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Abstract

Objective: Behavioral economic theory suggests that a reduction in alcohol use is most likely
when there is an increase in rewarding substance-free activities. Anxiety has also been linked to
heavy drinking, and strategies to reduce anxiety may enhance alcohol interventions. The goal of
this two-site randomized controlled clinical trial was to evaluate the efficacy of a brief alcohol
intervention that was supplemented with either a behavioral economic Substance-Free Activity
Session (SFAS) or a relaxation training (RT) session.

Method: Participants were 393 college students (61% female, Mean age = 18.77 years) who
reported two or more past-month heavy drinking episodes. Participants were randomized to one of
three conditions: 1) assessment, 2) alcohol brief motivational intervention (BMI) plus SFAS or 3)
BMI plus RT. Both treatment conditions included two in-person sessions plus a phone booster
session. Outcomes were evaluated 1, 6, 12, and 16 months post-intervention.

Results: Generalized linear mixed models indicated that the combination of a BMI plus either
the SFAS or RT was associated with significant reductions in alcohol use and problems across the
16-month follow-up compared to assessment only. There were no significant differences between
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the two active treatment conditions. Changes in proportional reinforcement from substance-related
activities, and protective behavioral strategies mediated treatment effects.

Conclusion: Two-session (plus booster) interventions that combine BMI and either substance-
free activity enhancement or RT can result in enduring reductions in alcohol misuse among college
drinkers.

Keywords

alcohol; behavioral economics; binge drinking; college; motivational interventions; substance-free
reinforcement

Approximately 37% of college students report at least one heavy drinking episode (4/5 or
more drinks in one occasion for a woman/man) in the past month (Hingson, Zha, & Smyth,
2017), and each year approximately 16% of college students drive under the influence of
alcohol and 20% meet criteria for Alcohol Use Disorder (AUD). Heavy drinkers are also less
engaged in academics during college, finish with lower grades, and are more likely to drop
out than lighter drinkers (Jennison, 2004; Latvala et al., 2014; Singleton, 2007).

Brief Motivational Interventions (BMI) for College Drinking

BMIs have demonstrated success in reducing drinking across numerous clinical trials (Scott-
Sheldon, Carey, Elliott, Garey, & Carey, 2014) and are identified as a Tier 1 prevention
approach by the National Institute of Alcohol Abuse and Alcoholism (NIAAA, 2015). BMlIs
are delivered in a motivational interviewing style (Miller & Rollnick, 2013) and typically
include peer-normative comparisons, personalized feedback on drinking patterns and
associated risks, and goal-setting related to reducing drinking or associated harm (i.e.,
protective behavioral strategies; PBS). Although BMIs have been widely disseminated,
several recent meta-analyses suggest that drinking and alcohol problem reductions are
generally small to moderate and are often not maintained beyond 1-year follow-ups
(Foxcroft et al., 2016; Tanner-Smith & Lipsey, 2015), leading to calls for new intervention
elements to enhance response (Huh et al., 2015).

The modest overall response to BMI may be due in part to the limited focus of most BMls,
which generally target motivation to reduce drinking without addressing the underlying
reasons for drinking (e.g., boredom, social facilitation, stress, lack of academic goals or
future orientation), or providing alternative means of socializing or experiencing reward.
Predictors of poor response to BMI include low levels of substance-free reinforcement
(Murphy, Correia, Colby, & Vuchinich, 2005), poor self-regulation/impulsivity (Carey,
Henson, Carey, & Maisto, 2007; Soltis et al., 2018), low future time orientation (Murphy et
al., 2012a), elevated alcohol reinforcing efficacy (Murphy et al., 2015), and anxiety or
depressive symptoms (Merrill, Reid, Carey, & Carey, 2014).
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Behavioral Economic Supplement to Improve College Drinking

Interventions

Given the promise, and limitations, of BMI there has been surprisingly little research aimed
at enhancing these interventions with novel content to address the underlying factors that
contribute to elevated motivation to drink (DeMartini, Fucito, & O’Malley, 2015; Turrisi et
al., 2013). Behavioral economic research has demonstrated that substance use increases in
contexts that are devoid of substance-free sources of reinforcement, and conversely, that
substance use generally decreases if access to alternative reinforcers is increased (Bickel,
Johnson, Koffarnus, MacKillop, & Murphy, 2014). Further, studies with teens and young
adults have shown that reward deprivation is uniquely associated with alcohol use disorder
symptoms (Joyner et al., 2016) and predicts poor response to brief alcohol interventions
(Murphy et al., 2005).

Young adult heavy drinkers may under-engage in constructive alternatives to drinking
because the benefits of activities such as studying or attending classes/internships may not
be experienced until months or years into the future (e.g., graduating college, lucrative
employment) (Murphy & Dennhardt, 2016). In contrast, alcohol use is associated with
immediate reinforcement (e.g., stress reduction, social facilitation), particularly in the
college environment where drinking is often a central element of socializing. Delay
discounting refers to the extent to which delayed rewards lose value relative to immediate
rewards, and individual differences in delay discounting and related measures of future
orientation or self-regulation have shown consistent associations with substance abuse
(Bickel et al., 2014; MacKillop et al., 2011; Murphy & Dockray, 2018), and predict poor
treatment response (MacKillop & Kahler, 2009; Murphy, et al., 2012a). Laboratory research
suggests that delay discounting may also be malleable and can be reduced by enhancing the
salience of future rewards (Bickel et al., 2014; Daniel, Stanton, & Epstein, 2013) and
providing feedback that helps individuals view the sum of their discrete choices as larger
“molar” behavior patterns that are associated with delayed outcomes (Hofmeyr, Ainslie,
Charlton, & Ross, 2011), yet translational research is needed to determine the clinical utility
of these approaches to reduce delay discounting over time and in ways that stimulate
salutary behavior change (Rung & Madden, 2018).

Murphy and colleagues (2012b) developed a one-session supplement to a standard alcohol
BMI for college student heavy drinkers called the Substance-Free Activity Session (SFAS)
using a sequential approach in which investigators drafted a manual and then modified it
based on feedback from focus groups and an open series of pilot cases with heavy drinking
college students (see Murphy et al., 2012b). The SFAS uses MI and personalized feedback
to target the behavioral economic mechanisms of substance-free reinforcement and future
orientation. Specifically, the SFAS attempts to increase the student’s commitment to patterns
of substance-free activities and general degree of future orientation by asking about their
goals for college and beyond, making the long-term benefits of those goals tangible, and by
discussing the congruence between their recent patterns of time allocation to drinking versus
other activity categories with those long-term goals. Depression and anxiety can interfere
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with goal-pursuit and increase the reinforcing value of alcohol so students with anxiety or
depressive symptoms are provided with coping strategies.

A pilot trial (A= 82) administered a 50-minute SFAS session 1-week after a 50-minute
alcohol BMI and found that participants in the BMI+SFAS condition reported larger
reductions in alcohol-related problems compared to a BMI+Relaxation Training (RT)
comparison condition matched for duration (2 sessions) and individual modality (Murphy et
al., 2012a). Changes in alcohol problems were mediated by changes in PBS and self-
regulation (Soltis et al., 2018). A second pilot trial (V= 97) reduced the length of the SFAS
to 30 minutes so that it could be administered immediately after an abbreviated 30-minute
BMI in a single 60-minute meeting (Yurasek, Dennhardt, & Murphy, 2015). The compressed
BMI+SFAS session was associated with significant reductions in drinking and problems, but
there were no significant differences relative to the active control condition (BMI+ alcohol
and drug education).

The Current Study

Methods

Participants

The pilot studies reviewed above demonstrate the potential benefits of supplementing BMI
with a session that targets behavioral economic mechanisms. Both pilot trials compared BMI
+SFAS to BMI plus an active control (either alcohol and drug education or RT) to determine
the extent to which the SFAS can enhance BMI, but there is a need to evaluate the SFAS
with a larger sample and a longer follow-up period to establish efficacy above and beyond
the standard BMI session plus an active control (RT). There is also a need to evaluate the
BMI+SFAS relative to an assessment-only control condition to describe the treatment effects
of the combined intervention above and beyond assessment reactivity, given that many
universities do not offer BMI and might be interested in the absolute effects of BMI+SFAS.
Thus, the current study randomly assigned participants to one of three conditions: 1)
assessment, 2) BMI+RT or 3) BMI+SFAS in a two-site clinical trial that included 1, 6, 12,
and 16-month follow-ups. We used the 50-minute BMI and SFAS sessions that were
included in the first pilot project rather than the abbreviated 30-minute sessions of the
second pilot due to observations by the clinicians and patterns of results that suggested that
30 minutes may not be adequate time to cover all components of the interventions. Based on
previous research supporting the efficacy of BMIs, we hypothesized that both active
interventions (BMI+SFAS and BMI+RT) would be associated with reductions in drinks per
week and alcohol-related problems relative to assessment only. Consistent with the findings
of Murphy et al. (2012a), we hypothesized that BMI+SFAS would be associated with greater
treatment effects relative to BMI+RT. Finally, we investigated change in secondary
intervention outcomes and potential mediators targeted by the BMI+SFAS (self-regulation,
delay discounting, and proportion of reinforcement derived from substances) and by both the
BMI+SFAS and BMI+RT (depression, anxiety, PBS).

Participants were 393 undergraduate students from two large public universities in the
United States who were recruited through classes and university-wide email solicitations.
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University one was located in a metropolitan area and university two was located in a
smaller college town. The inclusion of the two sites resulted in a more heterogeneous and
diverse sample of student drinkers. Students were eligible to participate if they were full-
time first or second-year students, reported two or more past-month heavy drinking episodes
(= 5/4 drinks on one occasion for men/women), and worked fewer than 20 hours per week.
The limited employment criterion was included to select for “typical” college students who
have time for potential increases in academic/extra-curricular activities. Seven hundred and
eighty-seven students were eligible and 393 (50%) agreed to participate (See Figure 1). Of
the 393 participants (61% women; Mean age = 18.77, SD = 1.06), 85.2% self-identified as
White/European American, 10.9% as Black/African-American, 5.9% as Hispanic/Latino,
1.8% as Asian, and 1.8% as Native American. Participants drank an average of 16.76 (SD =
11.97) drinks per week and reported experiencing 13.05 (SD = 7.89) alcohol-related
problems at baseline. Participants received $25 for completing the baseline assessment, $25
for completing the intervention sessions, $25 for completing each of the first two follow-up
assessments and $40 for completing each of the last two follow-up assessments. Reports
were provided yearly to the Data Safety and Monitoring Board established for this study; no
adverse events were reported. This study is registered with clinicaltrials.gov.

Primary Drinking Measures

Participants estimated the total number of standard drinks they consumed each day during a
typical week in the past month using the Daily Drinking Questionnaire (DDQ; Collins,
Parks, & Marlatt, 1985). The DDQ is used frequently with college students and is a reliable
measure that is highly correlated with self-monitored drinking reports (Kivlahan, Marlatt,
Fromme, Coppel, & Williams, 1990). The Young Adult Alcohol Consequences
Questionnaire (YAACQ; Read, Merrill, Kahler, & Strong, 2007) asks participants to indicate
whether or not they have experienced problems related to their alcohol use in the past 6
months using a list of 48 statements (e.g., “While drinking, | have said or done embarrassing
things™; “I have neglected my obligations to family, work, or school because of drinking.”).
The YAACQ has demonstrated good internal consistency (a=.90 in the current study) and
predictive validity (Read et al., 2007).

Secondary Outcome Measures and Mediators

Depression, Anxiety, and Stress Scales (DASS).—The DASS (Lovibond &
Lovibond, 1995) is a self-report survey designed to measure symptoms of depression,
anxiety and stress. Each of the three DASS scales contains 7 items and participants are asked
to use 4-point scales to rate the extent to which they have experienced each emotional state
over the past week; scores for depression, anxiety and stress are calculated by summing the
scores. We examined change in Depression (a=.89) and Anxiety (a =.73) scales as
secondary outcomes.

Adolescent Reinforcement Survey-Substance Use Version (ARSS-SUV).—The
ARSS-SUV (Murphy et al., 2005) is a measure of reinforcement from 45 substance-related
and substance-free activities in the previous month (e.g., socializing with friends, relaxing at
home). For each activity, the participant makes separate frequency and enjoyment rating for
times they participated in the activity with and without the use of alcohol or drugs.
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Frequency and enjoyment ratings are made with 5-point Likert scales (0-4); frequency
ratings range from 0 (zero times per week) to 4 (more than once per day), and enjoyment
ratings range from O (unpleasant or neutral) to 4 (extremely pleasant). Cross-product scores
that reflect reinforcement derived from the substance-erelated or substance free activity are
created by multiplying the frequency and enjoyment ratings. We examined the reinforcement
ratio score, i.e., substance-related total / (substance-free total + substance-related total),
which measures the proportion of total reinforcement related to substance use. The
reinforcement ratio demonstrates good reliability and validity among college student
drinkers (Hallgren, Greenfield, & Ladd, 2016).

Delay Discounting Task (DDT).—Delayed reward discounting was assessed using a 60-
item version of the DDT (Amlung & MacKillop, 2011). Participants are asked to choose
between a series of hypothetical smaller, immediate versus larger, delayed rewards (e.g.
Would you prefer $30 today, or $100 in 6 months?). The items featured varying amounts and
delays, with each choice contributing to the participant’s overall discounting rate parameter
(K). This parameter was computed using a Graphpad Prism macro that fit the participant
choices to a hyperbolic equation. Higher & values reflect a greater proportion of choices for
the smaller immediate monetary amounts. Hypothetical money choices provide reliable and
valid estimates of discounting rates (Madden, Begotka, Raiff, & Kastern, 2003).

Short Self-Regulation Questionnaire (SSRQ).—Participants rate statements related
to self-regulation (e.g. “I feel bad when I don’t meet my goals” and “I enjoy a routine and
like things to stay the same,”) on a 5-point Likert-type scale ranging from 1 (strongly
disagree) to 5 (strongly agree). Scores for each item are summed to create a total self-
regulation score (a.=.93) with higher scores indicating better self-regulation (Carey, Neal, &
Collins, 2004). The SSRQ has demonstrated strong construct validity among young adult
drinkers (Carey et al., 2004).

The Protective Behavioral Strategies Scale—(PBSS; Martens, Pedersen, LaBrie,
Ferrier, & Cimini, 2007). Participants indicate how often they use each protective strategy
when drinking alcohol using a 6-point scale ranging from 1 (never) to 6 (always). Examples
of strategies include “use a designated driver,” and “avoid drinking games.” The PBSS has
strong convergent and incremental validity (Martens et al., 2007) and internal consistency
(a=.82 in this sample).

All procedures were approved by the University Institutional Review Boards. All sessions
occurred in a private, on-campus laboratory space. All assessment and intervention sessions
occurred during weeks 4 — 10 over four consecutive fall semesters; this timing ensured that
the baseline assessment did not include the summer and that the 1-month follow-up was
completed prior to final exams. After providing informed consent participants were
randomized to one of three conditions: 1) assessment-only, 2) BMI+RT or 3) BMI+SFAS,
stratified by site, gender, and year in school. At the conclusion of the baseline assessment
(approximately 50 minutes) participants assigned to conditions 2 or 3 completed a 50-
minute individual BMI session. One week later, the participants completed a 50-minute
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individual RT or SFAS session with the same clinician. Clinicians were blind to the second
session to which the participant had been assigned until after they completed the BMI.
Participants completed in-person follow-up assessments one-month post-intervention, and
the booster session was completed in January immediately prior to the spring semester. The
6, 12, and 16-month follow-ups occurred at the same point in the semester as the baseline
assessment session so that outcomes were not influenced by the academic calendar (Del
Boca, Darkes, Greenbaum, & Goldman, 2004). Additionally, the baseline assessments were
conducted at least 4 weeks into the semester and the follow-up questionnaires asked about
past-month use alcohol use and problems. Thus, the assessment windows excluded winter
and summer break alcohol use, which can be uncharacteristic (Del Boca et al., 2004).
Follow-up assessments were conducted by an RA who was blind to treatment condition.

Clinician training and supervision.—Clinicians were graduate students in clinical/
counseling psychology who completed over 20 hours of training in Ml that included
readings, training DVDs, and role-plays. Clinicians completed similar training in the SFAS
and RT sessions and received supervision (and regular coding/review of session tapes) by
study investigators.

BMI.—The BMI session was modeled after the Brief Alcohol Screening and Intervention
for College Students model (BASICS; Dimeff, 1999; Murphy et al., 2012a). It included an
alcohol use decisional balance exercise and the following personalized alcohol-related
feedback: (a) normative feedback on drinking beliefs and weekly drinking compared to
gender-specific national norms, (b) an estimate of the student’s peak blood alcohol content
(BAC) in the past month, (c) a list of the alcohol-related problems that the student reported
experiencing in the past month, (d) money spent on alcohol, and (e) calories consumed from
alcohol. Participants also received information on PBS. Clinicians utilized Ml style to
discuss the feedback and to encourage the student to set specific goals related to drinking or
PBS based on their interest (Miller & Rollnick, 2013).

SFAS.—The SFAS is designed to increase the salience of the student’s academic and career
goals, to highlight the connection between their current patterns of behavior (e.g., drinking,
attending class) and the attainment of these goals, and to increase future orientation and
engagement in rewarding alternatives to substance use (Murphy, et al., 2012a; Murphy, et al.,
2012b). The session is conducted in M1 style and begins with an open-ended discussion of
the students’ college and career goals, motives for pursuing stated goals, and how alcohol
could interfere with successful goal completion. The clinician presents information on
average income differences for those earning a high school diploma versus a 4-year college
degree, a graph illustrating predicted future income differences based on college GPA, and a
graph showing that average college GPA decreases as a function of time spent drinking, and
increases with more time spent attending class and studying. Personalized feedback
elements include: a) the requirements (grades, internships, graduate school) for the student’s
major and/or intended career or information on how to choose a major or career, b) a list of
extracurricular and community activities/internships tailored to the student’s goals, ¢) a
graph of the amount of time the student spent engaged in various activities (e.g. studying,
exercise, drinking/drug use) in the past month, d) for students reporting anxiety, stress, or
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depressive symptoms (which can interfere with reward pursuit), information on these
symptoms and possible adaptive coping responses, and e) a list of substance-free
recreational or leisure activities that the student reported enjoying currently and/or those
activities they thought they would enjoy. Participants also completed an exercise where they
rated the current and future value of their common activities (e.g., going to a party with
friends or attending classes) and graphed those values to illustrate that many activities with
low current value have high future value. Finally, students used a goal-setting worksheet to
set both academic/professional and personal goals, received a planner to assist with time
management (along with suggestions for similar smart-phone apps), and a list of tips for
enhancing self-regulation and for succeeding in college.

Relaxation training (RT) session.—Individual RT was chosen to control for clinician
contact time associated with the SFAS and because it is a common alcohol treatment
element and general wellness strategy (Klajner, Hartman, & Sobell, 1984; Murphy et al.,
2012a). The same clinician who conducted the BMI during the week prior conducted the RT
session and established the credibility of the session by providing the student with the
rationale that drinking is often used to relieve stress related to college, and this session
would provide them with skills to manage stress. The clinician led the student through a
diaphragmatic breathing exercise, followed by a progressive muscle RT protocol, and a
discussion of stress management strategies. Students were then asked about their reaction to
the relaxation techniques and were provided with RT handouts.

Booster sessions.—Students in the BMI+SFAS and BMI+RT conditions completed a
10-15-minute booster phone call one week prior to the start of the next semester after their
intervention (i.e., the spring semester). Across both conditions, if students were unable to
complete the booster via phone, the booster content was sent via email. During the SFAS
booster session, the clinician reviewed the goals the student had set at the end of the SFAS
session and asked about their progress and plan to achieve these goals going forward. If a
student reported a change in their interests, the student set new goals and clinician sent
updated SFAS feedback with information specific to the major and/or career. In the RT
booster session, the clinician reviewed the stress management techniques discussed in the
initial session, the student’s progress in implementing these strategies, addressed barriers to
use, and provided additional stress management strategies.

Data Analysis Plan

All variables were checked for outliers prior to analysis. Outliers greater than 3.29 SDs
above or below the mean were recoded to one unit above or below the highest or lowest non-
outlier value (Tabachnick & Fidell, 2012). We used generalized linear mixed models with a
negative binomial distribution and log link function to evaluate change in the primary
drinking outcomes (drinks per week and alcohol-related problems) due to the data being
skewed and zero-inflated and general linear mixed models with a normal distribution and
identify link function to evaluate change in secondary outcomes (depression, anxiety,
protective behavioral strategies, self-regulation, delay discounting, and reinforcement ratio)
across the four follow-up time points (1, 6, 12, and 16-month follow-ups) as a function of
time and treatment condition. Time was centered at the 1-month follow-up (time=0 at 1-
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month follow-up) and baseline levels of the outcome were included as a covariate. Random
slope effects (i.e., time-by-treatment interactions) were not significant and eliminated from
the final reported models. Thus, final models were estimated using a compound symmetry
covariance matrix with random intercepts and linear effects of time. Gender, ethnicity, and
Greek status were included as covariates due to their association with drinking level and the
possibility of differential treatment response (Huh et al., 2015). Site was also included as a
covariate to control for differences in student characteristics and response rates across sites.
Models were run with the following planned contrasts: Active treatment versus assessment,
BMI+SFAS versus assessment, BMI+RT versus assessment, and BMI+SFAS versus BMI
+RT.

Mediators were tested in separate models and included PBS, depression, anxiety, self-
regulation, and reinforcement-ratio. These mediators were selected based on the fact that
they are related to increased alcohol use and/or poor intervention response and are
theoretically targeted in the SFAS intervention (Murphy et al., 2012). Multilevel (mixed)
mediation models were estimated using the product of coefficients approach (MacKinnon,
Lockwood, Hoffman, West, & Sheets, 2002). This approach provides an estimate of the
mediated effect by multiplying the regression of the mediator on the independent variable
(the “a-path™), and the regression of the outcome on the mediator (the “b-path”), with the
independent variable included in the model (MacKinnon, 2008). The 95% confidence
intervals for the mediated effects were estimated using Rmediation (Tofighi & MacKinnon,
2011).

All models were estimated in Mplus version 8.1 (Muthén & Muthén, 1998-2018) with
maximum likelihood estimation with robust standard errors to accommodate missing data.
Missing not at random models were also estimated to determine whether the models were
robust to the missing at random assumption of maximum likelihood estimation (Enders,
2011). The robust maximum likelihood estimator (MLR estimator in Mplus) was used to
adjust the standard errors for clustering within clinician. For most outcomes, the effect of
clinician explained less than 3% of the variance in outcomes.

Evaluation of Internal Validity

Content integrity coding.—A random subset of BMI sessions (/7= 12), SFAS sessions
(n=6), and RT sessions (n = 8) (5% of the total sessions in each category) were reviewed by
one of four masters-level clinicians. Sessions were reviewed using an intervention adherence
protocol used in several previous BMI studies (Murphy, et al., 2012a). Each of the
components on the protocol was rated as a 1 “Did it poorly or didn’t do it but should have,”
2 “Meets expectations,” or 3 *“ Above Expectations”. For the 24 main components of the
BMI protocol the mean rating was 1.94 (SD = .23, Man = 2.00), with 88% of the
components rated as meeting or exceeding expectations. The SFAS session was rated for
inclusion of the 23 key components. The average rating was 1.85 (SD = .42), Mdn = 2.00),
with 87% of the components as rated as meeting or exceeding expectations. Although each
component was covered, consistent with MI principles, the time spent on each section
depended on the student’s interest level. The RT session was rated for inclusion of the 11
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key components of the session. The average rating was 2.27 (SD = .47, Mdn = 2.00), with
99% of the components rated as meeting or exceeding expectations.

Motivational interviewing integrity.—Twenty-two recordings (14 BMI, 8 SFAS) were
randomly selected and rated by two doctoral level expert raters to assess treatment integrity
using the MI Treatment Integrity Coding Manual 4.2 (MITI: Moyers, Manuel, & Ernst,
2014). Four summary scores were examined: Technical global, Relational global, MI-
adherent behavior count, and MI-nonadherent count. The technical global score describes
the extent to which therapists engaged in techniques designed to strengthen change talk and
soften sustain talk; the suggested threshold for good competence is four (range = 1-5). The
relational global score describes the extent to which therapists worked with the client
empathically and as equal partners; the suggested threshold for good competence is four
(range = 1-5). The Ml-adherent and MI-nonadherent counts describe how often therapists
engaged in each type of behavior. A random sample (7= 9) of sessions were double-coded
to establish interrater reliability; interrater reliability was determined using a two-way
absolute single-measures intra-class correlation (ICC), which provides a conservative
estimate of reliability that is generalizable to single- and double-coded sessions (Hallgren,
Leifman, & Andreasson, 2012). All codes demonstrated acceptable reliability. Reliability
ranged from fair for MI-nonadherent (ICC = .513) to excellent for Relational (ICC = .773)
and Ml-adherent (ICC = .826), with good reliability for Technical (ICC = 0.610; (Cicchetti
& Nelson, 1994)). Overall, therapists demonstrated proficiency on the Relational (M= 4.3,
SD=0.7) and Technical (M= 4.5, SD = 0.8) components of MI. Therapists engaged in more
Ml-adherent behaviors (M= 2.8, SD = 2.4) than MI-nonadherent behaviors (M= 0.4, SD =
1.3).

Retention and Attrition.

All 255 participants randomized to an intervention condition completed both sessions,
except for one who did not complete the relaxation session, and 99% (77 = 253) completed
the booster contact (77% completed via phone, 23% via email). Follow-up assessment rates
were high: 1-month: (n7= 366, 93% follow-up rate), 6-months (17 =344, 88%), 12-months: (n
=342, 87%) and 16-months (7=311, 79%). Although attrition was minimal, participants
with missing data at the 12-month follow-up were more likely to be male (p=.047) and
there were more missing data at 6-months and 16-months for participants recruited from Site
1 (ps =.027, .001). Missing data at 1-month follow-up was associated with typical drinking
at the 16-month follow-up (mediated effect=-0.518 (0.202), p=0.005 (95% CI: —0.94, -.
147). Given these findings, missing not at random models for typical drinking were
conducted to evaluate whether there was evidence of systematic missingness. There were no
substantive differences in model results.

Analysis of Drinking Outcomes.

Table 1 shows baseline, one-month, six-month, 12-month and 16-month descriptive data on
primary and secondary outcome measures, including the pre-post (within-group) effect sizes
that accounted for the correlation between the timepoints (see also Figure 2). There was a
significant between-conditions difference in typical weekly drinking at baseline (£ (2, 390)
=4.58, p=.011). BMI+RT participants reported significantly less weekly drinking (M=
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14.14, SD= 8.89) than those in the assessment (M= 17.63, SD= 12.55) or BMI+SFAS (M=
19.08, SD=17.75) conditions. There were no other significant treatment group differences
on baseline demographic or drinking measures. There were also no site by condition effects,
condition by gender effects, or clinician effects for any of the outcomes. Generalized linear
mixed models results are provided in Table 2.

Change in Drinks Per Week.—The contrast that compared active treatment [BMI+SFAS
or BMI+RT] versus assessment-only was significant, as were the individual contrasts that
compared BMI+SFAS and BMI+RT to assessment. There was no difference between BMI
+SFAS and BMI+ RTL. As indicated in Table 1 and Figure 2, the greatest reductions
occurred over the first 6 months (with large within group effect sizes for both active
treatments) and diminished slightly at the 1-year and 16-month follow-ups. Assessment-only
participants reduced their drinking by an average of 4.2 drinks per week at the 16-month
follow-up (aw=.29), compared to a 5.0 drink reduction by BMI+ RT participants (dw=.
40) and an 8.0 drink reduction by BMI+SFAS participants (aw= .64). Men and students
from university two reported significantly more drinks per week across all time-points.

Change in Alcohol Problems.—The contrast that compared active treatment [BMI
+SFAS or BMI+RT] versus assessment-only was significant, as were the individual contrasts
that compared BMI+SFAS and BMI+RT to assessment. There was no difference between
BMI+SFAS and BMI+RT. Both active treatments were associated with large reductions in
alcohol problems at 1-month follow-up that were generally maintained over 16-months.
Assessment-only participants showed a small gradual decline in alcohol problems over the
one and 6-month follow-ups. Assessment-only participants reduced their alcohol problems
by 2.9 at the 16-month follow-up (aw = .36), compared to a 5.7 reduction by BMI+RT
participants (dw=.61) and a 5.2 reduction by BMI +SFAS participants (dw=.64). Men,
Greek members, and students from university two reported more alcohol problems across all
time-points.

Evaluation of Secondary Intervention Outcomes and Mediation

Change in secondary intervention outcomes.—General linear mixed models were
used to examine treatment-related change in secondary outcomes at follow-up (see Tables 1
& 2). There were significant main effects indicating that individuals in either of the active
treatment conditions reported greater self-regulation and PBS, as well as less depression,
anxiety, and reinforcement-ratio values than those in the assessment-only condition. The
contrasts examining BMI+SFAS versus assessment and BMI+RT versus assessment showed
that individuals who received a BMI+SFAS or a BMI+RT had less anxiety, greater PBS,
lower reinforcement-ratio values, and greater self-regulation (trend level effect for BMI +
SFAS) than those in the assessment-only condition. There were no differences in these
proximal intervention outcomes between those in the BMI+SFAS condition and those in the
BMI+RT condition. Covariate analyses indicated that students at university two reported
significantly lower self-regulation across all time-points. Females reported greater self-

1Analyses examining frequency of binge drinking revealed similar results
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regulation and PBS, and lower reinforcement-ratio scores, and Greek membership predicted
fewer PBS and greater reinforcement-ratio outcomes.

Mediation analysis.—We conducted multilevel mediation analyses to determine if change
in several secondary outcome variables across the entire follow-up period (depression,
anxiety, PBS, self-regulation, and reinforcement-ratio) mediated the significant treatment
effects (active treatment vs. assessment only) on typical drinking and alcohol-related
problems over time. All models provided adequate fit to the data based on Root Mean
Square Error of Approximation (RMSEA; Browne & Cudeck, 1993) <0.08 and the
Comparative Fit Index (CFI; Bentler, 1990) >0.95. For the contrast of active treatment
versus assessment, change in PBS and the reinforcement ratio mediated the effect of
condition on both typical drinking [mediated effect PBS=0.21(0.07), p=0.002 (95% CI: 0.10,
0.347); (mediated effect reinforcement-ratio =-0.240 (0.069), p<0.001 (95% CI: .111, .382)]
and alcohol problems [mediated effect PBS=-0.174 (0.062), p=0.005 (95% CI: .075, .283);
mediated effect reinforcement ratio= 0.226 (0.064), p<0.001 (95% ClI: .105, .356)].
Mediation effects for PBS and reinforcement-ratio were moderate to large. Self-regulation
and anxiety were not significant mediators and there was a non-significant trend-level effect
for depression as a mediator of change in alcohol problems (mediated effect=0.079 (0.41),
~=0.08 (95% ClI: .003, .165).

Discussion

This study evaluated the efficacy of a BMI augmented with either a behavioral economic
SFAS or a Relaxation Training (RT) session among heavy drinking college students
recruited from two public universities. The combination of a BMI plus either the SFAS or
RT session was associated with significant, moderate to large effect-size reductions in
alcohol use and problems that persisted across the 16-month follow-up compared to
assessment only.

Our study extends the results of two previous pilot studies demonstrating that BMI+SFAS is
associated with short-term reductions in alcohol use and problems (Murphy et al., 20123;
Yurasek et al., 2015). Contrary to the results of Murphy et al. (2012a), however, the BMI
+SFAS was not associated with significantly greater reductions in alcohol problems
compared to BMI+RT. The difference was a product of greater efficacy for the BMI+RT
condition in the present trial, rather than diminished efficacy of the BMI+SFAS, as the SFAS
was associated with slightly larger reductions in drinking and alcohol problems than in the
previous two trials. Previous research suggests that RT is not an effective stand-alone
intervention for alcohol misuse (Colby et al., 2018; Kamboj et al., 2017), and we initially
conceptualized it as an active control session added to the efficacious BMI to control for the
contact time required to complete the SFAS. However, the present results suggest that it
merits further study as a potentially effective supplement to BMIs. It is possible that the high
prevalence of stress among college students (American College Health Association, 2015)
combined with the greater societal acceptance of mindfulness, and the inclusion of a booster
call, enhanced the potency of RT relative to the previous trial.
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Because the present study did not include a stand-alone BMI condition, we cannot determine
whether these 2-session interventions are more efficacious than the popular assessment plus
single session approaches that have been widely disseminated (Huh et al., 2015). However,
meta-analyses suggest that single-session BMls are associated with only small effect size
reductions for alcohol use and problems (e.g., Tanner-Smith et al., 2015). A previous study
in our laboratory that investigated a single-session BMI with the same treatment manual that
was used in the present study found within-group effect size reductions of .29 for both
consumption and problems at 6-months (Murphy et al., 2015), which are substantively
smaller than the 6-month reductions we observed in the current BMI+SFAS (dws= .93 & .
83, respectively) and BMI+RT (adws = .83 & .67, respectively) conditions. This present study
suggests that treatment effects dissipated slightly from the 6 to the 16! month follow-up but
remained significant relative to assessment across the entire follow-up period. Thus, these
results provide strong support for two-session BMIs with a phone booster. Although
drinking is not a primary focus of either the SFAS or the RT session, both sessions do briefly
address alcohol and might provide an occasion for participants to further contemplate the
BMI session that occurred the week before, possibly enhancing the deliberative processing
and retention of the alcohol-related content (Jouriles et al., 2010).

Secondary Outcomes and Mechanisms of Behavior Change

Both active treatments were associated with improvements in several secondary outcomes —
including symptoms of depression and anxiety, the proportion of reinforcement related to
substance-using activities, self-regulation, and PBS- that might support changes in drinking
and more general college success. These results replicate and extend previous research
indicating that PBS is a consistent mediator of alcohol BMI results (Barnett, Murphy, Colby,
& Monti 2007; Magill et al., 2017; Murphy, et al., 2012a). All participants received feedback
on PBS in the individual BMI session and their implementation of those harm reduction
strategies facilitated reductions in drinking and problems. These results also replicate the
finding of Murphy et al. (2012a) that both BMI+SFAS and BMI+RT are associated with
reductions in depressive symptoms. Reductions in depressive symptoms may be facilitated
by either relaxation strategies or the engagement strategies of the SFAS (which are similar to
behavioral activation; (Daughters et al., 2018)). The SFAS also includes personalized
feedback on coping with symptoms of stress and depression (Geisner, Neighbors, &
Larimer, 2006). Given that approximately 35% of college students experience subclinical
depression that is nevertheless associated with impairment and risk for persistent alcohol
problems (Kenney, Merrill, & Barnett, 2017), this is an important secondary benefit of these
BMls.

The present results also provide further evidence for the role of substance-free reinforcement
as a mechanism of change for brief alcohol interventions (Magill et al., 2017; Murphy et al.,
2005, 2015). The current results extend previous research by indicating that reducing the
proportion of total reinforcement associated with drug and alcohol use mediates the effect of
BMI on alcohol use and problems and suggest that reward-related mechanisms account for
change even if not directly targeted with an intervention such as the SFAS. Although we
failed to replicate previous research indicating that self-regulation mediated the treatment
effects associated with BMI+SFAS (Soltis et al., 2018), both BMI conditions were
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associated with increases in self-regulation, which has previously been identified as a risk
factor for poor BMI response (Carey, et al., 2007). Consistent with previous results (Murphy
et al., 2012a), neither intervention impacted delay discounting, which is a robust predictor of
substance in more severe substance-abusing populations (Bickel et al., 2014) but has not
shown consistent associations with young adult drinking (Lemley, Kaplan, Reed, Darden, &
Jarmolowicz, 2016).

Strengths and Limitations

Limitations of this study include the reliance on retrospective self-report measures of
drinking and activity participation, the fact that BMI+RT participants drank less than
participants in the other two conditions at baseline, and the absence of a stand-alone BMI
condition or a single session active control rather than assessment only. Although repeated
in-person assessment control for reactivity effects, meta-analytic reviews suggest that effect
sizes for BMI are smaller when they are compared to an active control versus assessment
only (Scott-Sheldon et al., 2014). Another limitation of this study is that the results may not
be generalizable to all young adults including those who are not college students, students
who drink substantively more than our participants, or students who work more than 20
hours a week or who are junior or seniors. Interestingly, although alcohol BMI is generally
less effective with non-college young adult samples (Davis, Smith, & Briley, 2017), Colby et
al. (2018) found that a single session BMI that included some SFAS elements (feedback on
time allocation and discussion of future goals) was efficacious across a 3-month follow-up
with a sample of young adults who were not attending college. Finally, all active treatment
participants received phone boosters so we are unable to determine their incremental
efficacy. Strengths of this study include the fact that it evaluated two distinct approaches for
enhancing BMI outcomes in a relatively large sample recruited from two different
universities with high retention over a 16-month follow-up period. Additionally, we
evaluated internal validity and a variety of theoretically relevant secondary outcomes and
mechanisms of change. Our results demonstrated enduring treatment effects and significant
mediation by proportionate reinforcement from substance use and PBS (with trend level
findings for depression) and thus provide support for interventions that target these
mechanisms. Men and Greek life students reported lower PBS and higher reinforcement
from substance-use relative to alternatives and these students may thus be especially in need
of more intensive intervention approaches that directly target these mechanisms.

Implications and Future Directions

BMIs for alcohol misuse have been widely disseminated across a number of educational and
healthcare settings, yet there has been very little research aimed at enhancing efficacy by
adding novel theoretically grounded intervention elements (Huh et al., 2015). The current
results suggest that BMI plus either the SFAS or RT session with a booster phone call is
associated with enduring reductions in alcohol use and problems, as well as improvements in
symptoms of anxiety, depression, self-regulation, PBS and proportionate reinforcement from
substance-free activities. Although further research is required to determine the optimal
intervention duration and content, our results provide support for exploring slightly longer
brief alcohol intervention approaches than standard SBIRT models, that have space to
integrate novel content, perhaps as part of a stepped-care approach (Borsari et al., 2015).
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