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Abstract

Background: Emerging adults living with type 1 diabetes (T1D) need targeted support to equip them with the knowledge and
motivation required for self-management, particularly as they transition from pediatric to adult care. While multicomponent
digital health interventions have shown promise in addressing their multifaceted needs, traditional effectiveness studies provide
little, if any, insightsinto which components work effectively, how they function, and for whom.
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Objective: Thisstudy aimsto explore theimplementation of amulticomponent, text message—based digital intervention (Keeping
in Touch; KiT) to provide early insights into which components may shape participants’ transition experiences and how. The
secondary obj ective was to explore which subgroups, defined by individual characteristics, may benefit most from the intervention.

Methods: Embedded within a broader randomized controlled trial, we conducted a qualitative realist evaluation with
i ntervention-arm participants who had engaged with KiT for aminimum of 3 months. One-on-one semistructured realist interviews
were conducted in ateacher-learner cycleto test theinitial program theory. Theinitial program theory included several pathways
through which the 5 intervention components (ie, T1D self-management information and suggestions, transition support information,
problem-solving support, stress management strategies, and transition reminders) were hypothesized to influence a range of
theorized outcomes.

Results: A total of 16 interviews were completed with intervention participants. All 5 KiT intervention components were
reported to shape participants’ transition experiences positively but to varying degrees. T1D self-management information and
suggestions presented a universal positive impact across all participants. However, the effectiveness of problem-solving support
and stress management strategies varied depending on participants’ individual characteristics (eg, duration of diabetes, perceived
accessto information, and baseline diabetes distress). Rather than acting through parallel independent mechanisms, KiT appeared
to support participants' transition experiences viamultiple chains of interconnected mechanisms, often beginning with knowledge
or reinforcement and contributing to changesin motivation (eg, self-efficacy and diabetes distress). Interview participants described
tangible improvement in mechanisms and proximal outcomes (eg, diabetes knowledge and self-efficacy).

Conclusions: A multicomponent, text message—based digital intervention could support emerging adults living with T1D during
their transition to adult care by enhancing their knowledge and motivation for self-management. Participant subgroups responded
differently to various intervention components, which highlights that one-size-fits-all approaches are likely inadequate. Digital
interventions should be developed and studied in a variety of subgroups and contexts to optimize their reach. Interventions for
emerging adults living with T1D might benefit from targeting those who are more recently diagnosed with relatively lower
baseline levels of diabetes knowledge and self-efficacy or higher levels of diabetes distress.

International Registered Report Identifier (IRRID): RR2-10.2196/46115

(J Med Internet Res 2025;27:€70401) doi: 10.2196/70401
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: and can incorporate multiple functions to meet the multifaceted
Introduction needs of users[11]. Underpinned by acombination of different
Background components, such as educational information [12-15],

self-management tasks or appointment reminders [13,14,16],
guestion and answer (Q&A) functions [17], and psychosocial
support [17], some studies on digital health interventions in
T1D have noted positive impacts on user acceptability [16],
blood glucose monitoring behaviors[16], glycemic management
[13,15], and clinic attendance [14,17]. Although promising,
these results provide little insight into which of the multiple
intervention components work to influence the desired
outcomes, through which pathways, and under what
circumstances[18]. The answer to this question is of relevance
to health service researchers who are interested in intervention
fidelity (eg, whether the intervention is implemented as
intended) and policy makers who seek to understand how to
maximize resource allocation amid growing financial constraints
(eg, what elements are most effective and which groups are
most likely to benefit) [19].

Type 1 diabetes (T1D) often emerges during childhood or
adolescence, affecting 1.5 million individuals aged <20 years,
with an expected increasing prevalence over the next 20 years
[1]. T1D requires lifelong, routine self-management activities
and medical follow-ups to prevent acute and chronic diabetes
complicationsand ensure stable health [ 2]. Emerging adulthood,
aperiod of development spanning approximately from ages 18
to 28 years [3], is a particularly challenging period for those
living with T1D not only because of a shifting dynamic in the
responsibility for performing daily T1D self-management
activities but also because it coincides with mgjor life changes
that introduce competing social, academic, and financial needs
[4]. One of the common and observablerisksintroduced during
this period is the transition from the pediatric to adult care
system [5,6], which has been associated with care gapsthat lead
to adverse health outcomes and increased acute health care use

[7]. Thereisapractical need for targeted interventionsto support
emerging adults living with T1D, equipping them with the
knowledge and motivation to meet their T1D self-management
needs alongside multifaceted and evolving psychological,
educational, and vocational needs [7-9].

Increasing attention has been paid to the potential of digital
health interventionsin offering scalable support for peoplewith
T1D. Digita hedlth interventions are widely accessible [10]

https://www.jmir.org/2025/1/€70401

The UK Medical Research Council provides a framework for
process evaluation that evaluates complex interventions by
diving into the implementation process to understand
intervention components, mechanisms of action, and the
influencing context [20]. Realist evaluation, a specific type of
process evaluation, is an explicit theory-driven evaluation
framework that unveils the black box of the implementation
process by  specifying the  context-intervention-
mechani sm-outcome (CIMO) configurationsthat could explain
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which components work (intervention and outcome), through
which pathways (mechanisms), and for whom (contexts) [21,22].

Wang et al

Methods

In this study, we embedded a qualitative realist evaluation
alongside a randomized controlled triad (RCT) that is
investigating the effects of a tailored, multicomponent, text
message-based digital health intervention (Keeping in Touch;
KiT) on thetransition experiences among emerging adultsliving
with T1D. KiT integrates abroad range of validated intervention
components, including educational content [4,12,13,15,23-26],
transition coordination [17,27], appointment reminders
[13,16,17], and psychosocial support [17], which have been
delivered in both conventional structured programs and
mobile-based interventions. By leveraging mobile technology,
KiT overcomesthe scalability challengesfaced by conventional
structured programs[28]. In addition, KiT stands out by offering
more personalized content than many other maobile-based
interventions [9], tailoring information based on users' needs
and interests, and providing customized answers through its
Q&A feature. The complete realist evaluation protocol
(including the hypothesized CIMO configurations) [29] and
KiT intervention devel opment process [30] have been published
previously.

Objectives

The objectives of this qualitative realist evaluation were to (1)
qualitatively examine the hypothesized CIMO configurations
outlined in the initial program theory to validate whether and
how they may be activated by KiT and (2) refine the initial
program theory based on insights from the intervention
implementation process.

https://www.jmir.org/2025/1/€70401

Initial Program Theory

Combining the insights gained from the KiT program
documentation and research articles on behaviora science
theoriesfor digital behavior changeinterventions, we previously
identified 5 key KiT intervention components and 5 key
intervention features, respectively [29]. These include the
following:

1 Intervention components include T1D self-management
information and suggestions, transition support information
(ie, care navigation topic), problem-solving support (ie,
Q&A), stress management strategies (ie, coping with T1D
educational topic), and transition reminders (ie,
appointment, test reminders, and note keeping)

2. Intervention features include credible sources,
personalization, user-friendly message tone, red-time
interactivity, and content format

By incorporating capability, opportunity, motivation, behavior
model [31]; health action process approach [32]; and technology
acceptance model [33] frameworks, we developed the initial
program theory delineating the potential relationships among
individual-level context, intervention components and features,
mechanisms, and outcomes [29]. Therefore, we generated 10
hypotheses to understand which KiT intervention components
and features may work, for which outcomes, and by which
mechanism (Textbox 1).
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Textbox 1. Initial program theory hypotheses and the refined hypotheses.

Resear ch question: What may influence user engagement with Keeping in Touch (KiT)?

Resear ch question: Which KiT intervention components may influence participant outcomes and how?

Initial hypothesis 1: 5 intervention components and 5 intervention features (intervention) may work together to shape user engagement (outcome)
via perceived usefulness (mechanism).

Refined hypothesis 1: 5 intervention components (intervention) and 5 intervention features (intervention) may foster perceived usefulness
(mechanism), which may contribute to user engagement (outcome).

Initial hypothesis 2: 5 intervention components and 5 intervention features (intervention) may work together to shape user engagement (outcome)
via perceived ease of use (mechanism).

Refined hypothesis 2: 4 intervention features (intervention), including personalization, content format, user-friendly message tone, and real-time
interactivity, may foster perceived ease of use (mechanism), which may contribute to user engagement (outcome).

Initial hypothesis 3: type 1 diabetes (T1D) self-management information and suggestions (intervention) may contribute to improved outcomes
by supporting participants in gaining new knowledge and skills (mechanism).

Initial hypothesis 4:

T1D self-management information and suggestions (intervention) may contribute to improved outcomes by enhancing participants' outcome
expectancies (mechanism; belief about the consequence of performing a specific behavior).

Refined hypotheses 3 and 4: T1D self-management information and suggestions (intervention) may contribute to improved self-reported blood
glucose self-monitoring behaviors (outcome), transition readiness (outcome), or glycemic management (outcome), through the parallel mechanisms
of knowledge (mechanism) and reinforcement (mechanism). These mechanisms may, in turn, shape outcome expectancies (mechanism),
self-efficacy (outcome), negative emotions (ie, diabetes distress [outcome] and behavioral cueing [mechanism]). These pathways are more likely
to be activated among those who are newly diagnosed (duration of diabetes [context]) or have limited baseline perceived access to information
(context).

Initial hypothesis 5: Transition support information (intervention) may support participants in gaining new knowledge and skills (mechanism).

Refined hypothesis 5: Transition support information (intervention) may contribute to improved transition readiness (outcome) through 3 main
mechanisms, namely knowledge (mechanism), outcome expectancies (mechanism), and reinforcement (mechanism). For individual s experiencing
baseline diabetes distress (context) due to limited knowledge, KiT may help reduce negative emotions (outcome) and enhance self-efficacy
(outcome) by addressing gaps in knowledge (mechanism) and outcome expectancies (mechanism).

Initial hypothesis 6: Problem-solving support (intervention) may support participantsin gaining new knowledge and skills (mechanism).

Refined hypothesis 6: Facilitated by intervention features (intervention), including real-time interactivity, personalization, and credible sources,
problem-solving support (intervention) may provide participants with knowledge (mechanism). Its use may be shaped by key contextual factors
relating to the individual, such as baseline perceived knowledge or access to information (context) and awareness of available intervention
components (context).

Initial hypothesis 7 (not supported): Problem-solving support (intervention) may help participants enhance their self-efficacy (outcome).
Initial hypothesis 8: Stress management strategies (intervention) may mitigate participants’ negative emotions (outcome).

Refined hypothesis 8: Stress management strategies (intervention) may contribute to improved self-reported blood glucose self-monitoring
behaviors (outcome) or transition readiness (outcome) by helping reduce negative emotions (outcome). These effects may be more relevant for
individualswho are more recently diagnosed with diabetes (duration of diabetes [context]) or who have higher baseline diabetes distress (context)
and lower baseline self-efficacy (context).

Initial hypothesis 9 (not supported): Stress management strategies (intervention) may enhance participants’ self-efficacy (outcome).
Initial hypothesis 10: Transition reminders (intervention) may work as a behavioral cueing mechanism for target behaviors.

Refined hypothesis 10: Transition reminders (intervention) may facilitate improved transition readiness (outcome) by supporting behavioral
cueing (mechanism) and enhancing self-efficacy (outcome), especially for those with strong competing priorities (context) and poorer memory
ability (context).

Ethical Consider ations

Study Setting

Ethics approval for this embedded realist evaluation was

The multicenter KiT trial isongoing and is being conducted at
6 pediatric diabetes clinics in Canada—4 in Ontario and 2 in
Quebec [30]. The multicenter trial was launched in January
2023 and finished participant recruitment in September 2024,
with a 12-month intervention duration and an anticipated trial
end date in September 2025. Details about the KiT trial design
are available in the published protocol [30].

https://www.jmir.org/2025/1/€70401

obtained from the Trillium Health Partners Research Ethics
Board (ID 1086). Ethics for the broader KiT tria (tria
registration number NCT05434754) was obtained from Clinical
Trials Ontario through the Hospital for Sick Children Research
Ethics Board (project ID 3986) and McGill University Health
Centre Research Ethics Board (project  number
MP-37-2023-8823).
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Participants provided written informed consent for the embedded
realist evaluation during thetrial enrollment. Theresearch team
contacted the KiT trial participants who provided consent with
a letter of information and an invitation to participate in an
interview. Participants received a CAD $25 (US $18.25)
electronic gift card to complete the interview. Identifiable data
were stored in password-protected files on secure servers and
were only accessible by approved research personnel. Data
deidentification was performed before analyses. This paper
follows the reporting requirements outlined by the Realist and
Meta-narrative Evidence Synthesis: Evolving Standards
(RAMESES) Il checklist (Multimedia Appendix 1) [34].

Participant Recruitment

Participantswereeligiblefor this secondary study (ie, embedded
realist evaluation) if they met the following criteria: (1) were
randomized to the intervention arm with completed baseline
surveys, (2) had aminimum of 3 months of intervention useto
allow them to receive the 2 optional educational topics (based
on users needs and interests, respectively [29]), and (3)
confirmed receipt of =2 text messages from KiT in the month
before the interview to mitigate potential recall bias. These
criteriaallowed usto include participantswho were sufficiently
familiar with the intervention. We used purposive sampling to
facilitate representativeness across participants
sociodemographic characteristics and intervention use. We
recruited eligible participants until we achieved sufficient
information power, which aims at offering new contextualized
insightsthat contribute to current knowledge[35]. Thisapproach
allowed usto answer our research questionsand refinetheinitial
program theory to inform future testing in the full trial cohort.

Data Collection M ethods, Tools, and Procedures

Overview

We analyzed intervention use data to inform online
semistructured realist interviews[36,37] exploring participants
experiences engaging with KiT. We also extracted basic
demographic data from the RCT baseline survey to understand
the demographic characteristics of the interview participants.

I ntervention Use

Intervention data were collected by Memotext, a third-party
company that delivers and manages the KiT intervention. The
Memotext system logs al incoming and outgoing messages
fromKiT, covering all intervention components, corresponding
participant responses, and initiated messages. Because user
engagement is multidimensional and extends beyond just
technology use[38,39], we assessed it using several indicators,
focusing on two aspects:. (1) active engagement, measured by
the response rate for standardized questions (ie, a set of 4
guestions about baseline settings and optional topics that were
asked uniformly to all participants at the beginning of the
intervention, regardiess of their specific needs), the total
response rate at the time of interview (contained both
standardized questions and optional questionsthat varied based
on participants response to a readiness to transition
guestionnaire and questions about the topics they chose), and
the use of available (optional) KiT components (including
appointment reminder, test reminder, note keeping, and Q& A

https://www.jmir.org/2025/1/€70401
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functions) and (2) passive engagement [38,40], assessed by the
number of intervention topics received, which served asaproxy
for sustained exposureto the educational information (delivered
sequentially) and indirect cognitive engagement (where users
may absorb information even without directly responding) [41].

Realist | nterviews

We used semistructured realist interviews, guided by the
“teacher-learner cycle” [37], a recommended method for data
collection in realist evaluations [42]. Unlike conventional
semistructured interviews, which focus on participants’ general
perceptions[43], realist interviews generate insights about how
theinterventionis expected to work, in the form of hypothesized
CIMO configurations [37].

The interviewer acted as a teacher by first introducing the
hypothesized CIMO configurations to the participant, after
which the participant acted as a teacher to confirm, deny, or
modify the hypotheses based on their experiences [36]. For
example, the interviewer would introduce CIMOs by stating
the following [29]:

The first is educational information about diabetes
management, transition from pediatric to adult care,
and the Q&A. We think it helps participants gain
more knowledge and skills, which helpsthem be better
prepared for daily self-management and care
transition. Does this align with your experiences?
Can you provide some examples?

The redist interview guide (Multimedia Appendix 2) was
developed based on initial CIMO configurations and related
hypotheses described in detail in the study protocol [29]. It was
piloted and iteratively refined during the data collection process
with the input from 3 team members (LD, RW, and BP).
Interviewswere conducted by asingleteam member (RW) with
no previous relationship with any participant or the T1D
community and were audio recorded and transcribed verbatim
by an independent third party.

Demographic I nformation

As part of the KiT trial, participants completed surveys at
baseline, 6 months, and 12 months. We extracted participants
baseline demographic data, including age, sex, ethnicity, and
insurance information.

Data Analysis

We performed a multistep qualitative data analysis following
Gilmore et a [44], including interview data coding, case
creation, and CIMO refinement.

I nterview Data Coding

We developed the codebook according to the predefined
constructs as per our objective to test and refine the initial
program theory. Using a thematic analysis approach [45,46],
we started deductive coding to capture the key constructs of the
initial program theory with special attention paid to intervention
components and features, mechanisms, and outcomes. We
applied inductive coding when the additional emerging
constructs did not fit within the predefined codes (such as
context) and refined the codebook iteratively.
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Case Creation

Weintegrated interview datawith the participants’ demographic
dataand intervention use data (a proximal outcome) to facilitate
a contextualized understanding of each participant’s case.

CIMO Refinement

We compared interview data with the hypothesized CIMO
configurations in the initial program theory [19,47], which
included 10 hypothesized pathways (Table 1). To achieve this,
we first coded CIMO configurations in each transcript. CIMO
elements were coded when elements occurred in a dyad (eg,
intervention component — mechanism), triad (eg, intervention
component — mechanism - outcome), or the full CIMO
configuration [48]. We then created a list of CIMO
configurations validated (or refined) at the participant level. As
afinal step, we synthesized the data across transcriptsto identify
patterns to support refinement of the program theory [49].

To ensure the credibility of the interview data analysis, 2
members of the research team (RW and BP) independently
coded thefirst 8 transcripts and discussed all discrepancies until
agreement was reached. Once a revised codebook was
established, 1 team member (RW) coded all remaining
transcripts, meeting regularly with other team members (LD
and BP) to review and discussthefindingsto collectively refine
the program theory. No additional participant validation was
conducted as this was incorporated as part of the realist
interview approach. We used MAXQDA (VERBI Software)
[50] to analyze qualitative data and R (R Foundation for
Statistical Computing) and Microsoft Excel to triangulate data
from different sources, create case constructions, and perform
descriptive analyses to explore participant demographic
characteristics.

Positionality Statement

This interdisciplinary implementation study reflected a
collaborative effort among team memberswith diverse expertise
and perspectives, including implementation science researchers;
clinical scientists in endocrinology, pediatrics, and pediatric
psychology; as well as an emerging adult patient partner with
lived experience of T1D. Wetook part in this study based on a

https://www.jmir.org/2025/1/€70401

Wang et al

shared commitment to improving the accessibility and relevance
of interventionsthat address the multifaceted and evolving needs
of emerging adults living with T1D.

Throughout data analysis and interpretation, the research team
considered their own positionalities and professional identities.
The reflexive discussions and cross-checked interpretations
reduced individual biases and enhanced the credibility and depth
of our findings. This approach allowed us to generate more
comprehensive, context-sensitive, and rigorous insights.

Results

Participant Characteristicsand I ntervention
Engagement

A total of 26 participants were invited to partake in the
interview. Among them, 8 (31%) potential participants did not
respond, and 2 (8%) agreed to participate but were lost to contact
(ie, did not respond to follow-up messages to schedule the
interview), leaving 16 (62%) participants recruited between
July 2023 and May 2024. The interviews lasted 24 to 68 (mean
51, SD 10.4) minutes.

The 16 participants were aged 17 to 19 (median 17.9, IQR
17.8-18.1) years; 8 (50%) self-reported their sex asfemae and
8 (50%) as male. A total of 6 (38%) participants identified as
White (with other major ethnic groups, including South Asian,
Black, and Middle Eastern), and approximately two-thirds
(n=10, 62%) of the participants had private insurance (Table 1,
comparison with other intervention-arm participants who
provided consent to participate in our study is available in
Multimedia Appendix 3). Most participants responded to all 4
standardized questions and had a response rate of >80% to all
questions sent by KiT from enroliment until their interview.
Most participants received =4 educational topics, with driving,
exercise, and nutrition and carbohydrates as the 3 most popular
optional educational topics. Variability was observed in the use
of optional KiT components, as expected, with a total of 12
(75%) participants using the appointment reminders, followed
by the test reminders (n=7, 44%) as well as the note keeping
and Q&A (n=2, 12%).
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Table 1. Participant demographic characteristics and intervention engagement.

ID Age Sex Ethnic Private Interven-  Response  Totalre- Number Optionatop- Appoint-  Testre- Note- QAC
) identity  insur- tiondura- ratefor sponse  of top- ic ment re- minder keep- e
ance tionattime standard- g icsre- minder use use ing
of inter- ized ques- (%) ceived use
view (WK)  iong? (%)
IDO1 179 Fe South No 31 100 92.3 8 Nutrition Yes Yes No No
male Asian and carbohy-
drates
ID02 179 Fe East Yes 21 100 83.3 5 Drugs and Yes Yes Yes No
male  Asian alcohol
ID03 17.7 Fe South Yes 20 75 66.7 4 Driving Yes No Yes Yes
male  Asian
ID04 181 Fe White Yes 19 75 81.8 5 Exercise Yes No No No
male
IDO5 180 Mae White Yes 15 100 100 4 School and  No No No No
work accom-
modations
IDO6 17.6 Made Black Donot 41 100 88.9 9 Nutrition No No No No
know and carbohy-
drates
IDO7 179 Mae Middle Yes 29 100 81.8 7 Nutrition Yes Yes No Yes
Eastern and carbohy-
drates
IDO8 17.8 Fe White Yes 24 100 71.4 5 School and  Yes No No No
male work accom-
modations
ID09 184 Mae Black Donot 36 100 66.7 5 Sexual Yes Yes No No
know health
ID10 17.7 Fe White Donot 21 100 100 6 Drugs and Yes Yes No No
male know alcohol
ID11 17.8 Mae South Yes 40 100 88.9 6 Driving No No No No
Asian
ID12 188 Fe Southeast Yes 26 100 66.7 7 Exercise Yes No No No
male  Asian
ID13 180 Fe Middle No 43 100 77.8 6 Exercise Yes Yes No No
male  Eastern
ID14 17.8 Mae White Yes 19 100 100 3 Driving Yes No No No
ID15 19.1 Mae Por- Yes 23 100 77.8 1 Insulinad-  Yes Yes No No
tuguese justments
ID16 17.8 Mae White Donot 40 75 714 4 N/AY No No No No
know

A set of 4 standardized questions that were asked uniformly to all participants at the beginning of the intervention, regardless of their specific needs.

bContains both standardized questions and optional questions that varied based on participant responses to a readiness to transition questionnaire and
questions about the topics they chose.

®Q&A: question and answer.
dN/A: not applicable.

Revised Program Theory

Overview

The initial and refined hypotheses are reported in Textbox 1,
with the revised program theory further elaborated in Figure 1.
A breakdown of hypothesistest results by participant and their
associated CIMO configurations can be found in Multimedia
Appendices 4 and 5, respectively. Of the 10 initial hypotheses,

https://www.jmir.org/2025/1/€70401
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8 were congruent with participants experiences and further
refined based on their feedback, whereas 2 were unsupported
by this study’s findings. In addition, we found 1 new potential
mechanism of influence with several associated pathways that
could be incorporated into existing hypotheses. Across
participants, consistent self-reported changes in the desired
direction were noted for knowl edge, self-efficacy, and transition
readiness.
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Figure 1. Refined program theory. T1D: type 1 diabetes.
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Understanding What | ntervention Components May
Drive Engagement

Overview

As anticipated, all 5 key intervention components were
perceived as useful, with T1D self-management information
and suggestions as the most frequently mentioned and highly
rated component. Other intervention features, such as credible
sources, personalization (ie, flexibility to choose topics), and
content format (ie, attaching website links to messages to
provide more information as needed), were cited as useful in
conjunction with other intervention components:

Yes, and just the good amount of information, it’s not
too much but not too little at the sametime. So that’s
ancther helpful part. And then also the links to
provide more information if needed is also another
good part of it. So yes. [ID06]

Similarly, participants did not require extraeffort to processthe
information delivered by the KiT intervention, and,
consequently, they found it easy to use because of its
intervention features, especially personalization (ie, flexibility
to set frequency and time window of receiving educational
messages), message tone, and content format (ie, attaching
keywords to the beginning of the educational messages):

| feel like because they are—they are preferenced
[sic] to our own—we can choose our own time
windows that we can kind of get these messages. |
like that because it doesn’'t spam me with messages
every single point of the day. So that's a good thing.
[ID13]

Together, these findings supported refinements to the initial
hypotheses 1 and 2, as outlined subsequently and in Figure 1.
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Refinement to Hypothesis 1

Five intervention components (intervention) and 5 intervention
features (intervention) may foster perceived usefulness
(mechanism), which may contribute to user engagement
(outcome).

Refinement to Hypothesis 2

Four intervention features (intervention), including
personalization, content format, user-friendly message tone,
and real-time interactivity, may foster perceived ease of use
(mechanism), which may contribute to user engagement
(outcome).

Understanding What Mechanisms May Drive
I mprovement in Outcomes

Providing T1D Self-Management I nformation Was
Per ceived to Activate M ultiple Mechanismsand Drive
Changein Multiple Outcomes

Overview

All participants described that T1D self-management infor mation
and suggestions (intervention) meaningfully increased their
knowledge (mechanism), providing new facts or deeper
awareness. Some participants further demonstrated that this
facilitated their self-reported blood glucose self-monitoring
behaviors (outcome), contributed to improved glycemic
management (outcome), or helped them better prepare for
transition to take full responsibility for their T1D management
(transition readiness [outcome]). Across participants, T1D
self-management information and suggestions (intervention)
was perceived to influence self-management through a chain
of mechanisms, starting from knowledge (mechanism) to
influence outcome expectancies (mechanism), self-efficacy
(outcome), negative emotions (ie, diabetes distress [outcome]),

JMed Internet Res 2025 | vol. 27 | €70401 | p. 8
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

and behavior cueing (mechanism). For example, 7 (44%) of the
16 participants noted that the T1D information improved their
understanding of the positive and negative consequences of
T1D self-management (outcome expectancies [mechanism]),
increasing motivation to perform daily T1D self-management.
Some participants also demonstrated a positive feedback loop,
where perceived positive change in health outcomes (eg,
glycemic management) further reinforced their motivation and
intervention engagement:

Before | didn’t know howto do somethingand | didn’t
want to do it. So now because | do know how to
maintainit, and | know the consegquences and | know
how to or ways to kind of improve it, improve my
diabetes management, my glucose readings, | kind of
want to do it better...Yes, because | know the positives
and the negatives. The negatives and the positives
kind of work together in motivating because knowing
the negatives is something that you don’'t want to
happen to you, but the positivesis something that you
do want to ensure. [ID13]

And also, the outcome expectancies, | think it helps

you because it helps you with your self-management

and self-confidence. And | feel like that, overall, just

helps your blood sugar actually go down in real life.

So then because your blood sugar actually went down,

you kind of fedl like it's actually helping and your

outcome in the end will actually be better, right,

because it’'s helping with your self-monitoring, and

you're actually seeing results. [ID05]
In addition, most participants identified a parallel mechanism
in which T1D self-management information and suggestions
(intervention) reinforced existing knowledge (reinforcement
[mechanism]), reminding them of information they had
previously learned but set aside, thereby supporting blood
glucose self-monitoring behaviors (outcome). Some suggested
that the effectiveness of thisintervention component may depend
on individual characteristics, such as duration of diabetes
(context) and baseline percelved accessto information (context).
Specifically, those who are newly diagnosed (duration of
diabetes[context]) or have perceived limited accessto credible
information (baseline perceived accessto information [context])
may gain more new knowledge (mechanism) and therefore
benefit more from the KiT T1D self-management information
and suggestions (intervention):

| guessthe knowledge and skillsaspect. TheKiT gives
a lot of good and really helpful information.
Especially about hypo and hyper glycemia. Especially
when you're first and newly diagnosed | think those
are the two most important things to pay attention to
first. As you get older, things like travelling and
driving would also be something to look into. | think
just having that knowledge before it happens would
be very helpful. [ID12]

Together, these findings supported combining the initial
hypotheses 3 and 4 and refining the mechanisms, as outlined
subsequently and in Figure 1.
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Refinement to Hypotheses 3 and 4

T1D self-management information and suggestions
(intervention) may contribute to improved
sdlf-reported blood glucose salf-monitoring behaviors
(outcome), transition readiness (outcome), or
glycemic management (outcome) through the parallel
mechanisms of knowledge (mechanism) and
reinforcement (mechanism). These mechanisms may,
in turn, shape outcome expectancies (mechanism),
self-efficacy (outcome), negative emotions (ig,
diabetes distress [ outcome] ), and behavioral cueing
(mechanism). These pathways are more likely to be
activated among those who are newly diagnosed
(duration of diabetes [context]) or have limited
baseline perceived access to information (context).

Transition Support I nformation Was Perceived to
Contribute to Transition Readiness Through Multiple
Mechanisms

Overview

A total of 7 (44%) of the 16 participants described the positive
influence of transition support information (intervention) either
by providing new knowledge (mechanism) or reinforcing
existing knowledge (reinforcement [ mechanism]), both of which
improved their ability to navigate the health care system
(transition readiness[outcome]). Some participants highlighted
a chain of mechanisms whereby outcome expectancies
(mechanism) linked knowledge (mechanism) to transition
readiness (outcome). For participants  experiencing
baselinediabetes distress (context) due to limited knowledge
about care transitions or T1D management more genera,
transition support information (intervention) helped reduce
their diabetes distress (negative emotions [outcome]) by
increasing knowledge (mechanism) and fostering a sense of
preparedness (self-efficacy [outcome]):

I think it was pretty recently, actually. And just giving
tips about how to reach certain care teams when |
need the support. You know, this is what you can
expect, certain things like that. And | did find them
pretty helpful. As much as | do feel very prepared
from my pediatric team, they also don't know
everything that doesgo oninthe[world of adult care]
because they obviously don’t work there. So, | did
find it helpful when they did give specific transition
tips. [ID0O4]

Together, these findings supported refining hypothesis 5, as

outlined subsequently and in Figure 1.

Refinement to Hypothesis 5

Transition support information (intervention) may
contributeto improved transition readiness (outcome)
through 3 main mechanisms, namely knowledge
(outcome), outcome expectancies (mechanism), and
reinforcement  (mechanism). For  individuals
experiencing baseline diabetes distress (context) due
to limited knowledge, KiT may help reduce negative
emotions (outcome) and enhance self-efficacy
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(outcome) by addressing gaps in knowledge
(mechanism) and outcome expectanci es (mechanism).

The Perceived | mpact of Problem-Solving Support and
Stress Management Strategies May Depend Heavily on
Context

Problem Solving Support

Problem-solving support (intervention) was perceived
to help increase knowledge (mechanism), supported
by key intervention features, including real-time

interactivity (intervention), personalization
(intervention), and credible sources (intervention).
Most participants reported not using the

problem-solving support (intervention) as they did
not have a specific question in mind (baseline
perceived knowledge or access to information
[context]) or were unaware of this intervention
component (awareness of available intervention
components [ context] ):

Oh. Sono | haven't donethat yet. So | might actually
do that now after the interview, but yes, no | haven't
done that yet...I'm going to be honest, | don’t—
didn’'t know it existed. [ID05]

These insights were congruent with the initial hypothesis 6 but
not congruent with hypothesis 7 in this study’s sample due to
low engagement with this component. We further refined
hypothesis 6 as mentioned subsequently.

Refinement to Hypothesis 6

Facilitated by intervention features (intervention), including
real-time interactivity, personalization, and credible sources,
problem-solving support (intervention) may provide participants
with knowledge (mechanism). Its use may be shaped by key
contextual factors relating to the individual, such as baseline
perceived knowledge or access to information (context) and
awareness of available intervention components (context).

Stress Management Strategies

Participants described how stress management strategies
(intervention) helped reduce their diabetes distress (negative
emotions, [outcome]) by reminding them to change their
negative mindset, confirming hypothesis 8. A total of 3 (19%)
of the 16 participants further linked the pathway to increased
blood glucose self-monitoring behaviors (outcome) and/or
transition readiness (outcome):

Onegreat example, especially during examtime, was
just stress from school because obvioudly it's a very
stressful time having to study for all thesefinal exams,
having to write them. It's very stressful. The last few
weeks have been very hard to be able to sit down,
study 12/13 hours a day, then go to sleep, wake up,
dothe samething. So, | fed like thetipsthat they gave
were pretty useful when it came to helping with
that...One that | can remember was breathe in,
breathe out | believe, just sitting there, just taking a
moment of mindfulnessjust to breathein, breathe out,
help release some of that...So, obviously, when you're
stressed, you're not going to pay attention as much
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to anything but studying. So, when | was breathing
in, breathing out, that al so helped me remind to check
on my blood sugar to make surethat it'sin a proper
place and to make sure that it’s in a good range and
stuff. [1D11]

In the meantime, the effectiveness of this pathway may depend
on 3 individual characteristics, including duration of diabetes
(context), baseline diabetes distress (context), and baseline
self-efficacy (context). For instance, 2 (12%) of the 16
participants found stress management information (intervention)
lessimpactful becausethey did not feel astrong need to address
diabetes distress (negative emations [outcome]) because of
either having already developed effective coping strategies and
self-efficacy (context) or becoming used to living with T1D due
to the long duration of diabetes (context):

I’ve had type 1 diabetes from a very young age, so
I’ve always lived with it, and so | never really had
problems coping with it, so | would say that those
never really applied to me too much because I've
never really felt that | need help to cope with it since
it's always just been with me my whole life. [ID07]

In contrast to the direct influence on negative emotions
(outcome), our findings were not congruent with hypothesis 9,
which hypothesized that stress management information
(intervention) would positively influence self-efficacy (outcome).
Hypothesis 8 was refined based on insights around individual
context.

Refinement to Hypothesis 8

Sress management strategies (intervention) may
contribute to improved self-reported blood glucose
self-monitoring behaviors (outcome) or transition
readiness (outcome) by helping reduce negative
emotions (outcome). These effects may be more
relevant for individuals who are more recently
diagnosed with diabetes (duration of diabetes
[context]) or who have higher baseline diabetes
distress (context) and lower baseline self-efficacy
(context).

Transition Reminders Were Perceived to Have a Clear
and Straightforward I mpact

Overview

We found congruence in our datafor hypothesis 10, with most
participants reporting that the transition reminders (intervention)
cued appointment attendance by preventing scheduling conflicts
(behavioral cueing [mechanism]), ultimately facilitating the
transition to independent T1D self-management (transition
readiness[outcome]). This mechanism was especially significant
for those with coexisting (and strong) competing priorities
(context) and challenges with memory ability (context). Some
participants further described the potential chain of mechanistic
pathways where transition reminders (intervention) enhanced
self-efficacy (outcome), which in turn improved transition
readiness (outcome) as a result:

I’m not very good at remembering things so having
the constant reminders of getting tests done or
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preparing for the appointments and the actual
appointment itself was very useful...So, | had an
appointment yesterday that | put into the system and
| like forgot about it a couple of times, like in the
month leading up to it. And | was like, “ Oh, right. |
have that. So, OK, I’ve got to take the day off work.
I’ ve got to make sure that I’ ve got everything set up
for it” Andthen I’ll forget about it again, then it will
come back up onmy phoneand I'll belike, “ Oh, right.
That's that day. OK, | can’'t do anything that day”
[ID14]

Reminding myself well in advance that | have an
appointment increases my confidence because |
have—me remembering | can do this. Now, | can
remember | need to do thisand | havethese questions
and | can go in feeling more prepared for an
appointment. [1D04]

From these insights, the initial hypothesis 10 was refined as
demonstrated in Figure 1.

Refinement of Hypothesis 10

Transition reminders (intervention) may facilitate improved
transitionreadiness (outcome) by supporting behavioral cueing
(mechanism) and enhancing self-efficacy (outcome), especially
for those with strong competing priorities (context) and poorer
memory ability (context).

Discussion

Principal Findings

Qualitatively developing and synthesizing participant-specific
CIMO configurations provided in-depth context into what KiT
intervention features were being used, by whom, and via what
mechanism. Taken together, these insights provided
intervention-level insights into the different ways KiT may
work, for whom, and how. Specifically, wefound the following:

1. All 5intervention components may add val ue but to varying
degrees. T1D sdlf-management information and suggestions
were perceived to have auniversally positive impact across
all participants, whereas the perceived usefulness of other
components appeared to vary depending on the participant.

2. TheKiT intervention may operate via multiple chains of
interconnected mechanisms (rather than parallel chains of
independent mechanisms), which appear to start with
providing new knowledge or reinforcement of existing
knowledge.

3. All participants reported experiencing some benefit from
KiT, although the nature of perceived benefit and how it
manifested varied across participants.

InsightsInto What May Work and for Whom

The importance of educational content (intervention) and
reminders (intervention) as coreintervention componentsaligns
with previous research [51-53]. In contrast, the use of
problem-solving support (intervention) may vary depending on
participants' awareness of available interventioncomponents
(context) and perceived knowledge or access to information
(context). Similar challenges have been reported in previous
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studies [40,54], emphasizing the need for robust onboarding
and routine reminders of available intervention components to
improve engagement [40]. Similarly, the stress management
strategies (intervention) are more likely to be effective for
individuals with high baseline diabetes distress (context) and
low confidence (self-efficacy [context]), reinforcing the value
of personalized interventions that account for individual
differences, such as duration of diabetes [55], baseline
knowledge [56,57], and perceived needs [58].

These findings highlight the limitations of one-size-fits-all
approaches, advocating for context-sensitive, multicomponent
interventions that accommodate participant heterogeneity
[57,59]. Thisrequiresidentifying key subgroups, often described
as archetypes [60], profiles [61], or personas [62]. Our results
suggest that digital health interventions similar to KiT should
consider tailored strategies for individuals with more recent
diabetes diagnoses (duration of diabetes [context]), perceived
limited access to credible knowledge (baseline knowledge or
access to information, [context]), lower baseline self-efficacy
(context), or higher baseline diabetes distress (owing to the
recency of their diagnosis [context]). Tailored strategies could
include educational content on T1D burnout and building coping
strategies [63,64] and mood-enhancing messages (eg,
self-affirmation, gratitude, and “mood booster”) [64]. In the
meantime, further research is needed to better understand the
specific needs of other subgroups of emerging adultsliving with
T1D to inform targeted intervention design.

Understanding How KiT May Work

Previous studies have demonstrated that educational content
(intervention) can serve as vauable reminders to nudge
salf-management behaviors[51,56,65], aligning with our results
that reinforcement (mechanism) of existing knowledge might
be as important as sharing new knowledge (mechanism) [59].
Desveaux et a [66] and Sandborg et a [67] illustrated that
digital health interventionsincreased participants understanding
of their disease condition (ie, knowledge [mechanism]), which
trandated to improved motivation and self-management
(outcome). Even when some of the information is aready
known, reinforcing it (reinforcement [mechanism]) may still
enhance self-management (outcome) [56]. Our work builds on
and integrates these findings by specifying how knowledge
(mechanism), reinforcement (mechanism), outcome expectancies
(mechanism),self-efficacy (outcome), negative emotion (ie,
diabetes distress[outcome]), and behavioral cueing (mechanism)
may operate as chains of interconnected mechanisms. This
interconnectedness of mechanisms reinforces the complexity
of digital health interventions and advances our understanding
of how their impact may berealized. By identifying knowledge
(mechanism) and reinforcement (mechanism) as candidate
upstream mechanisms, our results suggest that prioritizing these
mechanisms is a high-yield consideration in designing digital
health interventionsto support chronic disease self-management
(outcome). Taking it one step further, measuring knowledge
(mechanism) as an upstream indicator of early impact may
provide insight into whether a digital health intervention is
well-positioned to achieve long-term goals (eg, glycemic
management [outcome]).
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How Long KiT May Take to Work: Insightsfor the
Broader RCT

Participants reported noticeable changes in mechanisms
(knowledge) and proximal outcomes (self-efficacy and negative
emotions dueto diabetes distress) but reported limited perceived
impact on the distal outcome—glycemic management (outcome).
After ruling out technical problems with KiT’s intervention
components design and delivery, we speculate that the lack of
meaningful changein glycated hemoglobin (HbA ;) may bean
artifact of timing or reflect a mismatch between interventions
and desired outcomes. First, text message—based interventions
may require more time to influence distal outcomes such as
HbA . [53], and participants in this study were interviewed
during thefirst half of their intervention period. Previous studies
have similarly noted meaningful changes in self-efficacy,
negative emotions (ie, diabetes distress), and knowledge within
3 to 6 months of intervention exposure [53,68-70] and up to as
early as 8 weeks [68], suggesting that this time frame is a
reasonable window for proximal outcomes. However, while
meta-analyses have shown digital health interventions can
positively impact HbA ;. [71,72], theliterature remains variable.
For instance, Dobson et al [ 73] observed asignificant reduction
in HbA,. a 9 months, while Franklin et a [13] and
Castensge-Seidenfaden et a [74] failed to observe an effect at
12 months. Our results suggest that the broader RCT (12 mo)
may provide a clearer understanding of the minimum
intervention length needed to see changes in HbA .. These
findings reinforce the value of exploring upstream changesin
the short term through realist evaluations.

Furthermore, while HbA ;. iswidely adopted asaprimary distal
outcome in diabetes management interventions, previous
literature has revealed its limitations in capturing short-term
(<2 mo) changesin glycemic management and other important
aspects such as quality of life [75]. These findings suggested
the need to move beyond the reliance on HbA,. aone.
Furthermore, aligning with the broader KiT tria that
incorporated additional outcomes, including transition readiness
and self-efficacy, future research on similar interventions might
benefit from incorporating additional outcomes, such as mean
glucose levels [69], time-in range [75], and patient-reported
quality of life [73], to provide a more comprehensive
understanding of potential impact.

Methodological Contributionsto I mplementation
Science

This embedded, theory-driven design contributes to both
explanatory theory-building and pragmatic intervention
strategies, illustrating how realist evaluation can facilitate the
interpretability and utility of RCTsin implementation science.

First, while RCTs offer an unbiased estimate of intervention
effectiveness, they typicaly provide only overall treatment
effectswithout unpacking the implementation black box of how
specific components of a multicomponent intervention work
[14,17,76]. Embedded alongsidethe RCT, our realist evaluation
filled this knowledge gap by uncovering the mechanisms
through which particular intervention components function.
Thisdeepens understanding of theintervention’sinner workings
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and supports a more theoretically grounded interpretation of
thetrial results[77,78], particularly valuable for complex digital
health interventions such as KiT [20].

Second, recognizing that many RCTs yield suboptimal results
in distal outcomes [79,80], we timed our data collection
alongside the trial. This approach enabled exploration of
upstream mechanisms and proxima outcomes, revealing a
cascading effect of KiT in which early changes were initiated,
although distal clinical effects were not yet fully observable.
By capturing early-stage signals, this approach offers a more
comprehensive and nuanced understanding of how the
intervention works over time. In the meantime, it also prompts
reflection on whether we are measuring the right outcomes at
the right time, which is an important consideration for fair and
meaningful evaluation [81].

Third, our realist evaluation identified context-intervention
configurations that specify which groups of recipients may be
most likely to benefit from which intervention components.
This enhances the utility of RCT findings by enriching the
answer to “Does it work?' with insights into “Which
components work and for whom?’ [20,78]. Consequently, it
offers greater pragmatic value for real-world decision-making
by informing targeted intervention refinement and supporting
strategy development, particularly important in health systems
whereresourcesarelimited and tailoring isessentid for effective
scale-up.

Limitations

This realist evaluation study, embedded within a broader KiT
trial, was voluntary, and 10 (38%) of the 26 participants we
contacted did not respond. Most of the interview participants
who responded had high engagement with KiT prompts. This
introduces potential selection bias and limits the transferability
of thefindingsto individual swith moderate or low engagement
levels. While highly engaged participants may experience
positive outcomes [82], those with lower engagement may not
benefit as much from the intervention in terms of improving
their knowledge and motivation for T1D self-management. This
may be dueto thelack of apositive feedback loop that reinforces
engagement and behavior change, potentially leading to an
absence of the desired outcome. To better support adol escents
and young adults, who may benefit from this intervention the
most, future research may consider the following: (1) enhancing
implementation strategies that target modifiable predictors of
user engagement, such as incorporating the persuasive design
and behavior change techniques to strengthen user motivation
[83], timing interventions in summer months to reduce
competing priorities [84], and fostering a supportive
environment (particularly through health care providers [85])
and (2) exploring the specific needs of individua swith moderate
or low engagement, recognizing that engagement is shaped by
an interplay between intervention functions and user needs[86].
Second, given the exploratory and qualitative nature of this
work, our primary goal was to generate early insights into the
hypothesi zed mechanisms of change through which KiT might
operate (ie, to validate or refine CIMO configurations).
Quantitative eval uations of effectivenesswere beyond the scope
of thisstudy and the available data. Combining these descriptive
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findings with the forthcoming KiT tria results will provide a
more comprehensive understanding of theintervention’simpact.
Third, although we recognize the value of understanding the
representativeness of the interview subsample compared to the
broader sample of al RCT intervention-arm participants,
conducting afull comparison of engagement levelsand outcome
data was beyond the scope of this study. Finally, while we
focused onindividual-level contextual factors, we acknowledge
the need to explore broader system-level factors (eg, health care
access and social norms) and how they interact to influence
emerging adults' transition to adult care experiences.

Conclusions

The preliminary findings indicate that the KiT intervention is
apromising intervention for supporting emerging adults living
with T1D during their transition to adult care by enhancing their
self-reported knowledge and motivation for self-management.
T1D self-management information and suggestions were
perceived as a universaly valuable intervention component,
suggesting it should remain a core component in interventions
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