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Abstract

IMPORTANCE Adolescent depression and anxiety are common and impairing conditions. Scalable,
engaging digital interventions offer a low-burden strategy to support youth mental health.

OBJECTIVE To evaluate the association of a codesigned digital behavioral health game for
adolescents with depressive and anxiety symptoms during 12 months of follow-up and to explore
the association with psychosocial outcomes.

DESIGN, SETTING, AND PARTICIPANTS This prespecified secondary analysis of a randomized
clinical trial included assessments from baseline through 12 months. Eligible adolescents from 15
school-based health programs in Connecticut were 16 to 19 years of age and reported past 30-day
use of alcohol, cannabis, vaping, or other nonopioid substances or elevated depression and/or
anxiety symptoms. Participants were enrolled between October 21, 2021, and February 27, 2024;
data analyses were completed on November 12, 2025.

INTERVENTION Participants were randomized 1:1 to a digital game of approximately 300 minutes
delivered during 6 weeks or to an attention-matched active control.

MAIN OUTCOMES AND MEASURES Prespecified secondary outcomes included depressive (8-item
Patient Health Questionnaire [PHQ-8]) and anxiety (7-item Generalized Anxiety Disorder [GAD-7])
symptoms. Psychosocial outcomes included beliefs about psychological services (BAPS), help-
seeking intentions, and emotion regulation. Linear mixed models with participant-level random
intercepts tested group, time, and group-by-time effects. Moderation by baseline characteristics and
exploratory mediation of PHQ-8 scores via BAPS were examined.

RESULTS Among 532 participants, 269 were randomized to the intervention and 263 to the control
condition; 284 (53.4%) were male, with a mean (SD) age of 16.6 (0.7) years. A group-by-time
interaction was observed for PHQ-8 scores (F3,1308 = 2.93; P = .03). At 12 months, adjusted mean
PHQ-8 scores were 5.30 (95% CI, 4.74-5.86) in the intervention group and 6.42 (95% CI, 5.86-6.98)
in the control group (adjusted difference, −1.12 [95% CI, −1.85 to −0.38] points), with no association
detected for GAD-7. At 6 weeks, intervention participants reported higher BAPS scores (adjusted
difference, 0.03 [95% CI, 0.01-0.05]). Exploratory mediation showed that early BAPS improvements
were associated with PHQ-8 score reductions at 6 months. No associations with remaining outcomes
or moderation were observed.

CONCLUSIONS AND RELEVANCE In this prespecified secondary analysis of a randomized clinical
trial, the intervention was associated with modest, sustained reductions in depressive symptoms
during 12 months of follow-up. Early improvements in BAPS showed associations consistent with

(continued)

Key Points
Question Is a codesigned digital

behavioral health game for adolescents

associated with reduced depressive and

anxiety symptoms during 12 months of

follow-up?

Findings In this prespecified secondary

analysis of a randomized clinical trial of

532 adolescents, the digital behavioral

health game was associated with a

significant reduction in depressive

symptoms compared with an active

control during 12 months of follow-up,

whereas no association was observed

for anxiety symptoms. The intervention

was also associated with improved

beliefs about psychological services

immediately after the intervention,

which partially explained short-term

depressive symptom reductions.

Meaning A codesigned digital

behavioral health game may offer a

scalable approach to improving

adolescent mental health.

+ Visual Abstract

+ Supplemental content

Author affiliations and article information are
listed at the end of this article.

Open Access. This is an open access article distributed under the terms of the CC-BY-NC-ND License, which does not permit alteration or commercial use, including those for text
and data mining, AI training, and similar technologies.

JAMA Network Open. 2026;9(8):e2629173. doi:10.1001/jamanetworkopen.2026.29173 (Reprinted) August 17, 2026 1/13

Downloaded from jamanetwork.​com by Dartmouth Libraries, Lynn Sullivan on 08/​17/​2026

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2026.29173&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2026.29173
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2026.29173&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2026.29173


Abstract (continued)

mediation of short-term depressive symptom reductions. Digital games may support adolescent
mental health at scale.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT04941950

JAMA Network Open. 2026;9(8):e2629173. doi:10.1001/jamanetworkopen.2026.29173

Introduction

The rates of depression and anxiety have risen sharply, and these conditions are among the most
prevalent adolescent health conditions in the US.1 Approximately 1 in 5 youths experience depressive
symptoms, and 1 in 5 experience anxiety symptoms.2 According to a 2024 report by the Substance
Abuse and Mental Health Services Administration, in the past year, more than 2.5 million adolescents
(10.1%) experienced serious suicidal ideation, 1.2 million (4.6%) made a suicide plan, and 700 000
(2.7%) attempted suicide.3 However, access to timely, appropriate mental health care remains
limited. Scalable prevention approaches delivered in school and community settings have immense
promise as upstream solutions.4 Such interventions may narrow the treatment gap by providing
earlier, lower-intensity support to youth who may not otherwise access care.5,6

Digital interventions are highly scalable. Serious games for purposes beyond entertainment7

leverage digital environments where youths already immerse themselves to promote healthy
attitudes, intentions, and behaviors.8-12 These games can embed skill building and psychoeducation
within interactive narratives, potentially enhancing motivation and reducing perceived stigma
associated with help-seeking. However, evidence regarding longer-term mental health effects
among adolescents is limited, especially from randomized trials with active controls and follow-up
beyond immediate post intervention.13,14

A digital behavioral health game (PlaySmart; Playbl) was codesigned with youths9 that
integrates narrative decision-making and peer-interaction scenarios to strengthen protective mental
health processes, including emotion awareness, problem solving, and positive beliefs about seeking
psychological support. The game was created to prevent opioid misuse and promote mental
health.9,15-18 Effects on perceived risk of harm of opioid misuse and other opioid-related outcomes
have been previously reported.19

We conducted a secondary analysis of a randomized clinical trial (RCT) that tested the effects of
assignment to the intervention compared with a control group assigned to attention-matched
commercial games on depressive and anxiety symptoms during 12 months of follow-up among
adolescents recruited from school-based health programs (SBHPs).18 Other outcomes included
beliefs about psychological services (BAPS), help-seeking intentions, and emotion regulation. We
hypothesized that the intervention game would be associated with reduced depressive and anxiety
symptoms and improved BAPS, help-seeking intentions, and emotion regulation compared to
active control.

Methods

Study Population
We conducted a parallel-group superiority RCT to evaluate the effects of a digital behavioral health
game on mental health and psychosocial outcomes among adolescents. Participants were high
school students recruited from 15 Connecticut SBHPs; they were enrolled from October 21, 2021, to
February 27, 2024, and followed up as long as 12 months. Eligibility included 16 to 19 years of age, no
prior opioid misuse, and reporting past 30-day use of alcohol, cannabis, nicotine, or other nonopioid
substances or screening positive for depressive or anxiety symptoms (2-item Patient Health
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Questionnaire or 2-item Generalized Anxiety Disorder Scale scores �1).20 Additional criteria included
willingness to complete 60-minute gameplay sessions during several weeks and the ability to
provide written assent or informed consent (with parental consent for minors). Participants had
access to usual school-based services. Figure 1 shows participant flow. The trial was approved by Yale
School of Medicine Institutional Review Board, and the Dartmouth Committee for the Protection of
Human Subjects relied on Yale for continuing oversight under a formal Institutional Review Board
authorization agreement. This study followed the Consolidated Standards of Reporting Trials
(CONSORT) reporting guideline.21 Complete protocol details have been published18 and are
provided in Supplement 1. Prespecified primary outcome findings (perceived risk of opioid misuse
harm at 3 months) have been published, along with outcome-specific power calculations.19

Depressive and anxiety symptoms were prespecified secondary outcomes not used to determine
sample size.

Randomization and Procedures
Participants were randomized 1:1 to the digital game intervention or an active control using a
REDCap-embedded scheme stratified by sex at birth (male or female) and grade level (9th-10th or
11th-12th). Randomization was conducted by a senior statistician after baseline assessment. Study
staff accessed the randomization system only after participants completed baseline assessments,
ensuring concealment of the allocation sequence. Assessments were administered at baseline, 6

Figure 1. Study Flow Diagram

1062 Individuals assessed for eligibility

278 Did not meet eligibility criteriaa

251 Eligible but not randomizedb

203 No qualifying symptoms/behaviors

6 Prior opioid misuse
5 Missing eligibility responses

151 Outside age range
15 Unwilling to complete gameplay sessions

533 Randomizedc

269 Assigned to intervention

4 Mean (SD) No. of sessions: 2
13 Did not engage in gameplay
2 Withdrew

254 Engaged in gameplay
211 Mean (SD) time played: 98 min
50 Mean (SD) min/session: 15

264 Assigned to control (off-the-shelf games)

4 Mean (SD) No. of sessions: 2
14 Did not engage in gameplay
2 Withdrew

248 Engaged in gameplay
226 Mean (SD) time played: 97 min
52 Mean (SD) min/session: 19

231 Completed 6-wk assessment
36 Lost to follow-up
1 Withdrew

234 Completed 6-wk assessment
28 Lost to follow-up
1 Withdrew

231 Completed 3-mo assessment
0 Lost to follow-up
1 Withdrew

234 Completed 3-mo assessment
0 Lost to follow-up
0 Withdrew

225 Completed 6-mo assessment
6 Lost to follow-up
0 Withdrew

226 Completed 6-mo assessment
8 Lost to follow-up
0 Withdrew

215 Completed 12-mo assessment
10 Lost to follow-up
0 Withdrew

220 Completed 12-mo assessment
6 Lost to follow-up
1 Withdrew

a Reasons for ineligibility were not mutually exclusive.
b Reasons included not returning the enrollment

packet, lack of time after school, transportation
issues, and other family, work, or school
commitments.

c One participant randomized to the control group was
subsequently withdrawn due to missing parental
consent form.
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weeks (immediately after gameplay), and 3, 6, and 12 months. Analysts remained blinded to outcome
data until after database lock.

Intervention Group
The intervention consisted of a theory-driven digital health game developed through iterative youth
codesign and informed by social cognitive theory, theory of planned behavior, the health belief
model, and prior game-based mental health interventions developed by the team, including
empowerED, which targeted cognitive reappraisal and emotion self-regulation.9,22-27 Across 6
interactive storylines, players navigate scenarios involving prescription opioid safety, resisting
negative peer pressure, recognizing signs of emotional distress among peers, supporting friends
affected by substance misuse, and seeking help or counseling. Six skill-based minigames target (1)
risk assessment and decision-making, (2) critical evaluation of social media and/or online
information, (3) cognitive distortions that lead to emotional distress, (4) refusal skills in resisting peer
pressure, (5) knowledge acquisition through text-based interactions with peers, and (6) anticipation
of future consequences based on present-day choices. These components were designed to
strengthen coping, help-seeking attitudes, peer support, self-efficacy, and decision-making skills
hypothesized to improve mental health outcomes. The intervention game was delivered on tablets
(iPad; Apple Corporation) during 40- to 60-minute sessions held 1 to 2 times weekly in school, after
class, or during designated free periods during a maximum study period of 6 weeks.18,19

Control Group
Active control participants played games from a menu of 9 commercially available games (eg, The
Sims [Electronic Arts Inc], Papers Please [3909 LLC]). The games required equivalent time and
attention but lacked outcome-related content.

Measures
Sociodemographic Characteristics
Sociodemographic data were collected via standardized self-report items defined by the investigator
to describe the sample and examine heterogeneity of intervention effects. These included age,
grade, sex, race and ethnicity, food insecurity, familial substance misuse, and peer norms. Racial
categories included American Indian or Alaska Native, Asian, Black or African American, Native
Hawaiian or Other Pacific Islander, White, and other (including write-in responses); ethnicity
categories included Hispanic or Latinx.

Depressive Symptoms
Depressive symptoms were assessed using the 8-item Patient Health Questionnaire (PHQ-8). Items
asked about past 2-week frequency of depressive symptoms, rated from 0 (not at all) to 3 (nearly
every day) for a total score ranging from 0 to 24.28 Scores of 5 to 9 indicated mild symptoms; 10 to
14, moderate symptoms; 15 to 19, moderately severe symptoms; and 20 to 24, severe symptoms. The
PHQ-8 has demonstrated strong internal reliability and validity across adolescent samples.29,30

Anxiety Symptoms
Anxiety symptoms were measured with the 7-item Generalized Anxiety Disorder Scale (GAD-7),
which assessed past 2-week frequency of anxiety symptoms and were rated on the same scale of 0
to 3 as described for the PHQ-8.31 Total scores ranged from 0 to 21, with 5 to 9 indicating mild
symptoms; 10 to 14, moderate symptoms; and 15 to 21, severe symptoms. GAD-7 has demonstrated
strong reliability and construct validity among diverse adolescent samples.29,32,33

BAPS
Attitudes toward seeking psychological help were measured with the 18-item BAPS scale. Original
response options were binarized (true or false). Items assessed willingness to seek or recommend
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professional help, perceived benefits of counseling, and concerns about stigma. Seven items were
reverse scored. Mean scores were calculated for a composite score ranging from 0 to 1, with higher
scores indicating more favorable beliefs.34 Internal consistency in this sample was acceptable
(Cronbach α = 0.70).

Help-Seeking Intentions
Intentions to seek help were assessed with the General Help-Seeking Questionnaire (GHSQ), which
asked respondents to rate how likely they would be to seek help from formal sources (mental health
professionals, helplines, physicians, and religious leaders) and informal sources (intimate partners,
friends, parents, and other relatives) if experiencing personal or emotional problems (A) or suicidal
ideation (B). Responses were indicated on a 7-point Likert scale (ranging from extremely unlikely [1]
to extremely likely [7]).35,36 Mean ratings were calculated to yield a composite score, with higher
scores indicating greater intention to seek help. Internal consistencies for both subscales were good
(Cronbach α = 0.79-0.86).

Emotion Regulation
Difficulties in emotion regulation were assessed using a modified version of the State Difficulties in
Emotion Regulation Scale (S-DERS). Participants responded based on their past-week feelings using
a 5-point scale ranging from 1 (not at all) to 5 (completely). This version had 10 items across 3 S-DERS
domains: impulse and control, awareness, and modulation.37 Mean items were calculated such that
higher scores indicated greater difficulty with emotion regulation. The scale demonstrated good
internal consistency in this sample (Cronbach α = 0.80).

Statistical Analysis
Analyses were conducted in SAS, version 9.4 (PROC GLIMMIX package for modeling [SAS Institute
Inc]) and R, version 4.5.1 (exploratory mediation package [R Project for Statistical Computing]). For
continuous outcomes, linear mixed-effects models included a participant-level random intercept to
account for repeated measures with empirical SEs for robust inference. Unadjusted models
examined all 5 assessments (baseline through 12 months) as a function of intervention group, time,
and group-by-time interaction. Adjusted models controlled for baseline outcome values, sex, and
grade level to estimate postrandomization differences with greater precision. Moderation analyses
tested for heterogeneity of intervention effects on depressive symptoms by sex, grade level, food
insecurity, familial substance misuse, and peer substance use norms; all moderators were
dichotomous variables and examined in exploratory post hoc 3-way interaction models.

Analyses followed the intention-to-treat principle using mixed models under a missing-at-
random assumption, with sample sizes varying by time point. A 2-sided α = .05 was used to
assess statistical significance. Mental health outcomes were prespecified as secondary end points in
the trial registration, and mediation and moderation analyses were exploratory and hypothesis
generating. Sample size was based on the overall trial design rather than powered specifically for
these outcomes.18,19

Because psychosocial constructs (BAPS, GHSQ A and B, and S-DERS) were conceptualized as
early-changing mechanisms preceding symptom change, we interpreted the adjusted group
differences at the 6-week (post gameplay) assessment from models including group, time, and
group-by-time. The 6-week contrast reflects the theoretically relevant window for proximal effects.

Since the intervention showed improvements in both depressive symptoms and BAPS, we
conducted an exploratory post hoc mediation analysis to examine whether changes in help-seeking
beliefs at 6 weeks were associated with depressive symptoms at subsequent follow-up assessments
(3, 6, and 12 months). Linear regression models estimated the indirect effect, adjusting for baseline
BAPS score, baseline PHQ-8 score, sex, and grade level; mediation effects were estimated with 2000
simulations (R mediation package). Mediation models used complete cases (424 at 3 months; 406
at 6 months; 393 at 12 months), with results unchanged in a sensitivity analysis using multiple
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imputation (m = 50). Effect sizes (Cohen d values) were calculated by dividing the adjusted between-
group mean difference estimated from the mixed-effects models at the relevant follow-up time point
by the pooled baseline SD of the outcome.

Results

Table 1 shows baseline sample characteristics. A total of 532 adolescents (mean [SD] age, 16.6 [0.7]
years) were analyzed after randomization to the intervention group (n = 269) or control group
(n = 263). At baseline, 284 adolescents (53.4%) identified as male and 248 (46.6%) as female. In
terms of race, 22 adolescents (4.1%) identified as American Indian or Alaska Native, 44 (8.3%) as
Asian, 241 (45.3%) as Black or African American, 7 (1.3%) as Native Hawaiian or Other Pacific Islander,
179 (33.6%) as White, and 101 (19.0%) as other race; in terms of ethnicity, 202 (38.0%) identified as
Hispanic or Latinx. Baseline mean (SD) scores were 6.91 (5.28) for the PHQ-8 and 5.29 (4.62) for the
GAD-7, indicating mild symptom severity. Baseline characteristics were similar across study groups.

Table 1. Participant Characteristics at Baseline

Characteristics

Participant group, No. (%)

Overall (N = 532) Intervention (n = 269) Control (n = 263)

Age, mean (SD), y 16.6 (0.7) 16.6 (0.7) 16.6 (0.8)

Sex

Female 248 (46.6) 127 (47.2) 121 (46.0)

Male 284 (53.4) 142 (52.8) 142 (54.0)

Racea

American Indian or Alaska Native 22 (4.1) 14 (5.2) 8 (3.0)

Asian 44 (8.3) 19 (7.1) 25 (9.5)

Black or African American 241 (45.3) 128 (47.6) 113 (43.0)

Native Hawaiian or
Other Pacific Islander

7 (1.3) 2 (0.7) 5 (1.9)

White 179 (33.6) 86 (32.0) 93 (35.4)

Otherb 101 (19.0) 50 (18.6) 51 (19.4)

Hispanic or Latinx ethnicity 202 (38.0) 100 (37.2) 102 (38.8)

Grade level

9-10 87 (16.4) 44 (16.4) 43 (16.3)

11-12 445 (83.6) 225 (83.6) 220 (83.7)

Food insecurity

None 354 (66.5) 185 (68.8) 169 (64.3)

Any 178 (33.5) 84 (31.2) 94 (35.7)

Familial substance misusec

None 337 (70.1) 173 (70.9) 164 (69.2)

Any 144 (29.9) 71 (29.1) 73 (30.8)

Peer substance use norms

Lower 153 (28.8) 76 (28.3) 77 (29.3)

Higher (≥1 peer uses regularly) 379 (71.2) 193 (71.7) 186 (70.7)

Mental health, mean (SD)

PHQ-8 scored 6.91 (5.28) 6.87 (5.38) 6.92 (5.19)

GAD-7 scoree 5.29 (4.62) 5.43 (4.91) 5.11 (4.29)

Psychosocial outcomes, mean (SD)

BAPS scoref 0.71 (0.18) 0.72 (0.18) 0.71 (0.18)

GHSQ A scoreg 3.68 (1.09) 3.67 (1.07) 3.68 (1.12)

GHSQ B scoreg 3.82 (1.52) 3.88 (1.56) 3.75 (1.49)

S-DERS scoreh 2.16 (0.66) 2.16 (0.69) 2.17 (0.63)

Abbreviations: BAPS, Beliefs About Psychological
Services; GAD-7, 7-item Generalized Anxiety Disorder;
GHSQ-A, General Help-Seeking Questionnaire for
personal/emotional problems; GHSQ-B, GHSQ for
suicidal ideation; PHQ-8, 8-item Patient Health
Questionnaire; S-DERS, State Difficulties in Emotion
Regulation Scale.
a Identifed using “select all that apply”; percentages

sum to greater than 100%.
b Includes write-in response.
c Percentages were calculated among participants

who reported familial substance misuse status; 51
participants selected prefer not to say.

d Scores range from 0 to 24, with higher scores
indicating greater depressive symptom severity;

e Scores range from 0 to 21, with higher scores
indicating greater anxiety symptom severity.

f Scores range from 0 to 1, with higher scores
indicating more favorable beliefs.

g Scores range from 1 to 7, with higher scores
indicating greater intention to seek help.

h Scores range from 1 to 5, with higher scores
indicating greater difficulty with emotion regulation.
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Outcomes
Table 2 shows model results for mental health outcomes. At 12 months, adjusted mean PHQ-8
scores were 5.30 (95% CI, 4.74-5.86) in the intervention group and 6.42 (95% CI, 5.86-6.98) in the
control group. For depressive symptoms, the group-by-time interaction was significant
(F3,1308 = 2.93; P = .03), indicating differential depressive symptom trajectories between
intervention and control participants (Figure 2). In adjusted models, intervention participants had
PHQ-8 scores that were 1.12 points lower than those of control participants at 12 months (95% CI,
−1.85 to −0.38 points; P = .002; Cohen d = 0.21). Moderation analyses showed no differential
intervention effects across subgroups (sex, grade level, food insecurity, peer norms, or familial
substance misuse).

For anxiety symptoms, the group-by-time interaction was not significant (F3,1308 = 1.69; P = .17).
No between-group differences in anxiety symptoms were detected at follow-up assessments.

For BAPS, intervention participants reported higher scores at 6 weeks (adjusted difference,
0.03 [95% CI, 0.01-0.05]). The group-by-time interaction was not significant. Consistent with our
conceptualization of BAPS as a proximal target, the adjusted between-group difference at 6 weeks
was significant (F1,1257 = 8.59; P = .003), with intervention participants reporting more positive
BAPS than control participants immediately post gameplay. Mean differences remained similar
at subsequent assessments, suggesting that early improvements were sustained over time (Table 3).
There were no significant effects on help-seeking intentions (GHSQ) or emotion regulation (S-DERS).

Consistent with the primary outcome report of this trial, 2 mild adverse events were
documented during the study (1 at baseline and 1 at 6 weeks), both involving brief discomfort during
or after gameplay and judged as possibly related to the intervention. No serious or unexpected
harms occurred.19

Table 2. Association of Intervention With Mental Health Symptom Trajectories During 12-Month Follow-Upa

Outcome

Group-by-time interaction
Adjusted mean difference at 12 mo
[intervention − control] (95% CI)b

Effect size,
Cohen dcF3, 1308 value P value

PHQ-8 2.93 .03 −1.12 (−1.85 to −0.38) 0.21

GAD-7 1.69 .17 −0.60 (−1.33 to 0.14) 0.13

Abbreviations: GAD-7, 7-item Generalized Anxiety Disorder; PHQ-8, 8-item Patient Health Questionnaire.
a Models adjusted for baseline value of the outcome, sex, and grade level.
b Calculated as intervention minus control.
c Calculated using the pooled baseline SD for each measure.

Figure 2. Adjusted 8-Item Patient Health Questionnaire (PHQ-8) Symptom Trajectories by Group
During 12 Months of Follow-up
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Values represent least-squares (LS) means from
mixed-effects models adjusted for baseline PHQ-8
score, sex, and grade level. Error bars reflect model-
based SEs. Lower PHQ-8 scores reflect lower severity
of depressive symptoms.
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Exploratory Mediation
Intervention group assignment was associated with improved BAPS at 6 weeks. At 6 months, a small
indirect effect was observed (average causal mediation effect = −0.13 [95% CI, −0.30 to −0.01;
P = .02]), indicating that early improvements in BAPS partially mediated the association of the
intervention with subsequent reductions in depressive symptoms. No mediation effects were
detected at 3 or 12 months.

Discussion

In this prespecified secondary analysis of an RCT conducted in SBHPs, a codesigned digital behavioral
health game yielded modest but sustained reductions in depressive symptoms during 12 months of
follow-up when compared with an active control. Intervention participants also reported more
positive BAPS immediately post gameplay, which suggests that the intervention may reduce
attitudinal barriers to help-seeking in the short term, and exploratory mediation analyses suggested
that these early attitudinal shifts may have contributed to subsequent reductions in depressive
symptoms. No associations were observed for anxiety symptoms or remaining psychosocial
outcomes. Intervention associations did not differ by sex, grade level, food insecurity, peer norms, or
familial substance misuse.38-41

Our findings add to growing evidence on digital games and interactive media in promoting
adolescent mental health.8,13,14,24,42-44 Gamification has strong potential to increase engagement
and mitigate stigma for youth.5,14,45 However, many digital interventions are treatment focused for
selective and indicated populations, demonstrate short-term effects, or use passive control groups
that leave open questions about nonspecific effects of novelty, attention, or technology use.13,14 By
using an active control matched on gameplay time and interaction demands, this trial provides a
stringent test of content-specific intervention effects.18 The observed reduction in depressive
symptoms suggests that embedding skill-building within interactive narratives may support mental
health in school-based settings. Future research should identify which features are most influential
and how to transfer them to other digital interventions.

The improvement in BAPS offers insight into how such effects may occur. Although mediation
analysis was exploratory and post hoc, patterns suggest the possibility that early shifts in beliefs
contributed to short-term reductions in depressive symptoms. This aligns with theoretical models
that informed the development of the intervention, such as the health belief model, social cognitive
theory, and theory of planned behavior, which emphasize that shifts in beliefs, attitudes, and
perceived barriers, benefits, and capabilities are proximal determinants of help-seeking intentions
and coping behaviors that can, in turn, influence emotional outcomes.9,25-27 Notably, the indirect
effect did not persist to 12 months, suggesting that changes in BAPS alone are unlikely to fully explain

Table 3. Between-Group Differences at 6 Weeks From Mixed-Effects Modelsa

Outcome

Group effect
Adjusted mean difference
at 6 wk (95% CI)b

Effect size,
Cohen dcF value (df) P value

BAPS 8.59 (1, 1257) .003 0.03 (0.01 to 0.05) 0.17

GHSQ A 3.06 (1, 1259) .08 0.16 (−0.04 to 0.36) 0.15

GHSQ B 1.08 (1, 1258) .30 0.13 (−0.09 to 0.36) 0.09

S-DERS 1.35 (1, 1281) .25 −0.07 (−0.16 to 0.03) 0.10

Abbreviations: BAPS, Beliefs About Psychological Services; GHSQ A, General Help-Seeking Questionnaire for personal/
emotional problems; GHSQ B, GHSQ for suicidal ideation; S-DERS, State Difficulties in Emotion Regulation Scale.
a Models include group, time, and group-by-time interactions; the group test reflects the adjusted between-group

difference at the reference time point (6 weeks, immediately post-gameplay). Models adjust for baseline outcome value,
sex, and grade level.

b Calculated as intervention minus control.
c Calculated using the pooled baseline SD for each measure.
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depressive symptom reductions and that additional mechanisms may be involved. Future studies
should explicitly test these mechanisms.

Effect sizes for depressive symptom change were small (Cohen d = 0.21) but typical of universal
and selective prevention programs targeting broad populations rather than diagnosed clinical
conditions.4,46 Although the 1.12-point between-group difference may not represent an individually
meaningful change, this shift could translate to considerable public health benefit when delivered at
scale. However, the divergence between intervention and control group trajectories at 12
months—but not sooner—warrants discussion. The delayed reduction in depressive symptoms in the
intervention group may be indicative of a sleeper effect, where youths absorb and retain the game’s
coping and cognitive-reframing skills but initially discount the intervention because it feels like “just a
game.” As early resistance fades, skills may become salient and actionable outside the game, leading
to mental health benefits that emerge later.47,48

The absence of detectable effects on anxiety symptoms is not entirely unsurprising, given the
evidence base to date. Digital mental health interventions more commonly improve symptoms of
depression than anxiety.14,49,50 In our trial, the absence of effects on anxiety symptoms may reflect
differences in processes targeted by the intervention. The intervention game emphasized emotion
awareness, social support, and beliefs about the value and acceptability of seeking help, processes
closely tied to depressive symptoms like withdrawal and reduced perceived agency.51,52 In contrast,
anxiety is often maintained by avoidance and physiologic arousal and typically responds to
interventions incorporating exposure, worry management, or relaxation-based skills,53 which were
not core components of the intervention. Thus, the differential effect pattern is theory consistent
and suggests that future adaptations may need anxiety-focused content for broader internalizing
symptom impact. The absence of effects on other psychosocial outcomes may reflect limited
intervention impact on those domains or insufficient power to detect small differences.

Strengths and Limitations
This study has noteworthy strengths. Randomization supports causal inference of intervention
effects. The trial incorporated an active control, longitudinal follow-up to 12 months, and rigorous
mixed-effects modeling under an intention-to-treat framework. The sample was large, racially and
ethnically diverse, and recruited from SBHPs that primarily serve adolescents who may face barriers
to traditional mental health care. In total, 45.3% of participants identified as Black or African
American and 38.0% as Hispanic or Latinx—groups that, according to the 2023 Youth Risk Behavior
Survey, report some of the highest levels of sadness and hopelessness, reinforcing the importance of
scalable prevention to address persistent mental health inequities.54 The intervention was
codesigned with and well-received by youths19 and delivered in SBHPs, which may reduce access
barriers and support broader implementation. Finally, the intervention was intended for prevention,
which is greatly needed in this space.8

Limitations of this study should also be noted. Variables were self-reported and may be
influenced by response bias. Effects on secondary outcomes and mediation pathways were
exploratory, and findings should be interpreted in the context of multiple secondary and exploratory
outcomes evaluated. Replication in future preregistered studies is needed. The intervention’s
gameplay dose was standardized, but engagement quality, narrative resonance, and expectancy
effects were not measured. Additionally, while intervention effects did not differ by baseline
symptom severity or other examined subgroups, the trial was not powered to detect small subgroup
differences, and future studies should examine them explicitly.

Conclusions

In this secondary analysis of an RCT, the intervention was associated with lower depressive symptom
scores and short-term improvements in BAPS among a diverse adolescent population. These
findings support the promise of serious digital games as scalable, nonclinical mental health

JAMA Network Open | Pediatrics A Digital Behavioral Health Game for Adolescent Mental Health

JAMA Network Open. 2026;9(8):e2629173. doi:10.1001/jamanetworkopen.2026.29173 (Reprinted) August 17, 2026 9/13

Downloaded from jamanetwork.​com by Dartmouth Libraries, Lynn Sullivan on 08/​17/​2026



promotion strategies that may complement existing services in school- and community-based
settings. Future work should refine mechanisms of action, examine implementation and
sustainability within schools and other youth-oriented settings, and evaluate strategies to enhance
and maintain benefits over time. This trial provides preliminary evidence that a codesigned digital
game delivered in schools may support aspects of adolescent mental health.
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