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Introduction: AF self-care requires patients to perform daily self-monitoring for symptoms, practice decision making to address
symptom changes, and adhere to prescribed medication, diet, physical activity, and follow-up care. Technology can facilitate these
critical self-care behaviors and ultimately improve patient outcomes. We assessed atrial fibrillation (AF) patients’ experiences with
a smartphone application (app) for AF self-management.

Methods: A focus group with 9 AF patients and app users was conducted and analyzed using qualitative research methods. The focus
group was recorded, transcribed, and coded using a priori and inductive coding strategies. Participant responses for each code were
synthesized to identify primary themes.

Results: We identified four superordinate themes from patients’ experiences: (1) disconnect between tool and its intended use; (2) app
as acknowledged tool for adherence; (3) knowledge as empowerment; (3) motives: self-interest vs supporting research. Results from
this qualitative study underscore the need to clarify the app’s intended use and to better accommodate patients with different AF
experiences. The disconnect between a tool and its intended use can generate frustration for users.

Discussion: The study reinforces that participants not only see how the app is a tool for adherence; they also see knowledge they gain
via the app as empowering, suggesting a correlation between app use and self-efficacy.
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Introduction
Atrial fibrillation (AF) is the most common adult cardiac dysrhythmia and its incidence is increasing, with an estimated
prevalence of 6-12 million patients in the US by 2030."*? Outpatient management of AF is often sub-optimal,* and
despite the importance of strategies to prevent stroke, one of the most serious complications of AF, nearly half of patients
with AF are not adequately treated for stroke prevention.>® Comorbidities including hypertension, obstructive sleep
apnea, depression, and obesity further increase the risk of adverse patient outcomes.”®

AF self-care requires patients to perform daily self-monitoring for symptoms, practice decision making to address
symptom changes, and adhere to prescribed medication, diet, physical activity, and follow-up care. However, the 2020
World Heart Federation Roadmap on Atrial Fibrillation indicates that one priority area to address for reducing death and
disability related to AF is lack of awareness of the importance of persistent adherence to oral anticoagulant (OAC)
therapy.” A study evaluating long-term medication adherence patterns to direct oral anticoagulant (DOAC) therapy
found that though a large proportion of patients with nonvalvular atrial fibrillation were adherent to DOAC therapy over
3.5 years, early discontinuation was associated with a higher risk of thromboembolic events.*

Technology can facilitate critical self-care behaviors and ultimately improve patient outcomes. Because of its
potential applicability to the AF patient population, digital health with different digital applications (“apps’) has been
increasingly used for patients with cardiac conditions, such as AF, and is being explored by an increasing number of
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digital health providers.”'” One of the largest categories of digital health apps relates to medical condition management,
which helps users adhere to taking medications and monitor intake.'! With the increasing number of AF patients having
access to mobile phones, tablets, and personal computers, digital health mobile devices could potentially be used to help
deliver AF education and improve AF self-management to a growing number of patients.'? Portable technologies have
been utilized for the automated detection of AF.'* Smartwatches and fitness bands (ie, “wearables”) can passively
measure pulse rate from the wrist optical sensor.'® As seen in the Apple Heart Study,'® pulse data can be analyzed in real-
time to assess pulse irregularity and help identify AF episodes. In other studies, digital health apps have been used to
encourage AF patients to take their OAC medications. In one example, an app included what the developers called
“challenges”, such as taking one’s pulse or taking an educational quiz about AF or oral anticoagulation.'*

Digital health apps can encourage a more patient-centered approach to AF management, whereby the patient is more
involved in reminders to take medication and participates more intentionally in building a routine to help manage their
AF, such as diet and exercise, leading to improved outcomes and efficacy of the larger health system.*® Stephan et al
(2018) indicate that “patients with AF are likely to benefit from these strategies, due to the importance of patient
ownership of decisions that require patient action, such as taking the medication and monitoring of treatment” (p. 7).'*!”

Despite the potential benefits of digital health technology, patient adoption has not progressed in the way that many
first expected. The reasons underlying the differential uptake of digital health technology among patients with AF are not
well-understood and few studies have explicitly examined patients’ preferences for the functionalities of digital health
apps, or the factors that influence their decision to use a technology-based self-management strategy versus usual care. In
order to better understand the possible benefits of digital health applications specifically designed to help deliver AF
education and improve AF self-care, we conducted a focus group of AF patients who were users of a digital health app
developed by Pattern Health in partnership with the University of North Carolina at Chapel Hill.

Methods

A thematic qualitative study®' was conducted with a focus group of nine participants who were all users of a specific
atrial fibrillation app. Some participants used the app regularly and some had stopped using it or had rarely used it.
A semi-structured interview guide was used to generate discussion but also allow for participants to raise their own
concerns or topics of interest. A qualitative researcher coded the data using both deductive and inductive topics.

Sampling and Data Collection
In spring 2019, researchers at a medical center in North Carolina used purposive sampling to recruit a sample of patients
with atrial fibrillation who had been introduced to an app through various channels—invitations given at AF support
group meetings, in person at electrophysiology visits, or from an electronic invitation sent to all electrophysiology
patients. Inclusion criteria were patients who had used and had some knowledge of the app, even if they were not regular
users. 187 patients were contacted to participate, and 9 consented to participate in the focus group. Consent included
specifying that participant names would not appear in any final, published report of their experiences and responses. The
UNC Office of Human Research Ethics/Institutional Review Board at the University of North Carolina at Chapel Hill
determined that the focus group study was exempt given that it focused on improving app functionality (IRB #19-0520).
The focus group was comprised of 6 men, 3 women, all of whom were white. Regarding age, demographics of the
app users were similar to the general AF population.>* One participant was in his 60s, 5 in their 70s, two in their 80s, and
one in his 90s. Focus groups, rather than individual interviews, were selected to give participants the opportunity to
comment on each others’ experiences. Focus groups provide opportunities for data analysis that allow for possible
relational connections across particpant responses. The focus group questions were semi-structured, giving participants
opportunities to raise topics that mattered to them in addition to those that were part of the formal focus group guide.

Data Analysis

The focus group audio file was transcribed, de-identified, and uploaded to a qualitative software program, MAXQDA.*?
An experienced qualitative researcher coded the transcripts with deductive codes, based on a priori topics as well as
inductive codes, based on topics that emerged (eg, confusion). The following primary codes were analyzed: perceptions
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of managing AF, reasons for using or not using the app, perceived benefits, perceptions on how data from the app will be
used, confusion regarding the app, suggestions for improving the app, lack of usefulness of the app, perceptions of other
technologies, educational videos, and chat features. A code summary with quotations was created for each code and used
in the second phase of the analysis to generate themes related to the inductive and deductive codes. That is, patterns
across codes were assessed to develop four higher-level themes, presented below. Themes addressed the dimensions of
the broader deductive codes.'® The codebook was reviewed and refined during the coding process. The qualitative analyst
reviewed the code system and focused on the primary topics of relevance—those codes that best explained experiences,
perceived benefits, and concerns—as well as co-occurrences of codes. These more focused codes and relevant code
combinations became the primary findings.

App Description

The platform for the UNC AF app, developed by Pattern Health (Durham, NC), allows partners to rapidly create a wide
range of condition-specific programs that can be highly personalized based on the data collected. The University of North
Carolina-Chapel Hill AF app utilized the Pattern Health platform, customized specifically for AF. The purpose of the
UNC AF app was to deliver AF-specific education through videos and tips over a 4-week period and to provide tools for
AF self-management and medication adherence. However, patients were able to continue using the app beyond the
formal 4-week period of the study. The app was designed for use independently by AF patients. For example, patients
could use the app to track biometric data (self-monitored blood pressure, heart rate); medication adherence; self-reported
exercise; AF episodes and AF symptoms. The app included videos on self-management, for example, showing patients
how to manually check their pulse to determine if they are in AF, what to do when they have an episode (what to do at
home, when to call their doctor, when to go to the ER), and how to manage stress and anxiety related to AF. A baseline
questionnaire individualized the delivery of education based on a patients’ comorbidities. The app also allowed patients
to invite friends or family to participate in their own plan that included education, patient adherence updates, and chat
between them and the patient. See examples of app screens in Figures 1-3.

Results

Among patients who continued to use the app over 4 weeks, there was a 27% increase in adherence to self-management
tasks (eg, checking blood pressure or heart rate, taking medication as prescribed, completing symptom survey). Active
users completed at least one task in a plan week. Retention at week 1 was 80% while at week 4 fell to 32%.

Focus group participants had a range of experiences regarding AF itself, from being asymptomatic, feeling exhausted,
to thinking they were just “getting old.” Four themes were identified: (1) disconnect between tool and its intended use;
(2) app as acknowledged tool for adherence, (3) knowledge as empowerment, and (4) motives: self-interest vs using app
to support research efforts.

The focus group itself was a form of education for participants and helped them understand the variation of
experiences for patients with AF.

Just this conversation that we’re having this morning we’re seeing a wide degree of variability from individual to individual.
Which I think for patient education, particularly for new people, that might be helpful for people to understand that everybody is
a little bit different. (Part. 8)

Further, participants were not necessarily certain what “managing” AF meant.

How do you manage it? I mean, what do you do? If you’re in A-fib, what do you do other than taking metoprolol. I mean, I’'m
fortunate enough I don’t have— I had an ablation five-and-a-half years ago and I’ve had one 15-minute incident, and that’s it. So
I don’t take meds. (Part. 2)

Theme |: Disconnect Between Tool and Its Intended Use
Because of the lack of clarity on how AF could be best managed in general, participants experienced some confusion
regarding how the app could help in this regard. A participant who is in AF “all the time” raised a particular concern:
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Figure | Example | of App Screen. Image with permission from Pattern Health. Copyright @ Pattern Health, 2022.

Other than just giving you the knowledge of what is happening, which some of us are aware and some of us are not, [ don’t
understand how [the app] helps us manage .... there’s definitely a disconnect there in how you’re helping us manage it. (Part. 7)

Participants further indicated confusion regarding what would happen with the information from the app, whether it was
a diagnostic tool or simply being used for “pure research” (Part. 3). It was not clear to participants whether or not the data
from the app was going to be used by medical researchers.

That’s where I think if [the cardiologist] could explain to participants what you’re trying to do. I think that would help us all
understand what is it supposed to be about. Is it a tool to help us manage our condition? Or is it a research tool to collect
longitudinal data that may ultimately contribute to better understanding how genes work to affect your health. (Part. 2)

Lack of Usefulness at Clinic Appointments

Some participants questioned the usefulness of the app data at clinic appointments. One complaint from several
participants was that they did not think that their health care providers, such as nurses and RN assistants, were aware
of the app. This points to a missed opportunity for communication between patients and providers or perhaps for using

the app during appointments.
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Figure 2 Example 2 of App Screen. Image with permission from Pattern Health. Copyright @ Pattern Health, 2022.

So I had my ablation in December and right after that I got an email about the app. And while the app was not that easy to
download and install, I got it installed and I have been using it sort of religiously ever since. I thought that the data from the app
would be useful when I went back for monthly. And it’s not. Those poor nurse or RN assistants are not aware that there is an
app. And that’s kind of discouraging. (Part. 3)

They don't know about it. (Part. 1)

Theme 2: App as Acknowledged Tool for Adherence
In this theme, participants discussed their reasons for using the app, indicating that it functioned as a tool for adherence,
such as medication reminders.

App as Part of Patient’s Plan

Participants saw the app as a tool that was “encouraging people to come up with a plan” (Part. 8). They indicated that the
app could, for example, share “helpful things for me to be aware of, to help manage this, if it happens again” (Part. 2).
For one participant, what at first might have felt like an emergency—going into AF—did not feel that way anymore. She
suggested that the app might be used as part of a patient’s plan to develop an alternative to “rushing to the emergency
room” (Part. 8).
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Figure 3 Example 3 of App Screen. Image with permission from Pattern Health. Copyright @ Pattern Health, 2022.

Participants had additional positive views of what the technology could do for them.
One thing I found useful is that it reminds me to take my pulse. Because I don't have a watch. (Part. 3)

I have A-fibs occasionally. The Apple Watch woke me up during a rest period in the afternoon to tell me I had an event. Now, if
the app would at this point tell me something that I should be aware of, that would be helpful. (Part. 5)

Participants suggested adding reminders about exercise, suggesting that they would like the app to provide even more

features for establishing a health regimen.

Facilitating Adherence
Some patients became consistent app users and suggested the app helped them develop self-management habits. “I have

been [using] it consistently since the beginning” (Part. 2). These participants thought the app would help them know
when they were in AF, functioning as an extension of their body. That is, the technological features of the app enhanced
what patients could discern on their own. For example, rather than participants having to set an alarm, the app simply
reminded them to take their mediations, addressing fears of missing a dose. “I’m scared to death by the process of getting
there [taking medications at proper intervals]” (Part. 1). Other participants expressed similar sentiments:

And I was worried because I had the ablation that I wouldn’t be able to detect it; that’s why I got the technology. (Part. 1)
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So that’s what it asks me every day — have you taken your morning meds? What’s your heart rate? Evening meds? And of
course, that’s very important to a person on Tikosyn, is being religious about taking it. (Part. 6)

So it’s useful to—I always like to have trends; that’s why I have a Fitbit and a watch. [laughter] The more data, the better.
(Part. 1)

Barriers to Use

Some patients stopped using the app after they downloaded it because they found it confusing, too time consuming, or
irrelevant to their situation. Participants mentioned the labor involved in inputting data as well as the fact that other tools,
like an Apple watch, gave them basic features or sufficient information of interest.

I stopped using. I responded to the letter and I support the research, but I found there’s so many notifications that weren’t
relevant to me and the kinds of things that I was looking for I can get with my Apple Watch. My Apple Watch woke me up from
an afternoon nap, while I was resting, and said I was in heavy irregular heartbeat. (Part. 5)

I stopped using it in large part because I didn’t have the time to do all the inputting .... But this constant input I just felt wasn’t
worth my while. (Part. 5)

Incorporating Other Technologies

In addition to the AF app, participants mentioned other digital tools, such as Kardia and iCardio and compared their
respective benefits. Some participants found these other apps useful for their “management” needs, suggesting that the
AF app was not the only technology they used to obtain information and that they had to discern which app would be

most helpful for their particular circumstances.

I use other apps when I'm out exercising that gather heart rate, total calories burned, things like that. Actually, what I find is that
just a simple heart rate monitor, it will tell me when my heart rate is going up or down or something. So if I go into AFib, it’s
clear the heart rate goes way up. A simple heart rate monitor is something that will tell me if something is going wrong. (Part. 2)

Theme 3: Knowledge as Empowerment

The perceived benefits of the app mentioned by participants included documenting personal history, educational value,
and the related empowerment of being informed. For this reason, participants thought the app would be helpful at the
beginning of treatment, to help them realize the “scope of impact.”

I would recommend [the app] to anybody who just starts to experience A-fib because I think with the videos that are part of the
front end and the introduction, and the questions ... when I started going and answering those questions, I thought to myself,
boy, I wish I had this when I started because it would have given me a realization of the scope of the impact. 1 only ever went to

the hospital — well, I went twice — because of AFib. (Part. 1)

Patients should understand. If they want to take ownership of their conditions, they should understand what’s going on. (Part. 2)

Personal History
Personal “summary history” (Part. 1) was especially important to some patients, helping them value their own history and
the cumulative value of their lived experience.

What I find useful about the app and why I keep dealing with the frustration of all these announcements about, it’s time to do
this, it’s time to do that, is it collects data which I can get at .... And if I had the app [before my ablation], when [my AFib] was
somewhat controlled by medication, I think it would have took care of the questions about fear and the reaction to, as well as the

rest. (Part. 1)

Collecting information more regularly through the app was considered more effective than waiting several months to fill

out a paper questionnaire.
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I mean, previously was, what, a questionnaire that he would give me every four months. And what did I do three months ago?
I couldn’t remember. (Part. 2)

Educational Videos Providing Context and Facilitating Communication

Participants who watched the educational videos on the app found them especially helpful, in some cases suggesting that
they increase participant self-efficacy. The videos were also described as helpful in communicating with friends and
family, regarded by one participant as “one of the biggest challenges” (Part. 8).

Those videos were really good at the front end. I thought they were great. I wish I’d had them when [ started it. It would have
been wonderful to provide that context. (Part. 1)

Participant Suggestions Regarding Knowledge Building

Patients had suggestions for additional educational videos on making lifestyle changes, sharing recent research devel-
opments, and cross-referencing other patient information groups. They were also interested in the consequences of
particular diagnoses, such as paroxysmal versus permanent AF and whether ablation is a “cure or is it just a way of
temporarily kind of controlling things” (Part. 2). Some indicated that the app could be used to further educate people
regarding specific substances and triggers of AF episodes.

But the data and actually even the— so there’s one video here, I think it says there’s really no connection between coffee
consumption and AFib. Now, I can tell you there is. For me. And inerestingly ... geneticists are identifying there are specific
genes and there are variations of the genes that are associated with caffeince metabolism .... But it would be nice to have
kind of explanations of this. What are those lifestyle factors, other than alcohol, caffeine and exercise? For me, actually, it
was exercise that triggered AFib. (Part. 2)

Participants’ interest in learning more about AF through groups such as StopAfib.org was another indication that being

informed was of value to them.
I just found out about StopAfib.org. so why not cross-reference these different patient information groups on the app. (Part. 2)

Some participants were aware of new research findings, such as doing ablations without CT scans, or about new
initiatives such as the Precision Medicine Initiative at NIH, and indicated that the app could be used to share this kind

of information.

So why is it that some people are exquisitely sensitive? It could be that your alcohol metabolism genes are different than your
ski buddy’s. And so, that’s where ultimately this type of research project can help to identify these things. And so, what does it
mean? It means that you’ll know more about your own individual risk. (Part. 2)

Theme 4: Motives—Self-Interest Vs Supporting Research

Participants discussed whether it was “worth it” to provide data on the app for the sole purpose of contributing to
research versus using it strictly for personal benefit. In light of this distinction, they shared differing expectations on how
the app data would be used.

I approached this from the point of view that this was strictly a research app. I was not expecting to get any information back to
myself. (Part. 2)

I never expected that the medical people would do anything with [the data]. Just by the nature of the questions, it seemed pretty
clear to me it was trying to give you an indication. (Part. 1)

One of the difficulties that I’ve encountered is that the purpose of the app, first of all, wasn’t explained to me. If it was an app
for research, then I’d have to decide whether I want to devote the time to do it. I was looking for an app to help me with my
A-fibs. And I can’t spend all this time answering all these questions. (Part. 5)
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I am supportive of research, really .... And so, that’s my sort of real concern .... Is it diagnostic or is it just pure research?
(Part. 3)

Different Manifestations of AF
There was also discussion on whether the app was more appropriate for certain patients than others and how collective
data across different kinds of patients could benefit researchers.

I would think that even if you’re in permanent A-fib, there were questions around the surveys about how is it affecting your life.
So I think that’s where [the cardiologist] would be interested in knowing that. So if people who have paroxysmal A-fib, how
does it affect your life? And if you’re in permanent A-fib, what’s the contrast? So I think I would encourage you to continue

using it just for data collection purposes. (Part. 2)

Providing Data for Researchers Vs Fatigue of Data Entry
Some participants indicated the potential value for research and providing better data for medical researchers, but for

some patients, the data entry was too laborious.

So it’d be really interesting to begin to explore the environmental as well as genetic parameters predisposed to this. So having
good data, even if you’re in permanent A-fib, would be, I think, useful for a research project. (Part. 2)

I really wanted to support the research part, but it just got to be too much. (Part. 7)
A few participants discussed more specifically how the app could be used in precision medicine.

In the era now of precision medicine, ultimately our genomes are going to be sequenced. So I'm assuming that this is going to be
hugely valuable data you can ultimately correlate variations of genes to people who develop paroxysmal A-fib or people who
then go into permanent A-fib. So that was just my expectation. But I think just in terms of data collection, having clinical
samples, the quality of data collection now with mobile apps improves the quality of the material that [the cardiologist] has to
work with. (Part. 2)

Future Directions
Participants described the app as a tool that still felt as if it were in development.

It had that feeling of a new app. And it had that feeling of, we are kind of working things out. And it had that feeling of, there
are a lot of really busy people involved in this project and nobody is really in charge of it. (Part. 8)

In light of the app being in an early phase of development, participants offered suggestions for improving it, including being

able to customize the timing of the reminders, connecting the app to other devices, adding reminders about exercise,

bolstering support features for troubleshooting difficulties, and using the data to accelerate precision medicine research.
Participants discussed the timing of the survey feature and would also like the app to let the patient choose the time of

reminders.
You are more likely to get data from me if you change it so I can enter it in the morning. (Part. 3)
So the answer is they should set it so that you can choose how often and when you want to see it. (Part. 7)

Not everybody wants to be reminded twice a day. But if it’s not possible to unremind it today, is that right? There’s no app for
that yet. (Part. 1)

Connecting the AF app to Apple products was another suggestion.

Discussion
Results from this qualitative study underscore the need to clarify an app’s intended use when presenting it to patients
and to better understand how patients with different AF experiences—from infrequent to “constant”—might use the
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app differently. Other AF apps have considered patients in different stages of adherence. In a “motivational patient
assistant” app for AF management, Peleg et al'® customized educational material and behavioral modification
interventions according to the patient’s stage in the Transtheoretical Model (TTM): contemplation (patient considers
change), preparation (plans to take action), action (begins to change), and maintenance (succeed in incorporating new
behaviors in lifestyle). This customization might better serve a range of AF patients in various stages of adherence.

Our study also reinforces that patients not only see the app as a tool for adherence but also one that can increase
knowledge and thereby, for some patients, self-efficacy as well. Other studies show similar results. In a randomized
control trial, an intervention arm utilized a mobile AF (mAF) app designed to incorporate clinical decision-support tools,
educational materials, and patient involvement strategies. More than 90% of patients reported that the mAF app was easy,
user-friendly, and associated with improvements in knowledge compared to the usual care arm.?’ The Pattern Health app
in our study, by including knowledge-building features such as educational videos, also suggests links to improved
communication.

Other studies of AF apps generate additional topics of concern. In a study of 12 AF mobile apps available in
consumer app stores, researchers found that that more than half of the apps had below average quality and most offered
“only a few distinct functionalities” (p. 40), suggesting considerable room for improvement in the development of mobile
AF apps.?' A study of 14 apps available for AF showed that most apps were aimed at users having a reading-grade level
beyond high school education,** though our study did not show any issues with limited general or health literacy. Further
studies would be needed with participants of different education levels to assess the recommended literacy level for AF

apps.

Anderson et al®

found that mobile health apps that sustain positive behaviors and adapt to changes in consumer
requirements were more likely to be used on a continual basis. As in the current study, Anderson et al found a range of
interests from the participants. Some participants were particularly interested in statistics and used their data in a more
advanced way while others simply accessed basic graphs and charts. Desteghe et al'* found the need to make their
particular AF app more “varied, stimulating, and challenging as app use was lower than expected and decreased over
time in patients” (“Discussion”, para. 4). Similarly in our study, retention fell to 32% in week 4; not knowing how the
data would be used made it difficult for some participants to decide whether to invest in the “inputting” required and
attention to numerous, and sometimes irrelevant, notifications. As in the Desteghe et al study, patients in our study
reported that the educational aspect was particularly beneficial.

Our findings support the benefit of apps in promoting medication and behavioral adherence, which, as other studies
have shown, can be assisted through a larger canvas of approaches—electronic monitoring feedback, behavioral
counseling, and patient education.’**> Hirschey et al*® found that participants responded positively to the medication
reminder feature in a digital AF app. Similar to our study, they found that many individuals experienced uncertainty
about how particular features functioned. However, there was less uncertainty in Hirschey et al regarding the purpose of
the app. In both studies, participants suggested that the app’s usefulness is tied to how well the design matches the
patient’s daily schedule of taking medication and exercise. Though participants in our study did not generally connect
education to adherence, Peleg et al'® found that increasing adherence through education is “necessary to affect heavier
modifications”, and motivation for behavior modification is sustained when patients know, for example, how and why
a new way of anticoagulation is necessary (p. 8). This study underscores the potential value of an app that has multiple
features, such as managing self-care, medical adherence, and exercise, rather than downloading separate apps for each of
these.

Strengths and Limitations

A strength of this study is that it combined both deductive topics and inductive topics, the latter underscoring what
mattered most to participants in their own words. The study also deliberately included a broad range of app users—from
brief users to regular users—and having participants of different technical skills levels share experiences with each other
created a rich discussion regarding what was meaningful and how they made sense of digital technology. A limitation of
the study is that only white patients were included. Also, because only one focus group was conducted, we were not able
to reach theoretical saturation. Because the focus group comments were specific to our app, which was still in its first
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phase of development, it is difficult to know if the findings are applicable to the use of apps for AF management in
general.

Conclusions and Future Directions

Although there is great potential for the use of digital health apps in the chronic management of patients with AF, there is
considerable development necessary before such products can be distributed for routine use. Future app designs and
implementations would benefit from a “human-factors approach” or “user-centered design.”*”*® Toscos et al** used a
user-centered design to engage patients in AF management via educational messaging, nudging, and timing that were
tailored according to a user-centered design. Of similar interest, Peleg et al'® and Hibbard et al'® both identify four stages
that patients go through to become increasingly “competent managers of their own health”'> (p. 1445). Peleg et al'’
discuss how their stage-based tool uses education such that patients become more “competent to effectively mange their
disease at home” (p. 234). Future studies can assess the specific connection between education via app use and AF
management competencies. Future direction can also explore how apps can help patients move through identifiable
phases, playing an increasingly active role in their own health.
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