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Abstract

Management of heart failure is complex, often involving interaction with multiple providers, monitoring of
symptoms, and numerous medications. Employing principles of user-centered design, we developed a high- fidelity
prototype of a mobile system for heart failure self-management and care coordination. Participants, including both
heart failure patients and health care providers, tested the mobile system during a one-hour one-on-one session with
a facilitator. The facilitator interviewed participants about the strengths and weaknesses of the prototype, necessary
features, and willingness to use the technology. We performed a qualitative content analysis using the transcripts of
these interviews. Fourteen distinct themes were identified in the analysis. Of these themes, integration, technology
literacy, memory, and organization were the most common. Privacy was the least common theme. Our study
suggests that this integration is essential for adoption of a mobile system for chronic disease management and care
coordination.

Introduction

Heart failure is a major public health concern, affecting more than 5.7 million Americans' and projected to
increase 46% by 2030.% Heart failure is the most common cause of hospitalization among adults over age 65°
and accounts for more than 30 billion dollars in health care spending each year.' Management of heart failure
is complex, often involving interaction with multiple providers, continuous monitoring of symptoms and
measurements, and numerous medications. Newly diagnosed heart failure patients are faced with the
challenge of adapting to these major lifestyle changes and often struggle to successfully self-manage.* As a
result, heart failure readmissions are common. More than 50% of patients are readmitted within six months of
initial discharge.” Additionally, heart failure patients often suffer from one or more comorbidities; a large
national study of Medicare patients found that 40% of heart failure patients also had diabetes, and around
one-third had chronic obstructive pulmonary disease.’” A recent systematic review of depression in heart
failure patients found an average prevalence of depression of 29%.° Thus, patients with heart failure often
have the task of managing multiple chronic conditions, adding further complexity to self- management.

Several heart failure management interventions have been associated with decreased readmissions and
mortality.”'® Characteristics of these interventions associated with improved outcomes include face-to-face
contact,® use of multidisciplinary teams,*” and longer intervention duration.'” However, because these
interventions are extremely resource-intensive scalability is limited. A 2016 systematic review found 34
existing mobile systems for heart failure self-management.Il While data collected from these types of systems
have the potential to inform healthcare decisions, existing applications are largely limited to the collection of
physical measurements and symptom tracking and lack integration with the health system.'' Furthermore,
most existing mobile systems for care management do not facilitate two-way communication, which has been
found to be preferred by patients using heart failure monitoring systems.'” Finally, most self-management
applications are focused on a single disease, rather than allowing patients to manage multiple conditions.
These limitations reflect a lack of attention to patient-centeredness in the design of current mobile systems.
Patient-centered applications are defined as “systems that enable a partnership among practitioners, patients,
and their families (when appropriate) to ensure that procedures and decisions respect patients’ needs and
preferences.”’® Such systems can facilitate care coordination, in which all members of the care team work
collaboratively with the patient to make decisions about care and facilitate delivery of services.'* This type of
shared decision-making requires that patients have a comprehensive understanding of their health condition,
treatment options, and the roles and responsibilities of each care team member.'”"” User- centered design
can help to create patient-centered applications for care coordination by understanding how patients would
use the s%/stem in their daily lives and building features and functionalities around patient preferences and use
cases.'”"™" User-centered design may also increase the likelihood of adoption and satisfaction with the
system.”>*' The OnPoint study was initiated to improve understanding of how patient- centered mobile
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systems may improve care coordination with for people with multiple chronic conditions, such as those with
heart failure and other comorbidities.

Objectives

The objectives of this study were to 1) assess the major strengths and weaknesses of a high-fidelity prototype
of the OnPoint application, a mobile system for the management of complex chronic disease, with patients
with heart failure and key members of the care team and 2) identify additional functions and features that
would support adoption of the application by patients and members of the care team.

Materials and methods

We used principles of user-centered design to design and evaluate a high-fidelity prototype of OnPoint, a
patient-centered mobile application for collaborative chronic disease management. A high-fidelity prototype is
an application that is similar to the intended final product, allowing the user to experience realistic interactions;
this is in contrast to a low-fidelity prototype, which may be rendered on paper or screenshots. ** In a previous
paper we reported on interviews with key informants, including patients, clinicians, caregivers, and health
coaches that resulted in a list of key user functions and user scenarios, around which we created the
prototype.” The prototype focused on the medication reconciliation and medication taking, priorities identified
by both patients and providers: constructing a comprehensive medication list, creating a medication schedule,
filling a pillbox, and tracking medications. Other features included care team contacts, tracking
weight/blood pressure, managing appointments, and screening for symptoms. When possible, we created
digital representations that complemented the tools that patients use in daily life for care coordination (the
user-interface metaphor).”*** For instance, because patients often use pillboxes to manage medications, we
created an interface that evokes a pillbox metaphor to connect the digital representation on the tablet to the
patient’s physical pillbox.”® The novel medication management features allow a user to take a picture of the
medication bottle label which scans the data into the application, inserts a picture of the pill itself, sorts
medications into appropriate day/time compartment in the rendered physical pillbox, which all serve to help
the patient organize medications accurately and efficiently. The high-fidelity prototype was developed using
Ionic, an open-source software development kit that allows creation of hybrid mobile applications.27 Adobe
PhoneGap was deployed to allow development of a cross-platform application that would run on both i0OS and
Android.” Figure 1 shows several screens from the high-fidelity prototype.

We recruited participants from the UC Davis Health System to test the high-fidelity prototype. We selected
patient participants who had experience living with or managing heart failure along with another health
condition as well as clinicians or health coaches who provide care for heart failure patients. Participants
tested the mobile system on a 7.9-inch internet-connected iPad mini tablet during a one-hour one-on-one
session with a facilitator. Following a structured patient scenario, the facilitator instructed the participant to
attempt each feature of the prototype. For 1) the medication management feature, participants were asked to
a) add several medications, b) create a schedule of medications, c) fill a pillbox using the application, d)
record the taking and skipping of medications, and e) view medication history. For 2) the measurements
feature, participants were asked to a) set up new measurements (weight, blood pressure, and heart rate), b)
add measurements to the schedule, c) record measurements, and d) view measurement history. For 3) the
appointments feature, participants were asked to enter new appointments and view appointments in the
timeline. Finally, participants were asked to use 4) the comments feature of the timeline to record notes and
questions to use share with other members of the care team. The symptom management feature was not ready
to be tested at the time of the interviews, and was therefore not included in this evaluation. We applied a
think-aloud methodology to elicit participants’ thoughts and perceptions of use of the application.”**’ The
facilitator took notes capturing both verbalized feedback and visually observed challenges with using the
application. The facilitator then interviewed participants about the strengths and weaknesses of the prototype,
additional necessary features and functionalities, and willingness to use the technology, following a semi-
structured interview guide.

Field notes and interview notes were analyzed using a three-phase qualitative content analysis process: 1)
immersion, consisting of numerous close readings of the transcripts, 2) reduction, in which themes were
identified, defined, and coded, and 3) interpretation, in which themes were organized and conclusions were
drawn and verified.”*”* Initial codes were inductively developed by one investigator (SH) on analysis of the
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first three interview transcripts. The codes and their associated themes were discussed in detail with a second
investigator (KK) and revised. The revised coding scheme was applied to the remaining transcripts. A final
review of transcripts and codes was completed by the two investigators with discussion of any discrepancies
with the goal of consensus on issues identified. A basic quantitative content analysis consisting of counting the
number of times a theme was mentioned by any participant was calculated to provide a high level indication of
the themes that are “top of mind” among the participant group. The UC Davis Institutional Review Board
concluded that this study was not human subjects research (IRB# 782917-1).
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Figure 1. Selected medication features of OnPoint high-fidelity prototype, including A. Medication setup, B.
Medication scheduling, C. Pillbox filling feature, and D. Timeline view showing list of today’s tasks
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Results

Eight individuals participated in the testing of the prototype. These included five patients with heart failure
who also manage multiple health conditions, including cancer, diabetes, hypertension, and depression. Three
care team members participated including a cardiologist, a cardiac care nurse, and a primary care health
coach. Themes fell into three main categories: strengths and potential benefits, potential barriers to use, and
features and functions for future development. Fourteen distinct themes were identified during the content
analysis. These themes are shown in Table 1 along with a count of the number of times the theme was
mentioned, and the proportion (%) of patient and care team members who mentioned the theme at least once.

Table 1. Definitions, overall number of mentions, and percent of participants who mentioned the theme, for
each theme identified.

Theme Definition used for coding Number of | % of % of care
mentions patients team

Strengths and Potential Benefits to Use of OnPoint Prototype

Memory Remembering tasks and activities 12 80.0 66.7

Organization Arranging tasks and activities; structuring 12 60.0 66.7

and storing information in a standard way
Convenience Ease of using the system 7 60.0 333
Sharing Sharing of information with others, 7 40.0 100.0

including clinicians, caregivers, family
members, and other members of the care
team

Efficiency Speed of tasks and activities 2 20.0 333

Potential Barriers to Use of OnPoint Prototype

Technology Affordances for users with different levels of | 16 80.0 100.0

literacy familiarity with technology to use technology
effectively

Burden Challenges facing users that may inhibit 10 40.0 66.7
effective use of the system

User types Differences between user personalities and 4 40.0 333
profiles that may affect how the system is
used

Connectivity Reliance of a technology system on wireless | 3 0.0 66.7
Internet

Privacy Protection of personal information 1 0.0 33.3

Features and Functions for Future Development

Integration Linkage with other data sources, 20 80.0 100.0
applications, or devices

Personalization Tailoring of the system to meet an 9 60.0 66.7
individual’s specific needs

Communication | Exchange of information between patients 6 40.0 66.7
and providers

Tracking Recording information (patient-generated) 5 60.0 0.0

Integration was the most common theme overall, mentioned by 80% of patient participants and all of the
clinician participants. Participants stressed that the usefulness of a mobile system depends upon its ability to
integrate with other important sources of information. These sources include other applications such as
calendars and applications that allow users to track salt, fluids, and other nutrition information; they also
include devices such as physical activity trackers and Wi-Fi-enabled scales and heart rate monitors. The
ability to link the application to clinical data, including lab results and prescription information, was
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especially important to patient participants, particularly for those taking medications like warfarin that
require continuous monitoring. Integration may also help to decrease the burden on patients that may be
associated with setup and management of a mobile application:

“The application would need to be smart about how to pull data from multiple places; I wouldn’t want to
enter the same information in two different places.” - Patient participant

Technology literacy, the second most common theme, was mentioned by both patient and clinician
participants as a potential challenge to implementation. They expressed concern that those with low
technology literacy, particularly many elderly patients, would need substantial support from others to set up
and use the system. For this reason, participants thought that this group of people might be reluctant to adopt
the technology:

“Setting up the application by yourself would be really difficult, particularly if you’re not familiar with
technology.” —Health coach

Memory was the next most common theme. Several participants described memory as a common problem for
heart failure patients. Participants believed that the system would improve the ability to remember both
routine and infrequent tasks:

“A lot of people have brain fog from heart failure- mental reminders are helpful so you know which pills
have been taken and which haven’t.” -Cardiac nurse

Participants felt that the system would improve the ability to organize data in one place so that information
was available when it was needed. Patient participants reported that they currently used a variety of methods
and systems to manage information; patients felt that this was a burden for daily self-management as well as
for sharing information.

“Right now, I have tracking on lots of different devices, papers, calendars... it would be much easier if it
was all in one place.” — Patient participant

“If you go to the ER, you could just show all of the information. It would be so much easier to provide

your information when someone needed it because it’s all in one place.” — Patient participant

Importantly, participants also saw the benefit of the mobile system as something that could help them better
understand their condition and their care plan, an important component of shared decision-making.

“This would be useful for familiarizing yourself with your medications... I realize I need a closer look
at what’s going on with my meds.” —Patient participant

“I like that you can see the purpose of all the [medications] — you can really know what you 're taking
and why.” —Patient participant

Several themes were more important to either patient participants or care team participants. Tracking, or the
recording of patient-generated information, was mentioned by 60% of patient participants but mentioned by
none of the care team participants. Conversely, several care team participants spoke about connectivity issues,
while none of the patient participants mentioned connectivity as a potential barrier to use.

Privacy was the least common theme, mentioned by only one of the care team participants:

“Personal information protection is a concern - not everyone wants to have their wife or husband or
adult children know what they 're taking.” — Cardiologist
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Discussion

In their review of 34 mobile applications for heart failure, Masterson Creber et al. found that most
applications are focused on building healthy habits, rather than on shared disease management.'' One reason
for this may be the difficulty of integration with existing health care systems. Currently, incompatibility
between systems and data sharing policies inhibit integration with mobile applications. *>7* In our study, the
voice of patients themselves brings attention to a key challenge for chronic disease management: the
challenge of unifying multiple data streams to create a single personalized system tailored to each
individual patient’s needs. This type of system requires not only the ability to gather and organize patient
data but also the capacity to learn and respond to information. Integration with the electronic health record
(EHR) is one example of this. Clinicians commonly rely on EHR systems and patient portals for managing
patient data and communicating with patients. Health system regulations, in addition to feasibility and
workflow considerations, prevent adoption of a system that is separate from the EHR. Because shared
information and communication are crucial components of successful disease management and effective
care coordination, integration with the EHR should be a priority for any chronic disease management
system. Our study suggests that integration is also crucial to patients’ adoption of a mobile system for
chronic disease management. Because chronic disease patients often manage multiple comorbidities and
have varying nutrition and activity requirements, fluid restrictions, or other specific measurements,
integration with other devices and applications is necessary to ensure completeness of a shared care plan.
A useful application will also have the ability to integrate with the patient’s existing management strategies,
such as calendar or pharmacy applications. This is in line with previous findings on user preferences for self-
management applications. *° Our study suggests that integration of an application with existing external data
sources and systems is more important than developing additional features; this is an important implication
for prioritizing future work in this area. In addition, our findings indicate that there is a need for organized
summary data for all types of users: patients, caregivers, and care team. Each type of user requires different
types of information to make informed decisions. Development of data visualizations for these various users
will require in-depth exploration into how users make decisions about care, and how data collected by a
mobile system can assist in the decision-making process.

To create a usable application for chronic disease management, concerns about technology literacy must be
addressed. Many previous studies have used mobile systems to deliver chronic disease management
interventions.>”** However, these studies often suffer from low usage of the technology, which may be in
part a function of low technology literacy. To date, there have been few studies examining technology
literacy in the context of mobile applications for disease management. Principles of user-centered design can
help to create a system that can be used effectively even by those with little previous experience with mobile
applications.

Although privacy was not mentioned by patient participants in this study, concerns about privacy are often
mentioned with respect to use of technology. Some studies that have found low levels of concern about
privacy threats with regard to mobile technologies. In a national public opinion survey of radio frequency
identification (RFID) technology for healthcare, Katz and Rice found only a minority of participants who
were concerned about threats to privacy.” In a qualitative study by Pinnock et al., neither patients nor
healthcare professionals considered privacy to be a major issue with regard to adoption of a healthcare
management technology.* Nevertheless, a recent statewide survey found high levels of concern regarding
privacy in sharing of electronic health data for provision of healthcare and willingness to agree to share
these data. Hence, assurance of privacy should continue to be considered in development and
implementation of mobile care coordination solutions.

Findings of our study suggest several implications for building systems for care coordination. First, while
reminders and tracking can be useful management tools, they are not sufficient for facilitating shared care.
The patient participants in our study desired a thorough understanding of the health condition and care plan.
Improved understanding of medications was seen as especially useful for patients. This suggests that patient-
centered mobile systems should have the capacity to enrich a patient’s understanding of the disease and the
treatment plans, instead of simply recording it. These findings align with existing literature on shared care
and shared decision-making, which emphasize the informed participation of the patient in the creation of a
care plan.”"” Second, our findings indicate that the ability to share information quickly and easily is an
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important part of a mobile system for chronic disease management. Access to the same information by
everyone involved in the patient’s care will likely allow for improved coordination and collaboration among
the care team, characteristics of care found to be associated with improved health outcomes.*

There are several limitations to our study. First, we interviewed a small convenience sample of potential
users, recruited from a single academic medical center in California. Although appropriate for a user-
centered design study,*® the sample was not large enough to quantify differences between types of users or to
discuss how preferences differed by age, disease severity, familiarity with technology, or other
characteristics. Second, four of the participants (three patients participants and the cardiologist) were also
involved in previous design phases, where they provided details on how they manage care and what aspects
of care management and coordination are most important to them. For this reason, they may have been more
inclined to provide positive feedback on the high-fidelity prototype, biasing the study results. As is common
for qualitative studies such as the one present in this paper, the findings are not intended to be generalizable.

Next steps

We are currently using the feedback provided by patient and care team participants to develop the OnPoint
prototype into a fully functional application for chronic disease management. The working version of the
system will include additional features and integration with other systems, including specifications for EHR
integration. We plan to use a participatory design process to test the application with patient and clinician
participants in simulated home and clinical environments; we expect that this will provide insight into how a
system can be optimized for different types of users. Our next steps will also include the creation and testing
of data visualizations, to explore how patient-generated data collected by the application can be used for care
coordination and shared decision-making. Understanding how these types of data will be shared and used is
essential for building a system that can support coordination and management of multiple complex chronic
diseases.

Conclusion

Although many mobile applications have been developed for the management of chronic disease, none has
achieved widespread adoption. Our study provides insight into potential reasons for this by highlighting key
barriers and facilitators of adoption of a mobile system for heart failure care coordination. The findings of this
project emphasize the need for an integrated solution. Such a system will have the potential to improve self-
management for patients managing multiple chronic conditions. It will also facilitate collaboration between
patients and their care team, by allowing for the development and management of a shared care plan.
Integration of the resulting care plan with the electronic health record is crucial for meaningful sharing of
patient-generated information between patients and healthcare providers. The unique requirements,
restrictions, and circumstances facing each patient require a flexible system that has the ability to capture and
summarize information from multiple sources.
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