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Abstract

Patient adherence to medications is crucial for reducing cardiovascular risk after an acute coronary syndrome (ACS).
Although causes for low adherence are diverse, forgetfulness and lack of awareness about treatment importance are
accountable for many cases. As a result, medication reminder apps have attempted to tackle this problem. In our work,
we present the development of an app with gamification mechanisms to foster adherence and to support the behavior
change processes of the Health Access Process Approach (HAPA) theoretical framework. To design our intervention,
we relied on a user-centric approach. We listed the main factors related to high and low adherence from the
Medication Adherence Reasons Scale (MAR-Scale) and identified functionalities that could address it. We focused in
particular on forgetfulness, knowledge and beliefs about medication as the main barriers for adherence. We
implemented a quiz and storytelling as gamification strategies to help motivate patients complete their medication
journal and to maintain adherence on the long-term.

Introduction

In Switzerland, cardiovascular diseases are the first cause of mortality with close to half of the deaths linked to
coronary artery disease [1]. Although preventive measures are well known, their integration into patients’ daily lives
remains challenging. After a heart attack and the subsequent acute medical care, secondary preventive measures are
recommended to prevent a relapse. As it is a chronic condition, patients will need to start taking daily medication on
the long run [2]. Additionally, they often need other medications if they have comorbidities. The patient is therefore
confronted to a new or modified daily medication intake, which can impact their lifestyle habits [3].

Implementing health behavior changes such as a new medication routine is a difficult process. Insufficient support or
guidance is common, especially as the majority of self-management in chronic diseases occurs away from the
healthcare providers [17]. After implementing a new behavior, patients face the additional challenge of maintaining
this new behavior over time. A multi-centric study reported increasing medication discontinuation over time, with
subsequent higher mortality: nearly a third of the patients stopped therapy only one month after a myocardial infarction
[18].

Medication non-adherence has been consistently associated with worse clinical outcomes, higher downstream re-
hospitalization rates and a higher use of resources. Despite the care-providers’ efforts to convey the importance of the
medications they prescribe, patients have many intentional and/or unintentional reasons for deviating from the
treatment plan. The most common factors associated with non-adherence include forgetfulness (50%), having other
medications to take (20%), and being symptom-free (20%) [4]. The risk of deviation is further increased with the
medication regimen complexity (MRC), a term used to describe the cumulative patient effort required to take
medication correctly. MRC increases each time a patient is required to make a decision about taking medication.
Following an acute coronary syndrome (ACS), a patient needs an average of five daily medications according to
current management guidelines [5].

The cause of medication non-adherence varies among patients and can be broadly categorized as unintentional or
intentional [6]. Unintentional non-adherence concerns the intention to take a medication as instructed but failing to do
so for some reason (e.g., forgetfulness, carelessness). Unintentional non-adherence is influenced by patient
characteristics, treatment factors, and patient—provider issues [7-9]. In contrast, intentional non-adherence involves
making a conscious decision not to take a medication as instructed, based on perceptions, feelings, or beliefs [10].
Intentional non-adherence reflects a rational decision-making process by the patient, where the benefits of treatment
are compared with the perceptions of adverse effects of the treatment. Characterizing non-adherence may oversimplify
the complexities involved with non-adherence, but it helps to illustrates that alleviating non-adherence requires
multiple interventions [11-13].
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Ubiquitous and easy to use mobile technologies, such as smart-phone/tablet applications are especially promising for
tackling medication non-adherence in patients with chronic diseases. Mobile technologies have been utilized and
shown to be effective in increasing medication adherence in patients with various chronic medical conditions such as
acquired immunodeficiency syndrome, diabetes, and chronic pulmonary obstructive disease. One of the challenges
however is to maintain the behaviour changes on the long-term. Gamification has shown promise in engaging users
in the long-term, but has not been explored for medication adherence. In our current work, we aimed to develop an
app with gamification mechanisms based on the HAPA framework, using a user-centric design, to fostering long-term
treatment adherence.

Related work

Although many frameworks exist to describe factors related to medication adherence, we decided to focus on the
patient-related factors to guide our app development, based on the items of the Medication Adherence Reasons Scale
(MAR-Scale, Figure 1) [14,15]. The MAR-Scale is based on the ten most frequently reported reasons for non-
adherence identified by Vik et al. [16], retrieved from a literature review of medication adherence. The scale contains
five domains ranging from management issues to forgetfulness.

Domain No. of Item description
items

Management 4 K15: Problems opening medication
issues containers
K9 : Embarrassment in taking
medications
K2 : Difficulty swallowing
medications
K4 : Uncertainty about proper
medication administration

Multiple 3 K14: Concerns about the long-term
medication effects of medications
issues K7 : Consumption of too many
medications
K3 : Cost of medications
Belief issues with 4 K10: Ineffective medications
medications K11: Side effects/fear of side effects

K12: Unnecessary medications
K13: Medication cessation to see if it
is still needed

Availability issues 2 K1 : Medications unavailable in the
pharmacy
K6 : End of medication supply due
to busy schedule
Forgetfulness and 2 K5 : Forgetfulness in taking
inconvenience medications due to busy
issues schedule
K8 : Inconvenience in taking
medications as prescribed

Figure 1 Medication Adherence Reasons Scale (MAR-Scale)

Behavior change

Over 30 different psychological theories have been elaborated for behavior change [19]. When designing an
intervention, it is therefore important to choose an appropriate model. The Health Access Process Approach (HAPA)
behavior change model contains several interesting concepts (Figure 2) [20]. In particular, it has been applied to a
population similar to the one we are targeting, where it was used to study physical exercise adherence after cardiac
rehabilitation, in a population similar to the one we are targeting.

The HAPA model suggests that behavior is formed through two phases: a motivational phase and a volitional phase.
In the motivational phase (characterized by pre-intenders and intenders), individuals form an Intention to perform a
behavior, determined by how confident they are in being able to enact the behavior (Self-efficacy), what outcomes
might result from engaging in the behavior (Outcome Expectancies) and/or Risk Perceptions about performing (or not
performing) the behavior. The volitional phase (represented by actors) describes how these Intentions are translated
into behavior. This phase consists of Action Planning (to specify when, where and how to perform the behavior),
Coping Planning (how to circumvent anticipated barriers to ensure the behavior is performed), and Action Control
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(being aware of standards, self-monitoring progress and putting in effort) [21]. Self-efficacy plays a role in both
phases, as do barrier resource and social support. The HAPA model can help us understand which modifiable factors
determine the Intention to adhere to medication, as well as which post-intentional factors help to ensure that motivation
is translated into medication adherence.
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Figure 2. HAPA behavior change model

Previous HAPA-based studies have found that persons are more likely to adhere to exercises during phase Il cardiac
rehabilitation (CR) participation [22] and to maintain exercise after completion of phase Il CR [23], when they have
high maintenance self-efficacy for these behaviors.

Gamification and narratives

Gamification builds on the core idea that people have a natural drive to seek achievement, status, and competition
[28]. Video games are fun to play because they give a sense of achievement when one successfully completes a level,
usually while being entertained by either the story or the game mechanics itself. Gamification seeks to replicate this
sensation by integrating gaming elements in a non-gaming setting. For example, the user may receive a virtual reward
after completing a task. To keep people engaged with the intervention, video games use other gaming strategies, such
as increasing the level of difficulty over time, or adding a compelling narrative with part of a story that unfolds at each
level. Although gamification has been applied to many industries successfully, such as in marketing and in advertising,
these strategies have not yet been fully applied in health care settings [29,30].

One of the effective gamification techniques is storytelling. Narratives have already been used successfully in
healthcare to motivate behavior change [31,32]. Some elements were identified for success: for example, immersion
in a story that users perceive as realistic, and story characters that the users can identify with, increase the probability
of a narrative-driven belief change. Narratives, testimonials, and use of personal cases have received considerable
attention as effective means of persuasion, and as tools to convey information to promote health behaviors. Narrative
persuasion theory suggests that the experience of being absorbed in a story is a key mechanism that can influence real-
world beliefs and behaviors [33].

In a prior qualitative study with ACS patients, we proposed a modified HAPA framework, which integrates different
gamification elements (Figure 2) [34]. This previous study explored gamification for the four targeted behavior
changes for cardiovascular risk factors: smoking cessation, increased physical activity, healthier diet and better
medication adherence.
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Figure 2. Gamified HAPA behavior change model
Use of technology

With the increasing popularity of smartphones, people now have access to thousands of health-related apps with many
tools to support behavior change. One common aim of medication adherence apps is to help users remember to take
their medications. Reminders sent via text messages have been shown to improve adherence in chronic diseases [25].
The recent growth in smartphone users has induced an increase in the number of health-related mobile phone apps
available in the app stores, including those dedicated to improving medication-taking behaviors. These medication
adherence apps have the potential to address known barriers to adherence with functionalities such as reminders that
may help patients take their medications correctly and avoid medication errors [26,27]. This is especially true for
patients with high pill burden and complex regimens, such as patients with cardiovascular diseases.

Table 1. Identified functionalities in the app of the IOS and Android app store [15].

Functionality

Explanation

Medication tracking
history
Snooze option

Flexible scheduling
Medication database

Refill reminders
Reminders with no
connectivity

Data exporting and
sharing

Multiple users support

Notification for other
people

Data security

Data privacy: password
protection

Multilingual

Time zone support

Adherence rewards

Ability to record and track taken and missed doses.

Ability to snooze the reminder for a predetermined period of time, for example, 15
minutes.

Ability to schedule reminders to occur on a non-daily or monthly basis or every X
days, or ability to schedule medications with stop dates.

Availability of a medication database that allows the user to search and select a
medication from the database.

Ability to set reminders to the date when medication needs to be refilled.

No Internet connection required for the reminders to function.

Ability to export and share the medication information to a third party, for example,
family member or healthcare provider.

Ability to generate medication reminders on different medications for more than
one user, for example, family members.

Availability of an option to alert other people about when to take their medication
or when missed doses are registered.

The app developer ensures data security

Password option to access the app.

Availability of languages other than English.

Ability to change time zones to ensure medication is taken at the right time when
traveling.

Availability of a feature that rewards the patient when the medication is taken on
schedule, for example, awarding points for each medication taken that could be
redeemed into vouchers.
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Adherence statisticsand | Availability of statistics and charts describing medication usage trends and
charts adherence rates.

Customizable alert Auvailability of different types of notification sounds.
sounds
Visual aids Auvailability of icons (e.g., tablet, syringe, drops) or ability to add a picture to

provide visual clues (e.g., to ensure correct medication is taken)

Unfortunately many of these apps are still pretty ineffective. A study by Stawarz [24] demonstrated that most of the
available medication reminder apps on the market only have basic reminder functionalities and do not offer an efficient
solution to motivate the user toward a better adherence to their medication plan.

There is still a great potential to improve the efficiency of app for medication adherence especially with the use of
gamification. In our work, we take a user-centered approach to explore the integration of gamification mechanisms
into a mobile app aiming to foster medication adherence. Filling this gap in our understanding of how gamification
mechanisms can be integrated will help to ground the design of supportive technologies that can further help patients
play an active role in their self-management.

Method

To design our intervention, we looked for app functionalities that could support the adherence and non-adherence
factors from the MAR-Scale. In order to maximize adherence, these functionalities were extended to support the
constructs from our gamified HAPA theoretical framework. Guided by these frameworks, the application was
developed following a user-centric design involving specialists and end-users at each stage of the process. In iterative
cycles of requirement and prototyping, we conducted a sequence of focus groups with patients enrolled in a cardiac
rehabilitation program. Five patients (4 men, 1 woman) were recruited for this project. Their participation in the
different focus groups depended on their availability. The focus groups were used to understand the users’ needs and
to provide an adapted solution. More particularly, one focus group was organized to test the usability of the medication
summary and another about the use of gamification to support the HAPA model. We also collected informal feedback
from a larger patient population (up to 15 patients) on various topics to optimize generalizability. We considered this
additional feedback especially important for the health literacy issues, such as the simplified educational texts for
medication side effects and usefulness, the content of the quiz and the attractiveness of the story.

Results
Functionalities of medication reminder

During the focus group, we identified the functionalities that help the users address the difficulties associated with the
five domains of the MAR-Scale.

Table 2. Domains of the MAR-Scale and app functionalities identified to support each domain.

Domain App functionalities

Management issues Barcode scanning, medication images

Multiple medication Global view on medication plan

Belief issue with medication Quiz, information about medication adapted for patients
Availability issues Reminders, also for refills

Forgetfulness and inconvenience issue Timely notifications as reminders

The core functionality of the app supports the users’ medication management issues with an overview of their current
medication plan. The user can add a medication to the list by scanning the barcode on the medication box, or by
manual entry. A link to a national medication database allows the auto-completion of drug name(s), active
ingredient(s) and image(s) of the pills. Scanning the barcode on the medication box allows the user to retrieve all the
information linked to the medication in the database, which can then be individualized (dosage, schedule, etc.). This
provides a quick, efficient and secure method to create the medication summary. In the case of manual entry, the auto-
completion provides existing options and combinations of drug name, dose and image for the user to choose from.
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Each medication has an associated image (from the database or taken by the user) to help ensure that the proper
identification of the medication, particularly when multiple medications are administered at the same schedule.

Once the medication is entered in the summary, the user can set individual notifications for each medication to remind
the user to take the medication at the right time. The application also computes the expected end of the medication
box and thus sends a reminder to the user to get a refill.

To address the issues related to beliefs and comprehension about medications, we created educational materials for all
the coronary heart disease-related medications, as well as for commonly used medications (ex: ibuprofen). These
materials were adapted to the users’ health literacy level, and tested with the users. We wanted to help patients acquire
a better understanding of their medication, and to help them assess the implications of both adherence and non-
adherence to their treatment.. We particularly focused on the known side effects and the reasons for the treatment.
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Figure 3. Data entry screen for new medication and medication summary

Gamified HAPA model

Although the app functionalities presented above are necessary to support medication adherence, they do not tackle
the toughest challenge for adherence: fostering long-term habits. As mentioned above, gamification strategies can help
engage the user in the long term, thus helping to maintain the healthy behavior over time, hopefully long enough for
the behavior to become a new habit. By applying the gamified HAPA model, there are links between appropriate
gamification techniques and each construct of the HAPA model, which help users to progress with their behavior
change process. In order to identify how these gamification mechanisms can be translated into concrete functionalities
for each construct of the HAPA, we conducted several focus groups with our group of end-users and specialists.

Table 3. Phases of the HAPA model and functionalities identified to support each phase.

Phase Construct App functionalities

Motivational Self-efficacy Badges, progress in the story, visualization
Motivational Outcome Expectancies Discovery of the story

Motivational Risk Perceptions Information proposed in the app

volitional Action Planning Reminders

volitional Coping Planning Quiz

volitional Action Control Medication reporting to progress in the story

Both Barriers & Resources Information proposed in the app, Sharing achievement
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One of the most salient gamification mechanisms in the app is the use of storytelling. As soon as the user starts to use
the app she is invited to discover a story about a journey in the mountains. Every day she reports her medication intake,
a new section of the story is revealed. Bonus episodes can be unlocked with points, which can be won by responding
correctly to a quiz question. The themes of these questions cover not only awareness about medications, but also more
general cardiovascular risk and coronary artery disease facts. A team of specialists, including cardiology and pharmacy
experts, created the content of the quiz. The questions challenge the user regarding assertions about their treatment or
verify their comprehension of the usefulness of specific drugs.

Parmi ces médicaments lesquels sont
des antlagrégants plaguettaires :

-

—

elopidogrel PLAVIX

prasugrel EFIENT

ticagredor BRILIQUE
141

Frochaine prise: & ° Les troks

“ Casolr (1)

Figure 4. Visualization of the story and quiz to increase medications literacy
Generation of the storyline

The story in the app is the central piece to engage the user in their behavior change. The story is based on several
storytelling techniques aiming at increasing engagement and reinforcing the construct of the HAPA model. The story
relies on narrative identification and aims to push the reader to adopt the character’s goals and plans, and to simulate
or imagine the events that happen to the character. The user can thus experience empathy or emotions which are in
consonance with the success or failure of these plans [35,36].

The story is inspired by an annual outing for ACS patients at the cardiac rehabilitation center of the University
Hospitals of Geneva. Patients can take part in a program to prepare for this annual group outing, which is a journey
of the ascent of a nearby mountain. The story focuses on the main character who decides to take on the challenge of
climbing a summit. It leads us through stages of doubt and excitement, as we observe him as he adopts a new way of
life. Initial evaluation of the app by a group of patients showed good acceptance and projection of the reader into the
story.

Table 4. Techniques of storytelling and their interest to support medication adherence

Technique Mechanism Interest

Monomyth Taking the audience on a journey Outcome Expectancies
Showing the benefit of taking risks

Demonstrating how you learned some newly found wisdom
The mountain | Showing how you overcame a series of challenges Self-efficacy
Slowly building tension
Delivering a satisfying conclusion
Sparklines Inspiring the audience to action Action Control
Creating hope and excitement
Creating a following

In medias res Grabbing attention from the start Maintenance
Keep an audience craving resolution

Focusing attention on a pivotal moment in your story

Risk Perceptions
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Future works

This app is currently being finalized, and also includes a basic patient education module on coronary heart disease and
its management, which have been studied and reported elsewhere. In the near future, we plan to conduct an initial
proof of concept study with the app in a population of ACS patients, assessing medication intake, app use, quiz results,
as well as pre-post comparisons of questionnaires on health and medication beliefs and knowledge. The final study
with the app will focus on studying the effect of gamification to promote long-term behavior changes in this
population.

Conclusion

Medication adherence is a key factor in the health outcome of patients suffering of cardiovascular diseases. We present
the development of a novel app combining gamification elements with a validated behavior change framework
(HAPA) that address the identified barriers to medication adherence. The app has a medication summary with barcode
scanning to facilitate data entry and pill images for better identification. It also provides literacy-adapted information
about the medications, in particular for the side effects. Storytelling is used to help motivate patients to complete their
medication journal, and can help support self-efficacy, by relating to the characters in the story. All the stages have
involved patients and experts in a user centric way. A pre-post study aiming to define if patients using the app improve
their literacy about their treatment and improve their adherence will be conducted in the near future.
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