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Abstract

Background: Mobile health (mHealth) interventions are prevalent, yet people from marginalized communities are less likely
to use digital health technologies to support self-management behaviors. Community engagement can inform health care
design to enhance a hypertension self-management mHealth intervention.

Objective: We applied human-centered design (HCD) to determine appropriate iterations of an existing hypertension
intervention.

Methods: Through an equity-focused, community-centered approach, we strove to optimize an mHealth app. We used
validated theories and frameworks as well as an HCD methodology organized into three fundamental design skills: (1) methods
to directly observe user experiences, (2) methods to analyze barriers to ideal intervention use, and (3) methods to design future
iterations.

Results: In October 2023, we conducted a series of HCD activities with a community advisory board (n=8) to refine an
mHealth intervention for hypertension. Participants tested app prototypes with blood pressure monitors and suggested content
modifications to enhance intervention fidelity. Among 6 participants, usability testing scored 67.5 (benchmark 68, “above
average”), with all users finding the tool easy to use. Feedback identified critical needs, barriers, and work-arounds for future
mHealth iterations.

Conclusions: This study was a novel use case example of HCD as a patient-centered methodology to improve a hypertension
management tool.
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Introduction

Hypertension is a public health crisis and is a leading
modifiable cause of cardiovascular disease (CVD) world-
wide [1,2]. Control of hypertension in the United States
plateaued over a decade ago, and current recommendations of
blood pressure (BP) of less than 130/80 mm Hg are ach-
ieved by only 19% of patients [3-5]. Furthermore, popula-
tions experiencing social and structural inequities (eg, due
to race) face significant disparities in clinical outcomes
[6]. Race-based differences in hypertension self-management
may exacerbate preventable health disparities in stroke,
kidney disease, atherosclerosis, and mortality [7]. Profes-
sional society guidelines prioritize nonpharmacological and
behavioral interventions for adults with elevated BP and
hypertension and advocate for implementation strategies to
overcome race-based disparities [8,9]. Behavioral strategies
for monitoring and managing BP can moderate the progres-
sion of hypertension and potentially address disparities.

Newer research has shown that mobile health (mHealth)
technologies can yield meaningful health behavior change.
Technology-based behavior change interventions can
demonstrate measurable and clinically meaningful effects.
When used for chronic disease management practices, they
can be engaging and easily adopted in some patient popu-
lations [10]. Successful self-management technologies can
include individualized, patient-facing content [11,12], such
as mHealth virtual coaches that provide lifelike, digital
education, monitoring, and problem-solving [13-17]. mHealth
has emerged as a scalable technological advance to sup-
port behavior change for hypertension self-management
[18,19]. The popularity of mHealth for hypertension and
CVD management is rising in part because smartphone use
has become nearly ubiquitous [20]. However, a divide in
health care and technology access across race, ethnicity,
economic status, geography, and education levels remains
[21], potentially perpetuating health care inequity [22,23].
Despite the prevalence of mHealth interventions, people from
marginalized communities, including Black people, are less
likely to use digital health technology to support self-manage-
ment behaviors [24,25]. Community engagement [26] and
community-based approaches can be important when tailoring
technological interventions to meet the needs of unique
patient populations [27,28].

Self-management behaviors for hypertension are central
to the prevention of comorbid disease [29]. The targe-
ted behaviors should include home BP monitoring, medica-
tion adherence, and lifestyle modifications such as healthy
nutrition and physical activity [30]. Our group’s preliminary
mHealth work demonstrated the usefulness of a bespoke
virtual mHealth coach among participants with CVD. In a
pilot study (n=120), our group showed that our mHealth
tool was feasible, acceptable, and engaging for partici-
pants, the majority of whom were White with moderate
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incomes [19]. Although this intervention was designed
to be patient centered, preliminary testing had not been
conducted among a diverse patient population. What is
unknown is whether and how such tools can be useful
and optimized in sociodemographically diverse populations
[10,31]. Optimizing our existing mHealth tool for hyperten-
sion will allow further development using validated, patient-
centered, theory-informed behavioral methodology among
racially minoritized populations, including Black patients.
This study was part of a larger research project designed
to inform hypertension management for an underserved
patient population. The overall research goal was to empower
individuals from marginalized backgrounds to develop an
acceptable technological tool for hypertension self-manage-
ment. The project was informed by a community advi-
sory board (CAB) as a validated approach to intervention
design. We used human-centered design (HCD) to engage
the CAB in testing the existing mHealth tool and guide
iterative changes [32]. To supplement our HCD activities,
we used the validated Framework for Reporting Adaptations
and Modification to Evidence-Based Interventions (FRAME)
model to document details of proposed modifications to track
when, how, and why modifications were being suggested
[33]. Through our community-informed HCD approach,
we sought to ensure that our intervention captured the
needs, preferences, and capabilities of our population of
focus. Thus, in this study, we hypothesized that through an
iterative, community-informed approach, we could enhance
a hypertension mHealth self-management intervention to
facilitate use among racially minoritized patients at risk for
hypertension disparities.

Methods

Group Members

Community partners and people living with hypertension
were integral to guiding this user-centered process. Commun-
ity-based methods have been described by others as critical
to designing interventions that are informed by feedback
from community partners, including people with the condition
of interest, advocates, and community leaders [34]. AJ,
EM, and JB had previously worked together to establish a
CAB that would guide research goals, including the HCD
activities, dissemination of research findings, and partici-
pation in community events. The CAB included racially
diverse individuals from Black, White, and Asian back-
grounds. Several CAB members had self-described hyper-
tension or CVD. They resided in urban communities with
high economic adversity and included community leaders
involved in neighborhood-level transformation. Eight CAB
members participated in the HCD activities described herein.
The participants were included through convenience sampling
based on their availability to attend the HCD session. Table 1
provides details about the HCD session participants.
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Table 1. Session attendees.
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Participant

Expertise

21-y-old Black man
21-y-old Black woman
60-y-old Black man
38-y-old Black woman
57-y-old White man

Community activist and has participated in HCD? previously
Master’s student in public health

Living with chronic illness and has hypertension

Works in health professions and has parents with hypertension

Retired primary school teacher in disenfranchised school system and has

hypertension

35-y-old Black man

19-y-old Asian woman
52-y-old Black man

Living in a racially segregated neighborhood and has hypertension

Health professions student and has parents with chronic illness
Community activist and has hypertension

4HCD: human-centered design.

The Existing mHealth Tool

Our mHealth virtual tool facilitates human-device interac-
tion and is delivered via a smartphone app. The program
incorporates one-on-one coaching and education modules
to support behavior change, self-management, medication
adherence, and improved quality of life. The patient engages
with the smartphone app by selecting options on the touch
screen as shown in Figure 1. By choosing responses, patients
“converse” with a virtual health coach and develop a
therapeutic alliance. The program can record responses to

simulate a 2-way conversation. As patient self-monitoring
works best when paired with counseling and education [35],
our mHealth tool was created to integrate home BP monitor
use with educational components to teach patients how to
track their BP data. The intervention tested in the present
study included (1) patient-centered strategies to address
barriers to treatment adherence, (2) disease-specific educa-
tion, and (3) self-management strategies, including guided
physical exercise, heart-healthy diet, and stress mitigation.

Figure 1. Example screenshots of the intervention. The app is a virtual coaching platform that allows users to perform blood pressure measurements
via Bluetooth. Users can view readings and historical data. Educational modules feature several topics relevant to hypertension management and
lifestyle modification. (A) “Conversation” with the coach in which she introduces herself to the patient. (B) Menu of educational topics. (C) Example

patient data with 2-wk trends of recent blood pressure readings.
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HCD Activities

We applied HCD to determine appropriate iterations of the
existing intervention that would encourage lifestyle modifica-
tions and self-management behaviors among Black patients
with hypertension. Through an equity-focused, commun-
ity-centered approach, we strove to optimize an existing
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intervention to achieve participant consensus [36]. Table
2 includes the HCD elements incorporated into our theory-
driven approach. The LUMA Institute is a design firm
specializing in a “practical, flexible and versatile approach”
to HCD methodology [37]. Their HCD process includes
a proprietary set of 36 methods organized into three

JMIR Form Res 2026 | vol. 10 1 77631 | p. 3
(page number not for citation purposes)


https://formative.jmir.org/2026/1/e77631

JMIR FORMATIVE RESEARCH

fundamental design skills: (1) looking methods to directly
observe user experiences in real time; (2) understanding
methods to analyze barriers to ideal intervention use; and
(3) making methods to design future iterations [37]. We
sequentially used activities from each of the 3 groups of
fundamental skills to encourage a thorough, multifaceted
discussion. The sessions were moderated by AJ, a LUMA-
certified HCD practitioner.

Our goal was to take the existing mHealth tool and
progressively apply HCD methods, beginning with looking
methods. The “that’s on your radar” activity encouraged
session participants to categorize and rank the essential
requirements for hypertension management. Next, “think-
aloud testing” allowed participants to envision ways BP
monitoring can be improved while audibly describing the
process of using the intervention. This step was an oppor-
tunity to reveal flaws or inefficiencies in the mHealth tool
design. The third looking method, “critiquing the system,”
was built upon think-aloud testing by providing a forum
for constructive feedback. Participants critically appraised
the current ways in which hypertension is managed with
our existing tool, with particular attention to barriers to and
facilitators of self-management. We followed the critiquing
step with the validated System Usability Scale [38] to score
key aspects, including ease of use, technical difficulty, and

Table 2. Session activities.

Johnson et al

one’s confidence in using the tool. The System Usability
Scale includes 10 questions answered on a Likert scale,
ranging from 1 (strongly disagree) to 5 (strongly agree) [38].
Survey responses were deidentified. Our next activity was
an understanding method to frame participants’ experiences
with hypertension management, called the “importance and
difficulty matrix.” Another understanding method, “rose,
thorn, bud,” encouraged participants to describe aspects as
positive, negative, or having potential (a rose, thorn, or bud,
respectively). Finally, we used the “cover story” activity as
our making method for envisioning future possibilities of
hypertension management.

Attendees had access to working BP monitors and a
beta version of the intervention app on study smartphones.
Session activities are described in Table 2, in which rele-
vant FRAME process elements are also explained. The HCD
process allowed the group to progressively work through each
specially designed activity with naturally occurring moments
of ideation, wherein thoughts were discussed and elabora-
ted upon. Additionally, the process allowed the group to
concentrate on concepts that required deeper exploration or
more intense focus while testing out the tool in real time.
Figure 2 visually represents the HCD process for ideation,
testing, and optimizing an effective hypertension management
tool.

Activity HCD? method Possible adaptations and modifications Emergent themes relating to self-care
What’s on * Looking method » Facilitated discussions of the contexts in * Positive and negative attitudes about physical
your radar

o Encourages
participants to
creatively
describe the
scope of a
situation (in
this case, BPb

management)

Think-aloud
testing

* Looking method

¢ Encourages
participants to
evaluate a process and
provide constructive
feedback

* Session was audio
recorded

which one manages BP

Aspects of BP management most related to
fidelity were plotted in the center of the
diagram

Proposed modifications to the intervention
included categorization into 1 of 5 topics:
patient-related factors, clinician-related
factors, access to health care or mHealth®,
behavior, and technology use

Significant components of BP management
included self-care, education, and behavior
change

Use of intervention prototype facilitated
discussions of possible content
modifications

Participants overall found the process of BP
monitoring satisfactory

Proposed modifications included cultural
adaptations (what the virtual coach looks
like)

Suggested modifications regarding cost and
access (making the tool affordable and
accessible) were discussed

activity

Negative attitudes about the health care
industry and patient-physician relationships
Beliefs about one’s ability to control health
behaviors including sleep, diet, physical
activity, and mental health

Positive attitudes about self-care

Norms about self-care

Beliefs and perceived power

Related being able to control one’s BP
Perceived power about education through the
mHealth tool versus other modalities
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Activity HCD? method Possible adaptations and modifications Emergent themes relating to self-care
Critiquing the * Looking method * Survey results revealed that improvements * Participants were asked if other people would
system * Encourages could be made to module integration be able to learn to use this system very quickly:
participants to critique * All but 1 participant found the intervention responses were neutral
the system or process cumbersome to use * Thinking of others who would use this mHealth
e Participants completed tool could normalize BP self-care behaviors
a survey to assess
usability
Importance ¢ Understanding method  Facilitated discussion of how important * Subjective norms were emphasized, including
and * Allows for thoughtful or difficult modifications to the mHealth the need for behavior change and stress
difﬁ‘f‘ﬂty framing and intervention might be. mitigation
matrix understanding of * Modifications that were both important and * Perceived power was reflected in the
patterns and priorities difficult were considered strategic priorities participants’ view that BP management should
about BP management for future mHealth interventions: Building become habitual
trust in technology, actualizing what one’s
BP numbers mean, and understanding how
behaviors affect BP
* Accessing the mHealth tool and improving
knowledge were considered high-value
modifications
Rose, thorn, * Understanding method * Process of BP monitoring could be * Positive attitudes included improving BP for a
bud * Allows participants modified so that self-management is less of healthier, longer life
to understand and a hassle * Having hypertension is common and could be
characterize * The intervention could be modified to addressed at the community level
* BP management provide direct feedback on whether the BP * Control beliefs regarding abnormal BP
* Technique identified readings are normal and how to respond to readings often lead to uncertainty or fear
factors of the abnormal results * Perceived power was described regarding being
intervention as » Potential modifications (eg, increased able to take action on one’s hypertension
positive, negative, or educational modules) to mHealth would
having potential help overcome health disparities
Cover story . . .

Making Method

* Encourages the design
of a future tool

with discussion of the
required actions for
the intervention to

thrive

Modifications (eg, facilitation of blood
pressure management with clinicians) for
successful future of BP management could
lead to thriving communities and health

equity

Leading heart-healthy lifestyles has
implications for neighborhoods as well as
individuals

mHealth tools could facilitate health equity,
which would in turn lead to longer, happier
lives

Positive findings would benefit society

2HCD: human-centered design.
bBP: blood pressure.
°mHealth: mobile health.
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Figure 2. Human-centered design (HCD) process. This figure depicts the human design workflow using LUMA’s looking, understanding, and
making methods in which the intervention underwent critiques from the community advisory board members. Outcomes of the ideation and testing
process included narrative descriptions of patterns, qualitative assessment of priorities, and appreciation of intervention usability. The end result was a
description of a potential future successful hypertension intervention for this patient population.

Looking Understanding Making
Community
Advisory
Board .
Ideation Testing
HCD
Outcomes:
o g 4. Fidelity 7. Successful
2. Challenges T3
P 5. Acceptability 8. Future
3. a.tte.rr.ls 6. Usability 9. Potential
4. Priorities

Theory-Informed Intervention
Assessment

In addition to the HCD activities, we used validated
frameworks to complement the assessment of the end
user experience. The FRAME method includes document-
ing details of proposed modifications to track when, how,
and why modifications are being suggested [33]. We
were particularly interested in modifications relevant to
digital equity in mHealth interventions, including increased
accessibility and usability [25]. Additionally, we used the
Theory of Planned Behavior to conceptualize evidence-based,
clinically meaningful behavior change techniques to enhance
the intervention. Compared to other theories used to guide
mHealth interventions for chronic disease self-management,
the Theory of Planned Behavior features validated constructs
for designing, implementing, and evaluating interventions and
has been shown to be effective in hypertension management
[39,40]. Our work was also informed by the recommended
health behaviors identified in the American Heart Associa-
tion’s Life’s Essential Eight schema, including physical
activity and a heart-healthy diet [41]. These frameworks
facilitated our understanding of possible ways to optimize our
intervention.

Anticipated Observations

As this was a formative process, we hoped to gain impor-
tant insight for future iterations of the mHealth intervention.
Direct observation allowed the session leaders to document
the interplay of people, objects, and tools while completing
the session activities. Therefore, target outcomes included
observations of processes and themes that would be used
to enhance future design efforts. Parts of the sessions were
photographed or audio recorded and transcribed. The goals
of our observations were to understand needs, barriers, and
work-arounds to be optimized in future intervention design.

Data Analysis

We used qualitative methodology to interpret the study
observations. Audio data were recorded using a digital

https://formative jmir.org/2026/1/e77631

recording device, transcribed verbatim, and coded by
AJ. Confidentiality, transparency, and verbal consent to
record were established before activities. Deductive coding
summarized qualitative themes based on the overarching
research goals as reflected in the HCD methodology. During
coding, unique observations were added to the predefined
categories, such that the analysis also allowed for an inductive
analytical process where appropriate. Summarized data across
all activities were entered into a single matrix organized by
possible future intervention iterations and self-care goals.
Co-authors met to review the matrix, identify themes and
unique insights across activities, and contextualize themes
for clinical relevance and design implications. Disagreements
were adjudicated until consensus was reached. Addition-
ally, co-authors reviewed figures to ensure transparency
and accuracy based on the HCD activities that occurred.
Descriptive data are listed, and we provide the calculated
usability survey results, including mean scores, SDs, and total
scores for each respondent.

Ethical Considerations

This study underwent ethical review by the University of
Pittsburgh Institutional Review Board and was determined
not to be human subjects research, and therefore, informed
consent was not required. CAB members were compensa-
ted US $500 after their 12-month involvement with the
advisory board’s overarching research program. For CAB
member privacy and confidentiality, data were deidentified
prior to analysis as a protective measure to safeguard personal
information.

Results

Group Members

In October 2023, we met to conduct HCD activities
for optimization of the hypertension management mHealth
intervention. The meeting’s 8 attendees were CAB members
aged 19 to 60 years and included 3 (38%) women and 5
(63%) men. Six (75%) of the attendees self-identified racially
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as Black, and all self-identified as advocates for health
concerns related to the Black community (Table 1).

HCD Activities
Looking: Methods to Observe User
Experiences

The first activity, “what’s on your radar?” encouraged
participants to contextualize important aspects of BP

Johnson et al

monitoring and hypertension self-management as shown in
Figure 3. Participants categorized components of hyperten-
sion management according to their relevant contexts, such as
patient-related behavioral aspects, including eating a healthy
diet. Components of hypertension management were also
prioritized as being of high, medium, or low importance.

Figure 3. Looking activity—What’s on your radar? Participants categorized components of hypertension management and prioritized them as being

of high, medium, or low importance.

Personal

Doctor

Money
making

Contribution to
future research

Risk
factors

Using Education

tools \

Implementation
research

Exercise

Access

Sleep

Behavior

In the next activity, “think-aloud testing,” participants
used prototypes of the intervention and were able to
narrate potential modifications to the intervention’s content,
interface, and operation. This session was audio recorded and
transcribed to assess themes of observed user experiences.
All proposed modifications were proactive, meaning that they
would be optimizations to the existing mHealth tool, thereby

Table 3. Results from think-aloud testing.

encouraging intervention fidelity [33]. Using the Theory of
Planned Behavior, participants’ attitudes, subjective norms,
control beliefs, and perceived power were elicited through
guided questions from the session moderator (AJ) [39]. Table
3 includes quotes from the recorded session with connections
to possible mHealth design elements.

Quote Interpretation

Design implications [25,36]

Man 1: I was expecting [the virtual health coach in the app] B
to say something and she didn’t... then for her to say,

“We’re excited about the progress that we’re making.”

First... what progress?... we moved right away to come into

the self care section and the scripting here seems to assume

that someone is going to go through the topics in order... It .
seems out of context.

Man 2: It should simply tell you. It should start at the
beginning... She’s just making assumptions that we know...
there needs to be a clear order of how to progress through
the thing.

Man 2: Stress?... is that like environmental stress? Like .
outside? Working out? Traffic?

The participant expresses some
confusion about the sequence of

the next.

The virtual health coach describes
the effect of stress on BPb, but the

Older adults may have significant difficulty with
mHealth?, especially when conversational agents
do not communicate in natural conversation styles.

dialog as he goes through the
educational segments.

Later, other participants also
describe a lack of clear

progression from one subject to

Stress mitigation is an important feature of
smartphone apps to manage hypertension.

participant reports that the type of

stress is not clear.

https://formative.jmir.org/2026/1/e77631
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Quote

Interpretation

Design implications [25,36]

Woman 1: I think like the topics are helpful. They’re very
related... And all of the stuff they talk about and each of the
topics were also very relevant [to BP].

Woman 2: then this doctor was saying that like wait... is she
a doctor?

Man 3: And every time I hear that she learned something
from somebody... I thought she was somebody that had
credentials. I don’t know.

Woman 2: I thought that she was a doctor. But then she’s
not really dressed like a doctor.

Man 3: I mean I guess you know this app is made for
people to learn about the subject. So you know I feel like I
could just like just get to the point. I could just Google the
stuff too... you would have to be very motivated to stick
with it.

Man 2: She’s mentioning someone named Paul. We have
no idea who Paul is so...

Man 1: “Sometimes I am reminded that if Paul is not
having symptoms, his blood pressure is still high.” And I
should care because???

Man 3: I feel like the personal appearance of somebody to
make them more relatable is pretty relative to the person
using it though.

Man 4: 138 over 88. 1 mean I know it’s high. It’s definitely
elevated. But what does this mean and what does that
mean? That’s what I always wanted to know... If like she
says your blood pressure is elevated what should you do
about it?

Woman 2: Sometimes I wonder what the numbers mean. I
think it’s cool to know, to have that information.

Man 5: But it’s about access. It’s a 100 dollar thing [BP
monitor].

Man 1: Fixed income. You gonna beat yourself and pay for
pills or buy a new monitor?

The participant appreciates that
the included topics are useful

and related to hypertension
self-management.

Two participants discuss
confusion about the virtual health
coach’s credentials. They describe
wanting to trust the coach but are

unsure if she is trustworthy.

The participant describes that if
the goal is to gain knowledge,
there are easier, less cumbersome

ways to achieve that goal.

The participants describe
confusion about parts of the
virtual health coach’s dialogue.
They express frustration that some
parts of the conversation do not
feel relevant.

The participant describes

the importance of cultural
representation in the virtual health
coach but recognizes that diverse
end users would each require
something different.

The participants react to their

BP readings and express not
understanding what the numbers

mean.

The participants describe potential
difficulty with high costs and a
lack of access to mHealth tools in
addition to the requirements such

as medication.

C

Transparency and trust are important, especially
among racially minoritized or marginalized groups.
Knowing the credentials of the person delivering
information is key. Occupation-specific attire can
improve credibility.

Researchers and designers may have a perspective
of what constitutes a valuable insight that differs
from the perspective of the end user.

Physical attributes and conversation style could be
optimized to reflect the end user. However, design
experts suggest that trust and credibility are more
likely gained from the system’s professionalism
and knowledge.

The mHealth system should provide suitable
education, personal feedback, and interaction
reflective of disease severity. If critical findings
occur, there should be a mechanism to
communicate with relevant medical professionals.

Barriers to accessing technology can lead to a
“digital divide” in which people from marginalized
backgrounds are not able to benefit from mHealth.
Technological advances should be designed for
easy implementation into various communities.

3mHealth: mobile health.
bBP: blood pressure.
“Not applicable.

Furthermore, participants completed the “critiquing the
system” activity. Figure 4 shows a summary of usability
results from the 6 (75%) participants who completed the
usability survey. Table 4 presents individual responses to the

usability survey.

68 are considered

“above average.” Our participants’ total

scores ranged from 52.5 to 80, with a group average of 67.5
(SD 11.4). All participants rated the intervention as “easy
to use.” Participants reported low technical difficulty and a

moderate level of self-confidence in using the intervention.

Overall, the group found the mHealth tool to be of average
usability. Per the survey’s scoring system, total scores above

https://formative jmir.org/2026/1/e77631
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Figure 4. Summary of usability results. Participants found the tool to be about average in overall usability. Specifically, the tool was rated as easy to
use, with low technical difficulty. Participants ranged in their confidence of using the intervention, with scores of 2 to 5, average 3.3. To calculate the
total score for each respondent: for odd-numbered questions, subtract 1 from the response; for even-numbered questions, subtract the response from

5. Then, add the scores for all ten questions to calculate the total score out of 100 [38].

Total score
90

80 °

70

60
50
40

30

Participant number 1 2 3 4 5
Usability score 525 65 57.5 70 80

Table 4. Individual participant results from system usability survey.
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Participant Participant Participant Participant Participant Participant Response?,

Question 1 2 3 4 5 6 mean (SD)
I think that I would like to use this system frequently. 2 4 3 3 4 4 3.3(0.82)
I found the system unnecessarily complex. 3 2 3 1 2 1 2 (0.89)

I thought the system was easy to use. 4 4 3 4 5 4 4(0.63)

I think that I would need the support of a technical 2 2 1 1 1 1 1.3 (0.52)
person to be able to use this system.

I found the various functions in this system were well 3 3 4 3 4 4 3.5(0.55)
integrated.

I thought there was too much inconsistency in this 3 3 3 2 1 1 2.2 (0.98)
system.

I would imagine that most people would learn to use 2 4 3 3 4 4 3.3(0.82)
this system very quickly.

I found the system very cumbersome to use. 3 4 3 3 1 3(1.1)

I felt very confident using the system. 3 3 3.3(1.03)
I needed to learn a lot of things before I could get going 2 3 3 1 2(0.89)
with the system.

Calculated total score 52.5 65 57.5 70 80 80 67.5(114)

4To calculate the total score for each respondent: for odd-numbered questions, subtract 1 from the response; for even-numbered questions, subtract
the response from 5. Then, add the scores for all 10 questions to calculate the total score out of 100 [38].

Understanding: Methods to Analyze Barriers to
Ideal Intervention Use

The “importance and difficulty matrix” activity encour-
aged participants to thoughtfully describe perceived patterns
and priorities about hypertension management. During this
activity, the moderator and participants used a whiteboard
to create a poster with a 2x2 table. Four quadrants were
drawn with axes representing the importance (high vs low) of
each aspect of hypertension management, as well as difficulty
(high vs low). Figure 5 is a reproduction of the original
table created from the whiteboard and handwritten sticky
notes. Participants identified partnership as one aspect of
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hypertension management that is both low difficulty and low
importance. Participants discussed that partnership between
patient and physician should be easily accomplished but did
not feel that it was as important as other concepts that were
identified by the group. This low importance, low difficulty
quadrant is labeled as “targeted” because these are the simple
tasks that are achieved with little thought or effort. The upper
left quadrant contains “luxurious” aspects that are costly with
little return. The group felt that exercising belonged in this
high difficulty, low importance quadrant. The upper right
features “strategic” aspects that produce big results via large
effort. Finally, the “high value” quadrant features relatively
lower effort items with high impact. Some complementary
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concepts were felt by the group to be of high value,
including trusting the health care system, health literacy,

Johnson et al

hypertension management tools were also classified as highly
important.

and understanding the BP numbers. Cost of and access to

Figure 5. The importance and difficulty matrix. The axes represent the importance (high versus low) and difficulty (high versus low) of aspects of
hypertension management. Four quadrants are labeled as follows: low importance, low difficulty quadrant is labeled as “targeted” because these are
the simple tasks that are achieved with little thought or effort. The upper left quadrant contains “luxurious” aspects that are costly with little return.
For example, the group felt that exercising belonged in this high difficulty, low importance quadrant. The upper right features “strategic” aspects that

produce big results via large effort. Finally, the “high value” quadrant features relatively lower effort items with high impact.
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The “rose, thorn, bud” activity further fostered prioritization
of future design iterations. This activity encouraged partici-
pants to codify aspects of our hypertension intervention as
being positive, negative, or as having promise, as shown
in Figure 6. Participants felt that hypertension management
would lead to positive outcomes such as better BP control,
good health, and longevity. The group also identified that

Importance

patients who use the intervention would be empowered
to improve their health. Negative aspects of hypertension
management related to the task of physically taking one’s BP
and problems with not understanding the results. Important
insights about the potential of our mHealth intervention were
related to mitigating CVD risk and overcoming disparities at
the community level.

Figure 6. Rose, thorn, bud. The “rose, thorn, bud” activity encouraged participants to codify aspects of the hypertension intervention as being
positive, negative, or as having promise (rose, thorn, or bud, respectively). BP: blood pressure.

ROSE

Overall good health

Living longer

You can take action if it’s high
THORN

Hassel of taking measurement

Can be scary when you don’t know what numbers mean

Knowing BP is high could be scary

BUD

Preventing high BP

Not taking serious leads to death or heart disease
Community BP monitoring

Overcoming disparities

Hypertension is seen as a real concern

Making: Methods to Design Future Iterations

As shown in rose, thorn, bud, participants agreed upon the
benefit of the hypertension management intervention, and
this final activity encouraged the group to further envi-
sion the possibilities of hypertension management with a

https://formative jmir.org/2026/1/e77631

Empowerment
Learning how life choices affect health
Reassuring to see improvements based on steps you’ve taken

Perplexing results Stressful results

future iteration of our mHealth intervention. The “cover
story,” informed by the prior activities, resulted in the group
envisioning mHealth as a conduit for marginalized commun-
ities to obtain a healthy lifestyle in the future. The activity
asked participants to imagine a headline news story and create
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quotes, pictures, and text to convey a successful future of
hypertension mHealth for Black patients in their commun-
ity. Participants supported a shared vision in which Black
residents of their city would be thriving and healthy. Their
cover story was entitled, “Pittsburgh, Now a Livable City for
Blacks.”

Discussion

Principal Findings

In this HCD study, community representatives found an
existing mHealth hypertension app to be useful and revealed
important elements to enhance the intervention’s future health
equity outcomes. Facilitators to our intervention’s success
included educational topics that were perceived as relevant
to hypertension self-management. We also determined key
findings for equitable mHealth design and implementation.
Through HCD, we received feedback for future modifica-
tion, specifically for stress management, community health,
and improved design fidelity. This sequence of methods
facilitated ideation, led to discussion of insightful feedback,
refined design priorities, and helped with envisioning future
solutions.

Comparison With Prior Work

To date, educational features have been among the most
studied mHealth hypertension self-management functionali-
ties [42]. Our intervention included educational modules
about understanding BP results, which participants noted to
be useful and relevant. Future mHealth work should focus
on educational opportunities to better facilitate an understand-
ing of one’s BP results, as had repeatedly emerged in our
study. However, as was also indicated in our study, educa-
tional features alone will not ensure user satisfaction. Experts
recommend that technological interventions are not only
educational but that they are also usable and accessible for
the target population as has been shown for conditions such
as hypertension, mental health, diabetes, and chronic pain [22,
31]. According to our survey results, our current interven-
tion was easy to use. Our participants reported low technical
difficulty and a moderate level of self-confidence when using
the intervention. A systematic review of mHealth hyperten-
sion management programs found that interventions can lead
to BP control if they use multifaceted functions and messag-
ing that are individually tailored to the needs of each patient
[43]. Those authors recognized that further research about
the cultural adaptation of interventions is needed [43]. Our
findings help to fill the knowledge gap regarding patient-cen-
tered, community-engaged ways to test mHealth tools for
usability and accessibility.

Although we did not measure device adherence in this
study, others have shown that the value derived from using
technology must be sufficiently high for patients to adhere
to the intervention as part of their routine [44]. Defining
patient-perceived value as it relates to hypertension deserves
further study. As our results indicate, strategic next steps
should prioritize features that are of high importance to
end users. Design aspects that can build trust in the health
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care system, facilitate health literacy, and improve patients’
understanding of their BP will be important. Systematic
reviews have shown that chronic disease management
requires multimodal interventions that feature educational,
tailored messages, interactive communication, and multifac-
eted functions [7,43]. The mHealth literature underscores
the importance of digital health literacy, especially among
vulnerable populations [45]. Data suggest that disproportion-
ately affected and disadvantaged populations often lack the
technological resources to keep pace with the rapid techno-
logical developments in health care [46]. Many mHealth
programs require high literacy and are inaccessible for
individuals with limited educational attainment or limited
health and digital literacy [47]. Our participants felt that
presenting information at an appropriate level for patients’
level of health literacy and providing education to improve
hypertension knowledge were of central importance in an
mHealth tool. Furthermore, our study revealed participant
frustration over system redundancies and a perceived lack of
flow between modules. A lack of app functionality integration
could lead to intervention nonadherence, whereas platforms
with seamless data integration may have high adherence [48].
Nevertheless, our group of users found the technology to be
usable in its current state. Participants reported a moderate
level of self-confidence in using our mHealth tool.

These findings suggest future technological tools may hold
promise for marginalized patient populations. By involv-
ing participants from backgrounds that are often excluded
from clinical trials, researchers can ensure that technological
advances are applicable to broader audiences, thus poten-
tially overcoming barriers to equitable hypertension man-
agement. mHealth self-management tools are best designed
when their functionalities and modules are based on one
or more theoretical models for behavior change [42]. Our
theory-informed approach assisted our critique and under-
standing during the HCD session and bolstered our anal-
yses with validated conceptual models of chronic disease
management [49]. The Theory of Planned Behavior has been
used to conceptualize hypertension management previously,
especially among vulnerable patients such as older adults
and women [40]. Other researchers have presented another
dynamic behavior model that includes trust and lived
experiences as determinants of BP management efforts [50].

Hypertension self-management interventions should
provide clarity of what one’s BP results mean and how to
respond to them in real time. Such features would likely
lead to higher confidence in using mHealth, thus supporting
patient autonomy as well as patient-clinician partnerships
[51]. Key functionalities of hypertension self-management
tools should incorporate communication with clinicians,
possibly by exporting users’ data via a personal platform or
patient portal that ensures privacy and security [42]. Others
have reported the desire for patients to use mHealth to bridge
the communication between patients and their clinicians in
co-managing hypertension [24]. Interestingly, our group rated
patient-clinician partnerships as a simple, basic component
of hypertension management. While the literature supports
mHealth as a tool for comanagement between clinicians and
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patients, all too often, minoritized, vulnerable groups do not
achieve therapeutic partnerships with their clinicians to the
same degree as White patients [52]. Standardized methods for
handling accumulated BP readings and communicating the
readings to clinicians are needed. Health care organizations
and clinical institutions should invest in the development
of mHealth platforms that can securely communicate with
patients.

Our findings suggest that future hypertension mHealth
tools should facilitate equitable BP management and
hypertension care beyond the individual patient. Commun-
ity-level interventions could include improved neighbor-
hood access to digital, internet-based technology. Our
group provided insights regarding future mHealth interven-
tions to address hypertension disparities and mitigate heart
disease risk at the community level. Community involve-
ment with app design can positively impact the trust of
minoritized participants and should be further explored to
build meaningful mHealth interventions for hypertension
and other conditions [25]. Furthermore, cultural knowledge
and conversational idioms could enhance acceptance among
marginalized groups [25]. Virtual agents, such as the one
used in our study, use life-like features and attributes to
enhance users’ perceptions of friendliness and empathy. Our
findings suggest that details such as professional attire, title,
and credentials had more influence on trust and credibility
than did physical attributes. Future iterations could make
the virtual health coach appear more racially inclusive and
relatable, but professional characteristics should be empha-
sized as well. Design experts note that a clear designation
of character roles is important. For example, physician-spe-
cific attire could increase participants’ perceptions of clinical
credibility [25].

Limitations

Limitations of this work include the small sample size. In
this convenience sample, CAB member participation was
limited by availability to attend the scheduled HCD ses-
sion. However, HCD is primarily a qualitative, rather than
quantitative, process. Thus, while a low number of partici-
pants limits statistical analysis, it was an ideal group size
for HCD activities [37]. Another limitation is that not all
participants had hypertension, and 3 of 8 had self-described
prior health care knowledge, thus potentially limiting the
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generalizability of these findings to patients with hyper-
tension. Experts have recommended that advisory boards
reflect the community of interest, which can be demonstra-
ted by shared identities, illnesses, experiences, histories, or
cultures [53]. By these standards, our board was inclusive
and representative. Finally, although our work was helpful
in generating a discussion about digital equity, we were
unable to fully assess implementation barriers to equitable
digital technology use. For example, others have described
the lack of affordable internet access and limited smartphone
availability as barriers that disproportionately affect people
from minority backgrounds [22]. Future work is required to
better understand the cost and policy implications of equitable
mHealth use for hypertension care.

Conclusions

Our comprehensive, integrated approach to intervention
development combined theory and evidence to ground our
intervention in an in-depth understanding of the avenues for
behavior change and facilitators specific to our participant
demographics [12]. Future research should include pragmatic
and implementation science methodologies to iteratively test
new mHealth developments. The results showing “average”
usability are important because they allow the development of
future iterations that will later be compared to this baseline.
Our findings emphasize that both high monetary cost and
limited access to hypertension technologies create barriers
to BP management. Therefore, policy implications include
disseminating evidence-based mHealth that uses affordable
technology and devices.

This study was a novel use case example of HCD as
a patient-centered methodology to improve a hypertension
management tool. Interest in HCD is growing in medical
education and in global health innovation as a response
to the needs of end users [54]. However, clinical research-
ers have not used HCD methods as readily. Our study is
among a growing body of research to evaluate the impact of
HCD for clinically relevant interventions. Despite our study’s
limitations, we showed clear and actionable ways to improve
future mHealth tools for hypertension. By regarding mHealth
through an equity lens, clinicians, designers, and researchers
can begin to move the field of chronic health management
forward and implement successful strategies in the future.

Funding

The funder had no involvement in the study design, data collection, analysis, interpretation, or the writing of the manuscript.
Al receives research support from the National Heart, Lung, and Blood Institute (K23HL165110) and has received honoraria
from Sanofi and Edwards Lifesciences. EM receives royalties for writing content for UpToDate, Wolters Kluwer. JM receives
research support from the National Heart, Lung, and Blood Institute (RO1HL160749 and K24HL.160527) and has been
involved in the development of the innovation, software, or app described herein.The funder had no involvement in the
study design, data collection, analysis, interpretation, or the writing of the manuscript. AJ receives research support from the
National Heart, Lung, and Blood Institute (K23HL165110) and has received honoraria from Sanofi and Edwards Lifesciences.
EM receives royalties for writing content for UpToDate, Wolters Kluwer. JM receives research support from the National
Heart, Lung, and Blood Institute (ROIHL160749 and K24HL.160527) and has been involved in the development of the
innovation, software, or app described herein.

Data Availability
The datasets generated or analyzed during this study are available from the corresponding author on reasonable request.

https://formative jmir.org/2026/1/e77631 JMIR Form Res 2026 | vol. 10 177631 | p. 12

(page number not for citation purposes)


https://formative.jmir.org/2026/1/e77631

JMIR FORMATIVE RESEARCH Johnson et al

Authors’ Contributions

Conceptualization: AJ (lead), PN (supporting), AA-H (supporting), JB (supporting), EM (supporting), JM (supporting)
Data curation: AJ (lead), DB (supporting), JB (supporting)

Formal analysis: AJ (Iead), PN (supporting), AA-H (supporting), MP (supporting), SK (supporting)
Funding acquisition: AJ (lead), JM (supporting)

Investigation: AJ (lead), JB (supporting)

Methodology: EM (equal), JM (equal), CNH (supporting)

Project administration: AJ (lead), JB (supporting), JM (supporting)

Resources: AJ (lead), JB (supporting)

Supervision: JWM (lead), EM (supporting)

Validation: CNH (equal), SK (equal)

Visualization: PN (lead), DB (supporting)

Writing — original draft: AJ (lead), AA-H (supporting), JM (supporting)

Writing — review & editing: AJ (lead), EM (supporting), MP (supporting), SK (supporting), JM (supporting)

Conflicts of Interest
None declared.

References

1. Martin SS, Aday AW, Almarzooq ZI, et al. 2024 heart disease and stroke statistics: a report of US and global data from
the American Heart Association. Circulation. Feb 20, 2024;149(8):e347-¢913. [doi: 10.1161/CIR.0000000000001209]
[Medline: 38264914]

2. Burnier M, Damianaki A. Hypertension as cardiovascular risk factor in chronic kidney disease. Circ Res. Apr 14,
2023;132(8):1050-1063. [doi: 10.1161/CIRCRESAHA.122.321762] [Medline: 37053276]

3. Whelton PK, Carey RM, Aronow WS, et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/
PCNA guideline for the prevention, detection, evaluation, and management of high blood pressure in adults: a report of
the American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. J Am Coll
Cardiol. May 15,2018;71(19):e127-e248. [doi: 10.1016/j.jacc.2017.11.006] [Medline: 29146535]

4. Muntner P, Plante TB. Blood pressure across the life course: the importance of cardiovascular health and considerations
for those with adverse social determinants of health. Am J Hypertens. Aug 14, 2024;37(9):656-658. [doi: 10.1093/ajh/
hpae064] [Medline: 38725316]

5. Muntner P, Hardy ST, Fine LJ, et al. Trends in blood pressure control among US adults with hypertension, 1999-2000 to
2017-2018. JAMA. Sep 22,2020;324(12):1190-1200. [doi: 10.1001/jama.2020.14545] [Medline: 32902588]

6.  Deere BP, Ferdinand KC. Hypertension and race/ethnicity. Curr Opin Cardiol. Jul 2020;35(4):342-350. [doi: 10.1097/
HCO0.0000000000000742] [Medline: 32398604]

7. Tharakan A, Desai DP, Gupta R, Wambugu V, Biola HR, Granger BB. Applying the RE-AIM framework to evaluate an
educational model to “close the gap” and improve health equity in uncontrolled hypertension. Patient Educ Couns. Feb
2024;119:108053. [doi: 10.1016/j.pec.2023.108053] [Medline: 37976672]

8. Arnett DK, Blumenthal RS, Albert MA, et al. 2019 ACC/AHA Guideline on the primary prevention of cardiovascular
disease: a report of the American College of Cardiology/American Heart Association Task Force on Clinical Practice
Guidelines. J Am Coll Cardiol. Sep 10,2019;74(10):e177-e232. [doi: 10.1016/j.jacc.2019.03.010] [Medline: 30894318]

9. Cooper LA, Purnell TS, Engelgau M, Weeks K, Marsteller JA. Using implementation science to move from knowledge
of disparities to achievement of equity. In: Dankwa-Mullan I, Pérez-Stable EJ, Gardner KL, Zhang X, Rosario AM,
editors. The Science of Health Disparities Research. John Wiley & Sons; 2021:289-308. [doi: 10.1002/9781119374855]

10. Burke LE, Ma J, Azar KMJ, et al. Current science on consumer use of mobile health for cardiovascular disease
prevention: a scientific statement from the American Heart Association. Circulation. Sep 22,2015;132(12):1157-1213.
[doi: 10.1161/CIR.0000000000000232] [Medline: 26271892]

11. Delva S, Waligora Mendez KJ, Cajita M, et al. Efficacy of mobile health for self-management of cardiometabolic risk
factors: a theory-guided systematic review. J Cardiovasc Nurs. 2021;36(1):34-55. [doi: 10.1097/JCN.
0000000000000659] [Medline: 32040072]

12.  Cao W, Milks MW, Liu X, et al. mHealth interventions for self-management of hypertension: framework and systematic
review on engagement, interactivity, and tailoring. JMIR Mhealth Uhealth. Mar 2, 2022;10(3):€29415. [doi: 10.2196/
29415] [Medline: 35234655]

13.  Bickmore TW, Silliman RA, Nelson K, et al. A randomized controlled trial of an automated exercise coach for older
adults. J] Am Geriatr Soc. Oct 2013;61(10):1676-1683. [doi: 10.1111/jgs.12449] [Medline: 24001030]

https://formative.jmir.org/2026/1/e77631 JMIR Form Res 2026 | vol. 10 177631 | p. 13
(page number not for citation purposes)


https://doi.org/10.1161/CIR.0000000000001209
http://www.ncbi.nlm.nih.gov/pubmed/38264914
https://doi.org/10.1161/CIRCRESAHA.122.321762
http://www.ncbi.nlm.nih.gov/pubmed/37053276
https://doi.org/10.1016/j.jacc.2017.11.006
http://www.ncbi.nlm.nih.gov/pubmed/29146535
https://doi.org/10.1093/ajh/hpae064
https://doi.org/10.1093/ajh/hpae064
http://www.ncbi.nlm.nih.gov/pubmed/38725316
https://doi.org/10.1001/jama.2020.14545
http://www.ncbi.nlm.nih.gov/pubmed/32902588
https://doi.org/10.1097/HCO.0000000000000742
https://doi.org/10.1097/HCO.0000000000000742
http://www.ncbi.nlm.nih.gov/pubmed/32398604
https://doi.org/10.1016/j.pec.2023.108053
http://www.ncbi.nlm.nih.gov/pubmed/37976672
https://doi.org/10.1016/j.jacc.2019.03.010
http://www.ncbi.nlm.nih.gov/pubmed/30894318
https://doi.org/10.1002/9781119374855
https://doi.org/10.1161/CIR.0000000000000232
http://www.ncbi.nlm.nih.gov/pubmed/26271892
https://doi.org/10.1097/JCN.0000000000000659
https://doi.org/10.1097/JCN.0000000000000659
http://www.ncbi.nlm.nih.gov/pubmed/32040072
https://doi.org/10.2196/29415
https://doi.org/10.2196/29415
http://www.ncbi.nlm.nih.gov/pubmed/35234655
https://doi.org/10.1111/jgs.12449
http://www.ncbi.nlm.nih.gov/pubmed/24001030
https://formative.jmir.org/2026/1/e77631

JMIR FORMATIVE RESEARCH Johnson et al

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Edwards RA, Bickmore T, Jenkins L, Foley M, Manjourides J. Use of an interactive computer agent to support
breastfeeding. Matern Child Health J. Dec 2013;17(10):1961-1968. [doi: 10.1007/s10995-013-1222-0] [Medline:
23329167]

King AC, Bickmore TW, Campero MI, Pruitt LA, Yin JL. Employing virtual advisors in preventive care for underserved
communities: results from the COMPASS study. J Health Commun. Dec 2013;18(12):1449-1464. [doi: 10.1080/
10810730.2013.798374] [Medline: 23941610]

Wang C, Bickmore T, Bowen DJ, et al. Acceptability and feasibility of a virtual counselor (VICKY) to collect family
health histories. Genet Med. Oct 2015;17(10):822-830. [doi: 10.1038/gim.2014.198] [Medline: 25590980]

Lyzwinski LN, Elgendi M, Menon C. Conversational agents and avatars for cardiometabolic risk factors and lifestyle-
related behaviors: scoping review. JMIR Mhealth Uhealth. May 25, 2023;11:¢39649. [doi: 10.2196/39649] [Medline:
37227765]

Song T, Qian S, Cui T, Yu P. The use of theory in mobile health interventions for patient self-management of chronic
diseases. Stud Health Technol Inform. Aug 21, 2019;264:1982-1983. [doi: 10.3233/SHTI1190745] [Medline: 31438439]
Guhl E, Althouse AD, Pusateri AM, et al. The atrial fibrillation health literacy information technology trial: pilot trial of
a mobile health app for atrial fibrillation. JMIR Cardio. Sep 4, 2020;4(1):e17162. [doi: 10.2196/17162] [Medline:
32886070]

Sharma A, Harrington RA, McClellan MB, et al. Using digital health technology to better generate evidence and deliver
evidence-based care. J] Am Coll Cardiol. Jun 12,2018;71(23):2680-2690. [doi: 10.1016/j.jacc.2018.03.523] [Medline:
29880129]

Merid B, Robles MC, Nallamothu BK. Digital redlining and cardiovascular innovation. Circulation. Sep 21,
2021;144(12):913-915. [doi: 10.1161/CIRCULATIONAHA.121.056532] [Medline: 34543062]

Shah SD. From innovation to inclusion-tackling digital equity needs in health care. JAMA Netw Open. Nov 4,
2024;7(11):e2445334. [doi: 10.1001/jamanetworkopen.2024.45334] [Medline: 39546317]

Sim I. Mobile devices and health. N Engl J Med. Sep 5,2019;381(10):956-968. [doi: 10.1056/NEJMral806949]
[Medline: 31483966]

Schoenthaler A, Leon M, Butler M, Steinhaeuser K, Wardzinski W. Development and evaluation of a tailored mobile
health intervention to improve medication adherence in black patients with uncontrolled hypertension and type 2
diabetes: pilot randomized feasibility trial. JMIR Mhealth Uhealth. Sep 23, 2020;8(9):e17135. [doi: 10.2196/17135]
[Medline: 32965230]

Harrington CN, Egede L. Trust, comfort and relatability: understanding black older adults’ perceptions of chatbot design
for health information seeking. Presented at: CHI *23: Proceedings of the 2023 CHI Conference on Human Factors in
Computing Systems; Apr 23-28,2023:1-18; Hamburg, Germany. [doi: 10.1145/3544548.3580719]

Bress AP, Cohen JB, Anstey DE, et al. Inequities in hypertension control in the United States exposed and exacerbated
by COVID-19 and the role of home blood pressure and virtual health care during and after the COVID-19 pandemic. J
Am Heart Assoc. Jun 2021;10(11):¢020997. [doi: 10.1161/JAHA.121.020997] [Medline: 34006116]

Culhane-Pera KA, Moua M, Vue P, Xiaaj K, Lo MX, Straka RJ. Leaves imitate trees: Minnesota Hmong concepts of
heredity and applications to genomics research. J] Community Genet. Jan 2017;8(1):23-34. [doi: 10.1007/512687-016-
0284-2] [Medline: 27822876]

Johnson A, Broughton S, Aponte-Soto L, et al. Participatory genomic testing can effectively disseminate cardiovascular
pharmacogenomics concepts within federally qualified health centers: a feasibility study. Ethn Dis. 2020;30(Suppl
1):167-176. [doi: 10.18865/ed.30.S1.167] [Medline: 32269458]

Riegel B, Moser DK, Buck HG, et al. Self-care for the prevention and management of cardiovascular disease and stroke:
a scientific statement for healthcare professionals from the American Heart Association. ] Am Heart Assoc. Aug 31,
2017;6(9):006997. [doi: 10.1161/JAHA.117.006997] [Medline: 28860232]

Writing Committee Members, Jones DW, Ferdinand KC, et al. 2025 AHA/ACC/AANP/AAPA/ABC/ACCP/
ACPM/AGS/AMA/ASPC/NMA/PCNA/SGIM Guideline for the prevention, detection, evaluation and management of
high blood pressure in adults: a report of the American College of Cardiology/American Heart Association Joint
Committee on clinical practice guidelines. Circulation. Sep 16, 2025;152(11):e114-e218. [doi: 10.1161/CIR.
0000000000001356] [Medline: 40811497]

Safavi K, Mathews SC, Bates DW, Dorsey ER, Cohen AB. Top-funded digital health companies and their impact on
high-burden, high-cost conditions. Health Aff (Millwood). Jan 2019;38(1):115-123. [doi: 10.1377/hlthaff.2018.05081]
[Medline: 30615535]

Gottgens I, Oertelt-Prigione S. The application of human-centered design approaches in health research and innovation: a
narrative review of current practices. JMIR Mhealth Uhealth. Dec 6,2021;9(12):¢28102. [doi: 10.2196/28102] [Medline:
34874893]

https://formative.jmir.org/2026/1/e77631 JMIR Form Res 2026 | vol. 10 1 77631 | p. 14

(page number not for citation purposes)


https://doi.org/10.1007/s10995-013-1222-0
http://www.ncbi.nlm.nih.gov/pubmed/23329167
https://doi.org/10.1080/10810730.2013.798374
https://doi.org/10.1080/10810730.2013.798374
http://www.ncbi.nlm.nih.gov/pubmed/23941610
https://doi.org/10.1038/gim.2014.198
http://www.ncbi.nlm.nih.gov/pubmed/25590980
https://doi.org/10.2196/39649
http://www.ncbi.nlm.nih.gov/pubmed/37227765
https://doi.org/10.3233/SHTI190745
http://www.ncbi.nlm.nih.gov/pubmed/31438439
https://doi.org/10.2196/17162
http://www.ncbi.nlm.nih.gov/pubmed/32886070
https://doi.org/10.1016/j.jacc.2018.03.523
http://www.ncbi.nlm.nih.gov/pubmed/29880129
https://doi.org/10.1161/CIRCULATIONAHA.121.056532
http://www.ncbi.nlm.nih.gov/pubmed/34543062
https://doi.org/10.1001/jamanetworkopen.2024.45334
http://www.ncbi.nlm.nih.gov/pubmed/39546317
https://doi.org/10.1056/NEJMra1806949
http://www.ncbi.nlm.nih.gov/pubmed/31483966
https://doi.org/10.2196/17135
http://www.ncbi.nlm.nih.gov/pubmed/32965230
https://doi.org/10.1145/3544548.3580719
https://doi.org/10.1161/JAHA.121.020997
http://www.ncbi.nlm.nih.gov/pubmed/34006116
https://doi.org/10.1007/s12687-016-0284-2
https://doi.org/10.1007/s12687-016-0284-2
http://www.ncbi.nlm.nih.gov/pubmed/27822876
https://doi.org/10.18865/ed.30.S1.167
http://www.ncbi.nlm.nih.gov/pubmed/32269458
https://doi.org/10.1161/JAHA.117.006997
http://www.ncbi.nlm.nih.gov/pubmed/28860232
https://doi.org/10.1161/CIR.0000000000001356
https://doi.org/10.1161/CIR.0000000000001356
http://www.ncbi.nlm.nih.gov/pubmed/40811497
https://doi.org/10.1377/hlthaff.2018.05081
http://www.ncbi.nlm.nih.gov/pubmed/30615535
https://doi.org/10.2196/28102
http://www.ncbi.nlm.nih.gov/pubmed/34874893
https://formative.jmir.org/2026/1/e77631

JMIR FORMATIVE RESEARCH Johnson et al

33.

34.

35.

36.

37.

38.
39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Wiltsey Stirman S, Baumann AA, Miller CJ. The FRAME: an expanded framework for reporting adaptations and
modifications to evidence-based interventions. Implement Sci. Jun 6,2019;14(1):58. [doi: 10.1186/s13012-019-0898-y]
[Medline: 31171014]

Bentley-Edwards K, Glover L, Johnson AE, et al. Testing interventions that address kidney health disparities. J] Am Soc
Nephrol. May 1, 2025;36(5):970-972. [doi: 10.1681/ASN.0000000609] [Medline: 39851186]

Michie S, Abraham C, Whittington C, McAteer J, Gupta S. Effective techniques in healthy eating and physical activity
interventions: a meta-regression. Health Psychol. Nov 2009;28(6):690-701. [doi: 10.1037/a0016136] [Medline:
19916637]

Harrington C, Erete S, Piper AM. Deconstructing community-based collaborative design: towards more equitable
participatory design engagements. Proc ACM Hum Comput Interact. 2019;3:1-25. [doi: 10.1145/3359318]

LUMA system methods. LUMA Institute. URL: https://www .luma-institute.com/about-luma/luma-system-explore-
methods [Accessed 2025-12-10]

Brooke J. SUS: a retrospective. J Usability Stud. 2013;8(2):29-40. [doi: 10.5555/2817912.2817913]

Ajzen I. The theory of planned behavior. Organ Behav Hum Decis Process. Dec 1991;50(2):179-211. [doi: 10.1016/
0749-5978(91)90020-T]

Pourmand G, Doshmangir L, Ahmadi A, et al. An application of the theory of planned behavior to self-care in patients
with hypertension. BMC Public Health. Aug 26, 2020;20(1):1290. [doi: 10.1186/s12889-020-09385-y] [Medline:
32847501]

Lloyd-Jones DM, Allen NB, Anderson CAM, et al. Life's essential 8: updating and enhancing the American Heart
Association's construct of cardiovascular health: a presidential advisory from the American Heart Association.
Circulation. Aug 2, 2022;146(5):e18-e43. [doi: 10.1161/CIR.0000000000001078] [Medline: 35766027]

Alessa T, Hawley MS, Hock ES, de Witte L. Smartphone apps to support self-management of hypertension: review and
content analysis. JMIR Mhealth Uhealth. May 28, 2019;7(5):e13645. [doi: 10.2196/13645] [Medline: 31140434]

LiR, Liang N, Bu F, Hesketh T. The effectiveness of self-management of hypertension in adults using mobile health:
systematic review and meta-analysis. JMIR Mhealth Uhealth. Mar 27, 2020;8(3):e17776. [doi: 10.2196/17776]
[Medline: 32217503]

Redfern J, Coorey G, Mulley J, et al. A digital health intervention for cardiovascular disease management in primary
care (CONNECT) randomized controlled trial. NPJ Digit Med. 2020;3:117. [doi: 10.1038/s41746-020-00325-7]
[Medline: 32964140]

Smith B, Magnani JW. New technologies, new disparities: the intersection of electronic health and digital health literacy.
Int J Cardiol. Oct 1,2019;292:280-282. [doi: 10.1016/j.ijcard.2019.05.066] [Medline: 31171391]

Brewer LC, Fortuna KL, Jones C, et al. Back to the future: achieving health equity through health informatics and digital
health. IMIR Mhealth Uhealth. Jan 14, 2020;8(1):e14512. [doi: 10.2196/14512] [Medline: 31934874]

Ayyaswami V, Padmanabhan DL, Crihalmeanu T, Thelmo F, Prabhu AV, Magnani JW. Mobile health applications for
atrial fibrillation: a readability and quality assessment. Int J Cardiol. Oct 2019;293:288-293. [doi: 10.1016/j.ijcard.2019.
07.026] [Medline: 31327518]

Kitsiou S, Gerber BS, Buchholz SW, Kansal MM, Sun J, Pressler SJ. Patient-centered mHealth intervention to improve
self-care in patients with chronic heart failure: phase 1 randomized controlled trial. ] Med Internet Res. Jan 15,
2025;27:€55586. [doi: 10.2196/55586] [Medline: 39813671]

Michie S, Carey RN, Johnston M, et al. From theory-inspired to theory-based interventions: a protocol for developing
and testing a methodology for linking behaviour change techniques to theoretical mechanisms of action. Ann Behav
Med. May 18, 2018;52(6):501-512. [doi: 10.1007/s12160-016-9816-6] [Medline: 27401001]

Bokhour BG, Cohn ES, Cortés DE, et al. The role of patients’ explanatory models and daily-lived experience in
hypertension self-management. J Gen Intern Med. Dec 2012;27(12):1626-1634. [doi: 10.1007/s11606-012-2141-2]
[Medline: 22821569]

Fletcher BR, Hinton L, Hartmann-Boyce J, Roberts NW, Bobrovitz N, McManus RJ. Self-monitoring blood pressure in
hypertension, patient and provider perspectives: a systematic review and thematic synthesis. Patient Educ Couns. Feb
2016;99(2):210-219. [doi: 10.1016/j.pec.2015.08.026] [Medline: 26341941]

Abdelhamid AS, Martin N, Bridges C, et al. Polyunsaturated fatty acids for the primary and secondary prevention of
cardiovascular disease. Cochrane Database Syst Rev. 2018:CD012345. [doi: 10.1002/14651858.CD012345 .pub3]
Newman SD, Andrews JO, Magwood GS, Jenkins C, Cox MJ, Williamson DC. Community advisory boards in

community-based participatory research: a synthesis of best processes. Prev Chronic Dis. May 2011;8(3):A70. [Medline:
21477510]

https://formative.jmir.org/2026/1/e77631 JMIR Form Res 2026 | vol. 10 177631 | p. 15

(page number not for citation purposes)


https://doi.org/10.1186/s13012-019-0898-y
http://www.ncbi.nlm.nih.gov/pubmed/31171014
https://doi.org/10.1681/ASN.0000000609
http://www.ncbi.nlm.nih.gov/pubmed/39851186
https://doi.org/10.1037/a0016136
http://www.ncbi.nlm.nih.gov/pubmed/19916637
https://doi.org/10.1145/3359318
https://www.luma-institute.com/about-luma/luma-system-explore-methods
https://www.luma-institute.com/about-luma/luma-system-explore-methods
https://doi.org/10.5555/2817912.2817913
https://doi.org/10.1016/0749-5978(91)90020-T
https://doi.org/10.1016/0749-5978(91)90020-T
https://doi.org/10.1186/s12889-020-09385-y
http://www.ncbi.nlm.nih.gov/pubmed/32847501
https://doi.org/10.1161/CIR.0000000000001078
http://www.ncbi.nlm.nih.gov/pubmed/35766027
https://doi.org/10.2196/13645
http://www.ncbi.nlm.nih.gov/pubmed/31140434
https://doi.org/10.2196/17776
http://www.ncbi.nlm.nih.gov/pubmed/32217503
https://doi.org/10.1038/s41746-020-00325-z
http://www.ncbi.nlm.nih.gov/pubmed/32964140
https://doi.org/10.1016/j.ijcard.2019.05.066
http://www.ncbi.nlm.nih.gov/pubmed/31171391
https://doi.org/10.2196/14512
http://www.ncbi.nlm.nih.gov/pubmed/31934874
https://doi.org/10.1016/j.ijcard.2019.07.026
https://doi.org/10.1016/j.ijcard.2019.07.026
http://www.ncbi.nlm.nih.gov/pubmed/31327518
https://doi.org/10.2196/55586
http://www.ncbi.nlm.nih.gov/pubmed/39813671
https://doi.org/10.1007/s12160-016-9816-6
http://www.ncbi.nlm.nih.gov/pubmed/27401001
https://doi.org/10.1007/s11606-012-2141-2
http://www.ncbi.nlm.nih.gov/pubmed/22821569
https://doi.org/10.1016/j.pec.2015.08.026
http://www.ncbi.nlm.nih.gov/pubmed/26341941
https://doi.org/10.1002/14651858.CD012345.pub3
http://www.ncbi.nlm.nih.gov/pubmed/21477510
https://formative.jmir.org/2026/1/e77631

JMIR FORMATIVE RESEARCH Johnson et al

54. Leung CL, Naert M, Andama B, et al. Human-centered design as a guide to intervention planning for non-communicable
diseases: the BIGPIC study from Western Kenya. BMC Health Serv Res. May 12, 2020;20(1):415. [doi: 10.1186/
$12913-020-05199-1] [Medline: 32398131]

Abbreviations
BP: blood pressure
CAB: community advisory board
CVD: cardiovascular disease
FRAME: Framework for Reporting Adaptations and Modification to Evidence-Based Interventions
HCD: human-centered design
mHealth: mobile health

Edited by Alicia Stone; peer-reviewed by Christopher Exeter, Matthew Muldoon; submitted 16.May.2025; final revised
version received 19.Nov.2025; accepted 19.Nov.2025; published 21.Jan.2026

Please cite as:

Johnson A, Nair P, Behara D, Aranda-Hernadez A, Bey J, Harrington CN, Miller E, Peek ME, Kitsiou S, Magnani JW
Involving End Users in Co-Designing Mobile Health Interventions for Hypertension Self-Management: Formative Study
JMIR Form Res 2026,10:¢77631

URL: hitps://formative jmir.org/2026/1/e77631

doi: 10.2196/77631

© Amber Johnson, Priya Nair, Deekshita Behara, Alexis Aranda-Hernadez, Jamil Bey, Christina N Harrington, Elizabeth
Miller, Monica E Peek, Spyros Kitsiou, Jared W Magnani. Originally published in JMIR Formative Research (https://forma-
tive.jmir.org), 21.Jan.2026. 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 Formative Research, is properly cited. The complete biblio-
graphic information, a link to the original publication on https://formative.jmir.org, as well as this copyright and license
information must be included.

https://formative.jmir.org/2026/1/e77631 JMIR Form Res 2026 | vol. 10 1 €77631 | p. 16
(page number not for citation purposes)


https://doi.org/10.1186/s12913-020-05199-1
https://doi.org/10.1186/s12913-020-05199-1
http://www.ncbi.nlm.nih.gov/pubmed/32398131
https://formative.jmir.org/2026/1/e77631
https://doi.org/10.2196/77631
https://formative.jmir.org
https://formative.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://formative.jmir.org
https://formative.jmir.org/2026/1/e77631

	Involving End Users in Co-Designing Mobile Health Interventions for Hypertension Self-Management: Formative Study
	Introduction
	Methods
	Group Members
	The Existing mHealth Tool
	HCD Activities
	Theory-Informed Intervention Assessment
	Anticipated Observations
	Data Analysis
	Ethical Considerations

	Results
	Group Members
	HCD Activities

	Discussion
	Principal Findings
	Comparison With Prior Work
	Limitations
	Conclusions



