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Abstract

Background: Heart failure self-management is essential to avoid decompensation and readmissions. M obile apps seem promising
in supporting heart failure self-management, and there has been a rapid growth in publications in this area. However, to date,
systematic reviews have mostly focused on remote monitoring interventions using nonapp types of mobiletechnol ogiesto transmit
datato health care providers, rarely focusing on supporting patient self-management of heart failure.

Objective: This study aimsto systematically review the evidence on the effect of heart failure self-management apps on health
outcomes, patient-reported outcomes, and patient experience.

Methods: Four databases (PubMed, Embase, CINAHL, and PsycINFO) were searched for studies examining interventions that
comprised a mobile app targeting heart failure self-management and reported any health-related outcomes or patient-reported
outcomes or perspectives published from 2008 to December 2021. The studies were independently screened. The risk of bias
was apprai sed using Cochranetools. We performed a narrative synthesis of the results. The protocol was registered on PROSPERO
(International Prospective Register of Systematic Reviews, CRD42020158041).

Results: A total of 28 articles (randomized controlled trials[RCTS]: n=10, 36%), ng 23 apps, and atotal of 1397 participants
were included. The most common app features were weight monitoring (19/23, 83%), symptom monitoring (18/23, 78%), and
vital sign monitoring (15/23, 65%). Only 26% (6/23) of the apps provided all guideline-defined core components of heart failure
self-management programs. education, symptom monitoring, medication support, and physical activity support. RCTswere small,
involving altogether 717 participants, had <6 months of follow-up, and outcomes were predominantly self-reported. Approximately
20% (2/10) of RCTsreported asignificant improvement in their primary outcomes: heart failure knowledge (P=.002) and self-care
(P=.004). One of the RCTs found a significant reduction in readmissions (P=.02), and 20% (2/10) of RCTs reported higher
unplanned clinic visits. Other experimental studies a so found significant improvementsin knowledge, self-care, and readmissions,
among others. Lessthan half of the studiesinvolved patients and cliniciansin the design of apps. Engagement with theintervention
was poorly reported, with only 11% (3/28) of studies quantifying app engagement metrics such as frequency of use over the study
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duration. The most desirable app features were automated self-monitoring and feedback, personalization, communication with

clinicians, and data sharing and integration.

Conclusions: Mobile apps may improve heart failure self-management; however, more robust eval uation studies are needed to
analyze key end points for heart failure. On the basis of the results of thisreview, we provide aroad map for future studiesin this

area.

(JMIR Cardio 2022;6(1):633839) doi: 10.2196/33839
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Introduction

Methods

Background

Heart failure affects approximately 40 million people worldwide
[1]. A diagnosisof heart failure portends apoor prognosis, with
a 12-month mortality rate of 17% for patients who are
hospitalized and 7% for patients who are stable or ambulatory
[2]. Hospitalization is associated with a 3-fold increased risk
of death [3,4] and is preventable with good quality
self-management [4-6], including symptom monitoring and
taking prompt action when deterioration begins[4,7]. However,
there are several barriers to achieving good quality
self-management, such as lack of knowledge, symptom
recognition, motivation, and confidence [8]. Addressing these
can improve outcomes; yet, delivering such modelsfor support
at scaleis challenging.

Mobile health (mHealth}—medical and public health practice
supported by mobile devices, such as mobile phones, patient
monitoring devices, personal digital assistants, and other
wirel ess devices[9]—has excellent potential for cardiovascular
disease prevention [10-14]. In particular, app interventions seem
promising as they can automate the self-monitoring of
physiological data, facilitate symptom and medication tracking,
and provide reminders and personalized feedback to promote
patient engagement [15-17]. To date, no systematic reviews
have focused exclusively on mobile apps to support
self-management of heart failure. Previous mHealth systematic
reviewson heart failure have mostly reported remote monitoring
interventions using older technologies such as phone calls and
interactive voice response to transmit data to health care
providers, rarely focusing on supporting patient
self-management [18-27]. A total of 3 nonsystematic reviews
evaluated the content and quality of existing commercial heart
failure apps and mHealth interventions without assessing their
impact or patient perspectives [28-30].

Aims

This systematic review aimsto examine the role of mobile apps
in heart failure self-management, specifically, their impact on
improving (1) clinical outcomes, (2) patient-reported measures,
and (3) self-management knowledge and behaviors and in
addition, examine the acceptability and feasibility of these
interventions, as well as patient perspectives, needs, and
preferences for specific app features.

https://cardio.jmir.org/2022/1/€33839

Database Search

A systematic search of the literature was performed in October
2019 and updated in December 2021 on PubMed, Embase,
CINAHL, and PsycINFO, using several search terms such as
mobile apps, heart failure, and self-management (Multimedia
Appendix 1). The reference lists of relevant articles and gray
literature such as dissertations, theses, and conference
proceedings were al so screened to ensurethat all eigible studies
were captured. The search was limited from 2008 onward as
app stores were launched in that year [31]. No language limits
were applied.

Eligibility Criteria

Studieswereincluded if they (1) focused on adult patientswith
heart failure, (2) involved an intervention comprising a mobile
app to support heart failure self-management (ie, provision of
education and support to increase patients' skillsand confidence
in managing their disease [32])—the mobile app could be a
single component in the intervention or be combined with other
intervention components (eg, wireless devices for remote
monitoring)—(3) included any type or no comparison (eg,
qualitative studies), (4) reported impact on any health outcome
or patient-reported measure (eg, self-management and
medication adherence) or focused on patients’ perspectives, and
(5) were a primary research study involving the use or testing
of the mobile app intervention. Studies were excluded if they
(1) did not involve the use of the app by patients with heart
failure and (2) assessed interventionswithout aclear component
of heart failure self-management (eg, patients using the app
only to input data to be analyzed by health care professionals).

Screening

The screening form was piloted by 2 investigators before
beginning the screening process. The 2 investigators
independently screened studies based on theinformationin their
titles and abstracts and then performed the full-paper screening.
Disagreements were resolved through discussion between the
reviewers or by athird reviewer. Cohen k statistic was used to
measure intercoder agreement in the initial and full-text
screening [33].

Data Extraction and Synthesis

One of the reviewers extracted the following information from
theincluded studies: author, year of publication, country, study
design, sample size, population characteristics, study duration
or intervention use time, intervention characteristics (eg,
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technology components and others, mobile app features, and
presence or absence of personalization), comparison, outcomes,
and main results. The 2 investigators reviewed the data
extraction form for consistency. The coding of behavior change
techniques (BCTs) according to the BCT taxonomy [34] was
conducted by 1 researcher and reviewed by another. Studies
quality and risk of bias were appraised by 2 researchers using
Cochrane's risk of bias tool [35] for randomized controlled
trials (RCTs) and the Risk Of Bias In Nonrandomized Studies
of Interventions [36] tool for other experimental studies.
Disagreements were resolved by athird reviewer. We performed
a narrative synthesis of the studies. The PRISMA (Preferred
Reporting Item for Systematic Reviews and Meta-Analyses)
2020 statement was followed (Multimedia Appendix 2) [37],
and the protocol was registered on PROSPERO (International
Prospective Register of Systematic Reviews;
CRD42020158041).

BezerraGiordan et al

Results

Search and Screening Results

The database search retrieved 1689 citations, from which 458
(27.1%) duplicates were removed (Figure 1). After title and
abstract screening of the 1689 articles, 1189 (70.4%) were
excluded. Full-text screening was conducted for 42 articles, and
a further 26 (62%) papers were excluded (see Multimedia
Appendix 3 for reasons for exclusion). A total of 12 additional
papers were identified—1 (8%) from the reference list of the
included studies and 11 (92%) from database alerts and search
updates—Ieading to theinclusion of 28 articles[38-65] for final
analysis (corresponding to 27 studies, as 1 study was published
in 2 different articles [38,65]). The Cohen k statistic was 0.81
(excellent agreement) for the title and abstract screening and
0.53 (fair agreement) for the full-text screening before the
consensus agreement was reached [66)].

Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of the study selection process.

Study Char acteristics

All 28 included articles [38-65] were published from 2012
onward and covered 27 studies and 23 interventions (n=4, 17%
interventions were evaluated in =1 paper, using different study
designs [39,44,47,52,56,59,63-65]). Of the 28 studies, there
were 18 (64%) experimental studies[38-55], (n=10, 56% RCTs
[38-47] and n=8, 44% quasi-experimental [48-55]; n=7, 39%
with aqualitative component [38,44,46,49,51,52,54]; Table 1),
9 (32%) qualitative-only studies, 5 (18%) that included
interviews [56-60], and 4 (14%) that involved a survey with
open-ended questions (Table 2) [57-64]. Most studies were
conducted in the United States (15/28, 54%)

https://cardio.jmir.org/2022/1/€33839
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[39,40,44,45,48,50,52,54,56,58,60-64] and Canada (4/28, 14%)
[47,51,55,59], and most were single-center, except for a few
(5/28, 18%) [38,42,43,55,62]. There were 1397 participants
(n=8-232in experimental studiesand 5-37 in quaitative studies),
mean age was 63.4 years, 30% were women, 68% were White
(from 15/28, 54% studies that reported on ethnicity), and the
average education level was high (Multimedia Appendix 4
[38-65]). The study duration in the experimental studiesranged
from 2 weeks to 12 months (average of 3.2 months). The 10
RCTs had a moderate risk of bias[35]; the quasi-experimental
studies were of lower quality (Multimedia Appendix 5
[36,38-55]) [35].
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Table 1. Characteristics of experimenta studies.

BezerraGiordan et al

Firg author® Study de-  Follow-  Sample Age Women Intervention Control Main result
sign up size (inter-  (years), (%)
(months)  vention, mean
control)
RCTS<®
Clayset RCT+in- 6 65(38;23) 63 23 App + devices (weight, Standard .  Between-groups: im-
al [38,65] terviews BPY, pill organizer, and ~ cae provement in depres-
wrist band): monitoring sion and anxiety mea-
weight, BP, physical activ- sures (P<.001)
. e. ) o NSf: between-groups
ity, and HR", psychologi- ity of lifegh, salf-
cal support; education quaity N
careh,i, exercise capac-
ity, illness perception
« Intervention group: in-
crease in self-care
(P<.05) and decrease
in sexua problems
(P<.05)
Schmader-  RCT (3 3 74 (27, 26; 56.3 54 App + wireless weight App + «  Between-groups: de-
ereta arms) 27) scale + Zoom visit with wireless- creasein rehospitaliza-
[39] clinicians: monitoring weight tion (P=.02)
medicationsand weight;  scdemoni- «  NS: quality of lifeh,j,
automated feedback; toring med- EDK presentations, and
graphical displays; educa- ications hospitalizations
tion; cliniciancommunica-  and weight
tion; reminders
Weietad RCT+in- 15 28(15;13) 63 25 App + wireless weight Standard « Intervention group: di-
[40Q] terviews scale: monitoring weight; — care+writ- rect correlation be-
manual input of diet sodi- ten educa- tween duration of app
um, and exercise, symp-  tion materi- use and improvement
toms; automated feedback; als in heart failure know!-
graphical displays; educa- edgel (p=0.59; P=.04)
tion; clinician communica- and quality of life
tion (p=0.63; P=.03)m
o Feashilityhand engage-
ment: in the interven-
tion group, 5 patients
logged =1 interaction
with the app per day on
average, and 2 patients
logged an interaction
with the app every oth-
er day on average.
Yanicelli RCT 3 40 (20; 20) 52 20 Telemonitoring via app: Standard .  Between-groups:. in-
et a [41] monitoring (manual input) care crease in self-careh,n
weight, BP, HR, and (P=.004)
symptoms e NS: medication adher-
enceh
Rahimiet RCT 6 202 (101, 713 28 Telemonitoring viatablet Tabletapp «  Between-groups: de-
a [42] 101) app + devices (weight, BP, + devices, creasein systolic BP
and HR): monitoring no clini- (P=.03)
weight, BP, HR, and ciancom- « NS: achieving optimal
symptoms; automated munication medical therapyh and

feedback; EMRC integra-
tion; graphical displays;
education; clinician com-
munication; reminders

physical well-being
(self-assessed NYHApP
class)
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Firg author® Study de-  Follow-  Sample Age Women Intervention Control Main result
sign up size (inter-  (years), (%)
(months)  vention, mean
control)
Wong- RCT 3 36 (17;19) 675 19 App with avatar: education Standard «  Between-groups:. in-
gometa care crease in heart failure
[43] knowledgeh,q (P=.002)

« NS: sdf-caren; genera
practitioner visits, ED
presentations, and hos-
pital resdmission

Athilingam  RCT + 1 18(9; 9) 53 56 App + chest-worn sensor:  Standard .  Between-groups:. in-
eta [44] open-ended monitoring HR and physi- care crease in self-care
question- cal activity, weight, and management (P=.01)
naire BP, and symptoms; auto- and confidence
mated feedback; graphical (P=.03)n, heart failure
displays, medication adher- knowledgel (P=.04);
ence; education <50% used the app
daily

« NS quality of lifem,
self-maintenance, med-
ication adherence, and
depression

Goldstein RCT (2x2 1 60 (4 69 35 Arm 1: electronic pillbox; SilentApp «  NS: medication adher-
eta [45] factorid) + groups, 15 arm 2: arm 1 + medication or pillbox enceh
question- in each) reminder; arm 3; smart- (no re-
naire phone app; aam4: aam 3+ minder)
medication reminder
Vuorinen RCT + 6 94 (47, 47) 58 17 Telemonitoring via app: Standard «  Between-groups:. in-
eta [46] question- monitoring (manual input) care crease in the use of
naire and weight, BP, HR, and nurse resources, un-
interview symptoms; automated planned clinic visits
feedback according to per- (both P<.001), medica
sonal targets tion change (increase
in P=.042; decrease in
P=.026).

e NS: heart failure hospi-
tal daysh, ED visits,
mortality, heart trans-
plant, physiological
parameters, and self-
care behaviorn

Setoetal RCT 6 100 (50; 54 21 Telemonitoring viaapp + Standard «  Between-groups: in-

[47] 50) devices (weight and BP):  care crease in self-mainte-
monitoring symptoms; au- nance (P=.03)h,i and
tomated feedback; re- quality of life
mindersfor daily readings, (P=.05)g,h; increasein
graphical displays clinic visits

o NS: self-confidence,
self-management, brain
natriuretic peptideh,
|eft ventricular gjection
fractionh, NYHAh,
hospital days, readmis-
sions, mortality, and
ED visits

QE' studies
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Firg author® Study de-  Follow-  Sample Age Women Intervention Control Main result
sign up size (inter-  (years), (%)
(months)  vention, mean
control)
Heiney et QE (1 1 12 NRS 42 App: monitoring (manual  None NS: quality of lifet and
al [48] arm)+ques- input) weight and symp- self-carei
tionnaire toms; automated feedback;
graphical displays; educa-
tion
Guoetad QE(lam) 4 66 69 48 Telemonitoring viaapp + None Increase in consump-
[49] + intervein devices (weight, BR, and tion of low salt, fat,
+ question- HR): monitoring symp- sugar diet (P=.046),
naire toms + medication; EMR fruits, vegetables
viewing; graphical dis- (P=.02); increasein
plays; remote consulta- monitoring BP and
tions, clinician communica weight (P<.001;
tion; visit reminders P=.002); increasein
medication adherence
(P=.006); 60% used the
app >1 time/week
Parketa QE(lam) 1 58 62 33 Telemonitoring via2 apps None Readmission rate after
[50] + devices (weight and BP): intervention: 10% (vs
monitoring symptoms and 25% national rates and
patient-reported outcomes, 23% hospital rate)
education; reminders;
aerts
Wareet QE(larm) 12 232; inter-  58;inter- 21;inte- Telemonitoring viaapp + None Overall adherence
al [51] + question- view: 24 view: 59  view: devices (weight, BP, and (days when 4 readings
naire +in- 29 HR): monitoring symp- taken/days enrolled):
terview toms; automated feedback; 73.6%.
graphical displays; re- Adherence first month
minders 81.2%; 12 months:
63.1%
Age predicted better
adherence (P=.04)
Foster QE(Larm) 05 10 65 40 App: monitoring (manual- None Increase in self-confi-
[52] + open- ly) weight, BR, HR, and dence (P=.04)i
ended symptoms; automated NS: self-maintenance,
question- feedback; medication re- self-management, and
naire minders; education symptom awareness
Suthipong QE(2arms 3 120 (60; NR 28 App: monitoring (manual-  Standard Between-groups:. de-
[53] not random- 60) ly) weight, BP, symptoms, care crease in readmission
ized) and liquid intake; automat- rates (P=.04) and pit-
ed feedback; medication ting edema (P<.001);
adjustments, education; increase in 6-minute
social support; clinician walking test (P=.01).
communication NS: BP
Al- QE(larm) 6 8 62 38 Telemonitoring viaapp + None Good usability
nosayan +interview devices (weight, BRP, and NS: quality of lifeg
eta [54] +question- glucose): monitoring
naire symptoms; reminders, edu-
cation; graphical displays
Radhakr- QE(l1arm) 1 19 NR 11 Gamefor tablet: education None Usability: 100% found
ishnaet  +question- (quiz and rewards); re- it easy and enjoyable;
al [55] naire minders and tips on self- increasein heart failure

management

knowledge (P=.007)I
NS: self-care behaviori

Table i's presented in the following order: RCTsfirst, then quasi-experimental studies, in chronological order of year of publication;

bQual itative findings are included in the Results section.

®RCT: randomized controlled trial.
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98P: blood pressure.

®HR: heart rate.

Ns: nonstatistically significant.

9Measured with the validated questionnaire Minnesota Living with Heart Failure Questionnaire [67].
M ndicates primary outcomes.

IMeasured with the validated guestionnaire Self-Care of Heart Failure Index, which measures three subcomponents: self-management, self-confidence,
and self-maintenance [68].

IMeasured with the validated guestionnaire EuroQol-5 Dimensions.

KeD: emergency department.

!Measured with the validated questionnaire Atlanta Heart Failure Knowledge Test [69].
MM easured with the validated questionnaire Kansas City Cardiomyopathy Questionnaire score.
"M easured with the European Heart Failure Self-Care Behavior Scale.

%EMR: electronic medical record.

PN'YHA: New York Heart Association functional classification.

9M easured with the validated questionnaire Dutch Heart Failure Knowledge Scale.
"QE: quasi-experimental.

SNR: not reported.

"Measured with the validated questionnaire Health-Related Quality of Life Scale 14.
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Table 2. Characteristics of qualitative studies.

BezerraGiordan et al

First author Methods Samplesize Age (years), Women, n (%) Length of Intervention
and country mean app use
Schmaderer,  Interviews 10 55.8 6 (60) 12 weeks Same as Schmaderer [39] (Table 1)
United States
[56]
V\gl)pdséAus- Questionnaire+ 6 69 0(0) 14 days Smartphone app: monitoring weight, BP?,
tralia[57] - interview HR®, fluid intake, exercise, diet, medication,
well-being, and symptoms; graphical display
of data; plan setting; reminders and alerts;
medical documentation repository, appoint-
ments, and care team contacts
Foster, United Questionnaires 10 65 4 (40) 2 weeks Same as Foster [52] (Table 1)
States [63] + open-ended
guestions
Portz, United  Questionnaire+ 30 66 18 (60) NRC Tablet app: monitoring weight and symptoms
States [62] open-ended
questions
Sebern, Unit-  Focusgroup+  Patients: 4; Patients: 74, Patients: 1(25); NR Tablet app: psychosocial intervention for
ed States[61] openandclosed caregivers. 4; caregivers: 72;  caregivers: 3 partners (patients + their caregivers) based
ended questions  clinicians: 7 clinicians: 34 (75); clinicians: on share care, composed of communication
6 (87) (patients’ and caregivers' preferences and
values), decision-making and reciprocity;
HFY education
Haynes, Unit-  Interview (+ Pdatients: 5; clin- NR NR 1 hour Tablet app: monitoring weight, BP, and
ed States [60]  thinking aloud icians: 3 symptoms; medi cation tracking and reconcil-
user observa- iation; care team contacts; appointment
tion) management
Srinivas, Unit-  Interview + 5 61 2 (40) 60-90 min-  Tablet app: monitoring weight, BR, HR,
ed States [58]  think-aloud user utes symptoms, physical activity, diet, and medi-
observation + cation; HF education; daily behavior plan;
questionnaire motivational incentives and rewards
Athilingam, Questionnaires  Patients. 25; Patients: 58; Patients: 10 1-2 hours Same as Athilingam [44] (Table 1)
United States  + open ques- clinicians: 12 clinicians: NR  (40); clinicians:
[64] tions + user ob- NR
servation
Seto, Canada  Interview Patients: 22; Patients: 57; Patients: 4 (18); 6 months Same as Seto [47] (Table 1)
[59] clinicians: 5 clinicians: NR  clinicians: NR

88P: blood pressure.
PHR: heart rate.
°NR: not reported.
9HF: heart failure.

Intervention Characteristics

Across the 23 apps, the app was provided via a smartphone in
17 (74%) [38-54,57,59,63,64] and via a tablet in 6 (26%)
interventions [42,55,58,60-62]. In addition to the app, 35%
(8/23) of interventions included telemonitoring (ie, remote
monitoring), with transfer of data to health care providers
[41,42,46,47,49-51,54], and 65% (15/23) were solely focused
on self-management support
[38-40,43-45,48,52,53,55,57,58,60-62]. Approximately 9%
(2/23) of apps provided patient access to electronic medical
records[42,49], and 22% (5/23) of appsallowed direct clinician
communication [39,40,42,49,53]. Approximately 48% (11/23)
of apps involved patient or clinician co-design
[38,40,42-44,47,51,55,57,58,60]. For 39% (9/23) of apps
[38,40-42,48,51,53,57,58], the authors reported the use of

https://cardio.jmir.org/2022/1/€33839

RenderX

personalization, mostly in theform of feedback to self-monitored
measures (Multimedia Appendix 6 [38-65]).

The most frequent app featureswere weight monitoring (19/23,
83%), [38-42,44,46,47,49-54,57-60,62-64], symptom monitoring
(18/23, 78%) [40-42,44,46-55,57-60,62-64], and vital signs
monitoring (blood pressure and heart rate; 15/23, 65%; Figure
2; Multimedia Appendix 7 [38-55,57-65])
[38,41,42,44,46,47,49-54,57-60,63,64]. Automated monitoring
through external wireless devices (eg, weight scale, blood
pressure, and heart rate monitor) was present in 43% (10/23)
of apps [38-40,42,44,47,49-51,54,59,64]. Of these 10 apps, 6
(60%) were part of atelemonitoring system (ie, the apps were
connected to a health care service or clinical provider)
[42,47,49-51,54,59]. None of the interventions included
implantable cardiac devices. Most apps recommended daily
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monitoring of symptoms and vital signs, and reminders for
monitoring were mentioned in 52% (12/23) of interventions
[38-42,44,47,51,53-55,57]. Few studies detailed the format or
specifics of symptom monitoring except for 22% (5/23) of
interventions [41,46,54,55,62], which allowed for the recording
of the presence or absence of specific symptoms, with 20%
(1/5) of them based on a validated questionnaire [54] and 60%
(3/5) of them also providing symptom severity scales[41,54,62].

The most common BCTs presented in the studies were
instructions on how to perform the behavior in 91% (21/23) of
interventions [38-55,57-59,61,63,64], followed by

Bezerra Giordan et al

self-monitoring of outcomes of behavior in 83% (19/23)
[38-42,44,46-54,57-60,62-64], behavioral practice or rehearsal
in78% (18/23) [ 38-42,44,46-51,53-55,57,59,60,62,64], prompts
or cues [38-42,44,45,47-51,53-55,57,59,60,64] and feedback
on outcomes of behavior [38-42,44,46-51,53,54,57-59,62,64]
in 74% (17/23) of interventions each. Feedback was active in
48% (11/23) of apps (ie, the app gave specific instructions to
the patient in response to the individual information inputted
by them) [40-42,44,46-48,51,53] and passive in 65% (15/23)
of apps (ie, display of measurements in graphs)
[38-40,42,44,47-51,54,57,58,62] (Multimedia Appendix 8
[38-55,57-65]).

Figure 2. Features present in apps of included studies, grouped by type of app (patient-only app and app with telemonitoring, ie, with transfer of data

to health care providers).
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Quantitative Results From Experimental Studies

The 10 included RCTs were small, often underpowered, with
main outcomes self-reported, and the results were inconsistent.
Approximately 20% (2/10) of RCTs found significant
improvements in their primary outcomes. heart falure
knowledge [43] and self-care [41]. One of the RCTs [47]
reported several primary outcomes, showing improvementsin
self-careand quality of life. Approximately 40% (4/10) of RCTs
did not show significant improvements in their primary
outcomes (quality of life [38,39], self-care [38], achieving
optima medical therapy [42], medication adherence [45], and
heart failure—related hospital days [46]). Approximately 20%
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(2/20) of RCTs indicated that their main aim was to assess
feasibility [40,44].

Key clinical outcomesin heart failure were seldom reported (i€,
mortality [46,47], emergency department visits [39,43,46,47],
and hospital readmissions, [39,43,47,50,53]), with only 4%
(1/28) of RCTs[39] and 7% (2/28) of quasi-experimental studies
[50,53] showing a reduction in readmissions. Approximately
20% (2/10) of RCTsreported higher health care servicesusein
the intervention groups than the control groups, including a
higher number of unplanned clinic visits[46,47] and higher use
of nurseresources (time and calls) and medi cation optimization
[46].
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Other significant improvements were inconsistently reported
across experimental studies: heart failure—specific knowledge
[40,44,55], self-care [38,52], hospital readmissions [50,53],
depression and anxiety measures [38], quality of life [40],
systolic blood pressure [42], diet [49], self-monitoring (blood
pressure and weight) [49], medication adherence [49], 6-minute
walking test [53], and pitting edema[53]. Engagement with the
mobile app was reported in 11% (3/28) of studies, 67% (2/3)
indicating that less than half of the participants accessed the
app daily as recommended by the investigators [40,44] and
another showing that 60% of participants used the app more
than once aweek, as recommended [49].

User Experience and Qualitative Results From
Experimental and Qualitative Studies

Overview

User experience was assessed in 68% (19/28) of studies using
guestionnaires, interviews, and focus groups
[40,43-46,48,49,51,52,54,57-65]. The most commonly used
guestionnaires, apart from those created specifically by study
authors, were the System Usability Scale[54,58] and the Unified
Theory of Acceptance and Use of Technology questionnaire
[51,65].

Of the 28 studies, qualitative analysis to assess acceptability
and user perspectives was conducted in 14 (50%) studies (n=8,
57% qualitative-only studies [57-64] and n=6, 21% as part of
an experimenta study [38,44,46,49,51,52,54]). Common themes
were automated self-monitoring and feedback, personalization,
communication with clinicians and data sharing and integration,
and digital literacy and technical issues.

Automated Self-monitoring and Feedback

Most study participants appreciated and noted the importance
of automated self-monitoring (particularly through wireless
device integration [49,51,54,57,59,60]) and feedback
mechanisms with easy-to-understand objective visual displays
that could also be tracked by family and friends
[46,49,51,54,57,59,64]. They also mentioned that comparing
their tracked measures and symptomswith their targetsincreased
goal mativation, symptom awareness, and understanding of the
relationship between their lifestyle or behavioral choices and
health status, encouraging them to better self-manage their
condition [56,59,63].

Personalization

Participants in 18% (5/28) of studies noted the need for
personalization of the intervention and content provided
[51,57,60,62,65] and their preference for more personalization
inthe ability to report symptoms and needs, whichideally would
also generate more relevant feedback [51,57,60]. Specifically,
some participants suggested adding a free-writing field [60],
additional symptoms [62], and flexibility to input and change
information (eg, medication changes) [57]. Personalization of
feedback and data displays was also raised, given that some
patients found it difficult to interpret longitudinal graphs, and
others suggested the ability to increase the size of buttons and
text as a desirable feature [57,58]. In addition, the perceived
usefulness of the educational content was associated with
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previous educational level and duration of heart failure, also
indicating the importance of personalized educational content
[52,55,57]. Remindersfor tasks and medication were mentioned
as very relevant by most participants in several studies
[49,60,62,64].

Communication With Clinicians and Data Sharing and
I ntegration

Participantsin several studies considered that the app could be
an excellent tool for communicating with clinicians and hel ping
with care planning [49,54,56,57,60,61], particularly if it allowed
for datasharing and integration with electronic medical records
[49,57,60]. Sharing data easily with clinicians, family, and
caregivers during emergencies was commonly considered
advantageous [49,57,60].

Digital Literacy and Technical I ssues

Low digital literacy and technical challenges were reported as
barriers to using the app in 14% (4/28) of studies
[44,49,51,54,57,58,60], and in 4% (1/28) of studies, they were
reported as an impassable barrier for older patients without
additional technical support [60]. Technical challenges were
mentioned as affecting app use and intervention fidelity and
were mainly related to difficulties in using the app, such as
downloading it, setting reminders, and inputting data
[49,57,58,63].

Discussion

Principal Findings

Inthisfirst systematic review targeting exclusively mobile apps
for heart failure self-management, weidentified 23 unique apps
evaluated in quantitative and qualitative designs, with 8 (35%)
being part of telemonitoring systems and connected to health
care services. Common features of appswereweight, symptom,
and vital signs monitoring and provision of education,
medication reminders, and graphical visualization of data
Overdll, few had robust efficacy evaluation frameworks—only
10 RCTs involving 717 participants, with <6 months of
follow-up, substantial heterogeneity in interventions and
outcomes, and hence little quantitative evidence to indicate
efficacy. Few studies involved patients and clinicians in the
design of apps, and few quantified app engagement metricssuch
asfrequency of use during studies. Qualitative studiesidentified
the automation of self-monitoring tasks and feedback,
personalization of content and format, communication with
clinicians, and data sharing and integration capabilities as key
enablers.

Comparison With Existing Literature

Similar to previous systematic reviews of other digital
technologies in heart failure (focused on nonapp mobile
technologies, such as SMS text messaging, personal digital
assistants, interactive voice response, and phone calls), our
findings were mixed, with high heterogeneity and lack of
detailed reporting of intervention characteristics [18-27] likely
because of poor evaluation frameworks. In these reviews, the
interventions did not commonly offer self-management support
(eg, education and feedback), merely involving remote
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monitoring with regular digital transmission of physiological
and other disease-related datafrom the patient’s hometo ahealth
care center. In addition, previous nonsystematic reviews
seemingly with a focus on apps for heart failure
self-management either only assessed the content and quality
of commercialy available apps [28-30] or broadened their
inclusion criteria, including studies where the intervention was
some type of mHealth technology but not an app (eg, SM Stext
messaging) [30]. In contrast, our systematic review is the first
to focus exclusively on mobile apps for heart failure
self-management (with or without clinician involvement via
telemonitoring).

Despite the focus on heart failure self-management, the studies
included in this review varied considerably in the types of
self-management support features available in the apps. Core
components of heart failure self-management programs, as
defined in existing guidelines [2,5,70], include education,
symptom monitoring, medication support, and physical activity
support. Nevertheless, only 26% (6/23) of apps provided all
these features [44,52,54,55,57,58], with more apps including
features less supported by evidence in regard to their benefits
in heart failure [5], such as daily weight monitoring. Asaroad
map for future studies in this area, we encourage researchers
and developers to follow the best available evidence [2,5,70]
when designing and evaluating heart failure apps for
self-management, focusing on features that have been
systematically associated with improved outcomes. In addition,
better reporting of intervention featuresis crucial to avoid what
has been named as the black box of home telemonitoring [20],
where the specific effective components of these interventions
remain unknown.

Key outcomes in heart failure were seldom assessed in the
included studies, hampering acompl ete eval uation of theimpact
of heart failure self-management apps. Overal, 1 RCT [39] and
2 quasi-experimental studies showed a significant reduction in
readmissions [50,53], corresponding to the evaluation of 1
self-management app with telemonitoring and 2 without
telemonitoring. Furthermore, 30% (3/10) of RCTs evaluated
health care system use [43,46,47], with 67% (2/3) of them
finding a higher number of unplanned clinic visits and
medication optimization for participants in telemonitoring
programs[46], athough without significant changesin mortality,
emergency department visits, or hospitalization [46,47]. Higher
health care use may reflect earlier actions in the face of signs
of worsening heart failure and provide opportunities for
medication optimization. Such results may help explain the
positive outcomes of telemonitoring interventions [26]. Longer
and adequately powered studies measuring key clinical outcomes
are needed to fully assess whether the potential benefits of
self-management apps outweigh the costs of increased health
care use.

Self-reported measureswere commonly assessed in experimental
studies, including validated questionnaires to measure heart
failure knowledge, self-care, and quality of life [67-69]. Heart
failure knowledge was significantly improved in 14% (4/28) of
studies, all of which involved apps without telemonitoring
[40,43,44,55]. Self-care wasimproved in 14% (4/28) of studies
[38,41,47,52], 50% (2/4) of which involved apps with
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telemonitoring [41,47], and quality of lifeimprovedin 7% (2/28)
of studies[40,47], 50% (1/2) of which involved telemonitoring
[40]. There has been increasing recognition of the importance
of including patient-reported outcomes as end points when
evaluating interventions, as well as the benefits of collecting
them routinely to improve care [71-73]. Digita technologies
such as mobile apps can facilitate the capture of patient-reported
outcomes, such as symptom status and severity [71], which can
then be used by cliniciansto guide care. Nevertheless, only one
of the apps used a validated questionnaire for symptom
monitoring [54]. The potential of mobile apps to collect
patient-reported outcomes should be further explored in future
studies, given their ability to promote patient-centered care and
improve the quality of care for patients.

Overall, the evidence on the use of mobile appsfor heart failure
self-management is still lagging behind the large body of work
supporting mHealth for remote monitoring, where significant
reductions in all-cause mortality have been reported
[19-22,26,27]. In our review, al included studies focused on
supporting heart failure self-management, with 44% (8/18) of
experimental studies including a telemonitoring component
with clinician involvement [46,47,49-51,54]. Unfortunately,
the small number, size, and quality of these studies do not enable
us to draw conclusions regarding potential differences in
efficacy between these 2 different types of mobile app
interventionsfor heart failure self-management—uwith or without
telemonitoring. Given the demonstrated benefits of
self-management interventions more broadly [74] and remote
monitoring [18-27], future research should explore the
possibility that their combination may result in synergistic
effectsand higher efficacy inimproving heart failure outcomes.

Personalization was valued in the studiesincluded in thisreview,
particularly personally relevant feedback and tailoring of the
intervention to different levels of education and digital literacy.
These findings are similar to those involving apps for other
chronic diseases, showing that enabling customization (eg,
editing information and choosing which aspects to track) is
among the most appealing features and may enhance the
usability, motivation, and engagement with the apps[17,75,76].
Future studies may explore the delivery of core BCTs
(self-monitoring, feedback, and instruction on how to perform
the behavior) and provide other techniques in a personalized
manner, according to patient preferences and self-reported
information [ 77] or based on machinelearning algorithmsusing
patient data collected over time (eg, from smartphone sensors
or wireless monitoring devices) [78,79].

Limited experiencein using technology can beabarrier to using
mobile apps and may affect the utility and perceived benefit of
mobile apps, as shown by our findings. The lack of confidence
in using technology and perceived capability to benefit fromit,
aswell asthe workload required to learn how to use an app, are
particularly challenging among older patients[80,81]. A study
conducted to understand the main facilitators of and barriersto
the use of mobile technology among older adults found that the
most often mentioned barrier was the lack of knowledge on
how to use it, whereas having previous experience of use was
a facilitator [82]. However, older patients are willing to learn
how to use mHealth technology and feel it may help them
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improve and maintain self-care behaviors [82,83]. Given that
alarge population of patients experiencing heart failureinvolves
older adults, future app devel opment needs to take into account
specific characteristics of this population to design apps with
simple navigation and ease of use [81].

Strengths and Limitations

This study presents several strengths. The PRISMA protocol
was systematically followed. The screening process was pilot
tested before its start, and there was good agreement between
theindependent reviewers. We al so included both experimental
and qualitative studies, enabling a better understanding of the
impact, acceptance, and user preferences regarding mobile apps
for heart failure self-management.

Some limitations should be considered in the interpretation of
our results. First, given the heterogeneity between interventions
and the small number of RCTs, a meta-analysis was not
conducted. Second, the heterogeneity of study designs, sample
sizes, follow-ups, interventions, and outcome measures among
the experimental studiesdid not allow for consistent conclusions
on the effectiveness of mobile appsin heart failure. Third, some
studies in this review included anaysis of adherence,
acceptability, or usability of their interventions, however,
although favorable trends were reported, the different measures
and definitions used hindered reliable conclusions. Fourth, the
socioeconomic and clinical characteristics of participants were
rarely reported in theincluded studies; however, when reported,
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they suggested a high educational level and mild to moderate
disease severity, potentially limiting the generalizability of the
findings. Finally, the nature of this kind of research hampers
the proper elucidation of the sociotechnical aspects of the
interventions, which should be further evaluated in future studies
(eg, using realist review methods).

Implicationsfor Research, Clinical Practice, and Policy

Despite growing interest in the use of mobile apps for heart
failure self-management, critical gaps remain in their design
and evaluation, with lack of patient and clinician involvement
and lack of robust evaluation to determine the populations that
may benefit the most. Given theimportance of patient preference
and engagement in the successful delivery of heart failure
interventions [26,27], co-design processes involving clinicians
and patients and process eval uations assessing engagement and
acceptability of the interventions are likely to improve
intervention quality and consistency. Future studies should
follow existing evidence in designing apps with features most
likely to improve key patient-reported and clinical outcomes,
adhering to recommendations derived from this study (Textbox
1). In addition, they should explore the efficacy and
cost-effectiveness of mobile apps for heart failure
salf-management with and without atelemonitoring component.
It is possible that self-management interventions without
telemonitoring may be sufficient to improve outcomes in the
early stages of disease in patients with alow risk of premature
morbidity and mortality.

Textbox 1. Recommendations for researchers and devel opers regarding apps for heart failure self-management.

Recommendationsfor researchersand developers

Researchers and devel opers, when designing and evaluating apps, should consider the following:

«  Follow the best available evidence
« Alignwith clinical guidelines

«  Useco-design and pilot-testing to optimize products

«  Enable automated self-monitoring and feedback, personalization, communication with clinicians, and data sharing and integration

«  Report on specific functionalities and features of the apps

«  Evaluate effectiveness on relevant outcomes to heart failure patients; for example, clinical outcomes, health service use, and clinical measures
«  Report on adverse events or inadvertent effects; for example, increased health care use

«  Patient-reported outcomes, including self-care and experiences, are also important; however, consider the ability to compare such measures

among studies

Research isneeded to better understand how these interventions
can beimplemented in the real world and integrated into existing
models of care, such as collaborative care models involving
shared care between heart failure nurses, general practitioners,
and cardiologists [84-86]. Integrating these interventions into
such services may increase their benefits and leverage
partnerships between patients and clinicians, possibly leading
to amore seamlessimplementation in practice. Perhapsafuture
model of carefor heart failure patients can involve using mobile
technology to improve patients confidence and ability to
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manage their condition with greater autonomy, coupled with
telemonitoring with clinician support for higher-risk patients.

Conclusions

This systematic review showed that research on the use of apps
in heart failure self-management is still at an early stage, with
limited evidence supporting its efficacy. RCTs are needed to
fully ascertain theimpact of theseinterventions. Future research
should encompass greater involvement of end users and
comprehensively measure patient engagement with the
intervention.
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