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Abstract
Background: Atrial fibrillation (AF) constitutes an important risk for stroke, especially in an ageing population. A new app
(Health Buddies) was developed as a tool to improve adherence to non-vitamin K antagonist oral anticoagulants (NOACs) in an
elderly AF population by providing a virtual contract with their grandchildren, spelling out daily challenges for both.
Objective: The aim of this pilot study was to assess the feasibility and usability of the Health Buddies app in AF patients.
Methods: Two workshops were conducted to steer app development and to test a first prototype. The feasibility of the finalized
app was investigated by assessing the number of eligible AF patients (based on current prescription of NOACs, the presence of
grandchildren between 5 and 15 years old, availability of a mobile phone, computer, or tablet), and the proportion of those who
were willing to participate. Participants had to use the app for 3 months. The motivation of the patients to use the app was assessed
based on the number of logins to the app. Their perception of its usefulness was examined by specific questionnaires. Additionally,
the effects on knowledge level about AF and its treatment, and adherence to NOAC intake were investigated.
Results: Out of 830 screened AF patients, 410 were taking NOACs and 114 were eligible for inclusion. However, only 3.7%
(15/410) of the total NOAC population or 13.2% of the eligible patients (15/114) were willing to participate. The main reasons
for not participating were no interest to participate in general or in the concept in particular (29/99, 29%), not feeling comfortable
using technology (22/99, 22%), no interest by the grandchildren or their parents (20/99, 20%), or too busy a lifestyle (12/99,
12%). App use significantly decreased towards the end of the study period in both patients (P=.009) and grandchildren (P<.001).
NOAC adherence showed a taking adherence and regimen adherence of 88.6% (SD 15.4) and 81.8% (SD 18.7), respectively.
Knowledge level increased from 64.6% (SD 14.7) to 70.4% (SD 10.4) after 3 months (P=.09). The app scored positively on
clarity, novelty, stimulation, and attractiveness as measured with the user experience questionnaire. Patients evaluated the
educational aspect of this app as a capital gain.
Conclusions: Only a small proportion of the current AF population seems eligible for the innovative Health Buddies app in its
current form. Although the app was positively rated by its users, a large subset of patients was not willing to participate in this
study or to use the app. Efforts have to be made to expand the target group in the future.
(JMIR Mhealth Uhealth 2017;5(7):e98) doi: 10.2196/mhealth.7420
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Introduction
Medication nonadherence in general is an important aspect
requiring attention as it increases complications, hospitalizations,
and hence is associated with avoidable health care costs [1].
However, interventions to improve adherence have shown mixed
results and the most effective strategy in different populations
remains unclear [2]. mHealth and eHealth solutions to assist
medication management and to enhance adherence are gaining
interest, with some promising results in different chronic
diseases, including some cardiovascular diseases [3-7].
Specific data about adherence-improving interventions in atrial
fibrillation (AF) patients are very scarce and interventions are
often ineffective [8]. AF, the most common cardiac arrhythmia
affecting about 3% of the adult population, is associated with
an increased risk for stroke [9,10]. Therefore, the majority of
AF patients have to take oral anticoagulation (OAC) medication.
Due to their better risk-benefit profile, non-vitamin K antagonist
oral anticoagulants (NOAC) are now preferred over vitamin K
antagonists [10-12]. However, a strict adherence to the
prescribed NOAC medication regimen is of pivotal importance
for optimal stroke prevention since their anticoagulant effect
lasts for only 12-24 hours after each intake [12]. Coagulation
monitoring for NOACs is not routinely required nor feasible
for detection of nonadherence due to the short half-life of the
drugs in contrast to the longer-lasting impact of vitamin K
antagonists on the international normalized ratio. It is known
that chronic use of cardiovascular medication has a
nonadherence rate of up to 50% after 1 year [13,14]. A similar
low adherence rate would be a threat for the effectiveness of
NOAC therapy.
New initiatives are needed to enhance medication adherence in
the elderly population of AF patients taking NOACs. The Health
Buddies app was developed to target this population. The app
is based on an innovative concept of a virtual contract between
AF patients and their grandchildren, both receiving daily
challenges (ie, NOAC adherence for AF patients and a
self-chosen “healthy” challenge for the grandchild).
Additionally, the app also includes other adherence-stimulating
aspects such as patient education, reminders, communication,
and motivation.
The aim of this pilot study was to assess the feasibility and
usability of the Health Buddies app in a target group of AF
patients. Additionally, the effects of the app on adherence,
knowledge level about the arrhythmia and the OAC therapy,
and other patient-reported outcomes were investigated.

Methods
Development of the Health Buddies App
The general concept of this app to improve the adherence for
NOACs stemmed from pooled ideas gathered from experts in
the field and social entrepreneurs. The Health Buddies
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application was developed by DAE Studios (Kortrijk, Belgium),
in association with the i-propeller consultancy group (Brussels,
Belgium) and the Jessa Hospital (Hasselt, Belgium), funded by
a grant of Bayer SA-NV (Diegem, Belgium). Two workshops
(in April and September 2015) with a focus group of AF patients
and their grandchildren were organized to steer app development
and to test a first prototype. The first workshop was organized
to obtain input about the different elements and the concept of
the Health Buddies app. Various activities were organized to
gain input from a focus group on all aspects of the game,
including the game initiation with drafting an agreement,
different content ideas (mini-games, educational content, etc),
reminders for taking their medication, and ideas for an end
reward. The aim of the second workshop was to get input from
a second focus group about the clarity and fun of the selected
content (quizzes, “did you know questions”, mini-games) and
the usability and layout of the prototype of the app. The patients
and their grandchildren tested all aspects of the app, starting
with registering and setting up the contract and testing the
mini-games and educational content.

Concept of the Health Buddies App
The Health Buddies app focuses on the relationship between a
grandparent, diagnosed with AF, and their grandchild or
grandchildren (aged 5-15 years old)—the patient’s “health
buddy.” The patient and grandchild have to sign a contract at
the start of the app in which they both declare to conduct a
“healthy” challenge every day (Figure 1). The challenge of the
patient is to take their NOAC medication every day. The patient
is also able to include other challenges (eg, taking their pulse,
taking other medication). The grandchild has to choose their
own healthy challenge, such as eating one piece of fruit every
day or not forgetting to brush their teeth twice a day. The
duration of the contract was set at 90 days for this pilot study,
and patients and their health buddies were supposed to use the
app daily and equally during this period.
Both patients and grandchildren had to check a box to indicate
on a daily basis if they completed their challenge or not (Figure
2). If they did, patients received educational quizzes with an
explanation of the correct answer or facts about AF and OAC
therapy. The grandchildren instead were able to play educational
games (four mini-games with an increasing difficulty over time),
take and edit photos that were shared with their grandparent, or
fill in a quiz.
The goal of the game was to meet each other in the success zone
(Figure 3), by completing as many challenges as possible in 3
months. If patient and grandchild were able to complete the
contract, they could share a reward that they chose together at
the start of the contract, for example, planning an amusing
activity or going on a little trip together.
Other features of the app include managing the patient’s NOAC
medication stock with a reminder when a refill is necessary and
the possibility to communicate with the health care professionals
involved in this study and ask questions about their health.
JMIR Mhealth Uhealth 2017 | vol. 5 | iss. 7 | e98 | p. 2
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Figure 1. Screenshot of the Health Buddies app representing the contract after filling out the daily challenge.

Figure 2. Screenshot of the Health Buddies app showing the check box that patients receive daily to indicate if they have completed their challenge.
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Figure 3. Screenshot of the Health Buddies app showing the home screen with the success zone in the middle where patient and grandchild meet at
the end of the 90-day period.

Study Participants
A prospective feasibility pilot study was performed with AF
patients taking NOACs. Patients were recruited from the
department of cardiology at the Jessa Hospital when they came
for a consultation visit or when they were hospitalized at the
cardiology ward for various reasons. Patients were considered
eligible for inclusion if they met the following criteria: (1)
having a documented diagnosis of AF, (2) eligibility and current
prescription of NOAC therapy (ie, dabigatran, rivaroxaban, and
apixaban, as edoxaban was not yet approved for use), (3) having
a grandchild between 5 and 15 years old (age limits were based
on the feedback and experiences from the workshops), and (4)
having a tablet, mobile phone, or computer with Internet
connection. Patients enrolled in other studies and non-Dutch
speaking patients were excluded. The study was approved by
the local ethical committee of Hasselt University and the Jessa
Hospital. All participants provided written informed consent,
together with the legal representative of the grandchildren who
participated. Clinical and demographic variables were obtained
from patients’ medical records. Screening, inclusion, and
follow-up of the patients occurred between October 2015 and
August 2016. See Multimedia Appendix 1 for the
CONSORT-EHEALTH Checklist [15].

Feasibility, Data Collection, and Outcome Measures
The feasibility of the Health Buddies app was investigated by
assessing the number of AF patients that met the inclusion
criteria and the proportion of eligible patients that were willing
to participate. The motivation of patients and their grandchildren
to use the Health Buddies app on a daily basis was investigated
by following up the frequency of app use (ie, number of days
with logins to the app).
At the end of the 3-month study period, patients had to complete
the User Experience Questionnaire (UEQ) to assess their overall
impression of the app and their perception of its usefulness [16].
http://mhealth.jmir.org/2017/7/e98/
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The UEQ consists of pairs of opposite characteristics that the
patient had to score on a scale from -3 to +3, with 0 as a neutral
answer. The 26-item UEQ is divided into six scales: (1)
attractiveness, (2) perspicuity (clarity and ease at becoming
familiar with the app), (3) efficiency, (4) dependability
(reliability of the app), (5) stimulation, and (6) novelty. An
average score between -0.8 and 0.8 represents a neutral
evaluation, a score >0.8 is a positive evaluation, and a score
<-0.8 is a negative evaluation. A second questionnaire, designed
by the study team for the purpose of this study, was used to
gather feedback of patients about the app. It contained questions
regarding the satisfaction, usability, content, and effects of the
Health Buddies app.
The medication adherence level of patients was assessed in
different ways throughout the study period. First, the
self-reported 8-item Morisky medication adherence scale
(MMAS-8) was used to get an idea about the adherence level
from the viewpoint of the patient [17-19]. Patients had to
complete the MMAS-8 questionnaire at baseline and at the end
of the study period. A MMAS-8 score of 0-5 indicates a low
adherence, 6-7 is medium adherence, and a score of 8 represents
a highly adherent patient. This MMAS-8 scoring and coding
criteria is incorrect, and, if used, would invalidate the MMAS-8
results and potentially put patients at risk of harm. Second,
patients could indicate via the app if they had completed their
challenge, which corresponds to taking their NOAC medication
that day (once or twice daily depending on the therapy). Data
of completed or uncompleted challenges of the patients were
collected throughout the study period. Finally, the electronic
Medication Event Monitoring System (MEMS) and Helping
Hand devices (WestRock, Switzerland) were used during the
total study period to monitor the medication use of the patients
taking rivaroxaban and apixaban, respectively. The electronic
monitoring devices were not suitable to measure dabigatran
adherence. The MEMS is a special cap that fits on a medication
JMIR Mhealth Uhealth 2017 | vol. 5 | iss. 7 | e98 | p. 4
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bottle, recording the exact date and time of bottle opening for
the administration of medication. The Helping Hand is a
monitoring system with a blister sleeve, registering the time
and date of removing and reinserting the blister into the device.
A read-out of the dosing history data was performed at the end
of the study period. These data were used to calculate taking
adherence (ie, the percentage of prescribed doses taken) and
regimen adherence (ie, the proportion of days with the correct
number of doses taken). In these patients, an additional pill
count was performed after 3 months. Calculated taking
adherence or pill count values >100% were traced to 100%.
As a final element of this study, the effect of this app on the
knowledge level of AF patients about their arrhythmia and the
NOAC therapy was investigated. Patients had to complete the
validated Jessa Atrial fibrillation Knowledge Questionnaire
(JAKQ) at baseline and at the end of the study [20]. The JAKQ
consists of 16 multiple choice questions (8 about AF in general,
5 about OAC therapy, and 3 questions about NOAC therapy).
A percentage of correctly answered questions was calculated.

Statistics
Statistical analyses were performed using SPSS 24.0 (SPSS
Inc). Continuous variables were reported as means and standard
deviation (SD), and categorical variables as numbers and
percentages. Categorical variables were compared using the
chi-square test. The Shapiro-Wilk test was used to assess normal
distribution, and a Mann-Whitney U test was used to ascertain
differences in days logged in to the app between patients and
grandchildren. A Pearson correlation analysis was used to
evaluate the relation between app use by the patients and their
grandchildren. To evaluate the frequency of logins to the app
over time, Friedman tests were performed. A paired student t
test and the Wilcoxon test were used respectively to evaluate
differences in the average score on the JAKQ and MMAS-8
between baseline and follow-up. Correlations between different
adherence measures and the percentage of logins to the app
were calculated using Spearman rho. A P value <.05 was
considered statistically significant.

Results
Results of the Workshops
During the first workshop, the focus group consisted of 6 AF
patients, 10 grandchildren of different ages (ages 6, 6, 7, 8, 8,
10, 11, 12, 13, and 15 years old), 1 partner of a patient, and 2
mothers of grandchildren. The grandchildren came up with ideas
for their challenge. Besides the healthy challenges, they also
suggested that a challenge could be a reduction in something,
for example, eating less unhealthy food. This was made possible
in the app as grandchildren were free to indicate their own
challenge. For the agreement made between patient and
grandchild, most participants thought that “giving their word”
would be good enough to make it binding, which was
implemented in the game as signing a virtual contract. The
workshop also revealed that the content preference differed
between the younger (<10 years old) and older (≥10 years old)
grandchildren. The facts and quizzes were less interesting for
the younger grandchildren, while these were more popular with
the older grandchildren. Both age groups liked the content
http://mhealth.jmir.org/2017/7/e98/
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creation (making and editing photos) and mini-games the most.
It was decided to differentiate content of the app at a later
development phase, after this pilot study. The patients were
mostly interested in receiving content from the grandchildren
and in quizzes. Interestingly, some patients indicated that they
did not need reminders for taking their medication. Those who
did like a reminder preferred reminders at various moments,
that is, after 3-4 days, after a week, or at the end of a 30-day
period. Patients preferred to receive the reminders by text
message, which was integrated into the game as push
notifications when the app was used on a tablet or mobile phone.
Various rewards for the end of the game were proposed by the
participants, which led to the incorporation of several rewards
into a pool from which the families could pick one, together
with the option to indicate their own reward. Of the 6
participating patients, 4 owned a tablet, 3 patients had a mobile
phone, and 5 patients had a personal computer. This indicated
that the incorporation of a multiplatform app that could be used
on both mobile phone/tablet and computer was the best option.
In general, the patients experienced the Health Buddies app as
an interesting concept and they liked to be connected with their
grandchildren by using this app.
The second workshop consisted of 4 families, with 4 AF patients
being present together with 8 grandchildren (ages 4, 7, 8, 9, 11,
11, 13, and 15 years old) and 2 parents. Feedback from this
workshop especially led to an optimization of the layout and
usability of the app. All different topics of the Health Buddies
app were clear to the patients. Only small adjustments were
needed to simplify two aspects (ie, the creation of the account
and taking/editing photos) before the start of the pilot trial. The
Health Buddies app became an innovative tool that educates,
reminds, motivates, and supports AF patients to be adherent for
their NOAC medication.

Eligibility and Patient Inclusion
Out of the 830 screened AF patients, only 114 (13.7%) were
eligible for inclusion (Figure 4). A total of 224 patients (27.0%)
were not on OAC therapy and 196 (23.6%) were on vitamin K
antagonist therapy and were therefore excluded. The remaining
410 AF patients on NOAC therapy were approached for
participation in the study. However, 228 of these patients
(55.6%) had no grandchildren between 5 and 15 years old; 43
patients (10.5%) had grandchildren in the right age category,
but did not have a tablet, mobile phone or computer; and another
25 patients (6.1%) were excluded for other reasons.
Of the remaining 114 eligible AF patients, only 15 (13.2%)
were willing to participate in the study. Main reasons cited by
the 99 patients (mean age 70.0 [SD 6.2] years) for not
participating were no interest to participate in general or in the
concept in particular (29/99, 29%), not feeling comfortable
using technology (22/99, 22%), no interest by the grandchildren
or their parents (20/99, 20%), or too busy a lifestyle (12/99,
12%).
The study population of 15 AF patients had a mean age of 69.2
(SD 3.7) years (Table 1). A portable computer (9/21, 43%) and
a tablet (9/21, 43%) were mostly used to play with the Health
Buddies app. All patients together had 46 eligible grandchildren
between 5 and 15 years old, of whom 20 participated in this
JMIR Mhealth Uhealth 2017 | vol. 5 | iss. 7 | e98 | p. 5
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project (mean age 9.5 [SD 3.0] years old). One patient initiated
a contract with 3 grandchildren and 3 patients used the app
together with 2 grandchildren. Nine patients were taking a twice
daily NOAC (4 on apixaban and 5 on dabigatran). Six patients

Desteghe et al
were taking rivaroxaban, a once daily NOAC. Almost half of
the patients (7/15, 47%) used no pill organizer for their
medication.

Figure 4. Flowchart of the different inclusion and exclusion criteria that resulted in 15 patients included (numbers between brackets refer to percentages
of the 410 AF patients taking NOACs).
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Table 1.
Characteristics

All AF patients (n=15)

Age, mean (SD)

69.2 (3.7)

Male, n (%)

10 (66.7)

Highest level of education completed, n (%)
Primary school

1 (6.7)

Secondary school

8 (53.3)

College or university

6 (40.0)

Kind of AF, n (%)
Paroxysmal AF

4 (26.7)

Persistent AF

9 (60.0)

Permanent AF

2 (13.3)

CHA2 DS2-VASc scorea, mean (SD)

2.9 (1.5)

HAS-BLED scoreb, mean (SD)

1.3 (0.8)

Time since AF diagnosis, n (%)
<1 year

1 (6.7)

1-5 years

8 (53.3)

>5 years

6 (40.0)

Married/cohabiting, n (%)
Yes

15 (100.0)

No

0 (0.0)

Used electronic devicec , n (%)
Portable computer

9 (42.9)

Tablet

9 (42.9)

Mobile phone

3 (14.2)

Total number of eligible grandchildren per patient, mean (SD)

3.1 (1.9)

Total number of included grandchildren per patientd, mean (SD)

1.3 (0.6)

Age included grandchildren, n (%)
<10 years

9 (45.0)

≥10 years

11 (55.0)

Dosing regimen NOAC, n (%)
Once daily

6 (40.0)

Twice daily

9 (60.0)

Time since start NOAC, n (%)
<6 months

2 (13.3)

6 months-2 years

7 (46.7)

>2 years

6 (40.0)
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Characteristics

All AF patients (n=15)

Using a pill organizer, n (%)

a

Day box

1 (6.7)

Week box

7 (46.7)

No

7 (46.7)

Number of medications each day, mean (SD)

5.9 (3.0)

Number of pills each day, mean (SD)

7.0 (3.8)

The CHA2 DS2-VASc score calculates the stroke risk for patients with atrial fibrillation.

b

The HAS-BLED score estimates the risk of major bleeding for AF patients on anticoagulation therapy.

c

Some patients used more than one electronic device to use this app (n=21).

d

Some patients played the game with more than 1 grandchild; 20 grandchildren used the app.

Motivation to Use the App
Of the 15 patients who started the study and set up the
agreement, 13 (87%) completed the contract of 90 days. One
patient had technical difficulties using the app, and the other
patient was eventually not willing to use the app because the
grandchild did not use it.
The frequency of app use after signing the contract differed
widely among patients and grandchildren, with the proportion
of days logged in to the app ranging from 0%-99% (Figure 5).

Mean percentage of days logged in was significantly higher in
patients compared to grandchildren (57.7% [SD 30.0] and 24.3%
[SD 23.8], respectively; P=.002). A weak correlation was found
between app use by the patients and their grandchildren (r=.37,
P=.11). Main reasons given not to log in on a daily basis were
forgetfulness, holidays, technical problems with the app, hospital
admission, not using an electronic device daily, health issues,
and the grandchild not using the app. App use significantly
decreased towards the end of the study period in both patients
(P=.009) and grandchildren (P<.001) (Figure 6).

Figure 5. Average percentage of the days logged in to the app by the patients (blue) and grandchildren (red) over the study period of 90 days.
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Figure 6. Percentage of the total study period logged in to the app by the patients (blue, n=15) and the corresponding grandchildren (red, n=20).

Effects of the App
Patients who completed the contract indicated that they correctly
completed their challenge (ie, took their NOAC medication)
99.0% [SD 1.8] of the time. However, electronic monitoring of
the medication adherence in 10 patients showed a lower taking
adherence and regimen adherence of 88.6% (SD 15.4) and
81.8% (SD 18.7), respectively. Pill count revealed an adherence
percentage of 94.5% (SD 9.2). Patients had an average MMAS-8
score of 7.7 (SD 0.6) at baseline and 7.4 (SD 0.9) at the end of
the study period (P=.44). The percentage of logins to the app
over a 3-month period was not significantly correlated with any
of the adherence measurements.
At the start of the study, a fifth of patients (3/15, 20%) indicated
that they did not know they were diagnosed with AF. After
using the app, all patients were aware of their personal medical
condition named atrial fibrillation (P=.07). The overall score
on the JAKQ improved from 64.6% (SD 14.7) at baseline to
70.4% (SD 10.4) after 3 months (P=.09).
After signing the contract, 2 patients used the app alone (ie,
without their grandchildren), as the grandchild (15 years old)
of one patient felt too old to use the app and the grandchild of
the other patient was not able to use the app on their device. Of
the 13 patients who started to use the app together with their
grandchildren, 5 patients (38%) indicated that the use of the
app improved their relationship with their grandchildren.

Patient Experience With the App
Based on the UEQ, patients who played the game and completed
the contract (n=13) rated the Health Buddies app positively on
clarity (1.500), novelty (0.942), stimulation (0.923), and
attractiveness (0.859). Efficiency (0.577) and dependability
(0.481) got a neutral evaluation.

months. Of these patients whose contract was restarted, only
one completed a second 90-day period. Five patients (5/15,
33%) indicated that they would use the app for a second time,
but their grandchild would not. The remaining six patients (6/15,
40%) did not want to use the app again. Ten out of 15 patients
(67%) found the app easy to use, whereas the remaining 33%
(5/15) often encountered technical difficulties or problems.
Most patients (11/15, 73%) indicated that the educational aspect
of the app was one of its most positive facets. Seven of the 13
patients (54%) using the app together with their grandchildren
indicated that their grandchildren liked to play the app.
Although only 1 patient (1/15, 7%) indicated that the app helped
to improve his NOAC adherence, 6 patients (6/15, 40%) stated
that the project made them more conscious about strict
medication adherence and motivated them to be more correct
in taking their medication in the future. However, the majority
of the patients (8/15, 53%) indicated that they already had very
good adherence to their NOAC therapy.
Almost two-thirds of the patients (9/15, 60%) found it useful
to receive reminders when they did not play the app, 27% of
the patients (4/15) indicated that they never received a reminder,
and the minority (2/15, 13%) indicated that they did not like
the reminders. Patients suggested broadening the educational
aspect as this was a positive feature of the app. They also
indicated that their grandchildren would be happy with a larger
variety of mini-games and with an adjustment of the difficulty
of the mini-games to the age of the grandchild. Some patients
suggested adding an alarm function to the app that automatically
reminds them to take their medication. However, this is possible
only when they use the app on their tablet or mobile phone,
which was the case in about half of the patients.

Four patients (4/15, 27%) indicated that they would like to use
the app together with their grandchild for another period of 3
http://mhealth.jmir.org/2017/7/e98/
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Discussion

questionnaire and indicated that the educational aspect was a
capital gain.

Principal Considerations

The Effect of Health Buddies on Adherence to
Non-Vitamin K Antagonist Oral Anticoagulants

With the increasing number of patients having access to mobile
phones, tablets, personal computers, etc, novel methods using
these technologies can be used to improve medication adherence
and overall management of patients with chronic diseases. In
AF patients receiving NOACs, strict medication adherence
should be stimulated and ensured to provide an optimal
thromboembolic prevention [12,21].

Usability of the Health Buddies App
The Health Buddies app tries to make therapy adherence fun
and stimulating for the patients. However, only 13.7% of the
screened AF patients were eligible for inclusion and only 13.2%
of those eligible patients were interested in participating.
Overall, only 3.7% of the NOAC-taking AF population was
included in this project.
More than half of the patients were not eligible as they did not
have grandchildren in the right age category. At the end of the
study, 60% of the patients were willing to use the app again,
but 56% of those indicated that their grandchild would not use
the app for a second time. These figures indicate that the target
group of patients able to use this app needs to be expanded.
However, the concept of a social contract, with completion of
challenges between the AF patient and their health buddy, seems
valid. With some adjustments (ie, matching the content of the
app to the specific health buddy or adding more informative
content and reducing the mini-game aspect), it could be possible
to involve other health buddies in this app, for example, the
patient’s spouse, other family members, friends, or even other
AF patients.
Modifications are also necessary to make the app more varied,
stimulating, and challenging as app use was lower than expected
and decreased over time in patients but especially in
grandchildren. The app was developed to target (newly
diagnosed) AF patients initiating NOAC therapy to provide
them with extra education, to make them conscious about the
importance of good adherence, and to create a habit of taking
their medication strictly as prescribed. Therefore, the app in its
current form was not intended to be used long term, explaining
some of the decreased app use over time together with the fact
that patients aged >65 years do not typically use their mobile
devices and computers as often as younger generations. The
majority of the included patients were prescribed NOAC therapy
for many months before inclusion, which meant that most of
those patients already developed suitable adherence strategies
and habits. Furthermore, about half of those patients had a pill
organizer to help them adhere. The pilot trial also revealed that
it is important to keep the grandchildren motivated to use the
app more often, for example, by adjusting the content and
difficulty of the app to the age of the grandchildren.
Not all patients seemed to be ready for the innovative concept
of this app, mostly because they were not interested and not
familiar with the technology. Nevertheless, after playing,
patients rated the app positively based on the user experience
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Only one patient indicated that the app improved his adherence,
although 40% of the patients became more conscious about
strict medication adherence. Interestingly, the majority of the
patients indicated that they already had very good adherence to
their NOAC therapy, also reflected in the self-reported Morisky
scale with a mean patient score of 7.7 (out of 8) at the start of
the study. It is known that the MMAS-8 often overestimates
actual adherence [1]. Electronic monitoring is a more accurate
manner to assess medication adherence to NOACs, and it
showed a taking adherence of only 88.6% and a regimen
adherence of 81.8% in our study. Intriguingly, in the app,
patients indicated that they took their NOAC medication 99.0%
of the time. Therefore, self-reported adherence through the app
is clearly an unreliable way to follow patient adherence. In
general, a possible pitfall of the Health Buddies app as well as
other adherence promoting apps is that they may only encourage
participants to use the app. Equally, they need to motivate them
to be adherent to their medication.
Interventions to improve adherence to NOACs are scarce,
although it has been shown that nonadherence to NOACs affects
health care costs, morbidity, and mortality in the aging AF
population [22]. Up until now, there have been only three
interventions tested. First, the AEGEAN study investigated the
effect of education (ie, booklets and the availability of reminder
tools) together with telephone follow-up by a virtual clinic on
adherence to apixaban. However, AEGEAN did not find any
difference in electronically measured adherence between the
usual care group and the intervention group with an adherence
value of respectively 88.5% and 88.3% after 24 weeks [23].
Another study by Shore et al, although not prospective, showed
that enhanced pharmacist involvement with a longer monitoring
and follow-up of patients was associated with an improved
adherence to dabigatran [24]. Third, a prior study by our group
showed that daily telemonitoring of medication intake with
direct personalized telephone feedback led to very high NOAC
adherence values with a taking adherence and regimen adherence
of 99.0% and 96.8%, respectively [25].

Educational and Other Effects
The Health Buddies app is also an educational game as patients
receive facts and quizzes about AF and the associated therapy.
This new way of providing education is needed as different
studies showed that the knowledge of AF patients about their
arrhythmia and its treatment is low [20,26-31]. Included patients
had a mean score on the JAKQ of 64.6% at the start of the study,
which is already higher than the score of the average AF patient
(ie, 55.8%) [20]. Use of the app led to a small further increase
in knowledge level with 5.8%. Moreover, after 3 months, all
patients were aware of their heart rhythm disorder, which was
not the case for 3 patients at the start of the study.
Increasing patient knowledge seems to be a logical pathway to
contribute to better medication adherence and improved overall
management [32,33]. However, finding a successful intervention
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to optimize the knowledge of AF patients is not easy as different
interventions were tested with mixed results [20,27,29,30,34].
Most studies used information booklets or educational videos
and did not show any significant effect of the intervention
[29,30,34]. Only two studies using personalized education found
a significant increase in knowledge level [20,27].
Another aim of the app was to strengthen the relationship
between patients and their grandchildren. At the end of the
study, this was also positively evaluated for about 1 in 3 AF
patients.
Finally, the app allowed AF patients to stay in contact with their
health care provider by sending emails. We noted, however,
that during the 3-month study period, this feature was used only
by patients to discuss possible technical difficulties concerning
the app.

mHealth to Improve Adherence
Medication adherence can be addressed in many ways, including
automatic reminders, reminder packaging, medication boxes,
device aids, counselling, telephone support, patient education,
etc, or a combination of those [2,35-37]. It remains unclear
which interventions are most effective in improving medication
adherence in chronic conditions, and it is especially difficult to
prove their effect on clinical outcomes [2,37,38]. Ongoing
technological advancements have led to the use of telehealth,
eHealth, and mHealth in different domains of health care
including medication adherence. Especially mHealth with
different mobile apps is being increasingly explored due to its
popularity, its portability, and the reachability of a large
proportion of the population.
The Health Buddies app was the first mHealth intervention
being tested in AF patients to improve adherence to NOACs.
In other chronic diseases and also in some cardiovascular
illnesses (eg, hypertension and ischemic heart disease), the use
of mHealth showed early but promising results in improving
medication adherence [3,4,6]. A review by Anglada-Martinez
showed that 65% of the mHealth interventions using text
messages to send reminders or motivational content found a
positive impact on adherence [6]. Another systematic review
found that 83% of trials using mHealth technologies in
cardiovascular diseases were able to improve adherence and
54% could improve clinical outcomes [4]. The results of most
mHealth studies should be interpreted with caution as many
interventions used only self-reported adherence to investigate
possible improvements in adherence.
However, challenges with mHealth remain as it is not clear
which interventions are the most promising, suitable,
user-friendly, secure, cost-effective, and how they should best
be integrated in daily care [39]. Only by extensive testing of
apps and incorporating patients in this process of development
and elaboration of the app, as we did with Health Buddies, can
these challenges be addressed.
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Study Limitations
An important limitation of this study was the small number of
motivated study participants, already having good adherence
and acceptable patient knowledge. Moreover, no control group
was considered as it was still a pilot study. Nevertheless, the
findings from this pilot project provide new insights in the
development, usability, and feasibility of the Health Buddies
app and mHealth in general for AF patients taking OAC therapy.
Other possible limitations are that there were no baseline
adherence data gathered with electronic monitoring before
patients started using the app and that the study was performed
in only one large tertiary care hospital.

Possibilities for Future Improvements
Even though the Health Buddies app was promising before the
start of the pilot study receiving positive reactions during the
workshop, it turned out that the usability was low and effects
on adherence and knowledge improvement were only limited.
Therefore, already suggested adjustments can lead to an
upgraded, more accessible, and more effective version of the
app. Although patients were already able to include more than
one challenge, the app can be made more user-friendly allowing
patients to include their entire medication schedule with the
possibility of activating appropriate daily reminder alarms. This
aspect was not yet incorporated in the app as most patients in
the workshops indicated that only occasional and no daily
reminders were needed. Other features that can be integrated
are the ability of the app to capture overdoses and to allow
patients to check for other drug interactions. Another option to
broaden the target group is to make a version of the app that
can be used individually, although then the Health Buddy
concept has to be abandoned and the app should be targeted
more on reminders, education, and communication with health
care providers. An updated version of the app can be tested in
a new pilot study or in a larger prospective randomized
controlled trial with the ultimate goal to improve health
outcomes in AF patients. Studies could also investigate if the
Health Buddies concept can be applied to other chronic diseases.
Still, other new interventions, strategies, and technologies to
enhance long-term adherence to NOACs need to be developed
and investigated as AF patients are a large and diverse patient
population and not all have access to newer mHealth tools.
Nonadherence behavior is often multifactorial indicating the
necessity of providing patients with tailored, personalized tools.

Conclusions
The innovative Health Buddies app, based on a social contract
concept between AF patients and their grandchildren, was
perceived as clear, novel, attractive, stimulating, and educational
by its users. However, only a small proportion of the current
AF population treated with NOACs seems eligible or is willing
to use the app in its current form. Modifications to the app can
expand the target group and make it even more motivational
and attractive, so that it can be used by more patients and for a
longer period of time. That will allow an evaluation of its impact
beyond education, that is, on adherence and clinical outcomes.
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