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Abstract

Background: Supportive parent involvement for adolescents’ type 1 diabetes (T1D) self-management promotes optimal diabetes
outcomes. However, family conflict is common and can interfere with collaborative family teamwork. Few interventions have
used explicitly strengths-based approaches to help reinforce desired management behaviors and promote positive family interactions
around diabetes care.

Objective: The aim of this protocol was to describe the development of a new, strengths-based behavioral intervention for
parents of adolescents with T1D delivered via a mobile-friendly Web app called Type 1 Doing Well.

Methods: Ten adolescent-parent dyads and 5 diabetes care providers participated in a series of qualitative interviews to inform
the design of the app. The 3- to 4-month pilot intervention will involve 82 parents receiving daily prompts to use the app, in
which they will mark the diabetes-related strength behaviors (ie, positive attitudes or behaviors related to living with or managing
T1D) their teen engaged in that day. Parents will also receive training on how to observe diabetes strengths and how to offer
teen-friendly praise via the app. Each week, the app will generate a summary of the teen’s most frequent strengths from the
previous week based on parent reports, and parents will be encouraged to praise their teen either in person or from a library of
reinforcing text messages (short message service, SMS).

Results: The major outcomes of this pilot study will include intervention feasibility and satisfaction data. Clinical and behavioral
outcomes will include glycemic control, regimen adherence, family relationships and conflict, diabetes burden, and health-related
quality of life.

Conclusions: This strengths-based, mobile health (mHealth) intervention aims to help parents increase their awareness of and
efforts to support their adolescents’ engagement in positive diabetes-related behaviors. If efficacious, this intervention has the
potential to reduce the risk of family conflict, enhance collaborative family teamwork, and ultimately improve diabetes outcomes.

Trial Registration: ClinicalTrials.gov NCT02877680; https://clinicaltrials.gov/ct2/show/NCT02877680 (Archived by WebCite
at http://www.webcitation.org/6xTAMN5k2)
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Introduction

Background and Rationale
Type 1 diabetes (T1D) is one of the most common pediatric
chronic conditions [1]: between 2001 and 2009, the prevalence
among people under 20 years of age in the United States
approached 1 in 500 youths. Diabetes management demands
include frequent daily blood glucose monitoring, precise insulin
calculations and adjustments, multiple insulin administrations
via injections or subcutaneous insulin pump, and consideration
of nutritional intake and physical activity. Difficulty in adhering
to these demanding self-management tasks contributes to
suboptimal glycemic outcomes and increased risk for serious
complications [2]. Difficulties with self-management and
elevated glycemic outcomes are common during adolescence
[3,4], when youths are often expected to take increasing
responsibility for daily management [5,6]. Supportive parent
involvement promotes optimal diabetes outcomes [7], yet
maintaining positive, collaborative parent-adolescent interactions
can be challenging in the context of normative adolescent
development and diabetes-related stressors. Many families
describe escalating conflict and difficulty in working together
for T1D management [8,9], which increases the risk for poor
clinical, behavioral, and glycemic outcomes [10,11]. Negative
interactions stemming from parents’ frustration and fears about
the consequences of poor glycemic control can interfere with
positive family teamwork [9].

Several interventions for adolescents with T1D report
improvements in family collaboration, youths’ quality of life
(QOL), self-management behaviors, and prevention of
deteriorations in glycemic outcomes [12,13]. Existing
interventions often target behavioral risk factors for poor
diabetes outcomes such as diabetes-related conflict, ineffective
family management, and maladaptive coping [12].
Unfortunately, effect sizes compared with control groups are
modest and in-range glycemic outcomes (ie, glycated
hemoglobin A1c [HbA1c] <7.5% [14]) are not consistently
achieved or maintained [12].

Diabetes Resilience is defined as the achievement of optimal
diabetes outcomes (ie, good QOL, high engagement in
self-management behaviors, and close to target glycemic
outcomes) despite the numerous challenges inherent to having
T1D [15]. New interventions that use positive psychology
strategies and aim to promote resilient outcomes in pediatric
populations are gaining attention as an approach to extend the
impact of existing behavioral interventions [16-19].
Strengths-based interventions for other populations have
increased gratitude, happiness, and self-control; decreased
psychological symptoms and behavior problems; and improved
subjective well-being [20,21]. However, relatively few
interventions promote optimal diabetes outcomes by explicitly
reinforcing youth and family strengths [22], or positive

diabetes-related attitudes and behaviors (eg, confidence, seeking
support [15]) that have demonstrated associations with resilient
outcomes [23,24].

Existing behavioral interventions are often multicomponent
programs delivered by trained interventionists at multiple
in-person sessions in the medical setting [12]. Time and space
requirements for intervention delivery, families’ability to attend
multiple sessions, and the expenses of hiring and training
behavioral interventionists limit the potential for widespread
dissemination. Although behavioral support is consistently
recommended by international diabetes care guidelines
[14,25,26], few practices have the resources to employ
behavioral care providers or routinely provide such services
[27,28]. Limited resources must be prioritized for patients at
the highest level of psychosocial need, leaving many without
access to potentially helpful behavioral interventions [29].

Mobile health (mHealth) technologies address many of these
limitations by reducing barriers to dissemination [30-32]. For
example, intervention automation and delivery via mobile
devices minimize the need for space, time, and specialized
interventionists to deliver behavioral care [33-35]. Mobile health
interventions for people with diabetes have included text
message–based (short message service, SMS) reminders to
perform diabetes self-management activities (eg, blood glucose
monitoring, insulin administration, physical activity), automated
reinforcement for engaging in self-management activities via
text message, diabetes education via mobile phone or email,
and guidance for making diabetes care decisions (eg, insulin
dosing calculators, advice for managing low blood glucose);
these interventions have generally been well received but have
reported only modest results [35-38]. Previous mHealth
interventions have largely targeted adolescents with T1D and
adults with T1D or type 2 diabetes, but have not been delivered
directly to parents of youths with T1D. Multicomponent,
evidence-based behavioral interventions for adolescents with
T1D and their parents have begun to be adapted for delivery
via websites or mobile phone apps, and initial results suggest
high acceptability and at least short-term improvements in
adherence [36,39]. On the basis of previous research,
recommendations for mHealth interventions in diabetes include
minimizing demands and burden for participants (eg, patients,
family members, providers), providing timely feedback about
the targeted outcome, and relying on behavior change theory
to inform the intervention/app design [35,38].

Study Overview and Aims
This paper describes the study design and protocol for the Type
1 Doing Well pilot intervention study, which aims to address
the need for brief, low-burden, and easily translatable behavioral
interventions to facilitate positive family interactions and
ultimately strengthen resilient diabetes outcomes during the
challenging adolescent period. The purpose of the Type 1 Doing
Well study is to develop and evaluate the feasibility of a
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strengths-based behavioral intervention for parents of
adolescents with T1D, delivered via a mobile-friendly Web app
that parents use for approximately 3 to 4 months, the standard
period of time between quarterly diabetes clinic visits. The app
uses a monitoring plus feedback design to help parents recognize
and reinforce what their adolescents are doing well for diabetes
management. Intervention components include the following:
(1) monitoring by the app prompting parents to record observed
strength behaviors (eg, asking an adult for help with insulin
calculation, managing a difficult diabetes-related problem) their
adolescents engage in each day; (2) feedback to parents by
providing personalized weekly summaries of the adolescents’
most frequent strengths; and (3) feedback to adolescents by
teaching and encouraging parents to reinforce their teens’
diabetes strengths. Theorized intervention mechanisms include
enhancing protective behavioral and family processes by
increasing parents’ awareness and reinforcement of diabetes
actions that adolescents are doing well and facilitating positive
family interactions in the context of everyday diabetes
management, the ultimate goals of which are to improve
adolescent QOL, self-management, and glycemic outcomes.

This protocol describes the process of developing and pilot
testing the Type 1 Doing Well app. To develop the app, we
employed user-centered design processes [40] to ensure the app
would be engaging, easy to use, and meet families’ needs and
preferences. The pilot intervention tests the resulting app with
82 adolescent-parent dyads. Each family will be randomized to
either use the app (in addition to their usual diabetes care) or to
a usual care control condition, in which they do not use the app,
using a 2:1 randomization scheme. This exposes twice as many
participants to the app; for a pilot study, this approach
maximizes the amount of feedback received about the
intervention to learn about its feasibility and acceptability, and
generates more suggestions for refinement. The aims of the

pilot intervention study are to evaluate the feasibility,
acceptability, and preliminary impact of the intervention.
Feasibility will be demonstrated by participant consent rates
>70% and at least twice-weekly app use rates >75%.
Acceptability will be demonstrated by high adolescent and
parent satisfaction ratings >80%. To evaluate impact, it is
hypothesized that adolescents will increase self-management
behaviors and maintain or improve glycemic control pre- to
postintervention. Because glycemic control often worsens during
this period, either improvement or maintenance from baseline
to follow-up is hypothesized to be better than the usual trend.
It is also hypothesized that adolescents and parents will report
improvements in diabetes strength behaviors, family conflict,
diabetes burden, and health-related QOL from pre- to
postintervention.

Theoretical Framework
Type 1 Doing Well has its theoretical foundation in the Diabetes
Resilience Model [15], which posits that diabetes outcomes are
influenced by the individual’s and family’s risk factors and
assets, and that enhancing positive protective processes that
maximize diabetes-related strengths can buffer the negative
impact of risks and amplify the positive impact of strengths,
leading to resilient outcomes. By targeting positive family
processes (eg, supportive parent involvement) and positive
adolescent behaviors (eg, diabetes strengths: expressing
confidence, seeking support), the Type 1 Doing Well
intervention aims to enhance these protective factors, reduce
the impact of risk factors (eg, diabetes burden, family conflict),
and ultimately promote resilient diabetes outcomes (Figure 1).
This approach represents a shift in tone from routine diabetes
care (which by necessity focuses on identifying and solving
problems with diabetes management) and from existing
behavioral interventions (which seek to reduce behavioral
barriers to optimal outcomes).

Figure 1. Conceptual model of strengths-based intervention components and theoretical mechanisms of change to reduce risk factors and promote
resilient diabetes outcomes. T1D: type 1 diabetes; A1c: glycated hemoglobin A1c.
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Compared with in-person interventions, a primary benefit of
mHealth is ecological validity: data are collected and
participants experience the intervention in the context of
everyday activities [30,41,42]. Ecological validity can enhance
intervention impact through increased proximity and relevance
to the everyday behaviors being targeted and can reduce barriers
to engagement. By making daily contact for strengths monitoring
and weekly contact for feedback and to encourage parents to
offer praise, this intervention is designed to increase their ability
to apply strengths-based behavioral strategies in vivo. The focus
on monitoring adolescents’ strengths rather than risks or
problems throughout the day in this study may also increase the
intervention’s appeal, and thus boost participant engagement,
all noted challenges in existing interventions [21].

Methods

Design Overview
Participants will be randomized 2:1 to the intervention and
comparison groups, respectively, to maximize feasibility data
and feedback from the intervention group. The intervention
group will use the app for 3 to 4 months, between 2 outpatient
diabetes clinic visits. The control group will receive usual care
and will not use the app during the study period. Data collection
will occur at baseline and follow-up for both the groups. The
schedule of participant activities is outlined in Figure 2.

Figure 2. Schedule of participant activities. TIDW: Type 1 Doing Well.
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Participants in both the groups will receive US $25 per person
for completing both baseline and follow-up questionnaires.
They will also receive an additional US $5 per person for each
biweekly survey they complete (described below). At each of
2 study visits (1: baseline data collection, randomization; 2:
follow-up data collection), the family will receive US $13 to
cover parking and/or transportation expenses. Adolescents will
receive an additional US $5 per study visit for bringing all
actively used blood glucose meters for download. Parents and
adolescents in both the groups will also receive a small silicone
wallet embossed with the study logo that adheres to the back
of a mobile phone as an additional incentive, which also serves
as a visual reminder to participants about the study. Because
intervention feasibility is a primary study aim, incentives will
be provided for completing data collection procedures but not
for participation in the intervention. Intervention group
participants will receive US $10 per month to offset data usage
charges from using the app.

The protocol was approved by the institutional review board
and is registered on ClinicalTrials.gov (NCT02877680). Data
monitoring committees are not required for pilot studies;
however, annual review by the institutional review board
monitors for adverse participant events and conducts random
audits. Protocol amendments are processed through the
institutional review board, and significant changes are approved
by the study sponsor.

Recruitment
The target sample is 82 parent-adolescent dyads. Inclusion
criteria are as follows: adolescent aged 12 to 17 years at
enrollment, treated for T1D at the children’s hospital diabetes
clinics where recruitment is taking place, and diabetes duration
of at least 6 months. Parents (female or male) who self-identify
as the primary caregiver will be eligible. Because the validated
questionnaires and app are not available in other languages,
fluency in English for parents and adolescents is required.
Because the intervention is delivered via an app, parents must
have a mobile device (ie, mobile phone or device that can
receive text messages and access the Internet) with a data plan.
Adolescents are not required to have a mobile device, as they
will not be interacting directly with the app, and parents have
the option to praise their adolescent by a text message or in
person. Exclusions include serious medical, cognitive, or mental
health comorbidity in parents or adolescents that would preclude
the ability to participate. Recruitment takes place at 2 diabetes
clinics serving patients of the Pediatric Diabetes and
Endocrinology Service at a large tertiary children’s hospital
affiliated with an academic medical center in the Southern
United States. The 2 clinics were selected based on the size of
the patient load at each clinic and to maximize study staff
availability to be present for recruitment and study activities
most days of the week. Following established diabetes clinic
research processes, research staff review clinic schedules and
mail informational letters to potentially eligible families and
follow up by telephone call to introduce the study and conduct
eligibility screening. Staff meet potentially eligible families in
clinic for recruitment, informed consent, data collection, and
enrollment. When possible, participants provide written consent
and are sent a weblink to complete questionnaires before the

clinic visit. When that is not possible, families are sent the
weblink to complete questionnaires immediately following the
in-clinic meeting, and participation in the intervention begins
at the subsequent clinic visit. Families who decline participation
will be asked to share the reason for choosing not to participate.

Randomization
After consenting, enrolling in the study, and completing baseline
questionnaires, participants will be randomized to the
intervention or control group. A 2:1 randomization scheme with
random block sizes will be used to maximize feasibility data
and feedback from the intervention group (n=55 for intervention,
n=27 for comparison). Following randomization, the
intervention group will begin the intervention immediately.
Research staff will help the parent install the app, register a
username and password to access the app, and demonstrate app
use. Staff will show the family 3 instructional videos within the
app that teach participating parents about the importance of
praise, how to identify strength behaviors, and how to provide
developmentally appropriate praise to adolescents. Participants
in this group will be instructed to begin using the app that day.

Type 1 Doing Well Intervention: Development and
Design
Semistructured qualitative interviews were conducted with 10
adolescents (mean age 15.4 [SD 1.9] years, 50% (5/10) female,
60% (6/10) non-Hispanic white, mean diabetes duration 7.0
[SD 3.8] years, 90% (9/10) privately insured) and their parents
(70% (7/10) mothers) and 5 pediatric diabetes care providers
(100% (5/5) physicians, 60% (3/5) faculty, 40% (2/5)
postdoctoral fellows, 60% (3/5) female) to inform app design
and intervention content. Parent and adolescent interviews asked
about their perspectives on what positive diabetes-related
behaviors adolescents tend to engage in and what adolescents
wish their parents appreciated about their lives with diabetes,
and how parents communicate with adolescents about diabetes
management. Diabetes strengths described by parents and
adolescents included adolescents performing diabetes
self-management tasks without reminders, planning ahead for
diabetes management during meals or activities, prioritizing
diabetes management even when other events are occurring (eg,
school, sports), using a positive tone during family
communication about diabetes, and talking openly about
diabetes with friends. Adolescents highlighted their desire for
their parents to notice “small” everyday behaviors (eg, doing
blood glucose checks), to provide specific rather than generic
(eg, “good job”) praise, and to focus more on the adolescents’
efforts than on blood glucose values. The interviewer also sought
parents’ and adolescents’ input on the app content and structure,
including parents’ preferred frequency of contacts from/with
the app, desired features of the app, for how long they might
use the app, and recommendations to make the app appealing
and usable. Feedback included asking parents to use the app no
more than 1 to 2 times per day to rate their adolescents’behavior
over the previous 12 to 24 hours, and providing the strengths
summary once a week (on the weekend) in a simple and
easy-to-interpret list or graph, preferably using visually
appealing colors. Parents and teens indicated that they
communicate frequently via text message and thought that would
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be a useful way to provide praise. Some parents wanted the app
to provide brief template praise texts that they could personalize
and others wanted the option to create their own text messages.
Adolescents were open to receiving texts from parents about
what they did well and wanted the texts to be simple and
straightforward, without adding comments about problems,
concerns, or tasks that the adolescents needed to do. Several
parents and adolescents noted that they would like to include
emojis in the texts.

Diabetes care provider interviews focused on their observations
of adolescents’ diabetes strengths and parent-adolescent
interactions, and their perspectives on how the app could
potentially be integrated into routine diabetes care practices.
Strengths identified by providers included adolescents taking
initiative to complete some diabetes tasks independently/with
few parent reminders, using positive communications strategies
with parents, seeking support from peers, and establishing
diabetes self-management routines or habits. Their suggestions
for the app included minimizing burden on app users by keeping
the app format simple and the questions brief, introducing the
app not as a punishment for poor parenting but rather as a tool
for all parents, and having the option to add new strengths or
text messages into the app. Providers highlighted the importance
of helping parents focus on praising their adolescents more, and
they suggested incorporating a summary of strengths-oriented
data from the app into clinical conversations at later clinic visits.

After developing a prototype of the app based on this input, 4
families were shown screenshots of various features of the app,
and they gave feedback (eg, ranked their preferences for
strengths summary formats, commented on unclear or irrelevant
strengths or text message templates). After finalizing the app
design and components, research staff and software developers
conducted extensive usability testing with the app to ensure
optimal functionality.

On the basis of parent preferences and provider
recommendations to limit parent burden in using the app, the
app prompts parents by SMS and/or email (parent chooses
method) to use the app once each day in the evening. A second
prompt is sent 90 min later if the parent has not yet logged into
the app. After logging in, parents are asked to select from a list
of diabetes strength behaviors that their adolescent engaged in
during the previous day. The strength behaviors were developed
based on review of the literature and input from parents,
adolescents, and providers about positive actions and attitudes
that adolescents tend to engage in around diabetes
self-management. Example strengths include the following:
“Checked blood glucose without being asked,” “Discussed
diabetes in a calm or positive way,” and “Took care of diabetes
when he/she had a lot of other things going on.” In response to
suggestions to incorporate new, personalized content to the app,
if no response options apply, parents can select “other” and
provide a written description of other positive behaviors
observed, which are added to the list of strengths and can be
selected by the parent again at a later time. Parents can also log
into the app at other times and provide additional reports of
their adolescent’s strength behaviors. Once a week, parents
receive an additional prompt to view a summary of the top 3
strength behaviors they reported their adolescent engaged in

over the previous week. On the basis of parent feedback, the
summary is presented graphically as a list with checkmarks
indicating how frequently each strength behavior was reported
(Figure 3). The summary tab of the app links to a library of
sample text messages that parents can copy into their mobile
phone’s text messaging or email program to send to their child.
The text wording was guided by adolescent suggestions. Parents
have the option to edit the texts, write their own, or provide
praise in person. In response to participant suggestions to include
emojis, a collaboration was formed with Joyce Lee, MD MPH,
who developed the “Diabetes Emoticons” emojis. Because the
emoji pack can be used only on Apple devices, it could not be
incorporated into the T1 Doing Well app (which was designed
to be accessible on any device, described below). However,
study staff inform participants that the emojis can be
downloaded by Apple users and may be used to personalize
their praise text messages, and the app includes a link to the
free sticker pack in the iTunes store. The app also includes 3
videos described above, the content of which was informed by
parent and adolescent input about which positive behaviors to
track and how to offer praise in an adolescent-friendly way. The
videos also address frequently asked questions (eg, how to
respond when it is difficult to identify any positive behaviors).
Parents watch these videos after being randomized to the
intervention group and can access them at any time for a
refresher.

The app was created and is maintained by faculty, staff, and
software developers at the Center for Behavioral Intervention
Technologies Development Core Facility at Northwestern
University School of Medicine. To maximize the number of
people who could use the app and not limit eligibility by
platform (eg, Android vs Apple products), the app was created
as a mobile-friendly website that is optimized for Android (with
Chrome, Firefox, or Android v5.0+ Web browsers), iOS (with
Chrome, Firefox, and Safari Web browsers), and Windows 10
(with Microsoft Edge) mobile devices and Mac (with Chrome,
Firefox, Safari, and Opera Web browsers) and Windows (with
Chrome, Firefox, IE10+, Microsoft Edge, and Opera Web
browsers) desktop, laptops, and tablets. To increase app
accessibility for participants, Android and iOS home screen app
icons were developed so that users can save the icons to their
home screen and access the Web app as if it were a mobile app.
In addition to the participant-facing app, there is also a
researcher-facing dashboard that allows research staff to add
content (eg, new praise texts or strengths), manage participant
access to the app and support requests, and export app usage
data and participant summaries in real time.

Usual Care Comparison Condition
Participants in both groups will receive usual care for T1D,
which includes approximately quarterly visits with a
multidisciplinary (ie, physician and advance practice nurse,
nurse/medical assistant, registered dietician and
certified-diabetes educator, and social worker) diabetes care
team. The diabetes care team also includes a licensed clinical
psychologist with expertise in diabetes who is available for
treatment referrals based on provider concern or family request.
Usual care without app use was selected as the comparison
condition, given the early phase of development of the study.
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Figure 3. Screenshot of weekly strengths summary. BG: blood glucose.

Measures
Data are collected at 2 times: parents and adolescents complete
questionnaires at baseline following consent and before
randomization, and at the diabetes clinic visit following
randomization (approximately 3-4 months later). Questionnaires
are collected via secure, HIPAA (Health Insurance Portability
and Accountability Act)-compliant Web survey hosted through
the institution’s clinical trials management system. Adolescents
and parents have unique log-ins and passwords and are
instructed to complete the surveys independently. Participants
have the option to not answer any questions that they chose not
to answer; if 3 or more questions are unanswered on a
questionnaire, the system provides the following prompt: “You
have not answered some questions in this survey. Click ok to
continue or cancel to answer those questions.” Study data are
identified with randomly generated participant numbers, and
any paper materials are stored separately from documentation
of identifiable health information, including informed consent.

To assess the process of the intervention’s impact, adolescents
and parents each provide biweekly ratings of their relationship
quality throughout the 3- to 4-month study period. These items
can be answered via email, phone, or text message. Medical
chart data are also collected during this period. Attempts are
made to collect follow-up data from all participants, including

those who stop using the app, to assess the impact of
intervention dose.

Feasibility
Recruitment data will be used to calculate the percent of eligible
families who enroll in the study. Usage data from the software
platform (accessed via the research dashboard) will be used to
calculate parent engagement with specific app features (eg,
response rate to prompts, frequency of opening feedback
summaries, frequency of using provided texts) and the percent
of participants who interact with any app feature at least twice
weekly.

Participant Characteristics
At baseline, parents will report their relationship to the
adolescent, parent and adolescent’s racial and ethnic
backgrounds, number of parents/caregivers living in the home,
the adolescent’s insurance status (private, public, or none), and
the highest level of parental education. Adolescents’ gender,
date of birth (to calculate age), date of diabetes diagnosis (to
calculate duration of diabetes), and current diabetes treatment
regimen will be extracted from the medical record.
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Clinical Diabetes Outcomes
Glycemic control (HbA1c) and blood glucose monitoring
frequency are collected routinely at diabetes clinic visits and
will be extracted from the electronic medical record. Trained
phlebotomists draw blood samples by fingerstick and analyze
assays immediately using the DCA 2000 Hemoglobin HbA1c

system (Siemens-Bayer). Blood glucose meters are routinely
downloaded to calculate mean daily blood glucose monitoring
frequency (previous 14 days).

Behavioral Outcomes
Adolescents self-report on the frequency of resilience-promoting
attitudes and behaviors (ie, strengths) via the Diabetes Strengths
and Resilience measure [23], a 12-item measure of perceived
mastery over T1D management demands and accessing
social/family support for T1D needs. They also complete the
Monitoring Individual Needs In Diabetes (MIND)-Youth
Questionnaire [43], a 33-item measure of diabetes health-related
QOL. Parents rate youth engagement in diabetes
self-management behaviors using the appropriate version (based
on the youth’s insulin regimen) of the 24-item Diabetes
Self-Management Profile Self-Report [44] and adolescents using
the 15-item Self-Care Inventory-Revised [45].

Intervention Mechanisms
To assess the process of intervention impact, parents complete
the PedsQL Family Impact Module (36 items) [46] and the
Diabetes Family Impact Scale (14 items) [47], which measure
the impact of diabetes on family activities and relationships and
parent QOL. Diabetes-specific burden will be assessed via the
Problem Areas in Diabetes measures for adolescents (26 items)
[48] and parents (18 items) [49], both of which demonstrate
good psychometric properties. Parents and youths complete the
Diabetes Family Conflict Scale-Revised [50], a 19-item scale
of family conflict surrounding diabetes issues, which has good
reliability and validity. Parents and youths also complete the
Helping for Health Inventory [51], a 15-item measure of
unhelpful parental attention to the adolescent’s diabetes
management. In addition to the questionnaire batteries at
baseline and follow-up, every 2 weeks, parents and adolescents
are asked to each rate their relationship quality using 3 items
adapted from the Parent-Youth Relationship Index of the
National Longitudinal Study of Youth-1997 [52].

Intervention Satisfaction and Feedback
Postintervention, parents in the intervention group complete the
USE Questionnaire [53], a 32-item measure of the users’
perceived usefulness of, satisfaction with, and ease of use of a
particular technology. Semistructured interviews with
participants (separately with parents and adolescents) will be
conducted to discuss experiences with the app (eg, intrusiveness
of prompts, clarity/relevance of response options, usefulness
and appeal of strength behavior feedback charts) and obtain
suggestions for improvement.

Planned Statistical Analyses
Intervention feasibility will be determined if the upper bound
of the two-sided 95% exact, binomial CI is ≥95% for
downloading the app and ≥70% for using the app at least twice

per week. Acceptability will be measured as the proportion of
participants who rate the intervention as acceptable (somewhat
to very much) with 95% exact, binomial CIs (upper bound
should be ≥80%).

Baseline participant demographics and clinical characteristics
will be summarized with descriptive statistics, stratified by
treatment group. Group differences will be assessed using
two-sided, two-sample t tests, Wilcoxon rank sum tests, or
Fisher exact test as appropriate. Statistical significance for
univariate analysis will be assessed at the .05 level. However,
this is a randomized clinical trial; therefore, significant group
differences must be due to chance , and those variables will be
adjusted for in a multiple regression model to confirm the
magnitude of the effect.

The analysis of preliminary impact of this pilot intervention on
the primary outcomes will compare mean blood glucose
monitoring frequency, survey measures of self-management
behaviors, and HbA1c at follow-up between groups using an
independent, two-sample t test. Equal variances will be assumed,
unless the F test rejects the null hypothesis of equality at the
.05 level. Quantile-quantile plots and Shapiro-Wilk tests,
stratified by group, will be used to test for approximate
normality, and data transformations (eg, natural logarithm) will
be used if needed. Statistical significance will be assessed at
the two-sided alpha=.05 level. A separate analysis will be used
for each primary outcome , and no adjustments for multiple
hypothesis tests will be made in this pilot study.

A general linear mixed model will also be used to compare
follow-up measures between groups, adjusting for baseline
response and baseline characteristics that are unequally
distributed between groups. The generalized linear model will
allow for the use of all available data, including participants
with incomplete sets of observations. The model will include
fixed effects for treatment group, time (discrete), baseline
response, and a group-time interaction term. The model will
also assume an unstructured matrix of correlated error terms to
account for repeated observations. Statistical significance will
be assessed at the .05 level for all hypothesis tests. All analyses
will assume intention to treat. Missing data will not be imputed
for the main analysis of primary or secondary outcomes. We
anticipate very little missing data for these outcomes. Total
scores will be calculated based on each measure’s scoring
instructions (including instructions for handling missing item
responses) and used in analyses. Analysis of secondary
behavioral outcomes will be analyzed using a similar approach.

Power
A total sample size of n=66 with complete data would be
required to detect a standard effect size of 0.75 with 80% power
using an independent, two-sample t test with equal variances
assuming alpha=.05 and a 2:1 ratio between groups (n=44 for
intervention, n=22 for control). This sample size will also have
>95% probability of generating binomial CIs with half-widths
≤0.20. Therefore, we aim to enroll 82 (55 intervention, 27
control) participants to allow for a conservative 20% attrition
rate.
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Results

Enrollment began in July 2017 and data collection will continue
through June 2018. Data cleaning and analysis will be conducted
following the completion of data collection. We anticipate
reporting results in late 2018 through professional presentations
and publications.

Discussion

Parents’ understandable and valid concerns about the
consequences of chronic poor glycemic control can heighten
their attention to nonadherence [54,55], making it difficult to
recognize adolescents’ positive self-management behaviors
when they occur. The strengths-based Type 1 Doing Well
intervention aims to focus parents’ attention on specific positive
behaviors that their adolescents are engaging in, teach strategies
to recognize adolescents’ strengths, and create frequent
opportunities to offer reinforcement and praise. This explicit
focus on identifying and reinforcing what adolescents are doing
right has the potential to enhance supportiveness and
collaboration in the parent-adolescent relationship around
diabetes management, which are well-documented predictors
of adherence and better glycemic control [7]. Training parents
to consistently recognize and reinforce adolescents’ strength
behaviors may also increase these desired behaviors, which
have demonstrated associations with key diabetes outcomes
[21,22]. This pilot study will evaluate the feasibility of
implementing the mHealth intervention to parents of
adolescents, parents’ and adolescents’ satisfaction with the
intervention, and its preliminary impact on key behavioral and
clinical outcomes.

Potential limitations of this study are primarily related to the
pilot nature of the study design. Because the emphasis is on
evaluating the feasibility and satisfaction of the intervention to
inform future research, the sample size may not be large enough
to detect small to moderate effects. The sample size was based
on an estimated standard effect size of 0.75. This is higher than
reported effect sizes in other behavioral mHealth and eHealth
research with youths with chronic health conditions (d
range=0.13-0.35 for change in health behaviors or disease
control outcomes [56,57]) or positive psychology interventions
(d range=0.20-0.34 [58]). However, mobile phone-based
behavioral interventions targeting adults report a wide range of
effect sizes, including some that are large (d=0.09-1.38 [59]).
Moreover, relatively higher effect sizes have been reported in
mHealth and eHealth interventions delivered to caregivers of

youths with chronic medical conditions compared with those
delivered to the youths themselves [56], and among those that
incorporate theory-based behavior change strategies [60], as is
the case for this study. In light of these effect size ranges, basing
our power analysis on d=0.75 was deemed appropriate for a
pilot study with a sufficient sample to conduct preliminary
analyses of impact on key outcomes and estimate a plausible
effect size for a larger study [61].

The use of a convenience sample at a single children’s hospital
and the exclusion of non-English speaking participants may
result in data that may not be representative of the population
of families of adolescents with T1D. However, efforts are made
to recruit a sample that includes parents and adolescents of both
genders, adolescents spanning the eligible age range (12-17
years), and participants with diverse personal and clinical
characteristics (eg, racial/ethnic background, insurance status,
baseline HbA1c) to maximize potential generalizability of
findings. Because the eligibility criteria for the study are not
dependent on baseline glycemic control, self-management
behaviors, or family functioning, it is possible that changes will
not be able to be detected because of floor or ceiling effects at
baseline. Because the app is accessed via a mobile website, it
is not accessible when the device is out of the range of mobile
data, which may limit participants’ use of the app in some
situations. Conducting research in coordination with medical
visits presents some challenges with scheduling and missed
appointments. To minimize missing data at follow-up study
visits, research staff remind all enrolled participants of upcoming
scheduled clinic visits. However, some diabetes clinic visits do
not occur at precise 3-month intervals. If a follow-up visit is
not completed within 4 weeks of the 3-month follow-up window,
a separate study visit is scheduled and glycemic data from the
nearest clinic visit are used.

Promising results from this pilot study will inform the next
phase of research to refine and further evaluate the effectiveness
of this strengths-based mHealth intervention. The data gathered
in this pilot study will comprise essential preliminary data to
seek funding for evaluation in a larger, fully powered
randomized controlled trial. In a larger trial, longer-term
follow-up data will be collected to evaluate maintenance of
improvements and/or additional improvements in outcomes
over time. Ultimately, the goal is for this app to be used as a
part of routine care of adolescents with T1D. Future research
may include evaluation of this strengths-based app in
combination with other mHealth technologies (eg, continuous
glucose monitoring system platforms) or behavioral family
interventions to enhance their impact on diabetes outcomes.
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