Introduction
Suicide is the second leading cause of death among adolescents and rates are climbing.1 Promising interventions such as dialectical behavior therapy (DBT) are available to treat suicidal youth, and new approaches may improve their engagement, adherence, and effectiveness.2,3 In particular, personal smartphones are ubiquitous among adolescents4 and could enhance existing, evidence-based interventions by providing new opportunities for assessment and intervention between sessions.
Routine outcome monitoring (i.e., tracking outcomes during treatment) is critical for measurement-based care and improves clinical outcomes,5 but is not often utilized due to concerns about burdensomeness and the validity of retrospective self-report measures.6 Smartphones directly address these barriers by using a less burdensome, objective, and continuous approach. Suicide risk factors, mood, and behavior can be measured with minimal user input through both passive (e.g., built-in smartphone sensors) and active (e.g., ecological momentary assessment) data collection.3,7 For example, sleep duration can be estimated using accelerometer and device use data, potentially supporting the early detection of sleep disturbances8 (a known suicide risk factor9). Additionally, sentiment in naturalistic messages can be extracted from keyboard input data, and may be a surrogate for one’s daily mood.10 Thus, smartphones can detect fluctuations that may signal changes in risk for suicidal thoughts and behaviors (STB).3
Importantly, personal smartphones also provide opportunities to deliver micro-interventions. Practicing therapeutic skills between sessions is associated with better treatment outcomes11; however, completion among youth is often variable.12 Reminders to implement therapeutic strategies can be delivered via smartphone push notifications, which may increase skill utilization between sessions and improve clinical outcomes.13 For example, a notification offering tailored content (e.g., sleep hygiene reminders) at a tailored time (e.g., shortly before one’s usual bedtime) may increase the likelihood that a patient experiencing sleep disturbances implements sleep hygiene strategies. Several suicide risk reduction interventions delivered digitally (e.g., using smartphones) have been developed, and preliminary studies suggest that they are feasible, acceptable, and may be efficacious for reducing STB.14–17 Although these findings are highly promising, these interventions have generally been designed for adults and evaluated in relatively small pilot studies. Thus, novel interventions designed for youth at risk for suicide are urgently needed, and preliminary data collected from adults suggest a digital intervention for youth may be feasible, acceptable, and efficacious. 
To leverage technological capabilities and enhance existing interventions, Ksana Health has developed the Vira digital behavior change platform, which consists of a patient-facing smartphone app and a linked, HIPAA-compliant web portal for clinicians. The smartphone app monitors a range of proximal suicide risk factors (e.g., sleep disturbance, low mood) using mobile sensing and brief self-report surveys, provides patients access to these data 24/7, and offers insights into passively sensed behavioral patterns associated with their mood. Clinicians can use the web portal to view these data and gain insight into patients’ behavior and mood between sessions. The clinician portal also enables clinicians to schedule personalized notifications based on therapy plans, which are then delivered to a patient’s smartphone. Vira thereby enables enhanced support between sessions, which is important for reducing suicide risk in adolescents.18
The Vira platform was developed based on principles of behavioral activation and DBT. It has been optimized through user-centered design activities including qualitative interviews with various stakeholders (i.e., youth with lived experience, clinicians, clinic administrators) and unmoderated user testing. The data collected during this iterative development process informed the Vira platform’s design (e.g., interface, content) and implementation strategy. In addition to user-centered design activities, the Vira platform integrates numerous evidence-based strategies to increase engagement, including human support, tailored push notifications, and data visualization.19 This is important because digital mental health interventions have suffered from relatively low engagement, limiting their effectiveness.16 The Vira platform demonstrated feasibility, acceptability, and preliminary effectiveness for reducing depressive symptoms and other mental health problems in young adults with elevated depressive symptoms.20 Additionally, similar approaches were feasible, acceptable, and efficacious in prior studies of adult primary care patients.21,22 These studies provide preliminary evidence that implementing a digital behavior change platform in outpatient care may be feasible, acceptable, and improve clinical outcomes.
To build on advancements in digital mental healthcare and address rising rates of adolescent STB, the present study will test the Vira platform’s feasibility, acceptability, and effectiveness in an intensive outpatient DBT program for adolescents at high risk for suicide. Adolescents beginning treatment will be randomly assigned to receive DBT with either the Vira platform or an app that will acquire mobile sensor data and deliver self-report surveys (i.e., a measurement-only comparison condition). We hypothesize that the Vira platform will have high usability, acceptability, and adoption by adolescents and their clinicians. Our primary clinical hypothesis is that, compared to adolescents in the comparison group, adolescents receiving DBT with Vira will demonstrate greater reductions in STB at 3- and 6-month follow-up assessments. As secondary aims, we will test whether adolescents receiving DBT with Vira experience greater reductions in other psychiatric symptoms or suicide risk factors compared to those in the comparison group. Lastly, exploratory analyses will test whether adolescents receiving DBT with Vira demonstrate greater engagement in DBT treatment (e.g., higher session attendance) and/or are more likely to utilize crisis care.
Method
Study Setting
This two-armed, pragmatic randomized controlled trial (RCT;  ClinicalTrials.gov identifier: NCT05920252) will be conducted in the Intensive Adolescent and Family DBT Program at Columbia University Irving Medical Center, a program that offers intensive outpatient DBT services for adolescents (ages 13-18) with current acute suicidal thoughts or behaviors. This program operates after the school day (4:30-6:30pm), includes both in-person and telehealth sessions, and provides foundational clinical skills through individual psychotherapy, DBT skills groups, and phone coaching. Adolescents transition into the program by either ‘stepping up’ from less intensive outpatient care or ‘stepping down’ from inpatient or residential care. Adolescents begin the program with a 2-month intensive phase consisting of weekly individual psychotherapy sessions and psychotherapy groups three days per week. Parents/guardians attend treatment groups two days per week during this period. Depending on clinical responsiveness, adolescents’ duration in the intensive phase may be extended. After the intensive phase, adolescents continue weekly individual psychotherapy, and they and their parents/guardians continue a weekly multi-family DBT skills group. The total duration of treatment ranges from 2-6 months.
Participants
Adolescents (N=200) will be recruited upon admission to the Intensive Adolescent and Family DBT Program. Clinic staff will explain the study to the adolescent and their legal guardian (if the adolescent is a minor). If they are interested in participating, the clinic staff member will obtain verbal consent and/or assent to share information with research study staff regarding inclusion/exclusion criteria, contact information, and stratification variables (gender, suicide attempt history). Study staff will then contact potentially eligible participants or their legal guardian to provide more information about the study. At that point, written informed assent will be obtained from adolescents ages 13-17 and parental permission from their legal guardians, and 18-year-old adolescent participants will provide written informed consent. To be eligible, adolescents must be 13-18-years-old, initiating treatment at the Intensive Adolescent and Family DBT Program, own a personal smartphone, and be fluent in English. Adolescents will be compensated $100 for completing the baseline assessment, $50 for completing each of the 3- and 6-month follow-up assessments, $100 for the collection of passive mobile sensing data, and $100 for completing daily and weekly surveys in the Vira or EARS app. This study will also include ~20 clinicians who provide intensive outpatient DBT services in the Intensive Adolescent and Family DBT Program. Clinicians will be recruited via email and must be fluent in English and at least 22 years old to be eligible. Clinicians will include social workers and psychologists. Written informed consent will be obtained from all participating clinicians. Participating clinicians will not receive direct compensation. Instead, the clinic will receive a portion of the grant funding, which will support clinicians’ participation. In prior studies with similar recruitment approaches at this site, we have found that samples reflect the community racially and ethnically. Based on these studies, we anticipate that approximately 60% of the sample will identify as white and not Latinx/Hispanic, 20% will identify as Latinx; and 38% will be racial minorities or mixed race. No data will be collected from parents/caregivers or from patient medical records. Study procedures have been approved by the Columbia University Institutional Review Board and a data safety monitoring board will review progress biannually. The project is registered at ClinicalTrials.gov (identifier: NCT05920252), which tracks all protocol modifications.
Interventions
After completing baseline assessments, adolescents will be randomly assigned to either DBT utilizing the Vira platform (n=100) or a measurement-only comparison condition (n=100) involving DBT as usual plus a smartphone app called Effortless Assessment Research System (EARS)23,24 that collects mobile sensing and self-report data. Randomization will be performed within-clinician with a 1:1 allocation ratio. Study staff will oversee randomization procedures, which will stratify by adolescents’ gender and suicide attempt history (yes/no), as these are established risk factors for suicide.25 Due to the nature of the intervention, clinicians and adolescents will be aware of the group assignment. Staff involved in randomization and communicating group assignments to clinicians also will be aware of the group allocation. However, study staff assessing outcomes at follow-up will not know the allocation, and research study staff will not be involved in any clinical care or decision-making within the intensive outpatient program. All adolescents will receive information about how to use the smartphone app to which they were assigned (Vira or EARS) and privacy/security safeguards. All adolescents will be instructed to uninstall the Vira or EARS app from their smartphone when they discontinue treatment at the Intensive Adolescent and Family DBT Program.
DBT and Vira Condition
Adolescents assigned to DBT utilizing the Vira platform will install the Vira app (Figure 1) on their personal smartphone. The app passively collects data from smartphone sensors (i.e., measures of physical activity, sleep patterns, mobility, and language patterns reflecting mood states and cognition) that are indicative of risk-relevant behaviors or psychological states. It also prompts users to answer a daily check-in question asking, “How much did you enjoy yesterday?” on a 5-point Likert scale. Each night, data are encrypted and uploaded to a secure cloud server. Mobile sensing data are automatically processed to generate daily and weekly aggregates for each feature. Daily enjoyment ratings over the past week and weekly aggregates of mobile sensing features are visualized in the app and available 24/7. After 10 days of use, the Vira app offers patients personalized insights based on associations between daily enjoyment ratings and passively-sensed behavioral patterns. For example, the app might indicate that a patient feels more joy on days they wake up earlier or spend less time at home. 
The Vira app also prompts users to complete a weekly 3-item survey assessing past-week STB. Specifically, this survey will assess the frequency of suicidal ideation on a scale from 1 (never) to 5 (all the time) and whether the adolescent made a suicide plan (yes/no) or attempt (yes/no). Surveys indicating clinically significant ideation (all the time) or a suicide plan or attempt in the past week will trigger an automated email alert sent to study staff and the adolescent’s clinician (if they are still in DBT treatment). If a past-week suicide attempt is endorsed, a clinically licensed member of the research team will speak to the adolescent as soon as is feasible, conduct a safety assessment, bridge to emergency clinical care if necessary, and convey the assessment summary to the adolescent’s clinician (if they are still in DBT treatment) and their guardian (if they are a minor). 
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Figure 1. Example screenshots of the Vira app’s home page (panel A) and insights tab (panel B).

Clinicians can use the linked web portal (Figure 2) to view patients’ daily enjoyment and daily and weekly aggregates of mobile sensing features. The clinician portal also allows clinicians to schedule notifications to be delivered to a patient’s smartphone in everyday life. The notification content can be customized by the clinician or quickly selected from a predefined list of evidence-based therapeutic techniques and strategies. Thus, clinicians can easily schedule notifications based on therapy plans or to remind or encourage the patient to practice techniques discussed in session. Patients will be instructed to mark notifications as “complete” when they complete an activity, thereby allowing clinicians to remotely monitor out-of-session adherence and completion. At the beginning of the study, clinicians will receive training led by the study team about how to view patients’ data in the clinician portal, how to use the data to inform and monitor treatment, and how to schedule notifications. Clinicians who join the Intensive Adolescent and Family DBT Program after the study begins and enroll in the study will receive the same training.
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Figure 2. The overview tab of the Vira clinician web portal.


DBT and EARS Condition (Comparison Condition)
Adolescents assigned to the measurement-only comparison condition will receive DBT as usual and use the EARS app. The EARS app will collect the same mobile sensing data and self-report data collected by the Vira app. However, the EARS app does not allow patients to access these data and does not offer personalized insights into behavioral patterns associated with self-reported daily enjoyment. There also is no clinician portal associated with the EARS app. Thus, if an adolescent is assigned to the comparison condition, their clinician cannot access any of their mobile sensing or self-report data or schedule smartphone notifications.
Measures
Adolescents will complete assessments at baseline, 3 months, and 6 months (Figure 3; Table 1). Assessments will be administered by the research team and conducted over Zoom. Each assessment will include measures of STB, psychiatric symptoms, and suicide risk factors. Clinicians will receive a summary of their patient’s baseline assessment data. Implementation outcomes and other exploratory outcomes will also be assessed at the follow-up timepoints.
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Figure 3. Overview of the study protocol and assessment schedule. The duration of DBT treatment is determined by the treatment team and typically is between 2 and 6 months. The Vira or EARS apps are uninstalled following treatment termination. 

Implementation Measures
Feasibility and utilization of the Vira platform will be measured by metrics derived from objective and self-reported usage data. The platform will automatically log adolescents’ objective usage of the Vira app, including how frequently they view personalized insights, navigate through insight details, and view resources. Additional objective adolescent usage metrics will include daily active usage (i.e., the percentage of users still in DBT treatment who used the Vira app each day) and retention (i.e., the furthest day from installation on which active usage was recorded for each participant). Retention will likely be confounded with treatment length, so an additional metric will adjust for treatment length by dividing retention by the number of days between app installation and treatment termination. Clinicians’ objective use of the clinician portal (e.g., the frequencies with which they access the clinician portal and schedule notifications) will also be automatically logged.
Adolescents will complete measures of the Vira app’s usability and acceptability at the 3-month follow-up. Usability will be assessed using the 10-item System Usability Scale (SUS),26 and acceptability will be assessed using items from the Technology Acceptance Model (TAM).27 The TAM focuses on two specific dimensions of acceptability: perceived ease of use and perceived usefulness. Each dimension will be assessed using ten items from the corresponding TAM subscale.27 Clinicians will complete the same measures (SUS and TAM) at the end of the study regarding the clinician portal.
Suicidal Thoughts and Behaviors
STB are the primary clinical outcomes and will be assessed using the Columbia Suicide Severity Rating Scale (C-SSRS)28 and the Scale for Suicidal Ideation (SSI).29 Suicidal ideation and suicidal behaviors will be assessed separately. At the 3- and 6-month follow-ups, the C-SSRS ideation subscale will assess ideation since the previous assessment. The C-SSRS behavior subscale will assess the occurrence of suicidal behaviors since the previous assessment. If an adolescent reports imminent suicide risk during the C-SSRS at any timepoint, a clinically licensed study team member will conduct a risk assessment and bridge to emergency care if necessary. At all timepoints, the SSI total score will assess past-week suicidal ideation. As noted previously, weekly 3-item surveys assessing past-week STB will be administered until adolescents discontinue DBT treatment, providing an opportunity to test group differences in the temporal patterns and frequencies of suicidal ideation, plans, and attempts during treatment. Interviewers will be trained to administer the C-SSRS; training will include didactics, mock interviews, and direct observation. Interviewers will achieve at least 80% agreement with the trainer before administering the C-SSRS with participants. We will examine the inter-rater reliability of C-SSRS subscales in a randomly selected subset of interviews. 
Psychiatric Symptoms and Suicide Risk Factors
 To characterize the sample, the Mini International Neuropsychiatric Interview for Children and Adolescents (MINI-KID)30 will be administered at baseline to assess adolescents’ lifetime and current psychiatric diagnoses. Interviewers administering the MINI-KID will undergo training similar to the C-SSRS interview training procedures. Additionally, interviewers will meet weekly with the clinical supervisor to confirm diagnoses. A subset of interviews will be randomly selected to examine the inter-rater reliability of MINI-KID diagnoses. Secondary clinical outcomes will be assessed at baseline and at the 3- and 6-month follow-ups. We will also assess several theoretical suicide risk factors that are potential mechanisms of change in STB. Symptoms of depression, anxiety, and anhedonia will be assessed by the Short Mood and Feelings Questionnaire (SMFQ),31 the Screen for Anxiety Related Emotional Disorders (SCARED),32 and the Anticipatory and Consummatory Interpersonal Pleasure Scale (ACIPS),33 respectively. Overall sleep quality will be measured using the total score of the Pittsburgh Sleep Quality Index (PSQI).34 Risky behaviors (e.g., aggression, rule-breaking) will be assessed using the Risky Behavior Questionnaire for Adolescents (RBQ-A),35 and substance use will be assessed using the National Institute of Drug Abuse (NIDA) Quick Screen V1.0.36 We will also assess several theoretical suicide risk factors that are potential mechanisms of change. Perceived burdensomeness and thwarted belongingness will be measured using the corresponding subscales of the Interpersonal Needs Questionnaire (INQ).37 Fearlessness about death will be measured using the Acquired Capability for Suicide Scale-Fearlessness about Death (ACSS-FAD).38 Psychometric information for study measures is presented in Table S1 in the supplementary materials.
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Other exploratory outcomes include patient engagement in DBT treatment (e.g., the proportion of scheduled sessions that were attended) and utilization of crisis care (e.g., STB-related emergency room visits). Crisis care utilization will be assessed at each timepoint using a brief service use interview and will be dichotomized (utilized/not utilized), as we anticipate that it will be relatively infrequent during the follow-up period.


	 
	STUDY PERIOD

	TIMEPOINT
	Enrollment
	Baseline
	3 months
	6 months
	Weekly during DBT
	End of study

	ENROLLMENT:
	 
	 
	
	
	
	 

	Eligibility screen
	X
	 
	
	
	
	 

	Informed consent/assent
	X
	 
	
	
	
	 

	Allocation
	
	X
	
	
	
	

	App installation (Vira or EARS)
	 
	X
	
	
	
	 

	ASSESSMENTS:
	 
	 
	
	
	
	 

	Mini International Neuropsychiatric Interview
	
	A
	
	
	
	 

	Hollingshead SES Index
	
	A
	
	
	
	 

	Service Use Interview
	
	A
	A
	A
	
	

	Columbia Suicide Severity Rating Scale
	 
	A
	A
	A
	
	

	Scale for Suicidal Ideation
	 
	A
	A
	A
	
	

	Short Mood and Feelings Questionnaire
	
	A
	A
	A
	
	

	Screen for Anxiety Related Emotional Disorders
	
	A
	A
	A
	
	

	Anticipatory and Consummatory Interpersonal Pleasure Scale
	
	A
	A
	A
	
	

	Pittsburgh Sleep Quality Index
	
	A
	A
	A
	
	

	Risky Behavior Questionnaire for Adolescents
	
	A
	A
	A
	
	

	NIDA Quick Screen
	
	A
	A
	A
	
	

	Interpersonal Needs Questionnaire
	
	A
	A
	A
	
	

	Acquired Capability for Suicide Scale-Fearlessness about Death
	
	A
	A
	A
	
	

	3-item survey on past-week suicidal thoughts/behaviors
	
	
	
	
	A
	

	System Usability Scale
	
	
	A (Vira group only)
	
	
	C

	Technology Acceptance Model
	
	
	A (Vira group only)
	
	
	C


Table 1. Schedule of enrollment, interventions, and assessments. Note: ‘A’ indicates that the assessment will be completed by adolescents at that time point. ‘C’ indicates that the assessment will be completed by clinicians at that time point.



Data Analytic Plan
Implementation outcomes (e.g., acceptability, usability, and utilization of the Vira platform) will be tested by calculating descriptive statistics (e.g., mean, standard deviation). These analyses will only include adolescents and clinicians who used the Vira platform.
Clinical outcomes will be evaluated using multilevel modeling following an ‘intent-to-treat’ approach. Analyses of primary and secondary clinical outcomes will focus on differential group changes from baseline to the 3- and 6-month follow-ups. Significant group by time interactions will be followed up by testing within-group changes over time. All multilevel models will include random intercepts for clinician and adolescent, and will include adolescents’ stratification variables (gender, baseline suicide attempt history) and age at baseline as fixed-effect covariates.39 We also will test whether other adolescent sociodemographic characteristics (e.g., race, ethnicity) relate to STB outcomes. Any characteristic that significantly relates to a STB outcome will be included as a covariate when predicting that outcome. Regarding exploratory outcomes, we will test for group differences in DBT session attendance over time using the same multilevel modeling approach described above. Group differences in crisis care utilization during the study period will be tested using a Chi-square test (or Fisher’s exact test, if >20% of cells have expected frequencies <540).
All tests will use two-sided p-values. Multilevel modeling will be performed using the lme4 and lmerTest R packages,41,42 with p-values estimated using Satterwaithe’s method. False discovery rate (FDR) adjustments43 will be made separately for each category of clinical outcomes (e.g., primary, other). Given the relatively large number of secondary clinical outcomes, they will be grouped into subcategories reflecting psychiatric symptoms (SMFQ, SCARED, ACIPS), psychiatric behaviors (RBQ-A, PSQI, NIDA Quick Screen), and interpersonal risk factors (INQ, ACSS-FAD) when implementing FDR adjustments. Results will be considered significant if FDR-adjusted p<0.05. Missing outcome data at the 3- and 6-month follow-ups will be imputed using multiple imputation. We will test for differential attrition effects by comparing baseline characteristics between dropouts and completers.
Justification for Target Sample Size
A power analysis indicates that 200 adolescents will provide adequate power (power=.80) to detect small to medium effects (Cohen’s d>0.34) for clinical outcomes, which is in the range of effect sizes observed in previous studies of interventions for at-risk youth.2 This power analysis accounted for non-independence of observations and made the following assumptions: α=.05, r=.65 between pre- and post-test measures, a conservative ICC of .055, and an adolescent attrition rate of 10%.
Timeline for Study Completion
Recruitment is projected to begin in March 2024 and will extend until the target sample size is achieved. Data processing and analysis are expected to be complete by July 2026.
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