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Abstract

Objective: The goal was to develop a universal and resource-efficient adaptive preventive
intervention (API) for incoming first-year students as a bridge to indicated interventions to address
alcohol-related risks. The aims were to examine: (1) API vs. assessment-only control, (2) the
different APIs (i.e., four intervention sequences) embedded in the study design, and (3) moderators
of intervention effects on binge drinking.
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Method: A sequential multiple assignment randomized trial (SMART) included two
randomizations: timing (summer before vs. first semester) of universal personalized normative
feedback and biweekly self-monitoring and, for heavy drinkers, bridging strategy (resource email
vs. health coaching invitation). Participants (N=891, 62.4% female, 76.8% White) were surveyed
at the end of first and second semester. The primary outcome was binge drinking frequency (4+/5+
drinks for females/males); secondary outcomes were alcohol consequences and health services
utilization.

Results: API (vs. control) was not significantly associated with outcomes. There were no
differences between embedded APIs. Among heavy drinkers, the resource email (vs. health
coach invitation) led to greater health services utilization. Moderator analyses suggested students
intending to pledge into Greek life benefited more from any API (vs. control; 42% smaller
increase from pre-college in binge drinking frequency).

Conclusions: Although overall effects were not significant, students at high risk (i.e., entering
fraternities/sororities) did benefit more from the intervention. Furthermore, the resource email
was effective for heavier drinkers. A technology-based strategy to deliver targeted resource-light
interventions for heavy drinkers may be effective for reducing binge drinking during the transition
to college.

Introduction

Alcohol use by college students is a widely recognized international public health issue
(Hingson & White, 2014; Schulenberg et al., 2020). Heavy drinking is associated with
serious health risks (e.g., Wechsler & Nelson, 2008; World Health Organization, 2018),
and college attenders escalate heavy drinking more rapidly than non-attenders do (e.g.,
Patrick, Terry-McElrath, et al., 2016; Schulenberg & Patrick, 2012). In addition, binge
drinking (i.e., having 4+ drinks for women/5+ drinks for men) at age 18 is associated with
symptoms of alcohol use disorders at age 35 (Patrick et al., 2011). An estimated 9% of
college students meet criteria for past-year alcohol use disorder and approximately 33%
have engaged in binge drinking in the last month (SAMHSA, 2020). During the transition
to college, students enter social networks that rely heavily on alcohol use (Del Boca et

al., 2004; Hartzler & Fromme, 2003; Tremblay et al., 2010), especially if they participate
in Greek life fraternities or sororities (Fairlie et al., 2010; Larimer et al., 2004). First-year
college students are at increased risk for escalations in alcohol use and related consequences
(Borsari et al., 2007), and addressing alcohol use among first-year students is particularly
important (Scott-Sheldon et al., 2014).

Several universal and indicated preventive intervention approaches have demonstrated a
positive effect on alcohol use and consequences among college students (Scott-Sheldon et
al., 2014). These are outlined in the NIAAA Task Force on College Drinking report and

the more recent College Alcohol Intervention Matrix (CollegeAIM; NIAAA, 2002, 2019).
Universal preventive interventions are targeted towards an entire population regardless of
risk level, whereas indicated preventive interventions target individuals who are at elevated
risk and are identified by specific behaviors. When universal approaches are not enough for
some individuals who continue to drink heavily, indicated interventions may be needed.
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However, most students who may benefit from indicated interventions based on their alcohol
use do not access them. Despite advances in college drinking interventions, college student
alcohol use remains high and college students tend to perceive that alcohol use is not a
problem (Czyz et al., 2013; Wu et al., 2007). In fact, only 3.6% of college students with

a substance use disorder perceive needing help for substance use (Caldeira et al., 2009)

and they are significantly less likely to receive treatment compared to their non—college-
attending peers (Blanco et al., 2008). Services specifically designed to help students with
alcohol problems remain underutilized or are typically reserved for students who are caught
violating campus alcohol policies, including the evidence-based Brief Alcohol Screening
and Intervention for College Students (BASICS), an in-person indicated alcohol intervention
(Amaro et al., 2010; Dimeff et al., 1999). Students who drink heavily report preferring to
seek help from peers, family, or web searches compared to more intensive interventions or
resources, yet few actually choose to seek help (Buscemi et al., 2010). Therefore, there is a
need for strategies to engage at-risk students in indicated college-student interventions.

Technology-based intervention approaches provide one possible means for resource-efficient
delivery and have shown promise for preventing alcohol misuse in young adults (Kazemi
etal., 2017). An automated mobile health (mHealth) approach is a cost-effective option

for health promotion on campuses (Moore et al., 2005) and can be used in a sequence

of interventions that maximize reach to reduce alcohol use and related consequences on
campus. Technology can also be used to leverage clinician resources by offering online
coaching prior to online and in-person, or more intensive, interventions (King et al., 2015).

Adaptive Preventive Interventions

To address the need for a resource-efficient intervention approach that bridges universal

and indicated college student interventions, we conducted the M-bridge study among
incoming first-year students. The goal of the study was to examine the impact of automated
adaptive preventive interventions (API). An API is a sequence of individualized prevention
interventions that use ongoing (dynamic) information concerning the participant’s progress
in the course of the intervention to specify whether, how, and when to alter the intensity,
type, or delivery mode of the intervention (Almirall et al., 2012; Murphy et al., 2007).

An API is operationalized via a sequence of decision rules that specify what prevention
intervention to offer, for whom, and under what conditions (Hall et al., 2019). A sequential
multiple assignment randomized trial (SMART; Murphy, 2005) is a trial design that can be
used to answer scientific questions about developing adaptive interventions. In a SMART,
some or all participants are randomized two or more times at different time points or phases
(Nahum-Shani & Almirall, 2019). In some SMART designs, the set of interventions to
which an individual can be randomized depends on response to a prior intervention (i.e., the
set of interventions is tailored to the needs of the individual).

This study was motivated by two scientific questions regarding the construction of an API
for preventing heavy drinking in college: (1) when to deliver a universal intervention (before
college or during the first semester), and (2) which strategy to employ (resource email or
invitation to online interaction with a health coach) to bridge self-reported heavy drinkers to
indicated intervention.
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First, the timing of intervention delivery may be critical for its effectiveness (Nahum-Shani
et al., 2016), yet the best time to deliver universal interventions for college student drinking
has not yet been systematically examined. The typical timing for personalized normative
feedback (PNF) is at the beginning of the school year (e.g., Doumas et al., 2011) to correct
normative misperceptions as patterns are being established and drinking typically escalates
(Del Boca et al., 2004). However, an alternative timing for PNF is before classes begin
(Hustad et al., 2010; Lee et al., 2010) so that the intervention can act as a social inoculation
before students enter into the college environment (Neighbors & Lewis, 2006). This may
help them prepare with more accurate information about what to expect and how they may
fit in. We compare these two timings to determine which is most effective and for whom.

Second, determining the best strategy for bridging heavy drinking students to indicated
interventions is a key question for health promotion. As noted above, very few young adults
who are at risk for negative consequences access indicated interventions. Therefore, a key
challenge for promoting health is engaging students in existing effective interventions. In
order to examine this, we compare two strategies for bridging heavy drinking students with
existing indicated interventions. Both strategies are resource-efficient, using technology to
enable dissemination in real-world settings. The first strategy is an email invitation to “chat”
online with a health coach with the goal of increasing the student’s motivation to access
indicated interventions (King et al., 2015). The second strategy is a resource email providing
access to indicated interventions. Indicated interventions were online Web-BASICS (LaBrie
et al., 2013) or in-person health promotion consultation on campus. The bridging strategies
and indicated interventions are described in more detail below.

Different aspects of the APIs may work better for some students than others. We examined
possible differences in the intervention effects, with the hypothesis that those with greater
risk factors for college student drinking would be more likely to benefit. These included
sociodemographic variables of sex and race/ethnicity, as well as characteristics particularly
associated with increased risk such as intention to join a Greek fraternity or sorority (Fairlie
et al., 2010; Larimer et al., 2004), drinking intentions (Grazioli et al., 2015; Testa et al.,
2009), and perceived norms of college student drinking (Borsari & Carey, 2000; Carey et
al., 2010; Neighbors et al., 2006; Neighbors et al., 2004; Walters et al., 2007). For those in
the intervention groups, we also examined whether the frequency of binge and high-intensity
drinking (Patrick, 2016; Patrick & Azar, 2018; Patrick, Cronce, et al., 2016) during the
first-semester self-monitoring moderated the effect of the API. For example, it would be
instructive to know whether some strategies are more effective for those who engage in or
intend to engage in heavier drinking.

The Current Study

The current study is the first to empirically inform the development of an API for reducing
high-risk drinking among first-year college students (Patrick, Boatman, et al., 2020). The
primary aim was to compare longitudinal outcomes between those randomized to any API
vs. assessment-only control. The primary outcome was frequency of binge drinking, with
additional outcomes of negative alcohol-related consequences and health services utilization.
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The secondary aim was to compare outcomes of the APIs (i.e., intervention sequences)
embedded in the study design for the intervention group. We consider two options for
timing of the universal intervention (pre-college/early vs. after classes begin/late) and two
options for bridging strategy (coach vs. resource email) to indicated interventions, which
combine to yield four embedded APIs: early-coach, early-email, late-coach, and late-email.
The tertiary aim was to examine pre-specified moderators of the intervention effects.
Proposed moderators for effects of any API vs. control were sex, race/ethnicity, intention
to pledge Greek life, perceived alcohol norms, and intentions to drink; moderators for API
intervention effects also included frequency of binge and high-intensity drinking during the
first semester (self-monitoring).

M-bridge was conducted among incoming first-year students at a large Midwestern
university starting in summer 2019 (Patrick, Boatman, et al., 2020). The Registrar’s list

was used to randomly select 1500 incoming first-year students to invite to participate in the
study. Baseline data collection was in August 2019, after which students were randomized
1:1:1 to assessment-only control, early Stage 1 intervention, or late Stage 1 intervention.
The Stage 1 universal intervention began in either August 2019 (early; before classes

began) or September 2019 (late; after students started the semester). The Stage 1 universal
preventive intervention combined PNF + self-monitoring. One of the most successful brief
universal interventions for college student drinking involves PNF—feedback about students’
own drinking patterns in comparison to those of their peers (e.g., Larimer et al., 2007;
Scott-Sheldon et al., 2014) Additionally, as part of the Stage 1 intervention, students were
invited (via email and text messaging) to complete up to four biweekly self-monitoring
surveys during the fall semester. Students who reported heavy drinking on a self-monitoring
survey—i.e., binge drinking (having 4+/5+ drinks for females/males) two or more times in
the past two weeks or high-intensity drinking (having 8+/10+ drinks for females/males) one
or more times in the past two weeks—were flagged as heavy drinkers. At the first time point
that students flagged as heavy drinkers, they were randomized 1:1 to one of two Stage 2
selective bridging strategies, and invitations to self-monitor stopped. The Stage 2 bridging
strategies were a resource email or an email invitation to chat (virtually) with a health coach.
Transition from self-monitoring to a bridging strategy occurred September — November
2019, based on when a student flagged as a heavy drinker. Although students who flagged as
heavy drinker early had more time to engage with the indicated interventions, students who
flagged on the last possible day of self-monitoring surveys still had more than three weeks
before the interventions closed. The follow-up 1 survey was in December 2019; follow-up

2 was in April/May 2020 (after the university had closed to in-person operations due to
COVID-19; this led to changes in the measures, described below). Students received a $5
pre-incentive with the study invitation letter they received in the mail. Upon completing

the baseline survey, they received a $25 payment. Students received $2 for each biweekly
self-monitoring survey completed, in addition to two drawing entries for the opportunity to
win one of four $500 drawings that took place at the end of the first semester. Students
received a $30 incentive for completing the follow-up 1 survey and $35 for completing the
follow-up 2 survey. The detailed planned study protocol is available (Patrick, Boatman, et
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al., 2020). A majority of participants were female (62.4%), non-Hispanic White (76.8%),
and had pre-college experience with drinking (73.3%) with 11.7% intending to pledge to
Greek organizations.

Interventions

Among students not randomized to assessment-only control, there were two randomizations
(Stage 1: universal intervention timing for all students, Stage 2: selective bridging strategy
for heavy drinkers) resulting in four APIs that are embedded in the study design (see Figure
1). Specific interventions are described below.

Universal preventive interventions.—All API students received the universal
preventive interventions, randomly either before college or during the first semester. As part
of the universal Stage 1 intervention, participants received emailed personalized normative
feedback (PNF). Stand-alone PNF interventions have been associated with reductions

in alcohol use and consequences among college students who drink heavily (Neighbors

et al., 2004; Neighbors & Lewis, 2006). Technology-based (i.e., internet/mobile) PNF
interventions have also been associated with reduced alcohol use in college students who
drink heavily or intend to do so (Neighbors et al., 2009; Walters et al., 2007). Technology-
based prevention programs for college students have been shown to be as effective as
in-person programs (Scott-Sheldon et al., 2014). However, brief PNF interventions have
mostly immediate effects (Cronce & Larimer, 2011; Hennessy et al., 2019; Huh et al., 2015),
and those who continue to drink heavily require more intensive indicated intervention.

In this study, norms focused on students’ perceptions of prevalence of drinking, binge
drinking, total number of drinks consumed each week, and maximum number of drinks
consumed by college students and contrasted this with their own reported behavior and
actual rates of engagement in those behaviors. Data for the PNF were collected through

the baseline surveys. The norming information was from a college student sample at the
same Midwestern University and the national Monitoring the Future study. The PNF norms
included frequency of drinking, number of drinks consumed each week, consuming 4+/5+
drinks for females/males, and maximum drinks consumed. Students were invited through an
email to view their personalized feedback on a website. A reminder email and text message
were sent five days later for students that had not yet clicked their PNF link.

In addition, as part of the universal Stage 1 intervention, students were asked to self-monitor
their alcohol use during the fall semester. Sel/f-monitoring (SM) is the centerpiece of many
behavioral intervention programs (Harkin et al., 2016), including interventions targeting
alcohol use disorders (Brown et al., 2014; Miller & Wilbourne, 2002). The therapeutic role
of SM is two-fold. First, SM facilitates deliberate attention to and reflection on the person’s
actions (Bandura, 1998; Kanfer, 1970). Hence, SM of drinking behaviors and consequences
has the potential to promote awareness of problematic drinking and need for health services.
Second, SM affords the opportunity to obtain ongoing information concerning the target
behavior, which can be used to inform timely intervention decisions (Nahum-Shani et al.,
2016). Students were invited to complete up to four biweekly self-monitoring surveys on
which they reported their alcohol use over the last two weeks as well as any consequences
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of their drinking. At the point a student identified as a heavy drinker, they no longer received
SM surveys and were assigned a Stage 2 bridging strategy.

Bridging to indicated interventions.—In Stage 2, those who were identified as heavy
drinkers were randomized to one of two bridging strategies. The first bridging strategy

was an email /nvitation to online health coaching via secure online chat. The coaches

were trained to use motivational interviewing strategies (Miller & Rollnick, 2002) modified
for online dialogue, similar to prior work (King et al., 2015). Accepting the invitation
initiated a dialogue focused on increasing the student’s motivation to access an alcohol use
intervention, namely an online version of the evidence-based Brief Alcohol Screening and
Intervention for College Students (Web-BASICS) (LaBrie et al., 2013) or in-person services
through campus resources. The second bridging strategy was a resource email that directly
invited students to access Web-BASICS or the in-person services on campus.

Indicated preventive interventions.—The indicated interventions were not directly
tested in the APIs, because the focus is on universal and bridging strategies. Students were
not randomized to the indicated interventions themselves. Both the resource email and the
health coach directed students to two indicated options: Web-BASICS or an in-person health
promotion consultation available on campus. Web-BASICS is a fully online intervention
where students are provided personalized feedback about their current alcohol use, norms,
and perceived effects and consequences of drinking. Specifically, Web-BASICS provides
text and graphical feedback regarding students’ reported drinking quantity, frequency, peak
alcohol consumption, and blood alcohol content (BAC), risks for alcohol problems based
on family history and consumption patterns, protective behaviors the participant already
uses and others he/she might consider, and a tips page with a BAC chart, information on
reduced-risk drinking, and where to get more information. Participants were asked to use
the feedback to make informed choices and reduce risk; they could print and view their
individualized content for up to three months. The in-person health promotion consultation
was already freely available to all current students through the university’s health services;
the bridging strategies provided students with information on how to access this resource.

Measures and Data Collection

The primary outcome was frequency of binge drinking. At baseline and follow-up 1,
students reported the number of occasions they consumed 4+/5+ drinks in two hours for
females/males in the past 30 days (none, 1 time, 2 times, 3-5 times, 6-9 times, or 10+ times,
recoded as 0, 1, 2, 4, 7, and 10) (adapted from: SAMHSA, 2018). At follow-up 2, the time
period was adjusted due to COVID-19, which hit the area while students were on spring
break. In the follow-up 2 survey, the binge drinking item was asked twice. First, students
were asked about drinking during the 30 days prior to spring break (i.e., before in-person
classes were suspended due to COVID-19 and many students moved off campus), because
the intervention was designed to target drinking on campus. Second, students were asked the
original question about use in the past 30 days, which referred to drinking after the campus
COVID-19 closure; the campus closure was associated with reduced drinking in this sample
(Bonar et al., 2021). The primary outcome for this analysis was based on the measure that
was adjusted to ask about binge drinking during the 30 days prior to spring break.
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Secondary outcomes included alcohol-related consequences and utilization of health
services. Total number of negative alcohol-related consequences (e.g., doing embarrassing
things, hangover) in the past 30 days was measured using 24 items from the Brief Young
Adult Alcohol Consequences Questionnaire (B-YAACQ) (Read et al., 2006). In the follow-
up 2 survey, these 24 questions were asked only once and refer to the past 30 days (i.e.,
recent consequences after the campus COVID-19 closure); we chose not to include a second
set of 24 questions referring to the 30 days prior to spring break to minimize participant
burden and maximize survey response. Health services utilization was a dichotomous
measure of whether students used health services over the past three months, including
through a healthcare clinic, individual counseling, group therapy, support groups, self-help
resources, or other services/resources (including Web-BASICS and online health coaching,
which were only available and assessed via paradata at follow-up 1; use of all other health
services was assessed via participant self-report on study surveys).

Proposed moderators of the effect of exposure to any API and the effect of timing of
universal intervention were: sex, race/ethnicity (non-Hispanic White, other), pre-college
intention to pledge Greek life (yes, no/undecided), pre-college alcohol use norms (i.e.,
perceived percentages of first-year students who drink and binge drink), and pre-college
intentions to drink (i.e., intended number of drinking occasions per month in the next six
months). Proposed moderators of the effect of bridging strategy (for students flagged as
heavy drinkers) were: sex, race/ethnicity, pre-college intention to pledge Greek life, and
reported frequency of binge drinking (4+/5+ drinks for females/males) and high-intensity
drinking (8+/10+ drinks for females/males) from the biweekly self-monitoring survey (two-
week period).

Statistical Analyses

The protocol paper describes the trial design, power considerations, hypotheses, and a
detailed plan for analysis (Patrick, Boatman, et al., 2020). It was determined that a minimum
sample size of 675 students was needed in order to detect a difference of at least one day in
past-month binge drinking between assessment-only control and students randomized to any
API with 80% power. This calculation assumed 15% attrition. A total of 891 students were
enrolled. All statistical analyses followed the intent-to-treat principle. Pre-randomization
variables were summarized at each randomization to check for balance between groups.

The primary aim analysis compared longitudinal outcomes in the 1/3 of students randomized
to assessment-only control with the 2/3 randomized to any API. Using generalized
estimating equations (GEE) (Liang & Zeger, 1986), we fit a log-link, repeated-measures,
marginal-mean model for the primary outcome, binge drinking frequency, that included
terms for time (baseline, follow-up 1, follow-up 2), intervention group (control, API), and
both time-by-group interactions. The primary contrast in this analysis was the difference
between groups in the change in log-mean frequency of binge drinking from baseline

to follow-up 1. Exponentiating this difference-in-difference yields a ratio between the
two groups of the proportional change from baseline (hereafter, ratio of ratios), which

is a measure of effect size. In secondary analyses, we compared the groups on change

in the log-mean frequency of binge drinking from baseline to follow-up 2. We fit
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similar longitudinal models for two secondary outcomes: total number of alcohol-related
consequences experienced in the past 30 days (from the B-YAACQ, log link), and utilization
of health services in the past three months (yes/no, logit link). For these and all other models
fit by GEE, an exchangeable working correlation was specified between time points, and
robust standard errors were computed. Robust standard errors enable valid inference even
when count outcomes are zero-inflated, provided the mean model is correctly specified.

The secondary aim analysis used data from the 2/3 of students randomized to receive one of
the four APls embedded in the study design. The four APIs are defined by: Stage 1 timing of
universal intervention (early vs. late), and Stage 2 selective bridging strategy for participants
flagged as heavy drinkers (health coach invitation vs. resource email). For each primary

and secondary outcome described above, we estimated the mean longitudinal trajectory

of number of binge drinking episodes for the four embedded APIs using weighted and
replicated GEE (Lu et al., 2016; Nahum-Shani et al., 2020). Weighting was required because
heavy drinkers are underrepresented by design (i.e., among those randomized to API, a
heavy drinker has ¥ chance of being assigned to a particular API, while a non-heavy drinker
has % chance), and replicating was required because all non-heavy drinkers are consistent
with two APIs. Students were weighted by the inverse of their probability of randomization
(2 for non-heavy drinkers, 4 for heavy drinkers). The longitudinal models include terms for
time, Stage 1 randomization, Stage 2 randomization, Stage-1-by-Stage-2 interaction, and all
time-by-intervention interactions. Using this model, we compared the change from baseline
among the four APIs (composite hypothesis test). We also estimated and tested the main
effects for timing (early vs. late) and bridging strategy (coach invitation vs. resource email).

The tertiary aim analysis examined how the effect of the study interventions on binge
drinking frequency varied by moderators proposed a priori (Patrick, Boatman, et al., 2020).
This analysis considered moderators of the effect of (1) any API vs. assessment-only control,
(2) Stage 1 universal intervention timing, and (3) Stage 2 selective bridging strategy for
heavy drinkers. Proposed moderators of the effect of exposure to any API were: sex,
race/ethnicity, pre-college intention to pledge Greek life, pre-college alcohol norms, and
pre-college intentions to drink. For each proposed moderator, we added to the primary-aim
model for binge drinking frequency a term for the moderator, both moderator-by-time
interactions, and both moderator-by-time-by-group interactions. The same variables were
also proposed as moderators of timing. To assess whether they modified the main effect of
timing, we fit a model that matched the secondary-aim model for binge drinking frequency,
with the addition of a term for the moderator, both moderator-by-time interactions, and both
moderator-by-time-by-Stage-1 interactions.

Proposed moderators of bridging strategy were: sex, race/ethnicity, pre-college intention to
pledge Greek life, and reported frequency of binge drinking and high-intensity drinking

in the past two weeks from the student’s last SM survey. The moderator models for this
stage used data from only the students flagged as heavy drinkers (N=158) and included
additional terms for the moderator, moderator-by-time interactions, and moderator-by-time-
by-Stage-2 interactions. Ultimately, we did not examine race/ethnicity as a moderator of
bridging strategy because only 21 heavy drinkers were not non-Hispanic White. For each
moderator in the tertiary aim analyses, we summarized the primary contrast — a ratio of
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ratios comparing change in binge drinking frequency from baseline to follow-up 1 between
interventions — with 95% Cls across the entire range of moderator values.

To minimize bias due to missingness and increase efficiency, multiple imputation using

the full conditional specification was implemented using the mice package in R (Van
Buuren & Groothuis-Oudshoorn, 2011). Parameter estimates were pooled across 10 imputed
datasets, with variance computed using Rubin's rules (Rubin, 1987). The models specified
for imputation respected the longitudinal nature of the data and the SMART design.

All analyses were completed in R version 3.6.2 (R Foundation for Statistical Computing,
Vienna, Austria). All statistical tests were two-sided, with no adjustments made for multiple
testing. Statistical significance was defined as p < 0.05.

The trial enrolled 891 participants (59.4% of those invited); 300 were randomized to
assessment-only control, 295 to early Stage 1 intervention, and 296 to late Stage 1
intervention. Baseline pre-randomization variables for the three initial intervention groups
were well-balanced between groups (Table 1). Of the 591 students randomized to Stage

1 intervention, 406 students (67%) viewed at least the first page of their PNF and 517
students completed at least one biweekly self-monitoring survey. During self-monitoring,
158 participants (26.7% of the 591 randomized to self-monitoring) were flagged as heavy
drinkers; they were re-randomized to receive a Stage 2 online health coach invitation (N=80)
or a resource email (N=78), after which 33 students completed or partially completed
Web-BASICS (one in the coach group, 32 in the email group) and 26 students messaged
the online health coach at least once. Of the 891 study participants, data were available for
the primary outcome for 86.5% (N=771) at follow-up 1 and 85.4% (N=761) at follow-up 2;
82.5% (N=735) completed all three surveys.

Primary Aim: Comparison of longitudinal outcomes in API vs. assessment-only control

In terms of the primary outcome, there was no significant difference between the API
group and assessment-only control in average change in binge drinking frequency from
baseline to follow-up 1 (ratio of ratios for API vs. control: 0.84 (0.63, 1.12), p=0.243).
Specifically, binge drinking frequency approximately doubled from baseline to follow-up
1 in the assessment-only control group, increasing from a model-estimated mean of 0.56
(95% C1 0.43, 0.73) times in the past 30 days before college to 1.12 (0.93, 1.35) times in
the past 30 days at the end of fall semester (ratio (SE) = 2.00 (0.24)). The results were
similar among the students randomized to any API: change from 0.62 (0.52, 0.74) times in
the past 30 days before college to 1.05 (0.91, 1.21) at the end of fall semester (ratio (SE) =
1.68 (0.14)) (Figure 2). There was no evidence of a difference between the API group and
assessment-only control in change in binge drinking frequency from baseline to follow-up 2
(ratio of ratios for API vs. control: 0.98 (0.73, 1.32), p=0.901).

In terms of secondary outcomes, estimated change outcomes were similar between API and
control in models of health services utilization (ratio of ORs from baseline to follow-up 1 for
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API vs. control: 0.86, (0.59, 1.25), p= 0.427) and alcohol consequences (ratio of ratios from
baseline to follow-up 1 for API vs. control: 0.87, (0.70, 1.07), p= 0.187) (Table 2).

Secondary Aim: Comparison of four embedded adaptive preventive interventions

Figure 3 plots the estimated mean longitudinal trajectory of the four embedded APIs for the
primary and secondary outcomes. The change in average binge drinking frequency (primary
outcome) from baseline to follow-up 1 and 2 was not significantly different among the four
APIs (follow-up 1 p=0.422 and follow-up 2 p= 0.148; not shown elsewhere). There were
no significant differences by timing of the universal intervention in binge drinking change
from baseline to follow-up 1 (ratio of ratios for early vs. late: 1.17 (0.84, 1.61), p=0.347)
or follow-up 2 (ratio of ratios for early vs. late: 1.36 (0.99, 1.88), p=0.059). Stage 1 main
effects were similar for secondary outcomes. Likewise, there were no significant differences
by bridging strategy for heavy drinkers in binge drinking change from baseline to follow-up
1 (ratio of ratios for coach vs. email: 1.11 (0.87, 1.40), p= 0.409) or follow-up 2 (ratio

of ratios for coach vs. email: 1.06 (0.84, 1.33), p = 0.610). We did observe a significantly
greater increase in health services utilization from baseline to follow-up 2 under the resource
email strategy compared to the health coach invitation (ratio of ORs for coach vs. email:
0.74 (0.59, 0.94), p=0.014) (Table 3).

Tertiary Aim: Exploration of potential moderators of intervention effects

Baseline intention to pledge to Greek organizations significantly moderated the effect of
any API on change in binge drinking frequency from baseline to follow-up 1 (p= 0.029).
For students planning to pledge into Greek organizations who received assessment-only
control (N=37), binge drinking frequency increased from a model-estimated mean of 1.01
(0.69, 1.48) times per month at baseline to 2.24 (1.74, 2.90) times per month at follow-up
1. For students planning to pledge Greek who were randomized to any APl (N=67), binge
drinking frequency increased from a mean of 1.13 (0.84, 1.52) times per month at baseline
to 1.47 (1.11, 1.95) times per month at follow-up 1 (ratio of ratios for API vs. control:
0.58 (0.40, 0.86)). Among students who were not planning to pledge Greek life or were
undecided at baseline, there were no differences between API vs. control in binge drinking
change from baseline to follow-up 1. All other proposed moderators of the effect of any
API on the primary contrast were not significant (Figure 4). There was no evidence of effect
modification by the proposed moderators for timing (Supplemental Figure 1).

There was some evidence of proposed moderation of the effect of bridging strategy. Among
the heavy drinkers, the resource email (vs. health coach invitation) was more beneficial for
those who reported more frequent binge drinking (v = 0.036). For each additional episode

of binge drinking in the past two weeks, the ratio of ratios for coach invitation vs. resource
email increased by 15.4% (95% CI1 0.9% increase to 32.0% increase). Higher values of this
ratio of ratios indicate greater increases in binge drinking from baseline to follow-up 1 in the
coach invitation group and thus, greater effectiveness of the email relative to coach invitation
(Figure 5). There was a similar interaction for frequency of high-intensity drinking (p =
0.080). There was no evidence that sex or intention to pledge Greek moderated the effect of
bridging strategy.
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Discussion

The goal of the current study was to develop an API to reduce the frequency of binge
drinking during the first year of college. The API purposely had a “light touch,” utilizing
email and text message-based prompts to encourage students to engage with intervention
materials and pursue additional resources, if needed. These types of interventions are brief
and low-cost and, therefore, may have clinical significance even when effects sizes are
modest (Grant et al., 2016). In the current study, interventions were all delivered online, and
only one strategy encouraged human interaction (i.e., online chat-based health coaching).
Overall, we found no evidence of a significant difference between the APIs and assessment-
only control across the first year of college in intent-to-treat analyses. However, there was
evidence that any API was effective in reducing binge drinking for higher-risk subgroups of
students, namely those planning to pledge into fraternities/sororities during the first semester
of college. Students involved in Greek life are at higher risk for alcohol use and negative
consequences (Fairlie et al., 2010; Larimer et al., 2004), and reducing binge drinking
frequency in this group could help curtail associated consequences.

Based on the results of this trial, we might not recommend the use of APIs for all students.
In exploratory analyses, we found that students at risk (i.e., with intentions to join Greek
fraternities or sororities) clearly benefited. In this study, students planning to join fraternities
or sororities who were randomized to assessment-only control increased binge drinking by
1.23 times/month from August to December, compared to an average increase of 0.34 times/
month among those randomized to APIs; this represents a Cohen’s d of —0.56, a medium
effect size. For college campuses seeking to reduce high-risk alcohol use, even a small effect
for high-risk drinkers might render a technology-based API useful from a public health
standpoint (Grant et al., 2016). The implications of these findings include that screening for
risk factors prior to college may be needed to determine which students would benefit from
alcohol-focused interventions during their first year of college.

The study was motivated to address two important questions for developing an API for
college drinking. First, is it better to deliver the universal intervention prior to vs. during
the first semester of college (Stage 1)? We compared competing hypotheses. First, early
intervention before the start of college classes may serve to inoculate students with accurate
information before they enter the campus environment. Second, later intervention after the
start of college classes may be more beneficial because students have already had experience
on campus with which to calibrate the information. However, we did not find significant
differences in binge drinking, alcohol consequences, or health services utilization by timing
(i.e., two weeks before vs. two weeks after the first day of classes). Future studies could
consider whether certain students may benefit from earlier or later intervention delivery
and examine alternative times for intervention delivery not tested here. To examine these
effects, intervention protocols should clearly state when interventions were provided so that
potential timing impacts can be examined within and across studies.

The second question for developing an API was, what is the effect of sending a resource
email or health coach invitation to heavy drinkers as a bridging strategy to indicated
interventions? The resource email strategy (vs. health coach invitation) was associated
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with larger increases in health services utilization at the end of the first year of college.
Moderator analyses found that the resource email, compared to the health coach invitation,
was particularly effective in reducing frequency of binge drinking for heavier drinkers (i.e.,
more frequent binge and high-intensity drinkers). Frequent binge and high-intensity drinking
are problematic for individuals and campuses (Patrick, 2016; Patrick & Azar, 2018; Patrick,
Cronce, et al., 2016; Patrick & Terry-McElrath, 2017; Patrick, Terry-McElrath, et al., 2016).
Students who engage in the most frequent and highest intensity drinking are clearly at

risk for experiencing alcohol consequences and inflicting alcohol-related consequences on
others. This result provides evidence that sending an email with a link to empirically
supported intervention materials to students who report frequent binge and high-intensity
drinking is a promising approach that has great potential for dissemination because it does
not require interaction with a clinician.

Limitations of the study include that it occurred on a single, predominantly White, campus
in the Midwestern United States and may not generalize to other contexts. The COVID-19
pandemic occurred during the spring of the participants’ first year of college and had a
major impact on students’ lives and data collection and may have impacted interpretation
of results. The measurement of the main outcome was adjusted (i.e., retrospective to before
spring break) in an effort to examine the primary outcome of binge drinking frequency from
before the campus shutdown of in-person operations, but necessitated further retrospective
recall; further, measurement of secondary outcomes could not be adjusted without unduly
increasing respondent burden during an already difficult time for students. After shutdown,
students reported fewer alcohol consequences compared to earlier assessments, as expected
based on emerging evidence that college students reduced their alcohol consumption when
their access to peers and parties was reduced (Lechner et al., 2020; Martinez & Nguyen,
2020; White et al., 2020). These unexpected effects of COVID-19 are both a limitation of
the current intervention trial and an important topic for future research on the acute and
longer-term impacts of this pandemic and other disruptions to young adults’ lives. In this
sample, the impacts of COVID-19 included reduced binge drinking (Bonar et al., 2021) but
increased mental health symptoms (Mehus et al., 2021).

The current study is the first to develop an API that includes universal prevention and
bridging strategies to indicated interventions for college drinking (Hall et al., 2019). All
analyses were intent-to-treat analyses as specified in the pre-registration and protocol
synopsis (Patrick, Boatman, et al., 2020). Future research should examine levels of
engagement in brief and resource-efficient interventions, including whether those who
engage (e.g., complete Web-BASICS, opt to message with a health coach, use provided
resources) benefit more than those who do not. In the current study, 67% of students in the
intervention condition viewed the PNF (during Stage 1). The Stage 2 interventions sent to
heavy drinkers were less often utilized: 41% of those sent the resource email proceeded to
start Web-BASICS, and 33% of those invited to chat with an online health coach did so.

In the current trial, we cannot separate the impact of the Stage 1 and Stage 2 interventions,
because all heavy drinking students received a combination of both. Future research should
examine additional strategies for engaging at-risk students with universal and indicated
interventions. For example, including the PNF at the end of the baseline survey (rather
than as a separate emailed link), further personalization or tailoring of email and text
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messages, using more reminders, or giving small incentives to students who read or respond
to intervention messages may help engage those who need intervention the most.

Conclusion

In the current study, the APIs did not have overall effects for the student population of
incoming first-year college students. However, the APIs did reduce binge drinking for
students intending to pledge into fraternities or sororities. For heavy drinking students, a
resource email providing a link to an online intervention (i.e., Web-BASICS) was more
effective in increasing health services utilization than an invitation to chat with an online
health coach. Such technology-based strategies to deliver targeted interventions require
minimal resources and may be effective for supporting health for high-risk students during
the transition to college. However, additional strategies for engaging indicated students are
needed.
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Public Health Significance Statement

The study examined the effect of adaptive preventive interventions (APIs), which are
interventions tailored over time to better meet the needs of individuals, on college student
drinking. In this case, the APIs did not have overall effects for the student population of
incoming first-year college students, but the APIs did reduce binge drinking for students
intending to pledge into fraternities or sororities. For heavy-drinking students, a resource
email providing a link to an online intervention (i.e., Web-BASICS) was more effective
in increasing health services utilization than an invitation to chat with an online health
coach. Such technology-based strategies to deliver targeted interventions require minimal
resources and may be effective for supporting health for high-risk students during the
transition to college.
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Figure 4: Moderators of effect of randomization to any API on changein bingedrinking from
basdlineto follow-up 1 (tertiary aim, N=891)
Note: The ratio of ratios measures the difference between the API group and assessment-
only control in change in binge drinking frequency from baseline to follow-up 1. If the ratio
of ratios is 1, there is no difference between the groups. If the ratio of ratios is below 1, the
API had the desired effect, i.e., reduced the change in binge drinking frequency relative to
control. In this figure, a nonzero slope is evidence of effect modification by the proposed
moderator. P-values are for the moderator-by-API-by-follow-up-1 interaction.

J Consult Clin Psychol. Author manuscript; available in PMC 2022 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Patrick et al. Page 24

Sex Greek intention
p=0.611 p=0.693

2.5+

2.0- — 1

1.5+

]
[

1,0 SECPeTE e e e o [ el o e P ey
o o5 ; . ) .
X Female Male Not planning to Planning to
IYe) pledge Greek pledge Greek
(<2
(7]
el
© Binge drinking frequency High intensity drinking
‘: from last SM survey frequency from last SM survey
g 4- p=0.036 p=0.080
=
©
o

Moderator value

Figure 5: Moderators of main effect of Stage 2 selective bridging strategy on changein binge
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Note: The ratio of ratios measures the difference between the coach group and the email
group in change in binge drinking frequency from baseline to follow-up 1. If the ratio of
ratios is 1, there is no difference between the groups. If the ratio of ratios is below 1, coach
is better than email, i.e., the coach group had a smaller change in binge drinking frequency.
If the ratio of ratios is above 1, email is better than coach. In this figure, a nonzero slope

is evidence of effect modification by the proposed moderator. P-values are for the relevant
interaction term.
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Table 1:

Demographics of study sample and pre-randomization drinking behavior by initial randomization

émrﬁqrgl S%;grgleyl StLa_gee 1 (c,’\j":eéi')
(N=300) (N=295) (N=296)
Age (years)
Mean (SD) 18.1(0.218)  18.1(0.281) 18.1(0.227) 18.1(0.243)
Sex
Male 116 (38.7%)  115(39.0%) 104 (35.1%) 335 (37.6%)
Female 184 (61.3%) 180 (61.0%) 192 (64.9%) 556 (62.4%)
Race/ethnicity
Asian Non-Hispanic 31 (10.3%) 30 (10.2%)  30(10.1%) 91 (10.2%)
Black Non-Hispanic 14 (4.7%) 9 (3.1%) 9 (3.0%) 32 (3.6%)
Hispanic/Latinx 10 (3.3%) 15 (5.1%) 14 (4.7%) 39 (4.4%)
White Non-Hispanic 233 (77.7%) 229 (77.6%) 222 (75.0%) 684 (76.8%)
Other/Multi 12 (4.0%) 12 (4.1%) 21 (7.1%) 45 (5.1%)
Pre-college binge drinking (past 30 days)
None 219 (73.0%) 213 (72.2%) 210 (70.9%) 642 (72.1%)
1 time 46 (15.3%) 44 (14.9%) 36 (12.2%) 126 (14.1%)
2 times 16 (5.3%) 24 (8.1%) 24 (8.1%) 64 (7.2%)
3-5 times 12 (4.0%) 11 (3.7%) 19 (6.4%) 42 (4.7%)
6-9 times 6 (2.0%) 3 (1.0%) 6 (2.0%) 15 (1.7%)
10+ times 0 (0%) 0 (0%) 1(0.3%) 1 (0.1%)
Missing 1(0.3%) 0 (0%) 0 (0%) 1 (0.1%)
Pre-college intention to pledge Greek life
No 190 (63.3%) 191 (64.7%) 179 (60.5%) 560 (62.9%)
Yes 37 (12.3%) 34 (11.5%) 33 (11.1%) 104 (11.7%)
Undecided 73(243%)  70(23.7%) 84 (28.4%) 227 (25.5%)
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