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Abstract

Background: Heart failure (HF) is a progressive chronic disease affecting 6.5 million Americans and over 15 million individuals
globally. Patients with HF are required to engage in complex self-care behaviors. Although the advancements in medicine have
enabled people with HF to live longer, they often have poor health-related quality of life and experience severe and frequent
symptoms that limit several aspects of their lives. Mobile phone apps have not only created new and interactive ways of
communication between patients and health care providers but also provide a platform to enhance adherence to self-care
management.

Objective: The aim of this pilot study was to test the feasibility of a newly developed mobile app (HeartMapp) in improving
self-care behaviors and quality of life of patients with HF and to calculate effect sizes for sample size calculation for a larger
study.

Methods: This was a pilot feasibility randomized controlled trial. Participants were enrolled in the hospital before discharge
and followed at home for 30 days. The intervention group used HeartMapp (n=9), whereas the control group (n=9) received HF
education. These apps were downloaded onto their mobile phones for daily use.

Results: A total of 72% (13/18) participants completed the study; the mean age of the participants was 53 (SD 4.02) years, 56%
(10/18) were females, 61% (11/18) lived alone, 33% (6/18) were African Americans, and 61% (11/18) used mobile phone to get
health information. The mean engagement with HeartMapp was 78%. Results were promising with a trend that participants in
the HeartMapp group had a significant mean score change on self-care management (8.7 vs 2.3; t3.38=11, P=.01), self-care
confidence (6.7 vs 1.8; t2.53=11, P=.28), and HF knowledge (3 vs −0.66; t2.37=11, P=.04. Depression improved among both
groups, more so in the control group (−1.14 vs −5.17; t1.97=11, P=.07). Quality of life declined among both groups, more so in
the control group (2.14 vs 9.0; t−1.43=11, P=.18).

Conclusions: The trends demonstrated in this pilot feasibility study warrant further exploration on the use of HeartMapp to
improve HF outcomes.

Trial Registration: Pilot study, no funding from National agencies, hence not registered.

(JMIR Cardio 2017;1(2):e3) doi: 10.2196/cardio.7848
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Introduction

Heart failure (HF) is a progressive disease affecting 6.5 million
Americans, with costs exceeding US $39.2 billion annually [1].
Presently, treatments for HF largely comprise drug therapies
targeting pathophysiology and complex educational
interventions targeting self-care practices [2]. Self-care regimens
for patients with HF are complex and multifaceted, and patients
often find it hard to understand how to monitor HF symptoms
and understand weight fluctuations and to seek care without
delay [2,3]. It appears that increased knowledge of self-care
alone does not often translate to changes in self-care practice
[4]. Poor self-care is associated with delay in seeking care for
HF symptoms [5], poor medication adherence [6,7], reduced
quality of life [8], increased hospital readmissions, and mortality
[7]. A meta-analysis suggested that telemonitoring for HF
patients can reduce hospitalization [9]. However, a large
Telemedical Interventional Monitoring in HF study
demonstrated no significant improvement in HF-related
outcomes [10]. Similarly, the large Better Effectiveness After
Transition-Heart Failure study that provided remote monitoring
intervention with nurse call failed to demonstrate significant
reduction in readmission rates [11]. A qualitative study that
interviewed 18 patients with HF and 5 health care professionals
reported that the remote home monitoring systems for HF have
not been widely adopted by patients because the currently
available home monitoring devices are not personalized to meet
the patients’ needs [12]. In the same study, HF nurses reported
that telemonitoring devices offered false hope to patients of
being monitored continuously by providers, and the patients
lacked development of independent self-care behavior [12]. A
recent meta-synthesis of 9 systematic reviews of telemonitoring
of physiological parameters and telephone support significantly
reduced HF-related readmissions, whereas no impact was
reported from telephone-only interventions and a variable effect
reported on hospital admissions [13]. These findings resulted
in an approach to develop a personalized mobile health
(mHealth) coach (HeartMapp) that is easy for use by older adults
with HF with physiological monitoring using a chest-worn
Bluetooth device.

Methods

Conceptual Framework
Patients who are engaged as decision makers in their care tend
to be healthier and have better outcomes [14]. Thus, in
developing a conceptual framework for this research, Carmen’s
multidimensional framework of patient engagement was used
to achieve persistent behavior change in patients with HF [15].
Patient engagement was augmented with the use of
information-motivation-behavioral skills (IMB) model in the
development of the conceptual framework [16]. Essentially, the
IMB model asserts that people who are well informed and
motivated are likely to engage in activities that enhance
knowledge and skills needed to perform focused behavior, which
allows them to reap greater health benefits [16]. Enabling
mHealth has been supported as a pathway to inform patients.
This pilot study paired information (HF self-management skills
and knowledge) and motivation (using HeartMapp as a health
care coach) to promote and support intrinsic motivation in
patients and to increase engagement in behaviors required to
manage their condition effectively [16]. It is proposed that
increased engagement with HeartMapp may reduce symptom
burden in patients with HF (see Figure 1).

An iterative patient-centered approach was adopted during the
design of HeartMapp by leveraging mobile phones to target
individualized alerts focused on patient needs to improve
self-care and medication adherence, which could be used in a
real-life setting as and when needed. HeartMapp also used a
Zephyr BioHamess-3 chest strap [17] that connects to the
Android device via Bluetooth to monitor physiological data,
including heart rate, heart rate variability, and accelerometer
data. During the development process, multiple iterations were
made based on feedback from patients with alpha and beta
testing and a usability study [18]. On the basis of feedback from
patients with HF and providers who cared for them, additional
features were added to the HeartMapp system. The HeartMapp
mobile system was pilot-tested for feasibility with regard to use
by patients with HF.

Figure 1. Conceptual framework of information, motivation, and behavior, and patient engagement.
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Design and Method
This was a pilot randomized controlled trial (RCT). The overall
goal of the pilot RCT was to examine feasibility of HeartMapp
use by patients with HF and to compute effect sizes for sample
size estimation for a larger RCT. The pilot study enrolled 18
participants with HF; the intervention group (n=9) received all
6 features of the HeartMapp, and the active wait-listed control
group (n=9) received only HF education (congestive heart failure
[CHF] info feature of the HeartMapp). The apps were
downloaded onto their mobile phone for daily use. The active
wait-listed control group was given access to 4 additional
features of the HeartMapp at the 30-day follow-up. Participants
were block randomized as (3:3; 2:2; 3:3; 2:2; 3:3; 2:2; 3:3; 2:2).

This is a pilot feasibility trial which received no NIH or other
organizational funding; hence, it was not registered.

Patient Recruitment
Upon obtaining approval by the University’s institutional review
board (IRB), participants were recruited from a tertiary hospital.
The IRB-approved brochures were made available at inpatient
units. The discharge care coordinators referred potential HF
participants for the study.

Inclusion and Exclusion Criteria

Textbox 1 below summarizes the inclusion and exclusion
criteria. To assure that the eligible participants could properly
understand how to use the HeartMapp, all participants were
screened for adequate hearing acuity (thresholds of 4000 dB
HL [decibels Hearing Level] or better) in the midfrequency
range in at least one ear measured using a handheld combination

otoscope and audiometer (Audioscope by Welch Allyn) [19];
vision (corrected near visual acuity of 20/50 or better) on the
Snellen chart [20]; and assessed for cognitive function using
the Montreal Cognitive Assessment (MoCA) [21]. The MoCA
is a valid and reliable cognitive screening tool (Cronbach
alpha=.83) and has been validated in HF patients in a prior study
[22]. Patients who did not own an Android mobile phone were
loaned one with Wi-Fi capability.

Study Procedures

A research assistant (RA), a research nurse, approached
participants who had indicated interest and were ready for
discharge. The RA explained the study requirements and sought
consent from the participants using the IRB-approved informed
consent document. Consented participants were screened for
eligibility. Participants who failed screening were referred for
further clinical evaluation. Within 3 to 7 days after discharge,
2 RAs scheduled a time to meet the patients in their home.
During the home visit, the RAs confirmed their willingness to
participate in the study and collected baseline data.

HeartMapp Intervention Group (n=9)

The intervention group had HeartMapp downloaded onto their
Android phone or a loaner phone. The participants were trained
on HeartMapp features, including daily weighing, symptom
assessment, responding to tailored alerts, vital sign monitoring
using BioHarness-3 chest strap, HF education (CHF info), and
performing breathing exercise and walking. Participants were
asked to use HeartMapp daily from home for a total of 4 weeks.
The details of the 6 features of the HeartMapp are provided
below (see Figure 2).

Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• Clinical diagnosis of congestive heart failure (CHF) as defined by the International Classification of Diseases (ICD-10 codes) and recent
hospitalization for CHF

• New York Heart Association (NYHA) classification II-III

• Adults aged 30 years or above

• Ability to speak, understand, and read English

• Vision must be 20/50 or better

• Adequate hearing

• Hearing thresholds of 4000 dB HL or better

• Must be willing to use the mobile app (HeartMapp or CHF info) and the Bio-Harness-3 chest-worn Bluetooth device

Exclusion criteria

• Listed for heart transplant as status 1A; or on home milrinone or dobutamine infusion

• Enrolled in a palliative or hospice care program

• History of stroke within the past year

• Major disability such as aphasia

• Uncontrolled psychiatric disorders

• Cognition: Montreal Cognitive Assessment score <20

• Living in a setting where they are not able to independently engage in self-care (eg, skilled nursing facility)
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Figure 2. HeartMapp features.

Medication Tracker

The medication tracker allows patients to add and edit their
medications and activate reminders to take medications (eg,
push notification). This feature can also assist home health
nurses to update their patients’ medications list collaboratively.
Given the success of related product features in other
populations (eg, Text4Baby), this mechanism may improve
behavioral outcomes in HF [23]. In fact, a meta-analysis of 16
studies reported that text messaging significantly improved
medication adherence (odds ratio 2.11; 95% CI 1.52-2.93;
P<.001) among patients with chronic diseases [24].

Assessment of HF Symptoms

HeartMapp provides a self-care management point-of-care tool
where tailored automated reminders are sent to patients to check
their weight and complete HF symptom assessment questions.
Although symptoms are the hallmarks of severity of HF,
patients’ experience of symptom clusters and symptom
intensities vary and may reflect the personal and social
experiences of illness, cultural differences in the interpretation
of symptoms, and responses to the illness—all of which may
influence HF self-care practices and care-seeking behavior [25].

Evidence suggests that symptom recognition may be impaired
in the elderly population [26,27]. Furthermore, patients often
misinterpret symptoms of HF and decline to seek early medical
care, which results in higher readmission rates.

Once users have registered with HeartMapp with baseline height,
weight, and health care provider information, they receive
tailored daily prompts and are provided access to the assessment
window to check weight, blood pressure, and answer the short
questionnaires on HF symptoms. HeartMapp then classifies
users via the HF severity index based on the New York Heart
Association (NYHA) functional classification [28]. The
algorithm in HeartMapp uses the information entered by patients
on weight and HF symptoms to classify the patients into (1)
Green Zone, if HF symptoms are reported as stable or no change
in weight; (2) Yellow Zone, if HF symptoms are reported as
mild and a weight gain of 3 pounds in 1 day or 5 pounds in a
week; (3) Orange Zone, if symptoms are moderate and a weight
gain of more than 5 pounds; or (4) the Red Zone, if HF
symptoms require immediate attention. On the basis of the
information gathered, the HeartMapp provides an alert with the
following feedback at the end: the Green Zone (“stable with no
change-continue current self-care practices”); the Yellow Zone
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(“take an extra dose of water pill if prescribed by your doctor
and call the home care staff if receiving home care or your
doctor’s office”); the Orange Zone (“call home care staff or the
doctor’s office now” and open the phone number on the file
provided during registration of the app to alert the study
coordinator); and the Red Zone (automatically dials 911 and
sends a panic alert to the study coordinator and home care staff).
Random text alerts are designed based on key evidence from
HF literature and patient preference. In fact, a pre-post pilot
study that provided text messages to patients with HF (n=15)
reported an increase in mean composite score of HF self-care
maintenance from 49 to 78 (P=.003), and self-care management
increased from 57 to 86 (P=.002) at 4 weeks [29]. Furthermore,
regular app usage provides useful metrics of patient engagement.

Patients with HF have an increased prevalence of cognitive
impairment with 4 times higher risk of developing dementia
compared with healthy adults of the same age. The etiology is
believed to be of vascular origin because of hypoperfusion to
the brain resulting from reduced cardiac function. Therefore,
HeartMapp includes a memory screener and simple naming
tasks to measure cognition using Boston Naming Test criteria
with 9-items [30]. Patients with early vascular dementia caused
by cerebral hypoperfusion in HF displayed more naming errors
overall [31].

Physiological Exercises

The exercise feature includes animated biofeedback deep
breathing exercises and walking. Deep breathing interventions
deployed in HeartMapp use biofeedback mechanism to reset
the autonomic nervous system by reducing sympathetic activity
and increasing parasympathetic activity [32,33]. Also, HF
patients have 2 to 3 times higher incidence of depression
compared with general population [34]. Therefore, HeartMapp
is designed to teach patients about using biofeedback to attain
6 breaths per min and offer feedback on their performance.
Controlled breathing at 6 breaths per min, compared with
spontaneous breathing at 15 breaths per min, has been shown
to reduce fluctuations in blood pressure and significantly
increase baroreflex sensitivity measured by spectral analysis
electrocardiogram in a study among 81 patients with HF (from
5.0 [SD 0.3] to 6.1 [SD 0.5] ms/mm Hg, P<.001), compared
with 21 healthy controls [35].

HeartMapp encourages walking 3 to 4 times a week and
provides feedback to patients on performance. The walking test
is a simple measure of functional capacity that predicts survival
in patients with moderate HF. Patients with HF who have an
ejection fraction of less than 30% have been shown to improve
exercise tolerance and physical ability [36]. Therefore,
HeartMapp is built to encourage physical activity and tracks
distance walked. HeartMapp also gives feedback to patients on
their performance by utilizing the distance walked by individuals
based on their age, gender, height, and weight.

Performance Tracker (Stats)

Performance tracking features in the HeartMapp include a
graphical module that displays trends in patient performance,
including weight, blood pressure, HF symptoms, and
physiological measures such as heart rate and exercise activity.
These data serve as a tool for triage by home health nurses to

understand early decline and thus prevent readmission and or
emergency room visits by quickly intervening (eg, by providing
an extra dose of diuretic or an early office visit for evaluation).

Vital Signs Monitoring

Monitoring of vital signs is captured via integration of an open
application programming interface (API) from BioHarness-3
from Zephyr technology [17]. Because wearable devices for
continuous vital sign monitoring are expected to revolutionize
health care services, particularly in the home setting [37], the
BioHarness-3 was used to obtain heart rate and accelerometer
data.

HF Education (CHF Info)

HF education (CHF-info feature) includes 10 educational
modules specific for HF and common chronic diseases
associated with HF. Evidence indicates that traditional patient
education using printed materials does not support self-care
skill development; thus, novel patient-teaching strategies and
persistent engagement of patients are needed to support the
development of tactical and situational skills [38]. The HF-info
feature in the HeartMapp includes audio-enabled interactive
teaching tools on the nature of heart failure, importance of
low-salt diet, exercise regimen, HF medications, and managing
other chronic diseases or conditions and feelings about HF as
well as heart and brain connection. Theory-based development
and beta testing of embedding HF education within HeartMapp
has been published [39].

Active Wait-Listed Control Group (n=9)

The control group (n=9) received only HF info downloaded
onto their mobile phone, as shown in Figure 3. These patients
were encouraged to use 3 modules per week and complete all
10 modules by 4 weeks. Participants were assured that they will
receive the additional features at the 4-week follow-up. At the
end of the follow-up, they were given access to 4 features of
the HeartMapp, with the exception of vital signs monitoring
using the chest strap BioHarness-3.

Patient Safety and Monitoring
A study coordinator (doctoral student and nurse practitioner)
called all participants 3 times a week during the first week and
once a week for the remaining 3 weeks to make sure that they
completed their tasks and answered any questions that came
up, checked the dashboard daily to monitor participants’
progress, and triaged for further management per protocol. No
participants during the study period were referred to a
cardiologist (project consultant) for HF symptoms warranting
immediate attention.

Outcome Measures
Patient engagement and HeartMapp usage were assessed based
on the duration for which the participants accessed HeartMapp
features that were timestamped and recorded on a secured
website.

Self-confidence in using HeartMapp questionnaire, which was
designed based on Bandura’s self-efficacy scale [40], was
completed by participants who used HeartMapp at the 30-day
follow-up. This questionnaire has 10 Likert scale questions and
was validated in a prior usability study (r=.98) [18].
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Figure 3. Congestive heart failure (CHF) info app.

The usability of HeartMapp questionnaire validated in a prior
study (r=.468-.635) [18] has a total of 25 questions in a 5-point
Likert scale [16]. This questionnaire assessed the ease of use,
problem-solving capabilities, accuracy and clarity of
presentation, and satisfaction with the use and design of
HeartMapp. Open-ended questions were included at the end for
comments on specific task needs.

Self-care behavior in HF was assessed using the Self-Care of
Heart Failure Index [41] that has been used in multiple studies
involving HF patients. Reliability of the Self-Care Maintenance
subscale had a score of (r=.56), whereas the scores of Self-Care
Management and Self-Care Self-Confidence were (r=.70) and
(r=.82), respectively [41]. Higher score indicates better self-care.

Medication adherence was assessed using the 8-item self-
administered Morisky Medication Adherence Questionnaire,
with lower score indicating better adherence (r=.83) [42].

The HF-specific knowledge was assessed using the Atlanta
Heart Failure Knowledge Test [43]. This questionnaire has 30
questions with a possible score of 0 to 30 (r=.84 for patients);
higher score indicates better knowledge [43].

Participants’ perception about clinical changes in quality of life
was measured using the Kansas City Cardiomyopathy
Questionnaire (KCCQ) [44]. This 23-item scale has 5 clinically
relevant domains for persons with HF, which include physical
limitations, symptoms (frequency, severity, and change over
time), quality of life, social interference, and self-efficacy
(r=.66-.95) [44]. Lower score indicates worse symptoms and
worse quality of life.

Patient Health Questionnaire (PHQ-9), a self-administered
depression scale, which scores each of the 9 Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition criteria
as 0 (not at all) to 3 (nearly every day), was used to examine
depression [45]. Higher score indicates worse depression. Scores
of 5, 10, 15, and 20 represent cutpoints for mild, moderate,
moderately severe, and severe depression, respectively. A
PHQ-9 score of ≥10 has a sensitivity of 88% and a specificity
of 88% for major depression and has been validated in 247
patients with HF (r=.82) [45].

Demographic variables including age, gender, ethnicity, and
marital status as well as clinical variables on medications,
ejection fraction, and NYHA were collected at baseline [46,47].
Illness burden was measured using Cumulative Illness Rating
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Scale that measures illness burden on a 5-point scale with scores
ranging from 0 to 56, which demonstrated an interclass
correlation coefficient of .78 on illness burden [48]. The
Duke-UNC short-version 8-item Functional Social Support
Questionnaire (FSSQ) assessed social support (r=.50-.85). The
FSSQ uses a 5-point Likert scale (1=much less than I would
like and 5=as much as I would like) [49].

Data Analysis
Baseline and 30-day follow-up data were collected at
participants’ home. Partial eta squared for effect sizes were
computed from group mean differences using linear regression.
Furthermore, t-tests were performed to compare mean
differences between intervention and control groups and between
time points (post- and preintervention scores). Exploratory
correlation analyses were performed to evaluate changes in
outcome measures relative to baseline performance on
assessments.

Results

Of the 20 patients who were screened for eligibility, 1 participant
gave us a wrong home address and could not be tracked, and
another participant refused to be a part of the study after
eligibility screening. All participants met the inclusion criteria,
including normal hearing and vision as well as normal cognition
with mean MoCA score of 26.3 (SD 2.4). A total of 18
participants met the inclusion criteria and were block
randomized to HeartMapp (n=9) and active wait-listed control
(n=9) to HF education (CHF info, one feature of the HeartMapp)
on the mobile phone for the first 30 days. Only 13 participants
(72%), 7 in the HeartMapp group and 6 in the HF info group
completed the 30-day follow-up. As mentioned earlier, an
Android phone was loaned for the study period for the
participants who did not own a phone.

Demographic Data
Participants’ mean age was 53.06 years; 56% (10/18) of the
participants were females, 61% (11/18) lived alone (divorced,
never married, or widowed), 33% (6/18) were African
Americans, and 17% (3/18) were Hispanics. Only one
participant, 6% had less than high school education, 89% (16/18)
had non-ischemic cardiomyopathy, and 67% (12/18) had HF
for over a year. Mean ejection fraction was 28%, 67% (12/18)
were in HF stage C, and 61% (11/18) were in NYHA class II
(see Table 1 for detail).

On the illness burden scale measured by the Modified
Cumulative Illness Rating Scale, 78% (14/18) of participants
rated cardiac condition as severe to extremely severe (3-4)
burdensome; whereas 17% (3/18) reported severe burdensome
for endocrine problems (diabetes), 11% (2/18) rated severe
burdensome for psychiatric problems and kidney diseases. All
participants owned a mobile phone, one participant owned an
Apple phone, and 63% (11/18) used a mobile phone to get health
information.

Mean Difference in HF Outcomes Between
Intervention and Control Groups (Post-Pre Scores)
and Baseline Versus 30-Day Follow-Up Scores
Mean for baseline and 30-day follow-up scores were computed,
which demonstrated an improvement in almost all outcomes.
An independent t-test was used to compute mean change scores
of HeartMapp and control group at baseline and 30-day
follow-up (30-day score-baseline score) for the 72% (13/18))
participants (7 HeartMapp and 6 control group) who completed
the 30-day follow-up. The results showed statistical significance
in few of the outcomes.

In general, trend on improvements were noted at 30-day
follow-up on all outcomes among groups. Among patients in
HeartMapp group, a mean score change on self-care
management by 8 points was noted, whereas the control group
improved by 2 points (P=.01); self-care confidence improved
by 7 points in HeartMapp group compared with an increase of
2 points among controls (P=.03). Mean score change on HF
knowledge among HeartMapp group was 3 points, whereas the
control group declined (P=.04). Quality of life measured by
KCCQ declined by 2 points in HeartMapp group, whereas the
control group declined by 9 points (P=.18). Medication
adherence improved among both groups (see Table 2).

Effect Size Calculation Using Partial Eta Squared
We computed the partial eta squared as the effect sizes from
group mean differences using linear regression. The partial eta
squared indicates the percentage of variance in each of the
effects (or interaction) and its associated error that is accounted
for by that effect (or interaction) [50]. The partial eta squared
indicated small to moderate effect sizes (self-care 0.249; HF
knowledge 0.337; quality of life 0.156; depression 0.262; and
medication adherence 0.036).

Patient Satisfaction and Usability of HeartMapp
Seven participants from HeartMapp group who completed the
30-day follow-up were asked to rate the HeartMapp usability
questionnaire that assessed HeartMapp features and
self-confidence in using HeartMapp questionnaire (see Table
3).

Engagement With HeartMapp
The details on participants’ access to HeartMapp features were
stored and time stamped on a secure website for analysis. A
mean of 78% engagement with HeartMapp was noted among
all participants randomized to HeartMapp. Of the nine
participants randomized to HeartMapp, 43% (4/9) accessed
HeartMapp daily and completed the assessment of HF symptoms
and exercise (walking) daily. Five participants accessed
HeartMapp features over 24 days or 80% of the time. The
multivariate regression analysis did not predict any association
with patient engagement or HeartMapp access time with HF
outcome. However, other features of the HeartMapp were
accessed by participants inconsistently. The features consistently
accessed were the medication tracker and breathing exercise.
The least accessed feature was the vital signs monitoring using
the chest-worn Bluetooth device (BioHarness-3).
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Table 1. Sample characteristics.

Mean (standard deviation)n (%) (N=18)Characteristics

Age, in years

53.06 (4.02)12 (66.7)≥65

Gender

10 (55.6)Female

Living status

4 (22.2)Never married

7 (38.9)Married

7 (38.9)Widowed, separated

Race

9 (50)White

6 (33.3)African American

3 (17)Hispanic

Education

11 (61.1)More than 1 or more college

6 (33.3)High school

1 (5.6)Less than high school

28.09 (14.61)Ejection fraction

Etiology of HFa

16 (88.9)Nonischemic

NYHAb class

1 (5.6)Class I

11 (61.1)Class II

6 (33.3)Class III

HF stage

6 (33.3)Stage B

12 (66.7)Stage C

36.55 (13.12)Body mass index

26.33 (2.40)Cognitive score at baseline (MoCAc score)

34.94 (6.63)Social support at baseline (FSSQd score)

22.72 (4.16)Illness burden (MCIRe score)

18 (100)Owned a mobile phone

Type of phone

1 (5.6)Apple iPhone

11 (61.1)Android

6 (33.3)Analog

Use of mobile phones

7 (38.9)Very well

11 (61.1)Moderately well

Mobile phone use

18 (100)Texting

11 (61.1)Health information
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aHF: heart failure.
bNYHA: New York Heart Association.
cMoCA: Montreal Cognitive Assessment.
dFSSQ: Functional Social Support Questionnaire.
eMCIR: Modified Cumulative Illness Rating.

Table 2. Mean difference between HeartMapp and control groups at baseline and 30 days.

Significant P valuetControlControlHeartMappHeartMappOutcome measures

30-daysBaseline30-daysBaseline

Mean (SD)Mean (SD)Mean (SD)Mean (SD)

.930.08322.83 (5.56)17.67 (3.61)28.29 (2.81)22.86 (2.41)Self-Care Maintenance

.013.3812.33 (3.03)9.67 (2.66)20.71 (1.11)12.00 (2.77)Self-care Management

.032.5316.50 (2.07)14.67 (3.01)19.46 (4.05)12.43 (2.94)Self-care Confidence

.530.4082.33 (1.50)3.50 (1.65)3.23 (1.64)3.00 (1.73)Med. Adherence

.042.3724.17 (1.71)24.83 (2.13)27.28 (2.29)24.29 (1.56)HF Knowledge

.181.4327.5 (8.52)19.69 (7.64)23.43 (6.50)20.71 (9.09)Quality of Life

.071.973.33 (2.94)8.50 (5.36)7.00 (6.13)8.14 (5.60)Depression

Table 3. Patient Self-Confidence and Usability of HeartMapp.

Mean (SD)Descriptors for measures

24.86 (4.02)Ease of using the HeartMapp

19.43 (4.50)Accuracy of contents of HeartMapp

17.86 (2.67)Use and design of the HeartMapp

15.57 (6.24)Problem-solving feature of HeartMapp

18.00 (15.74)Self-confidence in using the HeartMapp

Open-Ended Questions on the Usability Scale
Assessment of open-ended questions using descriptive and
thematic analysis suggested that 86% (8/9) of the participants
preferred a wrist-worn Bluetooth device. The chest-worn
Bluetooth device (BioHarness-3) was reported by more than
half of the participants (>50%) as uncomfortable, and all the
participants reported poor battery life, with the need to charge
the device twice a day. This indicated noncompliance in using
the chest strap.

Discussion

Principal Findings
The result of this pilot study is promising in that the HeartMapp
intervention showed trends in improving several HF outcomes,
especially self-care management, self-care confidence, and HF
knowledge. A comprehensive review of 34 commercially
available mobile apps for HF symptom monitoring and self-care
rated Heart Failure Health Storylines, Symple, ContinuousCare
Health App, WebMD, and AskMD as the highest performing
apps and recommended future studies to test the usability and
effectiveness of the available apps [51]. On the other hand,
several intervention studies demonstrated inconclusive results,
including the Heart Smart symptom training [52], the large
Comparison of Outcomes and Access to Care for Heart Failure

study (n=1023) on intense disease management [53],
motivational interviewing in HF [54], transitional care [55], and
a nurse-led cognitive behavioral intervention [56] that
demonstrated no difference or improvement in HF outcomes.
Also, the Alere Day-Link monitor that used electronic scale and
a computer-based individualized symptom response [57] also
did not demonstrate significant improvement in HF outcomes.
Thus, a large-scale study is warranted to test HeartMapp for
functionality and improved HF outcomes.

A systematic review on remote telemonitoring interventions
reduced the relative risk of all-cause mortality (0.60-0.85) and
HF-related hospitalizations (0.64-0.86) compared with usual
care. Improvements in HF-related hospitalizations appeared to
be more pronounced in patients with stable HF (hazard ratio
0.70; 95% CI 0.34-1.5), indicating appropriate selection of
patients who are not in the refractory or end-stage HF [58]. This
is possibly true in this pilot study, as 61% of the patients were
in NYHA class II.

A pilot study that offered text messaging to HF patients after
discharge demonstrated significant improvement in HF
self-management [29], as seen among participants who used
HeartMapp. Similarly, Weight and Activity with Blood Pressure
Monitoring System (WANDA), which comprises wireless
sensors and a mobile device, enabled the patients to reduce 5.6%
of weight and blood pressure values that were out of the
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acceptable range; however, this system is still under updates
before becoming commercially available [59]. Therefore, the
trends observed on improved HF outcomes in this pilot study
warrant an exploration in a well-designed RCT.

The result of this pilot study indicated that only 72% of
participants completed the 30-day follow-up, which is very low
and the reason most reported was the use of BioHarness-3 chest
strap. An attrition rate of 35% has been reported in prior studies
among HF population [60]. Those who completed the follow-up
did not use the BioHarness-3 consistently. A mean of 78%
engagement with HeartMapp was noted among all participants
randomized to HeartMapp. Again, this may be because of the
challenges faced in using the BioHarness-3 chest strap. The
engagement with HeartMapp observed in this sample is
comparative with the national data from Common Wealth Fund
(2016) that showed engagement at 16% for Android apps and
6% for iPhone operating system (iOS) and usefulness at 43%
for iOS apps and 27% for Android apps [61]. Although these
are general data, the 78% engagement with HeartMapp seen in
this small sample could be because of the features tailored
specifically for HF patients.

One in 6 (15%) consumers in the United States currently uses
wearable technology, mostly smart watches or fitness bands
[37]. Over 80% of the study participants reported a preference
for wrist-worn Bluetooth device to track vital signs, physical
activity, and sleep, but they did not use the chest-worn Bluetooth
device. Therefore, the team is currently testing several
wrist-worn Bluetooth devices with open API in the laboratory
(ie, Microsoft Band-2, Fitbit Charge HR, and Moto 360). An
open API allows all developers by offering one piece of software
to interact with another piece of software. Thus, the research
team hopes to tap into the consumer health wearables using one
of the wrist-worn devices for a larger clinical trial to test with
HeartMapp.

This pilot study only enrolled a small sample of 18 HF patients,
with only 72% completing the 30-day follow-up; thus, the results
are not generalizable. The small number of participants rated
high satisfaction with the ease of using HeartMapp, which
supported the results of the prior usability study [18]. Gerber
and colleagues [62] supported that older adults and marginalized
segments of the population have better access and uptake of
mobile technology. However, technology use has been observed
to decrease significantly with greater limitations in physical
capacity such as vision impairment and memory limitations
[63]. Therefore, the inclusion screening criteria was stringent
in patients for vision, hearing, and cognitive function, which
needs further exploration in a larger study. Lessons learned in
this pilot study helped the team to refine a few features in
HeartMapp and to overcome shortcomings in a future larger
trial.

Conclusions
There is currently an urgent unmet need for HF-targeted
patient-centered interventions that are easy to use by older adults
with HF who experience cognitive difficulties and lack social
support. Participants in this study reported that HeartMapp is
easy to use. However, there is need for updates on integrating
a wrist-worn Bluetooth device for monitoring of vital signs,
which the team is currently addressing. In the current market,
there are a few other apps being tested that track patients’
self-care such as weight and symptoms. HeartMapp not only
tracks patient performance, it provides alerts and feedback on
patient performance; it also provides interventions to perform
deep breathing exercises and to encourage physical activity.
HeartMapp also includes HF-related education. Further
exploration in a larger trial is warranted to test the feasibility
of utilizing HeartMapp over time to improve short-term and
long-term HF outcomes.
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