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Abstract

Background: Allogeneic hematopoietic stem cell transplant (HCT) is a complex but essential treatment for malignant and
nonmalignant conditions, requiring strict posttransplant adherence to immunosuppressant medications to prevent complications
such as graft-versus-host disease. Adolescents and young adults undergoing HCT face unique challenges, including balancing
growing independence with ongoing reliance on care partners, often parents. M edication adherencein thisgroup is often suboptimal,
and few interventions address adolescent and young adult—care partner dyads. To address this gap, we aim to develop a mobile
health (mHealth) app that engages both the patients and care partner to improve adherence.

Objective:  As formative research for early-stage intervention development, this study aimed to (1) explore current HCT
medication adherence strategies and challenges; (2) understand attitudestoward digital technology, including dyadic perspectives
on app use to support adherence; and (3) assess adolescent and young adult—care partner relationships, including views on care
partner involvement. This process was intended to inform the design of arelevant, user-centered mHealth app.

Methods: Eligible participants included adolescents and young adult patients aged 12-39 years and primary care partners, such
as parents, involved in medication management. Participants were recruited from alarge academic medical center through direct
outreach and electronic health records. Data collection involved 2 focus groups (6 dyads and 2 additional adolescents and young
adults), 4 individual interviews (2 patients and 2 care partners), and 6 dyadic interviews. Semistructured sessions (in person or
virtual) gathered feedback on medication adherence practices and app design preferences. All sessionswere audio recorded with
consent and professionally transcribed. Qualitative data were analyzed systematically: transcripts were deidentified, coded using
both inductive and deductive strategies, and themes were refined through team consensus. Patterns were organized into major
themes, and representative quotations were selected to illustrate findings. Data management was facilitated by NVivo (version
13; Lumivero) software.
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Results: We included 28 participants (15 adolescents and young adults and 13 care partners). The median age of adolescents
and young adults was 18 (range 13-39) years and 53% (8/15) were female. Adolescents and young adultswere 47% (7/15) White,
40% (6/15) Black, and 13% (2/15) mixed race. Care partners median age was 48 (range 36-72) years, with 92% (12/13) femae
and 77% (10/13) White. Three principal themes emerged: (1) existing reminders and organizational tools are often insufficient
for consistent adherence; (2) adherence barriers are multifaceted, often involving autonomy vs care partner support; and (3) both
adol escents and young adults and care partners showed strong interest in adyadic digital health intervention to foster collaboration
and support shared adherence goals.

Conclusions. Thisformative study highlightsthe complex dynamics of medication adherence in adolescent and young adult—care

partner dyads and supports the need for a dyadic mHealth app to enhance adherence, collaboration, and relationship quality.

(IMIR Form Res 2026;10:e82356) doi: 10.2196/82356
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Introduction

Allogeneic hematopoietic stem cell transplant (HCT) is a
potentially lifesaving treatment for malignant and nonmalignant
conditions, such as aplastic anemia and sickle cell disease [1].
This procedure requires intensive radiotherapy and/or
chemotherapy to achieve adeguate immunosuppression, enabling
successful engraftment of healthy donor stem cells [2].
Adolescents and young adults undergoing HCT face unique
challenges, including disruptions in peer and family
relationships, concerns about cancer care quality, and difficulties
maintaining treatment-related health behaviors [3]. Adherence
to immunosuppressant regimens (eg, tacrolimus and
cyclosporine) is essential to prevent and treat potentialy
life-threatening posttransplant complications, such as acute
graft-versus-host disease (GVHD) [4], with even minor
deviations associated with poor clinical outcomesin transplant
recipients[4]. Despitethis, to our knowledge, no evidence-based
interventions are available to support adolescents and young
adults and their care partners, often parents, in medication
adherence [5].

GVHD remainsaleading cause of transplant-related morbidity
and mortality among HCT recipients [6]. GVHD arisesfrom a
“cytokine storm” following host tissue injury, eventually
resulting in target end-organ damage [ 7]. Thiscomplication can
lead to cognitive decline, diminished health-related quality of
life (HRQoL), and challenges reintegrating into society as a
long-term survivor [8]. Thus, interventions aimed at improving
adherence to prophylactic immunosuppressant medications
could be especially beneficial for this population. This is
especialy relevant among adolescents and young adults, who
show |ower medication adherence than younger children across
various conditions, including cancer [9], and who must navigate
illness during a critical developmental stage [10].

In this population, we define medication adherence primarily
as the success rate at which someone takes their prescribed
medication. Of equal importanceisthetiming of the medication,
9 AM and 9 PM, for example, as the medication is most useful
when taken at specified times (12 hours apart). Subsequent
dimensions, such asroutine formation, autonomy of medication
taking, and collaboration with a care partner, also contribute to
our definition. Medication adherence ratesin the adolescent and
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young adult HCT population are suboptimal, estimated at
52%-72% [ 11]. Although understanding the specific risk factors
and barriersto nonadherenceiscrucial, it remains significantly
understudied in this group [11]. EXxisting research points to
multiple reasonsfor missed doses, including medication refusal,
resistance to care partner involvement, forgetfulness, side
effects, and interference with usual activities such assocializing
[11,12]. Adolescents and young adults have also expressed a
desire for resources and tools, such as medication reminder
systems, to support adherence [12].

Our prior research has shown that adol escents and young adults
undergoing cancer treatment often rely on, or share, medication
management responsibilities with their care partners [13,14].
Although adolescent and young adult years are characterized
by increasing autonomy, many adolescents and young adults
benefit from continued support due to the complexity of their
treatments and associated side effects. It is also normative for
adolescent and young adult-care partner dyads to experience
relational strain during these years, as family roles and
responsibilities are renegotiated to support the devel opmental
strivings of adolescence (eg, peer affiliation and greater
independence). While such challenges are often temporary,
disruptions in family functioning can hinder medication
adherence. A meta-analysis found that greater family conflict,
lower cohesion, and poorer problem-solving were all associated
with reduced adherence to medical regimens in children and
adol escents with chronic health conditions [15].

Because HCT medication management typically requiresactive
involvement from both the adolescent or young adult and care
partner, the bidirectional relationship within the dyad is critical
to consider [16]. The experiences and psychological well-being
of both members are closely linked, and addressing them
cohesively can improve medication adherence and related
outcomes, such as HRQoL [17,18]. Interventions that engage
care partners or focus on family functioning have been shown
to improve medication adherence in pediatric and adolescent
populations [19]. Dyadic models emphasize joint
problem-solving and treating health care as ateam effort [17],
with interventions often incorporating behavioral strategies (eg,
reminders and incentives), cognitive approaches (eg, shaping
attitudes toward adherence), and collaborative problem-solving
[19,20]. Thus, developing adigital intervention that targets the
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dyadic unit, rather than focusing solely on the patient or care
partner, may yield a more effective approach [17].

This study is part of a multiphase research project to guide the
early-stage development of a mobile health (mHealth) app
delivering a dyadic just-in-time adaptive intervention (JTAI)
for adolescent and young adult HCT recipients and their care
partners. Traditionally, J TAls provide timely, tailored support
to individuals based on dynamic needs and contexts [21]; for
exampl e, offering medication reminders when an adolescent or
young adult is away from home and at higher risk of forgetting.
Mobile platforms are idedly suited for these interventions,
enabling real-time personalization through continuous
assessment of tempora contexts through sensors and brief
surveys. Our proposed JTAI is uniquely designed to address
the needs of both members of the adolescent and young
adult—care partner dyad, supporting shared challenges and
leveraging their interdependent experiences to promote
medication adherence and well-being.

As formative research to inform app development, this study
reports on findings from qualitative interviews and focus groups
conducted with adolescent and young adult—care partner dyads.
The semistructured onsfocused on three primary objectives:
(1) exploring current HCT adherence and medication
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management strategies and challenges; (2) understanding
attitudes toward digital technology, including dyadic
perspectives on using an app together to support adherence; and
(3) assessing adolescent and young adult—care partner
relationships, including adol escents’ and young adults’ attitudes
about care partner involvement in medication management.
These sessions also incorporated a think-aloud approach [22]
with hand-drawn mock-ups, enabling participants to provide
feedback and co-design suggestions for the app’s features,
layout, and design.

Methods

Study Design and Setting

The study was conducted at alarge, tertiary academic center in
the Midwest (Michigan Medicine in Ann Arbor, Michigan,
United States). Our methods were guided by the Double
Diamond Framework (Figure 1), awidely used, human-centered
design framework that incorporates both divergent (free-flowing
and creative ideation, ie, the widening of the diamond) and
convergent thinking (identifying concrete solutions, ie, the
narrowing of the diamond) to co-create desirable and usable
interventions with users [23,24].

Figurel. Double Diamond Framework. The*“Discover” step is connected to Wave 1 focus group findings; the “ Define” step is connected to identifying
key app features and design requirements; the “Develop” step is connected to patient and care partner feedback that informs app development; and the
“Deliver” step is connected to the planned future pilot study. HCT: hematopoietic stem cell transplant.

Discover

e A

Wave 1 — Focus groups:
Gather initial experiences
and creative ideas for app
design (n=9 patients and
n=6 care partners)

Example Activities:
Understanding day-to-day

adherence experiences;

Blue sky thinking

Identify key app
features and
design
requirements, with
input from research
team, adolescent
and young adult
patients, and their
care partners,
yielding handwritten
app mockup designs

Deliver

Wave 2 - Interviews: After developing a

Allow for patients and
care partners to
provide feedback on
the app function and
features (n=6 patients
and n=7 care partners)

Example Activities:
interacting with app
mockups; providing

feedback

/

high-fidelity app
prototype, we plan to
assess the feasibility
and acceptability of a
dyadic intervention in
a pilot study involving
25 adolescent and
young adult-care
partner HCT dyads

/

Recruitment and Enrollment

Eligible patients were aged 12-39 years, received care from a
Michigan  Medicine  provider in the Pediatric
Hematol ogy/Oncology and Blood and Marrow Transplant and
Cellular Therapy Unit, and were currently prescribed daily
immunosuppressant  medications, such as tacrolimus or
cyclosporine. Whilethetypical adolescent and young adult age
range is 15-39 years, as defined by organizations such as the

https://formative.jmir.org/2026/1/e82356
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National Cancer Ingtitute and the American Cancer Society,
eligibility was extended to include patients asyoung as 12 years,
as they commonly own smartphones and are of assenting age.
Care partners were eligible if they were aged 18 years or older
and identified by the patient as a primary care partner. All
participants were required to speak English. Eligibility was
determined through Michigan Medicine's electronic heath
record, Epic (MiChart). Recruitment methods included flyers
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placed in clinic rooms, outreach in the clinics, aswell asdirect
phone callsand emails. Informed consent (or assent for minors)
approved by the University of Michigan Medica School
Ingtitutional Review Board was obtained from all participants
using either traditional paper forms or electronic platforms.
Recruitment continued until thematic saturation was reached,
as indicated by the absence of new information or emerging
themes [25].

Focus Groups and Interviews

The study consisted of focus groups and semistructured
qualitative interviews, conducted either in conference rooms at
Michigan Medicine or through password-secured Zoom (Zoom
Video Communications, Inc), involving 28 participants (15
adolescents and young adults and 13 care partners). Data
collection included 2 focus groups, comprising 6 patient—care
partner dyads and 2 additional adolescents and young adults, 4
individual interviews (2 patients and 2 care partners), and 6
dyadicinterviews. Sessionswerefacilitated by trained research
staff (GS and SWC) using standardized Moderator Scripts
(Multimedia Appendix 1), whichwasinitially developed by GS
and then iteratively refined after each round of focus groups or
interviews. Before the commencement of the interviews, GS
and SWC explained to partici pants the mativations and primary
goalsfor the interview sessions (Multimedia Appendix 1).

In Wave 1, focus groups and 2 individual interviews explored
initial experiences and generated ideas; in Wave 2, atotal of 6
patient—care partner dyadic interviewsand 1 individual interview
were conducted to gather usability feedback on app mock-ups
(Figure 1). All sessionsfollowed open-ended questions designed
to elicit detailed discussion about medication adherence
experiences, strategies, reasons for missed doses, patient—care
partner interactions and collaboration, attitudes toward
technology, and desired app features to support collaboration
and relationship building.

A think-aloud procedure [22] using hand-drawn app mock-ups
was used to collect in-depth feedback about app design, layout,
and features. Focus groups lasted approximately 45 minutes,
individual interviews approximately 25 minutes, and dyadic
interviews approximately 60 minutes. Participantsreceived US
$20 compensation on completion. Sociodemographic data (eg,
age, sex, disease name, and date of birth) were collected with
permission through the electronic health record. All sessions
were audio recorded and professionally transcribed verbatim
by Babbletype Inc (Philadelphia) with permission; a second
note-taker (GR and ZB) was present during the focus groups
and interviews. All datawere deidentified, and participantswere
assigned a unique code to maintain anonymity (deidentified
transcripts are available upon request from the corresponding
author).

Thematic Analysis

Guided by the Double Diamond Framework [23,24], datawere
analyzed using a thematic approach [26], with ongoing
integration between data collection and analysis. The codebook
was developed by ZB and GR under the supervision of SWC.
Initial coding was open-ended and conducted independently by
both coders to identify broad patterns, using line-by-line or
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paragraph-level review of transcripts in NVivo 13 (QSR
International). This stage focused on qualitative content analysis
[27] and alowed for the generation of new codes as significant
concepts and themes emerged. The team then compared and
discussed their codes, collaboratively organizing them into an
initial codebook (Multimedia Appendix 2). Notably, divergence
in participant perspectives allowed refinement of the coding
framework by expanding and clarifying code definitions.
Convergence, in which similar patterns or themes emerged,
helped prioritize and emphasize core themes in the analysis,
allowing focus on commonly shared needs and concerns
expressed by participants.

Analysis followed established phases of thematic analysis:
familiarization with the data, generation of initial codes,
searching for themes, reviewing themes, defining and naming
themes, and producing thefinal report. Assubsequent transcripts
were analyzed, the codebook was iteratively refined, and new
codes were added as warranted. Emerging patterns and
subthemes were grouped into overarching themes, with short
codes assigned to representative quotations. Each transcript was
reviewed by at least 2 research team members (ZB, GR, or SS),
and discrepancies in coding or theme interpretation were
resolved by athird reviewer as needed. Thefinal synthesisand
interpretation of codes and themes were completed by ZB and
GR and reviewed by the broader study team (SS, AP, MR, GS,
and SWC). This iterative approach ensured that consistent,
hierarchically organized themes were confirmed by later
interviews and represented the key patterns across the dataset.

Reflexivity

We are an interdisciplinary research team based at a tertiary
academic medical institution in the Midwest, bringing diverse
expertise grounded in biomedical sciences. Our research team
iscomposed of avariety of racia and ethnic backgrounds, sexes,
ages, and training levels. Asnoted in the Authors’ Contributions
section, the research scientists hold PhD degrees in strategy
(GS), behavioral and management sciences (IBNS), statistics
(SM and zZX), and psychology (AP), with tenure-track
appointments at academic institutions across the Midwest, South,
and Northeast. The research assistants (GR, ZB, and SS) and
lab manager (MR) have al been trained in qualitative research
inthe biomedical setting primarily by an MD physician-scientist
with expertise in cancer and HCT research (SWC). Our team
developed expertise in qualitative research through
interdisciplinary programs and research projects. Our team’s
collective experience shaped this research project, bringing
together different and diverse perspectives and training. The
moderator scripts were developed by GS, who has expertisein
human factors research. Thus, the interpretation of the study
findings is informed by our team’s clinical and scientific
training, which shapes our perspective on medication adherence
and digita health research. We acknowl edge that our biomedical
orientation influences how we frame, analyze, and contextualize
the results.

Ethical Considerations

The study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). Ethics approval for the study
was obtained from the University of Michigan Medical School
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Ingtitutional Review Board (HUM00224785). Participants did
not have any prior relationship with the research staff before
consenting and compl eting the interview. All study participants
provided informed consent by signing and returning an
institutional review board—approved consent document. Each
participant received US $20 compensation after completing the
interview. Each participant was assigned a unique study ID to
protect their identities, and all transcripts were deidentified prior
to analysis. Data generated in this study were secured in a
password-protected, HIPAA (Health Insurance Portability and
Accountability Act)-compliant database. The authors take full
accountability for the work, ensuring that the study was
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conducted with full integrity and that all questions or concerns
related to the study were thoroughly investigated and addressed.

Results

Wave 1 Insights on Adherence Challenges and App
Design Feedback

Table 1 summarizes the goas, major themes, participant
guotations, and subsequent design decisions from Wave 1 of
the study. It highlights current adherence challenges, attitudes
toward technology, and patient—care partner collaboration,

Table 1. Wave 1 goals, major themes, participant quotations, and Wave 2 feedback.

linking user insights to medication adherence strategies.

Theme

Wave 1: gods

Wave 1: mgjor themes

Wave 1: quotes

Wave 2: design decisions
and initial feedback

Theme 1 (correlation with
medication adherence dimen-
sions): strategies, such as
pill boxes, phone alarms,
and reminders, correlate
with dose-taking and dose-
timing dimensions of medi-
cation adherence.

Theme 2 (correlation with
medication adherence dimen-
sions): attitudes toward us-
ing technology, such as al-
lowing patientsto keep track
of their medication on their
own, correlate with medica-
tion-taking, routine, and
habit formation, and autono-
my surrounding medication
adherence.

Theme 3 (correlation with
medication adherencedimen-
sions): positive feelings
from both patients and care
partners toward collaborat-
ing in an app correlate with
routine and habit formation
and collaboration with acare
partner.

Godl 1: current adher-
ence challenges and
strategies

Goal 2: attitudestoward
using technology

Goal 3:

attitudes toward patient
and care partner collab-
oration in an app

«  Chalenges: getting out
of routine, sleeping in
or staying out late, and
living thelife of a
teenager (eg, spending
time with friends).

«  Strategies. pill boxes,
phone alarms, or re-
minders.

«  Technology would help

adherence.

«  Theappshouldbevisu-
ally appealing.

« Itwould makelifeeas-
er

« Italowspatientsto
keep track of medica-
tion on their own.

«  Liking theideaof col-
laborating in an app.

. Beélievingit would be
useful for the parent
and patient to use the
same app.

« Variouslevelsof col-
|aboration would work
at different patient

ages.

“Reminders on my phone.
| have an alarm clock as
well” [MA-20 AYA]

“1 pair my medicine with a
daily activity” [MA-06
AYA]

“Lifein genera. A busy
work schedule, other activi-
ties” [MA-14 Care Partner]
“Morning is a struggle.”
[MA-17 Care Partner]

“I"d usually be out socializ-
ing” [MA-02 AYA]

“I think it's better than hav-
ing somebody...remind
you...you still have that
feeling of autonomy.” [MA-
05 AYA]

“1 would feel likeif the app
is more eye-catching and
attention catching, it would
help.” [MA-06 AYA]

“The value, to me, isthat
one, | can seeit, but then
sheisalso learning to be
more independent with it,
so when she is on her own,
it'll become a better habit
that she'll continue” [MA-
07 Care Partner]

“1 think that's good, be-
cause that can, in some
ways, push you to do bet-
ter” [MA-02 AYA]

“| feel like that would help
both of usget an understand-
ing of what needs to hap-
pen.” [MA-06 AYA]

“You don't get too many
timesto sit thereand collab-
orate on things too much.”
[MA-10 AYA]

«  Patients self-reporting
adose being taken em-
powers autonomy and
reduces direct care
partner oversight.

o Adaptivedaily re-
mindersto play agame
that implicitly reminds
the patient to take their
dose.

« Patientsand care part-
ners felt that these
types of reminders
would not be a burden.

o Asmple, user-friendly
interface with bright
colors.

o A cadendar view avail-
ableto both the patient
and care partner pro-
vides some oversight
while fostering adoles-
cent and young adult
independence.

« A collaborative word
game that requiresin-
put from both patient
and care partner.

« Thisfeatureleadsto
improved management
of the dyadic unit, fo-
cusing on acommon
goal of completing the
task.

« Ittakesdyadic commu-
nication focus away
from medication and
toward a collaborative
pursuit.
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Demographics of Study Participants

The median age of the adolescents and young adult patientswas
18 (range 13-39) years, with a balanced sex distribution of
females (8/15, 53%) and males (7/15, 47%). Their racia
distributionincluded 47% (7/15) White, 40% (6/15) Black, and
13% (2/15) mixed race. Among the care partners, the median
age was 48 (range 36-72) years, with the mgjority being female

Table 2. Peatient and care partner demographic information.

Raab et a

(12/13, 92%). Racial distribution among care partnerswas 77%
(10/13) White and 23% (3/13) Black. A detailed distribution of
participants by focus groups and interviews is provided in
Multimedia Appendices 3 and 4, respectively.

Table 2 summarizes demographic characteristics of the study
participants, including gender, age, race, and ethnicity, for both
patients and care partners.

Characteristic Patients (n=15) Care partners (n=13) Total (N=28)
Sex

Male 7 (47%) 1 (8%) 8

Female 8 (53%) 12 (92%) 20
Age (years), median (range) 21(13-39) 48 (36-72) 33(13-72)
Race

Black or African American 6 (40%) 3(23%) 9

White 7 (47%) 10 (77%) 17

Mixed race 2 (13%) 0 (0%) 2
Ethnicity

Hispanic or Latino 0 (0%) 0 (0%) 0

Non-Hispanic or Latino 15 (100%) 13 (100%) 28

Focus Group and Interview Findings

Overview

The focus groups and interviews revealed key insights into the
challenges, relationship dynamics, and strategies used by
adolescents and young adults and their care partnersin managing
medication adherence, as well as their use of technology and
preferences for an mHealth app. Major themes related to
adherence barriers and challenges, asreported by patients, care
partners, and dyads, are summarized below and illustrated in
the schematic presented in Figure 2.

https://formative.jmir.org/2026/1/e82356

Adolescents and young adults perspective: patients commonly
identified forgetful ness, medication side effects, and a sense of
being constantly monitored by care partners (often parents) as
barriers, leading to an increased desire for autonomy and agency.

Care partner (parent) perspective: care partners focused on
ensuring medication adherence while also supporting the
patient’s devel opment of autonomy and self-management skills.

Dyadic perspective: both adolescents and young adultsand care
partners shared the goal of promoting adolescent and young
adult autonomy and agency, highlighting the importance of
balancing support with independence.
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Figure 2. Key findings from focus groups and interviews.
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Adolescent and Young Adult:

e Forgetfulness
* Aversion
L]

Parent:

Desire for autonomy and agency

Concern about adherence

Relationship toll affecting both adolescent and young
adult and parent well-being and concerns

Need to develop adolescent and young adult autonomy

Medication Adherence Challenges

Adolescents and young adults consistently reported difficulties
maintaining their medication regimen, with the most significant
barrier being disruption of routinestypical in this developmental
stage. Common scenariosincluded staying out late with friends
or sleeping in, which often resulted in missed or late doses.

For me, I’d usually be out socializing, so an event at
a friend's house or something, and then 9:00 rolls
around and... | don’'t have my [ medication]. [MA-03
AYA]

Adolescents and young adults acknowledged that irregular
schedules posed ongoing challenges to adherence, particularly
for morning doses.

Onehigreasonthat | missadoseissleepingin. | like
todeepin. Alot of thetime, | legpin past 12:00 p.m.,
so I'll miss that morning dose, but | typically won't
miss the evening dose. [MA-20 AYA]

Their care partners also recognized that routines can be disrupted
by staying up late and sleeping in.

I don't know if it’'s because he felt...It'smore or less

just forgetting and being busy, the busier heis. If he

isout with hisfriends or he is at work or something,
it just dlips his mind...\e haven't taken the

https:/formative.jmir.org/2026/1/e82356
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RenderX

tacrolimus yet. He's done Xarelto like that though
where he had the blood clots. He had to take that on
a regimented basis. There were times when he just
completely missed a dose. You'd belike, “ Why?” He
wasjust, “ Oh, | forgot,” or,“ 1 deptin,” or,“ 1 wasn't
here and | didn't have the pill with me’ That's
another big oneisit’stime to take it and not having
it with them. [MA-02 Care Partner]

Existing Strategies for Medication Adherence

Patients and care partners described severa strategies used to
support adherence, including setting phone alarms, using
reminder and calendar apps, and organizing medicationsin pill
boxes. Thesetools helped automate reminders and allowed care
partners to discreetly monitor adherence, reducing the need to
directly prompt the patient.

Timers are really good to help remembering to take
your meds...I have aniPhone, but the Remindersapp
isokay. Then, what | will also do, sometimes, isinput
eventsin my Calendar app on my phone. It will pop
up, and you can set it to remind you every day or
every week or whatever the case may be. Those are
three helpful things electronically. [MA-05 AYA]
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| dolikethe pillbox though becausethen | can always
double check, you did, in fact, takeit, without having
to bug her constantly. [MA-06 Care Partner]

Despite these efforts, both adolescents and young adults and
care partners shared that busy schedules, forgetfulness, and the
desire to avoid being constantly reminded still contributed to
suboptimal adherence.

No, they're just like, ‘No big deal.! We're the ones
hovering over the bedside, watching them suffer, and
they're knocked out. They don’t remember half of it.
[MA-04 Care Partner]

I'll say if I'm having a really busy day and | don’t
keep track of everything that I’ m doing or everything
| need to do, | forget that | have to take my medicine.
I’'m like, ‘Oh, | forgot to take my medicine today’.
[MA-06 AYA]

Viewson Technology and Toolsto Promote M edication
Adherence

Attitudes Toward Using an Appto Assist With Adherence

Care partners expressed enthusiasm for the potential of an app
to support medication adherence.

Oh my God, you guys can help so many, so many
patients. [MA-12 Care Partner]

Care partners highlighted the val ue of verifying dose completion
without direct verbal reminders.

Just as a point that we can make sure they' ve taken
it without having to constantly call them or text them
or bug them about it, is where | see the value in it
more. [MA-07 Care Partner]

Adolescents and young adults shared thisinterest, particularly
appreciating features that could foster a greater sense of
autonomy.

| think it's better than having somebody, like family
or friend, remind you, only because, if it'sareminder
that you set up yourself, you till have that feeling of
autonomy. You did yoursedlf, it's you reminding
yourself, instead of somebody else. [MA-05 AYA]

“It'd probably be better if it was an app or an
inanimate object yelling at me, rather than my own
mom. It'd be easier to deal with. [MA-02 AYA]

Potential Concerns About App Features

Adolescents and young adults and care partners agreed that
complex or time-consuming apps would be burdensome.
Preferred features included a shared calendar for medication
tracking, notification reminders, and optional shared activities,
such as a simple and engaging game that could be completed
in under 5-minutes. Aninterviewer asked adolescent and young
adult participants and a care partner about the ideal length of a
game within the app

Interviewer: How long do you guys think would be a
good amount of time to have the game take?

MA-06 AYA: No more than five minutes.

https://formative.jmir.org/2026/1/e82356
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MA-18 Care Partner: | know every person’'s situation is
different, but | work full-time. My husband works full-time, so
adding thison top of all of the other responsibilities. Maybeit's
an optional game within the app.

Overall Suggestions for App

Care partners expressed devel oping routines and strategies early
in the transplant process.

[My daughter] has been on it since she was five, so
it was easier when she was younger, because | felt
more responsible for it, but now that she’s ol der, and
I’'m trying to get her gear, it has been a little bit
difficult. [IMA-06 Care Partner]
Care partners valued the ability to send reminders through the
app, reducing the need for direct prompting and supporting the
adolescents and young adults’ autonomy.

If we can go in the app and have the app send them
a notification. Like, ‘Check and see if she took her
medstoday! | think that would be something. [MA-06
Care Partner]

Both adolescents and young adults and care partners responded
positively to abuilt-in reward system to help motivate and help
support the patient’s continued, consi stent medi cation adherence.

They get a streak or they get to a certain point and
they get a little gift or they can send a postcard to
their friends or whatever” [MA-02 Care Partner]

| would say that’s nice because, yes, we've taken it
all our lives, but | feel like being rewarded for
something makes you want to do something even
more. [MA-06 AYA]

The app could aso facilitate community-building among
adolescents and young adults and care partners with similar
medical conditions, providing an additional source of support
and relatability that families may not have previously
experienced. An interviewer asked an adolescent and young
adult participant about the possibility of connecting with others
who have a similar disease.

Interviewer: Then maybe you could connect with other
people who have a similar disease to you or
something like that?

MA-06 AYA: Yes.

Additionally, participants suggested including a feature that
allows adolescents and young adultsto record reasonsfor missed
doses (eg, an “other” or “why” box), enabling them to note why
a dose was not taken. This could help adolescents and young
adults identify patterns, such as specific activities or times of
day when doses are missed, ultimately supporting improved
adherence.

| feel like maybe there should be a fourth, like a
“other” in there, just in case for some weird reason
those three don't actually sum up what it is and you
can actually type out what your “ other” is. [MA-18
AYA]
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Patient—Care Partner Dyadic Relationship Quality

Adolescents and young adults frequently described tense or
frustrating interactions with care partners, often centered on
medication reminders. Care partners similarly expressed
reluctance to repeatedly prompt adolescents and young adults
but felt their involvement was vital for successful medication
management during the transplant process. The desire for
increased autonomy and agency was a recurring theme for
adolescents and young adullts.

...sometimes when your parents are on you a lat, it
can beannoying. It’slike when you're young and you
go to do the dishes. You're on the way to the dishes,
but while you're on the way there, your parent says,
“Go do the dishes;” and you don’'t want to do the
dishes. [MA-05 AYA]

Care partners expressed similar feelings, noting areluctanceto
repeatedly remind adolescents and young adults about
medication adherence. Nonetheless, they viewed their support,
including providing reminders, as essential for successfully
navigating the transplant process.

It's your medicine. I'm just here giving you a little
helping and a little nudging, little kick butting. If
there's anything you think will work better, so we
don’'t have to go through this dance, you just throw
it out there and let’s talk about it. [MA-04 Care
Partner]

Patient’s Desire for Autonomy and Agency

Adolescents and young adults expressed a strong desire for
autonomy and independence in managing their lives and
reported frustration with frequent reminders from care partners
about medication adherence.

She wanted to feel like she wasin control of her life,
not that the cancer took control of her life, so many
times even if she took a dose she didn't want us to
know that she took a dose. [MA-12 Care Partner]

Sometimes my mom will get on me about taking it.
That makes me actually want to take it less, because
| find it annoying, but that's not always the case.
Sometimes | have legitimately forgotten, while other
times it's usually just a matter of being a kid and
having a parent tell me what to do. [MA-02 AYA]

Table 3. Medication |og feedback.

Raab et a

Care Partner Perspectiveson Facilitating M edication
Adherence

Care partners shared a range of emotions related to supporting
medication adherence, from maintaining a positive outlook to
experiencing fatigue, worry, and anxiety.

Her health, her staying alive, her fighting through
this, her getting through the whol e process, and she's
my baby. | love her. | don't want anything bad to be
happening to her. [MA-09 Care Partner]

How | felt? Very worried, very anxious. (Laughs.)
Yes. | actually personally had to go to my primary
doctor and | asked for help and | had to take some
Lexapro. [MA-12 Care Partner]

Per spectives About Using an App Focused on the
Dyadic Relationship

Both adolescents and young adults and care partners responded
positively to the idea of an app designed for use by both
members of the dyad. They saw potential for the app to support
adolescents and young adults’ autonomy as well as connection
within the relationship through shared or collaborative
management of the patient’s health.

Thevalue, to me, isthat one, | can seeit, but then she
is also learning to be more independent with it, so
when she is on her own, it'll become a better habit
that she'll continue. [MA-07 Care Partner]

| feel like that would help both of us get an
understanding of what needs to happen. [MA-06
AYA]

App Mock-Up Design Interviews

Findings from the focus groups and interviews informed the
design of low-fidelity, paper-based mock-ups of the app intended
for dyadic use (Multimedia A ppendix 5). Participants expressed
interest in a shared calendar view, in which adolescents and
young adults could log their medi cation intake and care partners
could view, but not edit, these entries. This could facilitate
information flow between adolescents and young adults and
care partners while maintaining adol escents and young adults’
autonomy. Thisapproach centers medication management with
adolescents and young adults, allowing them to update their
logs while providing care partners with oversight through
viewing access only (ie, care partners cannot enter themselves;
rather, medications are managed by adolescents and young
adults; Table 3).

Interviewer-asked question

Participant quotes

“How do you feel about using one of those appswithacare *“I think that would bereally hel pful because asmuch asl’min control of mostly everything

[giver] or parent?’

| take, it would feel even better if | could just log it myself without making it more of a

pressure for my parentsto log.’ [MA-17 AYA]

“...and then you would be able to see the exact time she
took it because she'll click that shetook it at that time and
it'll log the time that she took the medication.”

“Describe what you see from top to bottom. What pops up
to you as something that you notice?’
Partner]

“Oh my god, you guys can help so many, so many patients ... .Oh, thisisreally good,
‘Medication Log' | think it looks good, yes.” [MA-12 Care Partner]

“| think the medication log isreally cool, just to keep track of what medication you take
on whatever day, or how much you have to take, or just even the messages.” [MA-2 Care

https://formative.jmir.org/2026/1/e82356
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Adolescents and young adults and care partners agreed that
working together or collaborating on a shared game within the
app could enhance their relationship quality and provide a
positive distraction from illness management and related

Raab et a

stressors. Participants emphasi zed that the game should require
minimal time commitment, as adolescents and young adults
often experience attention and cognitive fatigue, especially over
extended periods (Table 4).

Table 4. General game feedback.

Interviewer-asked question Participant quotes

“What did you like about it (the game)?’ « “lliketheidea The game drawsin the parent and the child, tracking. You go into

it to play the game, but you also are tracking your medicine.” [MA-14 Care Partner]

«  “I'think it'samind distraction too. Instead of me, ‘ Come on, [AYA], take the meds,
take the meds,’ it's, ‘ Okay, as she's taking the meds, we're playing agame.” We're
doing something more interactive.” [MA-17 Care Partner]

o “Yes, mm-mmm (agreement).” [MA-17 AYA]

The design goals included creating a low-effort, collaborative  opportunity would take place outside of medication

game for adolescents and young adults and care partners; for
example, aword-solving activity in which each member of the
dyad (eg, adolescent or young adult and care partner) isassigned
specific wordswithin the phrase. Importantly, this collaborative

management. The game is intended to be noncompetitive,
fostering mutual benefit and possibly strengthening the dyadic
relationship by engaging in a shared activity they are doing
together (Table 5).

Table5. Collaborative game feedback.

Interviewer-asked question Participant quotes

“You have your own word that you can solve...behind the «
scenes you can meet up together and solve both words to-
gether.”

“I likeit. | just was wondering. It'sintriguing. | think it's fun...Even if they’re too

young to have the app themselves, they can do it on their parent’s phone and they

caninput, by just touching the screen and the parents can talk over it and say, ‘ Okay,

we'regoing toinput your dose. I'll helpyouinputit.’ | likeit!” [MA-15 Care Partner]

«  “If they'rejust constantly being reminded to take pills, that's (the game) maybe an-
other way that can make you...maybe just alittle bit more fun instead of just being
like, ‘Oh, it'stimeto take this’” [MA-2 AYA]

. “Youdon'tfeel like you're nagging as much because | feel like | nag, but that’s my

job, so that'swhat | do (laughs).” [MA-2 Care Partner]

Discussion

Principal Findings

Thisqualitative study showed that adol escents and young adults
and their care partnersface significant challengesin maintaining
adherence to their immunosuppressant regimens, despite the
essential role of these medications in preventing serious
posttransplant complications. Although adolescents and young
adults strongly desired autonomy and agency in managing their
medications, our findingsindicate that when left to self-manage,
they frequently missed doses due to disrupted routines,
overdeeping, forgetful ness, side effects, and competing priorities
typical of this developmental stage, such social activities. These
findings are consistent with recent studies reporting lifestyle
(ie, adjusting to new social and family dynamics) and sleep as
common post-HCT challenges [28-30]. In adapting to these
challenges, both adol escents and young adults and care partners
relied on strategies like pill boxes, phone alarms, and reminder
systems. However, these tools often failed to fully overcome
barriers such as busy schedules and shifting routines (eg, clinic
appointments, transfusions, and other infusions). Eventually,
adoption of strategies could help build habit formation, which
was similarly discussed in another qualitative study among
patientsliving with acute GVHD: “transitioning from an external
obligation to a habit” [31].

https://formative.jmir.org/2026/1/e82356

When specifically asked, participants viewed technology
positively, expressing enthusiasm for a simple, user-friendly
app that both adolescents and young adults and care partners
could use to support medication tracking, offer visual
confirmation of adherence, and provide motivational features,
such as rewards or messages. These findings align with recent
digitally-delivered interventions reported in similar, though not
exclusively HCT, patient populations with cancer [32-35].
Adolescents and young adults preferred app-based reminders
over direct prompts from care partners, suggesting that
technology may serve as a neutral facilitator of adherence,
supporting their need for autonomy and agency, a central
developmental goal for this age group [29,36]. Lastly, using
low-fidelity mock-up designs, both adol escents and young adults
and care partners valued features that balanced oversight with
independence, such as a shared medication calendar, optional
reminders, and collaborative, low-effort activities (eg, brief
games) to support adherence and strengthen their relationship.
These insights have collectively informed the initial co-design
of adyadic mHealth app with shared features and activitiesthat
both adolescents and young adults and care partners could use
to promote medi cation adherence. Thisinterventionisintended
to mainly impact dose-taking and dose-timing, with additional
improvementsin patient autonomy, routine and habit formation,
and collaboration with care partners.
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Comparisons and Contrasts With Previous Research

Our findings support previous research indicating that
medi cation nonadherence remains a significant concern among
HCT recipients. A literature review of 5 studies on medication
adherence in the HCT population reported rates of adherence
ranging widely from 33% to 94% across pediatric and adult
populations, with atrend toward declining adherence over time
[30]. More recent studies further highlight this issue: a
prospective survey of 200 adult allogeneic HCT recipientsfound
that nearly 38% reported medication nonadherence to ora
immunosuppressants, and 51% had nonadherence to
nonimmunosuppressants closely linked to complex regimens,
frequent medication adjustments, younger age, polypharmacy,
fatigue, and psychologica distress [37,38]. Similarly, a
cross-sectional study of 203 adult and 39 pediatric allogeneic
HCT recipients reported a nonadherence rate of 75% to
cyclosporine [39]. Among long-term survivors, another report
identified 69% nonadherence to immunosuppressants,
highlighting the persistence of adherence challenges even among
those without active GVHD or even with mild chronic GVHD
(62%), as well as those with more severe presentations (80%)
[40]. Taken together with our qualitative formative research,
these studies provide strong rationale for addressing critical
gaps through design strategies and behaviora interventions to
support medication adherence.

Indeed, our own data reinforce concerns about nonadherence,
identifying barriers such as oversleeping, busy routines, side
effects, and, particularly relevant for adolescents and young
adults, ongoing negotiation between care partner oversight and
adolescents and young adults' desire for autonomy. These
challenges support established literature [41]. Care partners play
an essential but often stressful role, trying to balance support
with allowing for adol escents and young adults’ independence.
A recent mHealth app (BMT4me) was developed with thisin
mind to promote adherence to immunosuppressant medication
and track symptomsin children following HCT [35,42]. Intheir
recent pilot study, the authors reported that care partners found
the app helpful in organizing medications, setting reminders,
tracking symptoms, and emphasized the val ue of digital support
during an overwhelming phase of early post-HCT care (ie, the
first 100 days). However, they noted the challenge of
maintaining sustained app engagement over time, with some
users never logging in after the initial onboarding [35].

Unique Contributions of This Qualitative Study

Studies by Amonoo et a [38] and Kochashvili et al [35]
highlight the crucia role of care partnersin posttransplant care,
especialy in medication management during the early acute
postdischarge phase when patients are often fatigued, cognitively
taxed, and psychologically distressed. Their findings show that
care partner involvement isvital for establishing and sustaining
medication routines, as supported by representative qualitative
guotes from both studies. While the recent BM T4me app study
demonstrates the impact of a digital app specifically for care
partners of patients aged 2-18 years, showing user satisfaction,
usefulness of reminders, and establishing new habits
posttransplant, our qualitative research extends this work in
several unique ways. Our findings emphasize the dyadic
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relationship [16] and support the design of an intervention that
targets the dyadic unit, engaging both adolescents and young
adults and care partners as active participants[43]. Accordingly,
we included both members of the dyad in focus groups and
interviews, including input from both in the co-design of using
low-fidelity app mock-ups. Our participants clearly articulated
adesirefor featuresthat promoted both autonomy and relational
connection. Our emphasis on strengthening the dyad, not only
in practical management (eg, adolescents and young adults
self-reporting), but also through relationship-building features
(eg, shared calendar and games), isan innovation. Our formative
research specifically identified the value of simple, brief,
noncompetitive, collaborative games as both a motivator for
app use and a means for shifting care partner communication
toward positive, goal-directed interactions, moving away from
framing medication as a source of “nagging” or conflict. This
concept of gamification aligns with recent findings of Tran et
al [44] in their scoping review, which synthesized support on
the role of incentive- and game-based features in mHealth
adherence apps. Their work indicated the importance of early
and meaningful involvements of patientsin app design phases.
This study directly responds to this recommendation by
engaging both adolescents and young adults and care partners
in the formative research and design process (ie, co-design) to
ensure that gamification features and engagement are
meaningful, developmentally appropriate, and tailored to the
unique needs and daily lives of posttransplant dyads. For
example, our participants provided input on features that could
motivate continued app interaction and emphasized the point
of brief games (ie, 5-minutes or less), as highlighted in the
review by Tran et al [44].

Proposed Dyadic Just-In-Time Adaptive I ntervention
Components

Based on our formative qualitative interviews and established
literature on JITAls [21], we anticipate that our dyadic JTAI
will incorporate the following elements. Decision points are
times when the intervention delivery can be adapted based on
the participant’s current state or context. For our dyadic
intervention, decision points could be based on scheduled dose
time (ie, morning/evening dose windows selected by the
adolescents and young adults) or missed self-report detection
(ie, failureto log a dose within a set time frame).

Potential tailoring variables are characteristics or real-time
contextual features used to personalize the intervention. These
may include previous medication adherence trends or patterns,
such as logged dose status of “taken,” “missed,” or “paused”
in the previous window, or average self-report missing rate in
the past week; self-reported barriers, including “forgot,” “busy,”
“out with friends” “sleeping in,” “side effects,” or typed
open-text reasonsin an “other” box; dyad mood, physical illness,
and relationship quality (ie, through in-app daily assessment or
diary); or app engagement (ie, time and frequency of app use).

Potential intervention options include positively framed
messages near scheduled medication dose times (ig, in lieu of
actual medication reminders), game-focused reminders that
engage the dyads in interacting with one another around
schedul ed medication times, or context-specific messaging. For
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example, when certain barriers are reported (eg, “forgot” or
“busy”), motivational messages or tips (eg, “pair meds with
your evening routine!”) could be sent. Additional optionsinclude
dyadic support prompts; if low mood is detected, additional
prompts could be sent that encourage or lift mood; rewards for
consecutive adherence, delivered as shared app features (eg,
unlock new game levels and send congratul atory postcards); or
care partner engagement or information prompts. The care
partner will be able to view the calendar (but not edit) to see
whether repeated adherence lapses occur, with encouragement
to use the collaborative game feature.

Thus, adaptation may occur based on time, if doses are
consistently missed at acertain time (eg, morning), intervening
with adjusted reminders or routine-change suggestions; context,
if social activity, tiredness, or side effect reporting is high in a
given period, adapting messaging or interventions accordingly;
adherence behavior, whereby the app could increase support
for dyads with declining adherence (eg, motivationa
messaging); dyadic interaction, whereby low engagement with
the collaborative app features triggers prompts to remind dyad
of benefits or to schedule shared activities. Thus, the initial
intervention may rely on scheduled reminders, but as the app
learns the individual’s barriers and the dyad's engagement
patterns with the game, it will provide contextually relevant
supports, such as encouraging collaborative game play after
missed doses and offering motivational, agency-preserving
messages for adolescents and young adults when repeated
“nagging” is detected as a source of friction. The proposed
variables are founded in the JITAI principles described by
Nahum-Shani et a [21] and the emergent findings of this
formative qualitative study. They will be iteratively refined in
a future pilot as more data are collected and may be further
improved during a study on the fly through an optimization
algorithm.

Study Limitations

This study had severa limitations. The sample size was
relatively small and was drawn from a single academic
institution, which may limit the generalizability of our findings
to a broader and more diverse population of adolescents and
young adults undergoing HCT. Participation was limited to
English-speaking individuals, excluding non—English speakers
who may face distinct adherence barriers and whose experiences

Acknowledgments

Raab et a

are not reflected in this analysis. In addition, participants were
compensated and tended to have favorable attitudes toward
research, the health care system, and the health care being
provided, which may have introduced selection or response
bias. Our sample included adolescents and young adults with
both cancer and noncancer hematologic conditions at various
stages in their treatment trajectory, rather than focusing
specifically on those within the acute period (first 100 days)
posttransplant. As aresult, our findings may not fully capture
the unique challenges and experiences faced by adolescentsand
young adults during the most critical early phase following
transplant. Future research should aim to include larger, more
diverse, and geographically varied cohorts, as well as
specifically study participants during the acute posttransplant
period to enhance the relevance and applicability of findings.
Developmental variability may have impacted the interpretation
of our findings and potential applicability to a broader
popul ation.

Conclusions

In summary, our findings highlight the need for innovative,
dyadic interventions that actively engage both adolescents and
young adults and their care partners as a dyadic unit in efforts
to improve medication adherence. Despite decades of research
documenting adherence challenges in the HCT population,
existing interventions have often been limited in scope and
struggled with low engagement, leaving adol escents and young
adults especially underserved during this devel opmental stage.
In this study, both adolescents and young adults and care
partners showed strong interest and willingness to explore new
approaches, expressing particular enthusiasm for digital health
technologies to support medication management. By fostering
autonomy in adolescents and young adults and strengthening
collaboration within the dyad, awell-designed mHealth app has
the potential not only to enhance medication adherence but also
to improve HRQoL, well-being, communication, and overall
outcomes for both adolescents and young adults and care
partners. The formativeinsights presented herein provideasolid
foundation for our upcoming pilot study using an mHealth app,
which will test JITAls delivering individualized and dyadic
messages, aswell asinteractive, relationship-building activities
such asbrief games. Our goal isto promote sustained medication
adherence and support dyadic relationship quality by actively
involving both the patient and care partner in the intervention.
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