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Abstract: In the face of demographic change and constantly increasing health care costs, health care
system decision-makers face ever greater challenges. Mobile health applications (mHealth apps) have
the potential to combat this trend. However, in order to integrate mHealth apps into care structures,
an evaluation of such apps is needed. In this paper, we focus on the criteria and methods of evaluating
mHealth apps for cardiovascular disease and the implications for developing a widely applicable
evaluation framework for mHealth interventions. Our aim is to derive substantiated patterns and
starting points for future research by conducting a quasi-systematic scoping review of relevant peer-
reviewed literature published in English or German between 2000 and 2021. We screened 4066 articles
and identified n = 38 studies that met our inclusion criteria. The results of the data derived from
these studies show that usability, motivation, and user experience were evaluated primarily using
standardized questionnaires. Usage protocols and clinical outcomes were assessed primarily via
laboratory diagnostics and quality-of-life questionnaires, and cost effectiveness was tested primarily
based on economic measures. Based on these findings, we propose important considerations and
elements for the development of a common evaluation framework for professional mHealth apps,
including study designs, data collection tools, and perspectives.

Keywords: mobile health; cardiovascular diseases; evaluation methods

1. Introduction

In 2019, over 331,000 deaths in Germany were attributed to cardiovascular disease
(CVD) [1], the treatment of which generates higher medical costs to the German healthcare
system than any other single illness, estimated at € 46.4 billion in 2015 [2]. Similarly, in
the US, CVD is among the most expensive and most frequent causes of death among the
population [3]. Kvedar et al. [4] pointed out the urgent need to develop, optimize, and
evaluate programs and technologies that ensure more effective care for patients, where
mobile health (mHealth) concepts are likely to play a significant role [5]. The World Health
Organization defines mHealth as “Medical and public health practice supported by mobile
devices, such as mobile phones, patient monitoring devices, personal digital assistants
(PDAs), and other wireless devices” [6].

The 2019 German Digital Healthcare Act (DVG) permitted mobile health applications
(mHealth apps)that meet specific requirements to be included the list of reimbursable
digital health applications (DiGA list) [7]. Germany is one of the first countries to introduce
a standardized mechanism for reimbursing digital health services and its healthcare and
medical insurance policy-makers are still working through several challenges. For example,
the DiGA list only includes mHealth apps classified as medical devices as defined in the
Medical Devices Act administered by the German Federal Institute for Drugs and Medical
Devices (BfArM) [8]. While other professional mHealth apps, such as medication reminders
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or prevention apps, demonstrate both medical benefit and positive care effects, they remain
ineligible for reimbursement.

Beyond narrowly defined medical devices, the data and treatment results provided
by other professional mHealth apps require equally stringent assessment to ensure reli-
ably high-quality care. Notably, there is currently no established and broadly applicable
framework for evaluating mHealth interventions [9].

As a step toward filling this gap, this study examines the criteria and methods for
evaluating mHealth interventions for cardiovascular disease discussed in the published
literature as a basis for developing a more broadly applicable framework.

2. Materials and Methods

In this study, we conducted a quasi-systematic scoping review of methods and criteria
used to evaluate cardiovascular disease mHealth apps in the published literature. In
a preliminary scoping review, we identified gaps in the literature and synthesized key
concepts in a narrative review [10]. Then, in an iterative process, we scoped the literature
with refined search terms, performing a final quasi-systematic search with fixed search
terms [11].

2.1. Preliminary Scoping Review

We conducted a preliminary scoping review of articles of mHealth apps for CVD
through an unstructured and open search to generate an overview of existing methods
of evaluating mHealth apps for CVD [12] and to confirm the validity of our research
objective. The results of this review informed the development of our final search strategy
and analysis.

2.2. Inclusion and Exclusion Criteria

7

Our preliminary scoping review revealed various apps designed to reduce the users
risk of developing cardiovascular disease. These apps focus mainly on reduction and con-
trol of risk factors for CVD, such as diabetes, hypertension, chronic obstructive pulmonary
disease, nutrition, and physical activity. Based on these results, we derived inclusion and
exclusion criteria for the subsequent quasi-systematic scoping review of publications in
German and English evaluating mHealth apps designed for adult patients diagnosed with
acquired cardiovascular disease. Table A1 in the Appendix A provides a complete overview
of our inclusion and exclusion criteria.

2.3. Search Strategy

Our final search followed a quasi-systematic approach. We searched the “PubMed”,
“Livivo”, and “ProQuest” databases to identify relevant literature published between 2000
and the beginning of April 2021. The last search took place on 6 April 2021. Using keywords
and index terms relevant to cardiovascular disease, mHealth, and evaluation, we developed
search strings, which we adjusted for each database. Table A2 in the Appendix A provides
a list of our search terms.

2.4. Literature Selection

In selecting suitable literature, we applied the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) scheme [13]. The process steps and the results of
the study selection are illustrated in Figure 1 below.



Int. J. Environ. Res. Public Health 2021, 18, 12315 3of 16

Y
= Records identified through database Additional records identified
2 search through other sources
E (n=4757) (7=287)
=
N
=
3
=
= X X
— Records identified Duplicates removed
(n=5044) ] (1=978)
—\
)
2 !
@
g Records screened Records excluded
7] (n=4066) (n=3708)
-
—
v
£ Full-text articles assessed Ineligible full-text articles
= for eligibility excluded
2 (1=358) (n=320)
=
|
)
A4
T Final articles included
3 (7=38)
(=]
=
[
| S

Figure 1. PRISMA flow diagram of the study.

After importing our 5044 records into Covidence, we excluded 978 duplicates. Then,
two scholars independently screened the titles and abstracts of the remaining 4066 entries
to identify adherence to previously defined inclusion and exclusion criteria. After resolving
inconsistencies by consensus, 3708 studies were excluded. We then undertook a full-text
review of the remaining 358 articles, excluding an additional 320 studies because they
failed to meet our inclusion criteria. Many of the articles we excluded were study protocols,
focused on apps designed only to prevent risk factors, such as high blood pressure or
diabetes apps, or assessed apps that rely on implanted sensor technology. Our final sample
of n = 38 articles was included in the scoping review and approved for data extraction.

2.5. Data Extraction and Analysis

In a next step, we extracted data from the studies according to variables, in order
to sort and map the literature to reveal patterns, key information, and research gaps in
a data chart for subsequent evaluation. The data extraction sheet was developed by two
authors based on the findings of the preliminary scoping review and adapted as part of
the iterative process to ensure all relevant information from the studies were captured and
included in the analysis. To identify evaluation approaches and criteria, we classified the
studies into three categories. Interventions carried out using only an app are classified as
“mHealth app”; interventions using an app plus at least one additional device, such as an
electrocardiogram or smartwatch, are classified as “mHealth system”; and interventions
using only text messages are classified as “mHealth text messaging”. Table A3 in the
Appendix A summarizes the extracted information as a data chart.
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3. Results
3.1. Characteristics of the Identified Studies

All articles included in our study were published between 2012 and 2020, even though
our search spanned 2000 to April 2021. One-third of the articles were published by scholars
in the US (n = 13), 13% by scholars in Australia, and 10% by scholars in China. Studies
with quantitative and qualitative research designs were included in our review. The largest
proportion (n = 18) consists of randomized controlled trials (RCTs), followed by single-
arm prospective studies and mixed-methods studies (each n = 7). Figure 2 illustrates the
frequency of study designs.

Qualitative Study
Cluster Randomized Trial

Usability Study

Registry Study

Cohort Study s
Mixed-Methods Study I——
Single-Arm Prospective Study I —

RCT .

0 2 4 6 8 10 12 14 16 18

Figure 2. Study designs of the studies identified.

Four of the studies [14-17] lasted over 12 months, while the shortest study lasted
2 weeks [18]. The largest study had 767 participants [18], while the smallest study had
8 participants [19]. Just over half (57.9%) of the studies reported a retention rate (RR) (the
percentage of study participants who remained in the study until the defined end of the
study process) of between 90% and 100%, while only four studies [20-23] reported an RR
of below 50%. For analysis purposes, we also tracked the corresponding loss to follow-up
(LTFU) (the percentage of study participants who drop out of a study before the defined
end of the study process) figure for each study.

Just over half (52.6%) of the studies focused on mHealth systems (app plus device).
The context includes applications for telemonitoring (n = 12) as well as for cardiac reha-
bilitation (CR) (n = 8). Seven studies in the mHealth apps (app only) category focused
on self-management applications and five focused on CR. In contrast, the smallest share
(15.7%) of studies focused on text messaging for self-management purposes (mHealth text
messaging category).

3.2. Methods and Measurements for Evaluating mHealth Technologies

The studies followed qualitative, quantitative, and mixed-methods designs and the
great majority (n = 31) analyzed data collected through standardized questionnaires. In
most cases (1 = 33), the overall aim of the research was to assess participants’ perceptions
of treatment and subjective health. In addition to general questionnaires on quality of life
(e.g., “EQ-5D" [15], “health-related quality of life” [15], illness (e.g., “Self-Care of Heart
Failure Index” [24]) or the psychological well-being of the patients (e.g., “8-item Morisky
Medication Adherence Scale” [25,26], “Hospital Anxiety and Depression Scale” [20]), spe-
cific question sets for digital applications were also used. The Mobile Application Rating
Scale (MARS) was frequently applied in assessing mHealth apps [27]. The “Perceived
Health Web Site Usability Questionnaire” (PHWSUQ) [28] specifically addresses assessing
the usability of websites among elderly participants [29]. Each questionnaire appeared
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once in the analysis [18,28]. In addition to standardized question sets, self-defined ques-
tionnaires (n = 3), interviews (n = 5), and open-feedback rounds (n = 7) were conducted to
determine perceptions.

A large proportion of the publications (63%) evaluated mHealth interventions using
medical measurements (e.g., blood pressure, pulse, weight), comparing health parameters
before and after the intervention. The results were often compared directly between the
standard of care and the mHealth intervention (n = 15). The medical outcomes were used to
assess, among others, the feasibility of the intervention (n = 16) and physical activity (1 = 21).
The measurements were either documented by the participants using the mHealth device
or determined by healthcare providers using monitoring data or laboratory diagnostics.

Interactions with the mHealth app on the part of patients (n = 19) and health care
providers (n = 2) were often recorded in usage protocols (1 = 19) used to draw conclusions
about participants’ motivation (1 = 17), adherence (n = 18), and self-efficacy (n = 14). In
mHealth apps for CR, usage data and logging activities related to login-ins, training, or
learning modules were analyzed [30,31]. In one study of an mHealth system for medi-
cation adherence [32], the number of times two electronic pill bottles were opened was
documented using timestamps.

The usability of mHealth interventions (1 = 14) was evaluated using several mea-
surement methods and instruments, such as the PHWSUQ and the “System Usability
Scale” [33]. A theoretical basis was used in two studies [34,35] to develop the intervention
and measure usability. One study adapted the Unified Theory of Acceptance and Use
of Technology 2 (UTAUT2) to measure various factors influencing mHealth intervention
technology use behavior [36]. In another study [34], the practice of mHealth was prompted
by the responsible intervention team as part of a usability test.

Over one-third of the studies (1 = 14) investigated the effectiveness and efficiency of
mHealth for new clinical treatments. Several studies relied on various key performance
indicators (KPIs) in assessing mHealth effectiveness (1 = 11), including, most frequently,
hospital readmission, length of hospital stay, number of doctor visits, and hospital admit-
tance due to heart defects. Less attention was paid to mortality and personnel resources
required for monitoring. Two studies [37,38] undertook cost-effectiveness analyses. A small
number of studies used application-specific indicators, such as data management [38,39],
communication between users [38,40], app features [18,41], design characteristics [42], or
technology and algorithm analyses [43].

4. Discussion

The integration of mHealth apps into healthcare structures is a relatively young field
of investigation: the analysis shows that the oldest two studies [14,24] date back less than
10 years, probably due to relatively recent and rapid developments in mobile technologies.
The relevance of the research topic of mHealth systems and their evaluation is supported
by the large number of publications that we found, and a large body of research exists for
health applications for certain manageable illnesses and conditions, such as diabetes, high
blood pressure, and obesity-related health problems. Most of the studies included in the
analysis were randomized controlled trials, thus providing high-quality evidence-based
results and high proof of efficacy [44].

4.1. Patient Empowerment in mHealth Interventions for CR

Overall, our results show that mHealth interventions for cardiac rehabilitation (CR)
can be used to reduce or manage coronary heart disease (CHD) and potentially contribute
to secondary prevention by empowering heart attack survivors to monitor their risk
factors themselves and act accordingly. We find that by using self-management functions,
patients can participate actively in their care process and take more responsibility for their
health [45]. We thus identify self-efficacy and motivation as key indicators for evaluating
mHealth interventions and in an evaluation framework. This recommendation underscores
Schwab et al.’s discussion of approaches to developing mHealth applications and the
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importance they attribute to increasing awareness and empowerment among patients and
healthcare professionals [46].

4.2. Usage Behavior and Motivation

Our results show that the retention rate and LTFU are suitable measures of motivation
and commitment among mHealth intervention users. The fact that more than half of the
studies identified had a very high retention rate indicates an overall positive perception
of mHealth interventions among users. Our results indicate that usage protocols provide
reliable insights into usability, acceptance, and user motivation levels. We also identify
the benefits of adapting the Unified Theory of Acceptance and Use of Technology 2”
(UTAUT?2) to fit the mHealth application use context: the modified construct includes
seven factors influencing intention to use a telemonitoring system, together with the
independent variables age, gender, and experience influencing the factors.

4.3. Quantitative and Qualitative Research Methods

While both quantitative and qualitative research methods can be used to collect data,
almost all included studies use standardized validated questionnaires and scales, enabling
the analysis and comparison of large samples and yielding comparable quantifiable results.
Using validated tools is cost and time efficient [47]. Since quantitative research methods
often allow little room to interpret the questions, the research framework should include
open questions, such as semi-structured interviews or focus groups [48]. Our results
illustrate the benefits of combing quantitative and qualitative research methods, particularly
in assessing patient satisfaction with the intervention.

4.4. Quality Assessment

The Mobile Application Rating Scale (MARS) [18] has been used as an instrument
to assess the quality of mHealth apps according to the following quality indicators: en-
gagement, functionality, aesthetics, information quality, and subjective app quality [27].
Terhorst et al. [49] demonstrated the suitability and validity of these indicators and rec-
ommended using the instrument to increase transparency for stakeholders and patients.
While an mHealth intervention evaluation framework should include app quality criteria,
the quality assessment should not be limited to subjective user feedback but rather should
include data quality and interoperability with other devices and interfaces.

4.5. Privacy and Data Security

Data security and privacy are important to patients and legally protected. Schnall
et al. [50] found a decrease in trust in mHealth solutions and data transfer over time and
Zhou et al. [51] showed that some patients refuse to use mHealth applications because
of security concerns, loss of interest, or hidden costs. Despite these concerns, our results
show that little attention has been paid to data management, such as data transfer between
health care providers and participants, data privacy, and data security. An mHealth
app evaluation framework should assess the app’s data protection systems carefully and
communicate the results transparently.

4.6. Economic Evaluation

Performance measures, such as hospital readmissions, are an important indicator of
the effectiveness and efficiency of mHealth systems and should be included in an eval-
uation framework as well. In the CR mHealth intervention context, our results show
that mHealth apps can reduce heart failure-related hospital days and studies conduct-
ing cost-effectiveness analysis underscore that shortening out- and inpatient stays also
cuts healthcare costs [52]. Similarly, Maddison et al.’s [37] post-hoc economic evaluation
assessed the costs of implementing and delivering the intervention to calculate the in-
cremental cost-effectiveness ratio (ICER) between costs and quality-adjusted life years
(QALYs) gained and to compare the health benefit gains of switching from standard in- and
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outpatient care to mHealth-supported care. The authors found that mHealth interventions
are more cost-effective compared to the standard care and can improve health-related
quality of life in an ongoing program. Martin et al. applied a “Hidden Markov Model” to
measure cost-effectiveness. Long-term costs and outcomes associated with an illness and a
particular health intervention can be estimated over multiple cycles, based on resource use
and health outcomes [53]. Martin et al.’s [38] study modeled the different disease states
of patients during the mHealth intervention, using economic parameters for the outcome
analysis and aligning participants” health-specific and follow-up data with healthcare costs
published by the health care system. Their cost-effectiveness analysis model showed that
introducing an mHealth app lowered the overall cost of disease management by 33% of the
total cost of disease management [38]. Pavlovi¢ et al.’s [54] results are equally striking: in-
troducing mHealth apps can reduce the total expenses related to data collection in medical
scenarios by 50%.

5. Conclusions

Our scoping review of scholarly articles including criteria and methods of evaluating
mHealth apps for cardiovascular disease makes recommendations for developing an
evaluation framework for mHealth interventions. In keeping with recent research on the
health benefits of active patient involvement in their treatment process, we recommend
adopting a user perspective. While various methods and criteria have been used, we
recommend quantitative methods using validated standardized questionnaires to generate
comparable quantifiable results with a reasonable effort in terms of time commitment and
cost. In addition to considering the overall effects of mHealth apps on mental and physical
health, we recommend that mHealth intervention evaluations apply usage protocols to
understand the patients’ interaction with the application and assess their motivation,
engagement, and acceptance of integrating the interventions into healthcare processes
sustainably. We also recommend including the retention rate and LTFUs, and adapting use
and acceptance constructs, such as UTAUT?2, into the mHealth technology use setting by
modifying its assessment dimensions accordingly.

In terms of the overall scope and considerations for the development of an mHealth
app evaluation framework, we recommend focusing on the added value of an mHealth
intervention. Specifically, we recommend laboratory diagnostics and physical tests to
assess objective physical health, standardized surveys and semi-structured interviews
to assess subjective quality of life, and economic performance and efficiency KPIs, such
as hospital readmission data and incremental cost-effectiveness ratios between costs and
quality-adjusted life years. Heterogeneity of results by using different standardized surveys
and questionnaires could be a major challenge for the analysis and comparisons of the
results from such a framework. Therefore, the selection of data collection tools needs to be
made carefully.

mHealth app providers, patients, healthcare providers, healthcare systems, and society
at large will benefit by applying these recommendations when developing a holistic
framework to evaluate mHealth apps and interventions to ensure that they are effective,
efficient, empowering, accurate, sustainable, and safe. Such a framework will enable an
informed decision when choosing an mHealth app.
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Appendix A

Table Al. Inclusion and exclusion criteria based on the PCC elements.

PCC Elements Inclusion Criteria Exclusion Criteria
Patients who are at risk of coronary heart disease
Patients (>18 years) with a diagnosed CHD Relatives of cardiovascular patients, e.g., children
Population No limitation of the number of participants, origin, Comorbid heart disease (e.g., congenital heart defect,
gender of the study participants heart transplant)
Healthy, voluntary study participants
mHealth Application
mHealth applications for the use of exclusively:
Risk factors (e.g., high blood pressure)
Diabetes
Wearable mHealth applications for patients with CHD Chronic Obstructive Pulmonary Disease
Studies using qualitative or quantitative methods to Pregnancy
evaluate mHealth applications (e.g., standardized Nutrition assessment (e.g., food tracking)
questionnaires, quality guidelines, device data sets, Sport and Wellness
usage logs) Sensor technology (e.g., implanted sensor)
Concept No limitation of the evaluation parameters Applications that are only designed for health care
Fully developed mHealth applications providers, e.g., Clinical Assessment Tool
A risk screening tool of CHD for the population
Pure descriptions of the apps (e.g., system, technical,
program, algorithm description)
Study Design
. . . Study protocols
Single study designs for evaluating a mealth Preliminary studies (e.g., for the development of the app)
intervention for patients with CHD . . . . .
. . . Reviews (e.g., systematic reviews, scoping reviews)
Written in English or German -
Case studies
No limitation of cultural parameters (e.g., geographical Unpublished literature
location, social origin, gender-specific interests)
Context No restriction of the setting, e.g., acute care, primary
care, rehabilitation facilities
Full texts
Table A2. Search strings and number of results.
Database Search String Search Date Results (1)
Heart Disease* OR Cardiovascular Disease* AND “Mobile Health” OR “mHealth”
PubMed OR Smartphone App* AND Evaluation 5 January 2021 2916
Livivo Cardiovascular disease AND mHealth OR mobile health app AND evaluation 13 January 2021 485
Proquest (mHealth OR “mobile health” app) AND Evaluation AND cardiovascular disease 13 January 2021 1356
Total records 4757
+ Additional studies from reference lists of 37 systematic reviews
Pubmed 6 April 2021 287
Total records generated by search 5044
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Table A3. Extracted data of the 38 studies included in the analysis.
Country . Type of . Type(s) of Evaluation Evaluation
[Ref] Setting Intervention Study Design Evaluation Indicators Methods
- Clinical endpoints
M dl.:ealszl)nlity Physical well-being
mHealth system edical LUcomes Health parameters Medical
devi Comparison with ;
evices: RCT tandard of (BP, welght, measurements
mobile phone, Sample size n = 100 stanaard of care ECG) Standardized
Canada  Home-based ioh 1 D . h Utilization . uestionnaires
[24] and hospital weight scale, uration: 6 months Clinical Hospital KPIs q !
blood pressure Retention rate: 94% Management application: Collection of
monitor,_ ECG Loss to follow-up: 6 Quality of Life Patient perception hospital
recordings Effectiveness,/ /feedback KPI data
Efficienc Clinicians’
y interaction
Clinical endpoints: Interviews
Usability stud Physical activity Standardized
S ;ran ple.yns :ul%’ Acceptzfﬂ?ility Application: questl;)nré?;rei
U384A Home-based mHealth app Duration: - Usability Task completion Open feedbac
[34] Retention rate: 87% Medical outcome success Usability testing
Loss to follow—'up' b Self-efficacy Mobile technology Guidance by
' use UTAUT2
Patients’ interaction construct
Clinical endpoints:
Single-arm Health parameters
Home-based ~mHealth system  prospective study Feasibility (BP, f}inctl(}n;ﬂ)
USA and cardiac devices: app, Sample: n =18 Engagement CaApaC1ly, sate Y Open feedback
[30] rehabilita- monitoring Duration: 3 months Acceptability Pati F;p, {cattlon.t. Usage logs
tion dashboard Retention rate: 72% Medical outcome a 1er‘1N itﬁnaglsc 1on
Loss to follow-up: 5 Patient percep-
tion/feedback
: Comparison of Clinical endpoints: .
Mixed-methods p . g Interviews
Home-based study Eusual care ¢ HPh%/tskical aCth}[ty Standardized
Belgium  and cardiac Health Sample: n =32 ngagemen ca p.arame.ers questionnaires
[31] rehabilita- mbieatthapp Duration: 4 months EgecF\ieness P Apphgahon. Medical
tion Retention rate: 88% Seruness atients’ percep- measurements
Loss to follow-up: 4 Medical outcome tion/feedback Usage logs
: Quality of life Patients’ interaction
Open Feedback
Usability Clinical endpoints: pel\r}[egfcal ac
Cluster randomized Feasibility Health parameters measurements
trial Accentabilit Psychological Standardized
, Sample: 1 = 209 copravLIy 1l-bei tionnai
China b Medical outcome wel-being uestionnaires
[39] Home-based mHealth app Duration: 3 months Safet Application: uestionnaires
. Retention rate: 80% Y. Patients’ percep- (self—deﬁned)
Loss to accuracy/ consistency tion/feedback Collection of
follow-up: 42 Quality of life Knowled cointervention
Self-effi now eage i
cll-ethicacy Data management da;ca (meglctal)
outcome data
Clinical endpoints:
. Physical and
Cohort study Comparison of psychological Standardized
mHealth system Sample: n = 46 usual care well-bein uestionnaires
USA Home-based devices: Duration: 6 months Feasibility Health gt E Medical
5] and hospital wireless Retention rate: 76% Quality of life ealth parameters edic
. (ECG) measurements
ECG, app Loss to Medical outcome Apvlication: Usability testin
follow-up: 11 Self-efficacy pplication: Y )
Patient percep-
tion/feedback
Feasibility Clinical endpoints:
mHelhsen . Comparonor i paranetn
devices: tablet, tud usual care ysic Demg Standardized
USA H based Bluetooth- S slu- Y 28 Usability Physical aC.hVIAty questionnaires
ome-base weight scale, amp'e: i = Acceptability Application: Medical
[40] and hospital Duration: 3 months . Adherence
pulse wave Retention rate: 89% Medical outcome Patients’ : measurements
blood pressure follow-up: 3 Clinical auents: percep Interviews
wrist monitor oss to follow-up: management tion/feedback
Self-efficacy Clinicians”

interaction
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Table A3. Cont.
Country . Type of . Type(s) of Evaluation Evaluation
[Ref] Setting Intervention Study Design Evaluation Indicators Methods
Comparison of
RCT telehealth Clinical endpoints:
Sample: n = 60 Medication psychological and . .
USA Duration: one adherence physical well-being Questlonnalres
Home-based mHealth app bili A (self-defined)
[41] month Feasibility Application: Usage logs
Retention rate: 92% Quality of l_ife App features ge 108
Loss to follow-up: 5 Acceptability Patients’ interaction
Self-efficacy
RCT Clinical endpoints:
New rgg??é? gjﬁ?{g Sample: n =171 Physical well-being Stanc}ardizgd
W mebased phone,‘ Jhooi ]Ifguratipn: 6 m0191t2};/s Mesdilcfalf(g}ltcome Physical activity queﬁlc()jr}nallres
[56] for internet etention rate: o elt-efticacy (lelsure-n.me and edica
support Loss to walking) measurements
follow-up: 14 Health parameters
- Clinical endpoints: Open feedback
i Feasibilit p pen feedbac
M1xedt:urréethods S::lloiiiiyy Health parameters Medical
g sl ) y_ 12 Quality of life Hospital KPIs measurements
UsA Home-based Health Smptg. - Self- }f]f- Application: Standardized
[42] ome-base mHealth app ura 1ox:hone Ae e fil;y Patient percep- questionnaires
monta e ceptability. tion/feedback Collection of
Retention rate: 92%  Effectiveness/efficac :
Loss to follow-up: 1 Medical outcome Y Message hospital
' characteristics KPI data
Clinical endpoints:
Health parameters
mHealth system Physical activity
o Feasibilit Psychological
tdev1§es. app, Cohort Study SaSL-i; Y well-being Medical
racking tools S le: n =21 SabrLty ication: measurements
Australia 1 b ample: 1= Medical outcome Application: 1
Home-based (accg erometer, Duration: 4 months - Mobile Technolo Standardized
[35] wrist-worn - ho Self-efficacy gy - .
o Retention rate: 62% . : U questionnaires
Fitbit Flex), - Quality of life . uUse
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Table A3. Cont.
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[Ref] Setting Intervention Study Design Evaluation Indicators Methods
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e1s i t
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: o i i Application: pen teedbac
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[33] rehabilita- mkHealth app e h Usabilit Patient percep- sage logs
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tion Retention rate: 100%  Effectiveness/efficacy P Lon/ ree fac. hospital
Loss to follow-up: 0 atliﬁﬁatls action KI'E‘)ISP d at
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[15] rehabilita- pp months Medical outcome Patient percep- Standardized
tion Retention rate: 98% Quality of life tion /feedback questionnaires
Loss to follow-up: 2 Patient satisfaction
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; 11Loss to - tion/feedback
ollow-up:
Clinical endpoints:
Physical activity
mHealth system Health parameters Intervi
devices: apps, si Application: nterviews
: ingle-arm . \PP : Standardized
smart tracking prospective study Usablhty Mobile Technology questionnaires
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follow-up: 12 ; . Patient percep- ata
ollow-up Effectiveness/ efficacy tion / feedback
RCT i atae .
Sample: 1 = 767 Effectiveness/Efficacy Clﬁg:lii:ldlgggts' }?Olle'gtiolchif
hi lth Duration: 6.4 Quality of life 1 hp ospita s
China Home-based mHealth—text months Self-efficacy Healt parameters data_
[19] messaging - . Qo o Application: Standardized
Retention rate: 95% Medication , - .
Loss to adherence Patient percep- questionnaires
follow-up: 37 tion/feedback
Clinical endpoints:
S I§CT ~90 Psychological
USA Slrﬂ_laoﬁe(; : S e Medication well-being Standardized
[62] Home-based = mHealth system mo nth adherence Application: questionnaires
Retention rate: 93% Self-efficacy Patients’ interaction Usage logs
Loss to follow;up: 6 Patient percep-
tion/feedback
RCT L
Sample: n = 630 Economic outcome Apphca.tlon.
Spain H based Health Duration: - Engagement Coﬁ—effectnfzengss Economic
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Mixed-methods s Clinical endpoints:
study F[?T::gﬁt;y Physical activity Standardized
: g . Sample: n =190 . Application: questionnaires
C[lglgr]la Ijr?én }foks)a?fﬁ mgeezlst; intext Duration: 3 months Al\j[ceé)_tal:_l lity Patient satisfaction Open feedback
: P g Retention rate: 93% aghg&elrigg Patient percep- Economic
foulasvs_sut;): 13 Economic outcome thI‘l/C f(c)esetc;back measurements
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Home-based mHealth A Duration: 3 months adherence pp :
[23] PP 1 Patient percep- Usage logs
Retention rate: 26% Acceptability tion/f de P}i Open feedback
Loss to Utilization P t_lont ; ?et ac o p
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Home-based phone, S%I:Eﬁ'i:n_ 1229 3 Usefulness e; S C}I: (e)llr ; nilce;le e Medical
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pr platform, sphyg Retention rate: 90% Quality of life Application: - -
on momanometer, Loss to Pati questionnaires
glucose, and follow-up: 21 atient percep-
lipid meter P: tion/feedback
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Home-based . Duration: one tion/feedback Standardized
[22] messaging adherence - : ; ; ;
month Adh Patient satisfaction questionnaires
Retention rate: 40% Enga;?;lgﬁt Patients’ interaction

Loss to follow-up: 9




Int. J. Environ. Res. Public Health 2021, 18, 12315 14 of 16

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Statistisches Bundesamt (Destatis). Gestorbene: Deutschland, Jahre, Todesursachen, Geschlecht. Available online: https:
/ /www-genesis.destatis.de/genesis/online?sequenz=tabelleErgebnis&selectionname=23211-0002#abreadcrumb (accessed on 12
July 2021).

Nier, H. Herz-Kreislauf-Erkrankungen Verursachen Hochste Kosten. Available online: https://de.statista.com/infografik /11301 /
herz-kreislauf-erkrankungen-verursachen-hoechste-kosten/ (accessed on 12 July 2021).

Virani, S.S.; Alonso, A.; Aparicio, H.J.; Benjamin, E.J.; Bittencourt, M.S.; Callaway, C.W.; Carson, A.P.; Chamberlain, A.M.; Cheng,
S.; Delling, EN.; et al. Heart Disease and Stroke Statistics-2021 Update: A Report from the American Heart Association. Circulation
2021, 143, e254—e743. [CrossRef] [PubMed]

Kvedar, J.; Coye, M.].; Everett, W. Connected health: A review of technologies and strategies to improve patient care with
telemedicine and telehealth. Health Aff. 2014, 33, 194-199. [CrossRef] [PubMed]

Tomlinson, M.; Rotheram-Borus, M.].; Swartz, L.; Tsai, A.C. Scaling up mHealth: Where is the evidence? PLoS Med. 2013, 10,
€1001382. [CrossRef] [PubMed]

World Health Organization (WHO). mHealth: New Horizons for Health through Mobile Technologies: Second Global Survey on
eHealth, Global Observatory for eHealth. World Health Organization. Available online: https://apps.who.int/iris/handle /1066
5/44607 (accessed on 12 July 2021).

Das Fast-Track-Verfahren Fiir Digitale Gesundheitsanwendungen (Diga) Nach § 139e SGB V Ein Leitfaden Fiir Hersteller,
Leistungserbringer Und Anwender. Available online: https://www.bfarm.de/SharedDocs/Downloads/DE/Medizinprodukte /
diga_leitfaden.pdf?__blob=publicationFile (accessed on 12 July 2021).

Verordnung (EU) 2017/745 Des Europaischen Parlaments Und Des Rates. Available online: https://lexparency.de/eu/MDR/
(accessed on 12 July 2021).

Holl, F.; Swoboda, W. Methods to Measure the Impact of mHealth Applications: Preliminary Results of a Scoping Review. Stud.
Health Technol. Inform. 2018, 251, 285-288.

Anderson, S.; Allen, P; Peckham, S.; Goodwin, N. Asking the right questions: Scoping studies in the commissioning of research
on the organisation and delivery of health services. Health Res. Policy Syst. 2008, 6, 7. [CrossRef]

Arksey, H.; O’Malley, L. Scoping studies: Towards a methodological framework. Int. J. Soc. Res. Methodol. 2005, 8, 19-32.
[CrossRef]

Holl, F; Kircher, J.; Swoboda, W. Evaluation Methods Used to Assess mHealth Applications for Cardiovascular Disease: First
Results of a Scoping Review. Stud. Health Technol. Inform. 2021, 281, 1083-1084. [CrossRef]

Mobher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G. Preferred reporting items for systematic reviews and meta-analyses: The PRISMA
statement. PLoS Med. 2009, 6, e1000097. [CrossRef]

Blasco, A.; Carmona, M.; Fernandez-Lozano, I.; Salvador, C.H.; Pascual, M.; Sagredo, P.G.; Somolinos, R.; Mufioz, A.; Garcia-
Lopez, F.; Escudier, ].M.; et al. Evaluation of a telemedicine service for the secondary prevention of coronary artery disease. J.
Cardiopulm. Rehabil. Prev. 2012, 32, 25-31. [CrossRef]

Lunde, P; Bye, A.; Bergland, A.; Grimsmo, J.; Jarstad, E.; Nilsson, B.B. Long-term follow-up with a smartphone application
improves exercise capacity post cardiac rehabilitation: A randomized controlled trial. Eur. J. Prev. Cardiol. 2020, 27, 1782-1792.
[CrossRef]

Pandey, A.; Krumme, A.; Patel, T.; Choudhry, N. The impact of text messaging on medication adherence and exercise among
postmyocardial infarction patients: Randomized controlled pilot trial. J. Med. Internet Res. mHealth uHealth 2017, 5, e7144.
[CrossRef]

Ware, P,; Dorai, M.; Ross, H.J.; Cafazzo, J.A.; Laporte, A.; Boodoo, C.; Seto, E. Patient adherence to a Mobile phone-based heart
failure Telemonitoring program: A longitudinal mixed-methods study. J. Med. Internet Res. mHealth uHealth 2019, 7, €13259.
[CrossRef]

Woods, L.S.; Duff, J.; Roehrer, E.; Walker, K.; Cummings, E. Patients” experiences of using a consumer mhealth app for self-
management of heart failure: Mixed-methods study. J. Med. Internet Res. Hum. Factors 2019, 6, €13009. [CrossRef]

Chen, C.; Li, X,; Sun, L.; Cao, S.; Kang, Y.; Hong, L.; Liang, Y.; You, G.; Zhang, Q. Post-discharge short message service improves
short-term clinical outcome and self-care behaviour in chronic heart failure. Eur. Soc. Cardiol. Heart Fail. 2019, 6, 164-173.
[CrossRef]

Antypas, K.; Wangberg, S.C. An Internet-and mobile-based tailored intervention to enhance maintenance of physical activity
after cardiac rehabilitation: Short-term results of a randomized controlled trial. J. Med. Internet Res. 2014, 16, €77. [CrossRef]
Layton, A.M.; Whitworth, J.; Peacock, J.; Bartels, M.N; Jellen, P.A.; Thomashow, B.M. Feasibility and acceptability of utilizing
a smartphone based application to monitor outpatient discharge instruction compliance in cardiac disease patients around
discharge from hospitalization. Int. J. Telemed. Appl. 2014, 2014, 17. [CrossRef]

Nundy, S.; Razi, R.R,; Dick, ].J.; Smith, B.; Mayo, A.; O’Connor, A.; Meltzer, D.O. A text messaging intervention to improve heart
failure self-management after hospital discharge in a largely African-American population: Before-after study. J. Med. Internet
Res. 2013, 15, e53. [CrossRef]

Santo, K.; Singleton, A.; Chow, C.K,; Redfern, ]J. Evaluating reach, acceptability, utility, and engagement with an app-based
intervention to improve medication adherence in patients with coronary heart disease in the Med App-CHD study: A mixed-
methods evaluation. Med. Sci. 2019, 7, 68. [CrossRef]


https://www-genesis.destatis.de/genesis/online?sequenz=tabelleErgebnis&selectionname=23211-0002#abreadcrumb
https://www-genesis.destatis.de/genesis/online?sequenz=tabelleErgebnis&selectionname=23211-0002#abreadcrumb
https://de.statista.com/infografik/11301/herz-kreislauf-erkrankungen-verursachen-hoechste-kosten/
https://de.statista.com/infografik/11301/herz-kreislauf-erkrankungen-verursachen-hoechste-kosten/
http://doi.org/10.1161/CIR.0000000000000950
http://www.ncbi.nlm.nih.gov/pubmed/33501848
http://doi.org/10.1377/hlthaff.2013.0992
http://www.ncbi.nlm.nih.gov/pubmed/24493760
http://doi.org/10.1371/journal.pmed.1001382
http://www.ncbi.nlm.nih.gov/pubmed/23424286
https://apps.who.int/iris/handle/10665/44607
https://apps.who.int/iris/handle/10665/44607
https://www.bfarm.de/SharedDocs/Downloads/DE/Medizinprodukte/diga_leitfaden.pdf?__blob=publicationFile
https://www.bfarm.de/SharedDocs/Downloads/DE/Medizinprodukte/diga_leitfaden.pdf?__blob=publicationFile
https://lexparency.de/eu/MDR/
http://doi.org/10.1186/1478-4505-6-7
http://doi.org/10.1080/1364557032000119616
http://doi.org/10.3233/shti210355
http://doi.org/10.1371/journal.pmed.1000097
http://doi.org/10.1097/HCR.0b013e3182343aa7
http://doi.org/10.1177/2047487320905717
http://doi.org/10.2196/mhealth.7144
http://doi.org/10.2196/13259
http://doi.org/10.2196/13009
http://doi.org/10.1002/ehf2.12380
http://doi.org/10.2196/jmir.3132
http://doi.org/10.1155/2014/415868
http://doi.org/10.2196/jmir.2317
http://doi.org/10.3390/medsci7060068

Int. J. Environ. Res. Public Health 2021, 18, 12315 15 of 16

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Seto, E.; Leonard, K.J.; Cafazzo, J.A.; Barnsley, J.; Masino, C.; Ross, H.]. Mobile phone-based telemonitoring for heart failure
management: A randomized controlled trial. J. Med. Internet Res. 2012, 14, e31. [CrossRef]

Khonsari, S.; Subramanian, P.; Chinna, K.; Latif, L.A.; Ling, L.W.; Gholami, O. Effect of a reminder system using an automated
short message service on medication adherence following acute coronary syndrome. Eur. J. Cardiovasc. Nurs. 2015, 14, 170-179.
[CrossRef]

Santo, K.; Singleton, A.; Rogers, K.; Thiagalingam, A.; Chalmers, J.; Chow, C.K.; Redfern, J. Medication reminder applications to
improve adherence in coronary heart disease: A randomised clinical trial. Heart 2019, 105, 323-329. [CrossRef] [PubMed]
Stoyanov, S.R.; Hides, L.; Kavanagh, D.].; Zelenko, O.; Tjondronegoro, D.; Mani, M. Mobile App Rating Scale: A New Tool for
Assessing the Quality of Health Mobile Apps. JMIR mHealth uHealth 2015, 3, e27. [CrossRef] [PubMed]

Guo, X,; Gu, X; Jiang, J.; Li, H.; Duan, R.; Zhang, Y.; Sun, L.; Bao, Z.; Shen, J.; Chen, F. A Hospital-Community-Family-Based
Telehealth Program for Patients With Chronic Heart Failure: Single-Arm, Prospective Feasibility Study. |. Med. Internet Res.
mHealth uHealth 2019, 7, €13229. [CrossRef] [PubMed]

Nahm, E.S.; Resnick, B.; Mills, M.E. Development and pilot-testing of the perceived health Web Site usability questionnaire
(PHWSUQ) for older adults. Stud. Health Technol. Inform. 2006, 122, 38—43.

Harzand, A.; Witbrodt, B.; Davis-Watts, M.L.; Alrohaibani, A.; Goese, D.; Wenger, N.K.; Shah, A.]J.; Zafari, A.M. Feasibility of a
smartphone-enabled cardiac rehabilitation program in male veterans with previous clinical evidence of coronary heart disease.
Am. . Cardiol. 2018, 122, 1471-1476. [CrossRef]

Sankaran, S.; Dendale, P.; Coninx, K. Evaluating the impact of the HeartHab app on motivation, physical activity, quality of life,
and risk factors of coronary artery disease patients: Multidisciplinary crossover study. J. Med. Internet Res. mHealth uHealth 2019,
7,€10874. [CrossRef]

Park, L.G.; Howie-Esquivel, J.; Chung, M.L.; Dracup, K. A text messaging intervention to promote medication adherence for
patients with coronary heart disease: A randomized controlled trial. Patient Educ. Couns. 2014, 94, 261-268. [CrossRef]

Lunde, P; Nilsson, B.B.; Bergland, A.; Bye, A. Feasibility of a mobile phone app to promote adherence to a heart-healthy lifestyle:
Single-arm study. J. Med. Internet Res. Form. Res. 2019, 3, €12679. [CrossRef]

Beatty, A.L.; Magnusson, S.L.; Fortney, ].C.; Sayre, G.G.; Whooley, M.A. VA FitHeart, a mobile app for cardiac rehabilitation:
Usability study. J. Med. Internet Res. Hum. Factors 2018, 5, e3. [CrossRef]

Freene, N.; van Berlo, S.; McManus, M.; Mair, T.; Davey, R. A behavioral change smartphone APP and program (ToDo-CR) to
decrease sedentary behavior in cardiac rehabilitation participants: Prospective feasibility cohort study. J. Med. Internet Res. Form.
Res. 2020, 4, €17359. [CrossRef]

Venkatesh, V.; Thong, ].Y.L.; Xu, X. Consumer Acceptance and Use of Information Technology: Extending the Unified Theory of
Acceptance and Use of Technology. MIS Q. 2012, 36, 157-178. [CrossRef]

Maddison, R.; Pfaeffli, L.; Whittaker, R.; Stewart, R.; Kerr, A.; Jiang, Y; Kira, G.; Leung, W.; Dalleck, L.; Carter, K.; et al. A mobile
phone intervention increases physical activity in people with cardiovascular disease: Results from the HEART randomized
controlled trial. Eur. J. Prev. Cardiol. 2015, 22, 701-709. [CrossRef]

Martin, J.A.C.; Martinez-Pérez, B.; de la Torre-Diez, I.; Lépez-Coronado, M. Economic impact assessment from the use of a mobile
app for the self-management of heart diseases by patients with heart failure in a Spanish region. J. Med. Syst. 2014, 38, 1-7.
[CrossRef]

Guo, Y,; Chen, Y.; Lane, D.A ; Liu, L.; Wang, Y.; Lip, G.Y.H. Mobile health technology for atrial fibrillation management integrating
decision support, education, and patient involvement: mAF app trial. Am. ]. Med. 2017, 130, 1388-1396.e6. [CrossRef]

Lefler, L.L.; Rhoads, S.J.; Harris, M.; Funderburg, A.E.; Lubin, S.A.; Martel, L.D.; Faulkner, J.L.; Rooker, J.L.; Bell, D.K.; Marshall,
H.; et al. Evaluating the use of mobile health technology in older adults with heart failure: Mixed-methods study. ]. Med. Internet
Res. Aging 2018, 1, €12178. [CrossRef]

Goldstein, C.M.; Gathright, E.C.; Dolansky, M.A.; Gunstad, J.; Sterns, A.; Redle, ].D.; Josephson, R.; Hughes, ].W. Randomized
controlled feasibility trial of two telemedicine medication reminder systems for older adults with heart failure. J. Telemed. Telecare
2014, 20, 293-299. [CrossRef]

Heiney, S.P.; Donevant, S.B.; Adams, S.A.; Parker, P.D.; Chen, H.; Levkoff, S. A smartphone app for self-management of heart
failure in older African Americans: Feasibility and usability study. . Med. Internet Res. Aging 2020, 3, e17142. [CrossRef]

Del Rosario, M.B.; Lovell, N.H.; Fildes, J.; Holgate, K.; Yu, J.; Ferry, C.; Schreier, G.; Ooi, S.Y.; Redmond, S.J. Evaluation of an
mHealth-based adjunct to outpatient cardiac rehabilitation. Inst. Electr. Electron. Eng. |. Biomed. Health Inform. 2017, 22, 1938-1948.
[CrossRef]

Evidence-Based Medicine Working Group. Evidence-based medicine. A new approach to teaching the practice of medicine.
JAMA 1992, 268, 2420-2425. [CrossRef]

Albrecht, U.-V. Chancen und Risiken von Gesundheits-Apps. In Recht & Netz, 1st ed.; Albers, M., Katsivelas, 1., Eds.; Nomos
Verlagsgesellschaft mbH & Co. KG: Baden-Baden, Germany, 2018; pp. 417-430.

Schwab, J.D.; Schobel, ].; Werle, S.D.; Fiirstberger, A.; Ikonomi, N.; Szekely, R.; Thiam, P.; Hiihne, R.; Jahn, N.; Schuler, R; et al.
Perspective on mHealth Concepts to Ensure Users” Empowerment-From Adverse Event Tracking for COVID-19 Vaccinations to
Oncological Treatment. IEEE Access 2021, 9, 83863-83875. [CrossRef]

SurveyMonkey. Der standardisierte Fragebogen. SurveyMonkey. Available online: https:/ /www.surveymonkey.de/mp/der-
standardisierte-fragebogen/ (accessed on 13 July 2021).


http://doi.org/10.2196/jmir.1909
http://doi.org/10.1177/1474515114521910
http://doi.org/10.1136/heartjnl-2018-313479
http://www.ncbi.nlm.nih.gov/pubmed/30150326
http://doi.org/10.2196/mhealth.3422
http://www.ncbi.nlm.nih.gov/pubmed/25760773
http://doi.org/10.2196/13229
http://www.ncbi.nlm.nih.gov/pubmed/31833835
http://doi.org/10.1016/j.amjcard.2018.07.028
http://doi.org/10.2196/10874
http://doi.org/10.1016/j.pec.2013.10.027
http://doi.org/10.2196/12679
http://doi.org/10.2196/humanfactors.8017
http://doi.org/10.2196/17359
http://doi.org/10.2307/41410412
http://doi.org/10.1177/2047487314535076
http://doi.org/10.1007/s10916-014-0096-z
http://doi.org/10.1016/j.amjmed.2017.07.003
http://doi.org/10.2196/12178
http://doi.org/10.1177/1357633X14541039
http://doi.org/10.2196/17142
http://doi.org/10.1109/JBHI.2017.2782209
http://doi.org/10.1001/jama.1992.03490170092032
http://doi.org/10.1109/ACCESS.2021.3087315
https://www.surveymonkey.de/mp/der-standardisierte-fragebogen/
https://www.surveymonkey.de/mp/der-standardisierte-fragebogen/

Int. J. Environ. Res. Public Health 2021, 18, 12315 16 of 16

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

SurveyMonkey. Der Unterschied zwischen quantitativer und qualitativer Forschung. SurveyMonkey. Available online: https:
/ /www.surveymonkey.de/mp/quantitative-vs-qualitative-research/ (accessed on 13 July 2021).

Terhorst, Y.; Philippi, P.; Sander, L.B.; Schultchen, D.; Paganini, S.; Bardus, M.; Santo, K.; Knitza, J.; Machado, G.C.; Schoeppe, S.;
et al. Validation of the Mobile Application Rating Scale (MARS). PLoS ONE 2020, 15, €0241480. [CrossRef] [PubMed]

Schnall, R.; Higgins, T.; Brown, W.; Carballo-Dieguez, A.; Bakken, S. Trust, Perceived Risk, Perceived Ease of Use and Perceived
Usefulness as Factors Related to mHealth Technology Use. Stud. Health Technol. Inform. 2015, 216, 467—471. [PubMed]

Zhou, L.; Bao, J.; Watzlaf, V.; Parmanto, B. Barriers to and Facilitators of the Use of Mobile Health Apps From a Security
Perspective: Mixed-Methods Study. JMIR Mhealth Uhealth 2019, 7, e11223. [CrossRef] [PubMed]

Carbo, A.; Gupta, M.; Tamariz, L.; Palacio, A.; Levis, S.; Nemeth, Z.; Dang, S. Mobile Technologies for Managing Heart Failure: A
Systematic Review and Meta-analysis. Telemed. ]. E Health 2018, 24, 958-968. [CrossRef]

Briggs, A.; Sculpher, M. An introduction to Markov modelling for economic evaluation. Pharmacoeconomics 1998, 13, 397-409.
[CrossRef]

Pavlovig, I.; Kern, T.; Miklavcic, D. Comparison of paper-based and electronic data collection process in clinical trials: Costs
simulation study. Contemp. Clin. Trials 2009, 30, 300-316. [CrossRef]

Hickey, K.T,; Biviano, A.B.; Garan, H.; Sciacca, R.R.; Riga, T.; Warren, K.; Frulla, A.P.; Hauser, N.R.; Wang, D.Y.; Whang, W.
Evaluating the utility of mHealth ECG heart monitoring for the detection and management of atrial fibrillation in clinical practice.
J. Atr. Fibrillation 2017, 9, 1546. [CrossRef]

Maddison, R.; Pfaeffli, L.; Stewart, R.; Kerr, A.; Jiang, Y.; Rawstorn, J.; Carter, K.; Whittaker, R. The HEART mobile phone trial: The
partial mediating effects of self-efficacy on physical activity among cardiac patients. Front. Public Health 2014, 2, 56. [CrossRef]
Park, C.; Otobo, E.; Ullman, J.; Rogers, J.; Fasihuddin, F.; Garg, S.; Kakkar, S.; Goldstein, M.; Chandrasekhar, S.V.; Pinney, S.; et al.
Impact on readmission reduction among heart failure patients using digital health monitoring: Feasibility and adoptability study.
J. Med. Internet Res. Med. Inform. 2019, 7, €13353. [CrossRef]

Zan, S.; Agboola, S.; Moore, S.A.; Parks, K.A.; Kvedar, J.C.; Jethwani, K. Patient engagement with a mobile web-based tele-
monitoring system for heart failure self-management: A pilot study. J. Med. Internet Res. mHealth uHealth 2015, 3, e3789.
[CrossRef]

Quilici, J.; Fugon, L.; Beguin, S.; Morange, P.E.; Bonnet, ].L.; Alessi, M.C.; Carrieri, P; Cuisset, T. Effect of motivational mobile
phone short message service on aspirin adherence after coronary stenting for acute coronary syndrome. Int. J. Cardiol. 2013, 168,
568-569. [CrossRef]

Treskes, R.W.; van Winden, L.A.; van Keulen, N.; van der Velde, E.T.; Beeres, S.L.; Atsma, D.E.; Schalij, M.]. Effect of smartphone-
enabled health monitoring devices vs regular follow-up on blood pressure control among patients after myocardial infarction: A
randomized clinical trial. J. Am. Med. Assoc. Netw. Open 2020, 3, €202165. [CrossRef]

Ware, P.; Ross, H.J.; Cafazzo, J.A.; Boodoo, C.; Munnery, M.; Seto, E. Outcomes of a heart failure telemonitoring program
implemented as the standard of care in an outpatient heart function clinic: Pretest-posttest pragmatic study. J. Med. Internet Res.
2020, 22, €16538. [CrossRef]

Park, L.G.; Howie-Esquivel, J.; Whooley, M.A.; Dracup, K. Psychosocial factors and medication adherence among patients with
coronary heart disease: A text messaging intervention. Eur. J. Cardiovasc. Nurs. 2015, 14, 264-273. [CrossRef]

Chen, S.; Gong, E.; Kazi, D.S.; Gates, A.B.; Bai, R.; Fu, H.; Peng, W.; De La Cruz, G.; Chen, L, Liu, X,; et al. Using mobile health
intervention to improve secondary prevention of coronary heart diseases in China: Mixed-methods feasibility study. J. Med.
Internet Res. mHealth uHealth 2018, 6, €7849. [CrossRef]

Nabutovsky, I.; Ashr, S.; Nachshon, A.; Tesler, R.; Shapiro, Y.; Wright, E.; Vadasz, B.; Offer, A.; Grosman-Rimon, L.; Klempfner, R.
Feasibility, Safety, and Effectiveness of a Mobile Application in Cardiac Rehabilitation. Isr. Med. Assoc. J. IMA] 2020, 22, 357-363.
Dale, L.P.,; Whittaker, R.; Jiang, Y.; Stewart, R.; Rolleston, A.; Maddison, R. Text message and internet support for coronary heart
disease self-management: Results from the Text4Heart randomized controlled trial. . Med. Internet Res. 2015, 17, e4944.


https://www.surveymonkey.de/mp/quantitative-vs-qualitative-research/
https://www.surveymonkey.de/mp/quantitative-vs-qualitative-research/
http://doi.org/10.1371/journal.pone.0241480
http://www.ncbi.nlm.nih.gov/pubmed/33137123
http://www.ncbi.nlm.nih.gov/pubmed/26262094
http://doi.org/10.2196/11223
http://www.ncbi.nlm.nih.gov/pubmed/30990458
http://doi.org/10.1089/tmj.2017.0269
http://doi.org/10.2165/00019053-199813040-00003
http://doi.org/10.1016/j.cct.2009.03.008
http://doi.org/10.4022/jafib.1546
http://doi.org/10.3389/fpubh.2014.00056
http://doi.org/10.2196/13353
http://doi.org/10.2196/mhealth.3789
http://doi.org/10.1016/j.ijcard.2013.01.252
http://doi.org/10.1001/jamanetworkopen.2020.2165
http://doi.org/10.2196/16538
http://doi.org/10.1177/1474515114537024
http://doi.org/10.2196/mhealth.7849

	Introduction 
	Materials and Methods 
	Preliminary Scoping Review 
	Inclusion and Exclusion Criteria 
	Search Strategy 
	Literature Selection 
	Data Extraction and Analysis 

	Results 
	Characteristics of the Identified Studies 
	Methods and Measurements for Evaluating mHealth Technologies 

	Discussion 
	Patient Empowerment in mHealth Interventions for CR 
	Usage Behavior and Motivation 
	Quantitative and Qualitative Research Methods 
	Quality Assessment 
	Privacy and Data Security 
	Economic Evaluation 

	Conclusions 
	
	References

