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ABSTRACT

Introduction: While people with congestive heart failure (CHF) are living longer; they often have limited ability
to engage in treatment plans and self-management at home, thus resulting in increased hospitalizations. The use
of novel digital technologies for improving self-management has been recommended for reducing CHF related
hospitalizations.

Objective: This pilot study compared a patient-centered enhanced self-care (ESC) intervention using a mobile
system called “HeartMapp (HM)” (ESC HM) with an active wait listed control (WLC) group who received CHF
education in reducing hospitalization rate and improving CHF outcomes. A total of 18 participants who met the
inclusion criteria were block randomized to ESC HM (n=9) and active WLC group (n=9), both using similar
mobile platform. Participants were followed for 30-days to examine the number of hospitalization and secondary
outcomes including self-care, quality of life, and CHF knowledge.

Results: Results showed that none of the participants randomized to ESC HM (n=9) were hospitalized during the
study period of 30-days compared to two participants, both men (11%) in the WLC group. Additionally, clinically
meaningful improvement in self-care management (1=3.38; p=0.006) and self-care confidence (6.7 vs 1.8, t=2.53;
p=0.028) were observed in ESC HM group. Knowledge significantly improved in the ESC HM group while declined
in the WLC group (t=2.37; p=0.037). Quality of life score declined by 2 points in the ESC HM group, while the
WLC group score declined by 8 points (p=.08).

Conclusion: Preliminary results of the pilot study demonstrated feasibility and potential efficacy of reducing
hospitalization and improving CHF self-care; thus, warranting further evaluation in a well-designed large clinical trial.
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Heart failure, Mobile technology,
management, Decision support.
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Introduction

Congestive heart failure (CHF) affects 6.2 million Americans [1]
resulting in significant symptom burden and suffering [2]. While
people with CHF are living longer, they often have poorer ability
to engage in treatment plans, resulting in delayed care seeking for

CHF symptoms [3,4], poorer quality of life [5,6] and increased
hospitalizations [7,8]. As a result, there is a significant population
of CHF patients that are taxing personal, family and healthcare
resources [9,10]. For optimal health outcomes, CHF patients are
encouraged to follow self-care management strategies at home
consisting of complex medications, diet and exercise regimens
[11] and modifying behaviors related to CHF symptoms [12]. The
complex nature of CHF symptom recognition, lack of patients’
dietary knowledge, and CHF-related physical and psychological
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distress require interventions that address all of these components,
enhance self-care at home to improve quality of life and reduce
hospitalization [8,13].

In addition to debilitating CHF-symptoms, age-related physical
changes and multiple co-morbidities challenge CHF patients’
ability to learn and continue self-management practices at home
[14,15]. Furthermore, many older adults live alone and lack social
support often relying on others such as visiting nurses and home
care services [16,17], which are often not sustainable in the long-
term [18]. Inability to adhere to self-care management negatively
impacts hospitalization rates and mortality [19,20]. Nationally,
CHEF hospitalization rates continue to remain high at 23.2% within
30-days with a median rehospitalization time of 12-days from
initial discharge resulting in a mean per-patient cost of $14,631,
[1] which is not reimbursed to the hospitals under the Affordable
Care Act [21]. Thus, the American Heart Association (AHA)
recommends multiple strategies to reduce CHF rehospitalization
and the use of novel technologies for improving self-management,
thereby reducing rehospitalization [22,23]. To improve self-care
and thereby reduce rehospitalization rate, our team designed a
patient-centered enhanced self-care (ESC) intervention.

Enhanced Self-Care (ESC) Intervention

The ESCintervention consists ofa comprehensive self-management
program using a mobile application “HeartMapp (HM)”, (ESC
HM). Evidence supports mobile health behavioral interventions
to address the rising demand at home for self-management of
chronic health conditions [24]. About 95% of Americans own
a mobile phone of some kind. One-in-ten American adults are
“smartphone-only” internet users and over 50% of mobile phone
users are projected to have downloaded at least one health app
to their mobile phone [25]. Despite the initial challenges faced
by older adults, who often resist using mobile technology, once
they join the online world, digital technology often becomes an
integral part of their daily lives as it allows them to stay connected
with family [26]. Oder adults also tend to offload cognitively
demanding processes such as remembering phone numbers and
appointments to mobile technology, and thus mobile systems
show promise to serve as an external resource, by reducing older
adults’ need to use their limited processing capacity to accomplish
health care related tasks [27]. Therefore, the ESC HM intervention
was developed and refined in our preliminary research [28,29].
The ESC HM system supports self-care and provide feedback to
patients on performance.

Design and Method

Our team completed a pilot randomized control trial with
block randomization of participants to intervention and control
conditions. The primary objective of this pilot study was to compare
the feasibility and potential efficacy of the ESC HM intervention to
an active wait- listed control (WLC) condition. This paper presents
the primary outcome of reduced hospital readmissions at 30-days.

The secondary objective included were improved self-care, quality
of life, medication adherence, knowledge, physical and mental

health, which were measured using validated questionnaires. The
team also collected demographics (i.e., biological sex, age, race,
and education), clinical variables (i.e., ejection fraction, and CHF
class), and social support. Results of the secondary outcomes at
30-days was published [16]. Table 2 below provide details of the
outcome variables measured.

Procedure

The study was approved by the University’s institutional review
board (IRB). Participants were recruited from a tertiary hospital,
where the IRB-approved brochure was made available at the
inpatient units. The discharge care coordinators referred potential
CHF participants for the study. Patients were consented and
enrolled in the study prior to discharge after a CHF admission
or within one-week of discharge from the hospital. If they were
discharged to a skilled nursing facility or palliative care, they were
deemed not eligible [16].

ESC HM Intervention

The version of ESC HM tested in this pilot study included 6
key features. The intervention group had ESC HM downloaded
onto their own or a loaner Android device. The participants were
trained on ESC HM features and given a manual of instruction.
Participants received demonstration on responding to tailored
reminders to complete daily weighing, CHF symptoms assessment,
medication schedule, completing breathing and walking exercise,
accessing daily text messages on CHF education and vital sign
recording using BioHarness-3. The details of the 6 features of the
ESC HM are provided in the Table 1 and Figure 1.
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Figure 1: Features of ESC HM.

Active Wait-Listed Control (WLC) Group (n=9)

The WLC control group (n=9) received only CHF education info,
one component of the ESC HM downloaded onto their mobile
phone. These patients were encouraged to use three modules per
week and complete all 10 modules of CHF education by 4 weeks.
Participants were assured that they would receive the additional
features of the intervention at 4-week follow-up. At the end of the
follow-up, they were given access to all five features of ESC HM,
except for the vital sign monitoring using BioHarness-3.
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Table 1: ESC HM Detail.

(CHF symptoms, memory,
and mood tracking with
feedback)

Components Rationale and features of ESC HeartMapp Components
This key feature includes daily reminders and tracking of daily weight, blood pressure, and CHF symptoms. ESC HM include built-in
Assessment algorithm for CHF severity using machine learning, based on the New York Heart Association (NYHA) classification and provides an

action plan for patients. The system offers feedback and automated cues for action with a goal to identify mild deterioration in symptoms
for early medical care.36 ESC HM adapted a color zone system promoted by the AHRQ to assist patients in understanding their health
status and symptom severity [37,38]. The Assessment also includes short-term memory using pictures of the day and overall mood using
Emoji; Deep breathing is encouraged if mood score is above three.

Pill/ medication
management with alert and
tracking

The ESC HM includes a personalized medication list with automated reminders to take medication. Tracks adherence to prescribed
medication based on response to alerts entered by patients. A systematic review of 57 studies on medication management reported
improved medication adherence reduced rehospitalization and mortality rate [39].

Exercises.
Track deep breathing and
six-minute walking

Patients with CHF have 2-3 times higher incidence of psychological distress and depression compared to the general population [40].
Therefore, ESC HM system is designed to track mood and teach patients using auditory/ visual biofeedback deep breathing exercise to
attain six breaths per minutes to reduce depressive symptoms. Physical inactivity is associated with CHF severity [41] thus physical activity
is encouraged and distance walked in 6-minutes is measured to identify improved physical function.

CHF Info
(10- Education modules)

Traditional patient education alone does not support self-management in CHF patients [42]. The ESC HM includes audio-enabled
10-modules of education. Users receive one random educational tips as text message designed to increase knowledge on CHF. Education
materials are written at an average 6™ grade (5"-8" grade reading level) as recommended by American Medical Education [43].

Vital Signs data from
wearable

The ESC HM system track data on heart rate, blood pressure, and weight and has the capability to sync data from wearable device. For this
study we used BioHarness-3 to measure heart rate and heart rate variability.

Stats (Patients
performance Data)

The number of times patients access the ESC HM feature, their responses to alerts, and entry of their performance are saved in the system’s
dashboard. A graphic displays shows performance trends on weight, blood pressure, and symptoms indicated by Zones, as well as memory,
mood, medication adherence and distance walked. Patients can use the data to communicate with healthcare teams during office visits.

Table 2: Outcome Measures and Variables.

Outcomes

‘Brief Description of the Measure

Primary outcome

Hospital readmission

‘Data on readmission were collected from patients and caregiver during follow-up visit and confirmed by patient medical record review.

Secondary Outcome

CHEF specific self-care was measured using Self-care of Heart Failure Index [44]. This questionnaire has three domains: Self-Care

Self-Care Maintenance, Self-Management, and Self-Confidence. Includes15-items for a total score of 100. Cronbach’s alpha .56 to .82. Test-
retest reliability 0.90.
Quality of life was measured using the Kansas City Cardiomyopathy Questionnaire (KCCQ) [45]. KCCQ include five clinically relevant
Quality of life domains of physical limitations, CHF symptoms (i.e., frequency, severity, and change over time), quality of life, social interference, and
self-efficacy. Cronbach’s alpha .66 to .95 for each domain.
E8 e e il The CHF-specific knowledge was assessed using the Atlanta Heart Failure Knowledge Test [46]. This questionnaire has 30 questions,
possible score of 0 to 30 (r=.84); higher score indicates better knowledge [46].
Medication Adherence Medication adherence was assessed using the 8-item self-administered.
Morisky Medication Adherence Questionnaire, with lower score indicating better adherence (r=.83) [47].
Dpeton Patient Health Questionnaire (I.’HQ—9) a st?lf—administ'erefl depression scale w'ith nine questions. The scores of 0 (nqt'at. all) to 3 (nearly
(Mental Health) every day), to measure depression [48]. Higher score indicates worse depression. 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 CHF (r=.82) [48].
Six-Minute Walk Test [49] Six-minute walk test at each visit was performed following the American Thoracic Society guideline [S0]. ESC
Physical Health HM is designed to track distance walked based on age, gender, height and weight and offer feedback on goals met. Cronbach’s alpha =0.89

of 6MWT measured using mobile phone’s accelerometer [51].

Covariates/ Control Variables

Demographic, history

Age, sex, race/ethnicity, marital status, education, socioeconomic data, and medical history using prior validated questionnaire

Clinical variables

CHF duration, CHF type, ejection fraction and medication list extracted from participant’s medical record.

Recruitment and Data Collection

The study staff, who have completed HIPPA training, approached
the participants who were referred by the discharge care coordinator
of the tertiary hospital to inquire whether they are interested in
learning more about the study.

The study staff explained the consent process and HIPAA
authorization required to allow study staff to access participant
health records relevant to the study. Patients who agreed to
volunteer and provided consent were screened for eligibility and
baseline data obtained before discharge or at the participant’s
home within seven-days after discharge from the hospital to

complete data collection and training of the interventions.
All eligible participants were block randomized to ESC HM
or WLC group. Baseline and 30-days follow-up data were
collected in an interview format using validated questionnaires.
Participant’s medical records were accessed to obtain clinical
data on ejection fraction, NYHA Class and medication at
baseline.

During follow-up visit at 30-days the conducted at participant’s
home, participants were asked about number of emergency room
visits or hospital readmissions. This data was confirmed by chart
audit. To assure understanding and adherence with treatment
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training, unblinded study staff called all participants (ESC HM and
WLC) three times in the first week after enrollment and thereafter
once a week. The study staff was available for questions from all
participants to assure training adherence. Participants who did not
own an Android device was provided a loaner for use during the
study period.

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. The study
coordinator also checked the ESC HM dashboard daily to monitor
participants’ progress and daily statistics including weight and
symptoms. The data was used to triage participants early decision
making for further management per protocol and if needed referral
to their health care providers.

Data Analysis

The statistical software, SAS 9.4 was used for the statistical data
analyses in this project [30]. Univariate statistics was conducted
on all outcomes, mean standard deviation on continuous
variables. Frequency and percentage on categorical variables were
performed to describe the sample characteristics of the two groups.
Statistical significance was determined using the p value of 0.05.
Furthermore, t-tests were performed to compare mean differences
between intervention and control groups and between time points
(pre and post-intervention scores).

Results

A total of 20 subjects were screened and deemed eligible. One
subject gave an incorrect home address and could not be tracked
to enroll in the study, and another refused to be a part of the
study after eligibility screening. All participants met the inclusion
criteria. A total of 18 participants who met the inclusion criteria
were block randomized to ESC HM (n=9) and WLC (n=9) to CHF
education (CHF info feature of the ESC HM). Only 13 participants
(72%) completed the 30-day follow-up with seven from 7 ESC
HM group and 6 in the WLC group.

Demographic Data

Participants’ in the ESC HM intervention group were younger
with a mean age of 50 years with more females (67%); while
the WLC group had equal percentage of men and women. About
44% participants in ESC HM group were married; while more
participants in WLC were divorced (55%). More African American
subjects were enrolled in the ESC HM group (56%) compared to
more whites in WLC group (67%). Most subjects (44%) had some
college; however, 11.1% had less than high school in the ESC HM
group. The intervention group had 10 percent point lower ejection
fraction (23%) compared to 33% in the WLC group. The severity
of CHF indicated by duration, NYHA class and CHF stage were
similar between both groups (See Table 3).

Table 3: Descriptive Statistics.

Description ESC HM Group WLC Group P value
Age (Mean, SD) 50.56 + 11.41 55.56+7.3 0.061
Gender Male 33.3% 55.6%
Female 66.7% 54.4% 0.65
Marital Status Married 44.4% 33.3%
Never Married 33.3% 11.2% 0.054
Divorce or widowed 22.2% 55.5% ’
Race African American 55.6% 11.1%
Hispanics 11.1% 22.2% 0.04*
Caucasian 33.3% 66.6% ’
Education < High school 11.1% 0.0%
High school 33.3% 22.2%
Some college 44.4% 44.5% 0.75
Graduate and above 11.1% 33.3%
Ejection Fraction (Mean, SD)  23.07 +14.86 = 33.11 +13.29 0.064
Duration of CHF < 1-year 22.2% 44.4%

1-3 years 33.3% 11.1%

4-6 years 33.3% 33.3% 0.86
>Tyears 11.1% 11.1%
Etiology of CHF Ischemic 11.1% 11.1% ~0.9
Non-ischemic 88.9% 89.9% ’
NYHA Class Class II 66.7% 55.6% ~0.9
Class I1I 33.3% 44.4% '
CHEF Stage Stage B 33.3% 33.3% ~0.9
Stage C 66.7% 66.7% '

Primary Outcome of Rehospitalization

Hospitalization for CHF was collected from the participants
during follow-up interview and were confirmed by chart audit.
Results showed that none of the participants who used ESC HM
was hospitalized during the study period of 30-days compared to
two participants (11%) in the WLC group.

Participants readmitted to hospital in the WLC group were both
men aged about 50-years; one was Caucasian and the other
Hispanic. Although, this is a pilot study with small sample,
results indicated potential efficacy of ESC HM in reducing
rehospitalization and warrants a detailed evaluation in a larger
diverse sample with long-term follow-up.

Secondary CHF Outcome

Clinically meaningful improvement in all aspects of self-
management measured using Self-Care of Heart Failure Index
was observed among participants who were randomized to ESC
HM compared to WLC group who received a CHF education; [29]
with improvement in self-care management (8.7 vs 2.3; t=3.38;
p=0.006) and self-care confidence (6.7 vs 1.8; t=2.53; p=0.028).
CHF knowledge measured on Atlanta Heart Failure Knowledge
Test improved among ESC HM group while knowledge declined
in WLC group (3 vs -.66; t=2.37; p=0.037).

Quality of life score on KCCQ declined by 2 points in the WSC HM
group, whereas the WLC group declined more by 8 points and was
not statistically significant (p=0.08). Depression scores improved
in both groups; however, the result was not statistically significant.
Medication adherence remained without change in ESC HM group
while WLC group declined which was not statistically significant
(see Figure 2).
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Figure 2 Outcome Comparison
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Figure 2: Secondary Outcomes.

Patient Engagement with ESC HM Intervention and
Association Outcomes

Participants’ access to ESC HM intervention features were stored
and time stamped on a secure website for analysis. Participants
accessed symptom assessment, medication tracker and breathing
exercise consistently for more than 80% of time. Of all the
participants randomized to ESC HM group, four of nine participants
(43%) accessed ESC HM daily and completed the assessment of
CHF symptoms and exercise (breathing and walking). Five of
nine participants (57%) accessed ESC HM features over 24 days
(80%) of the time. However, the multivariate regression analysis
showed no association between primary and secondary outcomes
with patient engagement or time spent by participants accessing
ESC HM. Participants reported discomfort and inconvenience of
using the chest worn device (BioHarness-3) and thus, accessed
vital signs feature for less than 15% of the time.

Participants gave feedback during the follow-up that they prefer a
wrist worn device for tracking vital signs and exercise. They also
recommended adding a communication feature within the ESC
HM system to share and provide access to performance dashboard
to health care provider and family members. Participants also
recommended adding management of chronic diseases such as
hypertension and hyperlipidemia and immunization schedule that
have been now added.

Discussion

Given the small sample size, the result is not generalizable and
warrants more detailed evaluation in a well-designed clinical trial.
The result of this pilot study is promising in that the ESC HM
intervention could reduce rehospitalization rates in 30-days and
showed trends in improving several CHF outcomes; especially
self-care management, self-care confidence, and CHF knowledge.
A systematic review on remote telemonitoring interventions
reduced the relative risk of all-cause mortality (0.60-0.85) and
CHF-related hospitalizations (0.64-0.86) compared with usual

care. Improvements in CHF-related hospitalizations appeared to
be more pronounced in patients with stable HF in NYHA class
IT (hazard ratio 0.70; 95% CI 0.34-1.5), indicating appropriate
selection of patients who are not in the refractory or end-stage
CHEF [31]. This is possibly true in this pilot study, as 61% of the
total participants, and about 68% in the ESC HM group were in
NYHA class II and no participants in CHF stage D and NYHA
class IV.

A recent study among adults aged 55 and above in Florida reported
that structured telephone support with text messaging improved
CHF self-care, knowledge, medication adherence, physical and
mental health (P<0.01 for all) [32]. The ESC HM intervention
offered daily text messages on educational tips and daily reminders
for self-management and medication. Thus, results from this
pilot study also supports an earlier study that send text messages
to CHF patients that demonstrated significant improvement in
CHF self-management [33]. The American Heart Association
(AHA) recommends multiple strategies to improve CHF related
outcomes and reduce rehospitalizations. Large scale studies are
warranted to test novel_technologies including text messages and
reminders for improving self-management and thereby reducing
rehospitalization for CHF [22].

About 80% engagement with ESC HM was noted among all
participants randomized to the ESC HM intervention group.
This lower engagement was identified because of the challenges
faced in using the BioHarness-3 chest strap. Reduced enrollment
and attrition rate of about 30% has been reported in a review that
is possibly due to several patient factors including participant
incentives and time constraint [34]. This is true in that this pilot
study was not funded and the participants volunteered for the study
that may have caused the dropout and low enrollment. The pilot
study faced an attrition rate of 28 % at 30-day follow-up, which is
very low. An attrition rate of 35% has been reported in prior studies
among CHF population. The reason reported by most participants
during follow-up was the use of BioHarness-3 chest Strap. Among
participants who completed the follow-up, participants use the
chest strap for less than 15% of the time. Participants (80%) gave
the team feedback about a potential wrist worn device, One in 5
consumers (21%) in the United States currently uses wearable
technology, mostly smart watches or fitness bands [35]. Therefore,
the team is currently testing several wrist-worn Bluetooth devices
in the laboratory (ie, Microsoft Band-2, Fitbit Charge HR, and
Moto 360).

Although, a small sample size, the pilot study enrolled significantly
more African American into the ESC HM group (56%). According
to a Pew Research Center survey of 2019, African Americans
(58%) remain less likely than whites (82%) to own a traditional
computer or have high speed internet at home but own smart
phone and access internet using smartphone equally (at 80%) [35].
This may have given the study team an advantage to enroll more
African Americans.
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Conclusion

Lessons learned in this pilot study and the feedback from
participants helped the team to refine features in ESC HM
to overcome shortcomings for a future larger clinical trial;
particularly synchronizing data from wrist worn Bluetooth devices
such as Fitbit. In addition, we added a communication link to allow
participants to share their dashboard with health care providers
and family members. The team also added two additional CHF
educational modules to the CHF info feature. The team is also
moving towards translating the ESC HM in iOS platform to
enhance wide dissemination.

The team propose to secure funding for further exploration of ESC
HM in a larger clinical trial to examine short-term and long-term
CHF outcomes and reduced rehospitalization rates.
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