@ESC

Europace (2020) 00, 1-12 EHRA SURVEY

European Society doi:10.1093/europace/euaa269

of Cardiology

Mobile health applications for managing atrial
fibrillation for healthcare professionals and
patients: a systematic review

Deirdre A. Lane ® 'T, Naoimh McMahon?, Josephine Gibson?, Jo C. Weldon?,
Michal M. Farkowski3, Radoslaw Lenarczyk", Caroline L. Watkinsz,

Polychronis Dilaveris®, Enrico G. Caiani®, and Tatjana S. Potpara

7,8t

"Liverpool Centre for Cardiovascular Science, University of Liverpool and Liverpool Heart & Chest Hospital, Liverpool L7 8TX, UK; *Faculty of Health and Wellbeing, University
of Central Lancashire, Preston, UK; Il Department of Heart Arrhythmia, National Institute of Cardiology, Warsaw, Poland; “First Department of Cardiology and Angiology,
Silesian Centre for Heart Disease, Zabrze, Poland; 51st University Department of Cardiology, National & Kapodistrian University of Athens School of Medicine, Athens, Greece;
®Electronic, Information and Biomedical Engineering Department, Politecnico di Milano, Milan, Italy; 7School of Medicine, University of Belgrade, Belgrade, Serbia; and BCardiology
Clinic, Clinical Centre of Serbia, Belgrade, Serbia

Received 9 June 2020; editorial decision 9 August 2020; accepted dfter revision 15 August 2020

Aims

and results

A plethora of mobile health applications (m-health apps) to support healthcare are available for both patients and
healthcare professionals (HCPs) but content and quality vary considerably and few have undergone formal assess-
ment. The aim is to systematically review the literature on m-health apps for managing atrial fibrillation (AF) that
examine the impact on knowledge of AF, patient and HCP behaviour, patients’ quality-of-life, and user engagement.

MEDLINE, EMBASE, CINAHL, and Psychinfo were searched from 1 January 2005 to 5 September 2019, with hand-
searching of clinical trial registers and grey literature. Studies were eligible for inclusion if they reported changes in
any of the following: (i) knowledge of AF; (ii) provider behaviour (e.g. guideline adherence); (iii) patient behaviour
(e.g. medication adherence); (iv) patient quality-of-life; and (v) user engagement. Two reviewers independently
assessed articles for eligibility. A narrative review was undertaken as included studies varied widely in their design,
interventions, comparators, and outcomes. Seven studies were included; six m-health apps aimed at patients and
one at HCPs. Mobile health apps ranged widely in design, features, and method of delivery. Four studies reported
patient knowledge of AF; three demonstrated significant knowledge improvement post-intervention or compared
to usual care. One study reported greater HCP adherence to oral anticoagulation guidelines after m-health app im-
plementation. Two studies reported on patient medication adherence and quality-of-life; both showed improved
quality-of-life post-intervention but only one observed increased adherence. Regarding user engagement, five stud-
ies reported patient perspectives on usability, three on acceptability, and one on feasibility; overall all m-health
apps were rated positively.

Mobile health apps demonstrate improvements in patient knowledge, behaviour, and quality of life. Studies formally
evaluating the impact of m-health on HCP behaviour are scarce and larger-scale studies with representative patient
cohorts, appropriate comparators, and longer-term assessment of the impact of m-health apps are warranted.
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Introduction

The use of mobile health (m-health), primarily via smartphones, has
the potential to allow wider dissemination of healthcare and could
also support traditional healthcare delivery by promoting greater in-
teraction between patients and healthcare professionals (HCPs)."*

Over the last decade there has been an explosion of m-health
applications (m-health apps), with an estimated 3.7 billion down-
loaded globally between 2013 and 2017, including many for atrial fi-
brillation (AF) but very few have undergone formal assessment.*®
Hence, the magnitude and impact of m-health apps for AF, and the
degree of patient and HCP engagement and acceptability, are cur-
rently unknown. Given that patients and HCPs can easily access these
apps, it is important to have some sense of their scope and content,
acceptability to users and additionally, to examine the purpose of,
and outcomes of, app implementation and usage. To date, no system-
atic review has evaluated the impact of the variety of m-health apps
currently available for patients with AF and HCPs who manage this
condition. Therefore, the current review will systematically assess
this literature to examine the impact on knowledge of AF, patient
and HCP behaviour, patients’ quality-of-life, and user engagement
with the m-health app.

Methods

This systematic review was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-analyses (PRISMA)
guidelines” A completed PRISMA checklist is provided in the
Supplementary material online.

Criteria for considering studies for the

review

Studies carried out in any setting and designed to evaluate m-health apps
were eligible for inclusion. We included primary research which evalu-
ated the effects of any m-health app for AF which was designed to en-
hance patient and/or HCP education, improve communication between
patients and HCPs, or to encourage active patient involvement in the
management of their condition. All types of study designs were consid-
ered with the exception of purely qualitative studies. Ongoing studies
were considered and are presented in a separate table. We excluded e-
health or m-health apps that only screened for or monitored AF, and re-
mote monitoring of AF via electrocardiogram/implantable devices.

Participants

Adults (18 years and older) with AF and/or HCPs managing patients with
AF were eligible for inclusion. Studies with mixed population groups
which included patients with AF were also eligible for inclusion in this re-
view, provided the majority were AF patients, and/or data regarding AF
patients alone was available.

Interventions

Interventions designed to manage AF via the use of m-health apps (e.g.
mobile devices, such as mobile phones, patient monitoring devices, per-
sonal digital assistants, and other wireless devices) were eligible for
inclusion.

Comparators
Any comparator or usual care (i.e. no intervention) could be included.

Outcomes

Studies were eligible for inclusion in the review if they reported changes
in any of the following outcomes: (i) knowledge of AF (patient and/or
HCP); (i) HCP behaviour (e.g. adherence to AF management guidelines);
(i) patient behaviour (e.g. medication adherence); and (iv) patient
quality-of-life. Studies were also eligible for inclusion if they reported only
process outcomes, e.g. user engagement and perspectives on acceptabil-
ity and usage patterns of the m-health app, but not if they were solely
qualitative in nature.

Search strategy

The search strategy was developed by the research team. Medical
Subject Headings and keywords such as AF, m-health, smartphone, mo-
bile applications, etc. were used (see Supplementary material online,
Table S1) to search bibliographic databases. MEDLINE, EMBASE,
CINAHL, and Psychinfo were searched from 1 January 2005 to 5
September 2019 for relevant studies. We restricted the publication date
to the year 2005 onwards as m-health is a relatively new phenomenon,
and also to capture only the more recent and relevant empirical research
reflective of changes in clinical practice guidelines around stroke preven-
tion for AF. There were no language restrictions. Availability of the full-
text publication was a requirement.

Reference lists of included studies were manually searched. Additional
unique records were identified through hand-searching trials registers
[Cochrane Central Register of Controlled Trials, Clinical Trials (www.clin
icaltrials.gov), and ISCTRN (www.isrctn.com/)] by entering key search
terms (e.g. AF, m-health, smartphones) into the websites search function.
Grey literature was addressed by contacting key opinion leaders for
unpublished data. Search results were managed using Covidence.

Study selection

Two reviewers (D.A.L/N.M.) independently screened the titles and
abstracts against the search criteria. The full texts of all potentially rele-
vant articles were retrieved and independently assessed by both
reviewers. Disagreements were resolved through discussion and assess-
ment by a third reviewer ().G.).

Data extraction

Data were extracted by one reviewer (D.A.L.) and checked by another
reviewer (J.C.W.). The following information was extracted: (i) authors,
year, country; (i) study aim; (iii) study characteristics (study design and
sample size); (iv) participant characteristics (age, sex, ethnicity, comorbid-
ities); (v) intervention (type of m-health delivery, features of the app/m-
health, duration, frequency, providers, target users, follow-up points); (vi)
comparator(s) (usual care, description of usual care, no intervention);
and (vii) outcomes [patients’ and/or HCP’s knowledge of AF, HCP behav-
jour (e.g. adherence to AF management guidelines), patient behaviour
(e.g. medication adherence), patient quality-of-life, and user engagement
and perspectives on acceptability].

Risk of bias assessment

Assessment of risk of bias in individual studies was undertaken indepen-
dently by two reviewers (D.A.L/.G.) utilizing the Cochrane risk of bias
tool® for randomized controlled trials (RCTs) and the risk of bias tool for
non-randomized studies,” as appropriate.

Data synthesis

Given that the included studies varied widely in their design, interven-
tions, comparators, and outcomes, no synthesis was undertaken and we
report a narrative review.
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Records identified through database searching

(n=11152)

MEDLINE (n=3192)
EMBASE (n=5750)

Identification

Records after duplicates removed
(n=8929)

Screening

Records screened on title
(n=8929)

Additional unique records
identified through hand-searching
(n=0)

Trials registers (n=0)

Records excluded

Eligibility

Articles included in synthesis
(n=17)

Included

Ongoing studies (n=2)

Figure | PRISMA flow diagram for study selection process.

Results

The searches identified 11 152 citations (see Figure 1). After removal
of duplicates (n =2223), the titles and abstracts of 8929 articles were
independently assessed by two reviewers. Of these, 52 were deemed
to be potentially relevant and were assessed for eligibility in their full
text; 43 were excluded and 2 studies were ongoing.m‘11 A full list of
the excluded studies and the reason for exclusion are provided in the
Supplementary material online, Table S2. No relevant studies were
identified via hand-searching. As a result, seven studies* 127> were
included (see Table 7).

(n=8877)

Full-text articles assessed for eligibility

Full-text records excluded
(n=43)

Wrong intervention (n=27)
Wrong outcomes (n=4)
Wrong population (n=1)
Reviews/Editorials (n=6)

Abstracts only (n=15)

Characteristics of the included studies

The included studies were published between 2017 and 2019 and
comprised between 10"*"° and 209° participants, with a total of 466
patients**'>'* (mean age ranged from 59'* to 71 years; 50%"* to
67%° male) and 10 HCPs (mean age 43.8 years; 30% men)."® Studies
were conducted in Belgium (n=2),** China (n=1),° Iran (n=1),"
Poland (n=1),"* and the USA (n=2)."*"* Six studies were m-health
apps aimed at patients™ "% all of whom had AF (not exclusively
AF in one study'?), with one targeting HCPs."™ Only one study® had
m-health apps directed at both patients and HCPs, but this study only
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Conclusion

on clarity (1.500), novelty

(0.942) and stimulation
and dependability (0.481) re-

(0.859). Efficiency (0.577)
ceived neutral rating

(0.923) and attractiveness

Results

Outcomes

App Features of the app

Study design

Study population

Study aim

Continued

mAFA, Mobile Atrial Fibrillation App; NOAC, non-vitamin K antagonist oral anticoagulant; NR, not reported; OAC, oral anticoagulation; pts, patients; PAF, paroxysmal atrial fibrillation; PHR, personal health record; PVI, pulmonary vein iso-

lation; QolL, quality of life; SD, standard deviation, UC, usual care; UEQ, User Experience Questionnaire; y, years.

port system; DCCV, direct current cardioversion; ECG, electrocardiogram; EHRA, European Heart Rhythm Association; FU, follow-up; HCP, healthcare professional; IQR, interquartile range; JAKQ, Jessa Atrial Fibrillation Questionnaire;
?Data on clinician version of the app not reported in this paper.

ACC, American College of Cardiology; AF, atrial fibrillation; AFA, Atrial Fibrillation Association; AFEQT, Atrial Fibrillation Evaluation of QualiTy of life questionnaire; AHA, American Heart Association; CDSS, computerized decision-sup-

First author, year,

country,
reference

Table |

reported outcome data for patients. The studies varied widely in de-
sign with one cluster-randomized pilot study;® one prospective,
RCT;* two before-and-after studies;'>'®
bility pilot studies.”'*"* Most studies had short follow-up periods, be-
131% and 3 months, ™ with only two studies following
participants for longer (6 months'> and 1 year'?).

and three exploratory/feasi-

tween 4 weeks

Types of interventions

The interventions varied markedly in their design, features of the m-
health app, and method of delivery (see Table 7). Three were deliv-
ered via an app on a mobile phone only,E"n'13
phone or tablet.*>"*'® Two studies were patient education interven-

and four via mobile

tions,*"? two were patient behaviour change interventions utilizing
support and adherence apps,'*"* two supported HCP behaviour

6,15

change®'® although one of the two® did not report the outcome data

related to the HCP app, and two were multi-faceted apps incorporat-
ing patient behaviour change and education interventions.>®

The one m-health app designed for HCPs (cardiologists) was a
computerized decision-support system to help improve adherence
to oral anticoagulation (OAC) guidelines, using an app to calculate
the CHA,DS,-VASc and HAS-BLED scores and to provide OAC
treatment recommendations based on clinical guidelines.®

One study'® used oculus glasses (virtual reality headset) and a
smartphone to deliver patient education on risk of stroke and use of
OAC for stroke prevention via a 3D movie, while another, the
miAfib app, assessed AF symptoms and mood throughout the day.13
The mAF app® included a patient version and a doctor version, con-
taining clinical decision-support tools (CHA,;DS,-VASc, HAS-BLED,
SAMe-TT,R,) linked to patient health records, patient educational
materials (eight topics), and tools to engage and support patients in
self-care (e.g. heart rate and blood pressure monitoring) and struc-
tured follow-up.

Hirschey et al™ developed an app for patients’ use on smart-
phones or tablets, to provide information on AF and OAC via text
and animated videos, with a log for patients to record AF episodes
and related notes, triggers for AF, medication and appointment
reminders, heart rate monitor, and health-related news feed.

The Health Buddies app® teamed up AF patients and their grand-
children and recorded performance of ‘healthy’ daily tasks, such as in-
take of OAC (non-vitamin K antagonist OAC) and heart rate
monitoring for the AF patients (grandparents) and eating fruit or
brushing teeth twice a day for the ‘buddies’ (grandchildren). The app
rewarded performance of these daily tasks with access to educational
quizzes for the patients and educational games for the grandchildren.
Completion of daily tasks for a 3-month period was rewarded with a
joint trip or fun activity for the grandparents and grandchildren.
Another study by the same research group utilized an on-line tailored
education platform on AF and procedure-related information for
patients undergoing pulmonary vein isolation or electrical cardiover-
sion, accessed using a unique log-in.*

Types of comparators

One study compared the intervention to usual care only;® one com-
pared the app to standard care with internet access but no structured
intervention, and standard care with no internet access; * two were

12,15

before-and-after studies, and three studies did not have a
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comparison group.”'*"* Usual care consisted of information from a
cardiologist and booklets,* and consultation with a cardiologist.®

Types of outcomes

Four studies reported on patient knowledge of AF,**"* with only
one reporting patient knowledge of OAC." No study reported on
the knowledge of HCPs. Only one study'® reported on HCP behav-
iour, focusing on adherence to OAC guidelines. Three of the four
studies that examined the impact of m-health apps on patient knowl-
edge demonstrated a significant improvement on knowledge of AF
and/or OAC after the intervention' or compared to usual care*®
(see Table 1). Desteghe et al> reported a non-significant (P = 0.09) in-
crease in knowledge level from baseline to 3-month post-
intervention. The only study that reported the effect of the m-health
app on HCP behaviour showed a significant improvement in
guideline-adherent OAC treatment following the intervention (48%
pre-intervention vs. 65.5% post-intervention; P < 0.0001)."

Two studies reported on patient adherence to medication.>®
One® reported a significant increase in drug adherence at 1 month
and 3 months in the intervention group (both P<0.001) measured
using the Pharmacy Quality Alliance adherence measure, while the
other study® showed a reduction in adherence from 88.6% [standard
deviation (SD) 15.4%] to 81.8% (SD 18.7%) measured using an elec-
tronic medication monitor.

Two studies reported on patient’s quality-of-life.** Guo et al®
measured quality-of-life using the visual analogue scale of the EQ-
5D and reported a significant improvement from baseline to 1
month and 3 months in the intervention group compared to usual
care (all P<0.05). Desteghe et al* assessed quality-of-life using the
AFEQT." This demonstrated significant improvements at 6 and 12
weeks post-procedure compared to baseline in the m-health app
group and the comparator who had access to the internet, but not in
the usual care group.

Five studies investigated user engagement with the m-health
6131 with three assessing perspectives on accep‘cability,“'f"14
461314 and one on feasibility.® Generally, patients

app,4—
five on usability,
found the m-health apps acceptable and usable. The two studies by

1*> employed the User Experience Questionnaire™ to

Desteghe et a
assess patient engagement with the apps. The m-health app for tai-
lored patient education rated positively on all aspects,* while the
Health Buddies app was rated positively only for clarity, novelty, stim-
+>14 reported some nega-
tive aspects of their m-health apps: software bugs reported by 7/12
(58%);™* 10% were unable to use the device;* and 5/15 (33%) often

encountered technical difficulties or problems.®

ulation, and attractiveness.” Three studies

Risk of bias assessment

A summary of the risk of bias assessment is presented in Table 2, with
more detailed explanation available in Supplementary material online,
Table S3. Overall, most of the included studies had high or unclear
risk of bias in relation to participant selection due to highly selected
and often small sample sizes,> 31
majority of the studies,>"*™"> and the lack of detail on the randomiza-

the observational nature of the

tion procedure® or incomplete randomization.* Due to the nature of
the interventions it was not possible to blind the participants or per-
sonnel to the treatment allocation, and outcome assessors were only
blinded in one study.® All included studies, with the exception of

L15

Sheibani et al. > had a high or unclear risk of selective reporting bias.

The degree of incomplete data reporting (attrition bias) varied and

45,15 . 12,13 .
and unclear in two. The main issues

was low in three studies
were related to not defining the primary outcome and/or the timing
of the primary endpoint. In the mAF app RCT,® 42/113 (37.2%) peo-
ple in the intervention group did not provide 3-month follow-up data
compared to complete follow-up data in the usual care group and
4/16 (25%) of people enrolled in the study by Hirschey et al.'* did not

provide follow-up data.

Excluded studies

Supplementary material online, Table S2 summarizes the 43 excluded
studies. Most [27/43 (62.8%)] studies were excluded as they were
not an m-health intervention, four (4/43) reported outcomes which
were outside the scope of the review, one (1/43) focused on a popu-
lation without AF, one (1/43) was a systematic review, one (1/43)
was a narrative review, three (3/43) were editorials, and one (1/43)
was a protocol for a systematic review. Five (5/43) were abstracts,
four with no full-text available and one with full-text which was one
of the included studies."?

Ongoing studies

Two protocol papers for ongoing studies were identified (see
Table 3). One study” is testing an upgraded version of the mAF app,®
incorporating the ABC (Avoid stroke, Better symptom management,
and Cardiovascular and other comorbidities management) pathway
compared to usual care in 3660 AF patients with CHA,;DS,-VASc
score >2, in a cluster-RCT in China. The second study, the Atrial
Fibrillation health Literacy Information Technology Trial (AF-LITT)"°
is a pilot RCT, exploring a 30-day smartphone intervention, based on
an embodied conversational agent and the AliveCor Kardia device,
compared to standard care (a symptom and adherence journal), in
180 AF patients receiving OAC, in the USA.

Discussion

We have reported a systematic review of studies that have evaluated
the impact of m-health apps for the management of AF on patient
and HCP knowledge and behaviour, patient quality-of-life, and user
engagement with the app. Despite the abundance of m-health apps
available for healthcare, and AF specifically, only seven studies were
eligible for inclusion in our systematic review. Of these, six were pa-
tient m-health apps.**'>"'* Although the study by Guo et al®
reported both a patient and HCP version, outcome data was only
presented relating to patient knowledge, behaviour, quality-of-life,
and app experience. Notwithstanding the disparity in the design, fea-
tures, and delivery of the m-health interventions, overall the various
apps improved patient knowledge on AF and OAC compared to
baseline'® or patients receiving usual care,*® improved patient medi-
cation adherence® and quality-of-life,*¢ improved provider adher-
ence to OAC guidelines”™ and were positively rated for user
engagement and acceptability. ™13

However, many of the studies had limitations including very small
sample sizes (<15),>"*" lack of a comparator group,”"*"* lack of
blinding for outcome assessors,*'>~'> imprecision or lack of defini-
tion of, and timing of, primary (and secondary) outcomes,'*"*
short follow-up periods for outcome evaluation (4 weeks'* to 3
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Table 2 Risk of bias assessment for included studies

Randomized controlled trials (assessed by Cochrane Risk of Bias tool®)

Study Selection bias Reporting bias Performance bias Detection bias Attrition bias Other bias
Author Random Allocation Selective Blinding Blinding Incomplete Other
(year) sequence concealment reporting participants and outcome outcome sources
generation personnel assessors data of bias
Desteghe et al. 2018)" [HERMIIEE U clear Unclear Unclear
Guo et al. (2017)° Unclear Unclear Unclear Unclear

Observational studies [assessed by Risk of Bias for non-randomized studies (RoOBANS) tool’]

Selection bias C

Author (year) Inadequate Inadequate Inadequate Incomplete Selective
confirmation measurements blinding of outcome outcome
and consideration of of exposure outcome data reporting
confounding variables assessments

Balsam et al. (2019)"
Hirschey et al. (2018)"*
Sheibani et al. (2017)"°
Ghanbari et al. (2017)"
Desteghe et al. (2017)°

Unclear

Unclear Unclear

IS - c2r

Red = High-risk of bias; Orange = Unclear risk of bias; Green = Low risk of bias.

months™®), and incomplete reporting of outcome data.*™* This re-
view has highlighted the need for larger, more comprehensive primary
data collection studies with appropriate control groups, in diverse and
representative AF patients, with longer-term follow-up, strategies to
reduce attrition and ensure as complete as possible follow-up data,
and more studies formally assessing the impact of m-health interven-
tions on HCP knowledge and guideline-adherent AF management.

A commentary on two European Society of Cardiology-endorsed
apps, MyAF (Patient version) and AFManager (HCP version),'” were
identified in our searches. However, these apps have yet to be for-
mally tested for impact on patient and HCP knowledge and behav-
iour and were therefore not eligible for inclusion in this review. The
rapid integration and upscaling of mobile and e-technology in health-
care and everyday life does not negate the necessity for future m-
health apps to demonstrate evidence of positive impacts on the out-
comes they claim to support, to enable confidence in the end-user in
their effectiveness and applicability.

The promise of m-health is to make health education and health-
related resources accessible regardless of health literacy. Reading
ability plays a vital part in health literacy. Therefore, it is mandatory to
introduce health apps that are not only scientifically validated but also
written at reading-grade levels not exceeding national standard
recommendations.*

All included studies used essentially stand-alone m-health apps,
rather than apps as part of an intervention package, although the com-
plexity and content of the apps varied. Four studies*'>">" used the
app to focus on delivery of one element (i.e. patient education,*'* pa-
tient self-monitoring and reporting of AF symptoms and mood," and
stroke and bleeding risk assessment and OAC recommendation for
physicians'®) whereas the other three>®'
Health Buddies app® was an interactive game, involving patients’ grand-
children, to support medication adherence; the mAF app® patient

were more complex. The

version focused on education but also incorporated patient self-
support items, self-monitoring of heart rate and blood pressure, and
feedback on treatment; while the AFib Connect app14 included educa-
tion, plus self-monitoring of heart rate, AF episodes and triggers, medi-
cation and appointment reminders, and a heart health-related news
feed. These apps, as part of an intervention package, may be more, or
less, effective than when used as the sole intervention; however, it is
important to identify the active component(s) of interventions.

Of the two ongoing studies, one'" has reported the results of the
ABC pathway supported by the Mobile Atrial Fibrillation App (mAFA)
Il app on the primary outcome of a composite of stroke/thromboem-
bolism, all-cause mortality, and rehospitalization.>’ Among the 1646
patients receiving the mAFA Il-supported intervention (mean age
67.0 years; 38% female), the rate of the composite endpoint was signifi-
cantly lower (1.9% vs. 6.0%; hazard ratio 0.39; 95% confidence interval
0.22-0.67; P<0.001) compared to those receiving usual care
(n=1678; mean age 70.0years; 38% female).”' However, the impact
of the m-health supported intervention on patient and HCP behav-
jour, patient knowledge, and quality-of-life is yet to be reported. The
other ongoing study, the AF-LITT,'® a pilot RCT of 180 AF patients re-
ceiving OAC, examining the impact of an embodied conversational
agent and the AliveCor Kardia device for 30 days on health-related
quality of life and self-reported adherence to OAC and app experi-
ence (patient and physician), is also still to report its findings.

It is encouraging that several of the included studies involved con-
tributions from patients and interdisciplinary HCPs in the design and
refinement of the patient apps;*>"'>"*
end-users is beneficial and effective.?2?* Since the main goal of m-

co-designing interventions with

health is to support and maintain (healthy) behaviour change, utilizing
interdisciplinary teams, including psychologists and social scientists
with expertise in behavioural change intervention development and
implementation is essential.
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Table3 Summary of ongoing studies of mobile health interventions for atrial fibrillation management

First author,
year, country,

reference, trial

registration
number

Study aim

Study design

Guo 2019, China"

ChiCTR-OOC-
17014138

Guhl 2017, USA™

NCTO03093558

To investigate the
effectiveness of
an integrated
care approach to
AF management,
supported by
mobile health
technology

To evaluate the effi-
cacy of the ECA/
Kardia interven-

tion to improve

Prospective cluster-
RCT (40 sites)

Intervention vs.
usual care

Follow-up: 1 year

Pilot RCT
Novel smartphone-
based intervention

to address patient

Study Features of the app Outcomes
population
Adult AF patients Smartphone app Primary: compos-
with CHA,DS,- Upgraded version of ite of stroke and
VASc score >2 mMAF app® thromboembo-
N=3660 Clinical decision- lism, ACM, and
support tools rehospitalization
(CHA,DS,-VAScand  Secondary: inci-
HAS-BLED, SAMe- dence of AFin 2
TT,R,), guideline- weeks; change in
based treatment proportion con-
recommendations, tinuing OAC;
educational materials, cost-effective-
patient involvement ness; QALY
strategies with self-
care protocols and
structured follow-up,
to support implemen-
tation of ABC
pathway
N =180 AF Embodied conversa- Primary: HRQoL
patients tional agent and Self-reported
receiving OAC AliveCor Kardia adherence to

monitor

OAC

HRQoL and experience of AF Secondary: patient
OAC adherence Intervention: acceptability, us-
and implementa- 30-day smart- age levels, and
tion into a larger phone-based ECA acceptability to
multi-centre and Kardia referring
RCT Standard care: symp- physicians

tom and

adherence journal

ABC, Avoid stroke, Better symptom management, and Cardiovascular and other comorbidities management; AF, atrial fibrillation; AF-LITT, Atrial Fibrillation health Literacy
Information Technology Trial; ECA, Embodied Conversational Agent; HRQoL, health-related quality of life; mAFA, Mobile Atrial Fibrillation App; OAC, oral anticoagulation;
PPG, photoplethysmography; QALY, quality-adjusted life years; RCT, randomized controlled trial.

Mobile health apps that include gamification features such as prizes,
rewards, feedback on performance, competition, and social connec-
tivity, have been shown to foster patient engagement and support
adoption of healthy behaviours.>*2¢ Of the studies included in this
systematic review, only one” included gamification strategies within
their app, such as rewards and communication with HCPs. However,
several of the apps included self-regulatory behaviour change techni-
ques, such as feedback and monitoring (including self-monitor-
ing), 51314

secondary prevention.

which are known to be effective for health promotion and
2728

Conclusion

Mobile health technology can be utilized to support the management
of AF, and apps which have been formally evaluated demonstrate

improvements in patient knowledge of AF and OAC, medication ad-
herence, and quality-of-life, and greater guideline-adherent OAC
management by cardiologists. However, there is a dearth of studies
formally evaluating the impact of m-health on HCP behaviour.
Larger-scale studies with representative patient cohorts, appropriate
comparators, and longer-term assessment of the impact (both poten-
tial benefits and harms) of m-health in this field are warranted.

Supplementary material

Supplementary material is available at Europace online.
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