Measure patient variables

Greater focus on CVD
asymptomatic patients

Unsupervised machine learning Smartphone, Abby Web app Prevention, treatment

Silva et al. [33] Heart failure Medical recommendations

Ensure interoperability of
mHealth apps for remote

monitoring, Heart rate
measurement automation

Unsupervised machine learning Smartphone, MOVIDA.eros
app

Monitoring,
treatment

Foster [34] Heart failure Medical recommendations,
alerts

Implement the app in a real
environment Unsupervised machine learning Smartphone, HF mobile app Monitoring,

treatment

Sakakibara et al. [35] Heart failure
Medical recommendations,

alerts,
medication management

Implement the app in a real
environment

Big data type (unstructured
data)

Smartphone,
mobile app

Prevention,
treatment
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Table 2. Cont.

Study Reference CVD Main App Functionalities Challenges and/or Future
Work Remarks Approaches Device or Web/Mobile

Application CVD Phase

De la Torre-Diez et al. [36] Heart failure Medical recommendations,
alerts

Integrate the app system with
EMR systems, Improve the

usability of the mobile app, Add
serious games to the app

Unsupervised machine learning Smartphone, Heartkeeper
app Treatment

K. Rahimi et al. [37] Heart failure
Medical recommendations,

alerts,
medication management

Integrate the app system with
EMR systems, Increase wearable

precision

Unsupervised machine learning,
IoT device (heart rate, sensor

Sp02)

Smartphone, SUPPORT-HF
app, Oximeter

Monitoring,
treatment

Bartlett et al. [38] Heart failure Step count calculation, weight
control, blood pressure control

Overcome technological
problems

IoT device (heart rate, blood
pressure)

SMART Personalized
Self-Management System
(PSMS), HTC HD2 phone,
MiFi device, mobile app

Monitoring,
treatment

Turchioe et al. [39] Arrhythmia Medical recommendations Overcome patient resistance to
technology Unsupervised machine learning Smartphone Prevention,

monitoring

Pierleoni et al. [40] Arrhythmia Medical recommendations,
alerts

Implement application in a real
environment

Big data type (unstructured
data), Unsupervised machine

learning
Smartphone Monitoring,

treatment

Reverberi et al. [41] Arrhythmia AF detection Implement algorithm for AF
detection

IoT device (heart rate, ECG),
Supervised machine learning

(classification)

HR monitor of the
chest-strap type, RITMIA

app
Prevention

Fukuma et al. [42] Arrhythmia AF detection Increase patient monitoring
time IoT device (heart rate, ECG)

T-Shirt-type wearable, ECG
monitor,

Hitoe Transmitter 01,
smartphone

Prevention,
treatment

Bumgarner et al. [43] Arrhythmia AF detection

Increase sample size,
Increase the performance of the

KB smartwatch algorithm,
Review the real-time display of

the ECG recording

IoT device (heart rate, blood
pressure), Unsupervised

machine learning

Kardia Band, Apple Watch,
KB app

Prevention,
monitoring

Krivoshei et al. [44] Arrhythmia AF detection, monitoring of
heart rate, pulse wave analysis

Test the algorithm on a
smartwatch Unsupervised machine learning Smartphone,

iPhone 4S Prevention

Guo et al. [45] Arrhythmia
Medical recommendations,

medication management, alerts,
medical record

Overcome patient resistance to
using technology Supervised machine learning Smartphone,

mAF app Treatment
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Table 2. Cont.

Study Reference CVD Main App Functionalities Challenges and/or Future
Work Remarks Approaches Device or Web/Mobile

Application CVD Phase

Evans et al. [46] Arrhythmia AF detection

Extend study to other hospitals
serving low-resource areas,

Ensure interoperability with
further systems

IoT device (heart rate, blood
pressure), Supervised machine

learning (classification)

AliveCor Kardia mobile
ECG device, iPhone and

iPad

Diagnosis,
monitoring

Halcox et al. [47] Arrhythmia AF detection

The relatively high
false-positive rate in the minor
proportion of those reported as

AF by the device

IoT device (heart rate, blood
pressure), Supervised machine

learning (classification)

AliveCor Kardia device,
iPad

Diagnosis,
monitoring

Lowres et al. [48] Arrhythmia iPhone handheld
electrocardiogram (iECG)

Using iECG self-monitoring
among other patient groups Supervised machine learning

iPhone and
AliveCor Heart monitor

(iECG)
Monitoring

Hickey et al. [49] Arrhythmia AF detection Implement the application in a
real environment

IoT device (heart rate, blood
pressure), Supervised machine

learning (classification)

AliveCor Kardia mobile
ECG device, iPhone

Diagnosis,
monitoring

McManus et al. [50] Arrhythmia AF detection Improve pulse recording and
app performance

IoT device (heart rate),
Supervised machine learning

(classification)

PULSE-SMART app, iPhone
4S

Diagnosis,
monitoring

Kakria et al. [51] Arrhythmia
Alerts, monitoring of heart rate,

blood pressure, and
temperature

Solve the problem of delayed
alarms in remote areas

IoT device (heart rate, blood
pressure, stress level)

Smartphone, Zephyr BT
system, G plus sensor, the

Omron Wireless Upper Arm
blood pressure monitor

Diagnosis,
monitoring

Brouwers et al. [52] Coronary heart
disease

Medical recommendations,
alerts Sedentary patients IoT device (heart rate)

Patient-centered web app,
accelerometer, heart rate

monitor

Monitoring,
treatment

Zhang et al. [53] Coronary heart
disease Medical recommendations

Ensure interoperability of
applications for remote

monitoring

Big data type (unstructured
data), Unsupervised machine

learning

Smartphone, Care4Heart
app Prevention

Athilingam [54] Coronary heart
disease

Medical recommendations,
alerts,

medication management

Overcome patient resistance to
using technology

Replace current sensor with
handheld sensor

IoT device (heart rate),
Supervised machine learning

Smartphone, HeartMapp,
BioHarness Bluetooth

sensor

Monitoring,
treatment

Dale et al. [55] Coronary heart
disease

Text messages for
communication of patients and

physicians

Implement the app in a real
environment Big data type (structured data) Smartphone Treatment



Healthcare 2022, 10, 322 10 of 21

Table 2. Cont.

Study Reference CVD Main App Functionalities Challenges and/or Future
Work Remarks Approaches Device or Web/Mobile

Application CVD Phase

Skobel et al. [56] Coronary heart disease Exercise module,
activity level monitoring

Automatic arrhythmia
detection

IoT device (heart rate, ECG,
respiration, activity),

Supervised machine learning

HeartCycle’s guided exercise
(GEX) system, tablet or laptop,
portable PDA for ECG display,

shirt with sensors

Diagnosis,
monitoring

AM et al. [57] Coronary heart disease
Educational material,

medication reminders, and
activity level monitoring

Train medical personnel and
patients IoT device (heart rate) Smartphone Monitoring,

treatment

Dale et al. [58] Coronary heart disease

Text messages for
communication of patients and

physicians, medical
recommendations,

weight control

Implement app in a real
environment IoT device (heart rate) Smartphone, web app

Text4Heart Treatment

Jiang et al. [59] Several (coronary heart
disease and hypertension)

Alerts,
medication management

Achieve acceptance of
mHealth solutions among
older patient populations,

Improve app design

Supervised machine learning
(Regression)

Smartphone,
mobile app Treatment

Baek et al. [60]

Several (atrial fibrillation,
hypertension, chest pain,

vasovagal syncope, variant
angina, and dyspnea on

exertion)

Medical recommendations,
alerts, diary, weight control

Improve app usability,
Integrate app system with
EMR (Electronic Medical

Record) systems

IoT device (heart rate) Smartphone Treatment,
monitoring

Supervía &
López-Jimenez [61]

Several (heart failure,
coronary heart disease,

tachycardias, arrhythmia, and
hypertension)

Medical recommendations Guarantee patient data
protection and confidentiality

Unsupervised machine
learning Smartphone Treatment

Tinsel et al. [62]

Several (heart failure,
Coronary heart disease,

tachycardias, arrhythmia, and
hypertension)

Medical recommendations,
alerts

Overcome patient resistance
to using technology IoT device (heart rate) Mobile app Prevention,

treatment

Martorella et al. [63]

Several (heart failure,
coronary heart disease,

tachycardias, arrhythmia and
hypertension)

Medical recommendations,
medication management

Screen questionnaire to tailor
content according to chronic
postsurgical pain (CPSP) risk

factors

Not specified Web app Monitoring,
treatment

Johnston et al. [64]

Several (myocardial infarction,
angina pectoris, heart failure,

atrial fibrillation, embolic
stroke, peripheral artery
disease, hypertension)

Medication management, text
messaging, reminders,

e-diary, exercise module, BMI
module, and blood pressure

module

Improve patient self-reported
drug adherence IoT device (heart rate) Smartphone, web-based app Treatment
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4. Discussion
4.1. RQ1. Which CVDs Are Most Commonly Managed by mHealth Apps?

The CVDs most commonly managed by mHealth apps in the literature are arrhythmias,
heart failure, and coronary heart disease. Arrhythmia self-management is present in
34% of the reviewed studies [39–51], whereas heart failure self-management exhibited a
frequency of 32% [27–38]. In turn, coronary heart disease self-management is present in
18% [52–58]. Additionally, 16% of the papers explore the self-management of several CVDs
simultaneously [59–64].

We attribute this to the fact that these diseases have a high prevalence and mortality
worldwide. In this regard, we believe that researchers are mainly focusing on solutions for
the management of arrhythmias, specifically atrial fibrillation, because it affects 25% of the
population aged over 40 years.

Some studies analyzed mHealth apps that address more than one cardiovascular
disease at a time; we believe that this is due to the patients’ risk factors, which can cause
comorbidities, i.e., one disease can develop from another. However, our recommendation
is that mHealth applications should focus only on one particular disease to provide more
accurate forecasts, as each disease has its own characteristics.

4.2. RQ2. Which mHealth Apps for CVD Self-Management Are Reported in the Literature?

As regards arrhythmia self-management, mHealth apps include the RITMIA smart-
phone app [41], the KB app [43], the mAF app [45], and PULSE-SMART [50]. Generally
speaking, these apps issue medical recommendations and allow for the early detection of
AF, the most common type of arrhythmia. mHealth apps for arrhythmia self-management
generally focus on arrhythmia prevention, diagnosis, and monitoring. The monitoring
devices that can be connected to these apps are the T-shirt-type wearable ECG monitor and
the AliveCor Kardia Mobile ECG.

mHealth apps for heart failure self-management include the Heart Failure app [27],
HeartMan [28], Healthy Heart [29], Evident II [31], Abby [32], MOVIDA.eros [33], Heart-
Keeper [36], and SUPPORT-HF [37]. The majority of them focus on heart failure monitoring
and treatment through issuing medical recommendations and medication management.
Oximeters and sensors for blood pressure measurement are the most common devices
connected to these apps.

The Care4Heart [53], HeartMapp [54], and Text4Heart [58] apps support coronary
heart disease self-management. They primarily issue medical recommendations, reminders,
and alerts and offer medication management. Most of these apps focus only on coronary
heart disease monitoring. Devices and wearables such as heart rate monitors, the Bio-
Harness Bluetooth sensor, portable ECG monitors, and T-shirts with sensors are usually
connected to these applications.

mHealth apps such as those reported in [59–64] aim at supporting the self-management
of multiple CVDs. These mHealth apps mainly provide medical follow-up recommen-
dations for physical activity or dietary plans. Likewise, they issue medication reminders
and real-time warnings before potential vital sign alterations. We found that 63.6% of the
mHealth apps are compatible with the Android operating system, whereas 13.6% support
iOS, and 22.8% support both (see Table 3).

It is reasonable to believe that there are more mHealth applications for the Android
operating system because it is the most popular operating system in the world. However,
we found in this research that the most complete mHealth application is the Kardia app,
which is available for the iOS operating system only. Therefore, we believe that it is
important to develop cross-platform mHealth applications; in this regard, an alternative
would be the use of PWA (progressive web app) development technologies.

Another remarkable finding is that only 2 of the 16 mobile applications analyzed are
available through digital distribution platforms: (1) MOVIDA.eros and (2) the Kardia app.
Moreover, some of the applications analyzed were subjected to user acceptance tests with
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small groups of patients; in addition, some of them are not widely available because they
are still in development. In this regard, we believe there is an opportunity to release free
trial versions of the mHealth applications to test them with larger patient samples.

Table 3. mHealth applications for CVD self-management.

CVD Study Mobile App Name Android iOS

Heart failure

Zisis et al. [27] Heart Failure app �

Bohanec et al. [28] HeartMan �

Heiney et al. [29] Healthy Heart �

Gonzalez-Sanchez et al. [31] Evident II �

Barret et al. [32] Abby �

Silva et al. [33] MOVIDA.eros � �

Foster [34] HF mobile app � �

Sakakibara et al. [35]
Bartlett et al. [38] Not specified �

De la Torre-Diez et al. [36] HeartKeeper �

K. Rahimi et al. [37] SUPPORT-HF �

Arrhythmia

Reverberi et al. [41] RITMIA �

Bumgarner et al. [43]
Evans et al. [46]
Halcox et al. [47]
Lowres et al. [48]
Hickey et al. [49]

Kardia app �

Krivoshei et al. [44] Unstated �

Guo et al. [45] mAF app � �

McManus et al. [50] PULSE-SMART �

Kakria et al. [51] Not specified �

Coronary heart
disease

Zhang et al. [53] Care4Heart � �

Athilingam [54] HeartMapp �

AM et al. [57] Not specified �

Dale et al. [58] Text4Heart �

Other CVDs

Jiang et al. [59] Not specified �

Supervía & López-Jimenez [61]
Tinsel et al. [62] Not specified � �

4.3. RQ3. What Are the Main Functionalities of mHealth Apps for CVD Self-Management?

We identified six main functionalities of mHealth apps for CVD self-management (see
Table 4):

• Recommendations (F1). Medical recommendations issued for patient follow-up in
terms of dietary plans, physical activity, and overall health status.

• Alerts/reminders/text messages (F2). (a) Early, real-time warnings issued before
potential vital signal alterations, (b) medication, physical activity, and/or dietary
reminders, and (c) text messages communication between patients and physicians.

• Parameter monitoring (F3). Reports of monitored patient parameters, such as active
minutes, burned calories, weight, step count, traveled distance, heart rate, blood
pressure, body temperature, and physical activity.

• Medication management (F4). Control and follow-up of patient medication.
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• Patient medical history (F5). Electronic health records (EHRs) including clinical data,
medical history, diagnoses, medications, treatment plans, allergy test records, and
laboratory and test results.

• AF detection (F6). Early detection of AF using heart rate monitoring and ECG results.

To summarize our findings on the main functionalities of mHealth apps for CVD
self-management, 57.9% of these apps issue medical recommendations to
patients [27–37,39,40,45,52–54,58,60–63], whereas 47.3% can generate reminding notifica-
tions or alerts for medical appointments [27,29,34–37,40,45,51,52,54,55,57–60,62,64]. Addi-
tionally, 34.2% of these apps monitor patient parameters, such as physical activity, step
count, weight control, blood pressure, heart rate, pulse wave, and body
temperature [27–29,38,44,48,51,56–58,60,64], while 21% allow for AF detection [41–44,46,47,49,50].
Finally, 21% allow for medication management [27,29,35,37,45,54,59,63,64], and 10.5% allow
patients to access their electronic health records [28,45,60,64].

Table 4. Main functionalities of mHealth apps for CVD self-management.

CVD Study F1 F2 F3 F4 F5 F6

Heart failure

Zisis et al. [27] � � � �
Bohanec et al. [28] � � �
Heiney et al. [29] � � � �
Koirala et al. [30] �

Gonzalez-Sanchez et al. [31] �
Barret et al. [32] �
Silva et al. [33] �

Foster [34] � �
Sakakibara et al. [35] � � �

De la Torre-Diez et al. [36] � �
K. Rahimi et al. [37] � � �

Bartlett et al. [38] �

Arrhythmia

Turchioe et al. [39] �
Pierleoni et al. [40] � �
Reverberi et al. [41] �
Fukuma et al. [42] �

Bumgarner et al. [43] �
Krivoshei et al. [44] � �

Guo et al. [45] � � � �
Evans et al. [46] �
Halcox et al. [47] �
Lowres et al. [48] �
Hickey et al. [49] �

McManus et al. [50] �
Kakria et al. [51] � �

Coronary heart disease

Brouwers et al. [52] � �
Zhang et al. [53] �
Athilingam [54] � � �
Dale et al. [55] �

Skobel et al. [56] �
AM et al. [57] � �
Dale et al. [58] � � �

Several

Jiang et al. [59] � �
Baek et al. [60] � � � �

Supervía & López-Jimenez [61] �
Tinsel et al. [62] � �

Martorella et al. [63] � �
Johnston et al. [64] � � � �
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Most of the mHealth applications studied in this work have been demonstrated to
be useful in the self-management of CVDs. There is evidence that these applications have
changed the behavior of CVDS patients. This can be attributed to the self-alignment of
patients to healthier lifestyles and to the constant monitoring of their vital signs. In addition,
in the event of any change in patients’ health status, these applications allow relatives and
doctors to be notified to provide immediate care and avoid any health complications.

As part of the findings of this research, we identified six main features of the analyzed
applications: (1) simplicity of user interface, (2) professional medical assistance, (3) con-
nection with other services, (4) management of medical record, (5) reliable information,
and (6) real-time biometric data tracking. In addition, we identified characteristics that
are currently not considered in the development of applications to prevent and detect
cardiovascular diseases: management of psychological health and family participation.
Additionally, we suggest incorporating the following features: virtual rewards/gaming
features, social media integration, and data privacy, since they are characteristics commonly
sought by users.

The results of the usability tests performed for the mHealth applications have shown
that the age factor influences the importance that users give to the applications’ character-
istics. Therefore, for children and adolescents, we recommend applications with simple
user interfaces, which include social media integration and are oriented towards virtual
rewards/gaming. We recommend, however, fully customizable applications with features
such as psychological health management and family integration for adult patients.

4.4. RQ4. What Are the Major Remarks for Future Work and Challenges to Be Overcome by
mHealth Apps for CVD Self-Management?

Since CVD self-management implies dealing with and managing a significant number
of data, a lack of comprehensive information may hinder the correct functioning of mHealth
apps for CVD self-management. To overcome this problem, many studies recommend
implementing scalable app designs and ensuring the interoperability of these apps with
other systems. In this sense, we found that only 4 of the 38 applications reviewed allow
patients to access their electronic health records, yet this information is crucial both for
patients and for CVD self-management.

Additionally, over 60% of the reviewed apps request access to patient personal infor-
mation without a clear indication of how such information would be stored or used. In this
sense, since privacy concerns might affect app usage, application developers should inte-
grate privacy protection measures into their future designs. Other challenges to overcome
include improving user satisfaction with respect to app functionalities and supporting
patients in their learning of how to use the applications correctly. It is also important that
future mHealth apps for CVD self-management address patient psychological health in
their design [4]. We also found that none of the reviewed applications possess all the six
functionalities for CVD self-management listed in Section 4.3. Hence, we conclude that
the apps lack sufficient functions to support patients in effectively self-managing their
CVD. Finally, functionalities for patient family involvement have not been sufficiently
implemented in these apps.

4.5. RQ5. Which Approaches to Data Extraction, Analysis, and Management Are Commonly
Implemented in mHealth Apps for CVD Self-Management?

The approaches to data extraction, analysis, and management used by mHealth
apps for CVD self-management include machine learning techniques (supervised and
unsupervised approaches), machine learning tasks (classification, clustering, regression),
big data (structured and unstructured data), and IoT devices/sensors (see Table 5).

Big data make it possible to take advantage of the large amount of information that
results from patients accessing health services. These data include, for instance, personal
information, electronic medical records, social media data, telehealth data, clinical trials,
and even biometric data from wearables [65–67]. In this context, we also found that
mHealth apps may equally rely on data mining and sentiment analysis techniques. As
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for association rules and neural networks, they allow mHealth apps to create solutions
for better decision making based on real data, thus improving CVD diagnosis, proposing
customized treatment plans, reducing medical errors, increasing the effectiveness of CVD
prevention measures, and promoting better CVD self-management.

Table 5. Main approaches to data extraction and analysis in mHealth apps for CVD self-management.

CVD Study Machine Learning
Techniques and Tasks Big Data Types IoT Devices/Sensors

Heart failure

Zisis et al. [27] � �

Bohanec et al. [28] � �

Heiney et al. [29] �

Koirala et al. [30] � �

Gonzalez-Sanchez et al. [31] �

Barret et al. [32] �

Silva et al. [33] �

Foster [34] �

Sakakibara et al. [35] �

De la Torre-Diez et al. [36] �

K. Rahimi et al. [37] � �

Bartlett et al. [38] �

Arrhythmia

Turchioe et al. [39] �

Pierleoni et al. [40] � �

Reverberi et al. [41] �

Fukuma et al. [42] �

Bumgarner et al. [43] � �

Krivoshei et al. [44] �

Guo et al. [45] �

Evans et al. [46] � �

Halcox et al. [47] � �

Lowres et al. [48] �

Hickey et al. [49] � �

McManus et al. [50] � �

Kakria et al. [51] �

Coronary heart disease

Brouwers et al. [52] �

Zhang et al. [53] � �

Athilingam [54] �

Skobel et al. [56] � �

AM et al. [57] �

Dale et al. [58] �

Several

Jiang et al. [59] �

Baek et al. [60] �

Supervía & López-Jimenez [61] �

Tinsel et al. [62] �



Healthcare 2022, 10, 322 16 of 21

In regard to the IoT devices/sensors, this approach allows mHealth apps to retrieve
real-time data on patient biometric variables, such as body temperature, heart rate, and
blood pressure, through wearables, which in turn allow physicians to monitor patients
remotely [27,28,68–70]. Additionally, wearables provide apps with real-time data that
facilitate risk factor tracking and prevent CVD events [71]. In this regard, even though
IoT platforms can integrate data from medical devices, wearables, and apps, defining
data privacy parameters seems to be a considerable challenge to overcome; nevertheless,
wearables have been shown to enable effective CVD detection outside of clinics [72].

Finally, mHealth apps for CVD self-management may also resort to machine learn-
ing techniques to mainly create predictive models that support—for example—medical
diagnosis and treatment plans and predict the evolution of CVDs and their potential
complications [27,28,73–77].

4.6. RQ6. Which Wearables Are Commonly Used to Detect, Monitor, and/or Identify CVDs?

According to our findings, 85% of the reviewed mHealth apps for CVD self-management
rely on smartphones, whereas the remaining 15% use some type of wearable. We iden-
tified the five wearable devices most commonly connected to mHealth apps for CVD
self-management: chest strap (W1), heart rate monitors (W2), T-shirt-type wearable ECG
monitor (W3), the portable ECG monitor (W4), and the smartwatch/smartbands (W5).
Table 6 below summarizes such findings. On the other hand, less common devices include
pulse oximeters (Sp02 sensors), MiFi devices, and the Hitoe Transmitter 01 device.

Table 6. Main Wearables for CVD Monitoring.

CVD Study W1 W2 W3 W4 W5

Heart failure
Bohanec et al. [28] � �
Bartlett et al. [38] �

Arrhythmia

Reverberi et al. [41] �
Fukuma et al. [42] �

Bumgarner et al. [43] � �
Evans et al. [46] � �
Halcox et al. [47] � �
Lowres et al. [48] � �
Hickey et al. [49] � �
Kakria et al. [51] � �

Coronary
heart disease

Brouwers et al. [52] �
Athilingam [54] � �
Skobel et al. [56] � �

We found that it is essential to consider the use of wearables and other types of devices
for monitoring biomedical variables automatically. Wearables such as smartwatches and
smartbands can successfully assist in CVD detection and prevention. In addition, in most
cases, these devices can be synchronized with cloud platforms such as Google Fit, thus
storing all the data generated in the cloud. These platforms also allow synchronized data
to be retrieved and integrated into mHealth applications.

The Xiaomi Mi Band is one of the most successful families of sport bracelets on the
market, whose success could be due to its low price. It works, however, with another
mobile application called Mi Fit, which can also be synchronized with Google Fit. We
recommend this smartband as a great option for monitoring blood pressure and heart rate
with high precision.

4.7. RQ7. Which CVD Stages Are Commonly Managed by mHealth Apps?

Many mHealth apps for CVD self-management can support patients throughout
multiple stages of a CVD. As can be observed from Table 7, 63.2% of the mHealth apps can
manage CVD treatment, 57.9% cover CVD monitoring, 28.9% focus on CVD prevention,
and 18.4% allow for CVD diagnosis.
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Table 7. Disease stages managed by mHealth apps for CVD self-management.

CVD Study Prevention Diagnosis Monitoring Treatment

Heart failure

Zisis et al. [27] � �
Bohanec et al. [28] � �
Heiney et al. [29] � �
Koirala et al. [30] � �

Gonzalez-Sanchez et al. [31] �
Barret et al. [32] � �
Silva et al. [33] � �

Foster [34] � �
Sakakibara et al. [35] � �

De la Torre-Diez et al. [36] �
K. Rahimi et al. [37] � �

Bartlett et al. [38] � �

Arrhythmia

Turchioe et al. [39] � �
Pierleoni et al. [40] � �
Reverberi et al. [41] �
Fukuma et al. [42] � �

Bumgarner et al. [43] � �
Krivoshei et al. [44] �

Guo et al. [45] �
Evans et al. [46] � �
Halcox et al. [47] � �
Lowres et al. [48] �
Hickey et al. [49] � �

McManus et al. [50] � �
Kakria et al. [51] � �

Coronary heart disease

Brouwers et al. [52] � �
Zhang et al. [53] �
Athilingam [54] � �
Dale et al. [55] �

Skobel et al. [56] � �
AM et al. [57] � �
Dale et al. [58] �

Several

Jiang et al. [59] �
Baek et al. [60] � �

Supervía & López-Jimenez [61] �
Tinsel et al. [62] � �

Martorella et al. [63] � �
Johnston et al. [64] �

Most of the analyzed applications focused on the treatment of CVDs. These apps were
tested by patients diagnosed with a heart disease, showing positive results. We suggest that
new mHealth apps focus on the early stages of CVD management, specifically on detection,
to allow doctors and patients to prevent medical complications.

5. Conclusions

The goal of this scoping review was to describe the current state of mHealth apps
for CVD self-management through our analysis of six aspects: (1) CVDs commonly ad-
dressed, (2) main functionalities of mHealth apps for CVD self-management, (3) wearables
used for CVD detection, monitoring, and identification, (4) disease stages managed by
mHealth apps, (5) current approaches to data extraction, analysis, and management, and
(6) current challenges to overcome and future work remarks for mHealth apps used in
CVD self-management. The scoping review was performed on 38 primary studies, from
which we propose the following conclusions: First, arrhythmia is the most common CVD
addressed by mHealth apps, with a frequency of 34% (RQ1). Additionally, 63.6% of the
mobile applications used by these mHealth apps are compatible with the Android operat-
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ing system, whereas 13.6% support iOS, and 22.8% support both (RQ2). Additionally, the
majority of the reviewed mHealth apps can provide patients medical recommendations,
issue medical appointment reminders, and generate notifications for CVD monitoring
(RQ3). The two major challenges these applications must overcome are patient resistance
to using the technology and the lack of interoperability between mHealth apps and other
systems (RQ4). In regard to the approaches for data extraction, analysis, and manage-
ment, we found that the majority of the mHealth apps for CVD management rely on
big data (structured and unstructured data), IoT devices/sensors and machine learning
techniques (supervised and unsupervised approaches), and implementing classification,
clustering, and regression algorithms (RQ5). Finally, smartphones—specifically Android
smartphones—are commonly connected to mHealth apps for CVD self-management, even
though wearables are becoming increasingly used (RQ6). Finally, the great majority of
mHealth apps for CVD self-management focus on CVD treatment rather than on any other
disease phase (RQ7). As regards our suggestions for future work, we first recommend
conducting a systematic review of diseases that are correlated with CVD, such as diabetes
and hypertension. Likewise, new research efforts should concentrate on exploring the
implications of the increasing use of wearables for managing CVDs such as arrhythmia,
heart failure, coronary heart disease, and cardiopathies.
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