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Effects on Alcohol and Substance use of a School-Based Training Intervention for Adolescents with ADHD



Abstract
Introduction: Adolescents with attention-deficit/hyperactivity disorder (ADHD) may be at risk for early, escalating patterns of alcohol and substance use via academic, peer, and familial impairment. Existing school-based interventions for youth with ADHD effectively target these risk factors, yet their effects on alcohol and substance use have not been explored. We examined the immediate and long-term alcohol and substance use outcomes of an evidence-based school-based intervention for adolescents with ADHD. Method: A total of 186 (Mage = 15, 79% boys, 78% White, 11% Hispanic) adolescents with ADHD were randomized to either a school-based training intervention targeting academic and social skills or a treatment-as-usual control group. A subset of youth were followed into emerging adulthood (5 year follow-up; n = 73). Participants reported on their alcohol and substance use behaviors and problems at post-treatment, 6-month follow-up, and 5-year follow-up. Results: Two-part hurdle models controlling for prior use and demographics indicated treatment was associated with improvements in substance use outcomes among youth using any substances at 6-month follow-up (β = -.45). However, among youth reporting any alcohol use at the 5-year follow-up, treatment was associated with worse alcohol use problems relative to the control condition (β = .27). Approximately 22% of intervention participants met criteria for risky drinking behavior compared to 5% of participants in the control group. Conclusion: We found mixed evidence that a school-based intervention associated with positive outcomes on academic, social, and emotional functioning for adolescents with ADHD also prevented adverse alcohol and substance use outcomes. These unexpected results serve as a call for extended follow-up periods to identify the durability of intervention benefits and potential for downstream iatrogenic effects. Additional research is needed to identify school-based intervention strategies that can effectively deter substance use risk among select populations. 


Effects on Alcohol and Substance use of a School-Based Training Intervention for Adolescents with ADHD
Attention-deficit/hyperactivity disorder (ADHD) is a prevalent, chronic neurodevelopmental disorder characterized by developmentally-inappropriate and impairing inattention and/or hyperactivity/impulsivity (American Psychiatric Association, 2022). The constellation of behavioral disinhibition, academic underachievement, deficits in social skills, emotion dysregulation, and parenting challenges experienced by many youth with ADHD may enhance their risk of problematic alcohol and substance use (e.g., Molina & Pelham, 2014). Indeed, meta-analytic evidence demonstrates that youth with ADHD are 1.5-3 times more likely to develop a substance use disorder by adulthood than their peers (Lee et al., 2011), and these effect sizes are larger than those found for other common mental health disorders (i.e., depression, anxiety, oppositional defiant disorder, conduct disorder; Groenman et al., 2017). Despite this elevated risk, research has yet to identify psychosocial treatments that effectively deter problematic trajectories of alcohol and substance use for these youth. In the present study, we examined the effects on alcohol and substance use of a multi-component, school-based training intervention that targets risk factors for substance use among high school students with ADHD. 
ADHD and Substance Use
Longitudinal prospective studies of individuals with ADHD demonstrate that these youth are generally more likely than peers to exhibit early, escalating, and problematic trajectories of alcohol and substance use (Cherkasova et al., 2022). On average, adolescents with ADHD initiate use of alcohol and substances at earlier ages than typically-developing peers (Elkins et al., 2018; Howard et al., 2020; Molina et al., 2018; Sibley et al., 2014). This early initiation precedes escalation to heavy use more quickly than peers who initiate later (Howard et al., 2020; Molina et al., 2018). Further, adolescents with ADHD are more likely than peers without ADHD to experience alcohol and substance-related problems (Molina et al., 2007). In turn, individuals with ADHD are more likely than peers to develop an alcohol or substance use disorder by adulthood (Fuller-Thomson et al., 2022; Lee et al., 2011).
The pathways from ADHD to problematic substance use are likely to be complex, as ADHD-related symptoms and impairment may transmit risk for substance use, with these processes occurring against a backdrop of shared biological and environmental vulnerabilities (see Molina & Pelham, 2014). Further, there is substantial heterogeneity among youth with ADHD, with risk being elevated among a subset of youth possessing a constellation of risk factors alongside ADHD. These complex pathways were delineated in a review by Molina and Pelham (2014) which highlighted ADHD-related impairment pathways as well as negative affect pathways to use. Within the ADHD-related impairment pathways (see Figure 1), challenges experienced by many youth with ADHD, including academic underperformance (Arnold et al., 2020), social difficulties (Hoza, 2007), and conduct problems (Zucker et al., 2011), transmit risk for problematic substance use trajectories in the context of parenting challenges (e.g., low parent knowledge about their child’s whereabouts, friends, and activities; Dekkers et al., 2021) via involvement with peers who use substances and environmental norms and opportunities. For example, an academic-deviance pathway has been supported such that adolescents with ADHD are at risk of poor academic performance, which in turn contributes risk of engaging with deviant peers among youth with poor social skills, and thus engaging in alcohol use, particularly if parents are less knowledgeable about their child’s activities (Molina et al., 2012). Therefore, treatments that effectively target malleable risk factors, such as social skills, academic performance, and parenting characteristics, may effectively prevent a pattern of early, escalating use among these vulnerable youth.
Interventions for ADHD and Substance Use
Treatments that effectively deter risk of substance use among youth with ADHD are sorely needed. The effectiveness of stimulant medication treatment for reducing risk of substance use among youth with ADHD has been a topic of much debate, yet recent evidence demonstrates either null or protective effects among some youth. Specifically, a longitudinal follow-up of the Multimodal Treatment for ADHD (MTA) study found that stimulant medication treatment was not associated with substance use, regardless of duration (Molina et al., 2023), whereas data from the Monitoring the Future nationally-representative sample indicated stimulant medication treatment was associated with decreased substance use if stimulants are prescribed prior to adolescence and persistently prescribed over six or more years (McCabe et al., 2024; see also Kennedy & Molina, 2024). Yet, rates of prescription stimulant use decline rapidly across adolescence among youth with ADHD, with individuals in the MTA reporting a decline from 60% prior to adolescence to 7% by early adulthood (Molina et al., 2023). Thus, there is a need for alternative or adjunctive psychosocial treatments for ADHD that may also dampen risk for substance use. 
To our knowledge, the first psychosocial treatment trial for youth with ADHD to assess substance use outcomes was the MTA study. Results indicated that randomization to medication, behavior interventions, or their combination during childhood did not impact substance use outcomes eight years later (Molina et al., 2013). Other researchers added a tobacco prevention component to a group-based behavioral intervention for teens with ADHD and their parents, finding preliminary effects on reducing intentions to smoke up to nine months post-treatment in their pilot trial (Corona et al., 2020). This behavior intervention, Supporting Teens’ Autonomy Daily has also demonstrated positive effects on parent-reported ADHD symptom severity and functional impairment when delivered in a clinic by trained clinicians (Sibley et al., 2016). Thus, emerging evidence supports the potential for psychosocial treatments for ADHD to address substance use, although much more work in this area is needed. 
Unlike behavior management or medication, training interventions, which rely on extensive repetition of new skills with feedback provided to enhance skill-building and generalization, are the only treatment for adolescents with ADHD associated with long-term treatment gains in individual, familial, and academic domains, and the magnitude of these effects grow over time (Evans et al., 2018; Evans et al., 2016). Our team developed a multi-component school-based training intervention for adolescents with ADHD (Challenging Horizons Program; CHP; Evans et al., 2016) that targets skills necessary for meeting the academic and social challenges of adolescence. Problem-solving, organization, study, social, and planning skills are developed and generalized through extensive repetition of practice with constructive feedback. 
Importantly, the CHP is delivered in the context of adolescents’ daily lives within schools. The high school version of the CHP was designed to ultimately be embedded in school’s existing tiered systems of support by replacing commonly used accommodations for teens with ADHD (e.g., study halls) with brief, evidence-based coaching sessions to enhance student’s skills. Although youth with ADHD drastically reduce their stimulant medication treatment adherence over the course of adolescence, an estimated 60% of adolescents with ADHD continue to receive some form of school-based educational supports (DuPaul et al., 2019). Further, 78% of high school CHP participants engaged in 30 or more sessions (Margherio et al., 2014). Thus, the CHP may be an accessible and palatable psychosocial treatment option for youth with ADHD. 
The high school CHP resulted in improvements on several hypothesized risk factors in the pathway to problematic substance use among youth with ADHD (see Figure 1; Molina & Pelham, 2014). Namely, moderate, enduring effects were found for parent-rated organization and academic skills (DuPaul et al., 2021) and enhanced academic performance may decrease substance use in this population (Molina et al., 2012). The CHP was also among the first to demonstrate improvements in self- and parent-rated social skills at post and follow-up assessments (Evans et al., 2024; Morris et al., 2021), which may have implications for substance use in either a preventive (Hechtman & Weiss, 1986) or escalating (e.g., Margherio et al., 2020) manner. Further, parents reported reduced stress related to their adolescent following the CHP (Evans et al., 2024), which may help improve consistent parent knowledge about their child’s friends, whereabouts, and activities (Lippold et al, 2015) and therefore indirectly reduce adolescent substance use (Dekkers et al., 2021; Molina & Pelham, 2014). 
Each of these effects endure, and grow, in the months following the intervention (Margherio et al., 2024). This evidence is from efficacy trials only, yet the CHP has potential to be embedded in existing systems of support in secondary schools. Understanding the degree to which this intervention may alter the developmental trajectory of problematic substance use among these vulnerable youth could therefore inform tiered, accessible, integrated school-based prevention practices. 
Current Study
The overarching goal of the current study was to identify whether an existing, evidence- and school-based intervention for adolescents with ADHD, who are at risk for problematic substance use, prevents deleterious alcohol and substance use outcomes. This study is a longitudinal investigation of the effects on alcohol and substance use following a randomized controlled trial (RCT) of a school-based training intervention for adolescents with ADHD. A subset of youth was followed into emerging adulthood to understand long-term effects during a time when substance use peaks (Molina et al., 2018). We hypothesized that, compared to those assigned to the control group, participants with ADHD assigned to the high school CHP would report reduced likelihood of alcohol and substance use at post-treatment and follow-up, and fewer alcohol- and substance-related problems at post-treatment, follow-up, and into emerging adulthood. Such findings build on the previously-reported evidenced effectiveness of the CHP on academic performance (DuPaul et al., 2021), social skills, and parenting stress (Evans et al., 2024). 
Method
[bookmark: _Toc113273076]Participants
	Participants of the current study were recruited from an RCT evaluating the high school CHP implemented across 12 schools in Ohio and Pennsylvania (see DuPaul et al., 2021 for additional details). The initial sample comprised 186 adolescents in grades 9-11 (see Table 1 for demographic information). Criteria for inclusion in the study required that adolescents met diagnostic criteria for ADHD based on the Parent Children’s Interview for Psychiatric Syndromes (P-ChIPS; Weller et al., 2000) or parent and teacher ratings on the ADHD Rating Scale-5 (ARS-5; DuPaul et al., 2016); demonstrated an IQ of 75 or above on a two-subtest score using the Wechsler Abbreviated Scale of Intelligence – Second Edition (WASI-II; Wechsler & Hsiao-pin, 2011); did not meet diagnostic criteria for bipolar disorder, psychosis, or obsessive-compulsive disorder, and did not meet a cutoff score on the Substance Abuse Subtle Screening Inventory (SASSI; Miller & Lazowski, 2001; n = 5). Thus, consistent with the definition of indicated populations, participants in this study were not yet exhibiting alcohol or substance use disorder symptoms at baseline. The RCT took place over the course of three academic years (2015-2018).
Figure 2 displays a CONSORT diagram displaying study recruitment and retention by treatment condition. Of the original participants, 39% were reached for follow-up during emerging adulthood. Retained participants (n = 73) were 18 to 24 years old (M = 20.96, SD = 1.12), and the average duration from eligibility to long-term follow-up was 5.99 years (SD = .62, range = 4.31 to 7.72). Retention efforts included phone calls, text messages, mailed letters, newsletters, birthday/holiday cards, emails, and social media outreach. Consistent with literature documenting the necessity of several contact attempts to reach emerging adults with ADHD (Faden et al., 2004), participants who responded to retention efforts were contacted an average of 7.85 times (range 1-23) prior to participating. The degree to which retained participants were representative of the original RCT sample was assessed (see Table 1). Of 15 examined characteristics, three group differences emerged, such that participants retained for the long-term follow-up were more likely than those not retained to be girls (29% vs. 21%; χ2[1] = 4.28; p = .04), less likely to identify as Hispanic (5% vs. 11%; χ2[1] = 5.09; p = .02), and less likely to be diagnosed with oppositional defiant disorder (ODD) (36% vs. 49%; χ2[1] = 8.20; p < .01).
Intervention
Participants were stratified for medication status and gender and were randomly assigned at the individual level within schools to the CHP (n = 92) or a community care control group (n = 94). Participants in the community care condition were provided with a list of available resources in their community but did not receive services directly from the research team. All participants and their families were permitted to continue or seek services in their communities or schools. Details of the CHP are briefly reviewed here (see DuPaul et al., 2021 for complete descriptions).
[bookmark: _Toc56709501][bookmark: _Toc113273080][bookmark: _Hlk56708054]Participants assigned to the CHP met with coaches (graduate students supervised by licensed psychologists) individually in 15-20 minute sessions during the school day (e.g., homeroom, study hall) twice-weekly throughout one academic year. Individual sessions included organizational, problem-solving, academic, and interpersonal skills training. Coaches worked with participants to collaboratively target challenges within these areas, teach skills to address identified challenges, and provide opportunities for skills practice and performance feedback. Ten adolescent Interpersonal Skills Group (ISG) sessions were offered in the evenings throughout the intervention year. In ISG sessions, coaches facilitated adolescent self-identification of social goals and group activities to practice strategies to achieve identified goals. Parents of participants were also invited to concurrent group sessions wherein coaches facilitated the generalization of targeted academic/organizational skills into the home and provided strategies for problem-solving in parents’ relationships with their adolescents.
Procedures
Table 2 outlines the timeline, retention rate, and measures of the current study. During the initial RCT, three cohorts of participants and their parents provided assent and consent before completing a battery of assessments at eligibility (in the spring/summer prior to the treatment year), post-treatment (in the late spring/summer following the treatment year), and 6-month follow-up (in the winter following the treatment year). Assessments included both paper-and-pencil and online administration of measures (via REDCap; Harris et al., 2009), including indices of educational, social, and emotional functioning as well as alcohol and substance use.
Approximately 4-8 years after the RCT (2021-2022), participants were invited to engage in a long-term follow-up to assess the effect of the intervention on postsecondary outcomes. Given the changing status of the COVID-19 pandemic at the time, participants were invited to engage in either an in-person study session or an online survey. For both in-person and online participation formats, participants completed informed consent procedures and self-report measures assessing educational and occupational functioning as well as alcohol and substance use online via REDCap (Harris et al., 2009). The Institutional Review Boards of all participating organizations approved of these procedures.
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Problematic alcohol use was measured using the Face-Valid Alcohol (FVA) subscale from the adolescent self-report Substance Abuse Subtle Screening Inventory-A2 (SASSI-A2; Miller & Lazowski, 2001) administered at eligibility, post-treatment, and 6-month follow-up. The FVA scale contains 12 face-valid, Likert scale items ranging from 0 (never) to 3 (repeatedly) wherein adolescents indicate the frequency of alcohol use symptoms and behaviors over the previous 12 months. The FVA scale yields good convergent and predictive validity (Miller et al., 2009). The internal consistency of the FVA subscale in this sample was excellent (α = .93). Parents also completed the SASSI FVA at eligibility regarding their own use.
At the long-term follow-up, we transitioned from the SASSI-A2 to the Alcohol Use Disorders Identification Test (AUDIT; Babor & Grant, 1989) to gather additional information about indicators of consumption, reduce assessment costs, and reduce time burden for participants. Participants completing the 10-item measure indicate the frequency of their alcohol use and alcohol-related problems over the past 12 months on a 5-point scale (0-4), with higher scores indicating more severe problematic alcohol use. The AUDIT has demonstrated good sensitivity and specificity for detecting alcohol use disorders, good internal consistency, adequate test-retest reliability, and convergent validity with other indices of problematic alcohol use (Reinert & Allen, 2007). The internal consistency of the AUDIT in this sample was good (α = .88).
Substance Use
Substance use behaviors were assessed using SASSI-A2 self-report Face Valid Other Drugs (FVOD) subscale (Miller & Lazowski, 2001) at eligibility, post-treatment, and follow-up. The 16-item FVOD scale comprises 16 face-valid, Likert-scale items ranging from 0 (never) to 3 (repeatedly) that measure the frequency of drug use symptoms and associated consequences. The FVOD has demonstrated strong internal consistency and good convergent and predictive validity (Feldstein et al., 2007; Miller et al., 2009). The internal consistency of the FVOD subscale in this sample was excellent (α = .94). Parents also completed the SASSI FVOD at eligibility regarding their own use.
Participants’ substance use behaviors were measured at the long-term follow-up using the Drug Use Disorders Identification Test (DUDIT; Berman et al., 2003). The DUDIT contains 11 items on a 5-point scale (0-4) assessing the frequency of participants’ drug use and associated consequences, with higher total scores indicating more severe substance use problems. The DUDIT has demonstrated good sensitivity and specificity for identifying substance use disorders, Hildebrand, 2015). The internal consistency of the DUDIT in this sample was good (α = .85).
[bookmark: _Toc113273085]Covariates 
Parent-reported adolescent gender (measured as binary boy or girl) and ODD diagnosis at eligibility were included in model estimation given their association with study attrition[footnoteRef:1]. ODD was based on parent or youth report during the P-ChIPS or ChIPS (Weller et al., 2000), or parent or teacher report on the Disruptive Behavior Disorders Questionnaire (Pelham et al., 1992). Participant age and the duration (months) since the eligibility assessment was included in each model, as the latter allowed us to account for variations in time since treatment and thus variations in the degree of unmeasured environmental influence on outcomes. Parents’ own lifetime alcohol and substance use problems on their self-report SASSI FVA and FVOD at eligibility were included to account for the influence of parent substance use. [1:  We were unable to include ethnicity (measured as “Hispanic/non-Hispanic” at eligibility) in models estimating alcohol and substance use outcomes given small cell sizes. In sensitivity analyses including ethnicity as a covariate in linear path models, ethnicity was not significantly associated with alcohol or substance use scores at any timepoint.] 

Data Preparation and Analyses
Data Preparation
Outliers. Given the highly skewed nature of alcohol and substance use outcomes, potential statistical outliers were detected using visual analyses. This strategy was selected as the level of skew made traditional approaches for detecting outliers (e.g., median absolute deviation technique; Leys, 2013) impossible and we are unaware of any standard cutoffs for defining outliers on these measures. Instead, visual analyses focused on individual responses that were both normatively elevated (i.e., representing T scores over 80 on the SASSI; reflecting dependence on the AUDIT or DUDIT) and relatively elevated in this sample (i.e., six or more points higher than the next closest score). For alcohol use outcomes, potential outliers were identified at post-treatment (n = 1) and 5-year follow-up (n = 1). For substance use outcomes, potential outliers were identified at post-treatment (n = 2) and 6-month follow-up (n = 2).  Given these outlying scores and their potential to heavily influence results, these participants’ data were removed from the respective analyses described below. Sensitivity analyses included these data. 
Missing Data. Three of 15 observed variables were associated with missing data (i.e., gender, ethnicity, ODD diagnosis), indicating data were not missing completely at random. A full-information maximum likelihood (FIML) approach was taken to address missing data and analyses accounted for these variables associated with missingness to reduce risk of biased estimates (Collins et al., 2001). FIML may still produce biased estimates in models with high levels of missingness (Dong & Peng, 2013) and non-normal distributions (Enders & Bandalos, 2001), as are present in the current study[footnoteRef:2]. [2:  Models for the 5-year follow-up were also conducted using listwise deletion to evaluate differences between these and FIML models. Results were consistent across FIML models and those using only observed data.] 

School-Level Variance. Intraclass correlation coefficients (ICCs) and design effects were calculated to estimate the degree of variance in alcohol use problems associated with school attended. For alcohol use, FVA ICC = .09 and AUDIT ICC = .02, and for substance use FVOD ICC = .02 and DUDIT ICC = .13, suggesting a small degree of variance in alcohol and substance use was due to school attended. Thus, the TYPE = CLUSTER command was employed in Mplus, which uses a sandwich estimator to create standard errors of the model coefficients that are robust to variance by school attended.
Treatment Effects on Alcohol and Substance Use Over Time
All analyses were conducted using Mplus Version 8.10 (Muthén & Muthén, 1998– 2023) using FIML estimation with robust standard errors. Treatment effects on alcohol and substance use problems were assessed with a series of two-part hurdle path models with Monte Carlo integration. A two-part model is recommended for substance use outcome data characterized by several abstainers and thus highly skewed data (skew coefficients ranged from 3.16 to 5.19 for outcomes; see Atkins et al., 2013). One part of the model captured the likelihood of endorsing any alcohol or substance use, and the other part captured the degree of problematic alcohol or substance use, conditional on engaging in any use. The first part of the model used a binary logistic regression, whereas the second part used a truncated negative binomial model, fitted with linear predictors onto total scores across outcome measures. The models estimated effects of treatment condition alcohol and substance use outcomes at post-treatment, 6-month follow-up, and 5-year follow-up, beyond effects of covariates.
Results
Treatment Effects on Alcohol Use 
Treatment effects on alcohol use at post-treatment, 6-month follow-up, and 5-year follow-up were examined within a series of two-part hurdle models, controlling for participant and parent alcohol use at eligibility, age, years since treatment, gender, and ODD. The Bayesian information criteria (BIC) and the Akaike information criteria (AIC) estimates are presented with model results in Table 3. Due to the complex estimation required to build these models, traditional fit statistics and indices (e.g., model chi-square, root mean square error of approximation) are not provided with count outcome estimation. 
Treatment was not associated with whether a participant engaged in alcohol use at any time point: 18% at post-treatment, 23% at 6-month follow-up, 76% at 5-year follow-up. However, among those who drank any alcohol at the 5-year follow-up, treatment was associated with a small effect, such that treatment participants reported worse alcohol use problems (β = .29 95% CI: .06, .52; see Figure 3). To better understand the clinical significance of this finding, post-hoc chi-squared analyses were used to examine World Health Organization-defined AUDIT risk level (total scores >7 indicates risky use; Babor et al., 2001) by treatment condition and independent samples t-tests were conducted to examine AUDIT item-level differences across treatment groups. A greater proportion of treatment group participants met criteria for risky, problematic alcohol use (22%) relative to control group participants (5%), χ2 (1) = 4.63, p = .03. Statistically significant, moderate differences emerged for 4 out of 10 item responses (see Table 4), with treatment participants reporting greater difficulties stopping drinking once they start (g = .60), failing to do what was normally expected of them due to drinking (g = .51), feeling guilt or remorse after drinking (g = .48), and someone being injured as a result of their drinking (g = .41) compared to control participants.
Exploring Effects on Alcohol Use Problems
Given the unexpected iatrogenic effects of treatment on alcohol use problems, we examined descriptive statistics among individuals reporting problematic alcohol use to generate hypotheses about moderators or causes of this effect. We examined social skills and college attendance (while living or not living with parents) as these variables are positively affected by the CHP (Evans et al., 2024; Morse et al., 2023) but have been found to be associated with problematic alcohol use among some individuals (Margherio et al., 2020; Molina et al., 2012; Patrick et al., 2020; Sibley et al., 2014). There appeared to be a positive relationship between self-report social skills trajectories and self- and parent-report social skills at 6-month follow-up and later alcohol use, but only among youth who were assigned to treatment and reported elevated alcohol use problems at 5-year follow-up (see Figure 4). Regarding college attendance, there appeared to be a trend such that only treatment participants who did not attend college and did not live with their parents reported higher rates of alcohol use problems relative to peers (see Supplemental Figure).
Treatment Effects on Substance Use 
Treatment effects on substance use at post-treatment, 6-month follow-up, and 5-year follow-up were examined within a series of two-part hurdle models, controlling for participant and parent substance use at eligibility, age, years since treatment, gender, and ODD (see Table 5). Treatment was not associated with whether an individual reported substance use at any timepoint; however, among those reporting any substance use at 6-month follow-up, there was a small effect such that treatment participants reported fewer substance use problems than control participants (β = -.45; 95% CI: -1.48, -.32).
Sensitivity Analyses
We conducted a series of sensitivity analyses to assess whether results were robust to the inclusion of statistical outliers and self-report COVID-related challenges at the 5-year follow-up (see Supplemental Tables). With outliers included, treatment reduced the degree of problematic drinking among those reporting any alcohol use at post-treatment. Treatment did not have a significant effect on degree of problematic alcohol use at the 5-year follow-up. With outliers included in the substance use models, treatment remained associated with significant effects on substance use at 6-month follow-up. Regarding the effects of COVID, participants reporting greater effects of the pandemic on their alcohol predictably reported elevated alcohol use problems at the 5-year follow-up. However, the same effects were not found related to effects of the pandemic on their substance use. Treatment effects on alcohol and substance use were not changed with self-reported COVID impact in the models. 
Discussion
We examined the degree to which effects of an evidence- and school-based training intervention for adolescents with ADHD (who were not exhibiting alcohol or substance use problems prior to intervention) was associated with improved alcohol and substance use outcomes over time. Overall, results indicated mixed findings, such that small effects of treatment were evident for both alcohol and substance use problems, but with opposing conclusions. Specifically, treatment was associated with less substance use problems among those reporting any substance use 6-months after treatment, but treatment was associated with iatrogenic effects on alcohol use among those reporting any use in emerging adulthood. These iatrogenic effects of treatment were not robust to the inclusion of statistical outliers. Collectively, we found inconsistent evidence that a multi-component school-based treatment with evidence of effects across social, emotional, behavioral, and academic domains (DuPaul et al., 2021; Evans et al., 2024) substantially affected alcohol and substance use outcomes among adolescents with ADHD. 
Our finding that treatment was associated with adverse alcohol outcomes during emerging adulthood requires exploration and explanation. These effects were small-to-moderate and included clinically significant outcomes, such as increased risk of others being injured due to drinking. These findings should be considered in light of the small sample size and high attrition rates, and such iatrogenic outcomes warrant replication before they can inform treatment implications. Of note, about 22% of the CHP sample met criteria for risky alcohol use on the AUDIT by emerging adulthood, which aligns with estimates of alcohol use disorder among youth with ADHD ranging from about 14% in late adolescence (Molina et al., 2007) to about 27% in emerging adulthood (Wilens et al., 2011). In contrast, just 5% of the control participants met criteria for risky drinking, which could indicate that perhaps the control group in our study reported particularly low levels of use, further highlighting the need for replication in future studies. 
Given that it is unlikely that any aspect of our treatment directly caused alcohol use related problems, our exploratory analyses focused on potential moderators or mediators. These analyses suggested that social skills improvement may either amplify, or explain, such iatrogenic effects on alcohol use problems, perhaps due to increased access to alcohol-using peers. Whereas social isolation can protect against alcohol use during adolescence (Copeland et al., 2018), entry into certain peer groups that may be facilitated by treatment-related gains in social functioning may amplify risk for alcohol use (Hawkins et al., 1992). In support of this hypothesis, we found a positive longitudinal link between parent-rated social skills and problematic alcohol use during adolescence within this sample (Margherio et al., 2020). Similarly, two additional independent longitudinal studies found parent-rated social impairment during adolescence protected against alcohol use among adolescents (Molina et al., 2012; Sibley et al., 2014) and emerging adults (Molina et al., 2014) with ADHD. Additionally, although some researchers have reported increased alcohol use among emerging adults enrolled in college (e.g., Patrick et al., 2020; see Lee et al., 2018 for contradictory findings) we found that living independently and not being enrolled in postsecondary education were associated with increased alcohol use among treatment participants, suggesting treatment-related increases in likelihood of attending college did not play a role in enhancing alcohol risk following treatment. Only a subset of our sample (7/32 treatment participants) experienced risky alcohol use following treatment, and therefore these analyses are exploratory and intended to drive hypotheses for future investigations to clarify these unique findings. 
In contrast to these potential iatrogenic effects on alcohol use problems, treatment was associated with moderately decreased problems related to non-alcohol substances at 6-months follow-up. It is difficult to reconcile such findings with the treatment effects on alcohol use problems given evidence that substance use behaviors tend to cluster together (Wiefferink et al., 2006) and the risk factors addressed in our treatment (e.g., academic performance, social skills) tend to relate similarly to alcohol and other substance use (Bugbee et al., 2019; Cleveland et al., 2008; Connell et al., 2010). The social landscape of alcohol use during these developmental periods may help explain why increases were found for alcohol, but not substance use problems following treatment. Further, in the context of ADHD, pathways to alcohol vs. other substances may differ. For example, Sibley et al. (2014) found that growth in conduct disorder symptoms during adolescence mediated the link between ADHD and cigarette and marijuana use, but not alcohol use. Among 9th grade students, Vitulano et al. (2014) found internalizing symptoms, and, in turn, peer rejection, positively mediated the link between ADHD symptoms and early tobacco use initiation, but not alcohol use. To better understand our discrepant findings, further work is needed to examine unique risk profiles and pharmacological effects of various substances among youth with ADHD, and how such risk may vary as adolescents develop into emerging adults.
Limitations
Two important limitations are the differential attrition and different measures of alcohol and substance use over time. Although the extended follow-up period of this sample is a unique strength, following youth with ADHD over an extended, transitional time period represents challenges (Faden et al., 2004). As such, 39% of the full sample was represented at the emerging adulthood timepoint. Attrition was associated with three of 15 measured characteristics (gender, ethnicity, and ODD diagnosis), which may result in biased estimates. Analyses accounted for these variables using FIML to bolster the missing at random assumption (Collins et al., 2001), yet it is possible that data were not missing at random, which could further affect the validity of findings. Future work would benefit from iteratively developing more inclusive, routine retention strategies. Such work would help elucidate which treatment-related changes may mediate effects on alcohol and substance use. Additionally, at the follow-up during emerging adulthood, we transitioned from the SASSI-A2 to the AUDIT and DUDIT, and findings across timepoints may not be readily comparable. This study was exploratory given limited literature in this area, yet the multiple comparisons herein enhance risk of inflated Type I error.
Implications and Future Directions
There is minimal context for which to interpret our findings because, to our knowledge, researchers rarely report effects on alcohol and substance use from psychosocial treatments that are not specifically designed for such outcomes, despite mental health and substance use being intricately linked. Use of mental health treatments to deter substance use outcomes is analogous to the study and practice of drug repurposing (i.e., use of a drug for an indication other than for its original purpose), which can facilitate treatment implementation for alternative uses (Kulkarni et al., 2023). Although our findings did not fully support the repurposing of the CHP as an indicated substance use prevention tool, future researchers should examine the effects of existing evidence-based treatments on substance use outcomes to inform which existing mental health programming may be leveraged or altered to prevent substance use in indicated populations.
Although treatment effects were not consistently in the expected direction, finding any effects of treatment over a 4-8 year time period is intriguing. Evaluations after follow-up periods for RCTs are relatively rare (<30% have any follow-up) and average just 11 months (Weisz et al., 2017). Among the select few studies (4 RCTs) that examined follow-up effects of treatments for adolescents with ADHD, the typical follow-up was just 12 months (Evans et al., 2018; see Sibley et al., 2022 for an exception). Our unexpected findings highlight the need to consider extended follow-up periods to assess the durability of immediate treatment benefits or potential iatrogenic downstream effects. 
Reports of iatrogenic effects of treatment have historically served as impetus for immediate warnings or enthusiastic calls for policy changes (e.g., Dodge et al., 2006 called to terminate group-based antisocial prevention programs; FDA, 2004 issued a black-box warning for anti-depressants for youth) that many have argued to be counterproductive (see Hogue et al., 2021; Friedman, 2014). Our results reflecting worse alcohol use problems following psychosocial treatment should not be taken lightly; yet these results should be considered within the context of the limitations of this study (see above) and the additional benefits of this treatment (DuPaul et al., 2021; Evans et al., 2024). These findings may be viewed as a critical call for additional research in this area, for open discussions among scholars and practitioners about strategies to maximize benefits and minimize harm of training interventions, and for researchers and clinicians to monitor adverse outcomes that may result from otherwise effective treatment. 
A primary step in this line of work will be to assess whether such findings were unique to this sample or are replicated across other studies. If replicated, it will be important to understand why, how, and for whom these effects on alcohol use occur to inform treatment development. Our exploratory analyses suggest enhanced social skills may be a potential factor to explore in future studies. If, by effectively targeting social skills, the CHP contributes to enhanced access to alcohol for some, it may be necessary to add treatment modules addressing factors that dampen the risk of alcohol use in social situations. For example, integrating refusal skills into the training intervention format could allow youth with ADHD to improve their social functioning without elevating their alcohol use. Additionally, our work (Margherio et al., 2020) and that of others (Molina et al., 2012) found that the positive link between social functioning and alcohol use among youth with ADHD was only present in the context of low parent knowledge about the adolescent’s whereabouts, friends, and activities. Thus, adding parenting components that effectively enhance parent knowledge via parent-child communication and warmth (Lippold et al., 2014) may be indicated. 
Conclusions
The CHP effectively targets hypothesized risk factors with alcohol and substance use, including improved social skills, parent stress (Evans et al., 2024), and academic functioning (DuPaul et al., 2021). However, we found inconsistent evidence that such benefits translate to improvements in alcohol and substance use. The lasting academic and social benefits of this intervention may outweigh the negative outcomes for the majority of participants, yet our findings suggest more work is needed with longer follow-up periods to assess potential effects of psychosocial treatments for mental health on substance use outcomes. Among youth with ADHD, future work should attempt to replicate such findings in a variety of samples and, if replicated, explore why this intervention may contribute to subsequent problematic alcohol use, and how to prevent such risk while maintaining treatment gains. Our exploratory findings may generate hypotheses to spark such future directions. 
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	Table 1
Sample Characteristics
	
	
	

	
	Original RCT Sample
N = 185
	Participants Retained at LT F/Up
N = 73
	
Difference Test

	
	% / M(SD)
	% / M(SD)
	

	Treatment Condition
	50% Treatment
	44% Treatment
	χ2(1) = 1.68; p = .20

	Study Site
	52% OH, 48% PA
	49% OH, 51% PA
	χ2(1) = .55; p = .65

	Age at Eligibility
	15.09 (.88)
	15.20 (.87)
	t(179) = -1.33, p =.09

	Gender
	79% boys 
21% girls
	71% boys
29% girls
	χ2(1) = 4.28; p = .04

	Race
	
	
	χ2(1) = 1.85; p = .40

	Asian
	1%
	3%
	

	Black
	15%
	15%
	

	White
	78%
	79%
	

	Not listed
	5%
	3%
	

	Ethnicity – Hispanic
	11%
	5%
	χ2(1) = 5.09; p = .02

	Parents with ≥ college degree
	37%
	41%
	χ2(1) = 2.68 p = .26

	Parent Alcohol Use Problems 
	2.92 (3.21)
	2.96 (2.75)
	t(182) = -.12, p =.45

	Inattention Symptoms
	19.40 (5.06)
	18.89 (5.10)
	t(183) = 1.11; p = .14

	H/I Symptoms
	10.46 (6.49)
	9.77 (6.28)
	t(183) = 1.18; p = .12

	ADHD medication
	38%
	36%
	χ2(1) = 1.70; p = .19

	ODD Diagnosis
	49%
	36%
	χ2(1) = 8.20; p < .01

	CD Diagnosis
	9%
	6%
	χ2(1) = 1.53; p = .22

	DERS self-report
	64.15 (21.20)
	62.94 (21.38)
	t(178) = .62; p = .27

	Alcohol Use Problems (SASSI FVA)
	.56 (1.74)
	.34 (1.02)
	t(183) = 1.36; p = .09

	Note. Significant (p < .05) differences in bold. LT F/up = Long-term follow-up.





	Table 2
Study Design and Assessment Schedule

	
	Eligibility
(Pre-tx)
	Post-Treatment (Post-tx)
	6 Month Follow-Up (F/U)
	Long-Term Follow-Up (LT F/U)

	N
	185
	144
	124
	73

	Assessment Schedule
	· Summer prior to treatment year (March to September)
· Treatment was delivered across 3 cohorts beginning in 2015, 2016, and 2017
	· Summer after treatment (April to August)
· 11 months post-eligibility assessment


	· Winter after treatment (November to April)
· 18 months post-eligibility assessment
	· 5 years after treatment on average
· 6 years post-eligibility assessment (range: 4.84-7.12 years)

	Measure
	
	
	
	

	Alcohol Use Problems
	SASSI-A2 FVA
	SASSI-A2 FVA
	SASSI-A2 FVA
	AUDIT

	Substance Use Problems
	SASSI-A2 FVOD
	SASSI-A2 FVOD
	SASSI-A2 FVOD
	DUDIT
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	Table 3
Treatment Effects on Alcohol Use Over Time

	[bookmark: _Hlk149661266]Alcohol use timepoint
	Post-Treatment 
	
	6-Month Follow-Up
	
	5-Year Follow-Up

	N
	184
	
	
	
	184
	
	
	
	184
	
	

	% Endorsing any use
	18%
	
	
	
	23%
	
	
	
	76%
	
	

	AIC
	2986.95
	
	
	
	2362.77
	
	
	
	3067.77
	
	

	BIC
	30.86
	
	
	
	2446.358
	
	
	
	3151.36
	
	

	Binary (Any Use)

	
	B
	OR
	95%CI
	
	B
	OR
	95%CI
	
	B
	OR
	95% CI

	Treatment
	.10
	1.11
	[.37, 3.29]
	-.22
	.81
	[.35, 1.87]
	.39
	1.48
	[.37, 5.88]

	Alcohol use at eligibility
	.80
	2.23
	[1.65, 3.00]
	.72
	2.06
	[1.05, 4.04]
	.19
	1.21
	[.66, 2.20]

	Parent alcohol use
	.15
	1.17
	[.99, 1.38]
	.23
	1.26
	[.96, 1.65]
	-.10
	.91
	[.75, 1.10]

	Age
	-.10
	.91
	[.47, 1.74]
	.004
	1.004
	[.39, 2.56]
	-.55
	.58
	[.19, 1.70]

	Months since treatment
	-.04
	.96
	[.81, 1.14]
	-.12
	.88
	[.68, 1.15]
	.12
	1.13
	[.94, 1.36]

	Gender
	-.07
	.94
	[.38, 2.33]
	.30
	1.35
	[.46, 4.00]
	-.06
	.94
	[.41, 2.18]

	ODD
	-.01
	.99
	[.45, 2.15]
	-.27
	.76
	[.25, 2.34]
	.71
	2.03
	[.30, 13.57]

	Degree of alcohol use problems among those who use

	
	B
	β
	95% CI
	
	B
	β
	95% CI
	
	B
	β
	95% CI

	Treatment
	-.87
	-.43
	[-1.87, .13]
	-.04
	-.02
	[-.24, .20]
	.54
	.27
	[.01, .54]

	Alcohol use at eligibility
	.22
	.38
	[.12, .32]
	.17
	.29
	[.06, .52]
	.01
	.01
	[-.20, .21]

	Parent alcohol use
	.01
	.04
	[-.14, .16]
	.04
	.12
	[-.17, .41]
	.09
	.29
	[.08, .50]

	Age
	-.22
	-.20
	[-.99, .55]
	-.15
	-.14
	[-.35, .35]
	.05
	.06
	[-.22, .34]

	Months since treatment
	-.08
	-.14
	[-.51, .34]
	.08
	.12
	[-.69, .42]
	-.02
	-.12
	[-.45, .20]

	Gender
	-.6
	-.25
	[-1.25, .04]
	.07
	.03
	[-.29, .34]
	-.01
	-.002
	[-.20, .19]

	ODD
	.25
	.12
	[-.92, 1.42]
	.01
	.01
	[-.28, .29]
	.24
	.12
	[-.11, .35]


Note. Significant (p < .05) coefficients are highlighted in bold. OR = odds ratio. 95%CI = 95% Confidence Interval. 
	Table 4 
AUDIT Item-Level Responses Between Treatment and Control Participants
	

	Item
	Range
	Treatment
M(SD)
	Control
M(SD)
	t test
	g

	How often do you have a drink containing alcohol?
	0 = Never;
4 = ≥4 times a week
	1.50 (1.05)
	1.15 (.95)
	t(70) = -1.49; p = .07
	-.35

	How many drinks containing alcohol do you have on a typical day when you are drinking?
	0= 1 or 2;
4 = 10 or more
	.91 (1.03)
	.70 (.99)
	t(70) = -.86; p = .20
	-.21

	How often do you have six or more drinks on one occasion?
	0 = Never;
4 = Daily or almost daily
	.88 (.91)
	.60 
(.71)
	t(70) = -1.45; p = .08
	-.34

	How often during the last year have you found that you were not able to stop drinking once you had started? 
	0 = Never;
4 = Daily or almost daily
	.34 (.60)
	.08 (.27)
	t(70) = -2.35; p = .01
	-.60

	How often during the last year have you failed to do what was normally expected of you because of drinking?
	0 = Never;
4 = Daily or almost daily
	.28 (.63)

	.05 (.22)
	t(70) = -1.97; p = .03
	-.51

	How often during the last year have you needed a first drink in the morning to get yourself going after a heavy drinking session?
	0 = Never;
4 = Daily or almost daily
	.03 (.18)
	.00 (.00)
	t(70) = -1.00; p = .16
	-.26

	How often during the last year have you had a feeling of guilt or remorse after drinking?
	0 = Never;
4 = Daily or almost daily
	.25 (.67)
	.03 (.16)
	t(70) = -1.85 p = .04
	-.48

	How often during the last year have you been unable to remember what happened the night before because of your drinking?
	0 = Never;
4 = Daily or almost daily
	.31 (.54)
	.15 (.36)
	t(70) = -1.47; p = .07
	-.36

	Have you or someone else been injured because of your drinking?
	0 = No;
4 = Yes, in the past year
	.31 (.90)
	.05 (.32)
	t(70) = -1.73; p = .04
	-.41

	Has a relative, friend, doctor, or other health care worker been concerned about your drinking or suggested you cut down? 
	0 = No;
4 = Yes, in the past year
	.06 (.35)
	.00 (.00)
	t(70) = -1.12; p = .13
	-.26

	Total score
	
	4.88 (4.29)
	2.80 (2.81)
	
	-.58

	Note. Significant (p < .05) coefficients are highlighted in bold. 



	Table 5
Treatment Effects on Substance Use Over Time

	Substance Use Timepoint
	Post-Treatment
	
	6-Month Follow-up
	
	5-Year Follow-Up

	N
	183
	
	
	
	
	183
	
	
	185
	
	

	% Endorsing any use
	19%
	
	
	
	
	21%
	
	
	35%
	
	

	AIC
	3186.95
	
	
	
	
	3269.14
	
	
	3923.51
	
	

	BIC
	3286.45
	
	
	
	
	3368.63
	
	
	4023.34
	
	

	Binary (Any Use)

	
	B
	OR
	95%CI
	
	B
	OR
	95%CI
	
	B
	OR
	95% CI

	Treatment
	.61
	1.85
	[.51, 6.71]
	.06
	1.74
	[.77, 3.93]
	.40
	1.50
	[.44, 5.11]

	Substance use at eligibility
	1.85
	6.35
	[1.67, 24.12]
	.79
	2.21
	[1.27, 3.85]
	.40
	1.49
	[.72, 3.09]

	Parent substance use
	.06
	1.06
	[.98, 1.14]
	-.01
	.99
	[.94, 1.04]
	.10
	1.11
	[.92, 1.34]

	Age
	-.06
	.95
	[.56, 1.59]
	.25
	1.29
	[.52, 3.19]
	-.22
	.81
	[.50, 1.30]

	Months since treatment
	-.16
	.85
	[.62, 1.16]
	.04
	1.04
	[.77, 1.40]
	.03
	1.03
	[.93, 1.15]

	Gender
	-.23
	.79
	[.36, 1.77]
	.85
	2.35
	[.48, 11.58]
	1.36
	3.90
	[.79, 19.46]

	ODD
	-.33
	.72
	[.18, 2.84]
	-.37
	.69
	[.31, 1.56]
	-.73
	.48
	[.17, 1.34]

	Degree of substance use problems among those who use

	
	B
	β
	95% CI
	
	B
	β
	95% CI
	
	B
	β
	95% CI

	Treatment
	-.17
	-.08
	[-1.59, 1.26]
	-.90
	-.45
	[-1.48, -.32]
	-.12
	-.06
	[-1.46, 1.21]

	Substance use at eligibility
	.14
	.33
	[-.03, .31]
	.11
	.22
	[-.03, .25]
	.09
	.21
	[-.03, .20]

	Parent substance use
	.01
	.06
	[-.07, .10]
	.06
	.27
	[-.03, .25]
	-.02
	-.08
	[-.10, .09]

	Age
	-.98
	-.88
	[-2.21, .26]
	-.08
	-.07
	[-.03, .15]
	-.11
	-.12
	[-.47, .26]

	Months since treatment
	-.11
	-.19
	[-.39, .17]
	.17
	.26
	[-.06, .41]
	.02
	.13
	[-.02, .05]

	Gender
	.143
	.06
	[-.88, 1.17]
	.21
	.09
	[-1.52, 1.94]
	-.23
	-.10
	[-.95, .48]

	ODD
	.06
	.03
	[-1.11, 1.23]
	-.83
	-.42
	[-1.75, .09]
	.47
	.23
	[-.03, .97]

	Note. Significant (p < .05) coefficients are highlighted in bold. OR = odds ratio. 95%CI = 95% Confidence Interval. 



Figure 1

Pathways to Substance Use Among Youth with ADHD and CHP Treatment Targets
[image: ]

Note. Figure informed by pathways to substance use outlined in Molina & Pelham (2014).



Figure 2
CONSORT Participant Flow Chart


Total Screened
(n = 292)
Family withdrew (n=37)
Unreachable/lost contact (n=25)
Exclusionary criteria (n=10):
· Low IQ (n=2)
· School related issues (n=4)
· No ADHD dx (n=4)
Eligibility Assessment
(n=220)
Family withdrew (n=3)
Moved (n=1)
Exclusionary Criteria (n=30):
· Low IQ (n=10)
· Alcohol use (n=5)
· School related issues (n=5)
· No ADHD dx (n=7)
· Co-occurring dx (n=3)
Eligible
(n = 186)
Treatment
(n=92)
Control
(n=94)
Final Treatment
(n=85)
Family withdrew (n=3)
Moved (n=3)
Excluded (school related; n=1)
Lost to LTFU (n=53)
· No response to follow-up contact attempts (n=38)
· Requested to be removed from contact list (n=3)
· Missed scheduled LTFU session (n=6)
· Confined in prison (n=2)
· Confined in psychiatric hospital (n=1)
· Deceased (n=3)

LTFU Treatment
(n=32)
Final Control
(n=85)
Family withdrew (n=5)
Moved (n=4)
LTFU Control
(n=41)
Lost to LTFU (n=44):
· No response to follow-up contact attempts (n=32)
· Requested to be removed from contact list (n=7)
· Missed scheduled LTFU session (n=5)


Figure 3[image: ][image: ]


Observed and Estimated AUDIT Scores by Treatment Group at 5-Year Follow-Up

Figure 4 
AUDIT Scores and Social Skills by Condition and Drinking Risk Status [image: ]
Note. *there were too few participants in the control group who reported high risk drinking to calculate a trend line. Effect sizes for the regression line equations are below:
CHP high risk drinking: R2 = .82
CHP low risk drinking: R2 = .02
Control low risk drinking: R2 = .21








image2.png
Difference in AUDIT Scores at 5-Year Follow-Up

CHP Control

== == Model Estimated Observed




image3.png
Difference in AUDIT Scores at 5-Year Follow-Up

CHP Control

== == Model Estimated Observed





image4.png
AUDIT Scores at 5-Yr Follow-Up

1500

1000

AUDIT Scores and Social Skills Change by Condition

and Drinking Risk Status

40 20 0 20 40 80

Self-Report Social Skills Treatment Year Slope

AUDIT Scores at 5-Yr Follow-Up

20.00

15.00

10.00

5.00

00

AUDIT Scores and Social Skills by Condition
and Drinking Risk Status

25 50 75 100 125

Self-Report Social Skills at 6-Mo Follow-Up

@ CHP

QO Control

== CHP high risk drinking
— CHP low risk drinking

Control low risk drinking*




image1.png
Challenging

Horizons Program
Treatment Targets

Academic
Failure

ADHD Social

Affiliation with
Deviant Peers

Symptoms Difficulties

Conduct
Problems

Environmental
Norms and
Opportunities

Alcohol and Substance
Use

Early initiation, rapid escalation
to problematic use, excess
problems related to use

[

Parenting Factors





