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Abstract

Early adolescents have difficulties performing asthma self-management behaviors, placing them
at-risk for poor asthma control and reduced quality of life. This paper describes the development
and plans for testing an interactive mobile health (mHealth) tool for early adolescents, ages 12-15
years, and their caregivers to help improve asthma management. Applying Interactive Mobile
health to Asthma Care in Teens (AIM2ACT) is informed by the Pediatric Self-management model,
which posits that helpful caregiver support is facilitated by elucidating disease management
behaviors and allocating treatment responsibility in the family system, and subsequently engaging
in collaborative caregiver-adolescent asthma management. The AIM2ACT intervention was
developed through iterative feedback from an advisory board composed of adolescent-caregiver
dyads. A pilot randomized controlled trial of AIM2ACT will be conducted with 50 early
adolescents with poorly controlled asthma and a caregiver. Adolescent-caregiver dyads will be
randomized to receive the AIM2ACT smartphone application (AIM2ACT app) or a self-guided
asthma control condition for a 4-month period. Feasibility and acceptability data will be collected
throughout the trial. Efficacy outcomes, including family asthma management, lung function,
adolescent asthma control, asthma-related quality of life, and self-efficacy for asthma
management, will be collected at baseline, post-treatment, and 4-month follow-up. Results from
the current study will inform the utility of mHealth to foster the development of asthma self-
management skills among early adolescents.
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Introduction

Asthma affects approximately 8.3% of children in the United States and is one of the most
common chronic pediatric conditions.! Adolescents with persistent asthma experience
impaired health and quality of life due to complications that are largely preventable via self-
management behaviors.2 Unfortunately, many adolescents fail to perform the asthma self-
management behaviors that help to control asthma symptoms and enhance quality of life.3
The treatment regimen for persistent asthma is complex, making self-management arduous
for adolescents.# Exceedingly low adherence to daily preventative medications,/ difficulty
in monitoring and responding to symptoms, and challenges with trigger avoidance are
widespread.8:°

Responsibilities for managing asthma transition from caregivers to youth during early
adolescence.>10.11 Caregivers often expect adolescents to assume increased levels of
responsibility for their asthma care; however, early adolescents are unlikely to possess the
requisite skills needed to manage asthma without caregiver assistance.® Discrepancies in the
allocation of asthma management responsibilities between parties can also result in a
situation where management tasks are poorly executed or left unattended by both the
caregiver and adolescent.>:11.12 Therefore, the presence of helpful caregiver support can
determine whether adolescents with asthma are successful in developing and mastering self-
management behaviors. Family conflict is related to poor asthma outcomes including poor
adherence and frequent emergency department visits.13-15 Alternatively, helpful caregiver
involvement is related to improved asthma control, quality of life, adherence, and lung
function.15-17 The centrality of helpful caregiver support in developing asthma self-
management skills8 is illustrated best in the Pediatric Self-management Model.1° This
model posits that youth self-management behaviors are influenced by the presence of helpful
caregiver monitoring and involvement in disease management and the relationship quality
between the caregiver and adolescent. Based on this model, helpful caregiver support is
facilitated by: 1) elucidating disease management behaviors and the allocation of treatment
responsibility in the family system and 2) subsequently engaging in collaborative caregiver-
adolescent asthma management as early adolescents develop and master self-management
behaviors.

Mobile Health (mHealth) technologies can improve disease outcomes2° and may be an
especially powerful tool to deliver effective behavioral health interventions to facilitate
helpful family support as early adolescents with asthma develop and master self-
management behaviors. Smartphones are owned and habitually carried by approximately
50% of 12-17 year-olds and 75% of adults ages 30-49.21:22 mHealth technologies can
obtain near real time data that can be used to inform tailored mHealth interventions that are
dynamic, user-centric, and continuously adapted.23 mHealth technology also presents a
unique opportunity to provide a safe and structured environment to foster communication
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between adolescents and caregivers while avoiding emotional escalation and conflict that
can occur when dyads try to navigate asthma management on their own.

There is a clear need for a mHealth intervention that targets helpful family support as early
adolescents with persistent asthma transition to taking more responsibility for their asthma
care. This study aims to develop the AIM2ACT intervention and test the AIM2ACT
smartphone application (AIM2ACT app), a novel mHealth tool for youth with poorly
controlled asthma and their caregivers. We outline the development of intervention
components that will be used in a pilot randomized controlled trial (RCT) that will evaluate
feasibility, acceptability, and efficacy of the AIM2ACT intervention.

Design and Methods

Objectives

Consistent with Obesity-Related Behavioral Intervention Trials (ORBIT) consortium
guidelines,24 the current study includes two phases. Phase | focuses on collaborating with a
family advisory board to develop the AIM2ACT intervention, a mHealth tool informed by
the Pediatric Self-Management Modell® designed to increase helpful family support as early
adolescents develop and master self-management behaviors. Phase 1l testing involves
conducting a 4-month RCT of AIM2ACT in 50 early adolescents with persistent asthma and
their caregivers to evaluate feasibility, acceptability, and efficacy. Families will be
randomized to receive the AIM2ACT app or to a self-guided asthma control condition.

AIM2ACT Design and Development

AIM2ACT intervention materials were developed over a 15-month period. Development was
primarily focused on building the AIM2ACT app, which uses existing technology provided
by MEI Research through the patented PiLR Health system.2® PiLR is a cloud-based
platform that collects, stores, processes, and reports on objective behavioral data from
mobile devices.28 Additional features were developed for the purpose of this study,

including presentation of skills-training videos and interactive behavioral contracting
between adolescents and caregivers. The AIM2ACT app was tailored to our targeted
population by gathering feedback from advisory board meetings composed of families of
youth with persistent asthma.

AIM2ACT Advisory Board Meetings

Methods—Advisory board participants included youth with asthma between the ages of
12-15, and their caregiver. Participants completed a demographic questionnaire and the
Asthma Control Test?” (see Efficacy Outcomes section). Three advisory board meetings
were conducted with nine adolescent-caregiver dyads. These meetings were facilitated by
the primary investigator, study coordinator, and a graduate student. Advisory board meetings
were used to elicit constructive feedback and gauge participant interest, relevance, and
potential feasibility and acceptability of the AIM2ACT app (e.g., language used). Specific
goals for each advisory board meeting were as follows. The first advisory board meeting
focused on introducing the overarching goals of AIM2ACT, presenting wireframes of core
AIM2ACT app functionality (e.g., goal setting, behavioral contracting), and presenting
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initial version of skills-training videos. During the second advisory board, we solicited
feedback on surveys embedded within AIM2ACT, using a beta version of the smartphone
application, and presented refined versions of skills-training videos. Families completed
final beta testing of the AIM2ACT app during the third and final advisory board meeting and
were encouraged to think-aloud to provide feedback. Intervention materials for the self-
guided asthma control condition were also presented during final advisory board meetings to
obtain feedback on language and presentation of materials, and to ensure the control
condition accurately mirrored the AIM2ACT app without the mHealth components. Families
were compensated for their participation in advisory board meetings.

Results—Nine families participated in the advisory board meetings; six families
participated in two or more meetings. Family demographic characteristics are presented in
Table 1. During the first advisory board meetings, families perceived the goals of the project
as important and felt the framework for using the application was coherent and easy to
follow. A number of participants also provided constructive feedback on the initial versions
of AIM2ACT skills training videos. Suggestions included using a more engaging
multimedia platform for generating videos, replacing text-based information with visual
content wherever possible, and reducing the length of the videos to sustain attention. Refined
skills-training videos were created, using animated visuals and voiceover, and presented
during second advisory board meetings. Families provided feedback on a beta version of the
AIM2ACT application during the second advisory board meetings, citing issues with
wording and the visuals used in the app. Following final beta testing during the third and
final advisory board meetings, families generated additional examples to include in the
different components of the behavioral contracts on the AIM2ACT app (e.g., goals and
rewards). Families suggested the AIM2ACT app initiate a second assessment of needs, half
way through the project period, to show families their overall progress in the intervention.
Participant feedback from advisory boards was integrated into final components of the
AIM2ACT app.

Pilot Randomized Controlled Trial of AIM2ACT

Participants—Phase 1l of the study will include a RCT of 50 adolescents between the ages
of 12 and 15 years that have a persistent asthma diagnosis, poorly controlled asthma, and
live in the same residence as their participating caregiver for the study. Families will be
excluded from the study if the adolescent has a developmental disability, the adolescent or
caregiver cannot read or speak English, or if the adolescent is currently enrolled in an
asthma management intervention.

Recruitment—Families will be recruited from pediatric clinics, through local
advertisements, and brochures distributed to clinics and schools. Using an established, IRB-
approved mechanism, families attending clinic visits will be asked to complete a “Consent-
to-Contact” form that enables study staff to call and screen for eligibility. Staff will provide
information about the project, determine initial eligibility, and schedule an in-person
baseline visit at their home or at our research lab. Youth with persistent asthma and a current
controller medication prescription will be included due to pervasiveness of symptoms.28
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Participants meeting inclusion criteria will complete the in-person baseline assessment visit
to obtain caregiver consent and child assent.

Treatment Allocation—We anticipate that we will need to screen approximately 60 dyads
to obtain 50 for treatment allocation via minimization. Minimization is a recommended
treatment allocation method for pilot studies to achieve balance across treatment conditions
on variables deemed important by the investigator. 29-31 Minim, a computer minimization
program, will be used to allocate families to 1 of 2 groups with stratification factors of race/
ethnicity (African American; Non-Latino White; Other) and child sex (male/female).32 Half
of the dyads will be allocated to the AIM2ACT app, and half to a self-guided asthma control
condition. Dyads will be notified of their assignment at the end of the baseline assessment
period.

AIM2ACT Smartphone Application

Assessing asthma management and allocation of treatment responsibility—
Participants in this condition will use the AIM2ACT app for a 4-month period, summarized
as a flow chart in Figure 1. The application starts with a one-week real-time assessment of
needs period to elucidate a family’s asthma management behaviors and allocation of
treatment responsibility. Assessments will be delivered to both adolescents and caregivers
via semi-random prompts twice daily from the AIM2ACT app. Application prompts will
occur once in the morning and once in the evening to capture asthma management tasks that
occur during these time periods (e.g., medication use). Adolescents will be asked to
complete an assessment after they experience asthma symptoms while caregivers will be
asked to complete an assessment after their child has had asthma symptoms.

Real-time assessments will measure asthma management behaviors that are: 1) Clearly
defined; 2) Likely to occur on a daily or frequent basis; and 3) Have clear implications to
inform the supportive behavioral management component of the AIM2ACT intervention.
Assessed asthma management behaviors include starting treatment when symptoms occur,
taking daily controller medications, taking preventative medication before trigger exposure,
noticing signs and symptoms of an asthma episode, and having medications present when
away from home. Assessments capture the frequency of engagement, adolescent and
caregiver involvement, and barriers to completing these asthma management behaviors. This
information is collected via validated asthma management questionnaires and questions
developed by the research team for assessing asthma management behaviors.>33-37

Data from both adolescents and caregivers will be coded and analyzed by an algorithm
designed to determine a family’s asthma management strengths and areas for improvement.
This will be accomplished by calculating rates of endorsed asthma management behaviors
and dyadic agreement on the allocation of treatment responsibility. Strengths and areas for
improvement in five areas of asthma management: 1) Acting on asthma; 2) Being prepared
for asthma; 3) Preventing asthma; 4) Talking about asthma; 5) Managing asthma as a team,
will be presented to families through the AIM2ACT app at the end of the one-week
assessment of needs period.

Contemp Clin Trials. Author manuscript; available in PMC 2019 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Fedele et al.

Page 6

Collaborative asthma management—The AIM2ACT app will facilitate collaborative
asthma management by automatically guiding dyads through a structured process that
includes the evidence-based supportive behavioral management strategies of proximal goal
setting, contingency management, and problem solving communication. The overarching
goal of the AIM2ACT application is to improve adolescent self-efficacy for asthma self-
management. To accomplish this goal, the application includes components that are
informed by the four different domains of the Pediatric Self-Management Model9: 1)
Individual; 2) Family; 3) Community; and 4) Health care system. The model suggests self-
management behaviors are linked to non-modifiable and modifiable variables that fall within
each of the four domains. See Table 2 for a description of AIM2ACT app components that
target modifiable influences within each domain of this model. The application will also
allow dyads flexibility in all collaborative asthma management components to accommodate
potential differences in asthma management goals across families from different racial and
ethnic backgrounds.

The application will guide dyads to engage in proximal goal setting by requesting that the
adolescent select an asthma management goal from the list of strengths and areas for
improvement automatically populated based on the one-week real-time assessment of needs
period. Dyads will also be able to write in an unlisted asthma management goal to
accommodate family preferences. The AIM2ACT app will then ask dyads to construct their
initial behavioral contract, which is referred to as the adolescent’s “plan.” Study staff will be
present the first time dyads complete a contract to further establish rapport, encourage
engagement, and provide assistance, if necessary. The AIM2ACT app will automatically
guide dyads through successive behavioral contracts over the remainder of the 4-month
treatment period. The study staff will not be present when a family completes subsequent
contracts.

Two months into the 4-month project period, dyads will be asked to complete another one-
week assessment of needs period using the same assessments and protocol outlined for the
first week of the project period. Updated strengths and areas for improvement will be
presented to dyads to show families how their overall asthma management has changed over
the past two months.

The AIM2ACT app will prompt dyads to complete successive behavioral contracts for
asthma management goals until dyads agree that the adolescent has mastered the behavior.
Dyads will be asked to define the length of the behavioral contract (maximum of 7 days,
minimum of 3 days) and the allocation of treatment responsibility in accomplishing the
asthma management goal (e.g., caregiver responsible for checking-in with adolescent once
daily). The length of the behavioral contract is referred to as the “goal period.” Dyads will
also be asked to indicate what reward the adolescent will receive if the asthma management
goal is met. In order to facilitate a collaborative asthma management process, the application
will ask that both adolescents and caregivers independently agree upon the asthma
management goal, behavioral contract length, and allocation of treatment responsibility. The
application will then suggest that adolescents and caregivers track progress towards asthma
management goals by logging when steps towards goal progress are completed.
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Finally, at the end of each goal period, the AIM2ACT app will ask dyads to engage in
problem solving communication. Dyads will first be asked to report whether the asthma
management goal was accomplished. The application will suggest that family members
provide feedback to one another to facilitate communication about the behavioral
contracting process; dyads will be required to send positive and constructive feedback to one
another about their behavior during the behavioral contract. Feedback can be selected from a
prepopulated list in the AIM2ACT app or be written in directly. Dyads will be asked to
discuss their feedback prior to beginning a new behavior contract. If an unsuccessful goal
attempt is reported, the application will suggest families use collaborative problem solving
skills learned via the AIM2ACT app (see below) to arrive at a new asthma management
goal.

Skills-training—Adolescents and their caregivers need skills training to understand how to
work together to develop a behavioral contract and how to achieve the goals articulated in
the contract. At each step of the initial assessment and collaborative asthma management
process described above, the AIM2ACT app will prompt both adolescents and caregivers to
view animated skills-training videos explaining how to (a) use the application, (b) complete
the realtime assessment process, and (c) collaborate on asthma management. The AIM2ACT
app contains separate skills-training videos for adolescents and caregivers. Skills-training
videos for the adolescent are developmentally appropriate and will present the application as
a novel way to positively demonstrate autonomy in asthma management. To caregivers, the
AIM2ACT app will be presented as a tool that can aid in transitioning asthma management
responsibility to early adolescents. Videos will teach the supportive behavioral management
skills to successfully engage in collaborative asthma management (e.g., problem solving
communication). The application will also provide the dyads rationale and practical
examples of goal setting, behavioral contracting, and problem solving communication.
Videos will always be available to users from the AIM2ACT application. The adolescent
introduction video and a caregiver skills-training video that will be used in the AIM2ACT
app are available in the electronic version of this manuscript (please see supplementary
material).

If a family fails to reach acceptable levels of engagement (see intervention feasibility and
acceptability section) then study staff will complete a one-time call to families to assess for
technological difficulties and encourage participation. Any assistance or technological
difficulties will be documented and used to improve the AIM2ACT app upon completion of
the pilot RCT.

Self-guided asthma control—A self-guided asthma control condition will be used that
accounts for staff attention and isolates the effect of a mHealth intervention approach. After
randomization, participants in this condition will report on asthma management behaviors
and the allocation of treatment responsibility using a paper and pencil versions of questions
asked in the AIM2ACT application for a one-week period. Participants will then meet with
study staff to receive a paper copy of feedback related to family asthma management
strengths and areas for improvement and will be given general information on supportive
behavioral management techniques they can use to target their identified areas for
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improvement. Participants will be asked to use these strategies to target improved asthma
management over the remainder of the 4-month treatment period. It is anticipated that this
one-time meeting will have minimal impact on asthma management or behavior change. We
anticipate this condition will optimize participant recruitment and retention, and will be
perceived as beneficial.

Incorporation of Healthcare Providers

To incorporate the family’s healthcare team, the adolescent’s primary care provider will
receive a letter detailing: 1) Study objectives; 2) The family’s asthma management strengths
and areas for improvement; and 3) Information describing their patient’s outcomes over the
course of the project. Families will receive a copy of this letter at the end of the project
period.

Study Outcomes

Outcomes include change in the family’s asthma management (primary outcome),
prescription refill history, lung function, adolescent asthma control, asthma-related quality of
life, and self-efficacy for asthma management from baseline to post-treatment and 4-month
follow-up. Feasibility, acceptability, and utilization of AIM2ACT will be measured
throughout the RCT. Study personnel involved in assessments will remain blind to treatment
assignment throughout the trial.

Efficacy Outcomes

Outcome measures will be administered at baseline, post-intervention, and at 4-month
follow-up. See Table 3 for efficacy outcomes that will be collected.

. Family asthma management will be assessed with the Family Asthma
Management System Scale (FAMSS), a validated family interview that assesses
core aspects of asthma management including medication adherence, symptom
assessment and response, and integration of asthma into the family system.
Interrater reliability will be assessed using standardized procedures. 38

. Medication adherence will be calculated using the adolescent’s Prescription
Refill History from their pharmacy records. Families will provide consent to
obtain this information from their pharmacy.3°

. Pulmonary Function, including FEV1 and FEV1/FVC will be assessed via
portable spirometry measurements. Youth will be trained and instructed to use
the AM1+, a portable spirometer, for a two-week assessment period at each
outcome time point. The AM1+ is an accurate and validated hand-held
computerized spirometer that stores up to 1200 assessments before data is
downloaded. Similar devices have been successfully utilized in numerous
research protocols.38-40 Children will use the AM1+ immediately following
assessment visits.

. Asthma Control will be assessed via the Asthma Control Test administered to the
youth participants.2’
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. Child Asthma-related Quality of Life will be assessed via the adolescent-report
Pediatric Asthma Quality of Life Questionnaire.*!

. Asthma management self-efficacy for asthma self-management behaviors will be
assessed via the adolescent-report Asthma Management Efficacy
questionnaire.#2

. Family communication will be assessed via the Decision Making Involvement
Scale (DMIS) parent and child version.*3

Intervention Feasibility, Acceptability and Utilization

Feasibility will be determined by examining enrollment and attrition rates and usage
statistics of participants using the AIM2ACT app. Should families opt not to participate or
discontinue use, we will attempt to solicit reasons for doing so. Acceptability will be
determined by rating scales to assess participants’ satisfaction with application components
(e.g., collaborative asthma management components, skills-training videos) and the overall
tool. Semi-structured exit interviews with participants (adolescent and caregiver separately)
will be conducted at the post treatment time point to obtain detailed feedback about their
experience. Specific topics include: perceived usefulness of AIM2ACT components; how
effective the AIM2ACT app was in changing asthma self-management behaviors; ways to
improve the usability and content of AIM2ACT; suggestions on tailoring AIM2ACT to
racial and ethnic minority groups (when applicable). Interviews will be audio recorded and
transcribed for review to complement quantitative findings. Utilization will be quantified by
calculating the number of times AIM2ACT features (e.g., skills-training videos) are
accessed by adolescents or caregivers each week during the intervention.

Power Analysis

Statistical power for the test of primary aims will be adequate if effect sizes are medium or
larger (Cohen’s d = .5) However, the primary purpose of the analysis is to evaluate
feasibility, acceptability, and utilization of AIM2ACT, and to obtain preliminary estimates of
effect sizes. Relevant variables (e.g., season at time of study enrollment) will be examined
for potential inclusion as covariates in analyses.

Statistical Analyses

Analyses pertaining to efficacy outcomes at post-treatment and 4-month follow-up will be
examined using generalized linear mixed models (GLMM) and standard model building
procedures with restricted maximum likelihood estimation, which is preferable to maximum
likelihood in this case due to the small sample size. Primary outcomes analyses will follow
the intent to treat principle. GLMM allows for all data to contribute to the analysis.
Sensitivity analyses will test the assumption that missing data occurred at random. If not,
other less powerful but robust methods for handling of missing data will be implemented.
An effect size of = .3 at post-treatment will be the criterion for demonstrating preliminary
efficacy of the AIM2ACT intervention and proceeding to a fully powered RCT, including a
more thorough assessment of mediators and moderators of the treatment effect. This effect
size for the planned analyses was selected based on previous pediatric asthma intervention
literature 1244
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Rates of successful participant recruitment and attrition will be calculated. Descriptive
statistics will be used to examine adolescent and caregiver satisfaction ratings for AIM2ACT
components and the overall tool. Standard cutoffs (i.e., mean scores >70% of the maximum
score) will be used to determine whether AIM2ACT can be deemed as feasible and
acceptable. Based on our previous work with this population, attrition of < 15% at 4-month
follow-up in the RCT will constitute success. Utilization of the AIM2ACT app will depend
on the goals identified by each dyad, but a global minimum level of acceptable engagement
applicable to all possible goals will be defined as 5 interactions with the application (e.g.,
goal setting, behavioral contracting, progress monitoring) per week by both parent and
adolescent.

Data Safety Monitoring

An independent Data Safety Monitoring Officer (DSMO) currently oversees participant
safety, evaluates performance, monitors data quality, and provides advice regarding the
status and continuation of AIM2ACT and its components. For all adverse events, an Adverse
Event Record Form is completed that includes a description of the event, a classification of
seriousness, an evaluation of potential relationship to the intervention, and an assessment of
need for change in the informed consent or study activities. Any adverse events are
reviewed. All serious, unexpected events are reported to the IRB within five business days.
Fatal or life-threatening adverse events are reported to the funding institute within seven
calendar days, and other serious adverse events are reported to the funding institute within
15 calendar days.

Design Considerations and Potential Problems

We anticipate facing several challenges during the course of this study. We acknowledge that
12-15 years of age is a somewhat narrow age which may present as a barrier to recruitment.
In anticipation, we plan to use a variety of recruitment strategies including: recruiting in
several pediatric medical clinics (i.e., pulmonary, primary care, intensive care unit), sending
targeted mailings, using local advertisements, and distributing brochures to local schools. It
is possible that families will not meet acceptable levels of engagement with the AIM2ACT
app, thereby limiting data quality. To encourage engagement, study staff will complete a
one-time call to families who have < 5 interactions with the AIM2ACT app per week to
assess for technological difficulties and encourage participation. If the first 5 families fail to
reach acceptable levels of intervention engagement, then participant feedback will be
reviewed to determine what improvements can be made to the application. Our previous
work suggests that a majority of families will be from lower socioeconomic backgrounds.
Therefore, we will offer to complete study visits in the participant’s home to reduce burden
on the family and will providemobile phones with data plans to adolescents and caregivers
who do not own a phone. Finally, it is possible that families will be disappointed upon being
randomized to the non-mobile condition. We have created a self-control condition that
assesses important domains of asthma management and includes personalized feedback and
resources in an attempt to facilitate active participant engagement.

Contemp Clin Trials. Author manuscript; available in PMC 2019 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Fedele et al. Page 11

Discussion

The AIM2ACT intervention uses a mHealth tool designed to help early adolescents
diagnosed with persistent asthma develop and master asthma self-management skills. The
goals of this study are: 1) to develop AIM2ACT with the help of qualitative feedback from
an advisory board comprised of users from the target AIM2ACT audience and 2) to conduct
a pilot RCT of AIM2ACT to examine feasibility, acceptability, and efficacy of AIM2ACT in
improving relevant asthma outcomes. A primary goal of this study is to generate preliminary
estimates of effect sizes to inform future work.

AIM2ACT builds upon a burgeoning body of research that has sought to leverage
technology to improve asthma outcomes in youth.#548 The majority of published
technology-based interventions in pediatric asthma use computer- or web-based asthma
programs to deliver asthma education or monitor symptoms.#’=49 Findings from these
studies suggest that technology-based interventions can be viable, feasible, and acceptable
intervention modalities among youth diagnosed with asthma. However, examination of the
follow-up effects of some of these interventions show difficulties in sustaining intervention
gains*® or engagement,*8 leading to calls for additional refinement in future studies.4®

Recent advances in mobile technologies now allow for the collection of dynamic health-
related data which can be leveraged to deliver tailored user-centric interventions that are
continuously refined over time. Within pediatric asthma, a small number of pilot mHealth
interventions have been developed. Example mHealth interventions include: 1) delivering
tailored disease management text messages following brief motivational interviewing and
problem solving skills training,%° 2) using a smartphone application to provide contingent
reinforcement when youth complete asthma management behaviors,>! and 3) a text
messaging system that uses natural language dialogue system to provide asthma self-
management assistance.> Collectively, these pilot mHealth interventions appear feasible,
acceptable, and show promise in improving several key asthma outcomes including
symptoms, quality of life, and adherence to controller medication.

To our knowledge, AIM2ACT is the first mHealth intervention designed to target early
adolescence and explicitly focus on the parent-youth partnership surrounding asthma
management. As previously noted, early adolescence is an important developmental period
in which asthma management responsibilities transition from parents to youth. This
transition is fraught with difficulties, including miscommunication and increased family
conflict,12 which can place youth at-risk for poor asthma outcomes that are well documented
in adolescents.>3 Results from the current study will add to the extant mHealth literature by
determining whether a mobile-based tool can facilitate the transition of asthma management
responsibilities from parent to adolescents by using a supportive, behavioral skills-based
approach.

We will determine whether proceeding to a larger RCT is warranted based on observed
levels of intervention engagement, effect size of the intervention on health outcomes, and
attrition rates at the conclusion of the current study. We will also: 1) gather advisory board
feedback given during AIM2ACT development; 2) collect feedback on participation barriers,
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usefulness of AIM2ACT content, and ways to further tailor and improve AIM2ACT (e.g.,
further tailoring of videos); and 3) assess the quality and utility of our outcome measures. If
justified, AIM2ACT will be refined for a larger RCT to further examine the efficacy of
AIM2ACT, electronically monitor medication adherence, and assess mediators and
moderators of treatment outcomes (e.g., race/ethnicity).
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

AIM2ACT Application flow chart

*Dyad prompted to
complete second one-week
assessment of needs
period:

e Baseline Asthma
Survey

e Morning Surveys

e Evening Surveys
Symptom Surveys

v

AIM2ACT app displays
updated strengths and
areas for improvement

*If dyad chooses not to
complete second
assessment of needs,
previous results remain
visible
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Advisory Board Demographic Variables

Variables n (%) or mean + SD
Youth Age 13.33(1.32)
Youth Gender

Male 3 (33.3%)
Female 6 (66.7%)
Child

Race/Ethnicity

Caucasian/White 2 (22.2%)
African American 5 (55.6%)
Puerto Rican 1(11.1%)
Other Latino 1(11.1%)
Parent Relationship

Biological Mother 6 (66.7%)
Biological Father 1(11.1%)
Step, Adoptive, or 1(11.1%)
Foster Mother Grandmother 1 (11.1%)
Parent

Race/Ethnicity

Caucasian/White 2 (22.2%)
African American 4 (44.4%)
Other Latino 1(11.1%)
Mixed or Multi-Racial 2 (22.2%)
ACT Score 20.44 (2.30)

laCompIeted by caregiver

bCompIeted by adolescent

C, . .
Information obtained from pharmacy records
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Table 2

AIM2ACT App Components from the Pediatric Self-Management Model

Domain Modifiable
Influences/Processes

Description of AIM2ACT App Component

Family Parental monitoring and supervision

Parental involvement

Family functioning

Behavioral Management

Individual/Family Disease and treatment knowledge

Determining health care needs

Community Peer support

Health Care System  Patient-provider communication

*Goal setting: Caregivers will be encouraged to talk to their adolescent about the
goal the adolescent chooses and to give their adolescent an opportunity to choose
a goal they feel motivated to accomplish

Allocation of treatment responsibility: The app will help to allocate treatment
responsibility by allowing dyads to include both adolescent and caregiver
responsibilities when creating a plan

«Skills-training: Videos will be included to guide families through problem
solving communication and outline strategies that can be implemented to
mitigate conflicts that may arise when dyads create a plan and give feedback on
goal progress

*Behavioral contracting: Adolescents are encouraged to choose rewards that will
motivate them reach their goals; Caregivers approve this reward in the contract as
a means to reinforce the behavior

«Skills-training: Five educational videos will be presented to dyads to explain the
importance of the five areas of asthma management assessed in the app. These
videos will discuss the importance of medication usage, self-monitoring,
teamwork, and communication in asthma self-management.

*Assessment of needs: The app will use daily surveys to collect data on asthma
care and show dyads their strengths and areas for improvement

*Goal setting: Adolescents will be given the opportunity to choose goals that
involve talking to their peers about their asthma so they can support adolescents
if they need treatment or in the event of an emergency

«Study letters: A letter will be mailed to the family’s primary care provider
detailing the adolescent’s study outcomes and strengths and weakness in areas of
asthma care. Providers will be encouraged to talk to families about this letter.
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AIM2ACT Outcome Measures

Table 3

Page 19

QOutcome

Measure

Description

Demographics

Pulmonary Function

Child Asthma-related Quality of Life

Asthma Control

Family Asthma Management

Family Communication

Asthma Management Self-Efficacy

Asthma Medication Adherence

Self-report?

AM 1+ Portable spirometerb
Pediatric Asthma Quality of Life
Questionnaireb

Asthma Control Test?

Family Asthma Management System
Scale@?

Decision Making Involvement Scale
Caregiver- and Adolescent-

Reports@?

Asthma Management Efficacy
Parent- and Patient—Questionnairesalb

Pharmacy prescription refill history

Child age/sex, caregiver marital status, educational level,
family income, asthma medications, and child ED visits/
hospitalizations

FEV; and FEV,/FVC

13-item validated measure of adolescent’s asthma-related
quality of life

Five-item validated scale used to measure asthma control

A validated, semi-structured interview assessing core aspects
of asthma management

38-item validated measure assessing caregiver and adolescent
involvement and interaction during asthma care decisions

13-item and 14-item validated measures assessing parent and
patient asthma management self-efficacy, respectively

The number of prescriptions refilled is divided by the number
of prescriptions that should occur within a certain period of
time

aCompIeted by caregiver

bCompIeted by adolescent

c . .
Information obtained from pharmacy records
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