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Brief motivational intervention (BMI) and personalized feedback intervention 

(PFI) are individual-focused brief alcohol intervention approaches that have 

been proven efficacious for reducing alcohol use among college students 

and young adults. Although the efficacy of these two intervention approaches 

has been well established, little is known about the factors that may modify 

their effects on alcohol outcomes. In particular, high school drinking may 

be a risk factor for continued and heightened use of alcohol in college, and 

thus may influence the outcomes of BMI and PFI. The purpose of this study 

was to investigate whether high school drinking was associated with different 

intervention outcomes among students who received PFI compared to 

those who received BMI. We conducted moderation analyses examining 348 

mandated students (60.1% male; 73.3% White; and 61.5% first-year student) 

who were randomly assigned to either a BMI or a PFI and whose alcohol 

consumption was assessed at 4-month and 15-month follow-ups. Results 

from marginalized zero-inflated Poisson models showed that high school 

drinking moderated the effects of PFI and BMI at the 4-month follow-up 

but not at the 15-month follow-up. Specifically, students who reported no 

drinking in their senior year of high school consumed a 49% higher mean 

number of drinks after receiving BMI than PFI at the 4-month follow-up. The 

results suggest that alcohol consumption in high school may be informative 

when screening and allocating students to appropriate alcohol interventions 

to meet their different needs.
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Introduction

In a 2020 national survey, 56% of full-time college students 
who were 1 to 4 years beyond high school reported past 30-day 
drinking, and 24% reported five or more drinks in a row in the 
past 2 weeks (Schulenberg et al., 2021). The high prevalence of 
alcohol misuse in college populations is associated with a greater 
likelihood of alcohol-related adverse events, including assault, 
unsafe sex, academic problems, and death (Hingson et al., 2017). 
College environments provide increased opportunities for alcohol 
consumption (Schulenberg et al., 2004); however, many young 
adults initiate drinking before college (Richmond-Rakerd et al., 
2017). In 2021, 26% of 12th graders reported past-month drinking, 
and 12% reported past-month binge drinking (Johnston et al., 
2022). High school drinking matters because those with drinking 
experience prior to college tend to consume greater quantities of 
alcohol in college (Arria et al., 2008; Stappenbeck et al., 2010), 
whereas those who abstain from drinking during the last year of 
high school are more likely to stay abstinent in college (Huang 
et al., 2011).

First-year college students with a history of drinking may 
be more likely to associate drinking with positive consequences, 
including enhanced relaxation, reduced stress, and increased 
sociability (Lee et al., 2018a), and continue drinking in college to 
upregulate positive affect and down-regulate negative affect. After 
entering college, students may quickly self-organize into social 
environments that match their drinking behaviors and allow for 
more drinking opportunities (Sher and Rutledge, 2007; Park et al., 
2009). Consequently, students who drank in high school tend to 
continue or increase drinking in college with little or no 
motivation to change their drinking behaviors (Qi et al., 2014). In 
contrast, students who start drinking after the transition to college 
may commonly do so in the spirit of exploration. College is a 
formative period to experience new behaviors, test preferences, 
and formulate values (Dworkin, 2005). For many, experimentation 
with risky behaviors is expected to a certain extent and may not 
necessarily lead to problematic drinking behaviors. More typically, 
college students may gradually mature out of heavy drinking 
patterns after a temporary spike in alcohol use upon entering 
college (Windle, 2020), especially if they are made aware of the 
actual norms of how their peers drink and/or the negative 
consequences of drinking (Cronce and Larimer, 2011). Compared 
to their peers with a history of drinking before college, students 
with no prior experience drinking may have fewer positive 
expectations regarding drinking and no established drinking 
habits; therefore, they might respond better to a brief alcohol 
intervention aimed at modifying their drinking behaviors. 
Unfortunately, there has been little empirical research examining 
whether and how high school drinking may be associated with 
different outcomes following brief alcohol interventions.

The primary goal of this work is to investigate the extent to 
which college students with and without a prior history of high 
school drinking may respond differently to brief alcohol 
interventions, more specifically, personalized feedback 

intervention (PFI) and brief motivational intervention (BMI). PFI 
provides personalized feedback designed to change alcohol use 
behaviors by increasing the salience of normative discrepancies, 
the awareness of personal alcohol use patterns, and the cognizance 
of negative consequences and risks associated with alcohol use 
(Cronce and Larimer, 2011). While also providing personalized 
feedback, BMI focuses on increasing students’ motivation for 
change by a counselor delivering the feedback in a supportive, 
nonconfrontational, and nonjudgmental style (Miller and 
Rollnick, 2002). Although available evidence on brief alcohol 
interventions suggests that both PFI and BMI are efficacious in 
reducing college students’ alcohol use and/or negative 
consequences (Cronce and Larimer, 2011; National Institute on 
Alcohol Abuse and Alcoholism, 2019), recent large-scale meta-
analyses on comparative effectiveness found that BMI had a 
stronger effect on lowering alcohol-related problems (Huh et al., 
2015; Jiao et al., 2020) and the risk of driving after four+/five+ 
drinks (Mun et al., 2022a) than PFI. In the main outcome study 
using the data from the current study, White et al. (2007) found 
no difference in the drinking outcomes between students 
randomized to a BMI vs. a PFI at the 4-month follow-up. At the 
15-month follow-up, students randomized to the BMI reported 
lower levels of alcohol use and alcohol-related problems than 
those randomized to the PFI. However, it is unclear which 
intervention approach is better for college students with versus 
without a history of high school drinking.

The current study aims to extend the existing literature by 
examining the moderating effects of high school drinking 
(individual-level factor) on the effects of interventions (BMI vs. 
PFI) on alcohol use, which can help guide intervention decisions 
when personalizing and optimizing to better fit the needs of 
different students. Because BMI focuses on increasing readiness 
to change among college students who drink but may not 
be interested in changing their alcohol-related behaviors (Barnett 
et  al., 2001), we  hypothesized that BMI would have stronger 
intervention effects than PFI for students with a high school 
drinking history.

Materials and methods

Participants

Participants were students at a large public university who 
violated the university’s alcohol and drug use policy and thus were 
mandated to receive alcohol and drug use counseling at the 
university-based treatment center. A total of 390 students were 
mandated to treatment during the Fall 2003, Spring 2004, and Fall 
2004 semesters. Of the mandated students, those who were 
deemed high-risk or those who had never tried alcohol were 
excluded from the larger study (for more detailed exclusion 
criteria, see White et al., 2007; see Figure 1 for a CONSORT flow 
diagram). The participants for the current study were 348 
mandated students. The mean age at baseline was 18.6 (SD = 1.0). 
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Most participants were first-year students (61.5%). See Table 1 for 
additional descriptive statistics of the sample.

Procedures

The study was approved by the Rutgers Institutional Review 
Board. All participants agreed to participate and signed informed 
consent forms. Students completed a baseline assessment 
questionnaire that focused on students’ drinking and alcohol use 
habits, which was used to generate personalized feedback. 
Approximately 1 week after the baseline assessment, eligible 
students were randomized either to a BMI (n = 180; 51.7%) or to 
a PFI condition (n = 168; 48.3%) by the flip of a coin. The 
individualized personal feedback was developed detailing the 
student’s alcohol and drug use behaviors, attitudes toward alcohol 
and drugs, and a variety of consequences associated with alcohol 
and drug use (e.g., academic difficulties and interpersonal 
problems) that they had experienced. The profile also focused on 
comparing the students’ alcohol and drug use to peer norms as 
well as providing information about blood alcohol concentrations, 

alcohol tolerance, and strategies for reducing risky behaviors (see 
Appendix A in the online supplemental material for a 
profile example).

Students in the PFI condition were handed the written 
feedback profile by a counselor and were asked to take it home 
with them to review but did not meet with the counselor to discuss 
the feedback. Those students in the BMI condition met 
individually with a counselor for a single session (approximately 
30 min), during which they discussed their written feedback. The 
counselor provided feedback to the student based on the principles 
of motivational interviewing (Miller and Rollnick, 2002), with a 
focus on expressing empathy, developing discrepancy between the 
student’s alcohol and drug use and expressed values, respecting 
resistance, and supporting self-efficacy.

Follow-up surveys were conducted approximately 4 months 
following the intervention (n = 319, 91.7%), and again 15 months 
after the intervention (n = 220; 63.2%). At the 4-month follow-up, 
76% of students completed a questionnaire in person; 20% 
completed a phone interview with the research staff; and 4% 
completed and mailed in questionnaires to the research office. At 
the 15-month follow-up, students either completed a secure 

FIGURE 1

The CONSORT flow diagram.

https://doi.org/10.3389/fpsyg.2022.993517
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Tan et al. 10.3389/fpsyg.2022.993517

Frontiers in Psychology 04 frontiersin.org

website survey (57%) or a telephone interview (43%). No 
significant differences were found between those who were 
followed up and those who did not complete the follow-up 
interviews on demographic or baseline alcohol use variables. 
More details of the study procedures can be found in White et al. 
(2007), where the primary outcomes of the interventions 
are reported.

Measures

Alcohol use outcome variables
Students reported the number of drinks they had in a typical 

week in the past month using the Daily Drinking Questionnaire 
(DDQ; Collins et  al., 1985) at baseline, 4-and 15-month 
follow-ups.

Intervention group
An indicator variable identified the type of brief alcohol 

intervention that the participant received, with BMI coded as 1 
and PFI coded as 0.

High school drinking history
Participants self-reported the frequency of alcohol use during 

their senior year of high school (1 = did not drink at all to 8 = once 
a day or more) at the baseline assessment, which was recoded into 
high school drinking in the current study (0 = did not drink at all 
[20% of students] and 1 = drank alcohol [80% of students]). The 
results using the original ordinal scale of high school drinking 
history are presented in Supplementary Table S1 in the online 
supplemental material.

Demographic variables
Sex (1 = male; 0 = female), race (1 = White; 0 = non-White), 

and year in college (1 = first-year; 0 = non-first-year) were included 
in the model as covariates as they are related to alcohol use (Mun 
et al., 2009).

Data analysis plan

We merged the imputed data from White et al. (2007) with 
high school drinking history to create the data set used for the 
current study. For the analysis reported in White et al. (2007), a 
single imputed data set was obtained using the expectation–
maximization algorithm in SAS version 9 (SAS Institute, 2002–
2006). The imputed data set was larger in dimensions (i.e., 
variables) than the analyzed data set and had 14% missing data 
before imputation. Missing data revealed a nonsignificant Little’s 
(1988) chi-square test of Missing Completely at Random (MCAR), 
χ2 (8,020) = 8,078.96, ns, suggesting that missing data would 
be ignorable for inference. Eight participants (2% of N = 348) with 
missing high school drinking history responses were excluded 
from the analyses in the current study. The outcome variable, the 
number of drinks participants consumed in a typical week, was a 
count variable with excessive zeros at both the 4-month and 
15-month follow-ups. Because of the zero-inflation in the outcome 
variable, we  utilized the Marginalized Zero-Inflated Poisson 
(MZIP; see Long et al., 2014 and Mun et al., 2022b, for detailed 
model specifications) model to evaluate our hypotheses. The MZIP 
model is a statistical approach for modeling zero-inflated count 
outcomes, based on the framework of the zero-inflated Poisson 
(ZIP) model, that can (a) account for excessive zeros and (b) 
estimate the effects of predictors on the overall mean for the entire 
distribution. The formulation of a ZIP model can be expressed as:
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TABLE 1 Descriptive statistics of the study variables.

BMI (n = 180) PFI (n = 168)

M (SD) or % % Zero M (SD) or % % Zero

Baseline

Male (coded 1; 0 = female) 57.8% 62.5%

White (coded 1; 0 = non-White) 70.6% 76.2%

First-year student (coded 1; 0 = non-first-year) 64.4% 58.3%

High school drinking (1 = drank alcohol; 0 = did not drink at all) 80.6% 79.4%

Number of drinks in a typical week 7.57 (6.87) 2.8% 7.05 (5.94) 8.3%

4-month follow-up

Number of drinks in a typical week 5.08 (6.21) 18.9% 5.29 (7.18) 29.8%

15-month follow-up

Number of drinks in a typical week 6.83 (7.80) 18.9% 8.27 (11.45) 18.5%
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where π i iProb Y is a structural zero= ( )  is the structural zero 
rate and µi i iE Y Y= ( )| from the Poisson part  is the mean of the 
Poisson part in the ZIP model. Unlike the ZIP model, the MZIP 
model aims to provide the overall mean of the outcome, i.e., 
v E Yi i i i= ( ) = −( )1 π µ ,  which can be modeled directly through

( ) P
0 1log

 .

β β

β

= +

+ ∗

MZI MZIP
i

MZIP
p

v Intervention

Additional Covariates



Therefore, the intervention effect on the overall mean is directly 
evaluated by β1

MZIP  in the MZIP model.
We estimated two separate MZIP models for the outcomes at the 

4-month and 15-month follow-ups. In each MZIP model, 
we evaluated history of high school drinking (0 = did not drink at all; 
1 = drank alcohol), intervention group membership (0 = PFI; 
1 = BMI), and their interaction term as predictors, while controlling 
for sex, race, first-year student status, and baseline number of drinks 
in a typical week. When the interaction between high school drinking 
and the intervention group membership did not significantly predict 
the outcome, we trimmed the interaction term to be parsimonious. 
The MZIP models were fit in R (R Core Team, 2022) using the 
mcount package (Zhou et al., 2022). Data used for the current study 
and the annotated R code are available on Mendeley data (http://doi.
org/10.17632/vnpw693nnd.1; Tan et al., 2022).

Results

Descriptive statistics for the variables in the moderation 
analyses are shown in Table 1. Table 2 shows the results of the 
MZIP models at the 4-and 15-month follow-ups. Each MZIP 
model provides two sets of parameter estimates – one for 
predicting the overall mean number of drinks (left columns) and 
the other for predicting the excess zeroes part (right column; logit 
submodel) of the outcome. Being a male, White, and reporting a 
higher baseline number of drinks were significantly associated 
with a higher overall mean number of drinks at the 4-month 
follow-up. The interaction between high school drinking and 
intervention condition (BMI vs. PFI) was statistically significant 
in predicting the number of drinks in a typical week. The 
interaction effect can be  interpreted as follows: based on the 
estimated parameter coefficients of high school drinking, 
intervention conditions, and their interaction, students without a 
history of high school drinking reported a 49% higher mean 
number of drinks when they received BMI (vs. PFI, with an 
estimated RR for BMI vs. PFI = 1.49 vs. 1). Conversely, for students 
with a history of high school drinking, the mean reported number 
of drinks in a typical week was 9% lower when they received BMI 
(vs. PFI, with an estimated RR for BMI vs. PFI = [1.49 × 0.61] vs. 
1; hence 0.91 vs. 1). Figure 2, which shows the interaction effect, 
was derived based on the coefficients shown in Table  2. All 
individual values for predictors were retained in the equation 
while plugging in different values for high school drinking status 
(0 or 1) and intervention conditions (0 or 1). For the logit 

submodel (right column of Table  2), the predictors did not 
significantly predict non-drinking at the 4-month follow-up.

At the 15-month follow-up, the interaction between high 
school drinking and intervention conditions was not statistically 
significant; the term was trimmed from the model. Table 2 shows 
that being a male, White, first-year student, and reporting a higher 
number of drinks at baseline were significantly related to a higher 
overall mean number of drinks at 15 months. BMI had a 

TABLE 2 Predicting the number of drinks in a typical week using MZIP 
models.

Overall mean Logit submodel 
(Predicting zero)

RR 95% CI OR 95% CI

4-month follow-up

Intercept 0.90 [0.63, 1.29] 1.50 [0.61, 3.72]

Male 1.51* [1.29, 1.77] 0.62 [0.34, 1.14]

White 2.04* [1.67, 2.50] 0.38* [0.21, 0.67]

First-year student 1.13 [0.98, 1.31] 1.07 [0.58, 1.99]

Baseline number of drinks 1.03* [1.02, 1.04] 0.96 [0.91, 1.01]

High school drinking 1.94* [1.39, 2.71] 0.69 [0.28, 1.72]

BMI 1.49* [1.01, 2.21] 0.56 [0.18, 1.75]

High school drinking × BMI 0.61* [0.40, 0.93] 1.13 [0.29, 4.33]

15-month follow-up

Intercept 2.38* [1.91, 2.97] 1.31 [0.68, 2.52]

Male 1.60* [1.41, 1.83] 0.61 [0.33, 1.12]

White 1.42* [1.22, 1.65] 0.41* [0.24, 0.73]

First-year student 1.37* [1.23, 1.53] 1.26 [0.76, 2.09]

Baseline number of drinks 1.05* [1.04, 1.05] 0.91* [0.86, 0.96]

High school drinking 1.11 [0.91, 1.35] 0.39* [0.21, 0.74]

BMI 0.77* [0.69, 0.85] 1.37 [0.83, 2.27]

MZIP, Marginalized Zero-Inflated Poisson.*p < 0.05.

FIGURE 2

The interactions of high school drinking and intervention groups 
to predict the number of drinks in a typical week at the 4-month 
follow-up. The bar graph illustrates the significant interaction 
between high school drinking and intervention groups at the 
4-month follow-up, as shown in Table 2. The error bar represents 
bootstrapped 95% confidence intervals. PFI, personalized 
feedback intervention; BMI, brief motivational intervention.
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significant main effect on the overall mean number of drinks in a 
typical week. Specifically, those in the BMI condition had a 23% 
lower mean number of drinks at the 15-month follow-up than 
those in the PFI. For the logit submodel predicting no drinking, 
the odds of non-drinking were 61% lower among those who drank 
in high school, compared to those who did not.

Discussion

The current study investigated whether high school drinking 
was associated with different intervention outcomes among 
students who received PFI compared to those who received 
BMI. Our findings suggest that alcohol consumption in high 
school may be a risk factor for continued drinking in college and 
demonstrate the potential to use high school drinking history to 
facilitate intervention allocation and development of more 
appropriate interventions for college students.

The results show that the effects of PFI and BMI on reducing 
alcohol use differed depending on students’ history of high school 
drinking. For students who did not drink in high school, those 
receiving PFI had fewer drinks at 4 months post intervention than 
those receiving BMI, which suggests that PFI might be a more 
effective short-term risk reduction strategy than BMI for lower-risk 
college students who just started drinking after entering college. 
Specifically, students who abstain from alcohol in high school may 
perceive greater salience of the negative consequences relating to 
the campus alcohol policy violation (Barnett et al., 2006; White 
et al., 2008), which serves to motivate them to change drinking 
behaviors (Morgan et al., 2008; Barnett et al., 2010). In this case, 
the in-person discussion of the feedback, a unique component of 
BMI designed to increase students’ motivation for change, may not 
be  necessary; instead, PFI (as well as “getting caught”) can 
effectively reduce these students’ drinking. In addition, BMI has 
been found to have a larger effect among heavier drinkers than 
lighter drinkers (Murphy et al., 2001; Daeppen et al., 2011). For 
students without a history of drinking prior to college and who did 
not drink much when referred, personalized feedback that focuses 
on a few salient points is more likely to induce behavior change 
than when combined with in-person discussion (Ray et al., 2014). 
However, this explanation for the moderated effect will need to 
be further tested by future studies. Thus, college alcohol prevention/
interventions would benefit from considering abstinence in high 
school to screen and select students to receive PFI rather than BMI 
for an immediate effect. Because PFI is inexpensive, quick, and easy 
to deliver, it allows college alcohol prevention efforts to reach a 
larger population faster at considerably lower costs.

We also found that students who drank during the senior year 
of high school consumed a greater number of drinks in college at 
the 4-month follow-up and were less likely to report no drinking 
at the 15-month follow-up across intervention groups, even after 
controlling for baseline drinking in college. These findings suggest 
that problematic drinking pathways may develop well before 
college and continue to evolve during college (Harford et al., 2002; 
White and Hingson, 2013). Structural and functional brain 

changes during adolescence may lead to increased reward-seeking 
risky behaviors, such as drinking (Bava and Tapert, 2010). Alcohol 
use, in turn, is associated with disruptions in normative adolescent 
brain development, such as irregular neural activities during 
executive functioning and decision-making (Silveri, 2012; Lees 
et  al., 2020), which may further impair adolescents’ ability to 
restrain drinking. Because of adolescents’ heightened vulnerability 
to alcohol’s adverse effects, it would be important for preventative 
interventions to start early in high school and promptly identify 
students who are at higher risk for drinking. In addition to 
prevention/intervention strategies in high school, college 
prevention planning may use high school drinking history as one 
of the risk factors to screen and identify students to receive 
appropriate brief alcohol interventions early in college to reduce 
harm. Of note, previous research has provided initial evidence that 
students who were screened for risk in the senior year of high 
school and received a brief alcohol intervention in the freshman 
year of college reduced their drinking quantity and negative 
consequences of drinking (Marlatt et al., 1998; Baer et al., 2001).

The long-term effect of BMI at the 15-month follow-up was 
significantly stronger than PFI, suggesting an advantage of BMI over 
PFI that emerges over time (i.e., a sleeper effect; see White et al., 
2007; Mun et al., 2009 for more details) possibly through increased 
motivation for change and self-efficacy over the long term (Magill 
et al., 2017). Because long-term intervention effects were better with 
BMI than with PFI, there may be  an opportunity to track 
participants between 4 and 15 months to investigate why the initial 
greater gain from PFI over BMI for students who did not drink in 
high school was not found at 15 months. This will help continue 
research to identify strategies to maintain the advantageous outcome 
of PFI over BMI among students who do not drink before college 
for an extended period of time. The administration of booster 
sessions (Braitman and Henson, 2016; Braitman and Lau-Barraco, 
2018) or an additional therapeutic component, such as a substance-
free activity or relaxation training session (Murphy et al., 2019), may 
be beneficial. However, more work is required to understand the 
optimal timing, dosing, delivery methods, and audience to improve 
the benefits of PFI and brief alcohol interventions more broadly.

Limitations and future directions

The current study provides evidence for the role that high 
school drinking plays in moderating the outcomes of two brief 
alcohol interventions (PFI vs. BMI) for college students. However, 
the findings should be  interpreted in light of the following 
limitations. First, the data for the current study were collected from 
2003 to 2006. The prevalence of past-year alcohol use among high 
school students has demonstrated a decline from the early-to 
mid-2000s (Miech et al., 2022). However, this decline in alcohol use 
prevalence should not affect the relations investigated in the current 
study because there is no theoretical foundation to suggest the 
prevalence of alcohol use would influence the outcomes of brief 
alcohol interventions. More recent studies also demonstrate that 
high school drinking is associated with college drinking (e.g., 
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Scaglione et  al., 2015; Lee et  al., 2018b). Moreover, the two 
interventions studied, BMI and PFI, are rated as effective individual-
level interventions and recommended by CollegeAIM (National 
Institute on Alcohol Abuse and Alcoholism, 2019) to be adopted on 
college campuses. Recent studies continue to investigate both 
interventions (e.g., Dunn et al., 2020; Gex et al., 2022; Li et al., 2022; 
Merrill et al., 2022; Tanner-Smith et al., 2022). Therefore, the current 
study’s findings have important clinical and practical implications 
that are of great interest to the alcohol research community.

Additionally, students retrospectively reported their alcohol 
use during their senior year of high school, so there might be recall 
errors. Furthermore, the senior year of high school is only 1 year, 
and may not be  an accurate reflection of high school or 
“pre-college” drinking. Thus, future studies may consider the 
entire history of drinking, including intensity or manner of 
drinking, throughout the high school years. Next, the current 
study focused on high school drinking as a predictor of college 
intervention outcomes, but risky drinking behaviors may start 
even before high school. Early-onset of alcohol use and misuse at 
age 14 or younger is related to a higher likelihood of developing 
alcohol-related problems (Grant et al., 2001; Hingson et al., 2006). 
It would be important to investigate further whether a history of 
early onset alcohol use and misuse helps identify students for a 
more appropriate brief alcohol intervention during college.

Furthermore, the students in our sample were mandated 
students from a single university and primarily White, so the 
findings may not generalize across all young adults, including 
non-college students. In addition, students who were deemed at 
high risk were excluded from the study due to ethical and clinical 
considerations. Finally, we did not include a control group in the 
current study because all mandated students were required to 
receive an intervention based on university regulations. Future 
studies including an assessment-only control group may be helpful 
for examining the moderating effect of high school drinking on 
the efficacy of brief alcohol interventions.

In sum, the findings of the current study suggest high school 
drinking history could be used to screen and allocate students to a 
more appropriate alcohol intervention that meets their individual 
needs. A tiered intervention strategy may be feasible and promising 
if we  further identify intervention effect modifiers or different 
responders to diverse brief alcohol intervention strategies. Given that 
both BMI and PFI are rated as effective individual-level interventions 
and endorsed by the National Institute on Alcohol Abuse and 
Alcoholism’s CollegeAIM to be implemented on college campuses 
(National Institute on Alcohol Abuse and Alcoholism, 2019), one 
promising tiered intervention strategy includes screening incoming 
college students for high school drinking history and selecting lower-
risk students to receive PFI and higher-risk students to receive BMI.

Data availability statement

The data and computing code used for this article are available 
at Mendeley Data: https://doi.org/10.17632/vnpw693nnd.1.

Author contributions

LT, ZF, and E-YM contributed to the conception of the current 
study. HW was the PI on the study from which the data for this 
study were collected. LT, ZZ, DH, and E-YM contributed to the 
statistical analysis. LT and E-YM wrote the first draft of the 
manuscript. All authors contributed to manuscript revision and 
approved the submitted version.

Funding

The project described was supported by grants R01 AA019511 
and K02 AA028630 from the National Institute on Alcohol Abuse 
and Alcoholism (NIAAA). The data reported were collected with 
support from P20 DA017552 from the National Institute of Drug 
Abuse (NIDA). The content is solely the responsibility of the 
authors and does not necessarily represent the official views of the 
NIAAA, the NIDA, or the National Institutes of Health.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fpsyg.2022.993517/
full#supplementary-material

References
Arria, A. M., Kuhn, V., Caldeira, K. M., O’Grady, K. E., Vincent, K. B., and 

Wish, E. D. (2008). High school drinking mediates the relationship between parental 
monitoring and college drinking: a longitudinal analysis. Subst. Abuse Treat. Prev. 
Policy 3, 1–11. doi: 10.1186/1747-597X-3-6

Baer, J. S., Kivlahan, D. R., Blume, A. W., McKnight, P., and Marlatt, G. A. 
(2001). Brief intervention for heavy-drinking college students: 4-year follow-up 
and natural history. Am. J. Public Health 91, 1310–1316. doi: 10.2105/
ajph.91.8.1310

https://doi.org/10.3389/fpsyg.2022.993517
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.17632/vnpw693nnd.1
https://www.frontiersin.org/articles/10.3389/fpsyg.2022.993517/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2022.993517/full#supplementary-material
https://doi.org/10.1186/1747-597X-3-6
https://doi.org/10.2105/ajph.91.8.1310
https://doi.org/10.2105/ajph.91.8.1310


Tan et al. 10.3389/fpsyg.2022.993517

Frontiers in Psychology 08 frontiersin.org

Barnett, N. P., Apodaca, T. R., Magill, M., Colby, S. M., Gwaltney, C., 
Rohsenow, D. J., et al. (2010). Moderators and mediators of two brief interventions 
for alcohol in the emergency department. Addiction 105, 452–465. doi: 
10.1111/j.1360-0443.2009.02814.x

Barnett, N. P., Goldstein, A. L., Murphy, J. G., Colby, S. M., and Monti, P. M. 
(2006). “I’ll never drink like that again”: characteristics of alcohol-related incidents 
and predictors of motivation to change in college students. J. Stud. Alcohol 67, 
754–763. doi: 10.15288/jsa.2006.67.754

Barnett, N. P., Monti, P. M., and Wood, M. D. (2001). “Motivational interviewing 
for alcohol-involved adolescents in the emergency room,” in Innovations in 
adolescent substance abuse interventions. eds. E. F. Wagner and H. B. Waldron 
(Oxford, England: Pergamon/Elsevier Science Inc.), 143–168.

Bava, S., and Tapert, S. F. (2010). Adolescent brain development and the risk for 
alcohol and other drug problems. Neuropsychol. Rev. 20, 398–413. doi: 10.1007/
s11065-010-9146-6

Braitman, A. L., and Henson, J. M. (2016). Personalized boosters for a 
computerized intervention targeting college drinking: the influence of protective 
behavioral strategies. J. Am. Coll. Heal. 64, 509–519. doi: 
10.1080/07448481.2016.1185725

Braitman, A. L., and Lau-Barraco, C. (2018). Personalized boosters after a 
computerized intervention targeting college drinking: a randomized controlled trial. 
Alcohol. Clin. Exp. Res. 42, 1735–1747. doi: 10.1111/acer.13815

Collins, R. L., Parks, G. A., and Marlatt, G. A. (1985). Social determinants of 
alcohol consumption: the effects of social interaction and model status on the self-
administration of alcohol. J. Consult. Clin. Psychol. 53, 189–200. doi: 
10.1037//0022-006x.53.2.189

Cronce, J. M., and Larimer, M. E. (2011). Individual-focused approaches to the 
prevention of college student drinking. Alcohol Res. Health 34, 210–221. PMID: 
22330220

Daeppen, J. B., Bertholet, N., Gaume, J., Fortini, C., Faouzi, M., and Gmel, G. 
(2011). Efficacy of brief motivational intervention in reducing binge drinking in 
young men: a randomized controlled trial. Drug Alcohol Depend. 113, 69–75. doi: 
10.1016/j.drugalcdep.2010.07.009

Dunn, M. E., Fried-Somerstein, A., Flori, J. N., Hall, T. V., and Dvorak, R. D. 
(2020). Reducing alcohol use in mandated college students: a comparison of a brief 
motivational intervention (BMI) and the expectancy challenge alcohol literacy 
curriculum (ECALC). Exp. Clin. Psychopharmacol. 28, 87–98. doi: 10.1037/
pha0000290

Dworkin, J. (2005). Risk taking as developmentally appropriate experimentation 
for college students. J. Adolesc. Res. 20, 219–241. doi: 10.1177/0743558404273073

Gex, K. S., Mun, E.-Y., Barnett, N. P., McDevitt-Murphy, M. E., Ruggiero, K. J., 
Thurston, I. B., et al. (2022). A randomized pilot trial of a mobile delivered 
brief  motivational interviewing and behavioral economic alcohol intervention 
for  emerging adults. Psychol. Addict. Behav. doi: 10.1037/adb0000838  
[Epub ahead of print].

Grant, B. F., Stinson, F. S., and Harford, T. C. (2001). Age at onset of alcohol use 
and DSM-IV alcohol abuse and dependence: a 12-year follow-up. J. Subst. Abus. 13, 
493–504. doi: 10.1016/S0899-3289(01)00096-7

Harford, T. C., Wechsler, H., and Muthén, B. O. (2002). The impact of current 
residence and high school drinking on alcohol problems among college students. J. 
Stud. Alcohol 63, 271–279. doi: 10.15288/jsa.2002.63.271

Hingson, R. W., Heeren, T., and Winter, M. R. (2006). Age at drinking onset and 
alcohol dependence: age at onset, duration, and severity. Arch. Pediatr. Adolesc. Med. 
160, 739–746. doi: 10.1001/archpedi.160.7.739

Hingson, R., Zha, W., and Smyth, D. (2017). Magnitude and trends in heavy 
episodic drinking, alcohol-impaired driving, and alcohol-related mortality and 
overdose hospitalizations among emerging adults of college ages 18-24  in the 
United  States, 1998-2014. J. Stud. Alcohol Drugs 78, 540–548. doi: 10.15288/
jsad.2017.78.540

Huang, J. H., DeJong, W., Schneider, S. K., and Towvim, L. G. (2011). Endorsed 
reasons for not drinking alcohol: a comparison of college student drinkers and 
abstainers. J. Behav. Med. 34, 64–73. doi: 10.1007/s10865-010-9272-x

Huh, D., Mun, E.-Y., Larimer, M., White, H. R., Ray, A. E., Rhew, I., et al. (2015). 
Brief motivational interventions for college student drinking may not be as powerful 
as we think: an individual participant-level data meta-analysis. Alcohol. Clin. Exp. 
Res. 39, 919–931. doi: 10.1111/acer.12714

Jiao, Y., Mun, E.-Y., Trikalinos, T. A., and Xie, M. (2020). A CD-based mapping 
method for combining multiple related parameters from heterogeneous intervention 
trials. Statist. Inter. 13, 533–549. doi: 10.4310/sii.2020.v13.n4.a10

Johnston, L. D., Miech, R. A., O’Malley, P. M., Bachman, J. G., Schulenberg, J. E., 
and Patrick, M. E. (2022). Monitoring the future national survey results on drug use 
1975–2021: Overview, key findings on adolescent drug use. Ann Arbor, MI: Institute 
for Social Research, The University of Michigan.

Lee, C.-K., Corte, C., and Stein, K. F. (2018a). Relationships between early alcohol 
experiences, drinker self-schema, and drinking and smoking in college students. 
Subst. Abus. 39, 426–433. doi: 10.1080/08897077.2018.1443314

Lee, C. M., Rhew, I. C., Patrick, M. E., Fairlie, A. M., Cronce, J. M., 
Larimer, M. E., et al. (2018b). Learning from experience? The influence of positive 
and negative alcohol-related consequences on next-day alcohol expectancies and 
use among college drinkers. J. Stud. Alcohol Drugs 79, 465–473. doi: 10.15288/
jsad.2018.79.465

Lees, B., Meredith, L. R., Kirkland, A. E., Bryant, B. E., and Squeglia, L. M. (2020). 
Effect of alcohol use on the adolescent brain and behavior. Pharmacol. Biochem. 
Behav. 192:172906. doi: 10.1016/j.pbb.2020.172906

Li, X., Lewis, M. A., Fairlie, A. M., Larimer, M. E., and Mun, E.-Y. (2022). 
Examining the viewing pattern of web-delivered personalized feedback 
interventions aimed at reducing alcohol-related risky sexual behavior among young 
adults. J. Am. Coll. Heal. 1-8, 1–8. doi: 10.1080/07448481.2022.2098028

Little, R. J. A. (1988). A test of missing completely at random for multivariate data 
with missing values. J. Am. Stat. Assoc. 83, 1198–1202. doi: 
10.1080/01621459.1988.10478722

Long, D. L., Preisser, J. S., Herring, A. H., and Golin, C. E. (2014). A marginalized 
zero-inflated Poisson regression model with overall exposure effects. Stat. Med. 33, 
5151–5165. doi: 10.1002/sim.6293

Magill, M., Colby, S. M., Orchowski, L., Murphy, J. G., Hoadley, A., Brazil, L. A., 
et al. (2017). How does brief motivational intervention change heavy drinking and 
harm among underage young adult drinkers? J. Consult. Clin. Psychol. 85, 447–458. 
doi: 10.1037/ccp0000200

Marlatt, G. A., Baer, J. S., Kivlahan, D. R., Dimeff, L. A., Larimer, M. E., 
Quigley, L. A., et al. (1998). Screening and brief intervention for high-risk college 
student drinkers: results from a 2-year follow-up assessment. J. Consult. Clin. 
Psychol. 66, 604–615. doi: 10.1037//0022-006x.66.4.604

Merrill, J. E., López, G., Stevens, A. K., Singh, S., Laws, M. B., Mastroleo, N. R., 
et al. (2022). Discussion of alcohol consequences during a brief motivational 
intervention session: comparing those who do and do not increase readiness to 
change. Addict. Res. Theory 30, 279–287. doi: 10.1080/16066359.2021.2021401

Miech, R. A., Johnston, L. D., O’Malley, P. M., Bachman, J. G., Schulenberg, J. E., 
and Patrick, M. E. (2022). Monitoring the future national survey results on drug use, 
1975–2021:Volume I, secondary school students. Ann Arbor: Institute for Social 
Research, The University of Michigan.

Miller, W. R., and Rollnick, S. (2002). Motivational interviewing: Preparing people 
for change. (2nd ed.). New York: Guilford.

Morgan, T. J., White, H. R., and Mun, E.-Y. (2008). Changes in drinking before a 
mandated brief intervention with college students. J. Stud. Alcohol Drugs 69, 
286–290. doi: 10.15288/jsad.2008.69.286

Mun, E.-Y., Li, X., Lineberry, S., Tan, Z., Huh, D., Walters, S. T., et al. (2022a). Do 
brief alcohol interventions reduce driving after drinking among college students? A 
two-step meta-analysis of individual participant data. Alcohol Alcohol. 57, 125–135. 
doi: 10.1093/alcalc/agaa146

Mun, E.-Y., White, H. R., and Morgan, T. J. (2009). Individual and situational 
factors that influence the efficacy of personalized feedback substance use 
interventions for mandated college students. J. Consult. Clin. Psychol. 77, 88–102. 
doi: 10.1037/a0014679

Mun, E.-Y., Zhou, Z., Huh, D., Tan, L., Li, D., Tanner-Smith, E. E., et al. (2022b). 
Brief alcohol interventions are effective through six months: findings from 
marginalized zero-inflated Poisson and negative binomial models in a two-step IPD 
meta-analysis. Prev. Sci. doi: 10.1007/s11121-022-01420-1

Murphy, J. G., Dennhardt, A. A., Martens, M. P., Borsari, B., Witkiewitz, K., and 
Meshesha, L. Z. (2019). A randomized clinical trial evaluating the efficacy of a brief 
alcohol intervention supplemented with a substance-free activity session or 
relaxation training. J. Consult. Clin. Psychol. 87, 657–669. doi: 10.1037/ccp0000412

Murphy, J. G., Duchnick, J. J., Vuchinich, R. E., Davison, J. W., Karg, R. S., 
Olson, A. M., et al. (2001). Relative efficacy of a brief motivational intervention for 
college student drinkers. Psychol. Addict. Behav. 15, 373–379. doi: 
10.1037/0893-164X.15.4.373

National Institute on Alcohol Abuse and Alcoholism (2019). Planning alcohol 
interventions using NIAAA’s CollegeAIM (alcohol intervention matrix). Available 
at: https://www.collegedrinkingprevention.gov/CollegeAIM/Resources/NIAAA_
College_Matrix_Booklet.pdf (Accessed June 20, 2022).

Park, A., Sher, K. J., and Krull, J. L. (2009). Selection and socialization of risky drinking 
during the college transition: the importance of microenvironments associated with 
specific living units. Psychol. Addict. Behav. 23, 404–414. doi: 10.1037/a0016293

Qi, D., Pearson, M. R., and Hustad, J. T. (2014). Predictors of motivation to change 
in mandated college students following a referral incident. Psychol. Addict. Behav. 
28, 524–531. doi: 10.1037/a0035910

R Core Team (2022). R: A language and environment for statistical computing. 
[computer software]. R foundation for statistical computing. Available at: https://
www.R-project.org/

Ray, A. E., Kim, S.-Y., White, H. R., Larimer, M. E., Mun, E.-Y., Clarke, N., et al. 
(2014). When less is more and more is less in brief motivational interventions: 
characteristics of intervention content and their associations with drinking 
outcomes. Psychol. Addict. Behav. 28, 1026–1040. doi: 10.1037/a0036593

https://doi.org/10.3389/fpsyg.2022.993517
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1111/j.1360-0443.2009.02814.x
https://doi.org/10.15288/jsa.2006.67.754
https://doi.org/10.1007/s11065-010-9146-6
https://doi.org/10.1007/s11065-010-9146-6
https://doi.org/10.1080/07448481.2016.1185725
https://doi.org/10.1111/acer.13815
https://doi.org/10.1037//0022-006x.53.2.189
https://doi.org/22330220
https://doi.org/10.1016/j.drugalcdep.2010.07.009
https://doi.org/10.1037/pha0000290
https://doi.org/10.1037/pha0000290
https://doi.org/10.1177/0743558404273073
https://doi.org/10.1037/adb0000838
https://doi.org/10.1016/S0899-3289(01)00096-7
https://doi.org/10.15288/jsa.2002.63.271
https://doi.org/10.1001/archpedi.160.7.739
https://doi.org/10.15288/jsad.2017.78.540
https://doi.org/10.15288/jsad.2017.78.540
https://doi.org/10.1007/s10865-010-9272-x
https://doi.org/10.1111/acer.12714
https://doi.org/10.4310/sii.2020.v13.n4.a10
https://doi.org/10.1080/08897077.2018.1443314
https://doi.org/10.15288/jsad.2018.79.465
https://doi.org/10.15288/jsad.2018.79.465
https://doi.org/10.1016/j.pbb.2020.172906
https://doi.org/10.1080/07448481.2022.2098028
https://doi.org/10.1080/01621459.1988.10478722
https://doi.org/10.1002/sim.6293
https://doi.org/10.1037/ccp0000200
https://doi.org/10.1037//0022-006x.66.4.604
https://doi.org/10.1080/16066359.2021.2021401
https://doi.org/10.15288/jsad.2008.69.286
https://doi.org/10.1093/alcalc/agaa146
https://doi.org/10.1037/a0014679
https://doi.org/10.1007/s11121-022-01420-1
https://doi.org/10.1037/ccp0000412
https://doi.org/10.1037/0893-164X.15.4.373
https://www.collegedrinkingprevention.gov/CollegeAIM/Resources/NIAAA_College_Matrix_Booklet.pdf
https://www.collegedrinkingprevention.gov/CollegeAIM/Resources/NIAAA_College_Matrix_Booklet.pdf
https://doi.org/10.1037/a0016293
https://doi.org/10.1037/a0035910
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1037/a0036593


Tan et al. 10.3389/fpsyg.2022.993517

Frontiers in Psychology 09 frontiersin.org

Richmond-Rakerd, L. S., Slutske, W. S., and Wood, P. K. (2017). Age of initiation 
and substance use progression: a multivariate latent growth analysis. Psychol. Addict. 
Behav. 31, 664–675. doi: 10.1037/adb0000304

SAS Institute. (2002–2006) SAS for windows (Version 9) [Computer software]. 
SAS Institute. Available at: https://www.sas.com

Scaglione, N. M., Mallett, K. A., Turrisi, R., Reavy, R., Cleveland, M. J., and 
Ackerman, S. (2015). Who will experience the most alcohol problems in college? 
The roles of middle and high school drinking tendencies. Alcohol. Clin. Exp. Res. 
39, 2039–2046. doi: 10.1111/acer.12846

Schulenberg, J. E., Patrick, M. E., Johnston, L. D., O’Malley, P. M., Bachman, J. G., 
and Miech, R. A. (2021). Monitoring the future national survey results on drug use, 
1975–2020: Volume II, college students and adults ages 19–60. Ann Arbor: Institute 
for Social Research, The University of Michigan. http://monitoringthefuture.org/
pubs.html#monographs

Schulenberg, J., Sameroff, A., and Cicchetti, D. (2004). The transition to adulthood 
as a critical juncture in the course of psychopathology and mental health. Dev. 
Psychopathol. 16, 799–806. doi: 10.1017/S0954579404040015

Sher, K. J., and Rutledge, P. C. (2007). Heavy drinking across the  
transition to college: predicting first-semester heavy drinking from  
precollege variables. Addict. Behav. 32, 819–835. doi: 10.1016/j.addbeh.2006. 
06.024

Silveri, M. M. (2012). Adolescent brain development and underage drinking in 
the United States: identifying risks of alcohol use in college populations. Harv. Rev. 
Psychiatry 20, 189–200. doi: 10.3109/10673229.2012.714642

Stappenbeck, C. A., Quinn, P. D., Wetherill, R. R., and Fromme, K. (2010). 
Perceived norms for drinking in the transition from high school to college and 

beyond. J. Stud. Alcohol Drugs 71, 895–903. doi: 10.15288/jsad.2010. 
71.895

Tan, L., Friedman, Z., Zhou, Z., Huh, D., White, H. R., and Mun, E.-Y. (2022). 
Data and code for: does abstaining from alcohol in high school moderate 
intervention effects for college students? Implications for tiered intervention 
strategies. Mendeley Data V1. doi: 10.17632/vnpw693nnd.1

Tanner-Smith, E. E., Cronce, J. M., Patrick, M. E., and Shirley, M. C. (2022). Brief 
alcohol interventions for young adults: strengthening effects, disentangling 
mechanisms, and scaling up for impact. Psychol. Addict. Behav. 36, 573–580. doi: 
10.1037/adb0000865

White, A., and Hingson, R. (2013). The burden of alcohol use: excessive alcohol 
consumption and related consequences among college students. Alcohol Res. 35, 
201–218. PMID: 24881329

White, H. R., Mun, E.-Y., and Morgan, T. J. (2008). Do brief personalized feedback 
interventions work for mandated students or is it just getting caught that works? 
Psychol. Addict. Behav. 22, 107–116. doi: 10.1037/0893-164X.22.1.107

White, H. R., Mun, E.-Y., Pugh, L., and Morgan, T. J. (2007). Long-term effects of 
brief substance use interventions for mandated college students: sleeper effects of 
an in-person personal feedback intervention. Alcohol. Clin. Exp. Res. 31, 1380–1391. 
doi: 10.1111/j.1530-0277.2007.00435.x

Windle, M. (2020). Maturing out of alcohol use in young adulthood: latent class 
growth trajectories and concurrent young adult correlates. Alcohol. Clin. Exp. Res. 
44, 532–540. doi: 10.1111/acer.14268

Zhou, Z., Li, D., Huh, D., and Mun, E.-Y. (2022). mcount: Marginalized count 
regression models. Available at: https://cran.r-project.org/web/packages/mcount/
index.html

https://doi.org/10.3389/fpsyg.2022.993517
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1037/adb0000304
https://www.sas.com
https://doi.org/10.1111/acer.12846
http://monitoringthefuture.org/pubs.html#monographs
http://monitoringthefuture.org/pubs.html#monographs
https://doi.org/10.1017/S0954579404040015
https://doi.org/10.1016/j.addbeh.2006.06.024
https://doi.org/10.1016/j.addbeh.2006.06.024
https://doi.org/10.3109/10673229.2012.714642
https://doi.org/10.15288/jsad.2010.71.895
https://doi.org/10.15288/jsad.2010.71.895
https://doi.org/10.17632/vnpw693nnd.1
https://doi.org/10.1037/adb0000865
https://doi.org/24881329
https://doi.org/10.1037/0893-164X.22.1.107
https://doi.org/10.1111/j.1530-0277.2007.00435.x
https://doi.org/10.1111/acer.14268
https://cran.r-project.org/web/packages/mcount/index.html
https://cran.r-project.org/web/packages/mcount/index.html

	Does abstaining from alcohol in high school moderate intervention effects for college students? Implications for tiered intervention strategies
	Introduction
	Materials and methods
	Participants
	Procedures
	Measures
	Alcohol use outcome variables
	Intervention group
	High school drinking history
	Demographic variables
	Data analysis plan

	Results
	Discussion
	Limitations and future directions

	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material

	References

