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Abstract

Background: Although adolescents report high levels of stress, they report engaging in few stress management techniques.
Consequently, developing effective and targeted programs to help address this transdiagnostic risk factor in adolescence is
particularly important. Most stress management programs for adolescents are delivered within schools, and the evidence for these
programs is mixed, suggesting a need for alternative options for stress management among adol escents.

Objective:  The aim of the study is to test the short-term effects of a self-guided digital mental health intervention (DMHI)
designed for adolescents on perceived stress and rumination (ie, brooding).

Methods: Thiswasa12-week, 2-arm decentralized randomized controlled trial of adolescentsaged 13to 17 yearswho presented
with elevated levels of perceived stress and brooding. Participants were randomly assigned to engage with a self-guided DMHI
(Happify for Teens) or to awaitlist control. Participants assigned to the intervention group were given access to the program for
12 weeks. Happify for Teens consists of various evidence-based activities drawn from therapeutic modalities such as cognitive
behavioral therapy, positive psychology, and mindful ness, which are then organized into several programstargeting specific areas
of concern (eg, Stress Buster 101). Participantsin the waitlist control received accessto this product for 12 weeks upon completing
the study. Participantsin both groups compl eted measures of perceived stress, brooding, optimism, sleep disturbance, and loneliness
at basdline, 4 weeks, 8 weeks, and 12 weeks. Changes in outcomes between the intervention and waitlist control groups were
assessed using repeated-measures multilevel models.

Results: Of the 303 participants included in data analyses, 132 were assigned to the intervention and 171 to the waitlist. There
were significantly greater improvementsin the intervention condition for perceived stress (intervention: B=—1.50; 95% CI —1.82
to—1.19; P<.001 and control: B=—0.09; 95% CI —0.44 to 0.26; P=.61), brooding (intervention: B=—0.84; 95% Cl —1.00 to —0.68;
P<.001 and control: B=—0.30; 95% CI —0.47 to —0.12; P=.001), and loneliness (intervention: B=—0.96; 95% CI —1.2 to -0.73;
P<.001 and control: B=—0.38; 95% Cl: -0.64 to —-0.12; P=.005) over the 12-week study period. Changes in optimism and sleep
disturbance were not significantly different across groups (Ps>.096).

Conclusions: Happify for Teens was effective at reducing perceived stress, rumination, and loneliness among adol escents over
12 weeks when compared to awaitlist control group. Our data reveal the potential benefits of DMHIsfor adol escents, which may
present a more scalable, destigmatized, and cost-effective alternative to school-based programs.

Trial Registration: Clinical Trials.gov NCT04567888; https://clinicaltrials.gov/ct2/show/NCT04567888

International Registered Report Identifier (IRRID): RR2-10.2196/25545
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Introduction

Background

The onset of many mental health disorders occursin childhood
and adolescence, and these disorders often continue into
adulthood [1,2]. Already, approximately 20% of adolescents
worldwide have at least 1 mental health disorder [3]; however,
rates of mental illnessamong adolescentsareincreasing [4] and
at steeper ratesthan among adults[5]. Addressing mental health
in adolescence is critical to reducing the prevalence and
consequences of mental health disorders in adulthood.

Despite public health effortsto increase access to mental health
services for youths, the use of these services by adolescents
with mental health disordersremainslow [6]. Research suggests
that only 50% of US adolescents with mental illness seek
treatment [ 7], and asfew as 25% actually receive treatment [8].
Paradoxically, national trends indicate that, overall, the use of
outpatient mental health services by US adolescents, including
both psychotherapy and psychotropic medications, hasincreased
over time [9]. However, thisincrease is primarily attributed to
adolescents with less severe or no mental health impairment
[9]. Thisis problematic, given the shortage of mental health
service providers for children and adolescents, particularly in
rural and low-income areas [10]. The increased use of these
services by adolescents likely places a strain on the available
services for youths and, in turn, adolescents, with more serious
mental health disorders may have difficulties receiving necessary
treatment. Interventions that are focused on promoting
flourishing and preventing future dysfunction and impairment
may help to reduce the burden on mental health services by
offering aternative services to adolescents with little or no
mental health impairment [11].

Stressas a Risk Factor in Adolescence

Adolescence is a developmental stage where individuals may
be particularly sensitive to stress due to shifts in
hypothal amic-pituitary-adrenal axis reactivity, leading to more
intense hormonal responses to stressors, particularly in older
adolescents[12]. Over thelast decade, researchers have become
increasingly interested in adolescent stress as an important
transdiagnostic risk factor. Although animal models suggest
that predictable, chronic mild stress levels in adolescence can
actually increaseresiliencein adulthood [13], research suggests
many adol escents are coping with more severe stress levels. In
one study, 22% of adolescents aged 15 to 17 years reported
moderate to severe levels of perceived stress[14]. In addition,
national surveys conducted by the American Psychological
Association [15,16] have found that adolescents report higher
levels of stress than most adults, particularly during the school
year.

Such high levels of stress have been linked to lower life
satisfaction [17], poorer academic performance[18,19], cigarette
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smoking [20], emotional eating [21], poorer diet [22], more
frequent subjective health complaints (eg, headaches, fatigue,
and sleep difficulties) [23], as well as internalizing symptoms
including depression [24,25] and anxiety [25]. Interpersonal
stress, in particular, predictsthe onset of afirst major depressive
episode among adolescents [26]. Thus, addressing stress in
adolescentsiis critical to avoiding more long-term problems.

However, 25% of adolescents self-report not doing enough to
manage their stress [16]. Approximately 55% of adolescents
report setting aside time for stress management “afew timesa
month or less” 13% report never setting aside time for stress
management, and just 5% report having seen a mental health
professional about their stress [15]. Based on these data, the
American Psychological Association noted the need for
opportunities to help adolescents address and cope with their
stress in order “to break this unhealthy legacy of stress in
America’ [15].

Although there has been an increase in interventions targeting
adolescent stress [27], evidence-based interventions for stress
are much less common than those for anxiety and depression
[28]. Furthermore, most interventions for stress are
school -based, and the evidence for theseinterventionsis mixed.
In one systematic review of stress management interventions,
only 58% of the reviewed studies found significant
improvements in physiological indicators of stress (eg, blood
pressure) or self-reported stress[29]. More recent meta-analyses
of school-based programs further suggest that these programs
may only be effective for school rather than social stress[27].
Given these findings, we need more research exploring the
effectiveness of stress management programs with adolescents,
particularly those that could be delivered outside schools.

Negative Cognitions and Stress

In addition, given that stress in adolescence stems, at least in
part, from feelings of helplessness and negative affect [30],
effective interventions for adolescent stress may need to target
underlying negative cognitions as well as perceived stress.
However, recommended approaches to addressing stress tend
to focus on stress management training, relaxation training, and
problem-solving skill or decision-making skill training
[27,28,31], which may not adequately address the related
negative cognitions and cognitive processes.

Indeed, there is evidence that improving the content of
adolescents' cognitions can help attenuate the consequences of
stress. For example, interpersonal stress predicts depressive
symptoms in adolescents only when coupled with negative
cognitions [26] or persistent low positive affect [32], whereas
self-compassion buffers against the negative consequences of
stress on internalizing symptoms [25]. In other words,
addressing both negative cognitions and stress together may be
particularly important to mitigate the negative consequences of
stress [26].
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Rumination—a pattern of repeatedly thinking about the causes,
consequences, and symptoms of one's negative affect [33]—is
one cognitive process that may be particularly relevant to stress
and future risk of mental health concerns. Because rumination
can occur in response to stressful events, it also playsarolein
the negative consequences of chronic stress. Longitudinal
research has shown that more frequent stressful life events
predict increased rumination among both adults and adol escents,
and that rumination mediates the rel ationship between stressful
life events and anxiety symptoms in adolescents [34]. Other
research has shown that adolescents who ruminate in response
to stress are at greater risk of depression and substance misuse
[35].

Rumination may also increase perceived stress. In one study,
rumination exacerbated the relationship between life hassles
and depression, anxiety, and stress in adolescents [36]. Other
research showsthat rumination increases adolescents' likelihood
of experiencing interpersona stress which, in turn, predicts
more internalizing symptoms [37]. Therefore, applying
approaches that are more traditionally applied to addressing
negative cognitive processes like rumination, such as cognitive
restructuring, self-monitoring, acceptance strategies, and
attention control training [31], may be helpful in reducing stress
aswell.

These findings suggest there may be a common pathway to
reducing both rumination and perceived stress in adol escents.
Therefore, identifying interventionsthat can address both would
be beneficial as they would target 2, rather than 1, important
transdiagnostic risk factorsin the adolescent population.

Objectives

The aim of this study was to test the impact of adigital mental
health intervention (DMHI) designed for adolescents called
Happify for Teens (Twill Inc). This program has been adapted
for adolescents between 13 and 17 years of age from another
DMHI developed for adults (Happify; Twill Inc). Happify for
Teens consists of gamified versions of evidence-based activities
adapted from various therapeuti c approachesincluding cognitive
behavioral therapy (CBT) [38], mindfulness-based stress
reduction [39], and positive psychology [40,41]. Consequently,
these programsintegrate avariety of recommended approaches
to addressing negative cognitions [31] that also help manage
stress [42-45].

Observational studies of real-world Happify users have shown
significant improvements in subjective well-being and anxiety
among adults after 6-8 weeks of use, with greater gains among
users who completed more activities [46-48]. Randomized
controlled trials (RCTs) with adult participants have similarly
shown improvements in depressive symptoms, anxiety, and
resilience among those who completed at least 2 activities per
week relative to a control group [49,50]. However, Happify for
Teens has yet to be tested empirically. Therefore, in this study,
we recruited adolescents aged 13 to 17 years who reported
elevated stress and rumination. Participants were randomly
assigned to have access to Happify for Teens for 12 weeks or
to acorresponding waitlist control group. Changesin perceived
stress after 4, 8, and 12 weeks across the 2 groups were
compared. We also examined changes in brooding (the
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mal adaptive component of rumination) asasecondary outcome
and in deep disturbance, loneliness, and optimism as exploratory
outcomes.

Methods

Study Design
This was a 12-week, 2-arm RCT of adolescents aged 13 to 17

years residing in the United States with elevated levels of
perceived stress and brooding (Multimedia Appendix 1).

Ethical Considerations

A study protocol was previously published [51], and the trial
was registered with Clinical Trials.gov (NCT04567888). Study
procedures were reviewed and approved by IntegReview
(HLS-20), an independent institutional review board, which
was acquired by Advarraafter the study was launched. Parental
consent was obtained electronically as part of the prescreening
guestionnaire, and participant assent was obtained electronically
before participants began the baseline assessment, after
qualifying for the study. The use of e-signatures was approved
by IntegReview. Participants received US $20 for completing
each of the4-, 8-, and 12-week assessments and aUS $20 bonus
if they completed all 4 assessments. Participants were not
compensated for engaging in the intervention. All data were
deidentified for analysis, and responses to the baseline, 4-, 8-,
and 12-week assessments were matched using a user-generated
ID code, which was entered at the beginning of each assessment.

Participants

The study was advertised to parents or guardians via socia
media, emails to Happify users, within US schools, and using
a snowballing recruitment method. Parents or guardians were
directed to complete a prescreening questionnaire to report their
child’sage, country of residence, and previous Happify useand
to provide electronic consent for each eligible child. Adolescents
who were qualified based on the prescreening questionnaire
were then invited to complete a screening questionnaire via
email; adolescents were eligible to participate if they reported
being 13to 17 yearsof age, residing in the United States, having
never used Happify, and reporting elevated stress (Perceived
Stress Scale [52] scores >14) and brooding (Ruminative
Response Scale—Short Form—Brooding Subscal e scores [53]
>10).

Procedure

Eligible participants were directed to complete the baseline
assessment and provide electronic assent to participate in the
study. To enroll in the study, participants had to provide
electronic assent, complete the baseline assessment, and pass
at least 1 attention check.

Once enrolled, participants were randomized to condition;
randomization was completed automatically by Qualtrics
(Qualtrics) using block randomization upon completing the
baseline assessment and meeting final eligibility criteria. Those
assigned to the intervention condition received instructions to
download the Happify maobile app and were directed to the
Happify for Teens platform after creating an account. Like the
original Happify program, Happify for Teens consists of digital
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versions of evidence-based activities, which are categorized
into 6 different skills: Savor (activities focused on developing
mindfulness), thank (activities focused on gratitude), Aspire
(activities focused on optimism, goal-setting, and finding
meaning and purpose), Give (activities focused on acts of
kindness, forgiveness, or promoting prosocial behavior),
Empathize (activities fostering self-compassion and
perspective-taking), and Revive (activities focused on physical
health). In Happify for Teens, these activities were modified
and then reviewed by a panel of adolescents to ensure the
language and content were both appropriate and relevant. As
in the original Happify program, activities are organized into
“tracks,” 4-week programs intended to address a specific area
of concern, likeincreasing one’s confidence or reducing stress.
Users are able to switch tracks at any time and can also access
activities outside these tracks, on demand, through the Instant
Play feature. More information on the Happify for Teens
program, including screenshots, can be found elsewhere [51].

Participants were given access to al Happify for Teens tracks;
however, the same track (Stop the Worry Cycle) was shown as
the featured track for all participants and recommended upon
signing up for the program. Partici pants received no instructions
on how much to engage with the intervention but received push
notifications and weekly engagement emails as part of the
intervention. We also contacted participants who completed no
activitiesover 7 daysviaemail or SM Stext message (based on
participant preference). Participants had access to the
intervention for the full study period but stopped receiving push
notifications or emails regarding use after 8 weeks; this was
done to provide a period of time where engagement with the
program may be more naturalistic, given that RCT procedures
tend to be associated with inflated engagement with DMHIs
[54]. Participantsin both conditions a so received regular emails
or SMS text messages (depending on participant preference)
about their progress to boost retention. These emails were
identical regardless of condition and reminded participants of
an upcoming assessment (when appropriate) or asked if the
participant had any concerns. In total, 5 such emails were sent
throughout the 12-week study period. Waitlist participants
received access to the intervention after 12 weeks.

Every 4 weeks, participantswere prompted to complete outcome
measures via Qualtrics. Participants were contacted via email
or SMS text message (based on participant preference) if an
assessment was not completed within 7 days of its scheduled
date.

M easurements and Outcomes

Primary Outcome: Perceived Stress

The Perceived Stress Scale [52] consists of 10 items asking
participants how often they felt each feeling or thought in the
previous month (eg, “How often have you felt nervous and
‘stressed’ ?7’). Items arerated on ascale from O (never) to 4 (very
often), and ratings are summed, so higher scoresindicate greater
perceived stress. Across the 4 time points, internal reliabilities
ranged from acceptable to good (as=.77 to .88).
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Secondary Outcome: Brooding

The Brooding Subscale of the Ruminative Response Scale [53]
asks respondents to indicate how often they engage in 5
behaviors (eg, “Think ‘Why can’t | handle things better’ ?") on
ascale from 1 (almost never) to 4 (almost always). Participants
in this study were asked to reflect on the previous month.
Ratings are summed, so higher scores indicate more brooding.
Internal reliability values were fair to acceptable (as=.61 to
.78).

Exploratory Outcomes

Sleep Disturbance

The PROMIS (Patient-Reported Outcomes Measurement
Information System) Pediatric Sleep Disturbance Scale—Short
Form 4a [55] measures the extent to which participants
experienced sleep disturbances over the previous 7 days (eg,
“In the past 7 days, | had trouble sleeping”). Items are rated on
ascale from 1 (never) to 5 (always), and ratings are summed,
so higher scores indicate more dleep disturbance. Internal
consistency ranged from good to excellent (as=.89 to .91).

L oneliness

The Roberts UCLA Loneliness Scale [56] consists of 8 items
(eg, “I lack companionship”). Respondents rate each statement
on a 4-point scale from 0 (never) to 3 (often), and ratings are
summed, so higher scores indicate greater loneliness. Internal
reliability values ranged were all good (0s=.82 to .85).
Optimism

The Life Orientation Test—Revised [57] consists of 10 items
(eg, “I'm aways optimistic about my future”). Respondents
indicate their level of agreement with each statement on a
5-point scale from O (strongly disagree) to 4 (strongly agree).
After dropping 4 filler items, ratings are summed, so higher
scores indicate more optimism. Internal reliabilities were
acceptable (0as=.7210 .77).

Statistical Analysis

To assess whether changes in outcomes differed across groups,
we created repeated-measures multilevel models (MLMs) for
each outcome. MLMs were computed in R software (R
Foundation for Statistical Computing) using the Ime4 package
[58] and restricted maximum likelihood estimation. All models
included a random slope for time (Ax?,5>10.3; Ps<.01) and
crosslevel interactions for condition (waitlist and
intervention)xtime (baseline, 4 weeks, 8 weeks, and 12 weeks).
We examined regression assumptions (eg, residual normality
and influential observations), and final models were run with
the small number of influential outliers removed (2-4
observations, depending on the outcome). Note that these
analyses differ from thosein the published protocol [51] because
data violated the sphericity assumption for repeated-measures
ANOVAs. Additionally, MLMs can manage missing outcome
datawithout imputation, allowing usto retain more participants.
Due to power constraints, we focus only on analyses testing
changesin primary, secondary, and exploratory outcomes across
conditions.
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In addition, because careless responding is problematic with
web-based surveys and may artificially increase relationships
between variables, we used two a priori mechanisms for
identifying low-quality data: (1) failing 3 or more attention
checks in any given assessment and (2) completing an
assessment at arate faster than 1 second per item [59]. Specific
assessmentsthat met either of these criteriawere dropped rather
than dropping the participant altogether, and analyseswerererun
without these assessments as a sensitivity analysis.

Results

Sample

Study enrollment began on June 3, 2021, and continued until
December 18, 2021. Overall, 2332 parents or guardians
compl eted the screening questionnaire, of which 1604 met initial
inclusion criteriaand provided consent. In total, 631 adolescents
proceeded to compl ete the screener, of which 353 met inclusion
criteria, completed the baseline assessment, and were enrolled
into the study and assigned to condition (Happify for Teens:
n=178 and waitlist: n=175). However, 22 participants in the
intervention condition did not create a Happify for Teens
account and were withdrawn from the study.

Note that this sample is smaller than the target sample size
reported in the published protocol [51]. As described in that
protocol, however, power anayses indicated that 200
participants would be sufficient for 80% power to detect asmall
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effect for our primary outcome. Dueto the high levels of dropout
observed with digital interventions [60], including with
adolescents, we assumed a 75% attrition rate and set a target
sample size of 800 participants. Because attrition rates were
much lower than expected (assessment compl etion ratesranged
from 78.95% to 87.13%), we decided to stop enrollment once
100 participants per condition completed the 12-week
assessment to avoid oversampling, resulting in asmaller sample.

Data Exclusion

Of the 331 participants who completed the study, 28 were
excluded from dataanalyses (Figure 1). Of note, 22 participants
in the intervention condition failed to complete any activities
throughout the study period (and thus were not exposed to the
intervention). Intotal, 5 participants were excluded for providing
odd or missing birth years on the baseline assessment, and 1
additional participant was excluded for having duplicate
responses to assessments. This resulted in a total of 303
participantsincludedin our analyses (Happify for Teens. n=132
and waitlist n=171). Because the failure to engage with the
intervention is subject to self-selection bias, and thus excluding
these participants from the analysis means the sample is not
fully randomized, we aso conducted sensitivity analyses
including participants who signed up for the program but
completed no activities (n=22) as well as those participants
randomized to the Happify for Teens condition who never
created an account on the platform (n=22).
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Figure 1. Flow of the participantsin the randomized controlled trial.

Excluded (n=311)

» Did not meet inclusion criteria on
screener (n=181)

» Did not complete baseline
assessment (n=104)

e Declined to participate (did not
assent; n=6)

e Did not meet inclusion criteria on
baseline assessment (n=22)

# Flagged as fraudulent (n=7)

Parent or guardian
completed screener

(N=2332)

Adolescent completed
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Excluded (n=1659)

* Parent or guardian did not
provide consent (n=197)

e Parent or guardian screener did
not meet inclusion criteria
(n=531)

e Adolescent did not complete
screener (n=931)

screener (n=673)

Randomized to
condition (n=353)

Assigned to Happify for Teens
condition (n=178)
* Engaged with Happify for
Teens (n=134)
» Did not create Happify for
Teens account (n=22)
+ Completed no Happify for
Teens activities (n=22)

Analyzed (n=132)

e Excluded for unusual birth
date on baseline (n=2)

* Did not complete 4-week
assessment (n=23)

» Did not complete 8-week
assessment (n=22)

* Did not complete 12-week
assessment (n=286)

1

Assigned to waitlist (n=175)

1
Analyzed (n=171)

e Excluded for unusual birth
date on baseline (n=3)

e Excluded for having
duplicate account and both
dropped (n=1)

» Did not complete 4-week
assessment (n=22)

e Did not complete 8-week
assessment (n=2§6)

e Did not complete 12-week
assessment (n=36)

Sample Demogr aphics

years of age relative to other age groups, but all qualifying age
groupswere represented in our sample. When starting the study,

Sample demographics are presented in detail in Table 1. The  the mgjority of participants (n=226, 74.6%) were enrolled in

majority of the sampleidentified asfemale (n=202, 66.7%) and

school full-time, in person.

asWhite (n=262, 86.5%). Fewer participantsreported being 13
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Table 1. Demographic characteristics for analytical sample.
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Total sample (N=303), n (%)

Happify for Teens (n=132), n (%) Waitlist (n=171), n (%)

Gender?
Femae 202 (66.7) % (71.2) 108 (63.2)
Male 76 (25.1) 27 (20.4) 49 (28.6)
Neither 24.(7.9) 11 (8.3) 13(7.6)
Not reported 1(0.003) 0(0) 1(0.6)
Ageb (years)
13 38(12.5) 14 (10.6) 24.(14)
14 75 (24.7) 33(25) 42 (24.6)
15 53 (17.5) 22 (16.7) 31(18.1)
16 69 (22.8) 27 (20.4) 42 (24.6)
17 68 (22.4) 36 (27.3) 32(18.7)
Schooling situation
Not attending school 6(2) 2(1.5) 4(2.3)
Attending school, in person 226 (74.6) 97 (73.5) 129 (75.4)
Attending school, virtual 22 (7.3) 8(6.1) 14 (8.2
Attending school, hybrid 22(7.3) 13(9.8) 9(5.3)
Homeschooled 27 (8.9) 12 (9.1) 15(8.8)
Race®
American Indian or Alaska Native 9(3) 4(3) 5(2.9)
Asian or Asian American 14 (4.6) 10(7.6) 4(2.3)
Black or African American 32(10.6) 10(7.6) 22 (12.9)
Hispanic or Latinx 33(10.9) 12(9.1) 21(12.3)
Native Hawaiian, other Pacific Islander 2(0.7) 0(0) 2(1.2)
White 262 (86.5) 117 (88.6) 145 (84.8)
Other 9(3) 3(2.3) 6 (3.5)
Current use of wellness apps
Yes 35 (11.6) 15 (11.4) 20 (11.7)
No 268 (88.4) 117 (88.6) 151 (88.3)

8Gender was assessed using an open-ended question (What is your gender?); responses clearly identifying male or female were coded as such, and other

responses were combined into the “neither” category.

bAge was estimated using participants’ reported birth year at baseline. Adolescents reported their age during screening, and those reporting ages 13
years and younger or 17 years and older were disgualified. Nevertheless, some participants may have turned 18 years before the baseline assessment

or during the study period.

®Race was a multioption question, consequently percentages across categories sum to more than 100%.

Most participants were not currently using any self-care or
wellness apps (n=268, 88.4%). Among those currently using
these programs, there was agreat deal of variability in programs,
but I am Sober (n=4) and Calm (n=3) were reported most
frequently. Additionally, although we used current Happify
members as one recruitment mechanism, few participants
reported their parents used Happify (n=25, 8.3%).

Happify for TeensUse

Of the participants assigned to the Happify for Teens condition
who signed up for the program, 85.7% (132/154) completed at

https://www.jmir.org/2024/1/e54282

least 1 activity over the 12-week study period. The mean number
of activities completed among these participantswas 46.24 (SD
53.02), ranging from 1 to 235 activities.

Consistent with other DMHI research, engagement dropped
over the course of the 12-week study period. More specifically,
among participants who completed at least 1 activity, 3 (2.3%)
completed no activities during the first 4 weeks, whereas 25
(18.9%) completed no activities between week 5 and week 8,
and 60 (45.5%) completed no activities between week 9 and
week 12. Similarly, mean levels of engagement dropped over
time, with an average of 22.49 (SD 22.29) activities completed
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between week 1 and week 4 compared to an average of 15.25
(SD 21.11) activities completed between week 5 and week 8
and 8.5 (SD 14.49) activities completed between week 9 and
week 12.

Although participants were not given explicit instructions on
how often to engage with the Happify for Teens platform or
how many activitiesto complete, previous research with adults
suggests that completing an average of 2 or more activities is
optimal [49,50,61,62]. Among participants who completed at
least 1 activity, 75.8% (n=100) engaged at the optimal level
during the first 4 weeks, 50% (n=66) engaged at the optimal
level between week 5 and week 8, and 29.5% (n=39) engaged
at the optimal level between week 9 and week 12. These levels
are consistent or better than what has been observed in previous
research using adults [49,61,62].

Changesin Outcomes

Overview

Descriptive statistics for each outcome by assessment period
are presented in Table 2. All fina MLMs reported below

https://www.jmir.org/2024/1/e54282
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included a random slope for time (Ax225210.3; Ps<.01). Only
4 participants were flagged for attention checks (1 on 3 of 4
assessments, 1 on 2 assessments, and 2 on just 1 assessment).
No participants were flagged for completion rate. Primary and
secondary outcomes did not change meaningfully in these
analyses when these assessments were excluded. In addition,
outcomes did not change meaningfully in sensitivity analyses
including participants who had been randomly assigned to the
intervention condition but never engaged with the Happify for
Teens program. More specifically, no main effects of time or
condition changed for any of the primary, secondary, or
exploratory outcomes nor did any of the timexcondition
interactions. However, some nonsignificant effects for control
variablesdid become significant in the sensitivity analyses. The
effect of age became significant for perceived stress (P=.04),
such that stress increased with age. The effect of gender also
became significant for both optimism (P=.03) and loneliness
(P=.02), such that adolescents who identified as male reported
higher levels of optimism but also higher levels of loneliness
compared to other gender identities.
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Table 2. Descriptive statistics for all outcomes by assessment period and condition.

a Total sample, mean Happify for Teens, Waitlist control, mean (SD)
(SD) mean (SD)
Perceived stress®
Basdline 77 25.73 (4.77) 26.33 (4.43) 25.26 (4.97)
4 weeks 84 23.55 (5.82) 22.01 (6.10) 24.67 (5.36)
8 weeks .86 23.47 (6.27) 21.95 (6.20) 24.61 (6.10)
12 weeks .88 2291 (6.62) 20.96 (6.57) 24.44 (6.27)
Broodi ngb
Baseline 61 14.29 (2.47) 14.29 (2.36) 14.29 (2.56)
4 weeks 75 13.32(3.18) 12,53 (3.24) 13.89 (3.01)
8 weeks 72 12.65 (2.93) 11.94 (2.89) 13.20 (2.85)
12 weeks 78 12.68 (3.22) 11.68 (3.18) 13.46 (3.03)
Sleep disturbance ©
Basdline .89 12.60 (3.87) 12,51 (4.01) 12.67 (5.04)
4 weeks 91 11.88 (4.07) 11.32 (4.10) 12.29 (4.01)
8 weeks .90 11.46 (3.92) 10.86 (3.63) 11.92 (4.09)
12 weeks .90 11.31 (4.15) 10.88 (3.76) 11.65 (4.42)
Loneliness®
Baseline 83 21.15 (4.93) 21.25 (4.80) 21.06 (5.04)
4 weeks 82 20.29 (4.82) 19.69 (5.15) 20.72 (4.52)
8 weeks 85 19.62 (5.08) 19.14 (5.33) 19.98 (4.87)
12 weeks 82 19.09 (4.68) 18.05 (4.98) 19.91 (4.28)
Optimism®
Basdline 72 10.31 (3.40) 9.99 (3.40) 10.56 (3.39)
4 weeks 77 10.89 (3.60) 10.80 (3.64) 10.95 (3.57)
8 weeks 77 11.05 (3.70) 11.21 (3.76) 10.93 (3.67)
12 weeks 75 11.41 (3.70) 11.42 (3.76) 11.39 (3.66)

3perceived stress was measured with the Perceived Stress Scale [52].

bBroodi ng was measured using the Ruminative Response Scale—Brooding Subscale [53].
CSleep disturbance was measured using the PROMIS (Patient-Reported Outcomes Measurement Information System) Pediatric Sleep Disturbance

Scale—Short Form 4a[54].

9L oneliness was measured usi ng the Roberts UCLA Loneliness Scale [55].

€Optimism was measured using the Life Orientation Test—Revised [56].

Primary Outcome: Perceived Stress

We found a significant main effect of time (P<.001) but no
significant effect of condition (P=.97). These were qualified by
the predicted conditionxtime interaction (P<.001). To break
down this interaction, we calculated simple slopes for each
condition, which revealed a significant reduction in perceived

https://www.jmir.org/2024/1/e54282

RenderX

stressamong participantsin the intervention condition (B=—1.50;
95% CI —1.82 to —1.19; P<.001) but not among those in the
waitlist control (B=—0.09; 95% CI —0.44 to 0.26; P=.61; Figure
2). With the exception of asignificant effect of gender (P<.001)
suggesting that participantsidentifying as male had significantly
lower PSS scores overall, no other effects were significant
(Ps=.06).
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Figure 2. Model-predicted changes in perceived stress scores across time and condition. PSS: Perceived Stress Scale.
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Secondary Outcome: Brooding

We also found a significant effect of time (P<.001) but not of
condition (P=.15) for brooding. These effects were qualified
by a significant conditionxtime interaction (P<.001). There
were significant reductions in brooding among participants in
the waitlist control (B=—0.30; 95% Cl —0.47 to —0.12; P=.001)
as well as those in the Happify for Teens condition (B=—0.84;

Week 8 Week 12

Time

95% Cl —1.00 to —0.68; P<.001); however, Clsfor the 2 groups
did not overlap, suggesting that improvements were relatively
greater among those in the intervention condition (Figure 3).
Again, with the exception of a significant effect of gender
suggesting that participants identifying as male reported
significantly lower levels of brooding (P<.001), no other effects
were significant (Ps=.35).

Figure 3. Model-predicted changes in RRS—Brooding Subscal e scores across time and condition. RRS: Ruminative Response Scale.

Predicted brooding (RRS) score

= Happify
wh Waitlist

Baseline Week 4

Exploratory Outcomes

For sleep disturbance and optimism, we found a significant
effect of time (Ps<.001) and no significant effect of condition
(Ps=.28). However, the corresponding conditionxtime
interactionswere not significant (Ps>.10), suggesting that while
there were improvements in sleep disturbance and optimism
over time, improvements did not differ by condition. We did

https://www.jmir.org/2024/1/e54282

RenderX

Week 8 Week 12

Time

find a significant effect of age for deep disturbance (P=.04),
suggesting that sleep disturbance was greater as age increased,
but no other effectswere significant (Ps>.11). When assessments
failing the attention check criterion were dropped, the
conditionxtime interaction did become significant for sleep
disturbance (P=.04). Because no other outcomes changed
substantially in the sensitivity analyses, we did not interpret this
interaction to avoid making atype | error.
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For loneliness, we also found a significant effect of time
(P<.001) and no significant effect of condition (P=.79), but the
corresponding conditionxtime interaction was significant
(P<.001). Aswith perceived stress and brooding, simple slopes
for each condition were calcul ated, which revealed significant
reductionsin Roberts UCL A Loneliness Scale-8 scores among
participants in the waitlist control (B=—0.38; 95% Cl —0.64 to

Boucher et d

—0.12; P=.005) as well as those in the intervention condition
(B=-0.96; 95% CI —1.2 to -0.73; P<.001). Similar to changes
in brooding, however, the Clsfor the 2 groups did not overlap,
suggesting that improvements in loneliness were greater in the
Happify for Teens group than in the waitlist control (Figure 4).
No other effects were significant (Ps>.16).

Figure 4. Model-predicted changesin UCLA loneliness scores across time and condition.
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Discussion

Principal Findings

The purpose of this study was to test the efficacy of a DMHI
designed for adolescents on perceived stress and brooding. Our
findings suggest that adolescents who were engaged with the
intervention had significant reductions in perceived stress,
rumination, and loneliness over 12 weeks relative to thosein a
waitlist control but not in sleep disturbance or optimism.

Previous DMHI research with adolescents has focused primarily
on depression and anxiety. For instance, in a recent review of
18 meta-analyses and systematic reviews of digita health
interventions for adolescents [63], only 3 included stress as an
outcome. Consistent with the present findings, these studies
found significant improvements in stress among adolescents
engaging with a digital intervention, which suggests DMHIs
can be effective in improving stress management among
adolescents. To our knowledge, however, this study was the
first to explorethe effects of adigital intervention on rumination
among adolescents. Given that rumination predicts future
dysfunction including anxiety, depression, and substance use
[34,35], intervening early to reduce the frequency of brooding
is another important mechanism for prevention.

We aso found that the intervention significantly improved
participants’ loneliness but not optimism or sleep disturbance.
Although these were exploratory outcomes, the effect on
loneliness is not unexpected, given that Happify for Teens
includes information targeting loneliness. Research conducted

https://www.jmir.org/2024/1/e54282

Week 12

Week 8
Time

on the adult version of Happify also suggeststhat users perceive
several activitiesthat appear in the adolescent version as hel pful
for addressing their feelings of loneliness[64]. In contrast, Sleep
isnot afocus within the program; and, consequently, to impact
sleep outcomes, amoretargeted intervention may be necessary.

The reasonswhy we did not find an effect on optimism areless
clear. One potential explanation is that the Life Orientation
Test—Revised isameasure of dispositional optimism and thus
may beless sensitive to changesin optimism over time. Indeed,
arecent study suggested that a state measure of optimism may
be more suitable for assessing within-person changes [65].
Another possibility is that the study was conducted during the
COVID-19 pandemic, which may have impacted participants
levels of optimism and the ability of the intervention to impact
optimism. Consequently, additional research is needed to better
understand whether this particular intervention can also improve
optimism as well as perceived stress, brooding, and loneliness.

Leveraging DMHIsfor Mental Health Support in
Adolescence

Given that rates of menta illness among adolescents are
increasing [4], and at a steeper rate than among adults [5],
identifying opportunities to increase access to mental health
care in this population is critical. Currently, most stress
management programs for adolescents continueto be delivered
within schools [27-29]. Although school-based prevention
programs can be effective [28,29], there are numerous barriers
to implementing evidence-based interventions within schools,
including lack of time and resources and financia constraints
[66]. Costs associated with implementing such interventions
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may be particularly prohibitive in socially and economically
disadvantaged areas [28], where students may need these
interventions most [27]. Even when such programs can be
implemented, student parti cipation may be negatively impacted
by fears of dtigmatization [67]. Given that 95% of US
adolescents own, or have access to, a cellular phone, and 88%
have daily accessto a computer [68], digital interventions may
offer a better, and arguably more cost-effective, opportunity to
reach more adolescents while potentially reducing concerns
with stigma by increasing privacy and confidentiality.

DMHIs have become increasingly popular [69], and although
interventions devel oped specifically for youthsare till relatively
scarce [70], interest in devel oping digital tools specifically for
adolescentsis also increasing. For example, Woebot Health has
devel oped an intervention for adolescents with mild to moderate
depression and anxiety that uses a relational agent to deliver
CBT, interpersonal psychotherapy for adolescents, and el ements
of dialectical behavior therapy. Although results are not yet
published, they recently completed an RCT testing this DMHI
(Clinical Tridls.gov  NCT05486611). Similarly, Limbix
developed SparkRx, a DMHI drawing on behaviora activation
and CBT designed for adolescents with depression, which has
been shown to significantly improve symptoms of depression
among adolescents who were engaged consistently with the
intervention [71]. However, both interventions have been
developed for adolescents with clinical levels of depression,
which offer important support to adolescents struggling with
mental illness but do not address theincreased burden on mental
health services coming from adolescents with less severe or no
mental health impairment.

Limitations and Future Directions

One limitation of this design is the lack of an active control
group. Although the inclusion of awaitlist control accountsfor
somethreatsto internal validity (eg, regression to the mean and
maturation), we cannot rule out placebo effects. In particular,
some researchers argue there are unique considerations for
placebo effectsin the context of digital interventions, including
participants’ beliefs about technology and how the mobile app
isdesigned [72]. Research has shown that the impact of digital
interventions is typically weaker when compared to active
control, though these interventions still appear to outperform
attentional controls in terms of depression and anxiety [73].
Previous research conducted on the adult version of Happify
also showed superior effects on depression, anxiety, and
resilience compared to an active control [49,50]. Nevertheless,
additional research comparing the effects of Happify for Teens
to a digital sham condition will be important to rule out any
potential placebo effects.

Another limitation of this study was the relative homogeneity
of participants, particularly in terms of race and schooling
situation. Specifically, our sample was predominantly White
and attended school full-time in person. Moreover, al
participantsin the study were US residents. Consequently, itis
possiblethat our results may not generalize to adol escentsfrom
other countries, or effects may differ based on schooling
situation or race. In addition, because we required participants
to complete the baseline assessment before qualifying for the
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study, our sample may have included adolescents who were
particularly motivated, conscientious, etc. Although this helped
to reduce the risk of attrition, these participants may have
engaged with the intervention differently than we would seein
another, less motivated, sample of adolescents.

Another important consideration is that because we advertised
to caregivers and obtained parental consent, our participants
may have also differed from the general population in terms of
attachment style, quality of relationship with their caregiver,
parenting styles, or even the caregiver's own mental health; all
of which could impact the extent to which the adolescent
responds to and benefits from the program [74,75]. Research
suggests that caregiver perceptions of an adolescent’s mental
health as well as their attitudes toward mental heslth care are
more predictive of treatment-seeking among adol escents than
the adolescents' own attitudes;, consequently, caregivers may
act as the “gatekeepers’ to mental health services [76].
Therefore, an important step to improving access to mental
health support among adolescents may be to identify
opportunities to reach those whose caregivers are less
supportive. In future research, obtaining a waiver of parental
consent may permit accessing those adolescents who are
personally interested in DMHIs, but whose caregivers may be
lessinterested or supportive.

Finally, previous research on DMHIs for adolescents is also
criticized for alack of follow-up assessments[77-79]. However,
someinterventions, including school-based stress management
interventions, may have stronger effects over time than
immediately after intervention [27], emphasizing theimportance
of tracking effectslongitudinally. Although this study followed
participants for 12 weeks, providing some insight into the
longitudinal effects of the intervention, future research should
include longer-term follow-up to better ascertain whether effects
diminish or strengthen over time. In particular, because
rumination can stem from both perceived stress [34] and
loneliness [80], it is plausible that there could be continued
improvements in rumination resulting from the reductions in
perceived stress and loneliness. Similarly, additional research
assessing the long-term implications of Happify for Teens on
other mental or physical health outcomes that are predicted by
stress, rumination, and loneliness is needed.

Conclusions

Research suggests that adolescents are experiencing increasing
levels of stress, particularly whilein school, but few engagein
stress management activities [15,16]. Although several stress
management interventi ons have been devel oped for adolescents,
many of these are school-based interventions, and the evidence
supporting their effectiveness is mixed [27-29]. Digital
interventions may offer more cost-effective and scal able options
for addressing important transdiagnostic risk factors in
adolescence to promote positive mental health and prevent
future dysfunction; however, DMHIs designed specifically for
adolescents are rare, particularly those focused on wellness.
This study provides promising evidence for the use of aDMHI
for addressing perceived stress, brooding, and loneliness in
adolescence.
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