1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Accid Anal Prev. Author manuscript; available in PMC 2022 September 01.

-, HHS Public Access
«

Published in final edited form as:
Accid Anal Prev. 2021 September ; 160: 106341. doi:10.1016/j.aap.2021.106341.

Alcohol, Marijuana, and Nicotine Use as Predictors of Impaired
Driving and Riding with an Impaired Driver among College
Students who Engage in Polysubstance Use

Brittney A. Hultgren, PhD?, Katja A. Waldron, MS2:3, Kimberly A. Mallett, PhD3, Rob Turrisi,
PhD?23

1Center for the Study of Health and Risk Behaviors, Department of Psychiatry and Behavioral
Sciences, University of Washington, 1100 NE 45t" Suite 300, Seattle, WA 98105

2Department of Biobehavioral Health, Pennsylvania State University, 219 Biobehavioral Health
Building University Park, PA 16801

SEdna Bennett Pierce Prevention Research Center, Pennsylvania State University, 314
Biobehavioral Health Building University Park, PA

Abstract

Objective: While alcohol, marijuana, and nicotine are the most commonly used substances, there
is limited research on the between- and within-person associations of their use and driving under
the influence (DUI) and riding with an impaired driver (RWID). The current study utilized a burst
design to assess how use and co-use of these substances is associated with DUI and RWID.

Methods: College student drinkers with past-year marijuana and/or nicotine use (N=367) were
assessed on two consecutive weekends for three semesters. Logistic regression compared students
who only reported drinking to student drinkers who used marijuana, nicotine, or all three
substances on likelihood to DUI and RWID. Multilevel logistic models assessed the associations
of varied combinations of substances with the daily likelihood of DUI and RWID.

Results: Compared to students who only used alcohol, students who also reported marijuana
use were more likely to DUI (OR= 5.44), and students who reported use of alcohol, nicotine and
marijuana more likely to DUI (OR=10.33) and RWID (OR= 10.22). Compared to occasions when
only alcohol was used, DUI was more likely on marijuana only occasions (OR=9.08), and RWID
was more likely on alcohol and marijuana occasions (OR= 3.86). However, confidence intervals
were wide for effects.
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Discussion: Students reporting use of all 3 substances had higher overall risk of DUI and RWID
indicating prevention efforts for DUI and RWID should include all substances. Implications for
prevention and intervention strategies at the individual and environmental level are discussed.
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Impaired driving; Riding with an impaired driver; Alcohol; Marijuana; Nicotine; Polysubstance
use; College students

1. Introduction

In the United States, vehicle crashes are the leading cause of death among young adults aged
18-24 (CDC, 2020). Approximately 35% of vehicle fatalities for young adults occur when
the driver is impaired by alcohol (e.g., having a BAC of .08 or higher; NHTSA, 2018a).
College students represent a disproportionate subgroup of young adults who report alcohol-
impaired driving. In fact, alcohol-impaired crashes make up 63% of all alcohol-related
injury deaths in college students (Hingson et al., 2017). Research has also shown a positive
association between alcohol use and riding with impaired drivers (RWID). Studies with
both adolescents and young adults have observed associations between increased alcohol
use and heavy episodic drinking and RWID (Li et al., 2013; Vaca et al., 2016). Passengers
of alcohol-impaired drivers comprise 13% of all alcohol-related crash fatalities (NHTSA,
2018b) and young adults typically report higher rates of RWID compared to driving under
the influence (DUI; O’Malley & Johnston, 2013), suggesting both DUI and RWID are
important risk behaviors in need of additional research to aid in prevention efforts.

Vehicle crashes often involve substances other than alcohol, the most common being
marijuana (Compton & Berning, 2015). Research indicates that compared to not using any
substances, the risk of a crash is 16 times higher when using alcohol alone and 25 times
higher when using alcohol and marijuana (Chuhuri et al., 2017). The polysubstance use of
alcohol and marijuana results in increased impairment compared to alcohol or marijuana use
alone (Bramness et al., 2010; Downey et al., 2013; Ramaekers et al., 2000; Robbe, 1998;
Lukas & Orozco, 2001; Seamon et al., 2007). Specifically, the use of alcohol and marijuana
together has been shown to impair the ability to divide attention between two or more tasks
and engage in defensive driving strategies (Hartman & Huestis, 2013; Sewell et al., 2009;
Ramaekers et al., 2011). This is an important problem among young adults and college
students who have a higher likelihood to use marijuana both by itself and with alcohol (e.g.
Arria etal., 2011; Gunn et al., 2018).

Nicotine is the third most used substance in the United States and commonly used in
conjunction with both alcohol and marijuana, especially in young adults (Cohn et al., 2015;
2016). Nicotine itself has been associated with increased likelihood of having traffic-related
injuries and collisions (Lonczak et al., 2007; Vingilis et al., 2018). Research also suggests
that nicotine may interact with alcohol and marijuana to have more severe effects (\Vergara et
al., 2017; Roche et al., 2019).

Despite the high incidence rates of alcohol, marijuana, and nicotine use among college
students and the dangerousness of DUI and RWID, a gap in the literature remains regarding:
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1) between-person differences in college student use of alcohol, marijuana, and nicotine
with driving-related outcomes, and 2) the within-person differences on the likelihood to
DUI and RWID on co-use occasions versus occasions when alcohol is used alone. The
current study utilized a daily diary burst design to assess high-risk college student drinkers
on their alcohol, marijuana, and nicotine use, and driving-related outcomes. Aim 1 assessed
between-person effects over the entire study to determine whether student drinkers who
also use marijuana, nicotine, or both substances were more likely than students who only
reported alcohol use to DUI and RWID. Based off past research suggesting an increased
risk of risky driving-related outcomes for individuals who use marijuana and nicotine, it

is hypothesized that student drinkers who report also using marijuana, nicotine or both
substances will have increased odds of DUI and RWID compared to students who only
drank alcohol. Aim 2 assessed within-person effects to examine whether co-use of alcohol
with marijuana and/or nicotine in a single day is associated with an increased the likelihood
of DUI and RWID on that occasion. It was hypothesized that compared to days when only
alcohol was used, days that included co-use of alcohol with marijuana and/or nicotine would
be associated with increased odds of DUI and RWID.

2. Method

2.1 Participants and procedure

College students (N=719) attending a large university in the northeastern United States
were invited from a parent study on college student drinking and related consequences to
participate in weekend assessments during the fall semester of their 3™ year (see Mallett et
al., 2015 for full procedure). Students had to report use of alcohol and another substance
(e.g., marijuana, nicotine) in the past year to be eligible for the current study. An email was
sent to eligible students that included information on the study, and a URL and PIN to access
the consent form. Students who consented to participate were asked to complete surveys on
2 consecutive weekends for 3 semesters (i.e., total of 6 weekends). Participants were sent
an email and text message with the survey link on Sundays to report their behaviors that
occurred the previous Thursday, Friday, and Saturday. Surveys were available for 48 hours;
after this time, access was disabled. Participants were compensated with $20 for each of the
6 weekend assessments completed (up to $120 total). All procedures were approved by the
university’s institutional review board.

A total of 463 students (51.6% female) consented and completed at least one weekend
survey (64.4% response rate). This response rate is similar to previous studies using web-
based recruitment methods (e.g., Turrisi et al., 2013) and event-level studies (e.g., Patrick

& Maggs, 2009). Each weekend response rates ranged from 79.6% to 97.4%. A total of
7,227 days of data were collected across participants over the six weekends (i.e., 18 days).
Participants were an average of 20.12 years old (SD=0.34) at the first assessment. Racial and
ethnic breakdown was as follows: 88.5% White or Caucasian, 2.8% Asian, 3.0% Multiracial,
2.6% Black or African American, 1.1% Other, and 3.7% Hispanic/Latinx.
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2.3 Measures

2.3.1 Substance use—Students were asked to indicate if they used alcohol, nicotine,
marijuana for each day (i.e., Thursday, Friday, Saturday). Students were also asked to
indicate if they used any other substances (e.g., cocaine, ecstasy, opioids) each day. If
students did not use any substances on a particular day, they were asked to select the
response option: “I did not use any substanceson ____ (e.g., Saturday).”

2.3.2 Number of drinks—~Participants reported the number of alcoholic drinks they
consumed on each day of the study. Person-centered means of the number of drinks per
drinking day was created by adding the total number of drinks consumed over the course
of the study and dividing it by number of drinking days. The grand mean of the person-
centered mean was then subtracted to create the grand mean centered drinks per drinking
day.

2.3.3 Driving under the influence (DUI)—Students who reported use of at least one
substance (on each study day) were asked to indicate if they drove a car while high or
intoxicated. Response options were Ao (0) or Yes(1). Since there are limited cognitive
physiological changes that occur with nicotine-only use, students were not asked to report
DUI behavior on days that they only used nicotine.

2.3.4 Riding with an Impaired Driver (RWID)—Similar to DUI, participants
responded Yes/No to whether they “rode in a car with a driver who was high or intoxicated”
for each day of the weekend that they reported using at least one substance. To reduce
participant burden and due to the focus of the research questions, students did not report on
RWID behavior on days that they did not use any substances or, similar to DUI, on nicotine
only days.

2.3.5 Demographics—Participants reported on their birth sex (Male =0, Female =1),
age, and racial identity. Age was grand mean centered. Consistent with the sample
university’s student population, a large percentage of the participants identified as White/
Caucasian (88.5%) and therefore racial identification was dichotomized as White (0) and
Racially/Ethnically Diverse (1).

2.4 Data analysis plan

Logistic regression analyses were used to assess Aim 1 of examining the between-person
effects of using alcohol, marijuana and/or nicotine on the likelihood to engage in DUI or
RWID across all occasions in the study. All participants reported drinking at least one day
during the study. Therefore, these analyses compared students who only used alcohol to
students who used alcohol and marijuana and/or nicotine. First, three dummy codes were
created based off of student reported substance use across all occasions: 1) used marijuana
but no reports of nicotine (Alc & Mj use), 2) used nicotine, but no reports of marijuana (Alc
& Nic use), and 3) used both marijuana and nicotine (Alc & Mj & Nic use). The reference
group consisted of students who only reported alcohol use during the study. To control for
possible effects of the other substances, we removed participants who reported any use of
substances other than alcohol, marijuana, or nicotine (e.g., cocaine, ecstasy, opioids, etc.).

Accid Anal Prev. Author manuscript; available in PMC 2022 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hultgren et al.

Page 5

Next, occasions of DUI were summed across all occasions (i.e., 18 days) and dichotomized
into any DUI (1) and no DU/ (0). RWID was also dichotomized in this fashion. Covariates
included birth sex, dichotomized racial/ethnic identity, grand mean centered age, and grand
mean centered number of drinks consumed. PROC Logistic with Firth procedure within
SAS was utilized to adjust for bias with the lower number of RWID and DUI cases (Firth,
1993; King & Zeng, 2001)

Next, to assess Aim 2 examining the within-person effects of the use of alcohol, marijuana,
and nicotine on daily DUI and RWID two multilevel logistic models were utilized with
occasions (i.e. survey day) nested within participants. Similar to Aim 1 analyses, dummy
variables were created to indicate the substance(s) used that occasion: 1) marijuana only
(Mj only), 2) alcohol and marijuana use in the same day, but no use of nicotine (Alc+Mj),

3) alcohol and nicotine use in the same day, but no use of marijuana (Alc+Nic), and 4)
alcohol, marijuana, and nicotine use in the same day (Alc+Nic+Mj). The reference group
was days where alcohol only was used. To control for general use of these substances across
the study, models included Level 2 dummy codes of substance use (i.e., Alc & Mj use, Alc
&Nic use, Alc & Mj & Nic use). The use of both the Level 2 and Level 1 substance use
variables allowed us to examine effects of co-use at the daily level above and beyond co-use
in general. Again, covariates included birth sex, dichotomized racial/ethnic identity, grand
mean centered age, and grand mean centered number of drinks consumed. Additionally, a
variable indicating which weekend of the study (1 through 6) was recoded (0 through 5) and
added to the model to account for possible differences across different weekends and day of
the week was recoded (0= Thursday, 1= Friday, 2 = Saturday) to account for differences due
to day of the week. PROC GLIMMIX in SAS was used to perform the models.

3. Results

3.1 Preliminary analyses

There were a total of 5116 occasions with substance use (70.8%) across the 18 days and

463 students. All students (100%) reported using alcohol at least once during the study; 223
(48.2%) reported using marijuana, and 188 (40.6%) reported using nicotine. A total of 96
(20.7%) students reported use of substances other than alcohol, nicotine, or marijuana and
were removed from analyses. The final N for analyses was 367 students with 3804 occasions
of substance use. T-test results detected no differences by age (p=0.50) across the sample of
463 and the final analytic sample of 367. Chi-square tests detected no significant differences
by sex, race, or ethnicity (all p’s>0.05). Of the 367 students, 40.1% (N=147) reported only
alcohol use, 26.4% (N= 97) reported alcohol and marijuana use, 17.4% (N=64) reported
alcohol and nicotine, and 16.1% (N=59) reported using alcohol, nicotine and marijuana. A
total of 4.6% (N=17) reported at least one occasion of DUI and 7.4% (N=27) of students
reported at least one occasion of RWID. Within the substance use occasions, 78.0% were
alcohol only, 3.2% were marijuana only, 7.7% had both alcohol and nicotine, 9.0% had both
alcohol and marijuana, and 2.1% had alcohol, nicotine, and marijuana. Among the substance
use occasions, 0.8% (n=29) involved a reported DUI and 1.3% (n=48) involved a reported
RWID.
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3.2 Aim 1: General use of alcohol, marijuana, and nicotine as predictors of the likelihood
of DUI and RWID

Fixed effects and odds ratios for all predictors and covariates can be found in Table 1.

When assessing DUI, compared to students who only used alcohol, students who reported
using alcohol and marijuana use over the study were 5.44 times more likely to report DUI,
and students who reported using alcohol, marijuana, and nicotine were 5.20 times more
likely to report DUI; however, confidence intervals (Cl) were wide for these effects. No
other between-person associations were significant. For RWID, students who reported using
alcohol, marijuana and nicotine were over 10 times more likely to have reported RWID
compared to students who only reported alcohol use over the course of the study. This effect
had a wide CI. There was also a trending positive association for students who reported
using alcohol and nicotine but did not report marijuana use (p =.068). No other associations
for RWID were significant.

3.3 Aim 2: Daily use or co-use of alcohol, marijuana and nicotine as predictors of the
likelihood of DUI and RWID at the daily Level.

Model estimates and odds ratios for the multilevel logistic analyses are in Table 2. The
results for DUI indicated, controlling for all covariates and between-person differences in
substance use, occasions when marijuana-only use was endorsed was associated with an
increased odds of DUI, when compared to alcohol only days. Specifically, the odds of DUI
were 9.08 times higher on marijuana only occasions compared to alcohol only occasions,
however the Cl was again wide. No other variables showed a significant association to the
likelihood of DUI at the daily level. For RWID outcome, the Level 2 between-person effect
of using alcohol, marijuana, and nicotine continued to have significant association with
increased odds to RWID compared to only using alcohol across the study. Controlling for
between-person differences, compared to alcohol only occasions, occasions where alcohol
and marijuana were used together were associated with 3.85 times increased odds of RWID.
Additionally, there was a trending positive association between marijuana only occasions
and RWID (p< .06). Day was also found to have a significant association with RWID.
Saturdays had over 3 times the odds of RWID than Thursdays. Examining Friday as the
reference category, Saturdays were also associated with increased odds compared to Fridays
(OR =2.53, Cl=1.16-5.56). The Cls were wide for effects. No other daily level associations
were significant for RWID.

4. Discussion

Alcohol, marijuana, and nicotine are the three most commonly used substances among
young adults (Johnson et al., 2014), are frequently used together, and have been associated
with risky driving-related outcomes such as DUI and RWID. Prior research has not assessed
the between- and within- person effects of the use and co-use of these substances with DUI
and RWID. The present research sought to address this gap by assessing how use of alcohol,
nicotine, and/or marijuana was associated with these driving-related outcomes among a
sample of high risk college students at both the global and daily level.
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It was hypothesized that students who used alcohol and marijuana and/or nicotine would
have increased odds of DUI and RWID compared to students who only reported alcohol use.
This hypothesis was partially supported. Students who used all three substances across the
study had significant association with higher odds to DUI and RWID than students who only
used alcohol. This suggests that use of alcohol, marijuana and nicotine may be a risk factor
for risky transportation behaviors. Use of all three substances could increase the possibility
of DUI by increasing the potential of being impaired. This rationale is further supported by
the association with increased likelihood of DUI by students who use alcohol and marijuana
(but not nicotine). Students who use all three substances may have increased odds of RWID
because they may be around more individuals who are impaired or may they perceive RWID
as less risky. Additional research should assess if between-person differences on perceived
descriptive and injunctive norms and attitudes of DUI and RWID mediate the relationship
between use of these substances and DUI and RWID behavior.

Aim 2 of the current study assessed how the likelihood of DUI and RWID differed
depending on use of alcohol, marijuana and/or nicotine at the daily level. It was
hypothesized that occasions with co-use of alcohol with marijuana and/or nicotine would
be associated with increased likelihood of DUI and RWID. Instead, results suggest that

an increased risk of dangerous transportation behaviors is associated with occasions when
marijuana is used (with or without alcohol or nicotine) than when alcohol is used alone.
Compared to alcohol-only occasions, marijuana-only occasions were associated with an
increased risk for DUI, indicating students may be more likely to drive while high from
marijuana than intoxicated from alcohol. Consistent with the hypothesis, occasions when
marijuana and alcohol were associated with increased risk for RWID. This increased risk of
DUI on marijuana-only occasions and of RWID on alcohol and marijuana occasions may
reflect, as previous studies suggest, that students perceive marijuana as less harmful than
alcohol and consider driving under the influence of marijuana as less risky than drinking
and driving (Davis & Sloas, 2017; Danton et al., 2003). Students may also be more likely
to report driving while high than driving while drunk due to lower perceived risk regarding
driving while high (Davis & Sloas, 2017). Previous research has been mixed about the risk
of crash while using only marijuana, with replicated meta-analyses reporting the crash risk
as low to moderate, but still significant (See Rogeberg & Elvik, 2016). While the risk of

a crash may be lower when using marijuana only compared to alcohol only (Compton &
Bering, 2015), the increased risk still poses possible injury or fatality to the driver and
others. Further in-depth daily research is needed to understand if young adults are driving
impaired by marijuana more often, or if it is a function of underreporting impaired driving
after using alcohol. Assessing impairment by estimates of blood alcohol content, hours
after used marijuana (research suggests driving within 3-6 hours of use is impaired driving,
Fischer et al., 2017;), or use of biometrics may help to elucidate this further.

The increased risk of RWID associated with occasions when alcohol and marijuana were
used compared to alcohol only days, may be an effect of context. Specifically, students

who use alcohol and marijuana on the same day may be around more people who are high

or drunk. The combination of alcohol and marijuana use may impact judgment such that
students viewed getting into a car with someone who is under the influence as less risky
when they used both substances. It is interesting that at the event level alcohol and marijuana
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occasions were significantly associated with increased odds of RWID, but days when all
three substances were used (i.e., alcohol, marijuana, and nicotine) did not. This may be
due to an issue of power. Only 2.1% of days had reported use of all three substances. It

is important to note that after controlling for daily level substance use effects, the Level 2
substance use effect remained, indicating that, compared to students who only use alcohol,
those who use all three substances may be at increased risk of RWID at the daily level.
Research with more daily assessments or with a larger sample of participants who use all
three substances may allow for increased power to fully explore this relationship.

The results from the current study may have implications on intervention and prevention
efforts for DUI and RWID. Universal prevention and intervention programs directed at
reducing risky transportation behaviors should focus not only on alcohol, but also marijuana
and nicotine use and the co-use of these three most commonly used substances. Given the
association with increased risk of DUI on marijuana only days, and of RWID on days when
alcohol and marijuana were used, event-level interventions, such as ecological momentary
interventions (EMI) with tailored messaging on days marijuana use is reported or intended
may be efficacious at reducing these behaviors. While event-interventions are still novel and
those related to substance-use have largely focused on alcohol only (e.g., Gustafson et al.,
2014; Chih, 2014, Gonzalez & Dulin, 2015), they have also been utilized for marijuana
only (Shrier et al., 2014) and cigarette use only (Bricker et al., 2020). Additionally, several
studies have reported on the feasibility of these types of interventions with individuals who
use multiple substances, including those in recovery, with preliminary evidence of reduced
substance use (Dennis et al., 2015; Nguyen et al., 2020). Future research should assess the
efficacy of an EMI on reducing risky transportation behaviors.

Brief interventions delivered on campuses, such as Brief Alcohol Screening and Intervention
for College Students (BASICS), have shown success in reducing alcohol use and
consequences (Cronce & Larimer, 2011), been adapted to address additional health
concerns, such as marijuana use (Lee et al., 2013), and one study reported reducing
likelihood to DUI when using materials adapted to address drinking and driving (Teeters et
al., 2018). Colleges currently utilizing BASICS could provide adapted materials to students
at higher risk for DUI and RWID, and results from the current study suggest screening

for use of all three substances may be an easy indicator of who to provide this adapted
material. Future research is needed to determine the effect of such brief interventions on
RWID behavior and driving under the influence of marijuana and multiple substances.

Results may also indicate that colleges should continue or grow their environmental
interventions, especially those in collaboration with their local community. Campaigns
aimed at increasing knowledge of possible risk of driving under the influence of marijuana
and combining alcohol and marijuana as well as decreasing normative perceptions of these
behaviors may be helpful for the general student population, but more research is needed

on how this may impact higher-risk students. Highly visible DUI sobriety checkpoints have
shown to reduce impaired driving and crashes (Clapp et al., 2005; Erke et al., 2009) and
college campuses should consider working with local police forces to increase checkpoints
and provide valuable information on where and when they might be helpful. There are many
considerations colleges, polices forces, and communities need to take before increasing DUI

Accid Anal Prev. Author manuscript; available in PMC 2022 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hultgren et al.

Page 9

sobriety checkpoints. Twelve states in the U.S. currently prohibit the use of checkpoints.
Checkpoints can place increased burden and cost to police forces (Clapp et al., 2005),
however, research suggest they may provide substantial cost saving (Bergen et al., 2014).
Police forces should consider increasing community-oriented policing strategies (Oliver,
2001; Peyton et al., 2019) as well as providing sessions for community input on the
effects of increasing DUI checkpoints prior to making changes. Multifaceted approaches
that blend environmental and individual programs may be most effective (Saltz, 2011) and
more evaluation of these combined efforts is needed.

4.1 Limitations

The current study examined associations between alcohol, marijuana, and nicotine use

and DUI and RWID among a sample of high-risk college students who reported using
alcohol and at least one other substance in the past year. While this study provides a novel
insight to the associations between use of alcohol, marijuana and nicotine with DUI and
RWID the sample demographics provides limitations to the generalizability of the results.
Additional research should include a wider age range of college students from more diverse
backgrounds. With the current sample we were only able to examine a dichotomized racial
and ethnic status indicating a need to assess potential differences among more refined racial/
ethnic groups. To assess for possible disparity effects, research that over samples diverse
racial and ethnic backgrounds is needed. Further, research should include young adults who
are not in college to assess potential similarities or differences between these populations.

While the current study assessed substance use, DUI, and RWID at the daily level, this
was asked retrospectively for each weekend of the study, which potentially could have
caused more recall bias than if participants completed a separate assessment each day of
the weekend. The current assessment cannot separate co-use of substances in a day from
simultaneous use. Future studies should ask about overlapping use of alcohol, marijuana,
and nicotine to determine if co-use or simultaneous use have differing effects on the risk of
DUI and RWID. Additionally, students were not asked about RWID on days that they did
not use substances. Research is needed on the likelihood of RWID on days when alcohal,
marijuana, and/or nicotine are used compared to hon-substance use days.

Importantly, the Firth procedure was used in Aim 1 to reduce potential bias in model
estimates due to the low number of events of DUI and RWID (Firth, 1993). However,

there is currently no similar procedure for multilevel models. Even with using the Firth
procedure, in both analyses for Aim 1 and Aim 2, the confidence intervals odds ratios for
the effects of substance use are very wide. These wide intervals indicate less confidence in
the precision of the odds ratios. This may be related to the smaller number of cases of DUI
and RWID, or sparse data for some participants. It could also be related to larger variability
among and between participants. This may suggest there are other between-person and
within-person factors that impact DUI and RWID at the daily level than what was assessed
in the current study. Future studies should examine additional between-person factors such
as impulsivity, availability of safe alternative transportation options, and daily-level factors
such as the number of people using substances, and motivations to use alcohol, marijuana,
and/or nicotine. Most importantly, additional research with larger samples or increased time
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points is needed to replicate these odds ratios and their significance. If replicated, these
effects have important public health considerations.

5. Conclusions

This study aimed to address a gap in the literature to assess both between-person and
daily-level predictors of DUI and RWID. It is one of the few studies to assess daily
substance use as a predictor of DUI (see McCarty & McCarthy, 2019 for review) and,

to our knowledge, is the only study that has assessed daily-level predictors of RWID. Results
suggests individual interventions such as BASICS and EMI may be adapted to address DUI
and RWID impacted by alcohol, marijuana, and nicotine. Environmental prevention efforts
such as media campaigns and highly visible sobriety checkpoints may additionally provide
reductions in these risky transportation behaviors and potentially may be most effective
when coupled with individual level efforts. This research is the first step in assessing DUI
and RWID at the daily level and how alcohol, marijuana, and nicotine are associated with
these behaviors. Future research on potentially malleable predictors at the daily level may
help determine efficacious intervention and prevention countermeasures further.

Acknowledgments

This work was supported by funding from R01AA021117-03S1 awarded to Dr. Mallett, KOLAA027771 awarded to
Dr. Hultgren, and T32 DA017629 awarded to K. Waldron

References

Arria AM, Caldeira KM, Vincent KB, Garnier-Dykstra LM, & O’Grady KE (2011). Substance-related
traffic-risk behaviors among college students. Drug and Alcohol Dependence, 118(2-3), 306-312.
[PubMed: 21601379]

Bergen G, Pitan A, Qu S, Shults RA, Chattopadhyay SK, Elder RW, ... & Community Preventive
Services Task Force. (2014). Publicized sobriety checkpoint programs: a community guide
systematic review. American journal of preventive medicine, 46(5), 529-539. [PubMed: 24745644]

Bramness JG, Khiabani HZ, & Morland J (2010). Impairment due to cannabis and ethanol: clinical
signs and additive effects. Addiction, 105(6), 1080-1087. doi:10.1111/j.1360-0443.2010.02911.x
[PubMed: 20331551]

Bricker JB, Watson NL, Mull KE, Sullivan BM, & Heffner JL (2020). Efficacy of smartphone
applications for smoking cessation: a randomized clinical trial. JAMA Internal Medicine, 180(11),
1472-1480. [PubMed: 32955554]

Centers for Disease Control and Prevention [CDC] (2020). Leading Causes of Death Reports,
1981-2018. Available from: https://webappa.cdc.gov/sasweb/ncipc/leadcause.html

Compton RP, & Berning A (2015). Drug and Alcohol Crash Risk. Traffic Safety Facts DOTS
HS. 812:117. United States. Department of Transportation. National Highway Traffic Safety
Administration.

Chih MY (2014). Exploring the use patterns of a mobile health application for alcohol addiction before
the initial lapse after detoxification. In AMIA Annual Symposium Proceedings (Vol. 2014, p. 385).
American Medical Informatics Association. [PubMed: 25954342]

Chuhuri S, Li G, & Chen Q (2017). Interaction of marijuana and alcohol on fatal motor vehicle crash
risk: a case-control study. Injury Epidemiology, 4(8). doi:10.1186/s40621-017-0105-z

Clapp JD, Johnson M, Voas RB, Lange JE, Shillington A, & Russell C (2005). Reducing DUI among
US college students: Results of an environmental prevention trial. Addiction, 100(3), 327-334.
10.1111/j.1360-0443.2004.00917.x [PubMed: 15733246]

Accid Anal Prev. Author manuscript; available in PMC 2022 September 01.


https://webappa.cdc.gov/sasweb/ncipc/leadcause.html

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hultgren et al.

Page 11

Cohn A, Villanti A, Richardson A, Rath JM, Williams V, Stanton C, & Mermelstein R (2015). The
association between alcohol, marijuana use, and new and emerging tobacco products in a young
adult population. Addictive Behaviors, 48, 79-88. doi:10.1016/j.addbeh.2015.02.005 [PubMed:
26042613]

Cohn AM, Johnson AL, Rath JM, & Villanti AC (2016). Patterns of the co-use of alcohol, marijuana,
and emerging tobacco products in a national sample of young adults. The American Journal on
Addictions, 25(8), 634-640. doi:10.1111/ajad.12456 [PubMed: 27706885]

Cronce JM, & Larimer ME (2011). Individual-focused approaches to the prevention of college student
drinking. Alcohol Research & Health, 34(2), 210. [PubMed: 22330220]

Danton K, Misselke L, Bacon R, & Done DJ (2003). Attitudes of young people toward
drinking after smoking cannabis or after drinking alcohol. Health Education Journal, 62(1).
doi:10.1177/001789690306200106

Davis SJ, & Sloas KL (2017). Driving while high: College student beliefs and behaviors. Journal of
Addictive Behaviors, Therapy, & Rehabilitation, 6(1) doi:10.4172/2324-9005.1000164

Dennis ML, Scott CK, Funk RR, & Nicholson L (2015). A pilot study to examine the feasibility
and potential effectiveness of using smartphones to provide recovery support for adolescents.
Substance abuse, 36(4), 486-492. [PubMed: 25310057]

Downey LA, King R, Papafotiou K, Swann P, Ogden E, Boorman M, & Stough C (2013). The
effects of cannabis and alcohol on simulated driving: Influences of dose and experience. Accident;
Analysis and Prevention, 50, 879-886. [PubMed: 22871272]

Erke Alena, Goldenbeld Charles, and Vaa Truls. "The effects of drink-driving checkpoints on
crashes—A meta-analysis.” Accident Analysis & Prevention41, no. 5 (2009): 914-923. 10.1016/
j.aap.2009.05.005 [PubMed: 19664427]

Fischer B, Russell C, Sabioni P, Van Den Brink W, Le Foll B, Hall W, ... & Room R (2017).
Lower-risk cannabis use guidelines: a comprehensive update of evidence and recommendations.
American Journal of Public Health, 107(8), el-e12.

Firth D (1993). Bias reduction of maximum likelihood estimates. Biometrika, 80(1), 27-38. doi:
10.2307/2336755

Gonzalez VM, & Dulin PL (2015). Comparison of a smartphone app for alcohol use disorders with
an Internet-based intervention plus bibliotherapy: A pilot study. Journal of consulting and clinical
psychology, 83(2), 335. [PubMed: 25622202]

Gunn RL, Norris AL, Sokolovsky A, Micalizzi L, Merrill JE, & Barnett NP (2018). Marijuana use is
associated with alcohol use and consequences across the first 2 years of college. Psychology of
Addictive Behaviors, 32(8), 885. [PubMed: 30359046]

Gustafson David H., McTavish Fiona M., Chih Ming-Yuan, Atwood Amy K., Johnson Roberta A.,
Boyle Michael G., Levy Michael S.et al. "A smartphone application to support recovery from
alcoholism: a randomized clinical trial." JAMA psychiatry 71, no. 5 (2014): 566-572 [PubMed:
24671165]

Hartman RL, & Huestis MA (2013). Cannabis effects on driving skills. Clinical Chemistry, 59(3),
478-492. [PubMed: 23220273]

Hingson R, Zha W, & 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. Journal of Studies on Alcohol and
Drugs, 78(4), 540-548. [PubMed: 28728636]

Johnson LD, O’Malley PM, Bachman JG, Schulenberg JE, & Miech RA (2014). Monitoring the Future
national survey results on drug use, 1975-2013: Volume 1, Secondary school students. Ann Arbor,
MI: Institute for Social Research, University of Michigan, 2014: 32-36.

King G, & Zeng L (2001). Logistic regression in rare events data. Political analysis, 9(2), 137-163.

Lee CM, Kilmer JR, Neighbors C, Atkins DC, Zheng C, Walker DD, & Larimer ME (2013). Indicated
prevention for college student marijuana use: a randomized controlled trial. Journal of Consulting
and Clinical Psychology, 81(4), 702-709. 10.1037/a0033285 [PubMed: 23750464]

Li K, Simons-Morton BG, & Hingson R (2013). Impaired-driving prevalence among US high school
students: associations with substance use and risky driving behaviors. American Journal of Public
Health, 103(11), e71-7. [PubMed: 24028236]

Accid Anal Prev. Author manuscript; available in PMC 2022 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hultgren et al.

Page 12

Lonczak HS, Neighbors C, & Donovan DM (2007). Predicting risky and angry driving as a function of
gender. Accident Analysis & Prevention, 39(3), 536-545. [PubMed: 17092475]

Lukas SE, & Orozco S (2001). Ethanol increases plasma Delta (9)- tetrahydrocannabinol (THC)
levels and subjective effects after marihuana smoking in human volunteers. Drug and Alcohol
Dependence, 64(2), 143-149. [PubMed: 11543984]

Mallett KA, Turrisi R, Cleveland MJ, Scaglione NM, Reavy R, Sell NM, & Varvil-Weld L (2015).
A dual-process examination of alcohol-related consequences among first-year college students.
Journal of Studies on Alcohol and Drugs, 76(6), 862-871. [PubMed: 26562594]

McCarty KN, & McCarthy DM (2019). Substance-impaired driving in adolescence. The Oxford
handbook of adolescent substance abuse, 447.

National Highway Traffic Safety Administration [NHTSA] (2018b). Alcohol Impaired Driving.
Available from: https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/
812864#:~:text=In%202018%20there%20were%2010%2C511%20people%20killed%20in%20alc
ohol%2Dimpaired,the%20United%20States%20in%202018.

National Highway Traffic Safety Administration (NHTSA)motor vehicle crash data querying and
reporting (2018a). Persons involved in motor vehicle crashes filter selected: person injury type:
Fatal; 18<=Age <= 24 Years 2014-2018. | Fatality Analysis Reporting System (FARS): 2004-2017
Final File and 2018 Annual Report File (ARF). Retrieved from: https://cdan.dot.gov/query

Nguyen N, Nguyen C, & Thrul J (2020). Digital Health for Assessment and Intervention Targeting
Tobacco and Cannabis Co-Use. Current Addiction Reports, 1-12. [PubMed: 33204602]

Oliver WM (2001). Community-oriented policing: A systemic approach to policing. Englewood Cliffs,
NJ: Prentice Hall.

O’Malley PM, & Johnston LD (2013). Driving after drug or alcohol use by US high school seniors,
2001-2011. American Journal of Public Health, 103(11), 2027-2034. [PubMed: 24028266]

Patrick ME, & Maggs JL (2009). Does drinking lead to sex? Daily alcohol-sex behaviors and
expectancies among college students. Psychology of Addictive Behaviors, 23(3), 472-481.
[PubMed: 19769431]

Peyton K, Sierra-Arévalo M, & Rand DG (2019). A field experiment on community policing and
police legitimacy. Proceedings of the National Academy of Sciences, 116(40), 19894-19898.
10.1073/pnas.1910157116

Ramaekers JG, Robbe HWJ, & O’Hanlon JF (2000). Marijuana, alcohol and actual driving
performance. Human Psychopharmacology, 15(7), 551-558. [PubMed: 12404625]

Ramaekers JG, Theunissen EL, de Brouwer M, Toennes SW, Moeller MR, & Kauert G (2011).
Tolerance and cross-tolerance to neurocognitive effects of THC and alcohol in heavy cannabis
users. Psychopharmacology, 214, 391-401. [PubMed: 21049267]

Robbe H (1998). Marijuana’s impairing effects on driving are moderate when taken alone but severe
when combined with alcohol. Human Psychopharmacology, 13(2), S70-S78.

Roche DJO, Bujarski S, Green R, Hartwell EE, Leventhal AM, & Ray LA (2019). Alcohol, tobacco,
and marijuana consumption is associated with increased odds of same day substance co- and
tri-use. Drug and Alcohol Dependence, 200, 40-49. [PubMed: 31085377]

Rogeberg O, & Elvik R (2016). The effects of cannabis intoxication on motor vehicle collision
revisited and revised. Addiction, 111(8), 1348-1359. [PubMed: 26878835]

Saltz RF (2011). Environmental approaches to prevention in college settings. Alcohol Research &
Health, 34(2), 204. [PubMed: 22330219]

Seamon MJ, Fass JA, Maniscalco-Feichtl M, & Abu-Shraie NA (2007). Medical marijuana and the
developing role of the pharmacist. American Journal of Health-system Pharmacy, 64(10), 1037—
1044. [PubMed: 17494903]

Sewell RA, Poling J, & Sofuoglu M (2009). The effect of cannabis compared with alcohol on driving.
American Journal on Addictions, 18(3), 185-193.

Shrier LA, Rhoads AM, Fredette ME, & Burke PJ (2014). “Counselor in your pocket”: Youth and
provider perspectives on a mobile motivational intervention for marijuana use. Substance use &
misuse, 49(1-2), 134-144. [PubMed: 24000892]

Teeters JB, Soltis KE, & Murphy JG (2018). A mobile phone-based brief intervention with
personalized feedback and text messaging is associated with reductions in driving after drinking

Accid Anal Prev. Author manuscript; available in PMC 2022 September 01.


https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/812864#:~:text=In%202018%20there%20were%2010%2C511%20people%20killed%20in%20alcohol%2Dimpaired,the%20United%20States%20in%202018
https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/812864#:~:text=In%202018%20there%20were%2010%2C511%20people%20killed%20in%20alcohol%2Dimpaired,the%20United%20States%20in%202018
https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/812864#:~:text=In%202018%20there%20were%2010%2C511%20people%20killed%20in%20alcohol%2Dimpaired,the%20United%20States%20in%202018
https://cdan.dot.gov/query

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Hultgren et al.

Page 13

among college drinkers. Journal of studies on alcohol and drugs, 79(5), 710-719. [PubMed:
30422784]

Turrisi R, Mallett KA, Cleveland MJ, Varvil-Weld L, Abar C, Scaglione N, & Hultgren B (2013).
Evaluation of timing and dosage of a parent-based intervention to minimize college students’
alcohol consumption. Journal of Studies on Alcohol and Drugs, 74(1), 30—40. [PubMed:
23200148]

Vaca FE, Li K, Hingson R, & Simons-Morton BG (2016). Transitions in riding with an alcohol/drug-
impaired driver from adolescence to emerging adulthood in the United States. Journal of Studies
on Alcohol and Drugs, 77(1), 77-85. [PubMed: 26751357]

Vergara VM, Weiland BJ, Hutchison KE, & Calhoun VD (2017). The impact of combinations of
alcohol, nicotine, and cannabis on dynamic brain connectivity. Neuropsychopharmacology, 43,
877-890. [PubMed: 29134961]

Vingilis E, Pederson LL, Seeley J, lalomiteanu AR, Wickens CM, Ferrence R, & Mann RE (2018). Is
there a link between motor vehicle collisions and being a cigarette smoker in Canada? Analysis of
survey data from Ontario from 2002 to 2014. Traffic injury prevention, 19(4), 364-370. [PubMed:
29265880]

Accid Anal Prev. Author manuscript; available in PMC 2022 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Hultgren et al.

Page 14

Highlights
. Using all three substances may increase odds of impaired driving behaviors
. Driving under the influence may be more likely when marijuana only is used
. Riding with impaired drivers may be more likely when alcohol and marijuana
are used
. Additional daily level assessments of impaired driving behaviors are needed
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