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Abstract

Background: Theincreasing use of Web-based solutionsfor health prevention and promotion presents opportunitiesto improve
self-management and adherence to guideline-based therapy for individuals with type 2 diabetes (T2DM). Despite promising
preliminary evidence, many users stop using Web-based solutions due to the burden of data entry, hidden costs, loss of interest,
and a lack of comprehensive features. Evaluations tend to focus on effectiveness or impact and fail to evaluate the nuanced
variables that may interact to contribute to outcome success (or failure).

Objective:  This study aimed to evaluate a Web-based solution for improving self-management in T2DM to identify key
combinations of contextual variables and mechanisms of action that explain for whom the solution worked best and in what
circumstances.

Methods: A qualitative realist evaluation was conducted with one-on-one, semistructured telephonic interviews completed at
baseline, and again toward the end of the intervention period (3 months). Topics included participants’ experiences of using the
Web-based solution, barriers and facilitators of self-management, and barriers and facilitators to effective use. Transcripts were
analyzed using thematic analysis strategies, after which the key themes were used to develop statements of the relationships
between the key contextual factors, mechanisms of action, and impact on the primary outcome (glycated hemoglobin, HbA ).

Results. Twenty-six interviews (14 baseline, 12 follow-up) were completed with 16 participants with T2DM, and the following
3 key groups emerged: the easiest fit, the best fit, and those who failed to activate. Self-efficacy and willingness to engage with
the solution facilitated improvement in HbA ,., whereas competing priorities and psychosocial issues created barriersto engagement.
Individuals with high baseline self-efficacy who were motivated, took ownership for their actions, and prioritized diabetes
management were early and eager adopters of the app and recorded improvementsin HbA . over theintervention period. Individuals
with moderate baseline self-efficacy and no competing priorities, who identified gaps in understanding of how their actions
influencetheir health, were slow to adopt use but recorded the greatest improvementsin HbA ;.. The final group had low baseline
self-efficacy and identified a range of psychosocial issues and competing priorities. These participants were uncertain of the
benefits of using aWeb-based solution to support self-management, ultimately resultingin minimal engagement and no improvement
in HbA ;..

Conclusions:  Self-efficacy, competing priorities, previous behavior change, and beliefs about Web-based solutions interact to
determine engagement and impact on the clinical outcomes. Considering the balance of these patient characteristicsis likely to
help health care providers identify individuals who are apt to benefit from a Web-based solution to support self-management of
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T2DM. Web-based solutions could be modified to incorporate the existing screening measures to identify individuals who are at
risk of suboptimal adherence to inform the provision of additional support(s) as needed.

(J Med Internet Res 2018;20(3):e81) doi: 10.2196/jmir.8712
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Introduction

The number of people affected with diabetes worldwide has
increased from 171 million to 422 million between 2000 and
2017, making it one of the most costly and devastating chronic
diseases [1]. In Ontario, Canada, the prevalence of diabetes
increased by 69% from 1995 to 2005 [2], exceeding the global
increase of 60% previously projected to occur between 1995
and 2030 [3,4]. Thisdramatic rise is attributed to new cases of
type 2 diabetes mellitus (T2DM) [5,6], driven by increasing
rates of obesity [7,8]. Physical inactivity, smoking, alcohol
consumption, and poor dietary habits have also been identified
asrisk factors that significantly increase an individual’s risk of
developing T2DM [9]. Long-term complications include
retinopathy, nephropathy, autonomic neuropathy leading to
cardiovascular symptoms, and peripheral neuropathy with a
risk of foot ulcersand amputations [5]. Most notably, individuals
who have T2DM are twice as likely to die over a 12 year
follow-up period compared with those without diabetes[10,11].

Given the severity and nature of disease progression, a
cornerstone of clinical management is the process of teaching
individuals how to manage their diabetes. An individual’s
attitudes, beliefs, and knowledge about diabetes may affect
diabetes self-management, including their adherence to
prescribed pharmacotherapy [12,13], highlighting the need for
individualized, patient-centered approaches. T2DM education
and self-management education is a cost-effective approach
[14] and has a direct impact on patients’ glycemic control [15].
Duration of contact between educator and patient has been noted
to be a significant predictor of improved glycemic control in
this population, underscoring the role of social support [15].

Despite advancesin diabetestreatment and education, adherence
to diabetes sel f-management regimens continuesto be the most
significant determinant of achieving clinical targets (ie, glycemic
control) [16,17]. Barriers to diabetes management include
individual attitudes and beliefs, knowledge, financial constraints,
and social support [18-21]. Given the prevalence of mabile
devices[22] and the increasing use of Web-based solutions for
health prevention and promotion [23,24], mobile phone apps
have emerged as a potential solution to improve
self-management and adherence to guideline-based therapy due
to their accessibility, low cost, and interactive potentia [22].
These apps may include a range of features, including blood
glucose monitoring, medication tracking, exercisetracking, and
dietary management [25,26]. Although preliminary evidence
looks promising [27-29], many app users stop using health apps
due to high burden of data entry, hidden costs, loss of interest,
and a lack of comprehensive features in a single solution
[23,30-32]. Formal evaluations of Web-based solutions tend to
focus on the effectiveness or impact and fail to evaluate the
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nuanced variables that may contribute to success (or failure)
[33]. To address this gap in the literature, we conducted a
qualitative realist evaluation as part of alarger randomized trial
of a mobile-based self-management app to improve
self-management in T2DM [34]. The objective wasto identify
key combinations of contextual variables and mechanisms of
action that explain for whom the app worked best and in what
circumstances.

Methods

Study Design

A quadlitative realist evaluation [35] was embedded as part of a
larger pragmatic, randomized, wait-list control trial to evaluate
whether and how a mobile app designed to improve
self-management and experience of care among patients with
T2DM [34]. Redlist evaluation isamethodol ogy used to unpack
theblack box of implementation [36] by purposively examining
the actions required by those involved in an intervention to
ensure its success, including participants and those involved in
implementation. This methodology enables a rigorous
assessment of the contextual influences and strategies by which
the intervention is adopted or rejected, enabling and
understanding of how and why the implementation succeeds or
fails. Specifically, arealist evaluation provides an explanation
for why study outcomes occur, involves multimethodsinvolving
guantitative and qualitative approaches, and uses atheory-driven
approach that guides the study design [35].

Trial participants were randomized to either an immediate
treatment group (ITG) or await-list control group (WLC). The
ITG group began using the mobile app immediately for a
duration of 3 months. A series of quantitative outcomes were
collected as part of the trial and are outlined in the origina
protocol [34]. Of particular relevance to this realist evaluation
were the following 2 outcomes: glucose control (measured by
HbA,.), and the Problem Areasin Diabetes 5 (PAID 5) [37], a
measure of disease-specific self-efficacy that emphasizes
well-being. Self-efficacy refers to an individual’s belief in his
or her capability to achieve a given objective, which is a
well-established mediator of health behaviors [38].

Theintervention wasimplemented and supported by the Ontario
Telemedicine Network (OTN), anonprofit, government-funded
organization and the largest provider of telemedicine services
in the province of Ontario [39]. The protocol received ethics
approval from Research Ethics Boards at participating
institutions, including Women's College Hospital, St. Joseph’s
Care Group, North York General Hospital, and William Osler
Health System. The larger trial is registered on
Clinical Trials.gov (NCT02813343).

JMed Internet Res 2018 | vol. 20 |iss. 3| €81 | p. 2
(page number not for citation purposes)


http://dx.doi.org/10.2196/jmir.8712
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Intervention

The intervention is a commercially available app designed to
serve as a Web-based coach for patients with T2DM (WellDoc
Bluestar allows participantsto enter arange of baselineclinical
information, in addition to ongoing data related to diabetes
management, including blood glucose val ues, daily medications,
food intake, and activity levels). The app analyzesinputted data
to providetail ored messaging to coach participants with respect
to their diabetes management. Participants also had the option
of emailing a SMART Visit report to a member of their care
team via the app, which provides them with an overview of
inputted data over a period specified by the participant. At the
time of this study, the app did not include secure messaging
with providers or social functionality to connect participants
with one another. The mobile app has been shown to improve
glycemic control (as represented by reduction in levels of
HbA ,.) in other contexts and settings [28,40].

The Web-based solution was implemented across 3 Diabetes
Education Centers selected by the OTN. These sites were the
Diabetes Health Centrein Thunder Bay, the Diabetes Education
Center at North York General Hospital, and 2 Diabetes
Education Centers belonging to the William Osler Heath
System. The OTN provided each site with funding for a site
project coordinator who was responsible for recruiting
participants and introducing them to the app. More than 4500
patients are seen across these sites annually, representing a
socially and ethnically diverse group of individuals with
diabetes. Each site serves distinct populations, including alarge
Indigenous population in Thunder Bay and visible minorities
and newcomersin the William Osler Health System.

Recruitment

Potential interview participants were recruited from the ITG
group to ensure maximum potential for exposure to the app.
The completerecruitment strategy has been described previously
[34]. One-on-one, semistructured telephonic interviews were
conducted, with questions guided by the principles of Realist
Evaluation [35]. Topics include participants experiences of
learning about and using the technology, barriers and facilitators
of self-management, and barriers and facilitators to effective
use (refer to Multimedia Appendix 1 for interview questions).
Participants were interviewed at baseline and again toward the
completion of the intervention period (3 months).

Data Analysis

Interviews were conducted by an experienced qualitative
researcher, audio-recorded, and transcribed by a third party.
Transcripts were analyzed using thematic analysis strategies
[35,41], which included identifying key themesthat demonstrate
important contextual influences and mechanisms of action for
the Web-based solution in rea-world health care settings.
Recruitment continued until data saturation was reached. A
minimum of 2 reviewers independently coded all transcripts
using an open coding process. Following the first 5 interviews,
a coding schema was created to guide the analysis of the
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subsequent interviews. Open coding was applied throughout
theanalysisfor content that did not fit within the existing coding
schema. Consolidation of codes was achieved through
consultation with athird reviewer. There were no disagreements
with respect to coding.

Several strategies were employed to ensure credibility of the
data, such as using multiple sources of data, having key
collaborators participate in the triangulation analysis and the
return of findings (construct and external validity), examining
points of convergence and divergence within and across cases
(internal validity through cross comparative analyses), and
having a stepped analysis process whereby there is an initial
independent review of the data by 3 reviewers (LD, MS, and
LJ) who then met to reach consensus on the common themes
(reliability) [42].

After the thematic analyses of al qualitative data had been
completed, the key themes identified were used to develop
statements of the relationships between (1) key contextua
factors, (2) the mechanisms by which they affect the
implementation of the Web-based solution, and (3) the impact
on the outcomes of theintervention itself (in Realist Evaluation
these statements arereferred to as Context-Mechani sm-Outcome
[C-M-Q] Configurations) [35].

Results

Findings

A total of 26 interviews (14 baseline, 12 follow-up) were
completed with 16 participants with T2DM across the 3 sites.
Of the 14 participants who completed the baseline interview, 3
had dropped out and 1 was unavailable at follow-up; therefore,
additional 2 participantswere recruited to achieve data saturation
at follow-up. Characteristics of patient participants are shown
in Table 1. Patient participants were grouped according to their
primary outcome from the trial data (HbA,.) and self-reported
level of engagement with the app to describe C-M-O
configurations. From the data, 3 groups emerged that are
described in Table 1 (see Table 1 for a summary of participant
characteristics by group).

Group 1: The Easiest Fit—Engaged Early Adopters

Thefirst C-M-O configuration concerns agroup of individuals
who had ahigh level of self-efficacy when self-managing their
T2DM before the intervention, took ownership for their actions
and were motivated to change, reported no competing priorities,
were keen to engage with mobile technology to help support
self-management, and were newly diagnosed with T2DM (3-9
months). A high level of preintervention self-efficacy was
illustrated by having a positive mindset and reported behavior
change and HbA . level sthat wereimproving before enrolment
inthe study. These actionsincluded increased physical activity,
portion control, avoiding high-fat foods, and medication
adherence.
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Characteristics Group 1: Engaged,

early adopters (n=4)

Group 2: Engaged,
slow adopters (n=4)

Group 3

Low engagers (n=5)  Dropouts (n=3)

Ageinyears, mean (range) 57 (51-63)
Sex (male:female) 4.0
Time since T2DM? diagnosis, mean (range) 6 months (3-9
months)
Complications from T2DM, n 1
Site,n
NYGHP 0
Thunder Bay 2
WOHS* 2
Marital status, n
Married 3
Divorced 1
Common law
Single 1
Ethnic background, n
White 2
First Nations
African American
Highest education, n
High school
University 1
Postgraduate 3
Type of therapy, n
Ora 4
Insulin
Combination

59 (49-67) 42 (32-52) 45 (37-49)

2:2 2:3 2:1

19 years (9-26 years) 6 years (4 months-13 3 years (3 months-27
years) years)

3 2 4

3 1 1

1 1 2

0 3 0

2 2 -

2 - 1

- 1 1

1 2 -

3 4 -

- - 2

1 1 1

3 - -

- 2 2

1 3 1

- 3 1

1 1 -

3 1 2

8T2DM: type 2 diabetes.
PNY GH: North York General Hospital.
SWOHS: William Osler Health System.

Individuals in this group aso exhibited proactive,
information-seeking behavior to help them managetheir T2DM:

| started looking up what information was on [the
Diabetes Canada website], found out about what the
daily types of meals you should have to control your
blood sugar, and | immediately started following that.
[SITE AO5]

Participants described various aspects of their identity that
fuelled their motivation to change, which involved socia
activities, occupation, family, and overall quality of life.
Narratives outlined feelings of accountability to oneself and
taking ownership for individua actions:

Well it's to my own benefit right, you know, if | do it
then I’'m the one that hopefully gets rewarded, it's
self-serving in a lot of places for me right...I, you

http://www.jmir.org/2018/3/e81/

know, | want to still have lifeleft and do things| want
todo. [SITE A05]

Unlike participants in other groups, high engagers did not
identify competing prioritiesthat interfered with their ability to
manage their T2DM. Instead, they described integrating
management strategiesinto the existing schedules and routines.
The mgjority described strong support networks at home that
helped them adhere to their prescribed diet and activity
recommendations. Only 1 individual described his social
network and relationship with hisfamily, but did not link these
relationshipsto his salf-management behavior. The study project
coordinator, who was responsible for introducing the app to
participants, was also viewed as a source of self-management
support at 1 particular site;
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We kinda have a kind of conversation when we get
together...more like a friendly visit instead of an ‘oh
| haveto report to the nurse’...Yeah, | think | like her,
and | know that | can just phone her up, she told me
that, just phone her up, | meanif you need any advice
or whatever—so that was nice. [SITE B06]

These individuals were interested in using mobile technology
to improve their health and enthusiastically engaged with the
app immediately and consistently thereafter. Engaging with the
intervention led to the activation of severa mechanisms of
change for these individuals. The dataentry requirement of the
app reinforced and strengthened the pre-existing accountability
to self. Individual s described feeling “ grounded” and “honest,”
and explained how visualizations of their data helped to keep
them on track and triggered a greater commitment to
self-management:

[The application] keeps me grounded and keeps me
honest. Even though you can put whatever you want
in there and say ‘Oh yeah I'm having 10 dlices of
pizza and you only put in 1'...But it keeps me
honest...It keeps me on track. [SITE BO1]

Data entry led to positive performance feedback that further
enhanced the individual’s ability to self-monitor. Visual
feedback displaying desired outcomes “reinforced positive
behaviors’ and encouraged participants to continue making
informed choices and monitoring outcomes. These mechanisms
interacted with each individua’s context to produce
improvements in their primary clinical outcome (HbA,.) and
their overall ability to managetheir T2DM. These self-reported
improvements were supported by the quantitative outcomes
collected as part of the larger trial (refer to Table 2).

My A, isnow pretty perfect...In April it was 10.4 and
uhm, in November it was 6.5. [SITE BO6]

All individualsin this group highlighted that, in addition to the
primary outcomes highlighted above, engaging with the app
helped increase their awareness of their T2DM and the impact
of stress and diet on their glucose readings. This increased
awareness trandated into increased self-efficacy with respect
to self-managing T2DM.

Before | was clueless, not totally clueless, | just
thought it was the sugary thing, | didn’t know how
much the carbs got involved, and the fats. [SITE B
06]

Group 2: The Best Fit—Engaged Slow Adopters

The second group of C-M-O configurations concerns a group
of individuals who had moderate self-efficacy in terms of
self-managing their T2DM before the intervention, described
an incomplete understanding of how actions influence their
health and why, reported no competing priorities, were open to
theideaof using mobile technology to support self-management,
and had along-standing diagnosis of T2DM.

Participantsin this group described frustrationswith the episodic
nature of managing their condition and repeated unsuccessful
attemptsto “fine-tune” their self-management strategy. Despite
a partial understanding of strategies to manage T2DM, these

http://www.jmir.org/2018/3/e81/

Desveaux €t d

individuals strongly expressed their desire to fill these
knowledge gaps. Asaresult, participantsin thisgroup identified
the need for a specific solution that targeted their ability to
achieve a more nuanced understanding of their T2DM (9-26
years):

You just go through stages of depression, you go
through stages of anger, depression, denial, and then
you sort of wake up and say, ‘ Ok, I' [l just keep trying’
And then you try again and you' re good for a couple
years and then something happens, you get sick or,
and there sometimes it's discouraging because...it
doesn’'t matter what you do. | can take all the insulin
| want but for me, when I’'msick, | can’t get my blood
sugar down. [SITE A02]

| have a feeling that my readings after dinner arestill
too high, but because | can't break it down | don’t
have the motivation to take the last step which is to
write down everything you eat at dinner for the next
three weeks and how much insulin you took so then
we can address the little problems. [SITE C02)

Participants described how the mobile app met these needs,
which varied depending on the individual participant. Overall,
theintervention enabled participantsto track inputs such as diet
and stress and their impact on a specific outcome, blood glucose
levels. This mechanism of performance feedback increased
participant awareness around which actions influenced their
disease management:

With this, looking at whether I’ m putting in my carbs
and that, thinking ‘Ok, well | can only have...this.
Yeah. That's all | can have’ So | think it's made me
more think about the fact that | can only eat so much
and before it was just like, ah the heck with it. [SITE
BO2]

Data tracking and trend visualization increased participants
sense of accountability for their actions. Participants described
their new-found accountability both to themselves and their
health care providers, to whom they were very well connected.
Data visualization enabled participants to see positive results
in-between hedth care provider visits and encouraged
incremental increases in engagement with the app over time:

The app helps me, you know, to be testing my blood
and recording it and seeing any positive changesthat
I’m making. And the positive changesin turn help to
sort of encourage me to continue it...so it's like a
circleif youwill. [SITE CO3]

Real-time, nuanced performance feedback displayed glucose
readings alongside symptom and dietary inputs and organized
inputs by time of day. Thisenabled participants' self-monitoring
ability. In the case of this group, feedback displaying desired
outcomes*“ drew attention to positive behaviors’ and encouraged
participants to continue making healthy decisions and
monitoring outcomes. These mechanisms interacted with each
individual’s context to produce improvements in their primary
clinical outcome (HbA.) and their overall ability to manage

their T2DM.
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Contextual variables,
mechanism of action, and
outcome

Group 1: High engagers, early
adopters (easiest fit)

Group 2: High engagers, slow
adopters (best fit)

Group 3

Low engagers (failed to
activate)

Dropouts (failed to meet
needs)

Contextual variables

Preintervention self-
efficacy

Individual identity
(includes affect)

Heslth beliefs

Support system

Competing priorities

Mechanism of action

Outcomes

HbA >, mean

(range)
Baseline
3 months

PAID5%, mean

(range)
Baseline

3 months

High (numerous examples of
positive behavior changewith
improved outcomes)

New diagnosis

Positive attitude toward life
and disease management

Strong identity that serves as
motivation to maintain
“healthy” life

Proactive, seeks out informa-
tion

Takes ownership

Accountable to self

Support at home facilitates
adherence to diet and recom-
mendations

Project coordinator identified
as a source of support

None described

Performance feedback facili-
tates self-monitoring

Dataentry reinforcesaccount-
ability to self

Positive outcomes reinforce
behavior

7.5% (6.2-9.9)
6.0% (5.2-6.5)

43 (1-8)
3.5 (0-10)

Moderate (some evidence of
positive behavior changewith
variable impact in outcomes)

Longstanding diagnosis

Episodic nature of T2DM
management leads to frustra-
tions

Partial understanding of
strategies to manage T2DM

Uncertainty around the impact
of certain individual actions

Well-connected to health care
providers for support

None described

Improved ability to track out-
comes increased awareness

Improved understanding of
how individual actions affect
T2DM

Data visualization increased
accountability for individual
actions

10.0% (8.7-11.1)
8.3% (7.4-9.2)

8.5 (3-14)
7.3(2-15)

Low (no evidenceof behav-
ior change)

Managing T2DM%isa
struggle and burden

Described negative emo-
tions (eg, anxiety, depres-
sion, anger)

Report barriers to manag-
ing T2DM (eg, feelings of
deprivation)

Lack of recognition around
proper management

No support identified

Multiple (family, school,
work)

Preliminary signsthat the
app had potential

Moabile app failed to acti-
vate mechanisms of
change in context

8.7% (6.9-10.6)
8.8% (7.3-10.3)

10.0 (3-16)
10.8 (5-14)

Low (no evidence of behavior
change)

Prospect of managing T2DM
competing with psychological
issues

Described negative emotions
(eg, anxiety, depression,
anger)

Not motivated to better man-
age T2DM

No support identified

Multiple (family, school,
work)

Participants did not engage
with the mobile app

10.7% (9.7-12.6)

N/AC

10.0 (5-15)
N/A

3T2DM: type 2 diabetes.

PHbA 1¢: glycated hemoglobin.

°N/A: not applicable.

%The Problem Areas In Diabetes 5 (PAIDS5) is a measure of disease-specific self-efficacy that emphasizes well-being. A total score of =8 indicates
possible diabetes-related emotional distress and warrants further clinical assessment.
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Perhaps most notably, individuals in this group demonstrated
improvements despite poor disease management at baseline that
was significantly worse than group 1 (average HbA ;. of 10.0%,

refer to Table 2 for compl ete outcome data):

On the odd occasion that my numbers get high, to
have the ‘let’s retest in 3 hours' message [pop up],
you know that’s been a help as well because it helps
me in managing my diabetes. [SITE C03]

That was the key benefit for me. So when | started my
Ajcwas 11.1 and when | got it done, when | saw the
nurse, 3 weeks ago, it was 8...A dramatic reduction,
and I'm still trying to get it down, but it's a pretty
dramatic reduction for me...| don’t think I’ ve had an
A of 8 for a number of years. [SITE C02]

Similar to the first group, timely feedback and the ability to
identify factors that trigger blood glucose spikes increased
participants' overall confidence to self-manage their T2DM.
Increased confidence also served as a mechanism to resolve
unwelcome emotions such as anger and frustration that
participants had experienced when struggling to master
self-management over the course of their condition:

Yeah. No | um, | do really likeit, it's kind of kept me
going in making me feel alittle bit stronger in myself
and that with it...Yeah, more confident that | can do
it. [SITE BO2]

Group 3: Failureto Activate or M eet Needs—L ow
Engagers and Dropouts

The final group of C-M-O configurations concerns a group of
individuals who had little to no self-efficacy before the
intervention; identified a range of psychosocial issues that
featured more prominently in their narrative than T2DM,;
reported arange of competing priorities, including work, family,
and school; were uncertain of the benefits of using mobile
technology to support self-management; and had a wide range
of disease duration (from newly diagnosed to long-standing):

It'sjust a matter of just double checking...And um, if
it would connect to the foods | put in to what insulin
readings | put in, that would be good, cuz right now
it just seems kind of useless. Right now, it's just a
matter of double putting in my glucose readings.
[SITE C05]

| go back and click on that date and enter all my
sugars and meds and what not [all at once]. It'salot
easier than doing it daily—doing it daily it just eats
up so much of my time. | only get a half hour lunch
break at work usually...l don’t want to spend my time
fussing with it. [SITE B05]

Individuals in this group described their experience with
managing T2DM as a struggle and viewed the diagnosis as a
burden. A range of external barriers were cited that interfered
with the ability to self-manage, including asense of deprivation,
unhelpful encounters with health care providers, and a hectic
schedule. Participants also described a lack of recognition
around proper strategiesfor self-management and reluctanceto
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engage in basic self-management behaviors (eg, insulin
adherence and testing blood sugar levels):

| find it hard every timeto take my insulin...it' sareal
chore...Yeah, and trying to find space in my stomach
that doesn't hurt...l just feeling like giving up
sometimesand not takingit... Thetimes| haven't taken
it, it uh, then | get mad at myself which doesn’'t help
the situation. [SITE CO5]

It's not really fitting very well because I’m going to
be honest | don’t really even test my sugars as much
as | should. Because sometimes | will miss the time
taking my insulin...| haven't tested my sugar in a
while. [SITE A04]

Multiple competing prioritieswere highlighted, including work
and caring for children. Narratives reveded a lack of
responsibility for individual actions and a host of cyclical
negative emotions, including anxiety, anger, and frustration.
Individualsin this group did not identify members of a support
system, either from their personal network or their health care
team:

I don't even know why the clinic was there, it was
like, thisis a complete waste of my time. You know,
| already knew what she told me, like there was no
help, you know there was no information offered, |
left there empty handed. [SITE AO2]

Well the phone was giving me problems at first. So
the first thing in my head was ‘uh-oh am | going to
have a problem with the phone! And that's when |
requested if | could get another phone, but then she
said we'll try it again. She went out the room, came
back in, | think the first interaction was kinda of—it
sucked. [SITE C01]

Participants highlighted several features of the maobile app that
may have represented mechanisms of action but were not
activated for this group. The project coordinators at 2 of the
sites (who were responsible for introducing the intervention to
participants at sites A and C) were perceived to be minimally
engaged with participants. This may have represented amissed
opportunity for thisgroup of individualsin the absence of strong
support networks:

I may have gotten an email but there was definitely
no phone contact or anything. And I think the only
contact that they reached out to me for was making
surel wasgoing to get my [ blood glucosetest]. [SITE
A02]

Overdll, individualsin this group failed to integrate the mobile
app into routine daily activities, and generally perceived data
entry as a burden. Unlike participants in other groups, these
individuals viewed the intervention as a duplication of current
logbook methods (eg, handwritten) and did not perceive the
technological advancement as arelative advantage:

Nabh. If | forget about it, it sitsin my bag, like my pill
bag and you go to turn it on and it's dead. Then you
gotta plug it in, and then cause you unplug it and put
it back in the bag and you forget about it again, right?
It's not in my pocket. [SITE AQ3]
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Failureto activate potential mechanismsof actionis particularly
relevant, as some participant narratives reveal preliminary signs
of intervention potential and positive influence. Nonetheless,
the maobile app failed to activate mechanisms of actions for
theseindividuals, and their outcomes remained unchanged (refer
to Table 2).

And you know [the mobile application] kinda does
make you think what you should do differently, and
obvioudly then it's just self-management after that.
[SITEAQ2]

| go back and click on that date and enter all my
sugars and meds and what not. It's a ot easier than
doing it daily—doing it daily it just eats up so much
of my time. Like | only get a half hour lunch break at
work usually. | don’t want to spend my time fussing
withit. [SITE BO5]

Within the first few weeks of use, 3 individuals dropped out of
the study and returned their mobile device. Participant narratives
revealed that T2DM self-management was competing with
prominent psychosocial issues for attention, and was therefore
not a high priority. Strong negative emotions were central to
each individual’s experience, and included feeling overwhelmed
with the idea of change, wanting to give up, and struggling to
cope. These experiences were compounded by a range of
competing priorities, including family, work, and school. As a
result, individuals were not motivated to better manage their
T2DM:

It'soverwhelming...I'mnot really depressed but | get
glum[..]] Likel get to the point where—the hell with
it—and I’ [l open a can of coke becauseit’s more like
a pissed off that I’m going through this, and maybe
if | intake enough of bad stuff, | have the seizure or
go into the coma or something—not that I’ m suicidal
or anything... [SITE BO3]

| feel deprived of certain thingsthat | want to eat and

| know | can't eat it. Uh, it affects me, my mood, some

days I’'m happy some days I’'m sad, um, it | guess

that’swhat triggers my depression in someways] ...]

Just sometimes | get frustrated and sometimes feel

like giving up. [SITE C01]
These 3 participants reported limited to no use of the mobile
app before dropout, precluding the ability for the intervention
to influence change:

Even if | did [everything I’m supposed to], starting
to use [the app] on aregular basisis gonna be hard
too. Becauseit’snot that I'munwilling which is partly
true, | am unwilling— shouldn’t have to do this.
[SITE BO3]

Discussion

Principal Findings

The results of this study identify variations in patient
characteristics that influenced the adoption and outcome of a
mobile-based salf-management app to improve self-management
in T2DM. To our knowledge, thisis the first realist evaluation
to systematically link a cluster of patient-level determinants to
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clinical outcomes with a specified mechanism of action. The
results suggest that an individua’s self-efficacy, competing
priorities, evidence of previous behavior change, and beliefs
about Web-based solutions interact to determine the impact on
engagement and clinical outcomes. Furthermore, the balance
of these characteristics may be useful for identifying individuals
who may need moreintensive support, informing the allocation
of health care resources.

Our findings align with previous qualitative literatureidentifying
increased awareness as a mechanism underlying successful
engagement with a Web-based solution for T2DM [43].
Participants whose HbA ;. improved >1% reported that the
intervention improved their self-efficacy to manage their
diabetes, whereas those who failed to achieve these gains
reported competing demands that limited engagement with
intervention [43]. Self-efficacy is influenced through previous
experiences of success, social persuasion and encouragement,
social models of success and failure observed from individuals
perceived to be similar, and stress and tension [44]. Many
participants in this study described the feedback messaging as
motivational and encouraging, whereas others reported
frustration when glucose readings fell outside the target range
and messaging failed to provide encouragement. Feedback
messages weretriggered in response to avail able blood glucose
dataand were not triangul ated with other inputs (or lack thereof),
which may present an opportunity to further tailor messaging
to encourage improvements among poor performers.

Targeting outcome expectations can be easily integrated into a
Web-based solution and present one strategy to regul ate patient
motivation when previous experiences have been unsuccessful
[44]. The app included passive accessto aresource library that
includes a rotating assortment of videos; however, actively
directing users to this content may be required for those who
require additional support. The current version also included 3
levels of tailored messaging (from a beginner level to more
sophisticated content); however, all 3 levels addressed the full
range of self-management issues. Interventions designed to
promote incremental knowledge gain and experiential and
vicarious learning are better positioned to impact individual
ability to self-manage[45], suggesting that agraduated approach
introducing a few concepts at a time may be more beneficial
when implementing complex interventions targeting behavior
change. Many individuals with poorly controlled diabetes are
not sufficiently confident or motivated to initiate and maintain
self-management changes[46], emphasizing the need for mobile
self-management apps to explicitly target readiness to change
and emphasizeincreasing self-efficacy to optimize the potential
for impact.

A systematic review of mobile apps for diabetes management
found 5 of the 6 studies reported positive feedback on usability
and feasihility, whereas only 3 reported statistically significant
reductions in clinica outcomes such as HbA,. and blood
pressure [47]. These heterogeneous findings demonstrate that
positive patient feedback does not always accompany clinical
improvements, highlighting that a range of factors interact to
contribute to asuccessful impact on outcomes. Thisunderscores
the need to identify patient and intervention characteristics that
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are likely to facilitate both outcomes. Whether and how a
Web-based solution enables or limits the possibility for
relationships with professionals, the degree of fit with
participants everyday life and capacity, and pattern visualization
of symptoms and feedback are key mechanisms to support
successful implementation [48]. Our results also suggest that
the impact of Web-based solutions would be enhanced if they
were equipped with the ability to adapt to individual users based
on the triangulation of available data and proactively identify
individuals who require additional support to avoid
disengagement.

Among many individuals who failed to achieve engagement
and a reduction in HbA ;. (group 3), the results provide 2 key
insights. First, triangulation with quantitative outcomes (ie, the
PAID5) reveals average borderline emotional distress among
low engagers and dropouts that warrants further clinical
examination. Among low engagers, emotional distressincreased
dlightly from baseline (average PAID5 score of 10.0) to 3
months (average score of 10.8), suggesting it was not effectively
addressed as part of the participants ongoing care.
Diabetes-related emotional distress is significantly related to
HbA . levels [49], underscoring the importance of effectively
targeting distressto achieveimprovementsin glycemic control.
This could be achieved through more targeted clinical care or
by exploring opportunitiesto address emotional distress as part
of a comprehensive Web-based solution. Second, the results
reveal an opportunity to modify the Web-based solution or its
implementation to address currently unmet needs. Low
perceived value and alack of patient-provider interactions are
barriersto engaging in Web-based solutionsfor T2DM [50,51].
Health literacy isalso likely to affect self-management behaviors
[52] and is lower among disengaged patients, indicating the
need to address underlying cognitive and socia skills that
determine an individual’s motivation and ability to understand
and useinformation to inform healthy behaviors. Similar to our
study findings, Lie et a [51] identified that prioritizing other
activities and frustrations with the technology led to aloss of
motivation among dropouts of a\Web-based solutionfor T2DM.
Individuals with T2DM exhibit a variety of dominant coping
mechanisms; however, those exhibiting problem-focused and
avoidance-focused mechanisms are significantly less likely to
be adherent to self-care activities [53]. Web-based solutions
can leverage existing measures to evaluate coping strategiesto
identify individuals who are at risk of suboptimal adherence to
inform the provision of additional support(s) as needed.

Individuals manage chronic conditionswithin different (but not
exclusive) nonprofessional contexts where relationships are
primarily patterned and unreflexive [54]. Reeves et a [55]
demongtrated that health service costswere significantly reduced
for individuals who experience greater levels of illness work
(eg, crisis prevention and management, symptom management,
and disease-specific activities) through their social networks.
I1Iness work was associated with increased self-management,
healthy behaviors, and emotional well-being [55], underscoring
the value of both harnessing and sustaining the potential of
social networks to support the success of self-management
interventions. The Web-based solution did not incorporate a
social function, nor did theimplementation include amechanism
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to integrate the solution into the existing social networks.
Improvementsin clinical outcomesin this study may have been
mediated by strong social networks, as these individuals were
able to successfully incorporate the solution into the existing
routines and negotiate competing priorities. In contrast,
individuals who were unsuccessful or disengaged did not
identify a pre-existing source of social support. The influence
of social mechanismson individual success should be considered
in the design and implementation of Web-based
self-management solutions, aligning with the growing
recognition that self-management must move beyond an
individual -centered view to consider the broader social context
[54,56].

Finally, health care provider feedback enhances the impact of
mobile self-management apps on HbA,. reduction [22],
underscoring the importance of active provider engagement as
asupport strategy in the early stages of implementation, tailoring
support provision throughout the process. In this study, failure
to actively engage health care providers during implementation
may have contributed to alack of sustained engagement among
those participants for whom the Web-based solution failed to
activate change. Further work is needed to understand whether
adaptations to the Web-based solution or its implementation
would have resulted in different outcomesfor these individuals
in their contexts. Our findings suggest that targeting outcome
expectations, addressing diabetes-related emotional distress,
including content to address health literacy, tail oring messaging
according to individual coping strategies, and leveraging social
networks are worthwhile components to consider as part of a
Web-based solution.

Limitations

Participation in the qualitative interviews was voluntary, which
introduces the potential of selection bias. To mitigate this,
purposive sampling was used to capture the perspectives of
participants who had minimal engagement with the Web-based
solution. The transferability of the results is limited by the
inclusion of asmall number of participants across 3 recruitment
sites in a confined geographical area. The inclusion of a small
number of participants and sites was necessary to achieve a
depth of understanding with respect to contextual factors, the
features of the Web-based care solution, and how these relate
to outcomes. The findings of this study serve as a foundation
for future research aimed at achieving a broader understanding
of how Web-based solutions work for different patients in a
variety of health care contexts. Given the lack of health care
provider interaction, it would be beneficial to supplement patient
perspectives with those of their health care providers. Finaly,
a nuanced exploration of the impact of social networks was
beyond the scope of this study. Given the strong influence of
competing priorities as a contextual factor and the pattern of
social support across groups, further work is needed to
understand the extent to which both formal and informal social
networks play a role in mediating the adoption of
self-management behaviors and engagement with the
intervention, which may in turn influence clinical outcomes.
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Conclusions from a Web-based solution and identify those requiring more

Anindividual’s self-efficacy, competing priorities, prior success  I"tensive support and clinical resources. Web-based solutions
with behavior change, and beliefs about their health interact to  could @S0 be optimized to support tailored care, including the
determine engagement with amobile app to self-manage T2DM  Incorporation of the existing readiness- and risk-assessment
and its impact on clinical outcomes. Careful consideration of ~MeaSUIes, to assistin identifying individuals who are at risk of
the balance of these characterigticsis likely to help health care suboptimal adherence to inform the provision of additional
providers identify individuals who are more likely to benefit  SUPPOI(S) as needed.
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