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Development and Open Trial of a Technology-Enhanced Family 
Intervention for Adolescents at Risk for Mood Disorders

David J. Miklowitza,*, Marc J. Weintrauba, Filippo Postab, Patricia D. Walshawa, Samantha J. 
Freya, Georga M. Morgan-Fleminga, Catherine A. Wilkersona, Danielle M. Denennya, Armen 
A. Areviana

aDepartment of Psychiatry and Biobehavioral Sciences, University of California, Los Angeles, CA

bEstrella Mountain Community College, Avondale, AZ

Abstract

Aim.—Integrating psychosocial interventions with mobile apps may increase treatment 

engagement among adolescents. We examined the user experience, uptake, and clinical effects of a 

mobile-enhanced family-focused therapy (FFT) among adolescents at risk for mood disorders.

Method.—We created a mobile app containing 12 lesson plans corresponding to content of 

weekly FFT sessions, with modules concerning mood management, family communication and 

problem-solving. We pilot tested the app in an open trial of FFT (12 sessions in 18 weeks) for 

adolescents who had active depressive or hypomanic symptoms, a parent with mood disorder, and 

at least one parent who expressed high levels of criticism. Teens and parents made daily and 

weekly ratings of youths’ moods, amount of parent/offspring criticism, and practice of FFT 

psychoeducational, communication or problem-solving skills. Independent evaluators interviewed 

adolescents at baseline and every 9 weeks over 27 weeks to measure symptom trajectories.

Results.—Participants were adolescents (n=22; mean age 15.4 ± 1.8 years; 45.5% female) and 

their 34 parents. Completion of requested app assessment and skill practices averaged 46%–65% 

among adolescents and parents over 18 weeks of treatment. Adolescents showed significant 

improvement in clinician-rated depression scores over 27 weeks (Cohen’s d=1.58, 95% CI, 0.83 to 

2.32) and reported reductions in the amount of perceived criticism expressed by parents.

Limitations.—The uncontrolled design limits inferences about whether the mobile app 

augmented the effects of FFT on moods or family relationships.

Conclusions.—Mobile applications may enhance users’ responses to family therapy and 

provide clinicians with information regarding clinical status.

*Corresponding author. dmiklowitz@mednet.ucla.edu (D.J. Miklowitz).
Contributors
Drs. Miklowitz (Principal Investigator) and Dr. Posta had full access to all study data and take responsibility for the integrity of the 
data and accuracy of the data analyses. Dr. Posta was the lead statistician. Dr. Arevian created the Chorus web platform on which the 
mobile app was developed.
Drs. Miklowitz, Arevian and Walshaw contributed to the design of the study. Dr. Weintraub contributed to data management and 
analysis. Drs. Walshaw, Dr. Denenny, Dr. Weintraub, and Ms. Frey and Ms. Morgan-Fleming contributed to the acquisition and 
interpretation of study data. Ms. Wilkerson was the lead programmer on the mobile app and contributed to data management.
Drs. Miklowitz and Arevian provided administrative and material support.
All authors contributed to the drafting and critical revision of the manuscript, and have approved the final article.

HHS Public Access
Author manuscript
J Affect Disord. Author manuscript; available in PMC 2022 February 15.

Published in final edited form as:
J Affect Disord. 2021 February 15; 281: 438–446. doi:10.1016/j.jad.2020.12.012.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Clinicaltrials.gov NCT03913013

Keywords

Digital mental health; mobile apps; bipolar disorder; expressed emotion; early intervention

1. Introduction

There is increasing evidence that mood disorders have onsets in childhood and early 

adolescence (e.g., Perlis et al., 2004). Earlier (versus later) onsets of depression and bipolar 

disorder are associated with higher rates of recurrence, symptom morbidity, and 

psychosocial impairment in adulthood (Beesdo et al., 2009; Birmaher et al., 2018; Geller et 

al., 2008; Hafeman et al., 2016; Klein & Depue, 1984). Researchers have begun to develop 

early intervention programs that aim to enhance resilience in youth at high risk for mood 

disorder (e.g., Garber et al., 2009; Miklowitz et al., 2020b). An example is family-focused 

therapy (FFT), a brief treatment consisting of weekly and biweekly parents/offspring 

sessions of psychoeducation about mood disorders, communication skills training, and 

problem-solving skills training (Miklowitz & Chung, 2016). In randomized clinical trials, 

FFT has been found to be an effective adjunct to pharmacotherapy in stabilizing symptoms 

and delaying mood recurrences among adults and adolescents with bipolar I or II disorder 

(Miklowitz et al., 2008; Miklowitz et al., 2014), children and adolescents with depression or 

hypomania who have family histories of bipolar disorder (Miklowitz et al., 2013; Miklowitz 

et al., 2020b), and school-aged children with major depressive disorder (Tompson et al., 

2017).

Despite encouraging results, there are considerable individual differences in response to 

FFT. Between 50% and 60% of youth at risk for bipolar disorder who begin treatment in a 

depressed or hypomanic state continue to have residual symptoms and functional 

impairment after 4 months of treatment (Miklowitz et al., 2013; Weintraub et al., 2020). The 

efficacy of FFT in reducing patients’ mood symptoms depends in part on whether families 

are able to modulate levels of conflict and increase the expression of constructive statements 

and positive affect (Simoneau et al., 1999; Miklowitz et al., 2020a, 2020b). These goals are 

more easily achieved when families practice communication and problem-solving skills 

between sessions (e.g., how to listen actively).

The strategy used in this study was to encourage learning and implementation of FFT skills 

as well as facilitate information exchange between clinicians, teens and families in FFT 

using an interactive mobile app. The mobile app encouraged users (teens and parents) to 

practice skills related to coping with mood symptoms and communicating effectively as a 

family. It also enabled users to make daily and weekly ratings of moods and family 

relationships, providing ongoing assessment data to clinicians for treatment planning. 

Mobile technologies have been shown to boost the efficacy of psychosocial treatments 

among individuals with mood and anxiety disorders (Lindhiem et al., 2015), but have not 

been tested in the context of family interventions.

In this article, we describe the development of a mobile app and report results of an open 

trial of technology-enhanced FFT in adolescents at risk for mood disorders. Adolescents had 
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three attributes that increased their risk for episodes of mood disorders: active mood 

symptoms and evidence of mood instability (e.g., Hafeman et al., 2016; Marwaha et al., 

2014), high levels of parent/offspring criticism and conflict (e.g., Peris and Miklowitz, 

2015), and a biological parent with a lifetime history of major depression or bipolar disorder 

(Birmaher et al., 2018; Loechner et al., 2020; Luby & Navsaria, 2010). We hypothesized that 

at-risk teens and parents would be able to engage with weekly symptom tracking and skill 

practice tasks on the mobile app, and that adolescents would show significant mood 

improvement in technology-enhanced FFT over 6 months. Secondarily, we aimed to show 

that adolescents who perceived less criticism from their parents over time (based on mobile 

app ratings) would show greater mood improvement during the trial.

2. Methods

2.1. Study overview

We conducted a 6-month open trial of technology-enhanced FFT in adolescents at risk for 

mood disorders. All participants received 12 sessions of FFT (8 weekly, 4 biweekly) over 4 

months, interspersed with research follow-up interviews every 9 weeks for 27 weeks. 

Outcomes included user experiences of and adherence to the mobile app, changes in 

adolescents’ symptom severity, and changes in perceived criticism over 6 study months.

2.2. What is family-focused therapy?

FFT for high-risk adolescents is described in detail elsewhere (Miklowitz et al., 2013, 

2020a). In the first of three modules, psychoeducation, clinicians acquaint teens and family 

members with the nature and course of mood symptoms, the contribution of stress to 

symptom aggravation, and coping strategies (e.g., keeping regular sleep cycles), with the end 

goal of developing a personalized mood management plan. In the second module, 

communication enhancement training, youth and family members learn through role-play 

exercises and between-session practice to express positive feelings, listen actively, make 

positive requests for change in each other’s behavior, communicate clearly, and 

constructively express negative feelings. In the third module, problem--solving, families 

learn to break down large problems (e.g., “we don’t get along”) into smaller ones (“we need 

to use lower tones of voice”), generate and evaluate pros/cons of various solutions, and 

choose specific solutions to implement between sessions (e.g., alert each other to aggressive 

voice tones). (The clinicians’ manual for FFT is available at https://www.semel.ucla.edu/

champ/downloads-clinicians).

2.3. Objectives of FFT app

The mobile app was co-created through a participatory process that involved the study team 

members (including clinicians and support staff) engaging with patients, families and other 

stakeholders. Because the app was integrated into a treatment study, it consisted of a system 

of apps, including one for families to use, one for clinicians to review clinical progress and 

tailor recommendations, and one for study staff to enroll and manage participants. The team 

used a HIPAA-compliant, web-based no-code application platform (“Chorus”; Arevian et 

al., 2020a, 2020b) that enables individuals without specific technical skills (e.g., knowledge 
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of computer programming) to visually create mobile, text messaging and interactive voice 

apps.

The mobile app was designed to (1) enable participants to review session content and 

themes, practice communication and problem-solving skills between sessions, and log these 

practices on the app; (2) complete daily and weekly mobile assessments of mood and family 

functioning; and (3) use an interactive voice response system to call-in weekly and talk 

about how they are doing. Clinicians were expected to review participants’ assessment data 

and voice recordings, and assign skill-training practices between treatment sessions. Prior 

uses of this interactive voice system using the Chorus platform resulted in improved 

communication between community practitioners and patients with severe mental illnesses, 

and provided real-time information on patients’ clinical states (Arevian et al., 2020a).

We approached the app development task with recognition of the need to personalize 

psychoeducational and skill-training content. Cocreation of the app occurred in three phases: 

(1) needs assessment, (2) development and troubleshooting, and (3) open trial testing.

2.4. Needs assessment phase

In the initial phase, we convened three participatory workgroups of community clinicians 

with experience in working with teens and families, clinicians with experience in FFT, and 

teens and parents who had undergone FFT in the UCLA Max Gray Child and Adolescent 

Mood Disorders Program. The groups began with demonstration of the Chorus platform. In 

all three groups, the research team sought reactions to the existing user interface and 

proposed functions to be incorporated into the family version of the app. Both groups of 

clinicians saw the value in automated reminders to encourage rehearsal of communication or 

problem-solving skills outside of the therapy hour and the acquisition of assessment data 

from patients and parents. However, participants in all three groups raised the issue of 

“building in protections to make sure people have the necessary human contact” when using 

the app. Participants in the teen/family group and clinicians separately emphasized that the 

app could not be a substitute for face-to-face sessions.

2.5. Development of FFT apps for families and clinicians

The research team met weekly between May of 2018 and November of 2018 to develop 

three interrelated versions of the app. The family app (Figure 1 and home page, Fig. 2) had 

assessment features (e.g., daily and weekly mood assessment check-ins and weekly voice 

journals) and instructional features (i.e., reviews of each FFT skill with directions for 

logging practice of these skills between sessions).

After each FFT session, the therapist accessed a clinician’s version of the app and chose a 

“skill of the week” for the teen and family to practice. The chosen skill then appeared on the 

family app home page. In early sessions, clinicians emphasized weekly practices of coping 

strategies listed by adolescents as effective in managing stress (e.g., distraction, talking to a 

friend). In later sessions, clinicians emphasized skills related to communication and 

problem-solving, which required that the teen practice with other family members. Two 

buttons on the participants’ app facilitated these practices: the ‘Try It’ button (Figure 2), 
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which directs users to a practice page; and the “Review Your Progress” button, in which 

users can view their mood ratings and weekly skill practices in graphic or tabular form.

In the focus workgroups, parents wondered whether the teen would remember to complete 

the assessments or skill practices. Adolescents added that they would have little motivation 

to do so without rewards. We addressed these issues in two ways. First, we programmed the 

app to send automated text reminders to users on a daily and weekly basis. Second, we 

constructed a “level up” emoji reward system similar to those used in activity tracking apps 

(e.g., Sasaki et al., 2015) as a way to “gamify” the app. On the homepage, icons illuminated 

when participants completed their weekly check-in, completed a voice journal, or logged a 

skill practice. Once each of these tasks was completed, the participant advanced to a new 

level and received a celebratory emoji and .gif file.

The clinician’s app provided therapists with access to the patients’ assessment data, skill 

practice logs, and voice journals to inform treatment planning. A separate administrator’s 

app enabled the research coordinator to activate accounts for newly enrolled users, plan 

follow-up interviews, and track unusual response patterns.

The final version of the app included over 200 pages with text, videos, drawings, graphic 

representations of mood ratings, and hand-outs illustrating each of the 12 FFT skills (Figure 

1). In a typical session of technology-enhanced FFT, clinicians began by reviewing the 

teen’s mood and stress ratings for the week, and then encouraged a family discussion about 

mood fluctuations, family interactions or other events that may have triggered these changes, 

and how the family could work with the teen to address mood swings in the coming week. 

Then, the clinician introduced a new skill (e.g., constructively expressing negative feelings) 

and played the app’s video demonstration of the skill. After each pair of family members 

had practiced the skill, the clinician directed the family to the section of the app in which the 

skill was explained further and gave instructions on how to log use of the skill between 

sessions.

2.6. Open trial: Inclusion and exclusion criteria

Youth met the following inclusion criteria: (1) ages 13 years, 0 months to 19 years, 11 

months; (2) evidence of unstable and impairing moods, as indicated by a score ≥ 6 on the 

10-item Parents’ General Behavior Inventory for Mania (Youngstrom et al., 2008) or ≥ 20 on 

the parent or adolescent-rated Children’s Affective Lability Scale (Gerson et al., 1996); (3) 

current and impairing mood symptoms (scores > 11 on the Young Mania Rating Scale 

(YMRS; Young et al., 1978) or > 29 on the Children’s Depression Rating Scale, Revised 

(CDRS-R; Poznanski and Mokros, 1995); (4) at least one parent has a lifetime history of 

major depressive disorder or bipolar I or II disorder by direct interview; and (5) one parent is 

rated ‘high’ on the 1–10 Perceived Criticism Scale (PCS; Masland and Hooley, 2015; see 

below). Youths were excluded if they were enrolled in another treatment program, had an 

active substance or alcohol use disorder in the past four months, or had an autism spectrum 

disorder or intellectual disability by parent report.

All family members (parents, siblings, grandparents) who lived with or were in regular 

contact (minimum 4 hrs/week) with the teen were invited to participate in sessions. Data 
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analyses only considered the mobile app responses of the adolescent and “primary” parent 

who had the most weekly contact with him or her, which in most cases was the teen’s 

mother.

2.7. Intake Assessments

The study was reviewed and continuously approved by the UCLA Medical Institutional 

Review Board. Adolescents and families were referred to the study through pediatricians or 

mental health practitioners, online advertisements, or posted flyers. Study coordinators 

conducted a brief telephone screen with parents who called the study’s contact line 

regarding their offspring. If the adolescent appeared eligible and the family expressed 

interest, they were invited to an initial consenting and intake assessment visit. At this visit, 

the study was explained in full and adolescents and parents were asked to read over and sign 

university-approved human subject consent and assent forms (the latter for under-aged 

participants). Then, two trained diagnosticians administered the Mini International 

Neuropsychiatric Inventory, Child and Adolescent Version for DSM-5 (Sheehan, 2016) to 

the adolescent and separately, one parent about the teen’s symptoms and behavior in the last 

2 weeks and over his/her lifetime. They also interviewed biological parents about their own 

psychiatric histories using the Mini for DSM-5, Adult Version (Sheehan, 2016). The 

diagnosticians met and made consensus diagnoses of the parents and adolescent.

At intake, youth and parents filled out brief questionnaires concerning the frequency of 

parent/offspring criticism (see Table 1). For eligibility, adolescents had to rate one of their 

parents as ‘5’ or higher on the 1–10 PCS items, “How critical do you think your (mother/

father) is of you?” or “When you (mother/father) criticizes you, how upset do you get?” 

Scores ≥ 5 on the first of these two PCS items are associated with an increased risk of 

recurrence in individuals with depression (Masland and Hooley, 2015). This inclusion 

criterion could also be met by one parent rating themselves as ≥ 5 on the item “How critical 

do you think you are of your (son, daughter)?”

2.8. Outcome Assessments

The primary outcome was app engagement, operationalized as the proportion of days or 

weeks during the 18-week treatment in which participants completed each app-related task 

(mood and stress ratings, voice journals, logging of FFT skills). Secondarily, we examined 

depression or mania severity scores among youths over 27 study weeks (18 weeks of 

treatment and 9 post-treatment weeks). At the intake visit, independent evaluators 

interviewed the adolescent and one parent and rated the former’s symptoms during each 

week of the preceding 18 weeks using the Adolescent Longitudinal Interval Follow-up 

Evaluation Psychiatric Status Ratings (PSRs; Keller et al., 1987). The weekly PSRs are 1 

(asymptomatic) to 6 (severe symptoms, meets syndromal DSM-5 criteria) point scales of 

symptom severity that cover depression, mania, hypomania, suicidal ideation, delusions, and 

hallucinations. In our recent study of youths at risk for bipolar disorder, interrater 

reliabilities for the 6-point PSRs averaged 0.74 (intraclass r) across independent evaluators 

(Miklowitz et al., 2020b). In the present study, test/retest reliability of the PSRs ranged from 

0.81 (delusions) to 0.95 (depression) over a 4-week rating period.
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Evaluators re-interviewed adolescents and one parent at week 9 (mid-treatment), week 18 

(post-treatment), and week 27 (follow-up) using the same measures obtained at intake, but 

covering the 9 prior weeks. Independent evaluators also administered the YMRS (mania) 

and the CDRS-R (depression) scales to the teen and one parent covering the prior 1–2 week 

period. The evaluators considered both respondents’ reports in making consensus ratings.

At the end of each 9-week period, adolescents and parents filled out two mobile app 

questionnaires regarding their experiences in the treatment program. The Perceived Ease of 

Use Scale (Davis, 1989) consists of 6 items related to performing tasks on the mobile app, 

each rated on 1 (strongly agree) to 7 (strongly agree) scales (e.g., “The app is helpful in 

performing FFT skills”). The Satisfaction with FFT scale was adapted from the short form 

of the Working Alliance Inventory (Hatcher and Gillaspy, 2006). It consisted of 12 items 

rated on 1 (seldom) to 5 (always) scales covering the participants’ experiences of FFT 

sessions (e. g., “As a result of these sessions I am clearer as to how I might be able to 

change”). We added 6 identically scaled items concerning the participants’ satisfaction with 

the app.

2.9. Psychometric Attributes of App Instruments

The instruments collected weekly on the mobile app were copied from their paper-pencil 

format. These included the Patient Health Questionnaire-9 (PHQ-9) ratings of depression 

(Kroenke et al., 2010), the PCS, and the Children’s Affective Lability Scale. Based on 

adolescents’ self-ratings, Cronbach’s alpha for the PHQ-9 scale was 0.89 at the initial week 

of assessment and 0.91 at the 4th week. For adolescents’ PCS ratings of parents, alpha was 

0.82 at week 1 and 0.85 at week 4; test/retest reliability for adolescents’ PCS ratings was 

0.76 over 1 month. Cronbach’s alpha for the 20 items of the Children’s Affective Lability 

Scale was 0.96 at baseline, with test/retest reliability of 0.75 over one month.

2.10. Data Analyses

App engagement scores for the daily and weekly assessments, logging of skills, and weekly 

voice journals were calculated for the adolescent and primary parent. We examined the 

intercorrelation of adolescents’ and parents’ engagement scores for each task, using all 

available baseline and follow-up observations. We assessed the benefits of combining the 

mobile app with FFT sessions by studying the evolution in time of three symptom scales 

administered throughout the study. We used the PSRs of depression as the gold-standard 

against which to compare the other measures (e.g., youths’ weekly mobile app-based PHQ-9 

ratings of depression; interview-based CDRS-R scores obtained at each 9-week interval). 

Changes in dimensional variables were examined using generalized linear mixed models 

implemented using the LME4 library of the R-statistical software (Bates et al., 2015). The 

models used time (e.g., weekly or 9-weekly intervals) as a fixed effect and subject as a 

random effect. Generalized linear mixed models account for correlations induced by 

repeated measurements within subjects and produce unbiased estimates of missing data as 

long as observations are missing at random. Correlations between app self-ratings and 

clinician symptom ratings were calculated using the rmcorr library in the R software to 

account for repeated measures within subjects (Bakdash and Marusich, 2017). Throughout 
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the study’s analyses, we used an intent-to-treat approach. Thus, all available data were used 

despite participant dropout from treatment or study follow-up assessments.

3. Results

3.1. Participants

We conducted telephone screening interviews with parents of 36 adolescents who called the 

study’s contact line. Of these, 14 adolescents/families were excluded: 7 did not meet the 

study’s symptom eligibility criteria, 2 families were unable to make the time commitment, 2 

adolescents and/or parents refused, and 3 did not respond to further communication after the 

screening call. A total of 22 adolescents (mean age 15.4 ± 1.8 years, range 13–19 years; 

45.5% female; Table 1) and 34 parents (21 mothers, 13 fathers) attended an initial study visit 

and signed assent and consent forms. At the intake visit, adolescents were moderately or 

severely depressed (mean 1–6 PSR for depression scale, 4.33 ± 1.2; mean CDRS-R total 

score, 42.9 ± 19.0) and showed subthreshold elevations on the YMRS (mean 10.9 ± 6.2).

Of the 22 participants who consented, 1 did not complete the baseline assessments and did 

not attend any treatment sessions. Of the remaining 21 participants, 19 (90.5%) finished the 

18 weeks of FFT and the 27-week follow-up visit.

3.2. Engagement with the family mobile app

Figure 3 gives a graphical representation of data obtained from a sample adolescent’s daily 

ratings of moods (−3 to + 3 mood scale). Daily app engagement among adolescents 

averaged 46.6% over 126 days of treatment (Table 2), whereas primary parents (19 mothers, 

2 fathers) completed daily app ratings of teens in 59.6% of the treatment days. Participants 

were consistent in completing weekly check-in questionnaires covering moods and 

Perceived Criticism (51.2% to 62.3%; Table 2). Engagement with the weekly logging of 

FFT skills was 53.2% in youths and 55.9% in parents. Adolescents called the voice journal 

an average of 44.2% (vs. 55.7% for parents) of the 18 treatment weeks. Youths’ engagement 

scores were correlated with parents’ engagement scores for the daily (r = 0.56), weekly (r = 

0.58), voice journal (r = 0.78) and skill logging (r = 0.56) tasks (for all rs, p < 0.01).

3.3. Subjective Usability Ratings

Perceived Ease of Use ratings for the MCC app were completed by 16 of the 19 adolescents 

and parents who finished 18 weeks of treatment. Using a 1 (strongly disagree) to 7 (strongly 

agree) scale, participants endorsed the item “The app was overall easy to use” (adolescents, 

M = 5.25 ± 1.84; parents, M = 6.0 ± 1.0) and “The app was helpful with performing FFT 

skills” (adolescents, M = 5.06 ± 1.88; parents, M = 5.70 ± 0.90). Total Satisfaction with 

Treatment scores, summed across 12 scale items (rated on a 1 (seldom satisfied) to 5 (always 

satisfied) scale) averaged 42.9 ± 13.9 (average 3.6 per item) for adolescents (n = 16) and 

49.9 ± 10.6 (4.2 per item) for parents (n = 16). Summary scores for the 6 items concerning 

satisfaction with the app (scaled from 1 to 5) were in the ‘neutral’ zone (teen, M = 17.4 ± 

7.7, or 2.9/item; parents, M = 18.3 ± 6.3, or 3.1/item). Satisfaction ratings for FFT sessions 

and for use of the mobile app were highly correlated among adolescents (Spearman r(16) = 

0.89, p < .001) and among parents (r(16) = 0.57, p = 0.02).
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3.4. Symptomatic Outcomes

Results of a general linear mixed model revealed a significant linear reduction in 

adolescents’ PSRs for depression over 6 months: post-treatment (18 week) PSRs (n= 20) 

were on average 1.53 scale points (95% CI, 1.02 – 2.05) lower than those obtained at 

baseline (n = 22), and follow-up ratings (week 27, n = 19) were on average 1.70 scale points 

(95% CI, 1.2–2.2) lower than those at baseline (p < .0001; Cohen’s d = 1.58, 95% CI (0.83, 

2.32)). When considering all 564 weekly PSRs for depression for 21 adolescents, the weekly 

slope of improvement was −0.07 (95% CI, −0.07 to −0.06; p < .0001). Results also indicated 

linear improvement in evaluator-rated CDRS-R depression scores from from baseline to 9, 

18 and 27 weeks, with an estimated reduction of −20.38 points (95% CI, −26.70 to −14.07; 

p < .001; 76 observations). YMRS scores decreased by an estimate of 7.12 points (95% CI, 

−10.14 to −4.10) from baseline to follow-up (p < 0.001; 76 observations) (Table 3).

To determine whether participants rated themselves as having improved in depression over 

time, we examined all app-rated PHQ-9 depression scores (289 observations) in a single 

generalized linear mixed model. App-rated PHQ-9 scores improved from week 1 to week 27 

(slope estimate = −0.10, 95% CI, −0.16 to −0.03; p < 0.003). The repeated measure 

correlation between weekly PSRs of depression and app-based PHQ-9 ratings was 0.30 

(95% CI, 0.17 to 0.42, p < 0.001; n = 203 paired observations).

3.5. Perceived Criticism

Adolescents’ weekly 1–10 mobile app ratings of frequency of criticism from the primary 

parent dropped by an average of −0.07 (95% CI, −0.11 to −0.04) scale points each week 

over 27 weeks (p < 0.001, 220 observations). Adolescents also reported being less distressed 

by criticisms over time (weekly change −0.07, 95% CI, −0.11 to −0.03; p < 0.001). 

Adolescents’ weekly ratings of frequency of parental criticism were modestly correlated 

with their own weekly depression PHQ-9 ratings on the app (repeated measure r(220) = 

0.19, p < 0.01). Weekly ratings of distress from parental criticisms were also correlated with 

adolescents’ contemporaneous PHQ-9 scores (r(220) = 0.31, p < 0.001).

The proportion of weeks in which adolescents used the app (engagement) was associated 

with greater reductions in their perceptions of frequency of parental criticisms (r = −0.51, p 

= 0.046). Further, reductions in adolescents’ PCS frequency ratings (slope scores) were 

correlated with reductions in interview-based PSRs of depression over 27 weeks (r = 0.61, p 

= 0.01, 95% CI, 0.16 to 0.84).

4. Discussion

Mobile health apps are increasingly being used to augment the management of chronic 

medical and behavioral disorders (e.g., Cole--Lewis and Kershaw, 2010; Khodyakov et al., 

2014), and to engage communities in tracking health behaviors (Freifeld et al., 2010; 

Faurholt-Jepsen et al., 2020). In this study, we created a mobile app as a technological 

enhancement to FFT for adolescents at risk for mood disorders. The app enabled adolescents 

and their parents to regularly review and practice FFT skills, and providers to monitor these 

practices and review adolescents’ symptomatic progress. The strategy of augmenting in-

Miklowitz et al. Page 9

J Affect Disord. Author manuscript; available in PMC 2022 February 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



person care approaches with mobile technology, rather than replacing treatment with a 

stand-alone app, is consistent with recommendations for technology-enabled services in 

mental health (Mohr et al., 2017).

The FFT-MCC app was co-created with input from adolescents, parents, community 

clinicians and clinicians. There was general agreement that an app to accompany treatment 

would be useful, especially if it increased the users’ practice of communication skills 

between sessions. Teen and parent participants found the FFT-MCC app to be easy to use, 

and most (19 of 21 entrants) completed the full 18-week course of treatment. Rates of 

engagement with weekly app assessments (44.2% – 62.3% for teens and parents, 

respectively) and logging of skill practices (53.2% – 55.9%) were in the acceptable range, 

and compare favorably to rates of engagement with intersession homework practices in 

cognitive-behavioral therapy for depression (Gaynor et al., 2006; Simons et al., 2012). 

However, we observed considerable variability in engagement in adolescents and parents 

(Table 2) and across tasks, with participants ranging from 0% to 100% in the proportion of 

study weeks with app use. Many adolescents (and some parents) used the app regularly at 

the beginning of treatment but discontinued use as sessions were winding down.

In developing apps to facilitate evidence-based psychotherapies, developers must consider 

issues such as the appropriate frequency of automated reminders, the optimal number of 

assessment tasks, the features required to engage younger versus older users, and the 

minimum level of compliance that is associated with increments in treatment efficacy. 

Having an attractive and easy-to-use interface is also an important consideration, as much of 

the world has become accustomed to the sleek designs of apps developed by technology 

companies.

Adolescents began this study with moderate to severe levels of depression. By the end of 27 

weeks, depression PSRs decreased by an average of 1.70 (out of 6) points (Cohen’s d = 

1.58). Because of the study’s uncontrolled design, we cannot determine whether these 

improvements are indicative of the effects of FFT, concurrent pharmacotherapy, or changes 

in environmental factors. Nonetheless, in a randomized trial with youth at high risk for 

bipolar disorder who received the same 12-session FFT protocol without an app, there were 

smaller pre/post-treatment changes on the PSR Depression scale over 4 months (d = 0.38, 

95% 0.01–0.75; (Miklowitz et al., 2020b). Between-session use of a mobile app may 

increase the efficacy of family interventions by focusing adolescents and parents on the 

skills needed to build protective environments during a post-episode period.

Adolescents reported reductions in amount of perceived criticism from parents, and also 

reported feeling less distressed by criticisms. Appreported reductions in perceived criticism 

were correlated with self- and clinician-rated improvements in depression. Improved mood 

states among adolescents may be associated with reductions in the salience of parental 

criticisms. Alternatively, decreases in adolescents’ perceptions of family conflict may 

mediate the relationship between psychosocial interventions and symptomatic improvement, 

as shown in our trial in youth at risk for bipolar disorder (Miklowitz et al., 2020a).
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5. Limitations and Lessons Learned

Our conclusions are limited by the trial’s open design, small sample, and short-term follow-

up. Nonetheless, we have learned a number of important lessons about developing and 

testing mobile technologies as adjuncts to psychotherapy for youth with mood disorders. 

First, app development requires continuous iterative feedback and updates, a participatory 

process that involves regular communication between the development team and the end-

users. When we received feedback from two or more families about the app interface (either 

in workgroups or FFT sessions), we made appropriate modifications. For example, teens 

recommended an incentive system for the weekly check-ins, and we introduced an emoji 

reward system. To address users’ reactions to receiving daily reminders, we modified the 

system to send reminders at a rate and time chosen by each family.

The continuous engagement of participants depended in part on the nature of the assessment 

tasks. Some participants found it difficult to complete research assessments while also 

logging their use of treatment skills. Many teens found it awkward to call and speak openly 

following the prompts of a robotic voice. Yet, parents reported that the voice journals were a 

helpful space to openly communicate their emotions. Developing methods to sustain 

participants’ continued engagement with the various features of mobile apps is an important 

research direction.

Study FFT clinicians were required to engage with the app as one of the terms of their 

employment. We cannot assume that community practitioners who were provided with a 

treatment app would find it useful, unless the data obtained were directly relevant to their 

treatment goals for individual patients. The input of providers is critical to developing app 

features that increase the quality of care without needlessly adding to one’s workload.

6. Conclusions

The present study was conceptualized as a development project for a technology-enhanced 

version of FFT. We have demonstrated the feasibility of engaging at-risk teens and family 

members with a mobile app that encourages tracking of mood states and family relationships 

and regular practice of FFT skills. Adolescents receiving FFT-MCC showed pre- to- post-

treatment reductions in depression and parental criticism by self-report and mood symptoms 

by clinician-report. In an ongoing randomized trial, we are currently examining whether 

instructional features of the app (e.g., demonstration videos, reminders to practice specific 

skills) add to the efficacy of FFT or whether simply using an app to track one’s moods and 

family relationships is in itself of therapeutic value.

Adjunctive mobile technologies may reduce the costs associated with in-person treatment, 

which may make evidence-based psychotherapies such as FFT more accessible to 

adolescents in the early stages of psychiatric illness. Collaborations between researchers and 

community clinicians will help determine whether the procedures described in this article 

can be adapted to public mental health care, where budgets are restricted and the adoption of 

mobile technologies to enhance treatment is relatively new.
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Fig. 1. 
App Structure.
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Fig. 2. 
Family App Home Page.

Miklowitz et al. Page 16

J Affect Disord. Author manuscript; available in PMC 2022 February 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 3. 
Example of Daily Mood, Stress and Perceived Criticism Ratings.

In this example, the adolescent reported more day-to-day mood variability than was 

observed by the parent. The adolescent rated the days with more extreme moods as those in 

which he or she perceived the primary parent to be more critical.
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Table 1

Sample characteristics (N = 22)
1
.

Variable Mean + SD (or %)

Mean Age 14.84 ± 1.8 years

Sex at Birth 10 (45.5%) female, 12 (54.5%) male

Race, no. (%)

 White 15 (68.2%)

 African American 2 (9.1%)

 Biracial 5 (22.7%)

Ethnicity, no. (%) Hispanic 5 (22.7%)

Single parent families 8 (36.4%)

DSM-5 Diagnosis

 Major depressive disorder 14 (63.6%)

 Bipolar I disorder 1

 Bipolar II disorder 1

 Other specified bipolar disorder 3

 Attention deficit hyperactivity disorder 3

Adolescent Longitudinal Interval Follow-up, mean 1–6 Psychiatric Status Rating (PSR) of Depression 4.3 ± 1.2

Young Mania Rating Scale, Adolescent Report 10.9 ± 6.2

Children’s Depression Rating Scale-R, Adolescent report 42.9 ± 19.0

Parents’ General Behavior Inventory, 10-item Mania Scale 9.1 ± 6.7

Children’s Affective Lability Scale, Parent report 28.6 ± 14.0

Adolescent’s Perceived Criticism from Parent (1–10 scale) 5.7 ± 2.7

Primary Parent’s Perceived Criticism Toward Child (1–10 scale) 5.1 ± 2.3

Parental DSM-5 diagnoses

 Biological mother with major depressive disorder 15 (68.2%)

 Biological mother with bipolar I or II disorder 0

 Biological father with major depressive disorder 8 (36.4%)

 Biological father with bipolar I or II disorder 8 (36.4%)

 Both biological parents with mood disorder 2 (9.1%)

No Pharmacotherapy, no. (%) 8 (38.1%)

 Pharmacotherapy, no. (%) 13 (61.9%)

 Antidepressant alone, no. (%) 2

 Psychostimulant alone, no. (%) 2

 Antipsychotic alone, no. (%) 1

 Antipsychotic, antidepressant 2

 Mood stabilizer, antidepressant 2

 Antipsychotic, antidepressant, psychostimulant 2

 Antipsychotic, mood stabilizer, antidepressant 2

 Unknown 1

1
Includes one adolescent whose family consented but withdrew before any treatment sessions were conducted.
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