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RAPID COMMUNICATION

A Heart Failure Smartphone Application That Nudges
Patients/Physicians Toward Optimal Medical Therapy

— Development and Usability Study —
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Background: The low implementation rate of guideline-directed medical therapy for heart failure (HF) remains a problem worldwide.
To address this issue, we hypothesized that a smartphone application (app) based on behavioral economics that nudges physicians
and patients towards optimal medical therapy would be a scalable approach.

Methods and Results: The app prototype was developed, and its usability was tested with 5 HF patients in the outpatient setting.
Adherence to the app was outstanding, with a high usability rating from the patients.

Conclusions: It appears feasible to further study our app in a larger cohort to evaluate its efficacy.
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eart failure (HF) is a disease with a poor progno-
H sis and a high rate of rehospitalization.! Despite

substantial evidence that guideline-directed medi-
cal therapy (GDMT) improves prognosis, the low imple-
mentation rate of GDMT is a problem worldwide.2

Why don’t physicians prescribe and patients accept
GDMT? Addressing such “clinical inertia” is a significant
challenge. The real-world gap in medical practice can be
explained from the perspective of behavioral economics,
which is a field of research that seeks to explain the process
of human decision-making, whereby people are not always
capable of making rational decisions due to various cogni-
tive biases.

From this perspective, one of the potential cause of
clinical inertia is the “status quo bias”,? which is the ten-
dency to avoid changes from the current state, even if a
change from it would be more desirable. GDMT for HF
requires frequent drug induction/escalation and laboratory
testing in the clinic. As most of these drugs are not for
alleviating symptoms but to improve long-term prognosis
(so patients cannot immediately perceive the benefits),

changing the medication from the current prescription
would overemphasize short-term negative aspects such as
concerns about side effects and cost, consequently leading
physicians and patients to stick to the status quo.

Given that smartphone applications (apps) have gained
attention in recent years as a tool to support physicians
and patients, we hypothesized that an app aimed at
improving GDMT adherence using behavioral economics
insights could be a scalable and effective tool to overcome
clinical inertia in the management of HF. The aim of this
study was to develop a novel HF app designed to improve
GDMT adherence and to test its usability for future trials.

Methods

Features of the App

The prototype app was developed by the study team in
Oita University. The app was coded using Flutter Software
(version3.7.10). To overcome cognitive biases occurring in
the clinic, nudge theory was implemented in the app.
Thaler and Sunstein defined nudges as any aspect of the
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Figure. Screenshots of the app. (A) The screen for entering the patient’s daily health data, where blood pressure (BP), pulse,
weight, medication adherence can be recorded. (A") Chart showing the trends in the entered daily health records. (B) The medi-
cation screen displays gauges for 3 medications: current prescribed doses of ACEI/ARB/ARNI, 3-blocker and MRA relative to the
target dose. (C) Recommendation alert to escalate/induce medications. In this screen, the doses of enalapril and carvedilol are

choice architecture that alters people’s behavior in a pre-
dictable way without forbidding any options or signifi-
cantly changing their economic incentives. The app design
was based on this theory and several features were imple-
mented.

The first feature of the app is the ability to record and
collect daily vital data (health records) in the patient’s
home setting (Figure A,A"). Patients are able to measure
their daily blood pressure, pulse, and weight themselves
and manually enter the data into the app. Laboratory
values, especially potassium and creatinine, can also be
entered into the app by the physician during clinic visits.
All data are visualized as charts, making it easy to discuss
the data during clinic visits.

The second feature of the app is a “medication” screen,
which consists of a gauge to visualize the patient’s current
HF medication doses relative to the patient’s target dose
(i.e., GDMT) (Figure B). Three categories of drugs, spe-
cifically angiotensin-converting enzyme inhibitors (ACEi)/
angiotensin-receptor blockers (AR B)/angiotensin-receptor
neprilysin inhibitors (ARNI), -blockers and mineralocor-
ticoid receptor antagonists (MRAs), were adopted in this
screen. The target dose for each drug was set according to
the doses recommended by the Japan Circulation Society
(JCS) guidelines.5 This feature is intended to nudge patients
towards GDMT. From a behavioral economics perspec-
tive, when the current dosage is the patient’s “reference
point”, increasing the drug dosage is perceived as a loss in
the short term because these drugs do not relieve symp-
toms. To correct this cognitive bias in patients, and to
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accept drug escalation or induction, it is necessary to delib-
erately shift the patient’s “reference point” to the target
dose by visually presenting the patient’s target dose,
thereby presenting it as a default to titrate to the maximum
dose. The medication screen is designed to make this visu-
ally apparent.

The third feature is a recommendation alert that pops
up on the app’s medication screen during clinical visits to
escalate or initiate each medication (Figure C). The on-
screen alert is intended to be seen by the clinician and
patient together in the clinic. When the patient brings the
app to the clinic, the guideline-based algorithm in the app
analyzes health records in the app (the patient’s vital signs
at home and laboratory values obtained in the clinic) and
gives the physician and patient a recommendation to esca-
late the medication’s dosage.

Usability Study
After the app was developed, 5 HF patients in the outpa-
tient clinic who were not on the maximum tolerated dose
of GDMT were recruited from 3 hospitals (Oita University
Hospital, Nagoya City University East Medical Center,
and Dokkyo University Nikko Medical Center) in Japan
to test the app’s usability. The study was conducted during
the patients’ usual clinic visit intervals, which ranged from
=~28 to 56 days. Recruiting 5 patients is common for usabil-
ity studies as it is typically sufficient to identify usability
problems.¢

After enrolment, the participants were loaned an iPhone
XR (Apple) with the app already downloaded and were
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Table 1. Baseline Characteristics of the Participants
Baseline characteristics Baseline medication
Patient Serum Serum Resting -
(D) ( ‘:gfs) L(!/E)F potassium creatinine (msn?: ) (mDn?ﬁ ) heart rate ACEK‘:‘?B/ B-blocker MRA
y ° (mmollLl)  (mg/dL) 9 9)  (beats/min)

1 66 24.0 3.9 0.78 91 54 85 En 2.5mg C 5mg S 50mg

2 51 25.0 48 0.83 101 60 73 S-V100mg C25mg Ep25mg

3 58 33.9 4.0 1.16 157 91 53 B 3.75mg

4 50 23.1 4.2 0.90 104 77 79 C10mg S 25mg

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor blocker; ARNI, angiotensin-receptor neprilysin inhibitor; B, bisoprolol;
C, carvedilol; DBP, diastolic blood pressure; En, enalapril; Ep, eplerenone; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid
receptor antagonist; SBP, systolic blood pressure; S, spironolactone; S-V, sacubitril-valsartan.

given instruction on how to use the app. Participants were
encouraged to measure their daily blood pressure, pulse
rate, and weight at home and record them in the app until
the day of their next clinic visit. At their next visit, partici-
pants were instructed to bring the iPhone to the clinic and
give it to the physician, who would enter data from laboratory
tests, if performed, during the outpatient visit. After enter-
ing the results, clinicians showed participants the medica-
tion screen, which displayed the drug escalation alert, and
discussed the medication dosage adjustments. Although
physicians and patients were encouraged to discuss the
medication regimen using the app, the physician had the
final authority to make decisions about prescription
changes. Following the visit, patients returned the iPhone
to the investigator and were requested for an interview to
identify any usability problems. Additionally, they were
asked to complete a System Usability Scale (SUS) ques-
tionnaire. The SUS score is used to assess the usability of
software, and a score >68 is usually considered above aver-
age.” The study complied with the Declaration of Helsinki
and was approved by the Clinical Trial Ethics Committee
of Oita University Hospital. All participants provided
written informed consent. The study was registered at the
University Hospital Medical Information Network (UMIN)
Clinical Trials Registry (UMIN000050520).

Endpoints

The primary endpoint was the percentage of days the patient
entered their health records in the app from the first day of
app use to day 28. This endpoint aimed to evaluate the
patients’ willingness and feasibility to consistently use the
app in their home settings. As exploratory endpoints, the
SUS was used to evaluate the overall usability of the app.

Statistical Analysis

As this was a feasibility study with an exploratory purpose,
only descriptive statistics were applied for the analysis.
Continuous variables are expressed as median [minimum,
maximum].

Results

A total of 5 patients being treated by 4 physicians were
recruited from the 3 hospitals between April 2023 and May
2023. One patient was excluded from further analysis due
to hospitalization for worsening of pre-existing disease
(hepatocellular carcinoma) during the study. Therefore, 4
patients were included in the final analysis.

The baseline characteristics for each participant are sum-

Table 2. Outcomes

Results
Patient —
I
during the first 28 days
1 96.4 (27/28) 77.5
2 100 (28/28) 82.5
3 100 (28/28) 87.5
4 100 (28/28) 90.0

The numbers in parentheses indicate the days of data entry over
28 days.

marized in Table 1. The median age of the patients was 54.5
[50.0, 66.0] years and all were male. The median left ven-
tricular ejection fraction (LVEF) was 24.5[23.1, 33.9] %.

Endpoints for each participant are summarized in
Table 2. Regarding the primary endpoint, on average, the
patients successfully recorded their health records in the
app for 100 [96.4, 100] % of the days during the initial
28-day period. For usability assessments, the median SUS
score for the app was 85.0 [77.5, 90.0], which is rated as
“good” in the adjective rating.

Discussion

A smartphone app developed to nudge patients and clini-
cians toward GDMT was evaluated for usability, and the
results suggested outstanding feasibility for use in the clin-
ical setting. Over the past years, several interventions have
been reported to address the issue of low GDMT imple-
mentation, with mixed results. For instance, physician and
patient reminders to initiate or titrate GDMT have shown
limited effectiveness.3? On the other hand, an electronically
delivered decision aid to nudge patients has been reported
to be effective in improving GDMT implementation.1?
Remote titration of drugs has also been effective compared
with conventional outpatient clinics.!! Additionally, in the
era of digital therapy, remote titration using algorithms to
remotely analyze physical parameters obtained at home
has also been attempted.!? However, many of these inter-
ventions face challenges in terms of cost and the burden
they place on healthcare professionals, limiting scalability.
In contrast, our app offers a very simple and low-cost solu-
tion, making it more scalable for wider public use.

The usability test with 4 patients suggested the feasibility
of our app with an impressive app adherence of almost
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100% for the first 28 days, together with a high SUS score
of 85.0. The high SUS score suggests excellent usability,
which has motivated us to proceed to larger study assess-
ing the effectiveness of the app.

Study Limitations

Our study has several limitations. First, although the sam-
ple size was deemed adequate for assessing the usability
and feasibility of the app, it was not powered to evaluate
its effectiveness. Future research is warranted to assess the
app’s efficacy with a larger number of patients. Second, the
study duration was relatively short and longer-term adher-
ence to the app is unknown. Third, the participants in this
study may not represent the majority of HF patients
because they may have been more motivated to participate
in the study.

Conclusions

The encouraging results of a preliminary usability study of
a simple, user-friendly smartphone app developed to nudge
patients towards GDMT suggest further evaluation of its
efficacy in a larger cohort.
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