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Abstract

Objective: College is a high-risk period for the initiation and escalation of problem alcohol 

use. College students with attention-deficit/hyperactivity disorder (ADHD) are at particularly 

high risk for experiencing alcohol-related negative consequences relative to typically-developing 

peers. Despite this, the best therapeutic approach for addressing alcohol problems in college 

students with ADHD has not been identified. Behavioral activation (BA) may augment effects 

of gold-standard college drinking interventions (i.e., brief motivational intervention; BMI) for 

students with ADHD who are engaging in problem drinking.

Method: 113 college students with ADHD (M age = 19.87, SD = 1.44; 49.1% male) were 

randomized to either BMI+BA or BMI plus supportive counseling (BMI+SC). Both groups 

received ADHD psychoeducation delivered in MI style. Outcomes were assessed using the 

Brief Young Adult Alcohol Consequences Questionnaire, Daily Drinking Questionnaire, Barkley 

Functional Impairment Scale, and Beck Depression Inventory.

Results: There were no significant differences in outcomes for the sample as a whole; in 

both conditions, participants showed significant reductions in their alcohol-related negative 

consequences, alcohol use, and depressive symptoms at 1- and 3- month follow-ups. Exploratory 

moderation analyses revealed that participants with elevated depressive symptoms at baseline 

evidenced greater reductions in alcohol-related negative consequences in the BMI+BA condition 

compared to BMI+SC at the 3-month follow-up. Those low in depressive symptoms evidenced 

greater reductions of alcohol-related negative consequences in BMI+SC compared to BMI+BA.

Conclusions: For college students with ADHD who reported elevated baseline depressive 

symptoms, inclusion of BA with BMI resulted in significantly greater decreases in alcohol-related 

negative consequences, compared to BMI+SC.
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College is a high-risk developmental period for the initiation and escalation of problem 

alcohol use, setting the stage for post-college drinking and lifelong alcohol-related negative 

consequences (Arria et al., 2016). Developmental models of alcohol use progression identify 

an activating environment interacting with individual vulnerabilities as one pathway leading 

to the onset of alcohol use disorders (Tarter, Vanyukov, & Kirisci, 2008). These models 

support the importance of identifying and intervening with high-risk subgroups who are 

especially vulnerable to alcohol problems during college (Johnston et al., 2014).

College students with attention-deficit/hyperactivity disorder (ADHD) represent one such 

high risk group. Approximately 2–8% of college students in the U.S. are affected by 

ADHD, a disorder characterized by developmentally inappropriate symptoms of inattention, 

hyperactivity, and impulsivity (Weyandt & DuPaul, 2008). Beyond these core symptoms, 

individuals with ADHD tend to prioritize immediately-reinforcing activities, even when 

doing so confers risk and jeopardizes longer-term goals (Dreschler et al., 2008). College 

students with ADHD may therefore choose to drink due to alcohol’s immediately­

reinforcing qualities (Bowirrat & Oscar-Berman, 2005), despite negative impacts on 

academics and social-emotional functioning. Moreover, the precipitous decline in parental 

monitoring during college may further increase ADHD-related impairment across domains 

of functioning, including health-risk behaviors such as alcohol misuse (Meaux, et. al., 2009). 

Individuals with ADHD may struggle with resisting temptations to drink, leading to more 

compulsive patterns of drinking that are less sensitive to the academic contingencies (e.g., 

tests, homework) that may serve to modulate drinking among other students. Furthermore, 

when students with ADHD drink, their difficulties with impulsivity and planning may lead 

to greater alcohol problems, including fights, accidents, and risky sexual behavior.

Indeed, a diagnosis of ADHD is associated with increased risk for alcohol use disorder 

(Rooney et al., 2015), with a prior study showing that 47% of college students with ADHD 

meet DSM-IV criteria for lifetime alcohol abuse and 23% meet criteria for lifetime alcohol 

dependence, compared to 17% and 10% of non-ADHD college students, respectively. 

Relative to their typically-developing peers, students with ADHD are also more likely to 

experience alcohol-related negative consequences, even when reporting the same overall 

amount of alcohol consumption as their non-ADHD peers. For example, college students 

with ADHD more frequently vomit from drinking, experience memory loss, get injured 

when drinking, and have difficulties stopping a drinking episode (Baker, Prevatt, & Proctor, 

2012; Rooney et al., 2012).

Intervention for College Students with ADHD who are Heavy Drinkers

Despite increased risk for alcohol-related negative consequences in students with ADHD, 

no research has been conducted to determine the best approach for reducing risk in this 

population. Brief motivational intervention (BMI) is a gold standard approach for college 

drinking, more broadly (Tanner-Smith & Lipsey, 2015). BMI consists of personalized 
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alcohol feedback (e.g., amount and frequency of alcohol consumption, estimated blood 

alcohol level, negative consequences associated with use) and normative comparisons (i.e., 

how much the student believes his/her same-aged peers drink compared to normative data) 

using motivational interviewing (MI) techniques to spotlight discrepancies in the student’s 

actual versus ideal alcohol use (Walters & Neighbors, 2005). BMI is a cost-effective, time­

limited, evidence-based approach resulting in short- and long-term reductions in problem 

alcohol use in young adults (Tanner-Smith & Lipsey, 2015).

Though BMI has generally been found to be efficacious in reducing problem alcohol use in 

college students, this approach shows limited effects for students with elevated impulsivity 

and poor self-regulation (Carey, Henson, Carey, & Maisto, 2007; Ewing et al., 2009), 

both hallmark traits of ADHD. Given the unique constellation of symptoms associated 

with ADHD (e.g., poor execution and follow through) and common co-occurring concerns 

in this population (e.g., depression), it is likely necessary to modify BMI to maximize 

outcomes in college students with ADHD. Efforts to optimize intervention for high-risk 

populations are consistent with a growing body of research supporting the addition of 

other therapeutic elements (e.g., cognitive-behavioral therapy) to standard BMI (Pedrelli et 

al., 2019). Recognizing the high rates of alcohol-related negative consequences in college 

students with ADHD (Rooney et al., 2012; White & Hingson, 2013) and poor response to 

BMI associated with core characteristics of ADHD (Ewing et al., 2009), this line of research 

is of utmost clinical importance.

Behavioral activation (BA) is a theoretically-plausible approach to augment effects of BMI 

for students with ADHD engaging in problem drinking for many reasons. BA is thought to 

target reward deficits, a construct associated with ADHD and problem alcohol use. In part, 

alcohol use is theorized to become problematic when individuals fail to engage in enjoyable, 

substance-free activities (Murphy et al., 2012). BA is based on the theory that increasing 

engagement in pleasurable and/or goal-directed activities in line with one’s values increases 

contact with environmental rewards and decreases engagement in unhealthy behaviors 

(Lejuez et al., 2011). As applied to alcohol intervention, BA entails helping patients 

monitor activities, identify goals and values, increase engagement with pleasurable and/or 

goal-directed substance-free activities, decrease engagement in maladaptive behaviors, and 

address barriers to experiencing positive reinforcement from their environments (Dimidjian, 

Barrera, Martell, Muñoz, Lewinsohn, 2011). These intervention components are ideal for 

addressing reward deficits that underlie both ADHD and alcohol use (Furukawa et al., 2014; 

Joyner et al., 2016).

Beyond increasing access to substance-free reward, BA may address core ADHD 

dysfunctions by helping students schedule and participate in value-driven, substance-free 

activities across multiple life areas (e.g., engaging in valued substance-free activities with 

friends; studying; exercising; getting more sleep). BA emphasizes breaking down and 

scheduling small “steps” toward a larger goal using a calendar system or mobile app. 

This process involves enlisting help from important people in one’s life to achieve goals, 

which is particularly relevant during college when parental supports are reduced and more 

time is spent with peers. Given this focus, BA may be an important therapeutic component 

in helping college students with ADHD – a disorder typified by poor self-regulation and 
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difficulties in goal attainment (Barkley, 2006) – break down, organize, and systematically 

work towards substance-free goals. In this regard, BA may address broader academic and 

social impairments associated with ADHD.

In line with this possibility is research highlighting the trans-diagnostic potential of BA 

(Vujanovic et al., 2017). The idiographic and flexible nature of BA allows treatment to 

target a client’s needs, which may be particularly relevant in ADHD. This is because ADHD 

is a heterogeneous disorder with substantial individual differences in symptom profiles 

and associated comorbidities. Most notably, there is high comorbidity among ADHD and 

depression, with one study indicating that approximately 60% of students with ADHD 

report a history of major depression vs. 11.5% of non-ADHD students (Rooney et al., 

2015). Depressive symptoms, in particular, are shown to increase risk for alcohol-related 

negative consequences in college samples (Dennhardt & Murphy, 2011), to partially account 

for the relation between ADHD and substance use (Tarter et al., 2008; Yoshimasu et al., 

2016), and predict poor response to standard BMI (Murphy et al., 2012). Recognizing that 

BA is an evidence-based treatment for depression (Reynolds et al., 2011), and depression 

interferes with BMI efficacy, the addition of BA to BMI may optimize alcohol intervention 

for students with ADHD and depressive symptoms.

The Present Study

Despite elevated risk for alcohol-related negative consequences and alcohol use disorders in 

students with ADHD, no studies have systematically evaluated BMI in this population, 

nor have any existing ADHD intervention studies targeted alcohol-related negative 

consequences. It is important to target negative consequences in alcohol intervention, 

beyond simply focusing on overall rates of drinking, given that alcohol use is normative 

in college and is associated with some positive outcomes (e.g., increased social connection; 

Ham & Hope, 2003). Moreover, prior research demonstrates that despite not drinking more 

than their peers, college students with ADHD experience more alcohol-related negative 

consequences (Rooney et al., 2012; 2015).

The present study aimed to develop and test a novel intervention using a randomized 

controlled trial design. Both groups received ADHD psychoeducation delivered in MI 

style as well as BMI. The novel intervention included BA (hereafter referred to as 

BMI+BA; Vasko et al., 2019), compared to an alternative treatment condition consisting 

of standard BMI and supportive counseling (SC; hereafter referred to as BMI+SC). This 

design is optimal for a rigorous experimental evaluation of the addition of BA in alcohol 

intervention, as we compare our novel intervention to an “already-established treatment” 

(Chambless, 1998). We hypothesized that BMI+BA would result in greater reductions in 

the alcohol-related negative consequences (the primary outcome), compared to BMI+SC. 

As secondary outcomes, we predicted that BMI+BA would also result in greater reductions 

in overall amount of alcohol use, depressive symptoms and overall functional impairment 

than BMI+SC, given that BA is an evidence-based treatment for depression that focuses 

on breaking down and scheduling substance-free reinforcing activities and increasing 

environmental supports to follow through on planned activities.
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An ancillary aim was to explore moderators of treatment response, to begin to determine 

for whom more intensive treatment (BMI+BA) is warranted. More specifically, we 

explored whether baseline depressive symptoms moderated outcomes such that participants 

with higher baseline depressive symptoms would evidence greater improvements in 

alcohol consequences in the BMI+BA condition (Murphy et al., 2012). BA may be 

especially advantageous for college students with ADHD who are also experiencing 

elevated depressive symptoms at baseline, given that BA aims to increase engagement 

in goal-directed and substance-free rewarding activities (Reynolds et al., 2011). We thus 

hypothesized that students in the BMI+BA condition would show fewer alcohol-related 

negative consequences in the context of higher baseline depression.

Method

Participants

The sample consisted of 113 college students at the University of Maryland, College 

Park (49.1% male). The average age of participants was 19.87 years (SD=1.44). Sample 

demographic characteristics are presented in Table 1. As depicted in Table 1, a large 

proportion of participants presented with comorbid mood, anxiety, or substance use 

disorders in addition to ADHD. Eligibility for the clinical trial (AA022133; PI Chronis­

Tuscano) required that participants: (1) met DSM-5 criteria for ADHD, (2) had elevated 

levels of problem drinking as defined by an Alcohol Use Disorder Identification Test 

(AUDIT; Saunders et al., 1993) score of 7 or greater for males or 5 or greater for females 

(DeMartini & Carey, 2012), (3) reside on or off campus, away from their parents, and (4) 

were not currently participating in (or were willing to suspend) psychotherapy for ADHD 

that would interfere with the study until completion of study treatment. Bipolar disorder, 

psychosis, or suicidal thoughts/behaviors characterized by imminent risk and/or requiring 

immediate treatment were exclusionary.

Procedures

Participants were recruited through flyers, campus listservs, referrals from campus services 

(e.g., University Counseling Center, Accessibility and Disability Services, Student Health 

Center), and an online university survey pool (SONA) at a large, public university. 

Recruitment materials advertised a brief program to help college students with ADHD 

“lead a healthier lifestyle.” This was to avoid students being deterred by a study focused 

on reducing alcohol use, as college drinking norms and risk perceptions may interfere with 

treatment seeking behavior and views of problem drinking (Napper, Grimaldi, & LaBrie, 

2015). Interested students were contacted to complete a telephone screen by trained research 

staff. In the screen, students were consented and administered the Barkley Adult ADHD 

Rating Scale (BAARS; Barkley, 2011a) to obtain a measure of current ADHD symptoms, 

and the Alcohol Use Disorders Identification Test (AUDIT; Saunders, Aasland, Babor, De 

La Fuente, & Grant, 1993) to measure levels of alcohol misuse. To be invited for a baseline 

assessment, students had to endorse of 3 or more ADHD symptoms on the BAARS (as a 

preliminary screener for a possible ADHD diagnosis) and have an elevated score on the 

AUDIT (i.e., score of 7 or greater for males or 5 or greater for females; DeMartini & Carey, 

2012). See CONSORT diagram (Figure 1).
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At baseline, students were administered background information interviews, the Adult 

ADHD Clinical Diagnostic Scale (ACDS; Kessler et al., 2010) semi-structured diagnostic 

interview to assess past and present ADHD symptoms, and modules of the Structured 

Clinical Interview of DSM-5 (SCID; First, Williams, Karg, & Spitzer, 2016) to 

determine a current or past diagnosis of comorbid psychopathology (i.e., mood or 

substance use disorders). Assessors were advanced-undergraduate, masters-, doctoral-level 

and postdoctoral trainees. Rigorously-trained and supervised research staff administered 

diagnostic interviews, and each case was reviewed with an expert panel including 2 Ph.D.’s. 

Final diagnoses were made based on expert consensus.

Participants were also administered a battery of questionnaires, including self-report of 

ADHD symptoms and impairment via the BAARS and Barkley Functional Impairment 

Scale (BFIS; Barkley, 2011b), in addition to other outcome variables. When permission 

was obtained from participants (n = 70), parent-report of current and childhood ADHD 

symptoms using the BAARS and BFIS was obtained for the purpose of ADHD diagnosis. 

Results from the ACDS, BAARS, and BFIS self- and parent-reports were synthesized 

using the “or rule” to arrive at a diagnosis of ADHD (Shemmassian & Lee, 2012). Given 

that a threshold of 3 symptoms endorsed on the BAARS was used as initial screening 

for eligibility via telephone, 20 participants completed a baseline assessment where a 

diagnosis of ADHD was not reached and they were thus ineligible to continue (see Figure 

1). Of the 113 participants, 61.9% of (n=70), had collateral parent report at baseline. 

Of the 70 participants with parent report, only 2.86% (n=2) required parental report to 

meet ADHD diagnostic criteria; the remaining 97.15% met ADHD criteria based on self­

report alone. Additionally, 75.2% of participants (n=85) reported a previous diagnosis of 

ADHD. Randomization to treatment condition was stratified based on gender, baseline 

alcohol use disorder, and current ADHD medication status. All procedures received IRB 

approval including the participant payments (i.e., receiving compensation for completing 

measures at baseline, post-treatment, 1-month follow-up, and 3-month follow-up time 

points). Participants did not pay to receive the treatment.

Interventions

Participants were randomized to one of two treatment conditions: BMI+BA or BMI+ SC. 

In both conditions, treatment was delivered in 5 sessions over 7 weeks to match groups 

for therapist contact. Sessions 1 through 4 were conducted in-person for approximately 

60 minutes and Session 5 consisted of a brief (i.e., approximately 20-minute) telephone 

check-in conducted two weeks after the last in-person session. The same team of therapists 

delivered both conditions to control for potential therapist effects. See Table 2 for the 

breakdown of session content.

BMI+BA.—BMI+BA included 1 session of ADHD psychoeducation delivered in an MI 

style, 1 session of alcohol-focused BMI (including personalized alcohol feedback and goal­

setting), and 2 sessions of BA adapted for ADHD. During BA, students discussed their 

values (e.g., being a reliable friend or a good student) and substance-free activities were 

scheduled in accordance with those values (e.g., call high school friends weekly, reading 
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textbook for 30 minutes nightly). Lastly, a telephone check-in was conducted two weeks 

after the final in-person session. See Vasko et al. (2019) for additional intervention details.

BMI+SC.—The alternative control condition also consisted of 3 components: 1 session 

of ADHD psychoeducation (delivered in MI style), 1 session of alcohol-focused BMI 

(including personalized alcohol feedback and goal-setting), and 3 sessions of supportive 

counseling (Hill, 2014). During the latter three sessions, the therapist assumed a 

supportive facilitative role (e.g., reflective listening) and did not prohibit conversation about 

psychological issues (e.g., ADHD, alcohol use, depression), but did not initiate conversation 

on these topics. Therapists engaged empathically without providing cognitive-behavioral 

skills to address problem areas. This SC approach was utilized in prior BA studies (e.g., 

Reynolds et al., 2011).

Treatment Fidelity.—Twenty percent of sessions (n = 90) were randomly selected 

to be coded by independent evaluators (i.e., 9 recordings were randomly selected for 

each of the 5 sessions in the 2 conditions; all therapists were represented). Independent 

evaluators consisted of 2 graduate-level and 1 advanced undergraduate-level students. The 

treatment developers coded a subset of sessions to serve as an answer key by which 

independent evaluators were tested against during training. Independent evaluators were 

able to code sessions for fidelity only after having been determined reliable during the 

training process (k>.8). Within BMI+BA and BMI+SC, 98.9% and 100% of the main points 

were covered across sessions, respectively, indicating that therapists implemented BMI and 

ADHD psychoeducation with fidelity and used BA in the BMI+BA condition only. Fidelity 

assessments confirmed that no BA content was delivered BMI+SC.

Measures

Diagnostic Measures

Adult ADHD Clinical Diagnostic Scale (ACDS; Kessler et al., 2010).: The ACDS is a 

semi-structured interview that assesses the presence of ADHD symptomology during the 

past 6 months (current) and in childhood (before the age of 12).

Alcohol Use Disorder Identification Test (AUDIT; Saunders et al., 1993).: The AUDIT 

is a 10-item brief assessment for excessive drinking and related impairment (Babor, 

Higgins-Biddle, Saunders, & Monteiro, 2001). Test-retest reliability has been shown to be 

satisfactory in a general population sample with an intra-class correlation coefficient of 0.84 

(Park, Sher, & Krull, 2008). The internal consistency in the current sample was .80.

Barkley Adult ADHD Self-Report Scale (BAARS; Barkley 2011a).: The BAARS 

includes 18 DSM-5 ADHD symptoms on a 4-point Likert scale, with higher scores 

indicating higher levels of ADHD symptoms. Three versions of the BAARS were utilized: 

self-report of current symptoms, parent-report of current symptoms, parent-report of 

childhood symptoms. The BAARS has demonstrated strong t-test reliability and internal 

consistency (αs .80 - .90) in a large nationally representative sample of adults (Barkley, 

2011a). Alphas for the BAAARS current and childhood symptoms ranged from .79 - .93 

across self-report and parent-report in this study.
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Structured Clinical Interview for DSM-5 (SCID; First et al., 2016).: The SCID is a 

semi-structured diagnostic interview used to assess past and current DSM-5 mood, alcohol 

and substance use, and psychosis diagnoses. The interrater reliability averaged across all 

disorders presented in Table 1 (current and lifetime) in this study was .98 (range: .91–1.00).

Primary Outcome Measure

Brief Young Adult Alcohol Consequences Questionnaire (BYAACQ; Kahler, Strong, 
& Read, 2005).: This abbreviated Young Adult Alcohol Consequences Questionnaire 

(YAACQ; Read, Kahler, Strong, & Colder, 2006) utilizes 24 items measuring negative 

consequences of drinking, and is effective at discriminating severity of alcohol-related 

negative consequences (Kahler et al., 2005). It has strong convergent validity and test-retest 

reliability (Kahler, Hustad, Barnett, Strong, & Borsari, 2008). Internal consistency of 

BYAACQ in this sample was .87.

Secondary Outcome Measures

Daily Drinking Questionnaire (Collins, Parks, & Marlatt, 1985).: The DDQ asks 

participants to report how many drinks they consumed each day in the past week. The 

current study used total number of weekly drinks, which has been shown to be a reliable 

indicator of alcohol misuse (Borsari, Neal, Collins, & Carey, 2001).

Barkley Functional Impairment Scale (BFIS, Barkley, 2011b).: The BFIS measures 

ADHD-associated impairment in 15 domains (e.g., daily responsibilities, social 

relationships-friends/family, community activities, education, dating, money management, 

sexual relations, self-care). These domains are averaged to derive an overall impairment 

score, which was used in the current study. The BFIS is valid measure of impairment and 

has high test-retest reliability (Barkley et al., 2011b). The internal consistency for the total 

score in the current study was .88.

Beck Depression Inventory (BDI; Beck, Brown, & Steer, 1996).: The BDI is a 21-item 

self-report measure that assesses depressive symptoms during the past 2-weeks on a 4-point 

Likert scale. The BDI is a widely-used, reliable, and valid measure (Storch, Roberti, & Roth, 

2004). The internal consistency in the current study was .92.

Data Analysis

We calculated Cohen’s d effect sizes (Cohen, 1988) to examine magnitude of change across 

post-treatment, 1-month follow-up, and 3–month follow-up time points as stipulated in 

the study’s a-priori aims. The between-group effect sizes estimating the 95% bootstrap 

confidence intervals were conducted using the bootES package in R (Kirby & Gerlanc, 

2013). The between group effect sizes were estimated by first calculating the within-subjects 

change effects (e.g., change from baseline to Session 4). The contrast score was treated as a 

dependent variable and between contrast analyses were performed (Kirby & Gerlanc, 2013). 

These analyses illustrate the degree to which the within-subjects’ effects vary between the 

two treatment groups.
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The primary outcome variable was alcohol-related negative consequences as measured 

on the BYAACQ (clinicaltrials.gov; NCT02829970). Additional outcomes included self­

reported total weekly drinks, depressive symptoms, and functional impairment measured via 

the DDQ, BDI, and BFIS, respectively. Analyses examining total alcohol related negative 

consequences included total weekly drinks (DDQ) included as a covariate. Given that the 

intent-to-treat sample is repeated measures, we used linear mixed models (LMM; also 

referred to as multilevel models; West, 2009) for analyses. 1 We estimated LMM using full­

restricted maximum likelihood estimator (REML). We selected the unstructured covariance 

matrix because it fully captures the correlation structure among latent growth factors (e.g., 

latent intercept and slope) without any presumed constraints, thereby thoroughly accounting 

for correlations between repeated measures. LMM uses all available data on each participant 

(in line with the intent to treat approach) and allows for more flexible estimation of the 

correlation of repeated measures. The within-cluster correlations accounts for participants’ 

random deviations from model estimations varying in structured patterns across measures. 

The LMM approach does not assume equal correlations across repeated outcomes measures, 

thus, allowing us to thoroughly model within-cluster correlations across measurement times 

(Muth et al., 2016).

To model main effects of treatment condition, we specified fixed and random effects of time 

in the LMM using time and treatment group as predictors. Specifically, we used treatment 

by time interactions to examine group differences in growth rates of change for outcome 

measures. Of note, all statistical analyses included sex as a covariate given documented sex­

differentiated drinking patterns (Wilsnack, Wilsnack, & Wolfgang Kantor, 2013). Females 

were coded as the reference group (0 = female, 1 = male). ADHD medication status was 

not correlated with any of the variables in the model and therefore was not included. The 

alpha of .05 was set to represent statistical significance. We allowed random intercept and 

slope for time to vary across individuals. We also explored a priori cross-level interactions 

for depression as a baseline moderator on the primary outcome measure, alcohol-related 

negative consequences.

Results

Comparison of Treatment Conditions

Alcohol Related Negative Consequences (BYAACQ).—The LMM examining 

alcohol-related negative consequences yielded a significant effect of time (p <.01), 

suggesting that alcohol-related negative consequences decreased over time across both 

treatment conditions. No statistically significant differences were evident between BMI+BA 

and BMI+SC in alcohol-related negative consequences (p = .10) and growth rate (time 

x treatment) between the two groups at 1-month (p=.65) or 3-month follow-ups (p 
=.70). Effect sizes (Table 3) were slightly larger for participants in BMI+BA relative to 

1There were 6 participants with no baseline data (i.e., participant was administered a diagnostic interview but did not complete 
the baseline questionnaires). Analyses were conducted without those participants and all results remained consistent. Additionally, a 
logistic regression examined group differences on demographic variables between participants who dropped out of the study prior to 
receiving any treatment and those who completed at least one session. There were no significant differences between groups.
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the BMI+SC on the BYAACQ, though they were not statistically significantly different. 

Parameter estimates are reported in Table 4.

Alcohol Use (DDQ).—The LMM DDQ model revealed significant mean differences 

between BMI+BA and BMI+SC at baseline (p <.005), such that participants in the BMI+BA 

condition reported drinking more at baseline than those in the BMI+SC condition. There 

was an effect of time (p <.001), which suggests that DDQ decreased over time in both 

conditions (see Table 3). In the BMI+SC group, students reported decreases in number of 

weekly drinks from baseline to 3-month follow-up from approximately 14 to 9. Effect size 

estimates are presented in Table 3 and indicate similar effects on weekly drinks at 3-month 

follow-up. No difference in growth rate between groups was evident (p = .68). See Table 4.

Depressive Symptoms (BDI).—The LMM examining depressive symptoms yielded a 

significant effect of time (p <.001), suggesting that BDI decreased over time across both 

treatment conditions. Effect size estimates are presented in Table 3 and indicate relatively 

stronger effects on depressive symptoms for participants in the BMI+BA condition relative 

to those in the BMI +SC condition. No statistically significant differences were evident 

between BMI+BA and BMI+SC in depressive symptoms (p = .33) and in growth rate (time x 

treatment) between the two groups (p =.11). Parameter estimates are reported in Table 4.

Functional Impairment (BFIS).—The LMM examining functional impairment showed a 

non-significant effect of time (p <.26), such that functional impairment did not decrease over 

time in either condition. Effect size estimates are presented in Table 3 and indicate similar 

effects across conditions. No significant differences in means across time points (p = .30) or 

growth rates (p =.22) were evident between BMI+BA and BMI+SC (see Table 4).

Moderation Analyses

Depressive Symptoms (BDI).—In exploratory moderation analyses, there was a 

significant interaction between treatment, time, and baseline depressive symptoms on 

alcohol-related negative consequences (the primary outcome variable) three months 

following treatment, controlling for alcohol use (i.e., DDQ; Table 5). As depicted in 

Figure 2, there were significant treatment effects, such that participants who reported 

more baseline depressive symptoms evidenced greater reductions in alcohol-related negative 

consequences over time following BMI+BA compared to participants in the BMI+SC group 

(B = −0.03, SE = 0.02, p < 0.05). Follow-up simple slope analyses probing this interaction 

effect revealed that individuals in the BMI+BA condition experienced more reductions in 

BYAACQ than those in BMI+SC condition at higher levels of baseline depressive symptoms 

(1SD or greater above the average), but not at average or lower levels. Conversely, 

individuals in the BMI+SC condition experienced more reductions in BYAACQ relative 

to those in the BMI+SC condition at lower levels of baseline depressive symptoms (1 SD or 

less below the average) but not at average or higher levels. Significant moderation was not 

observed at the 1-month follow-up period.
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Discussion

This is the first study to evaluate alcohol intervention approaches with a high-risk 

subpopulation of heavy drinkers with ADHD, a group who may require a more intensive 

and comprehensive approach to reduce problematic alcohol use than a standard single 

session of BMI. We examined the efficacy of BMI+BA relative to BMI+SC at reducing 

alcohol-related negative consequences among college students with ADHD over a 3-month 

follow-up period. Additional outcomes (i.e., total weekly drinks, depressive symptoms, 

functional impairment) were also examined between groups over time, given the theoretical 

links between BA and these outcomes (e.g., engaging in enjoyable and important activities 

to increase mood; identifying, planning, and executing observable, goal-directed activities). 

Exploratory moderation analyses were used to examine for whom BMI+BA produces 

greater reductions in alcohol-related negative consequences relative to BMI+SC.

There were no significant differences in outcomes for the sample as a whole; in both 

conditions, students reported significant reductions in both alcohol use and alcohol-related 

negative consequences from baseline to 3-month follow-up (and 1-month follow-up). 

Indeed, BMI is a gold-standard alcohol intervention for college students, more broadly 

(Tanner-Smith & Lipsey, 2015). Our results highlight the importance of BMI in alcohol 

intervention, perhaps especially with the addition of ADHD psychoeducation delivered 

in MI style with personalized feedback. Psychoeducation delivered in MI style may be 

especially effective in illuminating problem areas for many college students with ADHD 

and is consistent with emerging college ADHD interventions unselected for drinking 

behaviors, which include ADHD psychoeducation as a foundational intervention component 

(Anastopolus & King, 2015). Our results expand upon prior intervention work among 

college students with ADHD by showing that, on average, students with ADHD benefit 

from BMI + ADHD psychoeducation and either supportive counseling (i.e., establishing and 

discussing student-led topics) or BA. Prior research, has indicated that single sessions of 

BMI result in small effect size changes in alcohol use and alcohol-related problems (e.g., 

Murphy et al., 2015; Tanner-Smith & Lipsey, 2015). With the addition of BA (or SC), we 

found small effects on negative alcohol consequences and medium effects on alcohol use 

at 3-month follow-up. Our effect sizes may have been slightly larger than traditional BMI 

because of the addition of ADHD psychoeducation (delivered in MI style) as well as the 

addition of BA or SC.

Both BMI+BA and BMI+SC produced changes over time in depressive symptoms across 

3-month follow-up, with larger effect sizes in the BMI+BA condition. Indeed, it is surprising 

that there were not significant differences in depressive symptom reduction across groups 

given that BA is an evidence-based intervention for depression that targets environmental 

reward which is theorized to be deficient in depressed individuals (Reynolds et al., 2011). 

It may be that the dose of BA provided in the BMI+BA program (i.e., two, 1-hour sessions 

plus a follow-up phone call) was simply not intensive enough to statistically outperform 

the active control condition (i.e., use of daily diaries, establishing student-led topics without 

specific use of cognitive-behavioral skills). In the spirit of brief interventions for alcohol 

use and related negative consequences (which typically consist of only 1 assessment and 

1–2 intervention sessions; Carey et al., 2016), BA within the BMI+BA condition was 
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delivered over the course of only 2 intervention sessions and a brief call (see Table 2). This 

dosage is substantially less than traditional evidence-based BA treatments for depression, 

which typically involve 10–12 sessions (Lejuez, Hopko, Acierno, Daughters, & Pagoto, 

2011). Many treatments for college students with ADHD last 8–12 weeks (Anastopoulos 

& King, 2015; Solanto et al., 2018) to yield sustained, meaningful change in areas of 

impairment and emotional well-being. Given that ADHD is a chronic condition with multi­

domain impairments (Weyandt & DuPaul, 2008), characterized by performance deficits 

and poor follow-through, it may be that additional BA sessions would result in stronger 

effects of BMI+BA on depression. Taken together, this preliminary finding suggests that, on 

average, short-term interventions with either BA or SC may be beneficial for this higher-risk 

comorbid population (Pedrelli et al., 2019).

Unexpectedly, neither treatment produced significant changes in ADHD-related functional 

impairment. At baseline, many participants self-reported low levels of impairment, despite 

their descriptions during ADHD assessments of impairment, corroborated by parents 

and transcript data (e.g., repeating classes). It is very possible that the MI-enhanced 

ADHD psychoeducation in both conditions (see Vasko et al., 2019) increased participants’ 

awareness of their areas of difficulty. Given that functional impairment data were collected 

via self-report only, students may have been more cognizant of their difficulties after the 

MI-delivered ADHD psychoeducation. It is also possible that the MI-delivered ADHD 

psychoeducation itself was a powerful treatment component; however, given the design of 

the current study to rigorously evaluate the addition of BA, we cannot isolate effects of 

MI-delivered psychoeducation alone.

In an effort to maximize available resources and make treatments as efficient as possible, it 

is important to examine for whom more intensive approaches are warranted. The exploratory 

moderation analyses suggested that the addition of BA may be clinically indicated for 

college students with ADHD who presented at baseline with elevated levels of depressive 

symptoms. Students with elevated baseline depressive symptoms demonstrated greater 

reductions in their alcohol-related negative consequences at 3-month follow-up (but not 

1-month follow-up data) if they received BMI+BA. Conversely, college students with 

ADHD who reported low depressive symptoms at baseline saw greater reductions in 

alcohol-related negative consequences in BMI+SC compared to BMI+BA. Indeed, studies 

have demonstrated that depressive symptoms predict poorer response to BMI interventions 

(Dennhardt & Murphy, 2011) and adaptations to BMI that address coping skills and enhance 

substance-free reward may be especially important among those with elevated baseline 

depressive symptoms (Murphy et al., 2019; Murphy et al., 2012; Pedrelli et al., 2019). 

Given that comorbid ADHD and depression is associated with more impairment than either 

disorder alone (Chronis-Tuscano et al., 2010), it may be important to also evaluate levels of 

depressive symptoms at intake to identify students who could benefit from a more intensive 

intervention (i.e., BMI+BA) to reduce alcohol-related negative consequences.

Strengths, Limitations, and Future Directions

This is the very first study to: (1) investigate an intervention specifically designed to 

reduce problem drinking in college students with ADHD, (2) integrate BMI, MI-delivered 
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ADHD psychoeducation, and BA in alcohol intervention, and (3) explore clinically­

meaningful treatment moderators to identify for whom BMI+BA is warranted (i.e., treatment 

personalization). Prior research shows that students with self-regulation difficulties and 

high levels of impulsivity (i.e., core characteristics of ADHD) are less likely to respond 

to standard BMI (Carey et al., 2007; Ewing et al., 2009), supporting the importance 

of developing interventions that include additional elements for students with ADHD. 

Additionally, the current study was executed under a rigorous experimental design with 

a gold-standard comparison intervention (BMI+SC) to understand whether the addition of 

brief BA outperforms SC.

The results of this RCT need to be considered in the context of its limitations. This was 

a treatment development study and consequently sample size was relatively small, but 

consistent with others (e.g., Pedrelli et al., 2019). A larger sample would allow us to 

expand upon and replicate treatment moderators observed in the current sample. In the 

spirit of treatment efficiency, it may be the case that not all students with ADHD engaging 

in problem drinking require intervention beyond BMI, psychoeducation, and supportive 

counseling, which employs key helping skills shown to evoke behavior change (Hill, 2009). 

Another limitation is that the BA+BMI group reported higher levels of depressive symptoms 

at baseline than the BMI+SC; this reduction could represent a regression toward the mean. 

Future trials should attempt replicate our findings and explore this possibility.

Additionally, in subsequent trials, a wider range of assessment methods should be employed; 

ecological momentary assessment may provide proximal reports of alcohol-related negative 

consequences, mood symptoms, activity scheduling/completion, illuminating the unfolding 

of these behaviors over time. Although we coded sessions for fidelity (including for the 

absence of BA in the BMI+SC condition), it may also be helpful for future studies to 

employ cross-coding of sessions (i.e., independent evaluators who are blind to treatment 

condition and code with the other treatment condition’s content checklist). A limitation of 

the current study is that may have cross-contamination may have occurred during fidelity 

checking. Additionally, outcome data were collected via self-report, only. Given the sensitive 

nature of the study (e.g., underage drinking), parent data were only collected at baseline to 

confirm ADHD diagnoses and consent to contact parents was not required for participation. 

Parents’ corroboration of ADHD symptoms and impairment is recommended for assessing 

individuals with ADHD, when possible, (Barkley, 2006) but becomes increasingly difficult 

as youth age into emerging adulthood; few studies have followed this recommendation 

when assessing college students with ADHD (Dvorsky, Langberg, Molitor, & Bourchtein, 

2016). Additionally, this was an NIAAA-funded study focused on drinking behavior and 

therefore we did not want to require parent participation. In this study we requested that 

participants grant permission to contact their parents about their ADHD symptoms, but did 

not exclude students who did not feel comfortable doing so. We were very conservative 

in our assessment approach. Diagnoses were made based on expert team consensus 

(including two licensed clinical psychologists) using a semi-structured diagnostic interview 

and student and (when available) parent rating scales assessing current/childhood ADHD 

symptoms and cross-domain impairment. Additionally, the majority of participants reported 

a previous diagnosis of ADHD during their assessment. Still, the lack of parent report 

on all participants could have impacted our ability to accurately capture symptoms and 
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impairment. Future research should continue to attempt to obtain parent ratings of ADHD 

symptoms while maintaining the confidentiality of students in the study. Individuals with 

ADHD often have difficulty reporting on their own impairment (Sibley et al., 2012), so 

additional impairment outcomes, perhaps corroborated by parents or other significant others, 

would bolster findings. Longer follow-up assessments to assess sustained effects should also 

be considered, especially given that students with ADHD are at for persistent patterns of 

heavy drinking and poor follow-through with interventions (Tarter et al., 2008).

This study included students from a single 4-year, large, public university. Larger, more 

diverse samples at more than one university should be recruited to assess generalizability. 

Future work should also examine BMI+BA in community colleges (i.e., 2-year institutions), 

as well as among youth who do not pursue post-secondary schooling. Youth with ADHD are 

less likely to attend a 4-year institution vs. vocational/community colleges (Kuriyan et al., 

2013). Implementing a BMI+BA in a broader array of educational settings would therefore 

be an important extension of this work to enhance generalizability.

It may also be beneficial for studies to investigate the effects of BMI+BA on other risk 

behaviors. For example, youth with ADHD are more likely to engage in risky sexual 

behavior, be involved in an early pregnancy, and have higher levels of drug-related 

impairment relative to their non-ADHD peers (Huggins, Rooney, Chronis-Tuscano, 2015; 

Meinzer et al., 2017; Rooney et al., 2012). BMI+BA may address other hazardous behaviors 

via personalized feedback on actual vs. ideal behaviors (BMI; Walters & Neighbors, 2005) 

and by replacing health risk behaviors with goal-directed substance-free behaviors (Lejuez et 

al., 2011).

Additional expansions of the current findings include elucidating why individuals receiving 

intervention make behavior change and for who. Consistent with foundational theories 

of substance misuse (e.g., behavioral economics), additional research should evaluate 

mechanisms of change in treatment. It is possible that engagement in goal-directed activities 

and access to substance-free reward across treatment may lead to reductions in problem 

alcohol use, depressive symptoms, or other negative outcomes (Murphy et al., 2019). 

Future research should also include finer-grained alcohol-related outcomes. It is currently 

unknown whether certain intervention components in ADHD lead to increased use of 

protective behavioral strategies or other cognitive-behavioral skills designed to reduce 

alcohol problems, and whether such effects are sustained over time (Magil et al., 2017). 

Additionally, given sex differences in both ADHD symptom presentation and alcohol use 

(Geisner, Larimer, & Clayton, 2004; Levy, Hay, Bennett, & McStephen, 2004), it would 

be beneficial for a future, larger randomized controlled trial to examine whether there are 

differences in treatment effects based on participant sex.

Though the current study controlled for therapist contact by implementing supportive 

counseling as a control comparison to behavioral activation, the current study did not 

examine whether BMI+SC or BMI+BA differed from BMI alone. Additionally, all 

participants received ADHD psychoeducation in MI style which could have bolstered 

the impact of both treatment conditions. This could have important implementation 

implications; traditional BMI is typically brief (e.g., 1–2 sessions) compared to the 4 session 

Meinzer et al. Page 14

Psychol Addict Behav. Author manuscript; available in PMC 2022 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



+ brief check-in format that was employed in the BMI+SC and BMI+BA conditions. Should 

BMI alone result in equivalent improvements in alcohol-related negative consequences for 

all or subgroups of college students with ADHD, its implementation could aid in conserving 

mental health resources on college campuses.

Another important direction for future research involves evaluating the utility of 

supplementing the existing BMI+BA intervention with additional content to increase gains 

over time. This could come in several forms. For instance, the number of BA sessions 

could be increased to examine whether a higher “dose” of BA produces high magnitude and 

sustained effects on these outcomes, consistent with our findings that students with more 

depressive symptoms benefited the most from BMI+BA. Alternatively, technology could 

be employed to provide individualized between-session reminders regarding scheduled 

activities to address performance deficits that characterize individuals with ADHD. For 

example, prior work has used personalized text messaging in relation to alcohol use 

(Teeters, Soltis, & Murphy, 2018). Providing between session reminders of individuals’ 

alcohol-related and goals and BA content may be especially salient for college students 

with ADHD given difficulties executing skills acquired in treatment (Barkley, 1997). Lastly, 

future studies should consider implementation of BMI+BA within the infrastructure of 

university (i.e., health centers or specialty ADHD clinics) and/or community clinics. In 

line with dissemination efforts to have existing systems adopt and sustain evidence-based 

treatments (Brown et al., 2017), relying on current campus resources could increase access 

to care for college students with ADHD.
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Public Health Significance Statement

College students with ADHD are at increased risk for alcohol-related negative 

consequences and alcohol use disorders. Brief motivational interventions (BMI), 

considered the gold standard college alcohol intervention, are less effective for students 

with ADHD characteristics. In this randomized controlled trial, we found no group 

differences in outcomes for the sample as a whole. However, analyses revealed that BMI 

plus behavioral activation and ADHD psychoeducation was more effective than standard 

BMI for college students with ADHD who had elevated depressive symptoms at baseline.
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Figure 1. 
Consort Diagram
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Figure 2. 
Moderation Effects for Alcohol-Related Negative Consequences by Depressive Symptoms 

(BDI)

Note. BDI= Beck Depressive Inventory; BYAACQ= Brief Young Adult Alcohol 

Consequences Questionnaire; BMI= brief motivational intervention for alcohol use; BA= 

behavioral activation; SC= supportive counseling; SD= standard deviation.
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Table 1.

Demographic and Diagnostic Characteristics

BMI+BA (n = 55) BMI+SC (n = 58)

Age M = 19.76, SD = 1.32 M = 19.97, SD = 1.53

Sex

 Male 26 (47.3%) 30 (51.7%)

 Female 29 (52.7%) 28 (48.3%)

Ethnicity

 Hispanic/Latino 7 (12.7%) 6 (10.3%)

 Not Hispanic/Latino 48 (87.3%) 52 (89.7%)

Race

 White/Caucasian 47 (85.5%) 50 (86.2%)

 Black/African American 5 (9.1%) 4 (6.9%)

 Asian 2 (3.6%) 2 (3.4%)

 More than one race 1 (1.8%) 2 (3.4%)

ADHD Diagnosis

 IA Presentation 15 (27.3%) 20 (34.5%)

 HI Presentation 1 (1.8%) 0 (0.0%)

 Combined Presentation 39 (70.9%) 38 (65.5%)

 Current ADHD medication 38 (69.1%) 39 (67.2%)

DSM-5 diagnoses

 Current

  MDD 5 (9.1%) 3 (5.2%)

  Mania 0 (0.0%) 0 (0.0%)

  PDD 4 (7.3%) 2 (3.4%)

  Any Anxiety Disorder 16 (29.1%) 16 (27.6%)

  AUD 20 (36.4%) 21 (36.2%)

  CUD 17 (30.9%) 16 (27.6%)

 Lifetime

  MDD 22 (40.0%) 25 (43.1%)

  Mania 1 (1.9%) 1 (1.7%)

  PDD 5 (9.1%) 5 (8.6%)

  Any Anxiety Disorder 19 (34.5%) 23 (39.7%)

  AUD 26 (47.3%) 25 (43.1%)

  CUD 22 (40.0%) 22 (37.9%)

Note. BMI= brief motivational interviewing; BA= behavioral activation; SC= supportive counseling; IA = Inattentive; HI = Hyperactive; MDD 
= Major Depressive Disorder; PDD = Persistent Depressive Disorder; Any Anxiety Disorder = The presence of any of the following disorders: 
Panic Disorder, Social Anxiety Disorder, Generalized Anxiety Disorder, or Obsessive-Compulsive Disorder; AUD = Alcohol Use Disorder; CUD = 
Cannabis Use Disorder.
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Table 2.

Key Session Components by Week Across Treatment Conditions

Session # Week # BMI+BA BMI+SC

1 1 - ADHD Psychoeducation
- Personalized ADHD symptom and impairment feedback
- Introduction to Activity Monitoring
- Introduction of Values

- ADHD Psychoeducation
- Personalized ADHD symptom and impairment 
feedback
- Introduction of journaling

2 2 - Decisional balance
- Personalized alcohol use and consequences feedback
- Review of Activity Monitoring

- Decisional balance
- Personalized alcohol use and consequences feedback
- Review of journaling

3 3 - Introduction to BA and LAVA
- Substance-free activity scheduling

- Generate discussion topic list
- Supportive counseling
- Review journaling

4 5 - Review/troubleshoot activity completion
- Scheduling substance-free activities
- Incorporating assists

- Review/troubleshoot journaling
- Supportive counseling

5 7 - Review/troubleshoot activity completion and use of assists
- Scheduling substance-free activities
- Reflect on SUCCEEDS program

- Review/troubleshoot journaling
- Supportive counseling
- Reflect on time in treatment

Note. ADHD= attention-deficit/hyperactivity disorder; BA= behavioral activation; BMI= brief motivational intervention for alcohol use; SC= 
supportive counseling; LAVA= life areas, values, and activities.
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Table 3.

Means (SD) and Effect Sizes (d) for Outcomes

Baseline Post 1-M FU 3-M FU

BYAACQ BMI+BA 7.02 (5.02) 6.57 (4.97) 4.89 (3.54) 5.92 (5.60)

N 50 42 36 37

d -- .09 .48 .21

BMI+SC 5.42 5.49 4.15 4.78

N 57 51 46 40

d -- .12 .31 .15

DDQ BMI+BA 16.10 12.64 11.47 10.94

N 49 42 36 37

d -- 0.31 0.47 0.56

BMI+SC 13.75 9.49 7.15 8.63

N 57 50 45 40

d -- 0.40 0.77 0.58

BDI BMI+BA 14.76 (11.80) 10.60 (11.35) 9.25 (11.35) 8.47 (9.43)

N 50 51 46 40

d -- .37 .47 .58

BMI+SC 12.28 (10.39) 9.92 (10.50) 7.71 (8.52) 8.02 (8.84)

N 49 42 36 38

d -- .22 h .43

Note. Effect sizes reflect change from baseline for those individuals completing each follow-uptime point; all effect sizes were not significantly 
different between treatment conditions; SD= standard deviation; 1-M FU= 1-Month Follow-Up; 3-M FU= 3-Month Follow-up; d= within group 
effect size from baseline; small effect (d=.2); medium effect (d=.5); large effect (d=.8); BYAACQ= Brief Young Adult Alcohol Consequences 
Questionnaire; DDQ= Daily Drinking Questionnaire; BDI = Beck Depression Inventory.
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Table 4.

Linear Mixed Model Parameter Estimates: Predicting Symptom Reduction Across Treatment

Outcome Variable Est SE t Sig 95% CI Low 95% CI High

BYAACQ

Intercept 5.64 .38 14.83 p<.001 4.89 6.38

Time −.36 .14 −2.59 p<.01 −.64 −.09

Sex −1.21 .76 −1.59 p=.12 −1.59 .17

Treatment Group 1.28 .76 1.68 p=.10 −.21 2.77

Time*Treatment −.11 .28 −.38 p=.70 −.66 .44

DDQ

Intercept 11.24 0.71 15.77 p<.001 9.84 12.64

Time −0.48 0.14 −3.38 p<.001 −0.76 −0.20

Sex −5.05 1.43 −3.54 P<.001 −7.84 −2.26

Treatment Group 4.12 1.43 2.88 p=.005 1.31 6.92

Time*Treatment 0.12 0.29 0.43 p=.67 −0.44 0.68

BDI

Intercept 10.67 .85 12.46 p<.001 8.96 12.31

Time −.74 .09 −7.82 p<.001 −.92 −.55

Sex 2.04 1.71 1.20 p=.23 −1.30 5.38

Treatment Group 1.69 1.71 .99 p=.33 −1.67 5.04

Time*Treatment −.30 .19 −1.61 p=.11 −.67 .07

BFIS

Intercept 3.94 .29 13.60 p<.001 3.38 4.51

Time .12 .11 1.13 p=.26 .009 .34

Sex .87 .58 1.50 p=.14 −.27 2.00

Treatment Group −.61 .58 −1.05 p=.30 −1.74 .53

Time*Treatment −.27 .22 −1.24 p=.22 −.71 .16

Note. Sex reference groups = women (0); Treatment reference group = Active Control; SE= standard error; Sig= significance; CI = confidence 
interval; BYAACQ= Brief Young Adult Alcohol Consequences Questionnaire; DDQ= Daily Drinking Questionnaire; BDI = Beck Depression 
Inventory; BFIS= Barkley Functional Impairment Scale.
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Table 5.

Summary of Three-way Interaction between Treatment, Time and Moderator on BYAACQ

Moderator Est SE t Sig 95% CI Low 95% CI High

BDI

Intercept 5.28 .43 12.15 p<.001 4.43 6.14

Time −.31 .19 −1.62 p=.11 −.68 .07

Sex −.41 .67 .61 p=.54 −1.72 .90

Treatment Group .56 .65 1.34 p=.18 −.71 1.82

DDQ .19 .04 5.31 p<.001 .12 .26

BDI .13 .03 4.27 p<.001 .06 .18

Time*Treatment −.02 .28 −.06 p=.95 −.56 .53

Time*Treatment*BDI −.03 .02 −1.99 p<.05 −.10 −.005

Note. Sex reference groups = women (0); Treatment reference group = Active Control; SE= standard error; Sig= significance; CI = confidence 
interval; BYAACQ= Brief Young Adult Alcohol Consequences Questionnaire; DDQ = Daily Drinking Questionnaire; BDI = Beck Depression 
Inventory.
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