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Abstract

Aims: College students who drink are at an increased risk of driving after drinking and alcohol-

involved traffic accidents and deaths. Furthermore, the persistence of driving after drinking over

time underscores a need for effective interventions to prevent future drunk driving in adulthood.

The present study examined whether brief alcohol interventions (BAIs) for college students reduce

driving after drinking.

Methods: A two-step meta-analysis of individual participant data (IPD) was conducted using a

combined sample of 6801 college students from 15 randomized controlled trials (38% male, 72%

White and 58% first-year students). BAIs included individually delivered Motivational Interviewing

with Personalized Feedback (MI + PF), Group Motivational Interviewing (GMI), and stand-alone

Personalized Feedback (PF) interventions. Two outcome variables, driving after two+/three+ drinks

http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1093/alcalc/agaa146
http://orcid.org/0000-0002-1820-615X
http://orcid.org/0000-0001-8028-8910
http://orcid.org/0000-0002-2297-2770
http://orcid.org/0000-0002-6357-4883
http://orcid.org/0000-0003-4074-6141
http://orcid.org/0000-0002-8039-418X


126 Alcohol and Alcoholism, 2022, Vol. 57, No. 1

and driving after four+/five+ drinks, were checked, harmonized and analyzed separately for each

study and then combined for meta-analysis and meta-regression analysis.

Results: BAIs lowered the risk of driving after four+/five+ drinks (19% difference in the odds of

driving after drinking favoring BAIs vs. control), but not the risk of driving after two+/three+
drinks (9% difference). Subsequent subgroup analysis indicated that the MI + PF intervention was

comparatively better than PF or GMI.

Conclusions: BAIs provide a harm reduction approach to college drinking. Hence, it is encouraging

that BAIs reduce the risk of driving after heavy drinking among college students. However, there

may be opportunities to enhance the intervention content and timing to be more relevant for driving

after drinking and improve the outcome assessment and reporting to demonstrate its effect.

INTRODUCTION

Driving after drinking is a serious public health concern in the USA.
Although the prevalence of overall alcohol-involved traffic fatalities
(National Center for Statistics and Analysis, 2019), young adult
alcohol-involved traffic fatalities and binge drinking have decreased
(Hingson et al., 2017; Schulenberg et al., 2019) in the last three
decades, the rates of driving after drinking, especially among young
adults remain concerning and in need of further improvement. The
consequences of driving after drinking are profound, with high
individual and societal costs. Among young adults, alcohol plays a
disproportionate role in alcohol-related fatalities. In 2014, 53% of
traffic deaths among 18- to 24-year-olds involved alcohol compared
with 33% in all other age groups (Hingson et al., 2017).

In 2014, an estimated 12% of the college students ages 18–20
and 22% of students ages 21–24 in the USA had driven under the
influence of alcohol compared with 9% and 18%, respectively, of
their non-college, same-age peers (Hingson et al., 2017). A recent 7-
year longitudinal study of incoming college students suggests that
driving after drinking may be even more prevalent (Caldeira et al.,
2017). After excluding students without access to a car, Caldeira
and colleagues found that the prevalence of driving after drinking
peaked at age 22 (66.9%) without any clear declines through age
24. Furthermore, driving after drinking persisted from year to year
(83.9–89.1%) for 7 years, indicating that 8 or 9 out of 10 young
adults who drive after drinking in a given year do so again in the
subsequent years (Caldeira et al., 2017). Not surprisingly, a prior
incident of alcohol-impaired driving is a strong predictor of future
alcohol-impaired driving (see also LaBrie et al., 2012; Teeters et al.,
2015). Similarly, drivers involved in fatal traffic accidents with a
blood alcohol concentration (BAC) of 0.08% or higher were 4.5
times more likely to have prior convictions for driving while impaired
(National Center for Statistics and Analysis, 2018).

Despite steady progress since the 1980s in reducing alcohol-
related harm among young adults, work remains to prevent alcohol-
involved driving among young adults and to sever its link to future
drunk driving. Compared to alcohol-related problems that represent
an actual consequence of drinking (e.g. a missed day of school),
driving after drinking is a high-risk behavior that is connected with
the potential for harm (e.g. traffic accidents that may or may not
happen). Interestingly, Nguyen et al. (2013) reported that college
students who reported recent driving after drinking were less likely to
plan to limit their drinking in the future compared with students who
did not report any recent driving after drinking. This suggests that it
is important to prevent driving after drinking, not only because of the
immediate safety risks but also because it can ‘embolden’ students to
future risky behavior.

In the context of preventive interventions, it is critical to evaluate
the effectiveness of existing alcohol interventions in lowering the
risk of alcohol-involved driving among young adults. This knowl-
edge would be the first step toward improving existing intervention
strategies and developing alternative approaches to reducing driving
after drinking. Unfortunately, although driving after drinking is an
important and preventable alcohol-related problem and a frequent
target of alcohol interventions, few studies have reported driving after
drinking as a specific and separate outcome.

Large-scale evidence on the effectiveness of brief

alcohol interventions for driving after drinking

There are two meta-analysis studies of driving after drinking using
aggregate data (AD; i.e. study-level summary data, such as means,
standard deviations, odds ratios [ORs], which are aggregated at the
treatment arm level or at the study level) and one using individual
participant data (IPD; i.e. original participant-level response), which
analyzed driving after drinking as a separate clinical outcome of
brief alcohol interventions (BAIs) for young adults (Steinka-Fry
et al., 2015; Teeters et al., 2015; Foxcroft et al., 2016). Steinka-Fry
et al. (2015) identified 12 BAI studies for a combined sample
of 5664 young adults (mean age = 17, with an age range from
13.5 to 20.5 years). They found a statistically significant, though
modest standardized effect size, ĝ = 0.15 (95% confidence interval
[CI] = 0.08, 0.21), favoring the BAIs compared to controls. However,
they also discussed the evidence of potential publication bias from
selective underreporting of null or negative findings from the existing
trials. Therefore, the overall effect size from this meta-analysis may
be an overestimate. Furthermore, the average age in this combined
sample was 17, an age that triggers graduated driver licensing
programs (e.g. supervised driving or nighttime driving restriction)
for novice and beginning drivers in many states in the USA (Williams
et al., 2016). Therefore, the reported intervention effect should be
interpreted cautiously with these points in mind.

Foxcroft et al. (2016) identified six interventions that utilized
Motivational Interviewing (MI) for young adults up to age 25 and
analyzed outcomes at less than 4 months follow-up (four compar-
isons from three studies) and at 4 or more months follow-up (four
comparisons from four studies). The standardized mean difference
estimates on driving after drinking were −0.22 (P < 0.05), favoring
the interventions compared to controls, at follow-up that occurred
less than 4 months from intervention and −0.13 (P > 0.05; no
evidence of any group difference) at 4 or more months follow-up.
Due to the small sample of studies (i.e. six) and the small number
of comparisons (i.e. four each) in this meta-analysis, combined with
the limited evidence previously noted in general, it is difficult to
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determine whether MI interventions are effective for lowering the risk
of driving after drinking.

Teeters et al. (2015) examined IPD from three separate trials
(Murphy et al., 2010; Borsari et al., 2012; Martens et al., 2013), where
driving after drinking was not previously reported but was measured
as a clinical outcome in all three trials. Four brief motivational inter-
vention (BMI) groups in three samples of college student drinkers
were separately analyzed. The study found that BMIs focusing on
clarifying misconceptions around drinking norms using an MI style
(Miller and Rollnick, 2013) were effective in reducing driving after
drinking at 6 or 9 months post-intervention. However, a single-
component BMI focusing on the use of protective behavioral strate-
gies, which was facilitated by an MI therapist, was not effective in
reducing driving after drinking, suggesting effect heterogeneity within
BMIs. Despite providing a wealth of information on the association
between BMIs and driving after drinking using the most granular
data (i.e. IPD), this study was limited by small sample size at the
study level (i.e. three); the use of a single-item outcome question from
the Brief Young Adult Alcohol Consequences Questionnaire (Kahler
et al., 2005), which can be subjectively interpreted (‘I have driven a
car when I knew I had too much to drink to drive safely’); and a
separate analysis of three data sets without quantitatively combining
data.

In sum, the available evidence cautiously suggests an intervention
effect on driving after drinking for young adults. However, due to
the noted limitations, it remains an open question as to the extent
BAIs are effective and whether there are variables that moderate the
intervention effect.

BAIs and IPD meta-analysis

Given that driving after drinking is an important clinical endpoint of
alcohol interventions for college students, the current study examined
whether BAIs lower the risk of driving after drinking using IPD
in a two-step IPD meta-analysis. In the current study, we used the
term BAI to include BMIs (e.g. the Brief Alcohol Screening and
Intervention for College Students [BASICS; Dimeff, 1999]), which are
based on a harm reduction approach (Marlatt and Witkiewitz, 2002)
and typically facilitated by using MI principles to elicit motivation
and commitment to change (Miller and Rollnick, 2013). In addi-
tion, stand-alone Personalized Feedback (PF) interventions without
any in-person facilitation or group-based motivational interviewing
interventions are inclusively referred to as BAIs in the current study.
BAIs are generally efficacious for reducing alcohol consumption and
alcohol-related problems for college students (for reviews, see Carey
et al., 2007, 2016; Cronce and Larimer, 2011). A more fine-grained
investigation using IPD revealed that the overall effect of BAI on
alcohol consumption and alcohol-related problems might be small
(Huh et al., 2015, 2019), with evidence that the combination of
in-person MI and PF (MI + PF) effectively reduces alcohol-related
problems (Huh et al., 2015; Jiao et al., 2020). However, whether BAIs
have beneficial effects on reducing driving after drinking has not been
studied.

The current study aims to overcome the limitations of existing
evidence (e.g. small samples at the study level, limitations in mea-
surement and sample characteristics and potential underreporting
of null or negative effects) using IPD from Project INTEGRATE
(Mun et al., 2015b) in a two-step IPD meta-analysis, where AD from
individual studies are obtained by analyzing the corresponding IPD
in the first step and then combined in the second step. Two-step IPD
meta-analysis is currently the prevailing approach to IPD meta-
analysis (Simmonds et al., 2015).

Meta-analysis has traditionally involved the analysis of summary
data (i.e. AD) extracted from available published and unpublished
reports. However, the analysis of IPD obtained from the original
studies has emerged as the gold standard approach to meta-analysis
(Sutton and Higgins, 2008). When the goal is to characterize average
treatment effects, AD meta-analysis and IPD meta-analysis often
produce comparable results (see Sutton and Higgins, 2008, for review
and discussion). However, key advantages of IPD over AD in meta-
analysis include the ability to check the data more carefully, ensure
that the same analysis is conducted across all studies, evaluate sub-
group differences in the magnitude of treatment effect, distinguish
between-study vs. within-study effect modifiers (i.e. moderators) for
ecologically valid inference and test moderators with greater power,
compared to AD meta-analysis (Cooper and Patall, 2009; Riley et al.,
2010). More importantly, with IPD, it is possible to conduct a meta-
analysis of previously unreported outcomes. In the current study, we
checked data and ensured the same analysis for the same interpreta-
tion across all studies in a novel meta-analysis of unreported alcohol-
impaired driving outcomes in a two-step IPD meta-analysis. Given
that driving after drinking is one of the potential consequences of
heavy drinking, we hypothesized that BAIs would have a protective
treatment effect and that MI + PF would be comparatively better
than PF.

METHODS

Participants

The data come from Project INTEGRATE (Mun et al., 2015b), an
ongoing large-scale synthesis study aimed at examining the com-
parative effectiveness of BAIs for reducing alcohol misuse among
college students by utilizing IPD. All BAIs were delivered individually
in person, in group, via mail or computer/online. All BAIs were
considered brief but differed in the content topics covered and levels
of personalization (Ray et al., 2014). Of the 24 studies with available
IPD (N = 12,630 participants) that we obtained from the original
investigators, 15 studies met the following inclusion criteria: (a) at
least two-arm randomized trials with a control or comparison group
and (b) available outcome (i.e. driving after drinking) measures at
baseline and a follow-up within 12 months post-intervention (see
Fig. 1 and Table 1). At baseline, IPD from 9485 participants from
15 studies were available. Of those, 2684 participants did not have
outcomes at a first follow-up within 12 months post-intervention,
resulting in a sample of 6801 participants (38% male, 72% White
and 58% first-year student) across the 15 studies.

Interventions and controls

Of the 15 studies that met the inclusion criteria, 13 studies were two-
arm trials, two studies were multi-arm trials and one study had two
subsamples, resulting in a total of 35 treatment arm groups: Five
individually delivered Motivational Interviewing with Personalized
Feedback (MI + PF) interventions, six Group Motivational Inter-
viewing (GMI) interventions, eight stand-alone PF interventions and
16 Control groups (see Table 1).

Control groups were waitlist controls (Study 2), assessment-
only controls (Studies 7, 8a–8c, 9, 10, 11, 15, 16 and 19–21) or
comparison groups that received general alcohol education (Studies
3 and 4). Control group students in studies 15, 16 and 20 received
a packet or single-page information sheet containing information
about alcohol use. Therefore, the control/comparison groups were
mostly assessment-only controls or were exposed to minimal inter-
vention content. More details on these intervention groups can be
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Fig. 1. PRISMA IPD flow diagram. IPD come from Project INTEGRATE (Mun et al., 2015b), and data flow at the stages of identification, screening and eligibility is

not applicable (unknown).

found in previous articles (Ray et al., 2014; Mun et al., 2015b; Mun
and Ray, 2018).

All but one study (Study 19) provided general information on
BAC and intoxication as well as content on driving while intoxicated
(DWI). Except for Study 2, which tailored DWI content to partici-
pants, all other studies provided general DWI content to participants.
Studies 3, 4, 15, 16 and 20 also provided general information on BAC
for control students, and Studies 3, 4, 15 and 16 provided general
information on DWI to control students.

Measures

Driving after drinking outcomes Most of the driving after drink-
ing outcome variables included in the current study (see Table 2)
come from two items added to the Rutgers Alcohol Problems Index
(White and Labouvie, 1989). Studies 11 and 21 used a modified
question, Study 7 had open-ended frequency questions about driv-
ing after drinking and Study 3 included an item from the Young
Adult Driving Questionnaire (Donovan, 1993). These items varied
slightly in terms of their wording (e.g. driving after two+, three+,
four+, five+ drinks), referent time frame, response options and
follow-up assessment timing. We harmonized them into two drinking
and driving (DD) outcomes for a dichotomous response (1 = yes;
0 = no): Driving after more than two (two+) or three (three+) drinks
(15 studies, 19 comparisons), and driving after more than four
(four+) or five (five+) drinks (12 studies; 15 comparisons). Across
all studies with the two outcomes, there was a correlation of 0.92.

Analysis plan

The current study used a two-step IPD meta-analysis. We utilized
a random-effects meta-analysis model to obtain pooled effect sizes

for both outcomes, which were analyzed separately. A random-
effect meta-analysis model is based on more reasonable assumptions
compared to a fixed-effect meta-analysis model, such as allowing
heterogeneity in effect sizes across individual studies. For study i,
in addition to within-study variability s2

i , a random-effects model
assumes between-study effect size variation surrounding the underly-
ing true common effect size θ , which can be expressed as the variance
τ2. Therefore, the observed effect size yi is assumed to be normally
distributed with the corresponding study-specific true effects θi and
sampling variance s2

i for study i. The true effects θi are, in turn,
normally distributed with the average, underlying true effect θ and
variance τ2. These relationships can be expressed more formally as
follows:

Level 1 : yi

∣∣∣ θi, s2
i ∼ N

(
θi, s2

i

)

and
Level 2 : θi

∣∣∣ θ , τ2 ∼ N
(
θ , τ2

)
.

We used the OR as an effect size, one of the standard effect size
measures for binary outcome variables, and displayed the overall
effect size on the log OR (LOR) scale. The OR is the ratio of the
odds for the intervention group to the odds for the control group
having the outcome of interest. In the present study, an OR less
than 1 indicates a favorable outcome for the intervention (i.e. less
likely to drive after drinking for BAI vs. control), whereas an OR
greater than 1 indicates a favorable outcome for the control group.
All data preparations were conducted using SAS 9.4 (SAS Institute
Inc., Cary, NC) and meta-analyses were conducted using the package
‘metafor’ version 2.4 (Viechtbauer, 2010) for R version 4.0.1 (R
Core Development Team, 2020). All statistical tests used a two-sided
significance level of 0.05. We also conducted subgroup meta-analysis
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Table 1. Description of the IPD at Baseline (N = 9485; 35 randomized groups and 15 studies)

Study Reference BAI n Follow-up (months) % White % Male % First year

2 White et al. (2008) PF
Control

111
119

2 68.8 71.3 62.6

3 Barnett et al. (2007) MI + PF
Control

113
112

3 65.5 48.9 66.7

4 Cimini et al. (2009) GMI
Control

228
224

6 79.8 65.0 50.0

7.1 Fromme et al. (2004) GMI
Control

100
24

1 74.6 75.8 57.3

7.2 Fromme et al. (2004) GMI
Control

317
135

1 58.6 58.6 37.4

8a Larimer et al. (2007) PF
Control

736
750

12 86.6 33.5 49.6

8b Larimer et al. (2007) PF
Control

1094
1061

12 61.8 41.2 46.8

8c Larimer et al. (2007) PF
Control

303
297

12 83.5 37.8 36.0

9 Lee et al. (2009) GMI
MI + PF
PF
Control

97
101
100
101

3 72.2 37.8 100.0

10.1 Baer et al. (2001) MI + PF
Control

174
174

12 84.4 46.0 100.0

11 Walters et al. (2007) PF
Control

185
198

2 64.4 58.8 100.0

15 LaBrie et al. (2008a) GMI
Control

155
108

1 55.6 0.0 100.0

16 LaBrie et al. (2009) GMI
Control

161
126

1 57.0 0.0 99.7

19 LaBrie et al. (2008b) PF
Control

537
641

1 67.2 30.7 19.0

20 Larimer et al. (2001) MI + PF
Control

318
369

12 83.3 53.6 74.2

21 Walters et al. (2009) MI + PF
PF
Control

76
68
72

3 84.7 35.7 41.7

Note. Study 7 is a single study but has two subsamples. 7.1 = Mandated student sample and 7.2 = Voluntary student sample. Control groups were waitlisted
(Study 2), assessment-only controls (Studies 7, 8a, 8b, 8c, 9, 10.1, 11, 15, 16 and 19–21) or comparison groups that received general alcohol education (Studies
3 and 4). Control students in Studies 15, 16 and 20 received a packet or single-page information sheet containing information about alcohol use. PF, stand-
alone personalized feedback intervention; MI + PF, in-person motivational interviewing intervention with personalized normative feedback profile; GMI, group
motivational interviewing intervention.

as well as meta-regression to identify potential moderators. All data
and computing code in R can be accessed in the online repository
(Mun et al., 2021).

RESULTS

Descriptive analysis

Figure 2 shows the percentage of driving after drinking for interven-
tion and control groups for each study at baseline and follow-up.
Figure 2 graphically illustrates the between-study heterogeneity in the
outcomes. The percentage of driving after two+/three+ drinks and
driving after four+/five+ drinks ranged from 1.9 to 45.8% and from
0 to 30.9%, respectively, at follow-up. In addition, there appear to be
different degrees of effectiveness in reducing driving after drinking
across BAI groups and studies.

Figure 3 displays contour-enhanced funnel plots for both out-
comes. Funnel plots are used to detect any sign of publication

bias. Figure 3 shows that effect sizes are symmetrically distributed
without clear signs of ‘missing’ studies in specific regions of statistical
significance or precision.

Overall effectiveness of BAI on driving after drinking

The top panel of Fig. 4 shows that the effectiveness of BAIs in lower-
ing the risk of driving after two+/three+ drinks was not statistically
significant, LOR = −0.10 across k = 19 comparisons, z = −1.54
(OR = 0.91; 95% CI = 0.80, 1.03), P = 0.12. Most of the individual
trial effect sizes (12 out of 19) were in the direction of favoring the
BAIs. On average, the odds of driving after drinking was reduced
by 9% for individuals after receiving BAI (vs. control), although the
difference was not statistically significant.

The bottom panel of Fig. 4 shows the outcome of driving after
four+/five+ drinks, where BAIs had a statistically significant inter-
vention effect compared to controls, LOR = −0.21 across k = 15
comparisons, z = −2.15 (OR = 0.81; 95% CI = 0.67, 0.98), P = 0.03.
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Table 2. The measure of driving after drinking by study

Study Original question Original response Harmonized response

2, 4, 8a, 8b, 8c, 9, 10.1, 15,
16, 19, 20

How many times did the following
things happen to you while you were
during alcohol or because of your
alcohol use during the following time
period?
Drove shortly after having more than
two drinks? (DD1)
Drove shortly after having more than
four drinks? (DD2)

0 = 0 times
1 = 1–2 times
2 = 3–5 times
3 = 6–10 times
4 = More than 10 times/11 or
more times (Study 2)

0 = 0. Did not drive after more than two
(four) drinks
1–4 = 1. Drove after more than two
(four) drinks at least once

3 During the past 3 months, how many
times did you drive within an hour or
so after drinking 3 or more beers or
other alcoholic drinks? (DD1)

Open-ended (0–10 times) 0 = 0. Did not drive after three+ drinks
in the past 3 months
1+ = 1. Drove after three+ drinks at
least once in the past 3 months

7.1 and 7.2 Indicate how many times you
participated in the following activities
during the past month
Drove after drinking 3–4 alcoholic
drinks? (DD1)
Drove after drinking 5 or more
alcoholic drinks? (DD2)

Open-ended (0–99 times) 0 = 0. Did not drive after three+ (five+)
drinks in the past month
1+ = Drove after three+ (five+)
drinks at least once in the past month

11 Number of times in the past month user
reported driving shortly after having
3+ drinks. (DD1)

Open-ended (0–8 times) 0 = 0. Did not drive after 3+ drinks in
the past months
1+ = Drove after 3+ drinks at least
once in the past month

21 How many times did the following
things happen to you while you were
drinking or because of your alcohol
use during the last 3 months? Drove a
vehicle shortly after having three or
more drinks? (DD1)

0 = Never
1 = 1–2 times
2 = 3–5 times
3 = 6–10 times
4 = More than 10 times

0 = 0. Did not drive after 3+ drinks in
the past 3 month
1–4 = 1. Drove after 3+ drinks at least
once in the past 3 month

Notes. The referent time period for DD outcome was 1 month for Studies 7, 11, 15, 16, 19 and 20; 2 months for Study 2; 3 months for Studies 3, 8a, 8b, 8c, 9,
21; and 6 months for Studies 4 and 10.1. BL, baseline; FU, follow-up; DD1, driving after two+/three+ drinks; DD2 = driving after four+/five+ drinks.

Most of the individual effect sizes (11 out of 15) were in the direction
of favoring the BAIs, on average, reducing the odds of driving after
drinking by 19%, compared to their counterpart controls.

Study-level moderators of the BAI effect

Subsequent subgroup analysis indicated that MI + PF was statis-
tically significant in lowering the risk of driving after four+/five+
drinks, LOR = −0.61 (OR = 0.54), k = 3, z = −3.03, P < 0.01. The
college students allocated to the MI + PF group reduced their risk
by 46%, compared with their counterpart controls. Neither GMI
nor PF statistically significantly lowered the risk of driving after
four+/five+ drinks, LOR = −0.02 (OR = 0.98), k = 6, z = −0.09,
P = 0.92 and LOR = −0.15 (OR = 0.86), k = 6, z = −1.21, P = 0.23,
respectively. For the outcome of driving after two+/three+ drinks,
none of the BAI subgroups showed a statistically significant effect,
MI + PF: LOR = −0.13 (OR = 0.87), k = 5, z = −0.65, P = 0.51;
GMI: LOR = −0.01 (OR = 0.99), k = 6, z = −0.04, P = 0.97; and PF:
LOR = −0.09 (OR = 0.91), k = 8, z = −1.13, P = 0.26.

We further probed whether the referent time window or whether
the follow-up duration helped to explain the null finding for driving
after two+/three+ drinks. Having a longer referent time frame may
mean that students have more opportunities to drive after drinking
and, consequently, more opportunities for the BAIs to have a positive
impact. Meta-regression analysis results showed a trend toward a

larger effect with a longer referent time frame (i.e. in the past 3
months vs. the past month) for driving after two+/three+ drinks,
LOR = −0.08 (OR = 0.92), k = 19, z = −1.85, P = 0.06 (see
Fig. 5). With each month, the odds of driving after drinking for
BAIs, compared to controls, decreased an average of 8% points.
Similarly, with the follow-up period, there was a nonsignificant effect,
LOR = −0.02 (OR = 0.98), k = 19, z = −1.55, P = 0.12.

DISCUSSION

BAIs are effective for reducing the risk of driving after

four+/five+ drinks

We found that BAIs statistically significantly lowered the risk of
driving after drinking four+/five+ drinks for college students, but
not the risk of driving after two+/three+ drinks. In addition, subse-
quent subgroup analysis indicated that MI + PF mostly carried that
significant effect. Given that BAIs are motivated by a harm reduction
approach, it is encouraging that BAIs reduce the likelihood of driving
after drinking heavily.

The 9% reduction in odds for driving after two+/three+
drinks, though not statistically significant, and 19% reduction for
four+/five+ drinks, which would approximately correspond to
−0.06 and −0.12, respectively, in the standardized mean difference,
should be interpreted in the context that many studies included
in this meta-analysis provided BAC and DWI information to both
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Fig. 2. Percentage of driving after two+/three+ drinks (top) and driving after four+/five+ drinks (bottom) at baseline (B) and follow-up (F) per group by study.

intervention and control students. If control students did not get
information on BAC or DWI, the observed effect might have been
greater. In addition, most interventions did not specifically tailor
their BAC or DWI information to individual students. Although
the effect of personalization on clinical endpoints may be complex
(Ray et al., 2014), the findings from the current study suggest a
need to revisit how intervention can be improved for driving after
drinking.

Note that the reported effect in the current study appears modest
compared with the standardized mean difference effect size of 0.15
in Steinka-Fry et al. (2015). Given that Steinka-Fry et al. reported
evidence of potential publication bias, the current finding, mostly
from unreported outcomes, may be closer to the true population-
level estimate. We translated the estimated ORs to standardized
mean difference effect sizes to provide a comparative context because
existing meta-analysis studies have reported effect sizes in the unit
of a standard normal variable. However, ORs have a meaningful
interpretation for a binary outcome (von Eye and Mun, 2003) and
are intuitively easier to understand for policy makers and the public
(Mun et al., 2010).

How to improve the effect of BAIs?

One of the difficulties in delivering interventions to college students
for driving after drinking is that first-year students often live on-
campus without access to a car and opportunities to drive. This
situational factor may make interventions for driving after drinking
less relevant for younger students. More than half of the sample in
the current study was first-year students (58%), and we nonetheless
found a significant effect for driving after four+/five+ drinks. A tar-
geted intervention for driving after drinking, if delivered to students
ages 21 or older, may yield greater benefits than what was reported

in the current study because the prevalence of driving after drinking
may plateau later (e.g. age 22; Caldeira et al., 2017).

A recent study from the Monitoring the Future also suggests that
the mean age of peak binge drinking has steadily increased from
ages 19.7 and 20.7 among women and men, respectively, to ages
21.6 and 23.0 in a more recent cohort of high school graduates
(in 1996–2004), compared with older cohorts (Patrick et al., 2019).
Given that binge drinking accounts for 85% of all alcohol-impaired
driving episodes by those who report binge drinking (Jewett et al.,
2015), there is a need to develop alcohol interventions for this slightly
older college student population to reduce high-risk behaviors such
as driving and drinking. Instead of maturing out, young adults
in their early- to mid-20s sometimes experience a developmental
transition period marked by more frequent risky behaviors, including
DD. Social norm information about peer acceptance of driving after
drinking as well as information about alcohol-related impairment in
executive functions may be helpful.

We found that MI + PF had the strongest intervention effect on
driving after drinking four+/five+ drinks. This result is consistent
with earlier reports that identified MI + PF as effective for reducing
alcohol-related problems through 12 months post-intervention (Huh
et al., 2015; Jiao et al., 2020). In contrast, the beneficial effects of BAIs
on alcohol consumption may be comparatively short-lived. Reduc-
tions in alcohol consumption (such as frequency or quantity) are
important goals by themselves but may not be necessary conditions
for reducing alcohol-related harm. For example, Teeters et al. (2015)
found that reductions in alcohol consumption did not predict driving
after drinking at follow-up. Further investigations can provide an
insight into these causal mechanisms.

Methodologically, we note a few observations. First, it may
be desirable to establish targeted clinical endpoints and outcome
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Fig. 3. Contour-enhanced funnel plots of LORs: Driving after two+/three+ drinks (top) and after four+/five+ drinks (bottom). Filled circles indicate study-specific

effect size estimates. When they are outside the triangle, they are statistically significant at P ≤ 0.05. The outer triangle layer in gray shows the area where

0.05 < P ≤ 0.10, and the inner triangle in white indicates the region where 0.10 < P ≤ 1.00.

measures for future BAIs. In the absence of consensus outcomes,
many different measures are assessed in individual trials, and many
important outcomes may not be fully reported in practice. For
example, of the possible outcomes from the studies included in Project
INTEGRATE, only half of the outcomes assessed were actually
reported (Li et al., 2019). From a meta-analysis perspective, it is
imperative that trials report all outcomes regardless of whether they
have null or negative findings. The fact that all studies but one (Study
7) included in this meta-analysis have not been previously reported
in other published meta-analysis reports emphasizes the need to
report all outcomes in the original trials for better discoverability.
Second, when designing an intervention targeting driving after
drinking, it may be advantageous to use a longer referent time
frame (e.g. in the past 3 months rather than in the past month)
and a longer follow-up period (e.g. 6–12 months rather than

3 months) to appropriately capture the effect of this low-base rate
behavior.

Limitations and implications

The current study addressed some of the limitations of the exist-
ing studies—potential publication bias, limitations in the sample
and measure, small N at the study level and lack of quantitative
synthesis. Nonetheless, the current study is not without limitations.
First, this study included an IPD sample that was not systematically
searched and obtained. Although the combined sample is a reason-
ably good representation of the existing BAIs between 1990 and
2010 (Mun et al., 2015b), how representative this IPD sample is,
relative to a sample that was systematically searched and obtained,
remains a question. Relatedly, the current study reports data from
trials of comparable recency with respect to existing meta-analysis
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Fig. 4. Forest plots of driving after two+/three+ drinks (top) and driving after four+/five+ drinks (bottom). DD, reported driving after drinking; no DD, did not

report any driving after drinking.

studies. However, there have been promising BAIs that utilize smart-
phone technology, supplemental components or stakeholder buy-in
for greater effects in the past decade. Clarifying the comparative
effectiveness of these divergent intervention approaches, compared
with the earlier generation of BMIs, remains an important research
question.

Second, we had several comparisons that were nested within
studies. Although it may not be ideal to analyze more than one effect

size from the same study as if effect sizes were independent, this
practice is fairly common. Also, given that most of the trials were
two-arm trials, its effect on the inference may be limited. Third, we
analyzed two outcomes separately, which may be seen as a limitation.
The two outcomes within studies were highly correlated (r = 0.92).
Although within-study correlations typically improve estimation in
a multivariate meta-analysis (Jackson et al., 2011), this created an
estimation challenge due to non-convergence in our study. We deemed
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Fig. 5. A trend toward better intervention effects (shown in a solid line) on driving after two+/three+ drinks for studies with a longer the referent time period.

A dotted line shows a reference line where OR = 1 (i.e. null effect). The size of the circles corresponds to the weighted study sample size. Dashed curved lines

indicate the 95% CI.

it more important to provide results at two different tiers of drinking
for substantive interpretation. Finally, we note that between-study
heterogeneity in effect sizes was not substantial, at least based on
the relevant statistics (see Fig. 4). Nonetheless, study-level variations
existed, which can be examined in future IPD meta-analysis studies.

The current study, to our best knowledge, is the largest-scale
meta-analysis on driving after drinking among young adults (15
studies, 34 comparisons, N = 6801). In addition, this is the first
IPD meta-analysis on this critical outcome. Using IPD, we checked
and ensured data accuracy, ensured that AD from different studies
would have the same interpretation and appropriately synthesized
them across studies in a meta-analysis. Since the 1980s, meta-analysis
applications have proliferated (Cheung, 2015; Ioannidis, 2016). With
the proliferation, the concern about low-quality or redundant meta-
analysis reviews has also surfaced (Ioannidis, 2016). The field of BAIs
has not been an exception as we have previously discussed (Mun
et al., 2015a). The use of IPD, which offers the most fine-grained
information, may improve the body of evidence in the field, which
is increasingly feasible with greater data sharing and advances in
computing methods.
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