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Abstract

Background: Depression is a serious, prevalent, recurrent, and undertreated disorder in adolescents. Low levels of treatment
seeking and treatment adherence in this age group, combined with a growing national crisis in access to mental health care, have
increased efforts to identify effective treatment alternatives for this demographic. Digital health interventions for mental illness
can provide cost-effective, engaging, and accessible means of delivering psychotherapy to adolescents.

Objective: This protocol describes a virtual randomized controlled trial designed to evaluate the efficacy and safety of a
self-guided, mobile app–based implementation of behavioral activation therapy, SparkRx, for the adjunct treatment of symptoms
of depression in adolescents.

Methods: Participants are recruited directly through web-based and print advertisements. Following eligibility screening and
consenting, participants are randomly assigned to a treatment arm (SparkRx) or a control arm (assessment-enhanced usual care)
for 5 weeks. The primary efficacy outcome, total score on the 8-item Patient Health Questionnaire (PHQ-8), is assessed at the
end of the 5-week intervention period. Additional participant-reported outcomes are assessed at baseline, the postintervention
time point, and 1-month follow-up. The safety of the intervention is assessed by participant report (and legal guardian report, if
the participant is younger than 18 years) and by patterns of symptom deterioration on the PHQ-8, as part of a larger clinical safety
monitoring protocol. The primary efficacy outcome, total PHQ-8 score at the postintervention time point, will be compared
between SparkRx and enhanced usual care arms using mixed effect modeling, with baseline PHQ-8 and current antidepressant
medication status included as covariates. Secondary efficacy outcomes, including the proportion of participants exhibiting treatment
response, remission, and minimal clinically significant improvement (all derived from total PHQ-8 scores), will be compared
between groups using chi-square tests. Symptom severity at 1-month follow-up will also be compared between arms. Planned
subgroup analyses will examine the robustness of treatment effects to differences in baseline symptom severity (PHQ-8 score
<15 or ≥ 15) and age (younger than 18 years and older than 18 years). The primary safety outcome, the number of psychiatric
serious adverse events, will be compared between trial arms using the Fisher exact test. All other adverse events will be presented
descriptively.

Results: As of May 2023, enrollment into the study has concluded; 223 participants were randomized. The analysis of the
efficacy and safety data is expected to be completed by Fall 2023.

Conclusions: We hypothesize that the results of this trial will support the efficacy and safety of SparkRx in attenuating symptoms
of depression in adolescents. Positive results would more broadly support the prospect of using accessible, scientifically validated,
digital therapeutics in the adjunct treatment of mental health disorders in this age range.

Trial Registration: ClinicalTrials.gov NCT05462652; https://clinicaltrials.gov/study/NCT05462652

International Registered Report Identifier (IRRID): DERR1-10.2196/48740
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Introduction

Depression is among the most prevalent mental health disorders
in adolescents and young adults [1,2], with global rates rising
sharply in the past decade [3]. Symptoms of the disorder can
contribute in significant ways to the disruption of social and
familial relationships, decreased quality of life and physical
health, poor academic and occupational outcomes, and increased
risk of substance abuse and self-harm [4-11]. Alarmingly,
suicide is now among the leading causes of death in this age
group [12-14], highlighting a critical need for the development
and deployment of effective and accessible treatments to
affected individuals.

Despite the high rate of depression among adolescents, levels
of treatment seeking and adherence are low for both
psychotherapy and pharmaceutical treatment [15-17], likely due
in part to concerns over privacy or stigma [18,19] and side
effects [20,21], respectively. Simultaneously, access to effective
mental health care is often limited [22-24], with a documented
shortage of mental health providers [25-27], long waitlists
[28-33], and prohibitive treatment costs [34,35]. For young
patients, logistical barriers may also exist for seeking or
accessing traditional forms of care, such as limited caregiver
time, and conflicting responsibilities, such as school and other
activities. An evidence-based self-guided psychotherapy
program delivered via personal mobile device may be a
promising and scalable option as an adjunct to the standard of
care; such a program, if effective, would be expected to
overcome many of the existing limitations in access to mental
health care, adherence, and safety. As with other digital health
interventions, such a program could be less stigmatizing, leading
to higher rates of engagement and self-disclosure [36-39].

Cognitive behavioral therapy (CBT), a recommended form of
treatment for adolescent depression by the American Academy
of Pediatrics, has been shown to be effective when implemented
in a digital format [40-42]. Behavioral activation, a key
component of CBT, may be particularly well suited for
deployment as a digital therapeutic, as it is fundamentally
individualized, self-driven, and self-monitored. Specifically,
behavioral activation emphasizes engagement in adaptive and
personally meaningful activities to increase feelings of reward,
mastery, or goal advancement; additional components focus on
techniques for reducing harmful or avoidance behaviors
commonly associated with depression [43-46]. Importantly,
evidence supports behavioral activation therapy on its own as
efficacious in the treatment of depression [47]. SparkRx (Limbix
Health, Inc), an investigational mobile app–based digital
therapeutic, was developed to deliver behavioral activation
programming and psychoeducation to adolescents with
symptoms of depression as an adjunct to usual care.

This randomized controlled trial (RCT) is designed to test the
efficacy and safety of SparkRx. To test the efficacy of the
intervention, we will compare self-reported symptom severity
(total score 8-item Patient Health Questionnaire [PHQ-8] [48])
between adolescents who receive SparkRx and adolescents who
continue their usual care for symptoms of depression. We
hypothesize that the SparkRx group will exhibit (1) lower
PHQ-8 scores at the postintervention time point, (2) higher rates
of treatment response defined as a 10-point decrease in PHQ-8
score from baseline, (3) higher rates of remission defined as a
postintervention PHQ-8 score less than 5, (4) lower PHQ-8
scores at 1-month follow-up, and (5) higher rates of clinically
meaningful reduction in symptom severity, defined as a 5-point
or greater reduction in PHQ-8 score from baseline to
postintervention. We also hypothesize that SparkRx users will,
on average, demonstrate a minimal clinically important
difference at the postintervention time point, defined as a 5-point
reduction from baseline. To test the safety of SparkRx, the
number of serious adverse events (SAEs) reported during the
intervention period will be compared between treatment groups.
We hypothesize that participants who receive SparkRx will
report no more of these events than those who continue their
usual care for symptoms of depression.

Methods

Study Overview
This parallel-group, superiority, and single-blind (investigator)
RCT compares the efficacy and safety of an investigational
digital therapeutic (SparkRx) with assessment-enhanced usual
care (eUC) for symptoms of depression in adolescents (13-21
years). Participants are randomly assigned to receive 5 weeks
of access to either SparkRx or a control app with no therapeutic
content in addition to continuing their usual care for symptoms
of depression. Participant-reported efficacy outcomes are
obtained at baseline, weekly during the intervention period, at
the postintervention time point, and at 1-month follow-up. Safety
is monitored throughout study participation using a combination
of explicit assessment of symptom deterioration and side effects
and triage of other incoming information for potential clinical
concerns. The RCT is conducted entirely virtually. Study
procedures were preregistered on ClinicalTrials.gov
(NCT05462652). The study is overseen by an independent Data
and Safety Monitoring Board.

Ethics Approval
Study procedures were approved by the Advarra institutional
review board prior to participant enrollment (Pro00061682).

Sample Size
G*Power [49] was used to calculate the estimated sample size
based on the primary outcome—total PHQ-8 score at
postintervention. Using a 2-sample t test approach and assuming
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a 2-tailed α set at .05, a total of 200 participants (100 in each
study arm) was estimated to provide 80% power to detect a
moderate effect size of at least d=0.4. Given an anticipated 10%
rate of attrition, the target sample size was determined to be
220 (110 randomized to each trial arm).

Participants
The inclusion criteria are assessed via self-report and legal
guardian report (if applicable, ie, participant is under the age of
18 years) and include (1) aged 13-21 years; (2) PHQ-8 score
≥5 at eligibility screening; (3) English fluency and literacy; (4)
access to a compatible smartphone (or other device) and
operating system (ie, capable of installing the app from the
Google Play or Apple App Store) and regular internet access
(most app content is usable offline, but internet access is
required to submit weekly check-in PHQ-8 and safety data);
(5) willing and able to provide informed consent or assent and,
if required, have a legal guardian willing and able to provide
informed consent; (6) under the care of a US-based licensed
health care provider and willing and able to provide contact
information for the provider and sign a Health Insurance
Portability and Accountability Act (HIPAA) release that allows
Limbix to contact provider; (7) willing and able to provide the
information required for study enrollment (eg, all responses to
initial PHQ-8 assessment and current antidepressant medication
status); and (8) located in the continental United States, Hawaii,
or Alaska and not planning to leave the United States during
the study period (through 1-month follow-up assessments, up
to 11 weeks after eligibility screening).

The exclusion criteria are assessed via self-report and legal
guardian report (if applicable) and include (1) a diagnosis of
(or treatment for) bipolar disorder, posttraumatic stress disorder,
psychotic disorder, substance use disorder, or eating disorder
within the 12 months prior to eligibility screening; (2) recent
change in psychotropic medication (past 30 days) or plans to
change psychotropic medication or other treatment for a mental
health disorder during the 5-week intervention period; (3) recent
participation (past 60 days) in or plans to initiate participation
in any other mental health intervention research during the
intervention period; (4) suicide attempt within the past year; (5)
active suicidal ideation with intent; (6) having a sibling in the
study; (7) previous participation in user testing or clinical testing
of SparkRx; and (8) any other condition, comorbidity, or event
that may prevent the potential participant from adhering to the
protocol or benefitting from the intervention (eg, coercion or
low level of cognitive functioning) or will prevent investigators
from being able to ensure safety.

Recruitment, Consent, and Screening
Recruitment is conducted through direct advertisement,
including web-based and print media advertisements, flyers,
word of mouth, and health care provider referrals. Potential
participants (and legal guardians, if applicable) are directed to
a study website where they can evaluate their preliminary
eligibility to participate and sign up for a
videoconferencing-based consent and onboarding session if
they are preliminarily eligible to participate. During the session,
potential participants and legal guardians (if required) provide
informed consent or assent. The consent form provides

information about the potential uses and disclosures of
participant data, as well as the security practices for maintaining
data. Specifically, the consent form provides a description of
the parties who may gain access to participant data (eg, Data
and Safety Monitoring Board, US Food and Drug
Administration, and third-party vendors required for the
operation of the study app and web platform). Third-party
vendors are required by contract to maintain the confidentiality
of participant data and to follow applicable data protection laws.
Participants are informed that study staff will protect information
from disclosure to others to the extent required by law but are
obliged to share information under certain circumstances, such
as in cases of suspected abuse, or indications of imminent harm
to self or others. The consent form also discusses the risk of a
loss of confidentiality and describes a few of the security
features in place to reduce the likelihood of such a breach,
including firewalls and end-to-end data encryption. Following
consenting procedures, participants complete a
screening/baseline PHQ-8 assessment and are screened for all
remaining eligibility criteria. For potential participants younger
than 18 years, self-report confirmation of eligibility is conducted
privately with the minors and again with their legal guardians
to increase the likelihood that sensitive information relevant to
determining ineligibility (eg, active suicidal ideation with intent)
is disclosed. Research coordinators confirm the licensure of
participants’ health care providers in the National Provider
Identifier registry and inform providers of their patients’
participation in the study via phone message. Eligible
participants are enrolled into the study, complete baseline
assessments, and receive instructions for downloading their
assigned study app onto their mobile device. Participants are
also provided with a safety plan template [50] and instructions
for use as a personal resource.

Randomization With Stratification
A permuted block randomization schedule is used to randomly
assign participants in a 1:1 ratio to either the treatment arm or
the control arm. Stratification factors for randomization include
baseline total PHQ-8 score (<15 or ≥15) and current
antidepressant medication use (yes or no).

Intervention Arms

Overview
Participants are randomized to receive either the treatment app
(SparkRx) or a control app (eUC). Both apps deliver weekly
questionnaires for participants to complete. User guides for each
app include instructions on app usage, study team contact
information, crisis resources, and troubleshooting help.

Treatment Arm: SparkRx (Investigational)
SparkRx is a 5-week, self-guided multilevel program based on
clinically validated behavioral activation protocols [44,45] to
treat adolescent symptoms of depression (see Multimedia
Appendix 1). In the first level, participants learn about the
deleterious cycle of negative mood triggers and behavioral
avoidance patterns in depression and practice identifying their
negative mood-behavior patterns by tracking their mood in the
app. In the second level, participants learn to distinguish between
“Up” and “Down” activities and value-based activity scheduling
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is introduced. In the third level, participants practice scheduling
activities to perform outside of the app. Push notifications
remind and encourage participants to log their moods, complete
their scheduled activities, and review each activity and their
mood after scheduled activity times have elapsed. Participants
engage in guided problem-solving to overcome challenges in
the completion of their scheduled activities. In levels 4 and 5,
participants learn mindfulness techniques to combat avoidance
patterns and develop an action plan to maintain gains after
SparkRx program completion. Levels and tasks within each
level progress in a linear fashion (ie, each task or level must be
completed to progress to the next task or level). Participants are
encouraged to complete 1 level per week, though they are at
liberty to complete the levels at their own pace without penalty.
Certain on-demand resources can be accessed in the app at any
time, including crisis resources.

Control Arm: eUC
Usual care is broadly defined as any of the existing treatment
options for symptoms of depression, including active monitoring
of depressive symptoms and suicidality, supportive counseling
by a health care provider, psychosocial support interventions,
collaborative care (eg, facilitation of parental and patient
self-management, referral for peer support or other community,
or school-based behavioral health programs), psychoeducation,
complementary and alternative medicine approaches,
psychotherapy (eg, behavioral treatment, interpersonal therapy,
or CBT), pharmacotherapy for mood problems, visit to a primary
care provider, behavioral or mental health specialist or therapist,
counselor or coach for a mood disorder. It also includes the
option of obtaining no treatment for symptoms of depression.
For purposes of this study, usual care is considered enhanced
(eUC) by prompting participants to complete a weekly PHQ-8
assessment and side effect screen (Participant Symptom Check)
in the control mobile app, providing a safety plan template, and
clinician-based safety monitoring (with corresponding clinical
reach out, as needed).

Blinding (Investigator)
Study staff and investigators are not directly involved in the
collection of any efficacy outcome data. These data are collected
directly from participants through the study app and a secure
web portal. The proprietary electronic data collection system
used in this trial (Limbix Synapse) enables selective blinding
or unblinding of designated individuals; thus, study staff who
enroll participants, monitor assessment completion and send
reminders to complete assessments, and directly correspond
with participants about technical difficulties are not exposed to
any data fields that contain implicitly or explicitly unblinding
information.

Randomization is performed automatically upon entry of
relevant data fields into Synapse during enrollment, and the
deployment of assigned interventions takes place without the
need for study staff involvement and without exposure of
treatment assignments to study staff. Specifically, all participants
download a single study app onto their mobile devices. Content
specific to a participant’s assigned treatment arm is displayed
only after they log in to the app for the first time and confirm
that study staff are unable to see their mobile device screen.
Participants are asked not to reveal their assigned treatment arm
in communications with study staff.

Study coordinators and clinicians involved in safety monitoring
are unblinded to treatment assignment by necessity, as
monitoring includes a review of freeform text entered into only
the SparkRx app, clinical reach out in response to identified
safety concerns, and the identification and categorization of
adverse device effects (see the Safety Monitoring section for
details). Unblinded study staff are instructed not to discuss
treatment allocation or any potentially unblinding information
with blinded study team members.

Assessments

Overview
Assessments take place at baseline, weekly during the
intervention period, at the postintervention time point, and at
1-month follow-up (see Table 1 for the schedule of assessments).
Baseline assessments are completed during the consent and
onboarding session prior to mobile app download. Participants
complete weekly assessments during the intervention period in
their assigned mobile app. In-app push notifications and text
messages are sent to remind participants to complete these
assessments within a 4-day response window. Participants in
the treatment arm are unable to continue engaging with content
in the app until they have completed (or actively skipped) the
weekly assessment or until their response window for a given
week has closed. Legal guardians (if applicable) complete
weekly proxy assessments in a secure web portal and receive
reminders to do so. At the postintervention time point
(immediately following the intervention period) and again at
1-month follow-up, participants (and legal guardians, if
applicable) complete assessments in a secure web portal. The
window for completion of postintervention and 1-month
follow-up assessments is 2 weeks. Participants who do not
complete 1-month follow-up assessments within the 2-week
window are considered lost to follow-up. No collateral reports
are obtained for participants older than 18 years.
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Table 1. Schedule of assessments.

1-month follow-upPostinterventionWeekly during the
intervention period

BaselineEligibility screening

✓Medication use screener

✓✓✓✓Patient Health Questionnairea,b

✓Demographics and medical history ques-

tionnairea

✓✓✓Behavioral Activation for Depression
Scale–Short Form

✓✓✓Generalized Anxiety Disorder–7

✓✓✓Pediatric Quality of Life Enjoyment and

Satisfaction Questionnairea

✓✓✓Absenteeism questionnairea

✓✓✓Health care utilization questionnairea

✓✓✓Participant symptom checka

✓Systems Usability Scale

✓User Engagement Scale–Short Form

aA legal guardian proxy is additionally administered when participants are younger than 18 years.
bA single Patient Health Questionnaire–8 is administered to participants at the consent and onboarding session for purposes of both eligibility screening
and baseline assessment.

Primary Outcome
The primary outcome is depressive symptom severity as
measured by the PHQ-8, an 8-item participant-reported measure
used to screen for depression and to establish depression severity
[48]. The PHQ-8 was selected as the primary end point to align
closely with a tool used for initial screening (and severity
assessment) of depressive symptoms in clinical practice.
Whereas the 9-item Patient Health Questionnaire is often used
in clinical settings, the PHQ-8 (which drops an item related to
suicidality) is commonly used in research contexts that are not
geared toward clinically responding to reports of suicidality
[48].

The total score ranges from 0 to 24, with a higher score
indicating greater depression symptom severity. Scores of 5,
10, 15, and 20 represent thresholds for mild, moderate,
moderately severe, and severe symptom severity, respectively;
here, we define the minimal clinically important difference to
be a 5-point reduction in total score from baseline [51,52].

Secondary Outcomes
The total PHQ-8 score will also be used to compute the trial’s
secondary outcomes, which include the (1) proportion of
participants meeting criteria for intervention response, defined
as a 50% reduction in symptoms from baseline to
postintervention [47,53-56]; (2) proportion of participants
meeting criteria for remission, defined as a score less than 5 at
the postintervention time point [53,57]; (3) depressive symptom
severity at 1-month follow-up; and (4) proportion of participants
meeting criteria for a clinically meaningful reduction in
symptom severity, defined as a 5-point or greater reduction in
PHQ-8 score from baseline to the postintervention time point.

Tertiary and Exploratory Outcomes
As described below, a series of additional participant- and legal
guardian–reported assessments are collected to investigate the
potential effects of the SparkRx digital therapeutic on other
clinical and functional domains, as well as its perceived usability
and degree of engagement.

Anxiety symptoms are assessed with the Generalized Anxiety
Disorder–7 (GAD-7) scale. The GAD-7 is a validated 7-item
participant-reported assessment for generalized anxiety disorder
[58]. The total score ranges from 0 to 21, with a higher score
indicating greater anxiety symptom severity.

Quality of life will be assessed with the Pediatric Quality of
Life Enjoyment and Satisfaction Questionnaire (PQ-LES-Q),
a 15-item participant-reported self-administered questionnaire
that captures life satisfaction over the past week [59]. Each
question is rated on a 5-point scale from 1 (very poor) to 5 (very
good). The first 14 items are summed to form a total score, with
higher scores indicating higher quality of life. The 15th item
(“Overall, how has your life been?”) is a stand-alone item. For
participants younger than 18 years, a legal guardian proxy
version of the PQ-LES-Q is administered to legal guardians.

Depression-associated behavior is assessed with the Behavioral
Activation for Depression Scale-Short Form (BADS-SF). The
BADS-SF [60] consists of 9 participant-reported questions
assessing behavioral activation and avoidance over the previous
week, each rated on a 7-point scale ranging from 0 (not at all)
to 6 (completely). This form can be used to track changes in
behaviors that are targeted by behavioral activation therapy. It
examines changes in areas such as activation, avoidance or
rumination, work or school impairment, and social impairment.
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The total score ranges from 0 to 54, with higher scores indicating
higher activation.

The usability of the mobile app is assessed with the
participant-reported System Usability Scale (SUS) [61]. The
SUS consists of a 10-item questionnaire with 5 response options
for respondents, ranging from strongly agree to strongly
disagree. User engagement is assessed with the User
Engagement Scale–Short Form [62], a participant-reported,
statistically reliable measure that is tailored to the specific device
being tested (ie, the study app). The form has 12 items and uses
a 5-point Likert scale to evaluate domains such as aesthetic
appeal, focused attention, perceived usability, and reward. Each
subscale score ranges from 1 to 5, with higher scores indicating
higher levels of each scale. The total score also ranges from 1
to 5, with higher scores indicating more engagement.

Absenteeism is assessed with study-specific adaptations of the
absenteeism and presenteeism questions of the World Health
Organization’s Health and Work Performance Questionnaire
[63] that solicit information from participants (and legal
guardians, if applicable) about missed time at work or school
attributable to the participant’s mental health condition over the
past 4 weeks.

Finally, the use of health care resources is evaluated with a brief
questionnaire assessing the use of health care resources such as
hospital visits and medical appointments over the past 4 weeks.

Treatment Compliance Outcomes
Treatment compliance for those assigned to use SparkRx is
assessed descriptively by examining the rates of module and
program completion, as well as the amount of time spent in the
app over the course of 5 weeks and the number of participants
who engaged with the app on each day of the intervention
period.

Safety Monitoring and Safety Outcomes

Safety Monitoring
Safety is monitored during consent and onboarding sessions
and throughout study participation. In this trial, clinical concerns
are defined as any negative experiences or symptoms reported
by a participant or a legal guardian, whether or not they are
thought to be associated with participation in the study.
Examples of clinical concerns include past or current suicidal
ideation, self-harm, worsening of depression symptoms, new
symptoms, changes in medication or treatment status, or
hospitalizations. Sources for potential clinical concerns include
(1) freeform text input into the SparkRx app or study
questionnaires; (2) communication from participants or legal
guardians to study staff during the consent and onboarding
session or study participation; (3) patterns of responses to PHQ-8
assessments, as defined below; and (4) responses to the
Participant Symptom Check that is deployed to participants
(and legal guardians, if appropriate) weekly during the
intervention period, at the postintervention time point, and at
1-month follow-up. Responses to PHQ-8 assessments are
considered to be clinical concerns if they suggest (1) temporary
clinical deterioration, defined as a PHQ-8 score >15 that reflects
a 5-point or more increase from baseline, or (2) sustained

elevated symptom severity, defined as a total PHQ-8 score
greater than 20 for 2 or more consecutive weeks. In addition, a
built-in algorithm in the SparkRx app compares all freeform
text input into the app to a defined list of risk words and phrases.
When a match occurs, the participant receives a pop-up alert
directing them to the crisis resources page; study staff are
automatically notified about potential clinical concerns involving
the use of risk words or phrases. All identified clinical concerns
are logged by a study staff member and reviewed by a study
clinician daily. If clinical involvement for a logged clinical
concern is indicated for the purpose of clinical safety
management or to investigate the presence of a possible adverse
event (AE), the study clinician contacts the participant and legal
guardian (if applicable) to further evaluate clinical status and
make determinations regarding continued participation in the
study.

AE Classification
AEs, per the US Food and Drug Administration’s guidance [64],
are identified from logged clinical concerns during regular
reviews by the study clinician. Each AE is then preliminarily
categorized by expectedness, seriousness, and the likelihood of
relatedness to the SparkRx app (“not possible,” “possible,”
“probable,” or “definite”), as well as whether it constitutes a
psychiatric or nonpsychiatric occurrence.

Given the trial population, the following AEs are classified as
“expected”: (1) passive or active suicidal ideation, with or
without intent to act; (2) clinically significant deterioration in
depressive symptoms, including temporary clinical deterioration
as defined in the Safety Monitoring section; (3) nonsuicidal
self-injury ideation; and (4) nonsuicidal self-injury not resulting
in the need for medical care or intervention. All other types of
AEs are classified as “unexpected.”

Definitions of AE seriousness and adverse device effects follow
the guidance provided by the International Organization for
Standardization 14155:2020. “Psychiatric” AEs constitute
experiences that are related to the presence of a mental disorder,
symptom of a disorder, or issue, as defined in the Diagnostic
and Statistical Manual of Mental Disorders, Fifth Edition
(DSM-5) [65].

Following preliminary categorization by a study clinician, a
second independent clinician, not otherwise associated with the
study, completes the final categorization of all AEs.

Statistical Analysis

Overview
Efficacy and safety analyses will be conducted by an
independent statistician external to the sponsor organization
who is otherwise not involved in the design or conduct of the
trial. A statistical analysis plan, finalized prior to the conclusion
of data collection, will be followed that includes detailed
provisions for the handling of missing data. The plan will be
made public as part of results reporting on ClinicalTrials.gov
(NCT05462652).

JMIR Res Protoc 2023 | vol. 12 | e48740 | p. 6https://www.researchprotocols.org/2023/1/e48740
(page number not for citation purposes)

Furman et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Populations
The primary population for all analyses is defined according to
the intention-to-treat (ITT) principle, whereby all participants
will be included according to their assigned study arm at
baseline, regardless of adherence to study protocol.

Secondary analyses of the primary and secondary outcomes
will be conducted with the following additional populations:
(1) a modified ITT population will exclude from analysis
participants who were found to not meet eligibility criteria after
randomization and individuals without any postrandomization
data. This population is included to ensure that effects are
observed with the appropriate intended sample. In addition, this
population allows for the handling of missing data without the
need to impute values based solely on baseline data. (2) A
per-protocol population will include individuals who complete,
at minimum, the postintervention PHQ-8 assessment and, for
participants in the SparkRx arm, meet a minimum engagement
threshold of completing 2 app modules. This population is
intended to estimate treatment effects in participants who adhere
to the study and treatment protocol. (3) A moderate-severe
population will include participants from the ITT population
whose baseline PHQ-8 score was 10 or greater. This population
is intended to ensure that efficacy outcomes are not masked by
floor effects.

Analysis of Primary and Secondary Outcomes
A mixed effect model with an appropriate correlation matrix
will be implemented to evaluate the effect of treatment on
PHQ-8 scores at the postintervention time point. Time point,
treatment arm, time point by treatment interaction, baseline
PHQ-8 score, and antidepressant medication status will be
included in the model as fixed effects. For analysis of the ITT
population, missing PHQ-8 total scores will be imputed with
multiple imputation within treatment arm under the assumption
that data are missing at random; 20 imputed data sets will be
analyzed independently and then combined [66]. As a sensitivity
analysis, this model will be repeated without imputation using
the modified ITT population, which includes only participants
with at least 1 postbaseline data point.

For descriptive purposes, the mean change from baseline (and
95% CIs) in the SparkRx arm will be estimated to determine
whether the change in this group meets or exceeds criteria for
minimal clinically important difference (a 5-point improvement)
and whether a 5-point change was contained or surpassed by
95% CI.

To analyze the secondary outcomes, we will compute the
number and proportion of participants meeting the criteria for
intervention response, remission, and clinically meaningful
reduction in severity at postintervention and compare the rates
between treatment arms using chi-square tests. If counts are
low, Fisher exact tests will be used. As above, the 20 imputed
data sets will be analyzed independently and combined. All
tests will be 2-tailed.

Control of Type I Error in Primary and Secondary
Outcome Analyses
The primary outcome analysis, conducted with the ITT
population, will be tested with a 2-tailed α set at .05. To control
for multiple comparisons, a serial gatekeeping approach will
be applied, whereby the secondary outcomes will be tested only
upon obtaining a significant primary outcome test and in the
order in which they are listed in the Secondary Outcome section
(see above). All subsequent outcomes will be considered to be
nonsignificant following the first P value greater than α=.05.

Additional Planned Analyses of the Primary and
Secondary Outcomes
Analyses will be repeated within the 4 subgroups: aged <18
years at enrollment, aged ≥18 years at enrollment, baseline
PHQ-8 score <15, and baseline PHQ-8 score ≥15. P values will
be reported; however, because the protocol was not powered
for comparisons within such subgroups, they should be
considered purely descriptive.

Analyses of Tertiary and Exploratory Outcomes
Appropriate models (eg, analyses of covariance) will be used
to compare continuous clinical outcomes (eg, GAD-7,
BADS-SF, PQ-LES-Q, and legal guardian PHQ-8 proxy) at the
postintervention time point between treatment arms. Baseline
scores will be included in models as appropriate. Changes in
health care utilization and absenteeism from baseline to
postintervention will be examined descriptively.

Moderation analyses will test whether demographic and other
participant features (eg, baseline PHQ-8 score, antidepressant
medication use, sex or gender, and age) influence the effects of
treatment on PHQ-8 outcomes. Mediation analyses will be used
to determine whether the degree to which participants engaged
with SparkRx (eg, module completion rate) explains its effect
on PHQ-8 scores. The usability and engagement of the SparkRx
app (SUS and User Engagement Scale–Short Form) will be
examined descriptively.

Analysis of Safety Outcomes
The rate of psychiatric SAEs (irrespective of device relatedness)
derived from the Participant Symptom Check (side effect screen)
and PHQ-8–based deteriorations will be compared between
SparkRx and eUC groups using the Fisher exact test. For
purposes of this comparison, psychiatric SAEs reported via app
freeform text will be excluded, as freeform text is unique to the
SparkRx arm.

Control of Bias
As Limbix Health Inc is the sponsor-investigator of this trial,
there is a risk of bias due to study staff’s conflicts of interest.
This risk is mitigated in a number of ways. First, the efficacy
end points are participant reported and digitally input by the
participant directly into a password-protected, web-based
assessment portal or into their study app. After the baseline
session, data are not collected in the presence of study staff
members. Thus, study staff members will not be directly
involved in the capture of efficacy data. Except in cases of
clinical reach out to ensure participant safety, all communication
with study participants will be conducted by study staff blinded

JMIR Res Protoc 2023 | vol. 12 | e48740 | p. 7https://www.researchprotocols.org/2023/1/e48740
(page number not for citation purposes)

Furman et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


to treatment assignments to prevent bias. Second, to reduce bias
related to the collection of safety outcomes, an independent
clinician with no other role in the study nor conflict of interest
will review all AEs and provide final classifications of AE
seriousness and device relatedness for use in data analysis.
Third, an independent statistician will conduct statistical
analyses for the study based on a Statistical Analysis Plan to be
finalized prior to data transfer.

Results

As of May 2023, enrollment into the study has concluded; 223
were participants randomized. The analysis of the efficacy and
safety data is expected to be completed by Fall 2023.

Discussion

Expected Findings
While SparkRx is based on well-validated therapeutic behavioral
activation protocols for depression, this RCT represents one of
the first assessments of their efficacy in treating symptoms of
depression as deployed to adolescents via a self-guided mobile
app. For our primary outcome, we hypothesize that participants
assigned to the SparkRx arm will report lower total PHQ-8
scores at postintervention compared to those in the eUC arm.
For our secondary outcomes, we hypothesize that there will be
higher rates of intervention response, remission, and clinically
meaningful reduction in severity in the SparkRx arm than in
the eUC arm. In addition, we expect to observe a durable effect
of SparkRx as indicated by significantly lower PHQ-8 scores
at 1-month follow-up in participants who received the SparkRx
app compared to those who did not. Similarly, we hypothesize
that participants in the treatment arm will report experiencing
fewer symptoms of anxiety, greater quality of life, and higher
levels of behavioral activation (lower levels of behavioral
avoidance) at the postintervention time point than participants
in the control arm. Finally, we anticipate that there will be
statistically no more psychiatric SAEs in the SparkRx arm than
in the eUC arm, supporting the overall safety of the SparkRx
intervention.

Potential Problems
Poor adherence and low levels of engagement are common
challenges with self-guided digital therapies [67]. As such, user
engagement was a primary goal in the development of the
SparkRx intervention [68]; the app was co-designed with a teen
advisory council and iterated through rounds of user research
and diary studies among adolescents with and without
depression symptoms. For this trial, a few additional strategies
are being implemented to encourage adherence to the study
protocol. In addition to SparkRx push notifications that
encourage engagement with the app and scheduled activities,
both automatic and manual text messages are sent to remind
participants to complete assessments. Adherence is also
incentivized by compensation that is tied to discrete study
components (attending the onboarding session and completing
each set of questionnaires).

Dissemination
The primary results of this trial will be submitted to a
peer-reviewed journal, irrespective of magnitude or direction
of effect, and findings will be presented at scientific conferences.
A lay report of findings will also be prepared for dissemination
to trial participants (upon request) and to broader audiences.

Conclusions
During this mental health crisis, adolescents are in urgent need
of accessible and quality care. Digital therapeutics, such as
SparkRx, can bring such care to those who might otherwise
have to wait months to see a provider or who face barriers to
receiving care, such as high costs or stigma against traditional
mental health treatment. To our knowledge, this is the first
digital therapeutic offering CBT-based content specifically
designed for adolescents with symptoms of depression, and this
RCT is the first fully powered test of the efficacy of SparkRx.
Support for our hypotheses would increase not only the scientific
evidence base for SparkRx specifically but also more broadly
for the model of using self-guided, adjunct digital therapeutics
in the treatment of mental health disorders in adolescents.

Acknowledgments
Limbix Health, Inc developed SparkRx and funded this work. Employees of Limbix Health, Inc developed the study protocol,
conducted the clinical trial, and reviewed or approved this manuscript for publication.

Conflicts of Interest
All authors are employed by the sponsor, Limbix Health, Inc, and have a financial stake in the company.

Multimedia Appendix 1
Screenshots depicting aspects of the SparkRx app (including psychoeducational programming, mood logging, and value-based
activity scheduling and tracking).
[DOCX File , 1402 KB-Multimedia Appendix 1]

References

1. Patton GC, Sawyer SM, Santelli JS, Ross DA, Afifi R, Allen NB, et al. Our future: a Lancet commission on adolescent
health and wellbeing. Lancet 2016;387(10036):2423-2478 [FREE Full text] [doi: 10.1016/S0140-6736(16)00579-1]
[Medline: 27174304]

JMIR Res Protoc 2023 | vol. 12 | e48740 | p. 8https://www.researchprotocols.org/2023/1/e48740
(page number not for citation purposes)

Furman et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=resprot_v12i1e48740_app1.docx&filename=def38c72f7d66b2fd3d200e001f2dcac.docx
https://jmir.org/api/download?alt_name=resprot_v12i1e48740_app1.docx&filename=def38c72f7d66b2fd3d200e001f2dcac.docx
https://europepmc.org/abstract/MED/27174304
http://dx.doi.org/10.1016/S0140-6736(16)00579-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27174304&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


2. Keyes KM, Gary D, O'Malley PM, Hamilton A, Schulenberg J. Recent increases in depressive symptoms among US
adolescents: trends from 1991 to 2018. Soc Psychiatry Psychiatr Epidemiol 2019;54(8):987-996 [FREE Full text] [doi:
10.1007/s00127-019-01697-8] [Medline: 30929042]

3. Racine N, McArthur BA, Cooke JE, Eirich R, Zhu J, Madigan S. Global prevalence of depressive and anxiety symptoms
in children and adolescents during COVID-19: a meta-analysis. JAMA Pediatr 2021;175(11-12):1142-1150 [FREE Full
text] [doi: 10.1001/jamapediatrics.2021.2482]

4. Copeland WE, Shanahan L, Costello EJ, Angold A. Childhood and adolescent psychiatric disorders as predictors of young
adult disorders. Arch Gen Psychiatry 2009;66(7):764-772 [FREE Full text] [doi: 10.1001/archgenpsychiatry.2009.85]
[Medline: 19581568]

5. Esposito CL, Clum GA. Psychiatric symptoms and their relationship to suicidal ideation in a high-risk adolescent community
sample. J Am Acad Child Adolesc Psychiatry 2002;41(1):44-51 [doi: 10.1097/00004583-200201000-00010] [Medline:
11800204]

6. Keenan-Miller D, Hammen CL, Brennan PA. Health outcomes related to early adolescent depression. J Adolesc Health
2007;41(3):256-262 [FREE Full text] [doi: 10.1016/j.jadohealth.2007.03.015] [Medline: 17707295]

7. Marmorstein NR. Longitudinal associations between alcohol problems and depressive symptoms: early adolescence through
early adulthood. Alcohol Clin Exp Res 2009;33(1):49-59 [FREE Full text] [doi: 10.1111/j.1530-0277.2008.00810.x]
[Medline: 18945223]

8. McCarty CA, Wymbs BT, King KM, Mason WA, Vander Stoep A, McCauley E, et al. Developmental consistency in
associations between depressive symptoms and alcohol use in early adolescence. J Stud Alcohol Drugs 2012;73(3):444-453
[FREE Full text] [doi: 10.15288/jsad.2012.73.444] [Medline: 22456249]

9. Ahmedani B, Peterson EL, Wells KE, Williams LK. Examining the relationship between depression and asthma exacerbations
in a prospective follow-up study. Psychosom Med 2013;75(3):305-310 [FREE Full text] [doi:
10.1097/PSY.0b013e3182864ee3] [Medline: 23440228]

10. Rofey DL, Kolko RP, Iosif AM, Silk JS, Bost JE, Feng W, et al. A longitudinal study of childhood depression and anxiety
in relation to weight gain. Child Psychiatry Hum Dev 2009;40(4):517-526 [FREE Full text] [doi: 10.1007/s10578-009-0141-1]
[Medline: 19404733]

11. Thapar A, Collishaw S, Pine DS, Thapar AK. Depression in adolescence. Lancet 2012;379(9820):1056-1067 [FREE Full
text] [doi: 10.1016/S0140-6736(11)60871-4] [Medline: 22305766]

12. Mojtabai R, Olfson M, Han B. National trends in the prevalence and treatment of depression in adolescents and young
adults. Pediatrics 2016;138(6):e20161878 [FREE Full text] [doi: 10.1542/peds.2016-1878] [Medline: 27940701]

13. Twenge JM, Cooper AB, Joiner TE, Duffy ME, Binau SG. Age, period, and cohort trends in mood disorder indicators and
suicide-related outcomes in a nationally representative dataset, 2005-2017. J Abnorm Psychol 2019;128(3):185-199 [FREE
Full text] [doi: 10.1037/abn0000410] [Medline: 30869927]

14. Twenge JM, Joiner TE, Rogers ML, Martin GN. Increases in depressive symptoms, suicide-related outcomes, and suicide
rates among U.S. adolescents after 2010 and links to increased new media screen time. Clin Psychol Sci 2018;6(1):3-17
[FREE Full text] [doi: 10.1177/2167702617723376]

15. Stafford AM, Garbuz T, Etter DJ, Adams ZW, Hulvershorn LA, Downs SM, et al. The natural course of adolescent depression
treatment in the primary care setting. J Pediatr Health Care 2020;34(1):38-46 [FREE Full text] [doi:
10.1016/j.pedhc.2019.07.002] [Medline: 31548140]

16. O'Connor BC, Lewandowski RE, Rodriguez S, Tinoco A, Gardner W, Hoagwood K, et al. Usual care for adolescent
depression from symptom identification through treatment initiation. JAMA Pediatr 2016;170(4):373-380 [FREE Full text]
[doi: 10.1001/jamapediatrics.2015.4158] [Medline: 26832387]

17. Bose J. Key substance use and mental health indicators in the United States: results from the 2017 National Survey on Drug
Use and Health. Substance Abuse and Mental Health Services Administration (SAMHSA). 2017. URL: https://www.
samhsa.gov/data/sites/default/files/cbhsq-reports/NSDUHFFR2017/NSDUHFFR2017.htm [accessed 2023-10-24]

18. Radez J, Reardon T, Creswell C, Lawrence PJ, Evdoka-Burton G, Waite P. Why do children and adolescents (not) seek
and access professional help for their mental health problems? a systematic review of quantitative and qualitative studies.
Eur Child Adolesc Psychiatry 2021;30(2):183-211 [FREE Full text] [doi: 10.1007/s00787-019-01469-4] [Medline: 31965309]

19. Velasco AA, Cruz ISS, Billings J, Jimenez M, Rowe S. What are the barriers, facilitators and interventions targeting
help-seeking behaviours for common mental health problems in adolescents? a systematic review. BMC Psychiatry
2020;20(1):293 [FREE Full text] [doi: 10.1186/s12888-020-02659-0] [Medline: 32527236]

20. Cheung AH, Emslie GJ, Mayes TL. Review of the efficacy and safety of antidepressants in youth depression. J Child
Psychol Psychiatry 2005;46(7):735-754 [FREE Full text] [doi: 10.1111/j.1469-7610.2005.01467.x] [Medline: 15972068]

21. Whittington CJ, Kendall T, Fonagy P, Cottrell D, Cotgrove A, Boddington E. Selective serotonin reuptake inhibitors in
childhood depression: systematic review of published versus unpublished data. Lancet 2004;363(9418):1341-1345 [doi:
10.1016/S0140-6736(04)16043-1] [Medline: 15110490]

22. O'Dea B, Calear AL, Perry Y. Is e-health the answer to gaps in adolescent mental health service provision? Curr Opin
Psychiatry 2015;28(4):336-342 [doi: 10.1097/YCO.0000000000000170] [Medline: 26001926]

JMIR Res Protoc 2023 | vol. 12 | e48740 | p. 9https://www.researchprotocols.org/2023/1/e48740
(page number not for citation purposes)

Furman et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://europepmc.org/abstract/MED/30929042
http://dx.doi.org/10.1007/s00127-019-01697-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30929042&dopt=Abstract
https://jamanetwork.com/journals/jamapediatrics/fullarticle/2782796
https://jamanetwork.com/journals/jamapediatrics/fullarticle/2782796
http://dx.doi.org/10.1001/jamapediatrics.2021.2482
https://jamanetwork.com/journals/jamapsychiatry/fullarticle/483134
http://dx.doi.org/10.1001/archgenpsychiatry.2009.85
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19581568&dopt=Abstract
http://dx.doi.org/10.1097/00004583-200201000-00010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11800204&dopt=Abstract
https://europepmc.org/abstract/MED/17707295
http://dx.doi.org/10.1016/j.jadohealth.2007.03.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17707295&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1111/j.1530-0277.2008.00810.x
http://dx.doi.org/10.1111/j.1530-0277.2008.00810.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18945223&dopt=Abstract
https://europepmc.org/abstract/MED/22456249
http://dx.doi.org/10.15288/jsad.2012.73.444
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22456249&dopt=Abstract
https://europepmc.org/abstract/MED/23440228
http://dx.doi.org/10.1097/PSY.0b013e3182864ee3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23440228&dopt=Abstract
https://europepmc.org/abstract/MED/19404733
http://dx.doi.org/10.1007/s10578-009-0141-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19404733&dopt=Abstract
https://europepmc.org/abstract/MED/22305766
https://europepmc.org/abstract/MED/22305766
http://dx.doi.org/10.1016/S0140-6736(11)60871-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22305766&dopt=Abstract
https://europepmc.org/abstract/MED/27940701
http://dx.doi.org/10.1542/peds.2016-1878
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27940701&dopt=Abstract
https://psycnet.apa.org/manuscript/2019-12578-001.pdf
https://psycnet.apa.org/manuscript/2019-12578-001.pdf
http://dx.doi.org/10.1037/abn0000410
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30869927&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/2167702617723376?journalCode=cpxa
http://dx.doi.org/10.1177/2167702617723376
https://www.jpedhc.org/article/S0891-5245(19)30257-3/fulltext
http://dx.doi.org/10.1016/j.pedhc.2019.07.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31548140&dopt=Abstract
https://jamanetwork.com/journals/jamapediatrics/fullarticle/2484696
http://dx.doi.org/10.1001/jamapediatrics.2015.4158
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26832387&dopt=Abstract
https://www.samhsa.gov/data/sites/default/files/cbhsq-reports/NSDUHFFR2017/NSDUHFFR2017.htm
https://www.samhsa.gov/data/sites/default/files/cbhsq-reports/NSDUHFFR2017/NSDUHFFR2017.htm
https://link.springer.com/article/10.1007/s00787-019-01469-4
http://dx.doi.org/10.1007/s00787-019-01469-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31965309&dopt=Abstract
https://bmcpsychiatry.biomedcentral.com/articles/10.1186/s12888-020-02659-0
http://dx.doi.org/10.1186/s12888-020-02659-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32527236&dopt=Abstract
https://acamh.onlinelibrary.wiley.com/doi/10.1111/j.1469-7610.2005.01467.x
http://dx.doi.org/10.1111/j.1469-7610.2005.01467.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15972068&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(04)16043-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15110490&dopt=Abstract
http://dx.doi.org/10.1097/YCO.0000000000000170
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26001926&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


23. Sheppard R, Deane FP, Ciarrochi J. Unmet need for professional mental health care among adolescents with high
psychological distress. Aust N Z J Psychiatry 2018;52(1):59-67 [FREE Full text] [doi: 10.1177/0004867417707818]
[Medline: 28486819]

24. Cheetham A, Jorm AF, Wilson C, Berridge BJ, Blee F, Lubman DI. Stigmatising attitudes towards depression and alcohol
misuse in young people: relationships with help-seeking intentions and behavior. APS 2019;9(1):24-32 [doi:
10.2174/2210676608666180913130616]

25. Andrilla CHA, Patterson DG, Garberson LA, Coulthard C, Larson EH. Geographic variation in the supply of selected
behavioral health providers. Am J Prev Med 2018;54(6 Suppl 3):S199-S207 [FREE Full text] [doi:
10.1016/j.amepre.2018.01.004] [Medline: 29779543]

26. Thomas CR, Holzer CE. The continuing shortage of child and adolescent psychiatrists. J Am Acad Child Adolesc Psychiatry
2006;45(9):1023-1031 [doi: 10.1097/01.chi.0000225353.16831.5d] [Medline: 16840879]

27. Cunningham PJ. Beyond parity: primary care physicians' perspectives on access to mental health care. Health Aff (Millwood)
2009;28(3):w490-w501 [doi: 10.1377/hlthaff.28.3.w490] [Medline: 19366722]

28. Williams ME, Latta J, Conversano P. Eliminating the wait for mental health services. J Behav Health Serv Res
2008;35(1):107-114 [doi: 10.1007/s11414-007-9091-1] [Medline: 17975730]

29. Kowalewski K, McLennan JD, McGrath PJ. A preliminary investigation of wait times for child and adolescent mental
health services in Canada. J Can Acad Child Adolesc Psychiatry 2011;20(2):112-119 [FREE Full text] [Medline: 21541100]

30. Schraeder KE, Reid GJ. Why wait? The effect of wait-times on subsequent help-seeking among families looking for
children's mental health services. J Abnorm Child Psychol 2015;43(3):553-565 [doi: 10.1007/s10802-014-9928-z] [Medline:
25178864]

31. Westin AML, Barksdale CL, Stephan SH. The effect of waiting time on youth engagement to evidence based treatments.
Community Ment Health J 2014;50(2):221-228 [doi: 10.1007/s10597-012-9585-z] [Medline: 23283487]

32. Smith DH, Hadorn DC, Steering Committee of The Western Canada Waiting List Project. Lining up for children's mental
health services: a tool for prioritizing waiting lists. J Am Acad Child Adolesc Psychiatry 2002;41(4):367-376 [doi:
10.1097/00004583-200204000-00007] [Medline: 11931592]

33. Biringer E, Sundfør B, Davidson L, Hartveit M, Borg M. Life on a waiting list: how do people experience and cope with
delayed access to a community mental health center? Scand Psychol 2015;2(3):e6 [FREE Full text] [doi:
10.15714/scandpsychol.2.e6]

34. The doctor is out. National Alliance on Mental Illness. 2017. URL: https://www.nami.org/Support-Education/
Publications-Reports/Public-Policy-Reports/The-Doctor-is-Out/DoctorIsOut [accessed 2023-10-24]

35. Meredith LS, Stein BD, Paddock SM, Jaycox LH, Quinn VP, Chandra A, et al. Perceived barriers to treatment for adolescent
depression. Med Care 2009;47(6):677-685 [doi: 10.1097/MLR.0b013e318190d46b] [Medline: 19434001]

36. Fein JA, Pailler ME, Barg FK, Wintersteen MB, Hayes K, Tien AY, et al. Feasibility and effects of a web-based adolescent
psychiatric assessment administered by clinical staff in the pediatric emergency department. Arch Pediatr Adolesc Med
2010;164(12):1112-1117 [FREE Full text] [doi: 10.1001/archpediatrics.2010.213] [Medline: 21135339]

37. Gardner W, Klima J, Chisolm D, Feehan H, Bridge J, Campo J, et al. Screening, triage, and referral of patients who report
suicidal thought during a primary care visit. Pediatrics 2010;125(5):945-952 [doi: 10.1542/peds.2009-1964] [Medline:
20385642]

38. Bradford S, Rickwood D. Acceptability and utility of an electronic psychosocial assessment (myAssessment) to increase
self-disclosure in youth mental healthcare: a quasi-experimental study. BMC Psychiatry 2015;15:305 [FREE Full text]
[doi: 10.1186/s12888-015-0694-4] [Medline: 26627041]

39. Scott MA, Wilcox HC, Schonfeld IS, Davies M, Hicks RC, Turner JB, et al. School-based screening to identify at-risk
students not already known to school professionals: the Columbia suicide screen. Am J Public Health 2009;99(2):334-339
[FREE Full text] [doi: 10.2105/AJPH.2007.127928] [Medline: 19059865]

40. Ebert DD, Zarski AC, Christensen H, Stikkelbroek Y, Cuijpers P, Berking M, et al. Internet and computer-based cognitive
behavioral therapy for anxiety and depression in youth: a meta-analysis of randomized controlled outcome trials. PLoS
One 2015;10(3):e0119895 [FREE Full text] [doi: 10.1371/journal.pone.0119895] [Medline: 25786025]

41. Rooksby M, Elouafkaoui P, Humphris G, Clarkson J, Freeman R. Internet-assisted delivery of cognitive behavioural therapy
(CBT) for childhood anxiety: systematic review and meta-analysis. J Anxiety Disord 2015;29:83-92 [FREE Full text] [doi:
10.1016/j.janxdis.2014.11.006] [Medline: 25527900]

42. Grist R, Croker A, Denne M, Stallard P. Technology delivered interventions for depression and anxiety in children and
adolescents: a systematic review and meta-analysis. Clin Child Fam Psychol Rev 2019;22(2):147-171 [FREE Full text]
[doi: 10.1007/s10567-018-0271-8] [Medline: 30229343]

43. Kanter JW, Manos RC, Bowe WM, Baruch DE, Busch AM, Rusch LC. What is behavioral activation? a review of the
empirical literature. Clin Psychol Rev 2010;30(6):608-620 [FREE Full text] [doi: 10.1016/j.cpr.2010.04.001] [Medline:
20677369]

44. Lejuez CW, Hopko DR, Acierno R, Daughters SB, Pagoto SL. Ten year revision of the brief behavioral activation treatment
for depression: revised treatment manual. Behav Modif 2011;35(2):111-161 [doi: 10.1177/0145445510390929] [Medline:
21324944]

JMIR Res Protoc 2023 | vol. 12 | e48740 | p. 10https://www.researchprotocols.org/2023/1/e48740
(page number not for citation purposes)

Furman et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://journals.sagepub.com/doi/10.1177/0004867417707818
http://dx.doi.org/10.1177/0004867417707818
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28486819&dopt=Abstract
http://dx.doi.org/10.2174/2210676608666180913130616
https://www.ajpmonline.org/article/S0749-3797(18)30005-9/fulltext
http://dx.doi.org/10.1016/j.amepre.2018.01.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29779543&dopt=Abstract
http://dx.doi.org/10.1097/01.chi.0000225353.16831.5d
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16840879&dopt=Abstract
http://dx.doi.org/10.1377/hlthaff.28.3.w490
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19366722&dopt=Abstract
http://dx.doi.org/10.1007/s11414-007-9091-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17975730&dopt=Abstract
https://europepmc.org/abstract/MED/21541100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21541100&dopt=Abstract
http://dx.doi.org/10.1007/s10802-014-9928-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25178864&dopt=Abstract
http://dx.doi.org/10.1007/s10597-012-9585-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23283487&dopt=Abstract
http://dx.doi.org/10.1097/00004583-200204000-00007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11931592&dopt=Abstract
https://psykologisk.no/sp/2015/04/e6/
http://dx.doi.org/10.15714/scandpsychol.2.e6
https://www.nami.org/Support-Education/Publications-Reports/Public-Policy-Reports/The-Doctor-is-Out/DoctorIsOut
https://www.nami.org/Support-Education/Publications-Reports/Public-Policy-Reports/The-Doctor-is-Out/DoctorIsOut
http://dx.doi.org/10.1097/MLR.0b013e318190d46b
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19434001&dopt=Abstract
https://jamanetwork.com/journals/jamapediatrics/fullarticle/384018
http://dx.doi.org/10.1001/archpediatrics.2010.213
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21135339&dopt=Abstract
http://dx.doi.org/10.1542/peds.2009-1964
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20385642&dopt=Abstract
https://bmcpsychiatry.biomedcentral.com/articles/10.1186/s12888-015-0694-4
http://dx.doi.org/10.1186/s12888-015-0694-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26627041&dopt=Abstract
https://ajph.aphapublications.org/doi/full/10.2105/AJPH.2007.127928
http://dx.doi.org/10.2105/AJPH.2007.127928
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19059865&dopt=Abstract
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0119895
http://dx.doi.org/10.1371/journal.pone.0119895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25786025&dopt=Abstract
https://www.sciencedirect.com/science/article/abs/pii/S0887618514001728?via%3Dihub
http://dx.doi.org/10.1016/j.janxdis.2014.11.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25527900&dopt=Abstract
https://link.springer.com/article/10.1007/s10567-018-0271-8
http://dx.doi.org/10.1007/s10567-018-0271-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30229343&dopt=Abstract
https://www.sciencedirect.com/science/article/abs/pii/S0272735810000504?via%3Dihub
http://dx.doi.org/10.1016/j.cpr.2010.04.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20677369&dopt=Abstract
http://dx.doi.org/10.1177/0145445510390929
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21324944&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


45. McCauley E, Schloredt KA, Gudmundsen GR, Martell CR, Dimidjian S. Behavioral Activation with Adolescents: A
Clinician's Guide. New York City: Guilford Publications; 2016.

46. Pass L, Hodgson E, Whitney H, Reynolds S. Brief behavioral activation treatment for depressed adolescents delivered by
nonspecialist clinicians: a case illustration. Cogn Behav Pract 2018;25(2):208-224 [doi: 10.1016/j.cbpra.2017.05.003]

47. Cuijpers P, Karyotaki E, Ciharova M, Miguel C, Noma H, Furukawa TA. The effects of psychotherapies for depression on
response, remission, reliable change, and deterioration: a meta-analysis. Acta Psychiatr Scand 2021;144(3):288-299 [FREE
Full text] [doi: 10.1111/acps.13335] [Medline: 34107050]

48. Kroenke K, Strine TW, Spitzer RL, Williams JBW, Berry JT, Mokdad AH. The PHQ-8 as a measure of current depression
in the general population. J Affect Disord 2009;114(1-3):163-173 [FREE Full text] [doi: 10.1016/j.jad.2008.06.026]
[Medline: 18752852]

49. Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a flexible statistical power analysis program for the social, behavioral,
and biomedical sciences. Behav Res Methods 2007;39(2):175-191 [doi: 10.3758/bf03193146] [Medline: 17695343]

50. Stanley B, Brown GK. Safety planning intervention: a brief intervention to mitigate suicide risk. Cogn Behav Pract
2012;19(2):256-264 [doi: 10.1016/j.cbpra.2011.01.001]

51. Kroenke K, Spitzer RL, Williams JBW, Löwe B. The Patient Health Questionnaire Somatic, Anxiety, and Depressive
Symptom Scales: a systematic review. Gen Hosp Psychiatry 2010;32(4):345-359 [FREE Full text] [doi:
10.1016/j.genhosppsych.2010.03.006] [Medline: 20633738]

52. Löwe B, Unützer J, Callahan CM, Perkins AJ, Kroenke K. Monitoring depression treatment outcomes with the Patient
Health Questionnaire-9. Med Care 2004;42(12):1194-1201 [doi: 10.1097/00005650-200412000-00006] [Medline: 15550799]

53. Coley RY, Boggs JM, Beck A, Hartzler AL, Simon GE. Defining success in measurement-based care for depression: a
comparison of common metrics. Psychiatr Serv 2020;71(4):312-318 [FREE Full text] [doi: 10.1176/appi.ps.201900295]
[Medline: 31847739]

54. Furukawa TA, Cipriani A, Barbui C, Brambilla P, Watanabe N. Imputing response rates from means and standard deviations
in meta-analyses. Int Clin Psychopharmacol 2005;20(1):49-52 [doi: 10.1097/00004850-200501000-00010] [Medline:
15602117]

55. Macher JP, Crocq MA. Treatment goals: response and nonresponse. Dialogues Clin Neurosci 2004;6(1):83-91 [FREE Full
text] [doi: 10.31887/DCNS.2004.6.1/jpmacher2] [Medline: 22034465]

56. McMillan D, Gilbody S, Richards D. Defining successful treatment outcome in depression using the PHQ-9: a comparison
of methods. J Affect Disord 2010;127(1-3):122-129 [FREE Full text] [doi: 10.1016/j.jad.2010.04.030] [Medline: 20569992]

57. Forman-Hoffman VL, Nelson BW, Ranta K, Nazander A, Hilgert O, de Quevedo J. Significant reduction in depressive
symptoms among patients with moderately-severe to severe depressive symptoms after participation in a therapist-supported,
evidence-based mobile health program delivered via a smartphone app. Internet Interv 2021;25:100408 [FREE Full text]
[doi: 10.1016/j.invent.2021.100408] [Medline: 34401367]

58. Spitzer RL, Kroenke K, Williams JBW, Löwe B. A brief measure for assessing generalized anxiety disorder: the GAD-7.
Arch Intern Med 2006;166(10):1092-1097 [FREE Full text] [doi: 10.1001/archinte.166.10.1092] [Medline: 16717171]

59. Endicott J, Nee J, Yang R, Wohlberg C. Pediatric Quality of Life Enjoyment and Satisfaction Questionnaire (PQ-LES-Q):
reliability and validity. J Am Acad Child Adolesc Psychiatry 2006;45(4):401-407 [doi: 10.1097/01.chi.0000198590.38325.81]
[Medline: 16601644]

60. Manos RC, Kanter JW, Luo W. The Behavioral Activation for Depression Scale-Short Form: development and validation.
Behav Ther 2011 Dec;42(4):726-739 [doi: 10.1016/j.beth.2011.04.004] [Medline: 22036000]

61. Sauro J. Measuring usability with the system usability scale (SUS). MeasuringU. 2011. URL: https://measuringu.com/sus/
[accessed 2023-10-24]

62. O'Brien HL, Cairns P, Hall M. A practical approach to measuring user engagement with the refined User Engagement Scale
(UES) and new UES short form. Int J Hum Comput Stud 2018;112:28-39 [FREE Full text] [doi: 10.1016/j.ijhcs.2018.01.004]

63. Kessler RC, Barber C, Beck A, Berglund P, Cleary PD, McKenas D, et al. The World Health Organization Health and
Work Performance Questionnaire (HPQ). J Occup Environ Med 2003;45(2):156-174 [doi:
10.1097/01.jom.0000052967.43131.51] [Medline: 12625231]

64. Guidance for industry and investigators: safety reporting requirements for INDs and BA/BE studies. U.S. Food and Drug
Administration. 2012. URL: https://www.fda.gov/files/drugs/published/Safety-Reporting-Requirements-
for-INDs-%28Investigational-New-Drug-Applications%29-and-BA-BE-%28Bioavailability-Bioequivalence%29-Studies.
pdf [accessed 2023-10-24]

65. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders: DSM-5-TR. Washington D.C:
American Psychiatric Association Publishing; 2022.

66. Rubin DB. Inference and missing data. Biometrika 1976;63(3):581-592 [doi: 10.1093/biomet/63.3.581]
67. Beatty L, Binnion C. A systematic review of predictors of, and reasons for, adherence to online psychological interventions.

Int J Behav Med 2016;23(6):776-794 [doi: 10.1007/s12529-016-9556-9] [Medline: 26957109]
68. Strauss G, Flannery JE, Vierra E, Koepsell X, Berglund E, Miller I, et al. Meaningful engagement: a crossfunctional

framework for digital therapeutics. Front Digit Health 2022;4:890081 [FREE Full text] [doi: 10.3389/fdgth.2022.890081]
[Medline: 36052316]

JMIR Res Protoc 2023 | vol. 12 | e48740 | p. 11https://www.researchprotocols.org/2023/1/e48740
(page number not for citation purposes)

Furman et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.cbpra.2017.05.003
https://onlinelibrary.wiley.com/doi/10.1111/acps.13335
https://onlinelibrary.wiley.com/doi/10.1111/acps.13335
http://dx.doi.org/10.1111/acps.13335
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34107050&dopt=Abstract
https://www.sciencedirect.com/science/article/abs/pii/S0165032708002826?via%3Dihub
http://dx.doi.org/10.1016/j.jad.2008.06.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18752852&dopt=Abstract
http://dx.doi.org/10.3758/bf03193146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17695343&dopt=Abstract
http://dx.doi.org/10.1016/j.cbpra.2011.01.001
https://www.sciencedirect.com/science/article/abs/pii/S0163834310000563?via%3Dihub
http://dx.doi.org/10.1016/j.genhosppsych.2010.03.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20633738&dopt=Abstract
http://dx.doi.org/10.1097/00005650-200412000-00006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15550799&dopt=Abstract
https://ps.psychiatryonline.org/doi/10.1176/appi.ps.201900295
http://dx.doi.org/10.1176/appi.ps.201900295
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31847739&dopt=Abstract
http://dx.doi.org/10.1097/00004850-200501000-00010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15602117&dopt=Abstract
https://www.tandfonline.com/doi/full/10.31887/DCNS.2004.6.1/jpmacher2
https://www.tandfonline.com/doi/full/10.31887/DCNS.2004.6.1/jpmacher2
http://dx.doi.org/10.31887/DCNS.2004.6.1/jpmacher2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22034465&dopt=Abstract
https://www.sciencedirect.com/science/article/abs/pii/S0165032710003666?via%3Dihub
http://dx.doi.org/10.1016/j.jad.2010.04.030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20569992&dopt=Abstract
https://www.sciencedirect.com/science/article/pii/S2214782921000488?via%3Dihub
http://dx.doi.org/10.1016/j.invent.2021.100408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34401367&dopt=Abstract
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/410326
http://dx.doi.org/10.1001/archinte.166.10.1092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16717171&dopt=Abstract
http://dx.doi.org/10.1097/01.chi.0000198590.38325.81
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16601644&dopt=Abstract
http://dx.doi.org/10.1016/j.beth.2011.04.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22036000&dopt=Abstract
https://measuringu.com/sus/
https://www.sciencedirect.com/science/article/pii/S1071581918300041
http://dx.doi.org/10.1016/j.ijhcs.2018.01.004
http://dx.doi.org/10.1097/01.jom.0000052967.43131.51
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12625231&dopt=Abstract
https://www.fda.gov/files/drugs/published/Safety-Reporting-Requirements-for-INDs-%28Investigational-New-Drug-Applications%29-and-BA-BE-%28Bioavailability-Bioequivalence%29-Studies.pdf
https://www.fda.gov/files/drugs/published/Safety-Reporting-Requirements-for-INDs-%28Investigational-New-Drug-Applications%29-and-BA-BE-%28Bioavailability-Bioequivalence%29-Studies.pdf
https://www.fda.gov/files/drugs/published/Safety-Reporting-Requirements-for-INDs-%28Investigational-New-Drug-Applications%29-and-BA-BE-%28Bioavailability-Bioequivalence%29-Studies.pdf
http://dx.doi.org/10.1093/biomet/63.3.581
http://dx.doi.org/10.1007/s12529-016-9556-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26957109&dopt=Abstract
https://www.frontiersin.org/journals/digital-health/articles/10.3389/fdgth.2022.890081/full
http://dx.doi.org/10.3389/fdgth.2022.890081
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36052316&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Abbreviations
AE: adverse event
BADS-SF: Behavioral Activation for Depression Scale–Short Form
CBT: cognitive behavioral therapy
DSM-5: Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
eUC: assessment-enhanced usual care
GAD-7: Generalized Anxiety Disorder–7
HIPAA: Health Insurance Portability and Accountability Act
ITT: intention-to-treat
PHQ-8: 8-item Patient Health Questionnaire
PQ-LES-Q: Pediatric Quality of Life Enjoyment and Satisfaction Questionnaire
RCT: randomized controlled trial
SAE: serious adverse event
SUS: System Usability Scale
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