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A videogame for perceived risk of harm from 
opioid misuse in adolescents: a randomized 
controlled trial
 

Tyra Boomer    1,2  , Lily Hoerner    3, Kaitlyn Larkin4, Kaitlin Maciejewski5, 
Tassos C. Kyriakides5 & Lynn E. Fiellin    1,2

The opioid epidemic greatly impacts adolescents, especially those with low 
perceived risk of harm—an important predictor of misuse initiation. Here, to 
address this, we developed and evaluated PlaySmart, a videogame targeting 
perceived risk, in a two-arm parallel superiority unblinded randomized 
controlled trial with a placebo comparator. We randomized 532 participants 
(mean age 16.6 years; 47% female) to PlaySmart (n = 269) or control games 
(n = 263). Eligible students—16–19 years old, no prior opioid misuse and 
‘high-risk’ based on substance use or mental health screens—agreed to 60-min 
gameplay sessions, and provided assent and parental consent if under 18 years 
old. Participants played during supervised after-school sessions (1 or 2 times 
per week for approximately 6 weeks) at 15 Connecticut high schools. Self-
reported data were collected at baseline, 6 weeks and 3 months (21 October 
2021 to 27 February 2024). Follow-up rates were high (231/266 (87%) PlaySmart 
and 234/261 (90%) control). The primary outcome was perceived risk of harm 
of opioid misuse at 3 months. The secondary outcomes were self-efficacy, 
intentions, knowledge and attitudes (positive and negative expectancies).  
At 3 months, 29% of PlaySmart versus 23% of control participants reported 
‘great risk’ with no statistically significant difference between groups  
(95% CI, –2% to 14%; P = 0.14). Self-efficacy, intentions and positive expectancies 
did not differ. PlaySmart participants demonstrated knowledge gains from 
baseline to 3 months (2.1 (95% CI, 1.4–2.7) versus 0.1 (95% CI, –0.6–0.7); 
P < 0.001), and negative expectancies gains at 6 weeks (2.3 (95% CI, 1.4–3.1) 
versus 0.2 (95% CI, –0.7–1.1); P = 0.001). Further research is needed to enhance 
PlaySmart, maximizing its impact on scalable opioid misuse prevention. 
ClinicalTrials.gov registration: NCT04941950.

An estimated 108,000 drug overdose deaths occurred in the United 
States during 2023, at a rate of approximately 300 deaths per day1. 
Initiation of opioid misuse (non-medical use of prescription opioids/
prescription opioid misuse and/or heroin use) often occurs in ado-
lescence and young adulthood. Recent data indicate that although 
illicit drug use among youth is decreasing, fatal overdose risk among 
adolescents has increased2. In 2021, opioid toxicity accounted for 
over 10% of deaths in 15–19-year-olds3. In 2023, 12% (1.9 million) of US 

high-school students reported lifetime prescription opioid misuse, 
and 4% (624,000) reported misuse in the past 30 days, increasing the 
risk for overdose4. Given the prevalence and lethality of opioid misuse 
in young people, creating evidence-based scalable solutions is criti-
cal. A potential target for impacting adolescent opioid misuse is their 
perceived risk of harm from opioid misuse.

Adolescents’ perceived risk of harm from opioid misuse is strik-
ingly low and varies across prescription opioids and heroin. According 
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outcomes, PlaySmart participants would demonstrate, in relation to 
opioid misuse, increased self-efficacy, decreased intentions, increased 
knowledge and attitudes measured both by decreased positive expec-
tancies and increased negative expectancies.

Results
Participants
Between 21 October 2021, and 27 February 2024, 533 participants were 
recruited from 15 Connecticut high schools. Of the 1,062 unique indi-
viduals screened, 839 met all inclusion criteria and 533 enroled: of these, 
269 were randomly assigned to the PlaySmart intervention and 264 to 
the control condition. One control participant was withdrawn by the 
principal investigator due to an incomplete parent/guardian consent 
form, a protocol deviation that was reported to the Institutional Review 
Board (IRB), resulting in a sample size of 532 (Fig. 1).

The baseline characteristics were similar across groups (Table 1). 
Participants (mean age 16.6 years) were 47% female and racially/ethni-
cally diverse (45% Black, 34% White, 38% Hispanic).

Forty-five percent (238/532) of participants had mild to severe 
symptoms of anxiety47, with 86% (456/532) reporting at least one anxi-
ety symptom, and 61% (322/532) of participants had mild to severe 
symptoms of depression48, with 93% (494/531) reporting at least one 
depression symptom. Participants reported lifetime alcohol or mari-
juana use (33% (175/532) and 19% (102/532)), respectively. The percent-
age of participants from each school ranged from 1% to 17%, with a 
similar number of participants in each arm at each school (Extended 
Data Table 1).

Primary outcome
At baseline, 16% (43/269) of the PlaySmart group and 17% (46/263) of 
the control group reported ‘great risk of harm’ from opioid misuse  
(Fig. 2). At the primary endpoint of 3 months, the outcome of perceived 
great risk of harm was not significantly different between groups. At 
3 months (post randomization), 29% (66/231) of the PlaySmart group 
versus 23% (53/234) of the control group reported ‘great risk of harm’ 
(difference = 6%, 95% CI, –2–14%; P = 0.14). Among participants assessed 
at both baseline and 3 months (N = 465), 16% (36/231) of the PlaySmart 
group shifted from ‘no great risk of harm’ at baseline to ‘great risk of 
harm’ at 3 months, compared to 13% (31/234) in the control group (95% 
CI, –4–9%; P = 0.47). At 6 weeks post randomization (end of gameplay), 
26% (59/230) of the PlaySmart group versus 18% (42/233) of the con-
trol group reported ‘great risk of harm’ from opioid misuse (95% CI, 
0–15%; P = 0.047). Among participants assessed at both baseline and 
6 weeks (N = 463), 14% (33/230) of the PlaySmart group shifted from 
‘no great risk of harm’ at baseline to ‘great risk of harm’ at 6 weeks, 
compared to 7% (16/233) in the control group (95% CI, 2–13%; P = 0.009). 
Additional logistic regression mixed models using perceived ‘great 
risk of harm’ as the outcome demonstrated the following findings.  
The unadjusted model (model 1), models adjusted for sex and grade 
(model 2), and model additionally adjusted for the clustering of par-
ticipants within schools (model 3) did not yield statistically significant 
findings (Extended Data Table 2A). The model (model 1) adjusted for 
sex, grade, baseline risk (‘great risk of harm’ versus ‘no great risk of 
harm’), and clustering of participants within schools suggested statisti-
cally significant differences in odds of ‘great risk of harm’ at 6 weeks 
(adjusted odds ratio (aOR) 1.96; 95% CI, 1.1–3.5; P = 0.02) but not at  
3 months (aOR 1.56; 95% CI, 0.91–2.7; P = 0.11) (Extended Data Table 2B).

Finally, because risk perception differs between heroin and pre-
scription opioids, we also separately analysed the questions related to 
each substance49 (Extended Data Table 3).

Secondary outcomes
For secondary outcomes (Figs. 3 and 4), there were no differences in self-
efficacy to refuse opioids between groups (Fig. 3a). At 6 weeks, mean 
scores were as follows: PlaySmart = 9.1 (95% CI, 8.8–9.3); control = 9.1 

to the most recent ‘Monitoring the Future’ (MTF) study, a nationally 
representative survey of American high-school students, only 28% of 
10th graders perceived that trying a prescription opioid once or twice 
posed a great risk of harm, and only 34% of 12th graders perceived that 
trying any opioid other than heroin posed a great risk of harm5,6. Only 
66% of 10th graders and 60% of 12th graders saw trying heroin as highly 
risky. There is an inverse relationship between perceived risk of harm 
from drug use and actual drug use7. According to a foundational paper, 
perceived risk of harm influences adolescent drug use by shaping atti-
tudes and expectancies, and behavioural intentions across multiple 
behavioural theories, including the ‘theory of planned behaviour’, the 
‘health belief model’ and ‘social cognitive theory’8.

Low perceived harmfulness being strongly associated with a high 
risk of misuse has been demonstrated with the non-medical use of 
prescription drugs6,9–12 and heroin13. Individuals with low versus those 
with high perceived harmfulness were almost ten times more likely to 
use prescription opioids non-medically10. A similar association exists 
with heroin use13. Therefore, heightening perceived harmfulness from 
opioids could be a meaningful intervention to reduce the initiation of 
opioid misuse.

Given the magnitude of this problem among adolescents, devel-
oping and implementing effective, engaging strategies to prevent 
opioid misuse initiation is critical. Although there are interventions 
that target adolescent substance use, including opioids14, that are 
used in schools15, implementation remains challenging. School-based 
prevention programmes declined from 75% in 2011 to 65% in 201916, 
reflecting barriers such as limited funding, insufficient staff training, 
low implementation fidelity, stigma, curriculum overload and lack of 
leadership support17–19. A recent review on opioid-specific programmes 
noted concerns around generalizability, reach and scale15. Digital inter-
ventions may help address these limitations20.

To that end, we developed an evidence-based digital interven-
tion in the form of a videogame, PlaySmart, for adolescents aged 
16–19 years, targeting perceived risk of harm from opioid misuse as a 
proximal outcome underlying the intervention’s impact on the more 
distal outcome of opioid misuse initiation. Videogames as interven-
tions meet adolescents ‘where they are’. Over 85% of adolescents play 
videogames21. ‘Serious games’, defined as games with a primary pur-
pose other than entertainment22, promote health and are effective at 
prevention23–28. They facilitate opportunities for repetitive interactions 
to acquire new skills that can transfer to real-life situations with consist-
ent fidelity, placing minimal demands on personnel/resources, and 
facilitating sustainable distribution29–34. Digital interventions including 
serious games have been developed for the prevention of adolescent 
alcohol, tobacco and cannabis use, but there remains a notable gap in 
ones focused on opioid misuse prevention20,35–38. To our knowledge, 
only formative efforts such as MedSMA℞T39, focused on opioid safety, 
and our PlaySmart videogame intervention described here specifically 
target adolescent opioid misuse prevention.

As part of the National Institute on Drug Abuse (NIDA) Helping to 
End Addiction Long-term (HEAL) prevention initiative40, building on 
established theoretical constructs and extensive experience in serious 
videogames23–25,41–43, and employing a user-centric approach engaging 
adolescents in the design/development process, we built PlaySmart, a 
videogame focused on opioid misuse prevention in adolescents aged 
16–19 years44. This age group was chosen in part because the HEAL 
initiative specifically included it in the lower range of their target age 
group, and because 45% of youth with prescription opioid misuse 
report initiation between the ages of 16 and 18 years45.

Through a two-arm parallel superiority randomized controlled 
trial, we evaluated the impact of PlaySmart, compared to a placebo 
comparator, on key outcomes related to opioid misuse, with the pri-
mary outcome being perceived risk of harm from opioid misuse46. 
Our hypotheses were that the PlaySmart group would demonstrate an 
increased perceived great risk of harm at 3 months, and for secondary 
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Screenings completed: 1,117 
(1,062 unique)
Eligible: 839a

Ineligible: 278b

Randomised: 533c  
Analysed: 532

Interactive videogame (PlaySmart): 
n = 269

O�-the-shelf games (control):  
n = 264c 

Withdrawn: 2 Withdrawn: 2

Engaged in gameplay: 254/267 (95%)
Minutes played (mean ± s.d.) = 211 ± 98 
Number of sessions (mean ± s.d.) = 4 ± 2 
Minutes per session (mean ± s.d.) = 50 ± 15
No gameplay: 13

Engaged in gameplay: 248/262 (95%) 
Minutes played (mean ± s.d.) = 226 ± 97 
Number of sessions (mean ± s.d.) = 4 ± 2 
Minutes per session (mean ± s.d.) = 52 ± 19 
No gameplay: 14

Post-gameplay (six weeks) 

Completed 6-week assessment: 
231/267 (87%)

Completed 6-week assessment: 
234/262 (89%)

Withdrawn: 1 Withdrawn: 1

3 months

Completed 3-month assessment: 
231/266 (87%)

aReasons that eligible individuals did not participate in the study included not returning the 
enrollment packet during specified enrollment window, lack of time after school, transportation
issues after school, or other family, or work or school commitments after school.   

Completed 3-month assessment: 
234/261 (90%)

 
 
bReasons for ineligibility:   Nd  % 

Age: not 16–19  151 40 

Anxiety, depression, substance use:  

203 53 no a�irmative answers to questions on anxiety,  

depression, other substance use  

Opioid misuse: 
6 2 

misused opioids prior to enrolling in the study 

Unwilling:  

15 4 Not willing to sit for 60 min per session  

(for up to six sessions for each) to play a videogame 

Data missing:  
5 1  

All eligibility questions missing  

Total number of reasons for ineligibility                                                                                           380   

Total number of screened individuals who were ineligible  
278   dMore than one reason could be indicated  

 
  

Fig. 1 | Consolidated Standards of Reporting Trials (CONSORT) diagram. 
Flow of participants through screening, randomization, allocation, gameplay 
and follow-up assessments for the PlaySmart (intervention) and control arms. 
aReasons that eligible individuals did not participate in the study included not 
returning the enrolment packet during the specified enrolment window, lack 
of time after school, transportation issues after school, or other family, work 
or school commitments after school. bReasons for ineligibility (N, %) (note that 
more than one reason could be indicated) were as follows. Age: not 16–19 (151, 

40%). Anxiety, depression, substance use: no affirmative answers to questions 
on anxiety; depression, other substance use (203, 53%). Opioid misuse: misused 
opioids prior to enroling in the study (6, 2%). Unwilling: not willing to sit for  
60 min per session (for up to six sessions for each) to play a videogame (15, 4%). 
Data missing: all eligibility questions missing (5, 1%). Total number of reasons for 
ineligibility: 380. Total number of screened individuals who were ineligible: 278. 
cOne participant randomized to control was subsequently withdrawn due to a 
missing parental consent form. dMore than one reason could be indicated.
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(95% CI, 8.9–9.4; P value of difference = 0.95); change from baseline 
to 6 weeks: PlaySmart = −0.01 (95% CI, −0.3–0.2); control = −0.2 (95% 
CI, −0.5–0.0; P = 0.39). At 3 months, mean scores were as follows: 
PlaySmart = 9.1 (95% CI, 8.9–9.3); control = 9.3 (95% CI, 9.0–9.5; P = 0.33); 
change from baseline to 3 months: PlaySmart = 0.0 (95% CI, −0.3–0.2); 
control = 0.0 (95% CI, −0.3–0.2; P = 0.98).

There were no differences in intentions to misuse opioids between 
the PlaySmart and control groups (Fig. 3b). At 6 weeks, the mean scores 
were as follows: PlaySmart = 2.7 (95% CI, 2.5–2.8); control = 2.7 (95% CI, 
2.5–2.8; P = 1.00); change from baseline to 6 weeks: PlaySmart = 0.0 
(95% CI, −0.2–0.2); control = 0.0 (95% CI, −0.2–0.2; P = 0.89). At  
3 months, the mean scores were as follows: PlaySmart = 2.5 (95% CI, 
2.3–2.7); control = 2.5 (95% CI, 2.3–2.6; P = 0.73); change from base-
line to 3 months: PlaySmart = −0.02 (95% CI, −0.4–0.1); control = −0.2  
(95% CI, −0.4–0.0; P = 0.86).

For knowledge about opioids and misuse, the mean scores were 
similar between groups at baseline (Fig. 3c). At 6 weeks, the PlaySmart 
group demonstrated a significantly (P = 0.002) higher mean knowledge 
score (26.2; 95% CI, 25.6–27.5) compared to the control group (24.4; 95% 
CI, 23.4–25.3). The change from baseline to 6 weeks was significantly 
(P < 0.001) greater in the PlaySmart (2.2; 95% CI, 1.5–2.8) than in the 
control group (−0.4; 95% CI, −1.1–0.2). At 3 months, the PlaySmart group 
maintained a significantly higher mean knowledge score (26.5; 95% 
CI, 25.6–27.5) compared to the control group (24.9; 95% CI, 23.9–25.8; 
P = 0.02). The change from baseline to 3 months remained significantly 
greater for the PlaySmart (2.1; 95% CI: 1.4–2.7) compared to the control 
group (0.1; 95% CI, −0.6–0.7; P < 0.001).

Table 1 | Baseline characteristics in the intervention and 
control arms

Intervention Control Total

(N = 269) (N = 263) (N = 532)

Sex (n, %)a

Female 127 (47%) 121 (46%) 248 (47%)

Male 142 (53%) 142 (54%) 284 (53%)

Age, years (mean ± s.d.) 16.6 (0.7) 16.6 (0.7) 16.6 (0.7)

Age, group (n, %)

15–16 years 146 (54%) 136 (52%) 282 (53%)

17 years 89 (33%) 94 (36%) 183 (34%)

18 years 32 (12%) 31 (12%) 63 (12%)

19 years 2 (1%) 2 (1%) 4 (1%)

Grade (n, %)a

9th or 10th grade 44 (16%) 43 (16%) 87 (16%)

11th or 12th grade 225 (84%) 220 (84%) 445 (84%)

Raceb (n, %)

White 86 (32%) 93 (35%) 179 (34%)

American Indian/Alaskan Native 14 (5%) 8 (3%) 22 (4%)

Asian 19 (7%) 25 (10%) 44 (8%)

Native Hawaiian or Other  
Pacific Islander

2 (1%) 5 (2%) 7 (1%)

Black/African American 128 (48%) 113 (43%) 241 (45%)

Something else, please specify 50 (19%) 51 (19%) 101 (19%)

No response

Ethnicity (n, %)

Not Hispanic or Latinx 157 (58%) 155 (59%) 312 (59%)

Hispanic or Latinx 100 (37%) 102 (39%) 202 (38%)

Don’t know 10 (4%) 5 (2%) 15 (3%)

Prefer to not say 2 (1%) 1 (0%) 3 (1%)

Familial substance misuseb (n, %)

Father 29 (11%) 28 (11%) 57 (11%)

Mother 6 (2%) 10 (4%) 16 (3%)

Brother 3 (1%) 7 (3%) 10 (2%)

Sister 1 (0%) 4 (2%) 5 (1%)

Grandfather 13 (5%) 24 (9%) 37 (7%)

Grandmother 7 (3%) 12 (5%) 19 (4%)

Another relative 43 (16%) 36 (14%) 79 (15%)

Prefer not to say 25 (9%) 24 (9%) 49 (9%)

None 173 (64%) 164 (62%) 337 (63%)

Food worries at home (n, %)

Never 185 (69%) 169 (64%) 354 (67%)

Sometimes 81 (30%) 81 (31%) 162 (30%)

A lot 3 (1%) 13 (5%) 16 (3%)

Receives free or reduced lunch 
at school (n, %)

No 49 (18%) 55 (21%) 104 (20%)

Yes 192 (71%) 174 (66%) 366 (69%)

Don’t know 28 (10%) 34 (13%) 62 (12%)

Intervention Control Total

Whole school receives free or 
reduced lunch (n, %)

No 29 (11%) 27 (10%) 56 (11%)

Yes 164 (61%) 161 (61%) 325 (61%)

Don’t know 76 (28%) 75 (29%) 151 (28%)

Mental health—anxiety

Minimal 151 (56%) 143 (54%) 294 (55%)

Mild 60 (22%) 78 (30%) 138 (26%)

Moderate 40 (15%) 34 (13%) 74 (14%)

Severe 18 (7%) 8 (3%) 26 (5%)

Mental health—depression

No significant depressive 
symptoms

109 (41%) 101 (38%) 210 (39%)

Mild 80 (30%) 94 (36%) 174 (33%)

Moderate 57 (21%) 44 (17%) 101 (19%)

Moderately severe 15 (6%) 16 (6%) 31 (6%)

Severe 8 (3%) 8 (3%) 16 (3%)

Any experience with alcohol

No 183 (68%) 174 (66%) 357 (67%)

Yes 86 (32%) 89 (34%) 175 (33%)

Any experience with marijuana

No 213 (79%) 217 (83%) 430 (81%)

Yes 56 (21%) 46 (17%) 102 (19%)
aUsed as stratum for 
randomization.
bMore than one selection could 
be made.

Table 1 (continued) | Baseline characteristics in the 
intervention and control arms
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For the attitudes measure (Fig. 4), for the positive expectan-
cies questions (the goal is to reduce scores), at 6 weeks, the mean 
scores were as follows, with PlaySmart (10.2; 95% CI, 9.3–11.0) and 
control (10.3; 95% CI, 9.5–11.2; P = 0.80) being comparable, showing 
similar changes from baseline to 6 weeks: PlaySmart (−0.2; 95% CI, 
−1.0–0.7) and control (−0.6; 95% CI, −1.4–0.2; P = 0.49). At 3 months, the 
PlaySmart group exhibited a lower mean score (9.7; 95% CI, 8.8–10.5) 
compared to the control group (10.6; 95% CI, 9.7–11.4; P = 0.15), with 
similar changes from baseline to 3 months: PlaySmart (−0.7; 95% CI, 
−1.5–0.2) and control (−0.3; 95% CI, −1.2–0.5; P = 0.59).

For the negative expectancies questions in the attitudes measure 
(the goal is to increase scores), at 6 weeks, the mean scores were com-
parable: PlaySmart (18.8; 95% CI, 17.8–19.7) and control (17.8; 95% CI, 
16.9–18.8; P = 0.18). The change from baseline to 6 weeks was signifi-
cantly (P = 0.001) greater in the PlaySmart group (2.3; 95% CI, 1.4–3.1) 
than in the control group (0.2; 95% CI, −0.7–1.1). At 3 months, mean 
scores were similar between the two groups, PlaySmart (18.7; 95% CI, 
17.7–19.7) and control (18.8; 95% CI, 17.9–19.8; P = 0.85), with similar 
changes from baseline to 3 months: PlaySmart (2.2; 95% CI, 1.3–3.1) and 
control (1.2; 95% CI, 0.3–2.1; P = 0.11).

Initiation of opioids was minimal, with no difference between 
the groups in prescription opioid misuse (PlaySmart, 5%; control, 2%; 
P = 0.12 at 6 weeks; PlaySmart, 1%; control, 1%; P = 0.66 at 3 months) or 
heroin use (PlaySmart, 0.4%; control, 0%; P = 0.31 at 6 weeks; PlaySmart, 
0%; control, 0.4%; P = 0.32 at 3 months) (Extended Data Table 4).

There were no substantial differences between per-protocol unad-
justed models, models including random school cluster, or models 
adjusted for the randomization variables (Extended Data Table 5).

Gameplay experience
The PlaySmart group played an average of 211.1 min (50.4 min per ses-
sion), and the control group played 226 min (52.4 min per session) out 
of the target 300 min of gameplay time, as established during pilot 
testing. Following gameplay, 84% (227/269) of those who played the 
PlaySmart game answered questions related to their gameplay experi-
ence. They answered agree/strongly agree to the following: the game 
helped them learn important things (93%, 210/227), they found the 
game easy to understand (86%, 196/227), they enjoyed the game (79%, 
178/226), they were not frustrated by the game (75%, 170/227), and they 
felt in control of the game (73%, 165/227).

Harms
There were two mild adverse events reported, one at baseline and one 
at 6 weeks. Both events, described as discomfort during gameplay and 
discomfort from prolonged exposure to the intervention, were deemed 
possibly related to the study.

Data completeness
Completeness of assessments was ≥85%, with 87% (464/532; 231 
PlaySmart, 233 control) of participants completing the primary out-
come assessment for perceived risk of harm from opioids at 3 months. 
This represents a 13% loss, well below the design parameter used for 
sample size and power estimation, set at 16%, with an appropriate sam-
ple size inflation accounting for this loss. Notably, several strategies 
contributed to our strong study retention rates, including consistent 
research staff at each school who built trusting relationships, regular 
reminders to participants at each contact point, and active school sup-
port in locating students and providing flexible scheduling.

Discussion
This randomized controlled trial describes the impact of the videogame 
PlaySmart on participants’ perceived risk of harm from opioid misuse. 
The PlaySmart group did not show a significant difference in perceived 
risk of harm at the primary outcome timepoint of 3 months. Although 
there was a significant increase in perceived risk of harm from opioid 
misuse at the 6-week assessment (immediately following gameplay), 
this was not sustained at 3 months. The PlaySmart participants exhib-
ited significant improvements in knowledge and negative expectancies 
about opioid misuse compared to the control group, but not self-effi-
cacy, intentions or positive expectancies. Youth who played PlaySmart 
also reported high levels of satisfaction with the game, underscoring 
its potential as an engaging prevention tool.

Although participants in neither group reported meaningful levels 
of initiation of opioid misuse by the 3-month timepoint, and, as such, 
we were not yet able to detect a between-groups difference or demon-
strate the relationship between perceived risk of harm and actual use, 
our study’s goal of examining perceived risk does align with research 
emphasizing the role of perceived risk of harm as a potential predictor 
of substance misuse in adolescents. We chose to target perceived risk of 
harm from opioid misuse because national data on adolescents, and our 
study data, reveal persistently low risk perceptions for both prescrip-
tion opioids and heroin. In addition, research continues to demonstrate 
that lower perceived risk among adolescents is significantly associated 
with increased likelihood of actual misuse, underscoring the need for 
interventions that effectively shift these perceptions50,51. There are, 
however, few studies that examine interventions targeting perceived 
risk of harm19. A non-experimental pre–post study by Fuentes and col-
leagues52 found that, immediately post-intervention, perceptions of 
use being ‘very dangerous’ (a proxy for ‘great risk of harm’) increased 
by 16% for smoking one cigarette (23.9% to 39.9%), 16.2% for alcohol 
(43.8% to 60%) and 9% for marijuana (57% to 66%). Although opioids 
were not assessed in ref. 52, the findings for marijuana are direction-
ally consistent with the 6-week findings in the current study—26% of 
PlaySmart versus 18% of controls endorsing great risk of harm from 
opioid misuse (8% difference). This underscores the importance of 
new interventions targeting accurate risk perception in mitigating 
substance use, including opioid misuse. We anticipate being better 
able to demonstrate this relationship with longer-term outcomes at 
our 6- and 12-month timepoints.

Our study also adds to the literature about the impact of game-
based learning and the value of digital interventions for reach and 
scale. For example, the observed increase in opioid-related knowledge 
and attitudes among PlaySmart participants is consistent with our 
previous research and that of others on the efficacy of serious games 
in enhancing health-related outcomes in domains such as substance 
use, sexual health and mental health23–25,42,53,54. The incorporation of 
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behaviour change theories and user-centred design in PlaySmart 
probably contributed to its effectiveness, highlighting the impor-
tance of integrating evidence-based frameworks into videogame 
intervention development44.

In addition, a digital intervention such as PlaySmart potentially 
mitigates some of the substantial implementation barriers. For exam-
ple, a recent study evaluating a school-based harm reduction pro-
gramme for high-school students, Safety First, reported an impact on 
knowledge and decision-making skills55. However, they also concluded 
that, although the curriculum showed important improvements, it 
required educator training and coaching to implement, potentially 
limiting broad-scale reach. Similarly, studies of effective adolescent 
substance prevention programmes such as LifeSkills Training and 
the Strengthening Family Program, which require consistent struc-
tural oversight, have demonstrated that classroom-level factors can 
significantly impact engagement and retention56, and translation 
to a virtual platform can help mitigate these barriers57. Most studies 
do not specify actual hours of engagement, but our study was able 

to document that, on average, our participants played PlaySmart for 
three-and-a-half hours, providing evidence of student-level engage-
ment. Therefore, videogames like PlaySmart may offer unique advan-
tages beyond impact, including engagement, consistent delivery and 
fidelity, and scalability.

Several limitations to our study must also be discussed. The sam-
ple was drawn from one US state (Connecticut), so generalizability to 
other populations may be limited, though it is important to note that 
our sample was sociodemographically diverse and from high schools 
in different regions of the state. Although our questions on actual 
substance use do ask about experience with fentanyl, the questions we 
used for perceived risk of harm from opioids were drawn from the MTF 
Study49, which did not include fentanyl. Future studies should include 
an assessment of perceived risk of harm from fentanyl specifically, 
given its emerged prevalence. In addition, our measures were collected 
by self-report. Although this may introduce social desirability bias, we 
optimized our methods through strategies we used in previous trials 
collecting sensitive data from young people, ensuring privacy and 
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confidentiality, with the goal of enhancing disclosure and reducing 
bias24,25. Although data on both sex and gender were collected, we did 
not examine potential differences in intervention effects by gender 
due to small subgroup sizes and the scope of the current analyses.

Furthermore, the current study reports short-term outcomes, and 
6- and 12-month data are forthcoming. National data indicate that if an 
adolescent has not started opioid misuse by age 16 years, the estimated 
average age of initiation would probably be around 18–19 years, so we 
may be able to capture the impact of the PlaySmart intervention at  

12 months follow-up in some participants58. Given the strong estab-
lished inverse relationship between perceived risk of harm from opioid 
misuse and actual misuse, this further bolsters the value of this measure 
as a proxy when actual misuse may be delayed.

Our current findings did not demonstrate a statistically significant 
increase in perceived risk of harm in the PlaySmart group at 3 months. 
Notably, the baseline proportion of perceived risk of harm from opioids 
in our cohort was lower than the one used in our power calculations  
(17% versus 32%). The higher estimate was based on single-item data 
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from the 2018 MTF survey49, but our primary outcome required 
endorsement of ‘great risk’ across all eight opioid-related items, 
yielding a more conservative parameter estimate. Accordingly, the 
discrepancy in baseline rate probably reflects differences in how the 
outcome was operationalized (for example, single-item measures 
versus composite), potentially limiting our power to detect the hypoth-
esized effect, and is now noted as a limitation. Importantly, a significant 
change was seen at 6 weeks, but was not sustained. This finding may 
highlight the need for a booster at a timepoint between gameplay and 
3 months. Although PlaySmart did significantly improve knowledge, 
we know that knowledge is necessary but not sufficient for behav-
iour change. Behaviour change is a complex, multistep process, and 
although we aimed to target a number of key behavioural antecedents, 
such as findings in the broader substance-misuse literature, impacting 
all these outcomes was challenging59.

Further work is needed to refine the design of PlaySmart to 
achieve stronger and more durable effects on risk perception. These 
efforts might include incorporating into the game adaptive features 
such as personalized feedback, booster sessions and storyline exten-
sions to reinforce key prevention messages and counter the decline 
in impact observed at 3 months. We will also examine how expanded 
narratives and contextually relevant storylines influence outcomes 
to optimize the long-term impact of PlaySmart on opioid misuse 
prevention. Collectively, these potential avenues for the further 
enhancement and design of PlaySmart will help to identify the most 
promising strategies to strengthen the intervention’s durability and 
real-world application.

Our conclusions are thus tempered to reflect the preliminary 
nature of the findings, and a next step is to examine the longer-term 
outcomes (for example, at 6 and 12 months) to more fully assess the 
programme’s potential impact before recommending broader dissemi-
nation. There is a continued opioid crisis in the United States and an 
urgent need for engaging, scalable and effective interventions target-
ing opioid misuse prevention in adolescents20. We hypothesize that the 
combination of the increase in knowledge and negative expectancies 
around opioid misuse, as key behavioural antecedents, in conjunction 
with future efforts to bolster risk perception, holds the promise of 
substantially impacting opioid-misuse risk perceptions and behaviours 
in adolescents.

Methods
Study design, settings and participants
Through a two-arm parallel superiority randomized controlled trial 
using a placebo comparator, we evaluated the efficacy of the origi-
nal videogame PlaySmart44. This study was approved by the Yale 
IRB (protocol #2000030553) and registered on ClinicalTrials.gov 
(NCT04941950). The trial protocol and statistical analysis plan can 
be accessed at www.clinicaltrials.gov. High schools were eligible if 
they were in Connecticut. Students were eligible if they (1) were aged 
16–19 years (grades 9–12); (2) attended high school (preferably enroled 
in the school’s school-based health centre); (3) reported no prior opi-
oid misuse; (4) were considered to be ‘high-risk’ based on at least one 
of the following baseline criteria: (a) past 30-day use of cigarettes, 
e-cigarettes/Juul, alcohol, marijuana (including synthetics), ampheta-
mines, cocaine, benzodiazepines, ecstasy, bath salts or other non-
opioid prescription or illicit drugs OR (b) a score of ≥1 on the modified 
Patient Health Questionnaire-2 (PHQ-2) depression screener OR (c) a 
score of ≥1 on the modified Generalized Anxiety Disorder-2 (GAD-2) 
anxiety screener; (5) were willing to participate in 60-min gameplay 
sessions; and (6) provided assent and parental/guardian consent if 
under 18 years of age.

Participants self-reported both sex (male/female) and gender at 
baseline. For the present analyses, sex was included as a covariate given 
the study design, but gender was not included in the analysis due to 
small subgroup size. Additionally, race and ethnicity were self-reported 

to describe the sample and assess generalizability, but they were not 
used in primary analyses.

Participants played their assigned games (PlaySmart or control) 
on research-provided iPads during supervised, after-school sessions 
(1 or 2 times per week for approximately 6 weeks; ~60 min per session). 
Research assistants recorded session start and end times to monitor 
attendance and exposure. There was no required minimum dosage or 
content completion. Additional study procedures and methods have 
been published previously46. The full study protocol is available in 
Supplement Information 1.

Randomization
Randomization, block sizes 2 and 4, was stratified by sex and grade 
(9/10th and 11/12th) and was operationalized through REDCap P11. 
The randomization scheme was generated by the senior biostatistician 
(T.C.K.) and implemented by a separate research study team respon-
sible for the online randomization platform and data entry system.

Research staff accessed the system after participants were 
screened, consented and completed baseline assessments to enter 
stratification data and receive randomization assignments.

The study team remained blinded to outcomes until after database 
lock and statistical reports were prepared.

Interventions
PlaySmart is a theory-driven, narrative Web-mobile videogame com-
posed of up to 6 h of unique gameplay. Within the game, players navi-
gate decisions related to peer pressure, stress and substance use, 
particularly opioids, while also addressing co-occurring risk factors 
such as mental health challenges and other substance misuse. In addi-
tion to the six main storylines, PlaySmart also features six integrated 
minigames that reinforce core prevention skills such as refusal skills, 
decision-making skills and coping strategies (Supplementary Fig. 1)46.

Participants randomized to the experimental group accessed 
PlaySmart through a secure login portal (https://user.p2p-games.org/
login) using a unique, randomly generated username and password 
created via the study’s administrative site (https://admin.p2p-games.
org/login). Each participant used a research-provided iPad and the 
same assigned iPad and login credentials across all sessions so that 
their progress could be saved.

Participants assigned to the control condition had access to nine 
videogames that contained no relevant content (for example, The Sims, 
Can You Escape), serving as the attention/time control.

Outcomes
Where adapted measures were used, a Cronbach’s alpha60 was gener-
ated to ensure the reliability of the questions (Extended Data Table 6). 
Baseline sociodemographic and clinical characteristics were collected. 
All measures and specific questions are described elsewhere46, but only 
a subset is included in the current article. Perceived risk of harm from 
opioid misuse was the primary outcome and was assessed with eight 
questions taken from the US-based Monitoring The Future survey49. In 
the assessment, the first five of the eight questions address heroin use 
and the last three questions prescription opioid misuse (Supplemen-
tary Information 1). Primary and secondary outcomes were assessed 
at all three timepoints, as per the protocol.

Secondary outcomes included self-efficacy, intentions, knowl-
edge and attitudes (positive and negative expectancies). Participants’ 
self-efficacy to refuse opioids was assessed with a revised subscale 
from the Drug Use Resistance Self-Efficacy (DURSE) scale61 (two items, 
maximum score = 10). Higher scores indicated higher self-efficacy 
around not misusing opioids. Intentions to misuse opioids were 
assessed with a modified scale from a substance-use intentions study62 
(four items, maximum score = 16). Lower scores reflected lower inten-
tions to misuse opioids. We assessed knowledge with a 30-item scale 
that included 27 true/false questions and three questions allowing 
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participants to select all that applied. This scale was a composite of 
instruments from two risk behaviour studies63,64. Correct answers for 
the 27 true/false questions were given one point; any answer left blank 
was given a score of 0. For the three multiple-choice questions, each 
correct answer was given one point (combined maximum score of 27 
true/false questions and three multiple-choice questions = 38). Higher 
knowledge scores were consistent with more accurate knowledge. 
Participants’ attitudes were assessed using a revised scale65 (15 items), 
with the first eight questions representing positive expectancies of 
using opioids (maximum score = 32) and the last seven represent-
ing negative expectancies of using opioids (maximum score = 28). 
Initiation of opioid misuse was assessed with a dichotomous (yes/no) 
measure of lifetime use66–68.

Participants who played PlaySmart answered six questions about 
their gameplay experience.

Harms
Harms were pre-specified as any adverse events related to trial par-
ticipation, including physical discomfort (for example, eyestrain, 
headache), emotional distress (for example, frustration, discomfort 
with game content) or any other negative effects reported by partici-
pants or study staff during gameplay or assessments. Adverse events 
were collected systematically at each gameplay session and follow-up 
assessment timepoint and reported to the Data Safety Monitoring 
Board and the IRB as appropriate. The risks associated with receiving 
the intervention were considered minimal.

Data collection and management
REDCap P11 was used for data collection, management and monitoring, 
and is further described elsewhere46.

Statistical analyses
We followed the ‘intention to treat’ principle in the analyses of the out-
comes. Baseline characteristics are reported using mean and standard 
deviation for continuous variables or N and percentages for binary or 
categorical variables. All analyses were generated using SAS software 
version 9.4 (SAS Institute). Statistical significance was set to 0.05, two-
sided, as appropriate.

The primary hypothesis was that, at 3 months, there would be a 
higher proportion of PlaySmart than control participants who per-
ceived a great risk of harm from misuse of prescription opioids and/
or use of heroin. This was tested by comparing the responses to the 
eight questions on perceived risk of harm with those participants 
who reported ‘great risk of harm’ for all of the eight questions, being 
included in the ‘great risk of harm’ group. Otherwise, they were included 
in the ‘no great risk of harm’ group. χ2 tests were used to compare the 
proportions of participants in each study arm who achieved the out-
come at 3 months (post randomization) and 6 weeks (post-gameplay 
completion). The difference in proportion (and 95% CIs) of study par-
ticipants in the two arms was also calculated at each timepoint.

Supplemental primary outcome analyses were performed with a 
mixed model with log link. Fixed effects for randomization group, time, 
interaction of treatment group by time, and random participant effect 
were included in all models. Unadjusted and adjusted (for grade and 
sex) were used to compare the two study groups using ORs and 95% CIs. 
Additional adjusted models with random intercepts for participant and 
participant clustered within school were also included to investigate 
if there was any effect of school on the primary outcome. A final sup-
plemental model compared the change in odds of answering great risk 
of harm to all eight questions (scoring 32 on the Perception of Harm 
Scale) from baseline to 6 weeks or to 3 months for PlaySmart versus 
control. This model included fixed effects for randomization group, 
time, interaction of group and time, adjusted for baseline (binary risk 
score of 32 or less than 32), grade and sex, with random intercepts for 
participant and participant clustered within school.

The two study groups were also compared using χ2 tests of the 
proportions who perceived a ‘great risk of harm’ when examining 
two subsets of questions from the perceived risk of harm questions: 
five questions addressing heroin use and three questions addressing 
prescription opioid misuse.

For each secondary outcome, scores were compared between the 
two groups using least squared means using a mixed-effects model, 
with random participant ID, fixed effect for time, randomization group, 
and interaction of time and randomization group, using all data at all 
timepoints. Mixed-model repeated measures analysis allows for valid 
inferences under the assumption that data are missing at random and 
makes use of all available data without the need for imputation. Scores 
for self-efficacy to refuse opioids were summed and ranged from 2 to 
10, with higher score indicating greater self-efficacy. Scores for inten-
tions to misuse opioids were summed and ranged from 2 to 16, with 
higher score indicating greater intentions. Knowledge scores were 
summed and ranged from 0 to 38. The knowledge score and its changes 
(since baseline) at 6 weeks and 3 months were compared between 
the two study arms. Attitudes towards misuse were categorized into 
positive and negative expectancies. Mixed-model repeated measures 
analysis for the secondary outcomes provided valid estimates under 
the assumption of data missing at random and used all available data 
without requiring imputation. Given this approach and the observed 
attrition pattern, additional sensitivity analyses or imputation were 
not conducted.

Additional models for the secondary outcomes are provided. 
Unadjusted models with random intercepts for participant and par-
ticipant clustered within school were also included to investigate 
whether there was any effect of school on outcome. Additional models 
adjusted for the randomization stratification of grade and sex are 
also included.

Reported initiation of prescription opioids and/or heroin was 
compared between the two groups at each timepoint using χ2 and dif-
ference in proportions (and 95% CIs).

Sample size and power
Based on estimates from drug use prevention interventions69–71, and 
using data from a study examining the impact of an intervention on 
perceptions of harm of drug use72, the study was powered to detect a 
15% absolute difference between the PlaySmart group and the control 
groups in perceived risk of harm from opioid misuse at 3 months. The 
assumption was that, at baseline, ~32% of participants would report 
a ‘great risk of harm’ of opioid misuse49. Therefore, a sample size of 
454 participants would be required with 90% power (P ≤ 0.05) (Power 
Analysis Statistical Software (PASS); 2008), inflated to 532 participants 
(266 in each arm) to account for 16% loss at 3 months based on data 
from another randomized trial25.

Reporting summary
Further information on research design is available in the Nature 
Portfolio Reporting Summary linked to this article.

Data availability
This study, part of the NIDA HEAL Prevention Cooperative, will deposit 
de-identified individual-level participant data in NIDA’s National Addic-
tion & HIV Data Archive Program (NAHDAP), maintained by NIDA. 
Data will become available upon publication and will remain archived 
indefinitely. Access is restricted to protect participant confidentiality 
and will be granted to qualified researchers upon approval of a research 
proposal that includes specific aims and an analysis plan. Approval is 
contingent on execution of a data use agreement, which outlines per-
missible uses and restrictions, including prohibitions against redistri-
bution or re-identification of participants. Requests for access should 
be submitted via the NAHDAP request system. Requests are typically 
reviewed and responded to within 4–6 weeks.
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Code availability
No custom code was developed or used in the analysis of this study. 
The videogame PlaySmart is publicly accessible via its distribution 
website, Playbl (https://playbl.com). Readers interested in access 
must submit a request through the website. Use of PlaySmart is gov-
erned by Playbl’s standard Terms of Use and users must comply with 
Playbl’s Acceptable Use Policy, Privacy Policy, and, where applica-
ble, laws protecting minors. The underlying source code of the game 
is not being shared or made publicly available due to licensing and 
intellectual-property restrictions.
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Extended Data Table 1 | Participating Schools and Enrolment in the PlaySmart Study

List of the 15 schools participating in the PlaySmart randomized controlled trial, including region, school type and locale, total school enrollment, and number and percentage of students 
enroled in the PlaySmart study.
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Extended Data Table 2 | Logistic Models for Perception of Risk of Harm Scale

Results of logistic regression models assessing intervention effects on the Perception of Risk of Harm Scale at end of gameplay (6 weeks) and at 3-month follow-up. Model 1 included fixed 
effects for randomization group, time, and their interaction, with a random intercept for subject. Model 2 additionally adjusted for grade and sex. Model 3 additionally accounted for clustering 
of subjects within schools. Odds ratios (OR), adjusted odds ratios (aOR), 95% confidence intervals (CI), and p-values are reported. Sub-table B shows changes from baseline to each follow-up 
adjusted for baseline binary perception of risk, grade, and sex.
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Extended Data Table 3 | Perception of Risk of Harm from Heroin (A) or Prescription Opioids (B)

Prevalence of adolescents reporting ‘great perceived risk of harm’ from heroin (panel A) and prescription opioid misuse (panel B) in PlaySmart and control groups at baseline, end of gameplay 
(6 weeks), and 3-month follow-up. Risk differences (intervention minus control) and associated 95% CIs and p-values from chi-squared tests are shown. For each outcome, rows show both 
cross-sectional distributions at each timepoint and transitions from ‘no great perceived risk’ at baseline to ‘great perceived risk’ at follow-up.
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Extended Data Table 4 | Initiation of Prescription Opioid Misuse or Heroin Use

Incidence of self-reported initiation of prescription opioid misuse or heroin use in the PlaySmart and control groups at end of gameplay (6 weeks) and at 3-month follow-up among 
participants without baseline use. Risk differences between groups (intervention minus control), 95% CIs, and p-values from chi-squared tests are reported.
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Extended Data Table 5 | Least Squared Means for Secondary Outcomes

Least-squared means (LSmean) and 95% CIs for self-efficacy, intentions to misuse, knowledge, positive expectancies, and negative expectancies at baseline, end of gameplay (6 weeks), and 
3-month follow-up in the PlaySmart and control groups. Both unadjusted and adjusted linear mixed-model estimates are shown. Models included fixed effects for randomization group, time, 
and their interaction, with random intercept for subject clustered within school; adjusted models additionally controlled for grade and sex. Differences (δ) from baseline to each follow-up and 
associated p-values are provided.
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Extended Data Table 6 | Cronbach’s Alphas for Secondary Outcomes

Cronbach’s alpha coefficients for intentions to misuse, self-efficacy, and attitudes (overall and by positive/negative expectancy subscales), as well as for knowledge items at baseline, end of 
gameplay (6 weeks), and 3-month follow-up, indicating internal consistency of each measure.
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