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Abstract
Background: There is a strong need to improve medication adherence (MA) for individuals with hypertension in order to reduce
long-term hospitalization costs. We believe this can be achieved through an artificial intelligence agent that helps the patient in
understanding key individual adherence risk factors and designing an appropriate intervention plan. The incidence of hypertension
in Sweden is estimated at approximately 27%. Although blood pressure control has increased in Sweden, barely half of the treated
patients achieved adequate blood pressure levels. It is a major risk factor for coronary heart disease and stroke as well as heart
failure. MA is a key factor for good clinical outcomes in persons with hypertension.
Objective: The overall aim of this study is to design, develop, test, and evaluate an adaptive digital intervention called iMedA,
delivered via a mobile app to improve MA, self-care management, and blood pressure control for persons with hypertension.
Methods: The study design is an interrupted time series. We will collect data on a daily basis, 14 days before, during 6 months
of delivering digital interventions through the mobile app, and 14 days after. The effect will be analyzed using segmented regression
analysis. The participants will be recruited in Region Halland, Sweden. The design of the digital interventions follows the
just-in-time adaptive intervention framework. The primary (distal) outcome is MA, and the secondary outcome is blood pressure.
The design of the digital intervention is developed based on a needs assessment process including a systematic review, focus
group interviews, and a pilot study, before conducting the longitudinal interrupted time series study.
Results: The focus groups of persons with hypertension have been conducted to perform the needs assessment in a Swedish
context. The design and development of digital interventions are in progress, and the interventions are planned to be ready in
November 2020. Then, the 2-week pilot study for usability evaluation will start, and the interrupted time series study, which we
plan to start in February 2021, will follow it.
Conclusions: We hypothesize that iMedA will improve medication adherence and self-care management. This study could
illustrate how self-care management tools can be an additional (digital) treatment support to a clinical one without increasing
burden on health care staff.
Trial Registration: ClinicalTrials.gov NCT04413500; https://clinicaltrials.gov/ct2/show/NCT04413500
International Registered Report Identifier (IRRID): DERR1-10.2196/24494
(JMIR Res Protoc 2021;10(5):e24494) doi: 10.2196/24494
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Introduction
Overview

hypertension), practical difficulties (eg, managing treatment
costs, forgetfulness), and personal impressions affecting
adherence (eg, side effects of medications) [16].

Hypertension is a common, dangerous, and treatable but
undertreated condition worldwide and has a prevalence of
approximately 30% in adults [1]. It becomes more common in
more advanced ages, and the prevalence increases to 60% in
persons over 60 years of age [2]. However, about 33% of
persons with hypertension are unaware of their condition [2-4].
The incidence of hypertension in Sweden is estimated at
approximately 27% [5]. Although blood pressure (BP) control
has increased in Sweden, barely half of the treated patients
achieved adequate BP levels [6].

Factors Affecting Adherence

Hypertension causes increased mortality and morbidity, most
often by congestive heart failure, ischemic heart disease, and
ischemic and hemorrhagic cerebrovascular insults [7].
Hypertension is also associated with increased occurrence of
peripheral vascular disease and chronic kidney disease [8,9].

Intervention Strategies That Improve Medication
Adherence

According to the National Board of Health and Welfare in
Sweden [10], support and motivation for lifestyle changes as
well as for self-care management are the first options when a
person is diagnosed with hypertension, that is, having a systolic
BP >140 mm Hg and diastolic BP >90 mm Hg measured
repeatedly several times (3-6) over weeks or months, after 5
minutes of rest, while sitting with the right arm at heart level
[10-12].
Lifestyle changes such as reducing weight, quitting smoking,
reducing alcohol, and increasing physical activity are usually
supported by visits to the district nurses individually or in groups
in order to lower the BP. The support consists of educational
and behavioral strategies to motivate and facilitate the person
to conduct lifestyle changes in daily life [10]. If the lifestyle
changes do not give results in lowering the person’s BP,
medication treatment is required.

Low Adherence to Medication
The World Health Organization defines adherence to long-term
therapy as “the extent to which a person's behavior—taking
medication, following a diet, and/or executing lifestyle
changes—corresponds to agreed recommendations from a health
care provider” [13]. In this work, we focus specifically on
adherence to a medication regimen to improve BP control.
Although there are several effective medications that prevent
cardiovascular events, persons can have poorly regulated BP.
The main reasons for poor regulation of BP include patients’
lack of adherence to treatment and a lack of monitoring and
intervention on the part of the doctor [2,14,15].
Adherence to the medication has been shown to be deficient.
As an example, an analysis of pharmacy records has
demonstrated that less than 50% of the study population had
collected prescribed medications intended for hypertension [2].
Adherence to treatment is affected by many factors, including
polypharmacy (ie, the number of tablets prescribed for
https://www.researchprotocols.org/2021/5/e24494
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Previous studies have linked both intrinsic and external factors
to low or poor medication adherence (MA). Intrinsic factors
include demographics such as age and income [17,18].
Psychological determinants include perceived susceptibility
[19,20] and trust in the care provider [21,22], and behavioral
factors include forgetfulness [19,23], employment, and travel
[23]. External factors include the number of medications
prescribed [18], availability of prescribed medication [23], and
family support [18].

A person's adherence can be improved by affecting the person's
habit patterns in concurrence with the medication administration
[24]. With BP monitoring at home, provision of adequate
feedback, and improvement of cooperation between the person
and health care personnel, the likelihood of the person retrieving
their medication at the pharmacy increases [25].
There are several recommended approaches to address MA.
Education strategies directed to the person have been shown to
be of great importance [26]. Several studies have reported that
health literacy levels may predict MA [27-29]. Behavioral
strategies are important interventions to improve adherence to
medications [26,30]. These strategies can vary and include
unit-dose packaging, self-monitoring of medication,
self-monitoring of symptoms or side effects, reminders, and
other cues to action such as associating medication-taking with
other daily activities.
Educational and behavioral strategies are highlighted in
guidelines but are lacking in how to support the persons to
improve MA [30]. In general, interventions successful in
improving BP control and increasing MA are ones that improve
awareness of and involvement in the treatment [31].

Digital Interventions for Medication Adherence
Modern technologies make it possible to reach a vast number
of persons using few personnel resources. With the widespread
use in Sweden of the Internet and smartphones (93.1% internet
penetration [32]), there are opportunities to use digital
interventions, in specific to support people with hypertension
on a wide scale and at low cost.
The authors have performed a systematic review recently on
studies that applied digital interventions in order to improve BP
and MA during the past decade [33]. The results show that
digital interventions were effective in that regard, and the main
targeted behaviors to change were lifestyle management,
medication intake, self-measurement, and patient-provider
interaction.
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Problem Formulation
Despite the availability of effective medications and the prior
success of digital interventions, nonadherence to medications
still remains a problem for some persons with hypertension.
One of the common limitations of digital interventions is that
they may be effective in changing the user’s current behavior
but cannot adapt to the user’s changing needs over time. Most
of the existing digital interventions provide a general solution
for their users, and the user himself or herself is responsible for
finding the right information or intervention. These digital
interventions generally do not consider the barriers causing
patients’ nonadherence (and other related behaviors) and their
needs over time.
In a previous paper [33], the authors revealed the need to design
a multifaceted digital intervention that can be personalized
according to one or more patient behaviors that need to be
changed to overcome the key determinant or determinants of
low adherence to medication or uncontrolled BP among patients
with hypertension, considering different levels including patient
and health care team and system involvement.
The aim of this study is to design, develop, test, and evaluate a
tailored digital intervention, to be delivered through a mobile
app, to increase MA and self-care management for persons with
hypertension.

Methods
Study Design
The design of the study is influenced by the intervention
mapping technique [34], which is used for the design and
development of health promotion programs. We decided to
accomplish such a big study in smaller steps, as follows.

Systematic Review
We first conducted a systematic review in order to detect the
determinants, behaviors to change, and implemented digital
strategies in previous studies [33]. The literature review included
key determinants for MA among persons with hypertension.
From this review, we have extracted a list of target behaviors
and psychological determinants to create an encompassing
Matrix of Change Objectives. It reviews digital interventions
for persons with hypertension in order to determine which
intervention strategies have been employed previously for each
combination of behavior and determinant in the Matrix.

Focus Groups
We conducted focus groups to ascertain the needs of persons
with hypertension in a Swedish context and in relation to the
findings of the conducted systematic literature review. The focus
groups helped us to determine whether literature findings are
applicable to our target population in a Swedish context, whether
some key factors must be added or removed from our Matrix
of Change, and whether the identified intervention options are
applicable and in which order of preference. We will also
conduct focus groups after the pilot study to verify the
participants’ comprehension of the 16-item Maastrict Utrecht
Adherence in Hypertension (MUAH-16) questionnaire regarding
MA for hypertension (see Distal Outcomes), translated to
https://www.researchprotocols.org/2021/5/e24494
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Swedish, and also to perform the usability test for the mobile
app.

App Design
Through what has been learned with the above findings, adaptive
digital interventions are designed and developed to be delivered
via mobile app.

Pilot Study
The pilot intervention will be conducted in order to evaluate
the feasibility and usability of the proposed app for 2 weeks
with the same group that attended the focus groups.

Longitudinal Study
The longitudinal study is designed to assess the effect of the
proposed adaptive digital interventions delivered through the
mobile app with individuals with hypertension for 6 months.
The design is proposed to be an interrupted time series approach,
which is considered to be the strongest quasi-experimental
design that can be used to evaluate the effectiveness of an
intervention [35,36]. The interrupted time series designs start
to collect outcome measures before, during, and after
intervention steps. Therefore, they are supposed to capture the
level and any trend changes of one or more outcomes through
time.
We will keep track of multiple variables for each participant
through time and try to deliver the right intervention to the right
person through patient-reported measures and app usage.
Two arms are considered in this design: One arm receives digital
intervention. We will also add a nonequivalent no-treatment
arm. This control group will be picked out of the group of
patients who fulfilled the inclusion criteria and for whom the
only criteria that are available for comparison is the primary
MA (ie, pickups from the pharmacy). The reason to add this
control group is to be able to address the internal validity threat
[37]. By adding the control group, the effect of history is
mitigated, and the study is strengthened against other threats to
internal validity such as maturation (does the MA improvement
occur naturally over time?).

Recruitment
The study will be performed in Region Halland, Sweden, as it
is a collaborative project between Halmstad University and
Region Halland. The organization of the health care system in
Sweden is designed so that primary care centers are the main
actors and there are district nurses to take care of people with
high BP registered in each primary care center. There is an
integrated electronic health data system available in Region
Halland that facilitates the recruitment process.
First, the primary care centers are strategically chosen, and the
responsible heads of the primary care centers receive
information regarding the project. Through access to the
integrated medical data given the ethical approval, we will select
the potential pseudonymized persons with hypertension
according to the inclusion criteria described below. Then, staff
at Region Halland with authority and access to the integrated
medical data will reveal their identities. The contact information
will be sent to a district nurse working in this study, who will
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send invitation letters to each eligible person. The letter will
contain information about the purpose, that the research
objective is to develop an interactive app for persons with
hypertension, methodology for the project, instructions
explaining how to join, and the informed consent. It will be
clearly stated in the invitation letter that participating in the
project is voluntary and does not affect the process of treatment
in the primary care center.

(ie, previous stroke, myocardial infarction, insulin treatment,
and kidney disorders) were suggested by clinicians to exclude
due to having other complications and treatment plans that might
interfere with MA. Excluding all, we have around 12,000
individuals with hypertension in Region Halland who may be
interested in participating.

A week after, the nurse contacts them by telephone regarding
participation in the project. The eligible persons are asked to
join the project for the first step of the project (focus groups)
and will also be invited to join the second step of the project
(pilot intervention) and, if wanted, (only) the third step
(longitudinal study). Furthermore, being able to speak and
understand Swedish and having their own smartphone will also
be inclusion criteria that is checked by the nurse.

Focus Groups

Inclusion Criteria
The inclusion criteria are as follows: (1) aged 40-70 years; (2)
have hypertension diagnosis (ie, International Classification of
Diseases, Tenth Revision [ICD-10] codes from I10 to I16 in
the person’s medical history) for 1 year or more and have
prescribed medications; (3) know Swedish, both spoken and
written; and (4) have own smartphone.

Exclusion Criteria
In order to alleviate the factors that might affect MA and make
it hard to see the effect of the intervention, the following
exclusion criteria were applied based on experts’ knowledge:
(1) receiving medication with unit-dose packaging (Apodos);
(2) previous stroke; (3) myocardial infarction; (4) psychological
disorder or cognitive impairment (ie, ICD-10 codes F01 to F99);
(5) pregnancy-induced hypertension; (6) insulin treatment; or
(7) kidney disease defined as glomerular filtration rate <60
mL/min.
Apodos directly affects MA, especially for the patients with
polypharmacy. Psychological disorders or cognitive impairments
also affect MA directly due to forgetfulness and other factors
related to their disease. We believe this type of patient needs
specific types of interventions and should not be included in
this study. Patients with psychological disorders (ICD-10
F01-F99) will first be excluded based on their medical health
records. Patients with any occurrence of these diagnoses,
anywhere in their histories, will be excluded. Additionally,
though, there might be some cases of psychological disorders
that are not registered in electronic health records as diagnoses.
Hence, after the interested participants show up, we will also
contact the district nurse at the included primary care centers
to detect and exclude if such cases exist in the interested
participants. Pregnancy-induced hypertension is partially
excluded already, since we included only patients who already
have at least 1 year of hypertension. The other exclusion criteria
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Data Collection and Analysis
In the focus groups (both the ones conducted for needs
assessment and the ones for testing the usability and the
translated MUAH-16 questionnaire), approximately 6-8 persons
with hypertension per group are included in a total of 4-5 groups.
The focus groups last approximately 2 hours. Focus groups are
chosen to generate a deeper meaning with varying views through
group discussions [38]. Due to the outbreak of COVID-19, the
possibility of conducting online or telephone focus groups with
2-4 participants is also considered to avoid any possible infection
threat in face-to-face focus groups. In order to measure and
describe the participants’ acceptability and usability testing and
app usage, a semistructured interview guide will be developed
based on a mobile health app usability questionnaire [39] (with
3 subscales: ease of use, interface and satisfaction, usefulness).
The data from the focus groups will be analyzed with qualitative
content analysis and a manifest approach [40].

Longitudinal Study
The data from the participants in the study are sent through their
mobile app to the server, where all the participants’ data is
stored. All the data from the participants are collected via
self-reports and their hypertension-relevant information in the
aggregated health database. The only item that we measure
without the participants’ engagement is if they have seen the
intervention and how long it took to answer the questions. This
information is used to measure the user’s fatigue and
intervention retention and will be used to adapt the interventions.
The effect of the intervention is analyzed statistically using
segmented regression analysis, testing for changes in both the
level and the trend of the outcome.

Intervention Design
The design of the digital intervention module is considered to
follow the just in-time adaptive intervention framework (JITAI).
JITAI is an intervention design aiming to provide the right type
and amount of support at the right time by adapting to an
individual's context [41]. It has potential for promoting health
behavior change, which in our study is supposed to be MA. The
conceptual model of JITAI, including all its components, is
shown in Figure 1 (borrowed from Nahum-Shani et al [41]).
We explain the details of the intervention design following the
JITAI conceptual model.
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Figure 1. Conceptual model of just-in-time adaptive intervention components.

Intervention Options
Intervention options are a set of possible interventions that are
going to be delivered at decision points. In JITAI, intervention
options can be various types of support (information, advice,
feedback, etc), source of support (mobile, nurse, physician, etc),
amounts of support (intensity, dose, etc), and type of media or
channel (phone call, SMS text messaging, etc).
From the conducted literature review, we summarized all types
of digital interventions delivered to individuals with
hypertension as follows: (1) reminders for medication intake
(daily or several times per day depending on the antihypertensive
medication plan), reminders for BP measurement (every 3
months), and reminders for physical activity (biweekly); (2)
informational contents regarding hypertension and all its facts,
consequences, treatments, risks, medications and side effects,
lifestyle, and so on (text, videos, etc)—the prepared
interventions will be based on health care professional advice
plus the reference of webpages for further readings; (3) trends
on medication intake, physical activity, etc in a feedback
motivational message—based on the recent activity of the user,
a feedback motivational message is sent biweekly; and (4)
motivational messages—the relevant messages are phrased in
a motivated manner (eg, regarding smoking, a message like
“Treatment of high blood pressure has a much better effect if
you do not smoke.”).

Distal Outcomes
Distal outcome is the ultimate goal that the intervention is trying
to achieve. In iMedA, we considered primary and secondary
distal outcomes. Primarily, we aim at improving MA. Then, in
the long term, BP is considered as a secondary distal outcome
along with increased quality of life [42], assessment of the
lifestyle behavior (smoking, alcohol consumption, physical
activity, and food intake) [10], and communicative and critical
health literacy [43].
In order to measure MA, we consider the following:
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1.
2.

3.

Self-reported medication intake through the mobile app is
supposed to be collected every day.
MUAH-16 [44] is measured before and after the
intervention. It is a MA questionnaire for hypertension. It
consists of 16 items with four factors: (1) positive attitude
towards health care and medication, (2) lack of discipline,
(3) aversion toward medication, and (4) active coping with
health problems. The items are on a 7-point Likert scale
(1=completely disagree to 7=completely agree). A previous
study [44] had found correlations between adherence and
the MUAH-16 score. Specifically, they found that higher
scores in subscale 1 correlated positively with adherence,
and higher scores on subscale 2 correlated negatively with
adherence.
Pickups from pharmacies will be collected after the
intervention is finished.

BP is to be measured once before the start of the intervention,
at 3 months, and then at 6 months by the recruited nurse.
Health literacy will be measured by the Swedish Communicative
and Critical Health Literacy scale. It consists of 5 items with a
5-point Likert scale [43]. Health status will be measured by
EQ-5D (EuroQol 5-Dimension questionnaire). It consists of 5
areas for covering health, with 5 response alternatives and 1
overall question regarding health (EQ-VAS [EuroQol visual
analogue scale] with score range of 0 to 100) [42]. Both will be
measured before and after the intervention.

Proximal Outcomes
Proximal outcomes are the short-term goals of the interventions.
They can be mediators, intermediate measures, or both for the
distal outcomes. The medication intake is considered to be the
main proximal outcome, which is measured daily. The physical
activity rate, which is measured weekly, is another proximal
outcome.
Since most of the contents are educational, and they try to
increase the hypertension knowledge of the participants, we
will add a proximal outcome to measure how much their
JMIR Res Protoc 2021 | vol. 10 | iss. 5 | e24494 | p. 5
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knowledge has increased. We consider two methods to measure
it. First, after showing the content, we will ask “Did you
know...?”. Second, we will design simple gamification tests to
be presented to the participants biweekly.
To prevent poor adherence to the interventions, it is
recommended to define a few proximal outcomes related to
intervention engagement and fatigue. Therefore, we consider
the number of clicked interventions, dwell time, number of
watched videos, and like/dislike feedbacks for each intervention
as proximal outcomes related to intervention adherence and
retention.

Tailoring Variables
Tailoring variables are information about the participant that is
used to decide when to provide which intervention. In other
words, they are used to personalize the interventions and make
them adaptive to the individual’s circumstances. All proximal
outcomes can serve as tailoring variables. They can be measured
actively, passively, or both. Active assessments require an
individual's engagement in measuring, for example through
self-reports, while passive assessments require minimal or no
individual engagement, for example through a mobile phone’s
sensors.
From baseline information, we can select a few tailoring
variables, including alcohol consumption, smoking, specific
diet, age, and gender, in order to personalize the interventions.
These are considered to be hard-pruning because, with the help
of these baseline tailoring variables, a set of intervention options
are ruled out from the beginning. As an example, if the person
is a nonsmoker, there is no need to motivate him or her to quit
smoking.

Etminani et al
From the MUAH-16 questionnaire, we start to learn more about
an individual’s beliefs, barriers, and behavior about MA. It has
4 subscales regarding (1) positive attitude toward health care
and medication, (2) lack of discipline, (3) aversion toward
medication, and (4) active coping with health problems. Each
subscale contains 4 questions. At the beginning of the
intervention, MUAH-16 questions are used as tailoring variables.
Then, during the intervention period, and based on the
previously delivered informational contents to the individual,
the answers to “Did you know...?” questions will be used as
tailoring variables.

Decision Rules
Decision rules are the adaptation engine of JITAIs. They are
used to determine which intervention option to deliver to whom
and when. They are the links between intervention options and
tailoring variables. Operationally, a JITAI includes a sequence
of decision rules (ie, treatment policies) that take the individual’s
current context as input and specify whether an intervention
should be delivered now and what intervention should be
delivered [45].
Decision rules in iMedA will be probabilistic rules from experts
modified by “suggestions” from reinforcement learning [46].
Reinforcement learning is used to continuously learn and
optimize the treatment policy in JITAI as the individual
experiences the interventions. It automatically “discovers” which
interventions are most successful for which patients by using
statistical machine learning methods.
Since we are using an interrupted time series design, we will
consider the first 14 days after the app installation to be the
preintervention phase (ie, data collection). Figure 2 shows the
flowchart of these initial 14 days in more detail.

Figure 2. An illustration of the preintervention step (ie, the first 14 days). HL: health literacy; MUAH-16: 16-item Maastricht Utrecht Adherence in
Hypertension; QoL: quality of life.

At the beginning of the intervention delivery, the JITAIs will
be delivered based on expert suggestions, taking into account
the answers to the initial questionnaires, to provide baseline
data that a reinforcement learning agent can use to improve
upon without the necessity for a warm-up period characterized
by random interventions. To allow the agent to learn effectively
from collected data, the expert decision rules will be defined in
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a probabilistic manner, allowing off-policy evaluation. The
agent will be built upon a contextual bandit framework that uses
tailoring variables to adaptively suggest interventions to improve
proximal outcomes and, ultimately, distal outcomes. The agent
will optimize the decision rules on a biweekly basis, allowing
evaluation before deployment, as illustrated in Figure 3.
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Figure 3. An illustration of the intervention phase. PA: physical activity; RL: reinforcement learning; RP: random policy.

Contextual Bandit Formulation
The decision rules update is scheduled every 14 days, and the
policy (decision rules) remains unchanged during the 2 weeks
between each update. With the previous data (tailoring variables,
interventions, query-responses) collected, the agent’s policy is
updated to personalize interventions for individual patients. We
formulate the learning of an optimal policy for a given patient
as a stochastic contextual bandit problem. Traditionally, the
problem is specified by a tuple (S, A, R) where S is the context
space (tailoring variables), A is the finite action-space (number
of interventions), and R is the rewards (query-responses). Only
rewards of the chosen action are known to the agent at a decision
point; rewards of other actions are unknown. Through
interactions with the patient, at every decision point at time t,
the agent has a sequence of tuples D = {(S0, A0, R0), (S1, A1,R1),
... , (St−1, At−1, Rt−1)} available to make decisions. D is known
as the interaction history, containing the context and actions
(interventions) chosen by the agent as well as reward received
up until t−1.
We make several simplifying assumptions necessary for optimal
learning:
Assumption 1
The stochastic bandit formulation assumes identically and
independently distributed contexts, therefore action At does not
affect the distribution of future contexts Sτ for τ > t + 1.
https://www.researchprotocols.org/2021/5/e24494
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In simpler terms, the agent does not affect the contexts (tailoring
variables) we observe from patients. The effect of each
intervention is limited in time, such that we can adjust to
changes in behavior gradually.
Assumption 2
The expected reward (query-responses) of an action
(intervention) can be modeled by an arbitrary (often linear)
function f:S × A → R for all t such that the expected (average)
reward for an action in a particular context can be predicted as:

In our formulation, we assume that the context allows an
informative mapping from contexts and actions to reward (ie,
the reward we would receive for an intervention can be predicted
and therefore allows the optimal action to be selected for a
particular context).
We cast the learning of function f(∙) as a binary classification
problem where the probability outputs directly correspond to
the expected reward given context St and action At. At every
decision point t, the agent follows a greedy action selection
strategy, that is, the agent selects action Ai with the highest
predicted reward f(St, Ai) given the current context:
At = πB(St) (2),
where πB is greedy policy, defined as

.
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To facilitate occasional exploration, action At is chosen by an
ε-greedy strategy that randomizes action selection irrespective
of current context with probability ε ∈ (0,1]. At each time step,
either a random action (with probability ε) or the action with
the maximum predicted reward (with probability 1−ε) is chosen.
Policy Update
The policy πB is updated every 14 days using the data collected
by the agent thus far by estimating the parameters of function
f(S, A). To evaluate new and better policies before deployment,
we use importance sampling in combination with the updated
reward predictor f(S, A) to estimate the expected reward under
the new policies. More formally, given a policy πB used to
collect the past data D and the current tuple (St, At, Rt) forming
data set S = D ∪ (St, At, Rt), we estimate the expected reward
of target policy πT in combination with the updated reward
predictor f(S, A), using the doubly robust estimator [47]:

where I(πT(S) = A) is an indicator function, being 1 if action A
is chosen under target policy πT and 0 otherwise.
is the probability of choosing an action under the old policy πB,
which is known. For a set of policies Π, we choose the policy
that maximizes the average policy reward

:

The new policy πnew is then deployed with the ε-greedy strategy.

Decision Points
A decision point is a time when an intervention decision is made.
Considering the nature of JITAIs that are delivered through
mobile devices, decision points occur much more rapidly than
in standard interventions.
In iMedA, every day the intervention is delivered accompanied
by the time of medication intake question (ie, “It is time to take
your medication <medication name>. Did you take it today?”).
If the patient has >1 antihypertensive dose per day, then the
decision point will happen in only one of those reminders.
These daily interventions are chosen from a 14-day intervention
list that the reinforcement learning agent has picked. However,
the decision rules are updated every 2 weeks, meaning that the
reinforcement learning agent will optimize the decision rules
to be adapted to the patient's needs after 14 days of looking into
the patient's behavior.

Sample Size
As a rule of thumb for an interrupted time series, 10
measurement points before and 10 measurements after an
intervention provide 80% power to detect a change in level of
5 standard deviations (of the pre-data) only if the autocorrelation
(ie, the extent to which data collected close together in time are
correlated with each other) is greater than 0.4 [48].
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According to simulations done in Liu et al [49], considering the
trend change B3=0.1 (B2 + B3 = 0.25), where negative values
for the parameters indicate a “decrease” (either level, trend, or
both) after intervention, and positive values indicate an
“increase” after intervention; autocorrelation >0.4; the Poisson
time series; power >0.80; and statistical significance level of
0.05, we need at least 32 participants in the intervention group.
Our plan is to recruit 100 participants to the longitudinal study,
50 in each arm due to attrition rate, specifically during the
COVID-19 outbreak.

Results
We have started the focus groups, although the COVID-19
outbreak is a big roadblock at the moment. The design of the
digital interventions is in progress, and the mobile app will be
ready in November 2020. Then, we are planning to run the pilot
study. After fixing all the probable modifications due to the
pilot evaluations, the longitudinal study will then start in
February 2021. We expect to publish the results of the analysis
in mid-2021.

Discussion
Overview
This study plans to design, develop, test, and evaluate a mobile
app that is personalized and adapted to persons with
hypertension-specific needs and behavior in order to increase
MA. To do so, it is essential that it is based on theoretical
knowledge as well as in contextual settings. Therefore, we start
with a literature review to identify these needs and focus groups
with persons who will use it.
Conducting the focus groups in different ways, both face-to-face
and digital (such as via Skype or telephone) due to the global
COVID-19 situation, might create difficulties recruiting
participants. Using digital means can also increase bias in the
answers and therefore the data. The researchers will make an
effort to encourage the participants to describe their experiences.
When using digital means, fewer participants can be included
each time, which can be positive for some, but it also has a risk
of limited discussion [50]. Conversely, having large groups can
have a negative impact on some participants’ opportunities to
speak [50]. However, using these digital means can also
facilitate conducting the focus groups due to the COVID-19
situation.
Since MUAH-16 items have not been translated, tested, and
used before in a Swedish context, we aim to perform the process
of translation and adaption of this instrument following the
World Health Organization guidelines [51]. The forward
translation and expert panel back-translation steps have been
performed. In order to run the pretesting and cognitive
interviewing, to finalize the final version of MUAH-16, the
focus groups will be conducted after the pilot study to discuss
the items. During the pilot study, the participants are supposed
to receive the MUAH-16 items and answer them via the mobile
app.
Using focus groups both before and after, including persons
with hypertension, will be a strength in the development of the
JMIR Res Protoc 2021 | vol. 10 | iss. 5 | e24494 | p. 8
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content of the app. It has been stated in other focus groups with
persons with hypertension that reminders in an app for MA
could be of a positive nature, but on the other hand, their use
might cause anxiety [52]. This emphasizes the need to involve
persons in the target group in order to develop a personalized
app to strengthen self-care management.

Importance
The intended result of this study is to increase the knowledge
of how an interactive app can support MA in persons with
hypertension. With the increased limit of health care resources,
it is important to use the rapidly growing digital technology to
develop new ways of supporting this population as a
complement to conventional care. Therefore, to design, develop,

Etminani et al
test, and evaluate an interactive app used for 6 months with
different features is of interest to support persons with
hypertension. With different features in an app that is formed
as a personalized means of support, it can increase the users’
MA as well as their likelihood to perform lifestyle changes. It
is essential to develop features that are appropriate and feasible
for the target population in order to conduct a larger study for
evaluating the effect.

Ethical Considerations
This study has been split into smaller studies, for which ethical
approval was given by the Swedish Ethical Review Authority
(Etikprövningsmyndigheten) (2020/04399, 2019/04067, and
2018/294).

Acknowledgments
The project is funded by Vinnova (2017-04617). We would like to thank Johannes van Esch, the research engineer at Halmstad
University, and the staff in Region Halland, specifically Katarina Samskog and Markus Lingman, who have helped us in this
study.

Conflicts of Interest
None declared.

References
1.

2.

3.

4.
5.

6.

7.

8.

9.

10.

11.
12.

Mills KT, Bundy JD, Kelly TN, Reed JE, Kearney PM, Reynolds K, et al. Global Disparities of Hypertension Prevalence
and Control: A Systematic Analysis of Population-Based Studies From 90 Countries. Circulation 2016 Aug 09;134(6):441-450
[FREE Full text] [doi: 10.1161/CIRCULATIONAHA.115.018912] [Medline: 27502908]
Chow CK, Teo KK, Rangarajan S, Islam S, Gupta R, Avezum A, PURE (Prospective Urban Rural Epidemiology) Study
investigators. Prevalence, awareness, treatment, and control of hypertension in rural and urban communities in high-,
middle-, and low-income countries. JAMA 2013 Sep 04;310(9):959-968. [doi: 10.1001/jama.2013.184182] [Medline:
24002282]
Lindblad U, Ek J, Eckner J, Larsson CA, Shan G, Råstam L. Prevalence, awareness, treatment, and control of hypertension:
rule of thirds in the Skaraborg project. Scand J Prim Health Care 2012 Jun;30(2):88-94 [FREE Full text] [doi:
10.3109/02813432.2012.684207] [Medline: 22643153]
Lindholt JS, Søgaard R. Population screening and intervention for vascular disease in Danish men (VIVA): a randomised
controlled trial. Lancet 2017 Nov 18;390(10109):2256-2265. [doi: 10.1016/S0140-6736(17)32250-X] [Medline: 28859943]
Kahan T, Dahlgren H, deFaire U. Moderately elevated blood pressure: A systematic literature review. Report 170/1U.
Stockholm: The Swedish Council on Technology Assessment in Health Care; 2007:1-195 URL: https://www.sbu.se/
contentassets/5e7cc1d364834ec0aa087968f6f9ea5a/Hypertoni_2004_vol2.pdf
Törmä E, Carlberg B, Eriksson M, Jansson J, Eliasson M. Long term trends in control of hypertension in the Northern
Sweden MONICA study 1986-2009. BMC Public Health 2015 Sep 24;15:957 [FREE Full text] [doi:
10.1186/s12889-015-2280-6] [Medline: 26404853]
Forouzanfar MH, Liu P, Roth GA, Ng M, Biryukov S, Marczak L, et al. Global Burden of Hypertension and Systolic Blood
Pressure of at Least 110 to 115 mm Hg, 1990-2015. JAMA 2017 Jan 10;317(2):165-182. [doi: 10.1001/jama.2016.19043]
[Medline: 28097354]
Lewington S, Clarke R, Qizilbash N, Peto R, Collins R. Age-specific relevance of usual blood pressure to vascular mortality:
a meta-analysis of individual data for one million adults in 61 prospective studies. Lancet 2002 Dec 14;360(9349):1903-1913.
[doi: 10.1016/s0140-6736(02)11911-8] [Medline: 12493255]
Rovio SP, Pahkala K, Nevalainen J, Juonala M, Salo P, Kähönen M, et al. Cardiovascular Risk Factors From Childhood
and Midlife Cognitive Performance: The Young Finns Study. J Am Coll Cardiol 2017 May 09;69(18):2279-2289 [FREE
Full text] [doi: 10.1016/j.jacc.2017.02.060] [Medline: 28473132]
The National Board for Health and Welfare. Informationsspecifikation för levnadsvanor, Tobakskonsumtion,
alkoholkonsumtion, fysisk aktivitet och matvanor. 2015 Feb. URL: https://www.socialstyrelsen.se/globalassets/
sharepoint-dokument/artikelkatalog/ovrigt/2015-2-50.pdf [accessed 2019-06-17]
Region Halland, Caregiver Halland. Hypertension. URL: https://terapirek.regionhalland.se/terapirekommendationer/
kapitel-9-%E2%80%A2-hjart-och-karlsjukdomar/hypertoni/ [accessed 2020-09-21]
The Swedish medical products agency. Läkemedelsboken - Hypertoni. URL: https://lakemedelsboken.se/kapitel/hjarta-karl/
hypertoni.html#Hypertoni [accessed 2020-09-21]

https://www.researchprotocols.org/2021/5/e24494

XSL• FO
RenderX

JMIR Res Protoc 2021 | vol. 10 | iss. 5 | e24494 | p. 9
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
13.
14.

15.

16.

17.
18.

19.

20.

21.

22.
23.

24.

25.
26.

27.
28.

29.

30.

31.

32.
33.

WHO. Adherence To Long-term Therapies: Evidence For Action. 2003. URL: http://www.who.int/chp/knowledge/
publications/adherence_report/en/ [accessed 2020-09-21]
Krousel-Wood M, Joyce C, Holt E, Muntner P, Webber LS, Morisky DE, et al. Predictors of decline in medication adherence:
results from the cohort study of medication adherence among older adults. Hypertension 2011 Nov;58(5):804-810 [FREE
Full text] [doi: 10.1161/HYPERTENSIONAHA.111.176859] [Medline: 21968751]
Gale NK, Greenfield S, Gill P, Gutridge K, Marshall T. Patient and general practitioner attitudes to taking medication to
prevent cardiovascular disease after receiving detailed information on risks and benefits of treatment: a qualitative study.
BMC Fam Pract 2011 Jun 26;12:59 [FREE Full text] [doi: 10.1186/1471-2296-12-59] [Medline: 21703010]
Gupta P, Patel P, Štrauch B, Lai FY, Akbarov A, Gulsin GS, et al. Biochemical Screening for Nonadherence Is Associated
With Blood Pressure Reduction and Improvement in Adherence. Hypertension 2017 Nov;70(5):1042-1048 [FREE Full
text] [doi: 10.1161/HYPERTENSIONAHA.117.09631] [Medline: 28847892]
Karakurt P, Kaşikçi M. Factors affecting medication adherence in patients with hypertension. J Vasc Nurs 2012
Dec;30(4):118-126. [doi: 10.1016/j.jvn.2012.04.002] [Medline: 23127428]
Jankowska-Polańska B, Zamęta K, Uchmanowicz I, Szymańska-Chabowska A, Morisky D, Mazur G. Adherence to
pharmacological and non-pharmacological treatment of frail hypertensive patients. J Geriatr Cardiol 2018 Feb;15(2):153-161
[FREE Full text] [doi: 10.11909/j.issn.1671-5411.2018.02.002] [Medline: 29662509]
Yang S, He C, Zhang X, Sun K, Wu S, Sun X, et al. Determinants of antihypertensive adherence among patients in Beijing:
Application of the health belief model. Patient Educ Couns 2016 Nov;99(11):1894-1900. [doi: 10.1016/j.pec.2016.06.014]
[Medline: 27378081]
Obirikorang Y, Obirikorang C, Acheampong E, Odame Anto E, Gyamfi D, Philip Segbefia S, et al. Predictors of
Noncompliance to Antihypertensive Therapy among Hypertensive Patients Ghana: Application of Health Belief Model.
Int J Hypertens 2018;2018:4701097 [FREE Full text] [doi: 10.1155/2018/4701097] [Medline: 30018819]
Laba T, Lehnbom E, Brien J, Jan S. Understanding if, how and why non-adherent decisions are made in an Australian
community sample: a key to sustaining medication adherence in chronic disease? Res Social Adm Pharm 2015;11(2):154-162.
[doi: 10.1016/j.sapharm.2014.06.006] [Medline: 25103184]
Zinat Motlagh SF, Chaman R, Sadeghi E, Eslami AA. Self-Care Behaviors and Related Factors in Hypertensive Patients.
Iran Red Crescent Med J 2016 Jun;18(6):e35805. [doi: 10.5812/ircmj.35805] [Medline: 27621938]
Nair K, Belletti DA, Doyle JJ, Allen RR, McQueen RB, Saseen JJ, et al. Understanding barriers to medication adherence
in the hypertensive population by evaluating responses to a telephone survey. Patient Prefer Adherence 2011 Apr 29;5:195-206
[FREE Full text] [doi: 10.2147/PPA.S18481] [Medline: 21573051]
Conn VS, Ruppar TM, Chase JD, Enriquez M, Cooper PS. Interventions to Improve Medication Adherence in Hypertensive
Patients: Systematic Review and Meta-analysis. Curr Hypertens Rep 2015 Dec;17(12):94. [doi: 10.1007/s11906-015-0606-5]
[Medline: 26560139]
Parati G, Omboni S. Role of home blood pressure telemonitoring in hypertension management: an update. Blood Press
Monit 2010 Dec;15(6):285-295. [doi: 10.1097/MBP.0b013e328340c5e4] [Medline: 21084882]
Demonceau J, Ruppar T, Kristanto P, Hughes DA, Fargher E, Kardas P, et al. Identification and assessment of
adherence-enhancing interventions in studies assessing medication adherence through electronically compiled drug dosing
histories: a systematic literature review and meta-analysis. Drugs 2013 May;73(6):545-562 [FREE Full text] [doi:
10.1007/s40265-013-0041-3] [Medline: 23588595]
Murray M, Wu J, Tu W, Clark DO, Weiner M, Morrow DG, et al. Health literacy predicts medication adherence. Clinical
Pharmacology & Therapeutics 2004 Feb;75(2):P76. [doi: 10.1016/j.clpt.2003.11.288]
Kalichman SC, Ramachandran B, Catz S. Adherence to combination antiretroviral therapies in HIV patients of low health
literacy. J Gen Intern Med 1999 May;14(5):267-273 [FREE Full text] [doi: 10.1046/j.1525-1497.1999.00334.x] [Medline:
10337035]
Sawkin MT, Deppe SJ, Thelen J, Stoner SC, Dietz CA, Rasu RS. Health Literacy and Medication Adherence Among
Patients Treated in a Free Health Clinic: A Pilot Study. Health Serv Res Manag Epidemiol 2015;2:2333392815589094
[FREE Full text] [doi: 10.1177/2333392815589094] [Medline: 28462257]
Ruppar TM, Dobbels F, Lewek P, Matyjaszczyk M, Siebens K, De Geest SM. Systematic Review of Clinical Practice
Guidelines for the Improvement of Medication Adherence. Int J Behav Med 2015 Dec;22(6):699-708. [doi:
10.1007/s12529-015-9479-x] [Medline: 25805550]
Scala D, Menditto E, Caruso G, Monetti VM, Orlando V, Guerriero F, et al. Are you more concerned about or relieved by
medicines? An explorative randomized study of the impact of telephone counseling by pharmacists on patients' beliefs
regarding medicines and blood pressure control. Patient Educ Couns 2018 Apr;101(4):679-686. [doi:
10.1016/j.pec.2017.12.006] [Medline: 29249596]
Sweden Internet Users. 2016. URL: https://www.internetlivestats.com/internet-users/sweden/ [accessed 2020-09-21]
Etminani K, Tao Engström A, Göransson C, Sant'Anna A, Nowaczyk S. How Behavior Change Strategies are Used to
Design Digital Interventions to Improve Medication Adherence and Blood Pressure Among Patients With Hypertension:
Systematic Review. J Med Internet Res 2020 Apr 09;22(4):e17201 [FREE Full text] [doi: 10.2196/17201] [Medline:
32271148]

https://www.researchprotocols.org/2021/5/e24494

XSL• FO
RenderX

Etminani et al

JMIR Res Protoc 2021 | vol. 10 | iss. 5 | e24494 | p. 10
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
34.
35.

36.

37.
38.
39.

40.
41.

42.
43.
44.

45.
46.
47.
48.

49.

50.
51.
52.

Etminani et al

Bartholomew ELK, Markham CM, Ruiter RAC, Fernandez ME, Kok G, Parcel GS. Planning Health Promotion Programs:
An Intervention Mapping Approach, 4th Edition. Hoboken, NJ: Wiley; 2016.
Wagner AK, Soumerai SB, Zhang F, Ross-Degnan D. Segmented regression analysis of interrupted time series studies in
medication use research. J Clin Pharm Ther 2002 Aug;27(4):299-309. [doi: 10.1046/j.1365-2710.2002.00430.x] [Medline:
12174032]
Kontopantelis E, Doran T, Springate DA, Buchan I, Reeves D. Regression based quasi-experimental approach when
randomisation is not an option: interrupted time series analysis. BMJ 2015 Jun 09;350:h2750 [FREE Full text] [doi:
10.1136/bmj.h2750] [Medline: 26058820]
Brink PJ, Wood M. Advanced design in nursing research. Thousand Oaks, CA: SAGE; 1998:84-88.
Kitzinger J. The methodology of Focus Groups: the importance of interaction between research participants. Sociol Health
& Illness 1994 Jan;16(1):103-121. [doi: 10.1111/1467-9566.ep11347023]
Zhou L, Bao J, Setiawan IMA, Saptono A, Parmanto B. The mHealth App Usability Questionnaire (MAUQ): Development
and Validation Study. JMIR Mhealth Uhealth 2019 Apr 11;7(4):e11500 [FREE Full text] [doi: 10.2196/11500] [Medline:
30973342]
Graneheim UH, Lundman B. Qualitative content analysis in nursing research: concepts, procedures and measures to achieve
trustworthiness. Nurse Educ Today 2004 Feb;24(2):105-112. [doi: 10.1016/j.nedt.2003.10.001] [Medline: 14769454]
Nahum-Shani I, Smith SN, Spring BJ, Collins LM, Witkiewitz K, Tewari A, et al. Just-in-Time Adaptive Interventions
(JITAIs) in Mobile Health: Key Components and Design Principles for Ongoing Health Behavior Support. Ann Behav
Med 2016 Sep 23:446-462. [doi: 10.1007/s12160-016-9830-8] [Medline: 27663578]
EuroQol Group. EQ-5DTM Hälsoenkät svensk version för Sverige (Swedish version for Sweden) v2. 2010. URL: http:/
/ssas.se/files/score_shoulder/EQ_5D-5L.pdf [accessed 2020-09-21]
Wångdahl JM, Mårtensson LI. The communicative and critical health literacy scale--Swedish version. Scand J Public Health
2014 Feb;42(1):25-31. [doi: 10.1177/1403494813500592] [Medline: 23982461]
Cabral AC, Castel-Branco M, Caramona M, Fernandez-Llimos F, Figueiredo IV. Developing an adherence in hypertension
questionnaire short version: MUAH-16. J Clin Hypertens (Greenwich) 2018 Jan;20(1):118-124 [FREE Full text] [doi:
10.1111/jch.13137] [Medline: 29171719]
Liao P, Greenewald K, Klasnja P, Murphy S. Personalized HeartSteps: A Reinforcement Learning Algorithm for Optimizing
Physical Activity. Proc ACM Interact Mob Wearable Ubiquitous Technol 2020 Mar 18;4(1):1-22. [doi: 10.1145/3381007]
Sutton RS, Barto AG. Reinforcement Learning: An Introduction. Second Edition. Cambridge, MA: MIT Press; 2018.
Dudík M, Langford J, Li L. Doubly robust policy evaluation and learning. 2011 Jun 02 Presented at: ICML'11: 28th
International Conference on International Conference on Machine Learning; June 2011; USA p. 1097-1104.
Ramsay CR, Matowe L, Grilli R, Grimshaw JM, Thomas RE. Interrupted time series designs in health technology assessment:
lessons from two systematic reviews of behavior change strategies. Int J Technol Assess Health Care 2003;19(4):613-623.
[doi: 10.1017/s0266462303000576] [Medline: 15095767]
Liu W, Ye S, Barton BA, Fischer MA, Lawrence C, Rahn EJ, et al. Simulation-based power and sample size calculation
for designing interrupted time series analyses of count outcomes in evaluation of health policy interventions. Contemp Clin
Trials Commun 2020 Mar;17:100474. [doi: 10.1016/j.conctc.2019.100474] [Medline: 31886433]
Gill P, Stewart K, Treasure E, Chadwick B. Methods of data collection in qualitative research: interviews and focus groups.
Br Dent J 2008 Mar 22;204(6):291-295. [doi: 10.1038/bdj.2008.192] [Medline: 18356873]
World Health Organization. Process of translation and adaptation of instruments. 2009. URL: http://www.who.int/
substance_abuse/research_tools/translation/en [accessed 2020-09-21]
Morrissey EC, Casey M, Glynn LG, Walsh JC, Molloy GJ. Smartphone apps for improving medication adherence in
hypertension: patients' perspectives. Patient Prefer Adherence 2018;12:813-822 [FREE Full text] [doi: 10.2147/PPA.S145647]
[Medline: 29785096]

Abbreviations
BP: blood pressure
EQ-5D: EuroQol 5-Dimension questionnaire
EQ-VAS: EuroQol visual analogue scale
ICD-10: International Classification of Diseases, Tenth Revision
JITAI: just-in-time adaptive intervention
MA: medication adherence
MUAH-16: 16-item Maastrict Utrecht Adherence in Hypertension

https://www.researchprotocols.org/2021/5/e24494

XSL• FO
RenderX

JMIR Res Protoc 2021 | vol. 10 | iss. 5 | e24494 | p. 11
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS

Etminani et al

Edited by G Eysenbach; submitted 25.09.20; peer-reviewed by RJ Katz, R Krukowski; comments to author 12.10.20; revised version
received 05.11.20; accepted 17.03.21; published 12.05.21
Please cite as:
Etminani K, Göransson C, Galozy A, Norell Pejner M, Nowaczyk S
Improving Medication Adherence Through Adaptive Digital Interventions (iMedA) in Patients With Hypertension: Protocol for an
Interrupted Time Series Study
JMIR Res Protoc 2021;10(5):e24494
URL: https://www.researchprotocols.org/2021/5/e24494
doi: 10.2196/24494
PMID:

©Kobra Etminani, Carina Göransson, Alexander Galozy, Margaretha Norell Pejner, Sławomir Nowaczyk. Originally published
in JMIR Research Protocols (https://www.researchprotocols.org), 12.05.2021. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Research Protocols, is
properly cited. The complete bibliographic information, a link to the original publication on https://www.researchprotocols.org,
as well as this copyright and license information must be included.

https://www.researchprotocols.org/2021/5/e24494

XSL• FO
RenderX

JMIR Res Protoc 2021 | vol. 10 | iss. 5 | e24494 | p. 12
(page number not for citation purposes)

