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Abstract

Background: The psychosocial correlates and longitudinal trajectories of driving after drinking
(DAD) among youth remain understudied in at-risk populations.

Objectives: We investigated the relationships of DAD trajectories and negative peer and parental
influences, substance use, and mental health among predominantly marijuana-using youth seeking
emergency department treatment.

Methods: Data were from a two-year prospective cohort study of drug-using patients (97.4%
used marijuana) ages 14-24 seeking ED care for assault injury, or as part of a non-assaulted
comparison group. Validated surveys measured DAD behaviors and correlates at baseline, 6, 12,
18, and 24 months. Latent class growth analysis identified characteristic DAD trajectory groups;
baseline predictors were analyzed descriptively and using multinomial logistic regression.

Results: Three DAD trajectory groups were identified among driving-age youth (n=580): no
DAD (NDAD; 55.2%), low-steady (LDAD; 29.0%), and high-declining (HDAD; 15.9%). In
unadjusted analyses, HDAD youth were older, but otherwise similar to other groups
demographically. Compared to NDAD, LDAD and HDAD group members had higher rates of
drug and alcohol use disorders (p’s<0.001). Further, HDAD group members had higher rates of
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anxiety symptoms and were more likely to be diagnosed with PTSD or depression than NDAD or
LDAD youth (p’s<0.05). Negative peer and parent influences were significantly higher in
progressively more severe trajectory groups (p’s<0.01). Adjusted effects from the multinomial
model were analogous for peer and parental influences and substance use disorders, but not mental

health.

Conclusion: DAD is strongly associated with negative social influences and substance use
disorders among marijuana-using youth, reinforcing their importance when developing
interventions.

INTRODUCTION

Motor vehicle crashes (MVCs) remain the leading cause of unintentional injury death
among youth ages 16-24 in the U.S (CDC, 2015), a significant proportion of which involve
alcohol. In 2017, 21% of fatal crashes in this age group involved drivers with blood alcohol
concentrations (BACs) = 0.08 g/dL (NHTSA, 2018). Despite reductions in teenage driving
after drinking (DAD) rates resulting from policy-oriented interventions like minimum legal
drinking age (Wagenaar & Toomey, 2002) and zero tolerance laws (Zwerling & Jones,
1999), the percentage of fatally injured underage drivers with BACs = 0.08 g/dL has
remained above 20% for the past two decades (IHHS, 2015). Further, despite increasing
prevalence of marijuana use among emerging adults (Hasin et al., 2015), driving after
drinking among marijuana-using youth remains understudied. Given that marijuana-using
underage drinkers report elevated rates of DAD (Buckley et al., 2017), identifying correlated
risk behaviors in this subpopulation is important for developing interventions addressing the
persistently high rates of alcohol-involved MVCs among youth.

Previously published studies of youth driving after drinking have been limited in their study
populations, scope, and timing. Prior research has focused on suburban/rural (Leadbeater,
Foran, & Grove-White, 2008) or predominantly white samples (Beck, Caldeira, Vincent, &
Aurria, 2013; Kenney, Lac, Labrie, Hummer, & Pham, 2013). Relatedly, previous studies of
youth driving after drinking have often focused on secondary school (Li, Simons-Morton, &
Hingson, 2013) or undergraduate samples (Beck et al., 2013), with few examining the roles
of peer and family influences, substance use disorders, and mental health diagnoses on these
behaviors among non-school-based populations. Further, they have not always considered
the entire spectrum of alcohol-related impairment, especially the higher severity end (e.qg.,
driving while intoxicated or when coordination is affected). Last, while several cross-
sectional studies have shown associations between youth characteristics and DAD behaviors
(M. J. Chen, Grube, Nygaard, & Miller, 2008; Leadbeater et al., 2008), descriptions of
driving after drinking trajectories (i.e., longitudinal patterns derived from repeated measures
studies) in this population are lacking. Improved characterization of youth DAD trajectories
would better inform the timing and duration of behavioral and other interventions, especially
in high-risk subgroups. Better understanding the longitudinal trajectories of DAD and their
baseline predictors may reveal potential targets for behavioral change that can account for
their severity and regularity (Caldeira et al., 2017).
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Previously published repeated measures surveys of youth driving after drinking have
provided insights into the contour of these behavioral trajectories, suggesting that youth who
drive after drinking are highly likely to continue doing so. In an 8-year longitudinal study of
a sample recruited as undergraduates, DAD increased significantly during the college years,
with a plateau around modal age 22; further, more than 80% of those reporting DAD
persisted with this behavior from preceding years (Caldeira et al., 2017). In another
longitudinal undergraduate survey, driving after drinking frequency peaked at ages 22-23,
with a 72% relative increase in the two weeks after respondents’ 215t birthdays (Fromme,
Wetherill, & Neal, 2010). Less is known about the trajectories of driving after drinking
among non-college samples, especially those with higher rates of poverty, drug use, and
community stressors such as violence.

Social influences have been shown to be robust predictors of risk-taking among youth, e.g.,
substance use (Marschall-Lévesque, Castellanos-Ryan, Vitaro, & Séguin, 2014), firearm
violence (Goldstick et al., 2017), and risky driving (Shope & Bingham, 2008). When driving
their peers, teenagers are more likely to drink, drive faster, and engage in other risky
behaviors (e.g., running red lights), contributing to their being the only group whose fatal
crash risk /increases in the presence of passengers (L. H. Chen, Baker, Braver, & Li, 2000).
Alcohol and other drug consumption may potentiate negative peer influences on decision-
making through the inhibition of cognitive control mechanisms (Albert, Chein, & Steinberg,
2013), while peer pressure predicts alcohol-related crashes (Shope, Raghunathan, & Patil,
2003). Although developmental theory posits that peer influences become more salient
during adolescence as parental influences wane, the latter may still influence youth attitudes
towards alcohol use through early adulthood (Martino, Ellickson, & McCaffrey, 2009). In a
study of 10t and 12" graders, driving risks were highest among youth who reported riding
with adults who drank alcohol and drove (Leadbeater et al., 2008). In a survey of college
students, driving after drinking was predicted by a family history of alcohol abuse (LaBrie,
Kenney, Mirza, & Lac, 2011).

As the primary site of care for acutely injured youth, the emergency department (ED) has
been identified as a venue in which to identify at-risk individuals for public health
interventions aimed at reducing harmful drinking behaviors, including DAD (R. M.
Cunningham et al., 2015; Maio et al., 2005). Given that many high-risk youth presenting for
emergency department treatment may not be attending school (R. M. Cunningham et al.,
2014), frequently use the ED for primary health care (R. Cunningham et al., 2009), and are
typically discharged home after treatment (McCaig & Burt, 2001), the ED may have
advantages over school, primary care, and other hospital settings for delivering counseling
services and linking youth to resources addressing future injury risk. Characterizing
heterogeneity in trajectories of DAD—and, in particular, defining and recognizing higher-
risk subpopulations—may allow acute care clinicians to better identify those individuals
who would most likely benefit from ED-delivered behavioral interventions aimed at
reducing future injury from risky drinking.

In this study, we used latent class growth analysis (LCGA) on data from the Flint Youth
Injury Study (FY1), a two-year longitudinal cohort study enrolling exclusively drug-using
youth (97.4% marijuana) presenting for ED care with or without an assault injury, to
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determine characteristic trajectories of driving after drinking. We adopted a person-centered,
exploratory approach in this analysis in order to achieve our primary analytic goal: to
characterize heterogeneity in developmental trajectories among our study sample, and
identify subpopulations with similar longitudinal risk profiles (Muthén & Muthén, 2000).
We then estimated the effects of baseline measures of social (peer and parental) influences
on trajectory type, and—given the roles of mental health symptoms (Beck et al., 2013),
alcohol consumption (LaBrie et al., 2011), and other substance use (Li et al., 2013) on youth
DAD—analyzed the effects of these covariates. We hypothesized that negative peer and
parental influences would be predictive of youth with higher-risk DAD trajectories over the
course of the 24-month study period, even after adjustment for mental health symptoms and
other substance use.

METHODS
Study Design and Setting

The Flint Youth Injury Study (FY1) is a 24-month longitudinal study of drug-using youth
(ages 14-24) seeking ED care for assault (assault-injured group; AlG), or as part of a non-
assaulted comparison group (CG; Bohnert et al., 2015). The objective of the FYI study was
to characterize the trajectories of mental health, substance use, and healthcare utilization in a
high-risk sample of adolescents and emerging adults, to better understand service needs and
optimal timing for behavioral interventions and other treatments (R.M. Cunningham et al.,
2015). The FYI sample was recruited at Hurley Medical Center (HMC) in Flint, Michigan, a
Level 1 trauma center providing emergency care to 100,000 adult and pediatric patients
annually. The study population is representative of flint, a majority-Black city with a median
household income less than $25,000 (US Census Bureau, 2010). All study procedures were
approved by The University of Michigan and HMC IRBs, and an NIH Certificate of
Confidentiality was obtained.

Participant Recruitment and Protocol

The study protocol is described in detail elsewhere (Bohnert et al., 2015). Trained research
assistants (RASs) recruited participants in the ED 7 days a week (excluding holidays)
between December 2009 and September 2011, with 24 hours of recruitment Thursday
through Monday, and 21 hours per day (5 am to 2 am) on Tuesdays and Wednesdays.

Patients seeking care for an assault injury (defined as any intentional injury caused by
another person) were identified using computerized tracking logs, and approached in
treatment or waiting areas. After obtaining written consent (or assent with parental consent
if age <18), RAs screened patients using a self-administered computerized survey. Those
screening positive for past 6-month use of illicit drugs (marijuana, cocaine, inhalants, street
opioids, methamphetamines, hallucinogens) or non-medical use (i.e., “to get high”, “taking
more than prescribed”, “taking someone else’s”) of prescription drugs (i.e., sedative,
stimulants, opioids) on items from the National Institute on Drug Abuse and the Alcohol,
Smoking and Substance Use Involvement Screening Tests (NIDA-ASSIST; NIDA, 2010)
were eligible for enrollment in the longitudinal study. (See Appendix A.) The comparison
group of drug-using, non-assaulted youth was systematically enrolled in parallel with the
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assault-injured group to reduce seasonal/temporal variation, and proportionally sampled by
gender and age (14-17, 18-20, 21-24). Patients presenting with sexual assault, suicidality,
suspected child abuse, or any cognitive impairment precluding consent (e.g., alcohol
intoxication, psychosis) were excluded, as were non-English speakers (<1%) and those in
active police custody (3.2%). Initially unstable assault-injured patients were recruited from
inpatient units within 72 hours if their conditions stabilized.

Patients enrolled in the longitudinal study completed a baseline assessment, including a
computerized survey and an RA-administered diagnostic interview. Surveys were
administered privately. Remuneration was a gift valuing $1 for the screening survey, $20 for
the baseline survey, and $35, $40, $40, and $50 for the follow-up assessments conducted at
6, 12, 18, and 24 months, respectively.

Primary outcome—The primary outcome variable was past 6-month driving after
drinking behaviors, measured using five questions from the Young Adult Driving
Questionnaire (YADQ); Donovan, 1993) that assessed the frequency of the following
behaviors: Driving when feeling high or lightheaded from drinking; driving an hour after
drinking 1-2 alcohol-containing beverages; driving after 3+ drinks; driving when drinking
affected coordination; and drinking while driving. Responses were measured on a scale from
0 (Never) to 4 (10+ times), then summed to create a total DAD summary score (a=0.92).

Social influences—Peer and parental influences were assessed using 11 items from the
Flint Adolescent Study (Ramirez-Valles, Zimmerman, & Newcomb, 1998). Peer items
measured peer alcohol and other drug use, as well as delinquency behaviors (e.g., fighting,
weapon carrying, shoplifting). Parental items measured parent alcohol or drug use, as well as
medical and legal consequences related to their substance use. Each item had a 5-point
response scale ranging from Never (1) to Very often (5), and total scores were computed as
the sum of these responses for both negative peer (a=0.81) and parental influences
(a=0.76).

Demographics—Socio-demographics (age, sex, race/ethnicity, and receipt of public
assistance [a proxy for socioeconomic status]) were assessed using items adapted from the
National Longitudinal Study of Adolescent Health (Resnick et al., 1997), Drug Abuse
Treatment Outcome Studies (DATOS-A; Hser et al., 2001) and the Substance Abuse
Outcome Module (SAOM; Smith et al., 2006). Race was dichotomized as Black vs. other for
analysis.

Mental health—Diagnosis of mental health disorders, including current depressive episode
and PTSD (in the month prior to but not including the index ED visit), was assessed by an
RA using the MINI International Neuropsychiatric Interview (MINI; version 6.0, January 1,
2010) and MINI for Children and Adolescents (MINI KID; version 6.0, January 1, 2010;
Sheehan et al., 1998; Sheehan et al., 2010). Survey items reflected DSM-IV diagnostic
criteria. Past-week anxiety symptoms were measured using the 6-item subscale within the
Brief Symptom Inventory (BSI), where each item (ranging from 0 [Not at all] to 4
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[Extremely]) was summed to create an anxiety summary score (a=0.88; Derogatis &
Melisaratos, 1983).

Substance use—The Alcohol Use Disorders Identification Test (AUDIT; Chung et al.,
2000) and the NIDA-ASSIST (Humeniuk et al., 2008; NIDA, 2010) were used in the
screening survey to assess past 6-month alcohol and drug use (including marijuana use),
respectively. (See Appendix A; a=0.70.) The AUDIT was adapted to define binge drinking
as 5 or more drinks on an occasion for this age range (Chung et al., 2000; .=0.88). Similar
to above, a diagnosis of an alcohol or drug use disorder (abuse or dependence) was assessed
at baseline using the RA-administered MINI for patients = 18 years old (Sheehan et al.,
1998), and the MINI KID for patients <18 (both version 6.0, January 1, 2010; Sheehan et al.,
2010).

Statistical Analysis

RESULTS

We used latent class growth analysis (LCGA) to determine characteristic trajectories of
driving after drinking behaviors. This model assumes individuals exist in one of a fixed
number of unobservable classes, and their class membership determines their mean
trajectory. The primary analytic goal is to determine the number of trajectory types in the
data, and the characteristics of those trajectory types. Following convention, we used the
Bayesian Information Criteria (BIC) to select the number of classes (Nylund KL, 2007),
allowing at most 6 classes to avoid overfitting. To further avoid overfitting, we constrained
the optimization so that classes could not be created if they contained less than 10% of the
sample, as in previous studies (Goldstick et al., 2018; Walton et al., 2017). For each number
of classes, the model was refit 200 times from random starting values to avoid convergence
to local optima. We quantified class separation using the relative entropy of the posterior
class membership distribution (Ram & Grimm, 2009). LCGA was performed using R 3.2.3
and the package flexmix (Grun & Leisch, 2008; Leisch, 2004).

Correlates of class membership were analyzed by first placing individuals into the trajectory
groups based on the maximum posterior probability, and determining which baseline factors
were associated with the resulting groups. Correlates of trajectory group membership were
explored using descriptive statistics and multinomial logistic regression, where the choices
of predictor variables in the adjusted analyses were theoretically based. Univariate test
statistics for binary variables were calculated using Chi-square; continuous variables were
analyzed using ANOVA or Kruskal-Wallis tests. Bivariate analysis and regression modeling
were performed using SAS 9.4 (SAS Institute, Cary, NC).

Baseline sample characteristics

Overall, 599 youth (assault-injured group=349, comparison group=250) were enrolled in the
longitudinal study. The study flowchart has been previously published (Bohnert et al., 2015;
R.M. Cunningham et al., 2015); no differences between the baseline cohorts (AlG and CG)
with regards to age, sex, race, or socioeconomic status were found (R.M. Cunningham et al.,
2015). Among the screening sample, 61 of 250 were seeking care for an unintentional injury,
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17 of whom were injured in MV Cs. Follow-up rates for the overall sample were 85.3%,
83.7%, 84.2%, and 85.3% at 6, 12, 18, and 24 months, respectively; these rates were similar
between AIG and CG (R.M. Cunningham et al., 2015). At baseline, 580 participants were of
legal driving age (=16) and included in the analysis. The analytic sample had a mean age of
20.2 (SD = 2.2), was 58.5% male, and 57.8% Black. Nearly all of the sample (97.4%)
reported marijuana use in the past 6 months (20.2% weekly, 46.4% daily), with a mean
ASSIST marijuana score of 13.4 (SD = 9.0), where scores of =4 indicate misuse (see Table
1). More than a quarter (28.4%) reported at least one DAD behavior during the same period;
“driving while high or lightheaded from drinking” was the most commonly endorsed
behavior in this group (64.8%).

Longitudinal trajectories of driving after drinking

Longitudinal DAD trajectories are shown in Figure 1. Analysis using BIC and the group size
(>10% prior probability) constraint resulted in a three-class solution: a no driving after
drinking group (NDAD; N=320, 55.2%), which reported no DAD behavior across all follow-
up time points (i.e., none of the youth in this group had a non-zero score at any time point);
a low-steady driving after drinking group (LDAD; N=168, 29.0%), which declined between
baseline and 6 months, then remained steady; and a high-declining driving after drinking
group (HDAD; N=92, 15.9%), which started high, then declined linearly throughout the
follow-up period. Trajectory group separation was excellent (relative entropy=0.96); 95% of
individuals had >90% posterior probability of being in their most likely class, further
indicating very good class separation.

Characteristics of driving after drinking trajectory groups

Table 1 presents the unadjusted comparisons between NDAD, LDAD, and HDAD trajectory
groups based on socio-demographic categories, negative peer and parental influences,
substance use disorders, and mental health. HDAD group members were older (20.9 vs. 20.1
years, p<0.01), otherwise groups did not differ significantly in terms of sex, race, use of
public assistance, and reason for seeking ED care (AIG vs. CG).

Compared to the NDAD group, the low-steady and high-declining groups were associated
with increasingly greater likelihood of friends exhibiting negative influences and negative
parental influences (parental substance use and drug-related legal consequences). Further,
youth within the LDAD and HDAD groups were more likely to have a baseline diagnosis of
a drug use or alcohol use disorder, higher marijuana use, a depression or PTSD diagnosis,
and greater anxiety symptoms.

Multinomial logistic regression model—The multinomial model in Table 2 shows
adjusted comparisons between DAD trajectory groups on baseline covariates; the first two
columns compare HDAD and LDAD groups with the NDAD group, while the third
compares HDAD to LDAD groups. As in the unadjusted analysis, only age (but not race,
sex, public assistance, or assault injury) was significantly associated with DAD trajectory
class. More negative peer influences were associated with more severe driving after drinking
trajectories. Specifically, relative to the NDAD group, a one standard deviation increase in
the peer influences variable corresponded to a 32.2% and 65.0% increased relative risk of
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being in the LDAD and HDAD groups, respectively. Higher negative parental influence
scores were associated with HDAD and LDAD group membership, relative to NDAD;
however, they did not differ when compared to each other. Drug and alcohol use disorders
were both more likely to be diagnosed in the LDAD group than the NDAD group; however,
only alcohol use disorders were more likely in the HDAD group when compared to the
LDAD and NDAD groups. When controlling for demographic variables and substance use
disorders, none of the mental health factors (PTSD, depression, and anxiety symptoms) were
predictive of DAD trajectory class membership.

DISCUSSION

To our knowledge, this is the first longitudinal study of driving after drinking trajectories
among marijuana-using youth. These novel findings highlight the importance of
understanding how social influences affect alcohol-involved driving among marijuana co-
users, especially as marijuana use is increasing and state laws liberalize marijuana access
(Beming, Compton, & Wochinger, 2015). Overall, more than a quarter of this study’s
participants reported past 6-month driving after drinking at baseline. While direct
comparisons to prior literature are challenging given the lack of similar published data, rates
of past-year driving after drinking among youth between the ages of 18-24 (18.0-28.9%;
Evans-Whipp et al., 2013; Hingson, Zha, & Weitzman, 2009) suggest that the 6-month
period prevalence of DAD in our population are on the higher end of this range. This likely
reflects the higher risk nature of our drug-using sample, 97.4% of whom endorsed marijuana
use, and 57.0% of whom met criteria for a drug use disorder at baseline. While increasing
legal access to cannabis has focused attention on drugged driving (Sevigny, 2018), the role
of alcohol in impaired driving among marijuana-using individuals is also of concern, with
combined alcohol and marijuana use posing a greater fatal crash risk than alcohol alone
(Chihuri, Li, & Chen, 2017). Future studies should examine how the increasing availability
of legal marijuana may affect risky driving among youth, including driving after drinking or
after co-ingestion of alcohol and marijuana.

Both trajectory groups reporting driving after drinking at baseline (LDAD and HDAD)
decreased these behaviors in the first 6 months post-ED visit, after which the low-steady
group remaining stably low throughout the study period, and the high-declining group
decreased in a linear fashion while continuing to report driving after drinking even at 24-
month follow-up. The HDAD group dropped approximately one point on the DAD summary
score for each 6-month measurement period, suggesting the possibility of an age-related
phenomenon. While this may simply reflect regression to the mean, in a separate analysis of
the FY1 cohort examining dual trajectories of mental health and alcohol use we found that
the highest-risk drinking group also had a linear diminution in risky drinking behavior over
the two-year study period (Goldstick et al., 2018), suggesting that “aging out” of high-risk
behaviors may also be a factor. Alternatively, among 2"-year college students, Calderia et
al. identified declines in driving while specifically intoxicated/drunk or drugged—but not
driving after drinking generally—suggesting “maturing” effects of particularly high risk
behavior (Caldeira et al., 2017). Regardless, these findings—especially given the persistently
high driving after drinking behaviors among the HDAD group at 24 months—support the
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ED’s potential as a site for interventions to prevent intoxicated driving, and may inform their
timing, targeting, and duration.

Our exploratory analysis of young, drug-using ED patients revealed that those in the low-
steady and high-declining trajectory groups were more likely to report association with
delinquent peers engaged in substance use, violence, and theft. Our finding that negative
peer and parental influences are associated with adverse alcohol and driving behaviors
suggests that at-risk youth may benefit from behavioral interventions that address these
negative social influences and provide positive role models (Hurd, Zimmerman, & Xue,
2009). The significant relationship between peer influences and driving after drinking in this
cohort corroborates prior studies that demonstrated the importance of social influences on
substance use behavior, including alcohol use and depression/anxiety (Goldstick et al.,
2018). In a longitudinal community-based sample, deviant peer affiliation measured at age
16 predicted DUI arrest by age 32 (Pelham & Dishion, 2017). Perceived driving after
drinking by peers was associated positively with youth DAD among 1009 respondents to a
telephone survey ages 15-20 (M. J. Chen et al., 2008), while perceiving peer disapproval of
DAD may be protective (Allen & Brown, 2008; M. J. Chen et al., 2008). Further, young
people’s likelihood of engaging in risky behaviors may be reduced by interventions that
enhance refusal skills, and place more value within the peer group of being “crash-free”
(Allen & Brown, 2008).

We found that negative parental influences—including exposure to parental substance use
and/or drug-related illegal activity—was associated with increased the risk of youth driving
after drinking. These findings reinforce the results of a previously published analysis of
9,559 adolescents and young adults aged 11-26, in which parent drinking was predictive of
youth DAD (Maldonado-Molina, Reingle, Delcher, & Branchini, 2011). Our findings that
parents’ alcohol intoxication and history of alcohol use disorder treatment increases the risk
of youth driving after drinking parallels the association Chen et al. found between perceived
DAD by parents and that of their adolescent and young adult children (ages 15-20; M. J.
Chen et al., 2008). These findings reinforce the strong parallels between the epidemiology of
driving after drinking in this (mostly) marijuana-using sample and that of broader
populations, suggesting that similar prevention strategies may be applicable, with potential
tailoring to target co-ingestion of alcohol and marijuana and driving after marijuana
consumption. Several community-based studies have demonstrated the value of parental
monitoring in reducing the risk of youth driving after drinking (Haegerich, Shults, Oman, &
Vesely, 2016; Pelham & Dishion, 2017), suggesting that parenting-centered programs may
potentially reduce youth DAD-related morbidity.

Alcohol use disorders (AUDs) were prevalent among both of the trajectory groups with past
6-month DAD, with participants in the HDAD group nearly 10 times more likely to be
diagnosed with an AUD as those in the NDAD group. Given that brief interventions for
alcohol misuse have been shown to reduce alcohol consumption (Tanner-Smith & Lipsey,
2015) and driving after drinking among youth populations (Steinka-Fry, Tanner-Smith, &
Hennessy, 2015)-and that most youth evaluated in the ED are discharged home after
treatment-there may be a role for ED-based interventions in high-risk patients. Indeed,
studies of screening, behavioral interventions, and referral to treatment (SBIRT) for risky
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drinking in ED patients have shown that such programs improve the rate of treatment
engagement (D’Onofrio & Degutis, 2010), and reduce both short-term alcohol consumption
(Academic ED SBIRT Research Collaborative, 2007, 2010) and alcohol consequences
(including DAD; R. M. Cunningham et al., 2015). Because youth driving after drinking is
associated with increased MVC risk (Zador, Krawchuk, & Voas, 2000), such interventions
may reduce premature death with even modest effect sizes.

In our study, PTSD, depression, and anxiety were associated with a greater likelihood of
driving after drinking behaviors in the unadjusted bivariate analysis; however, these
differences were not statistically significant when controlling for other factors. While
drinking to cope with negative affective states (the “self-medication hypothesis”; Khantzian,
1985) is associated with adverse alcohol consequences, a review by Kuntsche et al.
(Kuntsche, Knibbe, Gmel, & Engels, 2005) suggests that youth drinking is predominantly
socially motivated. As youth reporting lower levels of depression and anxiety tend to have
more friends, they may have more opportunities to consume alcohol (i.e., improved mental
health may paradoxically increase drinking risk; Pedersen et al., 2013). Alternatively, there
is evidence that alcohol use increases during adolescence irrespective of depressive
symptoms (Hooshmand, Willoughby, & Good, 2012).

Among demographic variables, only age was significant, which may reflect the age-related
increase in driving after drinking known to occur between adolescence and early adulthood
(IHHS, 2015), or an unmeasured confounder (e.g., driver’s license ownership, which
increases between the ages of 16 and 24; Sivak & Schoettle, 2016). There was no
statistically significant relationship between DAD trajectories and whether a patient had
presented to the ED with an assault-related injury or not. This may reflect the high-risk
characteristics of the overall study sample, in which even the non-assault-injured group
reported a high rate of violence perpetration and victimization (Bohnert et al., 2015).

We note several limitations to this study. Because our sample was recruited from a single
institution in a deindustrialized city with high rates of poverty and violent crime, results may
not be generalizable to rural or suburban populations. All of the participants endorsed past
six-month drug use (>97% marijuana), and more than half sought ED care for an assault-
related injury; further, even the non-assault-injured group reported high rates of substance
use disorders and violence behaviors. These characteristics may restrict the generalizability
of our findings to lower-risk youth populations, though we did control for both assault injury
and drug use disorder in our regression model. While drugged driving was not specifically
measured in this study, prior work from 18-25 year-olds screened at HMC found that nearly
one-quarter reported past-year drugged (mostly marijuana-involved) driving, with 25%
reporting drugged driving having done so at least 10 times in the past 12 months (Bonar et
al., 2018). Finally, given the dearth of literature on drink driving trajectories among
marijuana-using youth, this analysis is inherently exploratory in its approach. Future
research specifically examining drugged driving will be needed in order to best inform
interventions for risky driving behaviors among substance-using youth, particularly given
the increased harms associated with combined alcohol and marijuana use (Dubois, Mullen,
Weaver, & Bédard, 2015; Romano, Voas, & Camp, 2017).
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CONCLUSIONS

These findings underscore the need for interventions aimed at reducing morbidity and
mortality from MVCs among marijuana-using youth. Such approaches should address both
negative peer and parental influences, particularly given their associations with more severe
driving after drinking trajectories in this longitudinal cohort. Future studies are needed that
measure drugged driving in addition to DAD, explore youth’s motivations around risky
driving behaviors, and examine barriers to alternatives to driving after drug or alcohol use
(e.g., using a designated driver or ridesharing service).
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Appendix A.: Selected substance use measures from the Flint Youth Injury

survey.

Table 1.

Alcohol Use Disorders Identification Test (AUDIT; modified for adolescents by Chung et
8
al.’)

In the past 6 months, have you had a drink of beer, wine or liquor more than Yes/No

two to three times? Do not count just a sip or taste of someone else’s drink.

If Yes, then:

In the past 6 months, how often did you have a drink containing alcohol? Never =0
Monthly or less = 1
2-4 times a month = 2
2-3 times aweek =3
4 or more times a week = 4

In the past 6 months, how many drinks containing alcohol did you have on a lor2=0

typical day when you were drinking? 3orda=1
5or6=2
7or9=3

10 or more =4

In the past 6 months, how often did you have 5 or more drinks on one occasion? | Never =0

Less than Monthly = 1
Monthly =2

Weekly =3
Daily/Almost Daily = 4

How often during the past 6 months have you found that you were not able to Never =0
stop drinking once you had started? Less than Monthly = 1
Monthly =2

Weekly =3
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Daily/Almost Daily = 4

How often during the past 6 months have you failed to do what was normally
expected from you because of your drinking?

Never =0

Less than Monthly = 1
Monthly =2

Weekly =3
Daily/Almost Daily = 4

How often during the past 6 months have you taken a drink first thing in the
morning?

Never =0

Less than Monthly = 1
Monthly =2

Weekly = 3
Daily/Almost Daily = 4

How often during the past 6 months have you had a feeling of guilt or remorse
after drinking?

Never =0

Less than Monthly = 1
Monthly =2

Weekly = 3
Daily/Almost Daily = 4

How often during the past 6 months have you had blackouts, that is, been
unable to remember what happened the night before, because you had been
drinking?

Never =0

Less than Monthly = 1
Monthly =2

Weekly =3
Daily/Almost Daily = 4

Have you or someone else been injured as a result of your drinking?

No=0
Yes, but not in the past 6 months = 2
Yes, during the past 6 months = 4

Has a relative or friend, or a doctor or other health worker been concerned
about your drinking or suggested you cut down?

No=0
Yes, but not in the past 6 months = 2
Yes, during the past 6 months = 4

fChung T, Colby SM, Barnett NP, Rohsenow DJ, Spirito A, Monti PM. Screening adolescents for problem drinking:
performance of brief screens against DSM-1V alcohol diagnoses. J Stud Alcohol 2000;61:579-87.

Table 2.

National Institute on Drug Abuse and the Alcohol, Smoking and Substance Use Involvement

Screening Tests (NIDA-ASSIST)—Cannabis ™

In the past 6 months, you said you used Cannabis (marijuana, pot, grass, hash, etc.)?

How often have you used marijuana?

Never =0

Once or Twice =2
Monthly =3

Weekly = 4

Daily or Almost Daily = 6

How often have you had a strong desire or urge to use marijuana?

Never =0

Once or Twice =3
Monthly =4

Weekly =5

Daily or Almost Daily = 6

How often has your use of marijuana led to health, social, legal, or financial
(money) problems?

Never =0

Once or Twice =4
Monthly =5

Weekly = 6

Daily or Almost Daily =7

How often have you failed to do what was normally expected of you because of
your use of marijuana?

Never =0

Once or Twice =5
Monthly =6

Weekly =7

Daily or Almost Daily =8

Has a friend or relative or anyone else ever expressed concern about your use of
marijuana?

No, never =0
Yes, but not in the past 6 months = 3
Yes, in the past 6 months =6

Have you ever tried and failed to control, cut down or stop using marijuana?

No, never =0
Yes, but not in the past 6 months = 3
Yes, in the past 6 months =6
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*

In addition to cannabis, these items were also asked for illicit drugs (cocaine, hallucinogens, inhalants,
methamphetamines, and street opioids) and prescription drugs (sedatives, opiates, stimulants). Note that for prescription
drugs, use was defined as to get high, taking someone else’s, or taking more than was prescribed.
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Figure 1.

Longitudinal driving after drinking (DAD) trajectories among assault-injured and non-
assaulted youth seeking urban ED care (NDAD = no DAD, LDAD = low-steady DAD,
NDAD = high declining DAD)
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Unadjusted bivariate comparisons of baseline characteristics and DAD trajectories (NDAD = no DAD; LDAD

= low-steady DAD; HDAD = high declining DAD).

sD)”

NDAD (n=320) | LDAD (n=168) | HDAD (n=92) | Total (n=580)
Socio-demogr aphics
Age (mean, SD) ¥ 20.1(2.3) 20.1(2.3) 20.9 (2.0) 20.2 (2.2)
Male (n, %) 187 (58.4) 100 (59.5) 52 (56.5) 339 (58.5)
Black (n, %) 197 (61.6) 92 (54.8) 46 (50.0) 335 (57.8)
Public assistance (n, %) 239 (74.7) 117 (69.6) 67 (72.8) 423 (72.9)
Index ED visit
Assault-Injury (n,%) 186 (58.1) 91 (54.2) 58 (63.0) 335(57.8)
Negative peer influeno&f
Peer alcohol use (mean, SD) 23(1.1) 2.7 (1.1) 35(1.3) 26(1.2)
Peer marijuana use (mean, SD) ™ 28(1.2) 31(12) 34(12) 3.0(1.2)
Peer other drug use (mean, SD) ™ 1.3(0.7) 1.4 (0.8) 1.7 (1.0) 1.4 (0.8)
Peer legal trouble (drugs; mean, SD) ™ 15(0.7) 1.7 (0.9) 20(L1) 1.6 (0.9)
Peer fighting (mean, SD) ™ 2.1(1.1) 2.2(0.9) 26(L2) 2.2 (1.1)
Peer weapon carrying (mean, SD) 1.7 (1.0) 2.2 (1.1) 2.6 (1.2) 2.0(11)
Peer shoplifting (mean, SD) *** 1.4(0.7) 1.6 (0.8) 1.9 (1.0) 1.5(0.8)
Total of negative peer influences scores (mean, SD) **™ 13.1(433) 14.9 (4.4) 17.8 (5.4) 14.4(4.8)
Negative parental influencesr
Parent getting drunk (mean, SD) ** 19(1.2) 22(1.2) 24(14) 21(1.3)
Parental alcohol or drug treatment (mean, SD) ™ 1.3(0.8) 16(1.2) 1.8 (1.3) 1.5(1.0)
Parent high on drugs or pills (mean, SD) ™ 15(11) 17(12) 2.1(16) 1.7 (12)
Parental legal trouble (drugs; mean, SD) ™ 1.1(0.6) 1.3(0.9) 15(L.1) 1.2(0.8)
Total of negative parental influences scores (mean, SD) **™ 5.8 (2.8) 6.8 (3.4) 7.7(4.2) 6.4 (3.3)
Substance use
Alcohol use disorder (n, %) 26 (8.1) 35 (20.8) 55 (60.0) 116 (20.0)
Drug use disorder (n, %) ™~ 144 (45.0) 118 (70.1) 68 (73.9) 330 (57.0)
ASSIST marijuana score (mean, SD) ™ 11.9 (8.5) 14.7 (9.2) 16.3 (9.6) 13.4 (9.0)
Mental health
PTSD diagnosis (n, %) " 28 (8.8) 14 (8.3) 18 (19.6) 60 (10.3)
Depression diagnosis (n, %) * 38 (11.9) 18 (10.7) 22 (23.9) 78 (13.5)
Anxiety symptoms (total of BSI anxiety subscale scores; mean, 36 (5.0) 43(5.0) 66 (6.2) 43(5.3)

*
p<0.05
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Hok

p<0.01

Aok

*
p<0.001

fNegative peer and parental influence scores for individual items range from 1 (Never) to 5 (Very Often). Total scores range from 7-35 for negative
peer influences, and 4-20 for negative parental influences.
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Multinomial logit model comparing baseline characteristics at the index ED visit which predict DAD

trajectories

Socio-demogr aphics

LDAD vs. NDAD (RRR,

HDAD vs. NDAD (RRR, 95%

HDAD vs. LDAD (RRR,

Public assistance

0.73 (0.47, 1.14)

95% Cl) cl 95% Cl)
Age 1.03(0.94,1.13) 1.17 (1.03,1.33) " 1.14 (1.00, 1.30)
Male sex 0.84 (0.5, 1.27) 0.85 (0.47, 1.54) 1.02 (0.56, 1.86)
Black race 0.91 (0.61, 1.37) 1.10 (0.63, 1.95) 1.21 (0.68, 2.15)
)

0.73(0.39, 1.36

0.99 (0.53, 1.89)

Index ED visit

Assault injury

0.84 (0.56, 1.25)

1.00 (0.57, 1.76)

1.19 (0.67, 2.12)

Peer and parental influences

Negative peer influences (total scores)

1.06 (1.01, 1.11) *

1.13 (1.06, 1.20) ™

1.07 (1.01, 1.13)

Negative parental influences (total
scores)

1.08 (1.01, 1.15) "

1.10 (1.02, 1.19) *

1.02 (0.95, 1.11)

Substance use disorders

Drug use disorder

2.36 (1.56, 3.70) "

1.30 (0.69, 2.45)

0.54 (0.28, 1.06)

Alcohol use disorder

1.90 (1.05, 3.44) "

*

9.94 (5.17, 19.10) **

*

5.24 (2.77,9.90)

Mental health

Post-traumatic stress Disorder (PTSD)

0.71 (0.33, 1.54)

1.23 (0.52, 2.90)

1.74 (0.71, 4.25)

Depression diagnosis

0.61 (0.30, 1.24)

0.89 (0.40, 2.00)

1.45 (0.63, 3.36)

Anxiety symptoms (BSI)

1.01 (0.96, 1.06)

1.01 (0.95, 1.07)

1.00 (0.94, 1.06)

*
p<0.05

*:

*
p<0.01

+ok

*
p<0.001

Subst Use Misuse. Author manuscript; available in PMC 2021 January 01.



	Abstract
	INTRODUCTION
	METHODS
	Study Design and Setting
	Participant Recruitment and Protocol
	Measures
	Primary outcome
	Social influences
	Demographics
	Mental health
	Substance use

	Statistical Analysis

	RESULTS
	Baseline sample characteristics
	Longitudinal trajectories of driving after drinking
	Characteristics of driving after drinking trajectory groups
	Multinomial logistic regression model


	DISCUSSION
	CONCLUSIONS
	Selected substance use measures from the Flint Youth Injury survey.
	Table 1.
	Table 2.
	References
	Figure 1.
	Table 1:
	Table 2:

