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Background: Effective policies that can reduce alcohol use behaviors and impaired driving among
young people at a population level are needed. Graduated driver licensing (GDL) laws increase the
driving privileges of young novice drivers as they age and gain more driving experience. In this study,
we seek to determine the effects of GDLs on risky driving behaviors of youth and to assess if GDLs
have an unintended effect on underage drinking behaviors.

Methods: We utilized 2000 to 2013 data on 12th grade students from the Monitoring the Future
(MTF) study, an ongoing, annual national survey (since 1975) that studies the substance use behaviors
of adolescents, as well as data on GDL laws obtained via the Insurance Institute for Highway Safety
(IIHS). We conducted a series of regular logistic regression models that included fixed effects for year
and state, and adjusted for demographic characteristics, school characteristics, and other state alcohol
policies.

Results: Total weighted sample size was 129,289 12th graders. Past month alcohol use and binge
drinking (i.e., ≥5 drinks on one occasion) in the past 2 weeks were 45 and 26%, respectively. Seventeen
percent of respondents reported riding with a driver who drank alcohol. Nearly 12% reported driving
in the past 2 weeks after drinking alcohol, and 7% reported driving after binge drinking. Over half of
the students lived in a state with a “good” GDL law. The logistic regression models suggest a link
between restrictive GDL policies and a reduction of alcohol use behaviors and risky driving behaviors
among youth.

Conclusions: Our findings indicate that the effects of GDLs extend beyond driving-related risks and
into other drinking-related behaviors that pose immediate or delayed health risks for young people.
We speculate that GDLs may dictate social norms and expectations for youth risk behaviors, and
should be maximized throughout the United States.
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DESPITE THE NUMEROUS health and safety conse-
quences that are associated with excessive drinking,

hazardous alcohol use still continues to be a popular activity
among young people (Chen et al., 2013). In 2011, 33% of
8th graders, 56% of 10th graders, and 70% of 12th graders

reported ever consuming alcohol, while binge drinking (i.e.,
≥5 drinks on at least one occasion in the past 2 weeks) was
reported by 6% of 8th graders, 15% of 10th graders, and
22% of 12th graders in the United States (Johnston et al.,
2014). One of the most detrimental consequences that stems
from frequent or excessive alcohol use at young age is being
involved in a motor vehicle crash (MVC). Blood alcohol level
(BAC) is a measure of alcohol in a person’s blood, and it is a
crime in all 50 states and the District of Columbia to drive
with a BAC of 0.08 or higher (Insurance Institute for High-
way Safety [IIHS], 2015a). For drivers under the age of 21,
any detectable blood alcohol (approximately 0.02 BAC) is
illegal (IIHS, 2015a). Minimum unsupervised driving age
varies by state, but the age range is 14 years, 3 months to
17 years (Insurance Institute for Highway Safety, 2015b).
MVCs are the leading cause of death among U.S. teens, and
in 2012, 184,000 young drivers were injured in MVCs and
23% of young drivers (15 to 20 years old) involved in fatal
MVCs had consumed alcohol (Centers for Disease Control
and Prevention [CDC], 2012; National Highway Traffic
Safety Administration [NHTSA], 2014).
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Initiatives at the population level have been enacted to
curb the high prevalence of MVCs among young people. By
restricting the number of passengers, restricting nighttime
driving, and enforcing stipulations on the duration of restric-
tions for young, newly licensed drivers, graduated driver
licensing (GDL) laws have effectively reduced crashes and
fatalities for young drivers (Hedlund and Compton, 2005;
Shope and Bingham, 2008). For example, Baker and col-
leagues (2007) reported that GDLs have been associated with
a 38% reduction in fatal vehicle crashes and 40% reduction
in injury causing vehicle crashes among drivers aged
16 years. One possible pathway by which GDLs reduce
MVCs among young people is by effectively reducing their
drinking and driving behaviors through social expectations
and values (Cavazos-Rehg et al., 2012). In any case, GDLs
do facilitate the safer driving behaviors of young people and
are widely believed to play a central role in the 46% decrease
among young drivers involved in fatal crashes (7,937 vs.
4,283, respectively) that occurred between 2003 and 2012
(NHTSA, 2014). It is likewise possible that GDLs reduce
MVCs and drunk-driving behaviors via an unintended effect
on the underage drinking behaviors themselves though no
known studies have yet examined this possible link.
In this study, we examine the effects of GDLs on accep-

tance of and engagement in risky driving behaviors of youth
using over a decade of national data from the Monitoring
the Future study. In addition to replicating previous work
that examines associations with these state policies and
drunk-driving behaviors, we assess if GDLs have an unin-
tended effect on underage drinking behaviors which is likely
given their success with reducing drunk-driving behaviors
among youth. For thoroughness, we also account for use-
and-lose policies and beer taxes in our analyses that can
impact underage drinking behaviors (Cavazos-Rehg et al.,
2012; Elder et al., 2010; Fell et al., 2009; Ponicki and Grue-
newald, 2006; Ponicki et al., 2007; Ruhm, 1996; Xuan et al.,
2013). In testing policy associations with high school peer
passenger, driving, and drinking behaviors and accounting
for a wide range of factors including individual-, family-,
school-, and community-level influences, our study presents
novel and comprehensive findings that can have important
implications for reducing alcohol use behaviors and impaired
driving among young people.

MATERIALS ANDMETHODS

Data Source and Respondents

We utilized 2000 to 2013 data on 12th grade students from the
Monitoring the Future (MTF) study, an ongoing national study
(since 1975) of the substance use behaviors of adolescents (Johnston
et al., 2014). MTF data collection occurs annually in approximately
400 public and private schools (approximately 130 schools per year
for 12th graders) selected to provide an accurate representative cross
section of students throughout the coterminous United States.
MTF utilizes a 3-stage sampling procedure including (a) geographic
area selection, (b) the selection of one or more schools in each area,
and (c) the selection of students within each school. Additional

details on the MTF sampling procedures are available elsewhere
(Chaloupka and Johnston, 2007; Johnston et al., 2014). Students
complete 1 of 6 different surveys dispersed to participants in an
ordered sequence that guarantees 6 equally random subsamples.
For this investigation, we focused on 12th grade students because of
the MTF inclusion of additional driving-related questions for 12th
grade students which are excluded for 8th and 10th grade student
participants. This analysis of secondary data was reviewed and
approved byWashington University’s Institutional Review Board.

Dependent Variables: Alcohol Use Behaviors

Recent alcohol use was measured by an item that queried the
number of occasions the participant had alcoholic beverages to
drink (more than a few sips) during the last 30 days. Recent binge
drinking was assessed by an item that queried the number of times
the participant had 5 or more drinks in a row in the last 2 weeks.
For each of these items, responses were dichotomized as one or
more times during the reference time period versus none. Addition-
ally, frequent alcohol use was also examined as a dependent vari-
able, and was defined as drinking alcohol on 20 or more occasions
in the last 30 days.

Dependent Variables: Risky Driving Behaviors

The risky driving behaviors that were queried for 12th grade stu-
dents were the number of times during the last 2 weeks that the par-
ticipant was a passenger in a vehicle where the driver had been
drinking or where the driver binge drank (i.e., ≥5 drinks on one
occasion) immediately prior to driving. In addition, risky driving
behavior items were asked, including the number of times, if any,
the participant had in the last 2 weeks driven after drinking alcohol
and after binge drinking (i.e., ≥5 drinks on one occasion). For each
of the risky driving behavior items, responses were dichotomized as
one or more times in the last 2 weeks versus none.

Independent Variable: GDL Policy Ratings

To assess the impact of GDL laws on youth behavior, we utilized
a GDL rating system developed by the International Institute for
Highway Safety (IIHS). The IIHS has assessed the strength of state
GDL laws, assigning rankings of good, fair, marginal, or poor
(Table 1; Cavazos-Rehg et al., 2012; Fell et al., 2008). These rank-
ings evaluate age restrictions for first permit and the restrictions in 3
tiered training stages. Ratings are considered good for stronger
restrictions used in GDL implementation. A full list of state GDL
laws and rankings is available on the IIHS website (IIHS, 2015b).

Covariates

We controlled for student-level demographic variables including
sex, age, race/ethnicity, parental educational attainment (neither
parent achieved a high school diploma vs. having at least 1 parent
who completed and/or achieved a high school diploma or more),
and number of parents that currently live in the home (none/one/
both). We also controlled for type of school (public/private), school
size (based on the number of students from the targeted grade eligi-
ble for the survey), percent age of students receiving free or reduced
cost lunch, percent age of students who are Black or Hispanic, and
population density.

Percentage of students who are Black or Hispanic and percentage
receiving free/reduced cost lunch are not available in the public-use
MTF data files, but were obtained from the Youth, Education, &
Society (YES) Surveys of School Principals (Chaloupka and John-
ston, 2007). In addition to collecting the MTF survey data from stu-
dents, YES data are collected annually from the school
administrators and response rate is typically ≥80%. Identifiable

POLICY INFLUENCES ON YOUTH ALCOHOL USE 1031



information on each school is provided to enable merging with
MTF participants’ survey data as needed.

Finally, we also controlled for several time-varying state alcohol
policies. For use-and-lose state laws, we used an existing rating
system with scores ranging from 0 (no use-and-lose law) to 8 (license
sanction is mandatory for 3 violations—purchase, possession, and
consumption; minimum length of license suspension is 91+ days,
and law applies to all individuals under 21 years of age; Fell et al.,
2008). Data for use-and-lose state laws can be found at the National
Institute on Alcohol Abuse and Alcoholism (NIAAA) Alcohol Pol-
icy Information System (APIS; https://alcoholpolicy.niaaa.nih. gov/).
Beer excise tax per barrel and spirits excise tax per gallon was
obtained from Ponicki and Gruenewald (2006) and Ponicki and col-
leagues (2007) at Pacifica Institute for Research and Evaluation and
updated using the NIAAA APIS (https://alcoholpolicy.niaaa.nih.
gov/). Beer and spirits excise tax were adjusted for inflation to reflect
2012 dollars.

Statistical Analysis

We first examined the association between state GDL rating and
each dichotomous alcohol use and risky driving outcome (i.e., alco-
hol use, binge drinking, frequent alcohol use, riding with a driver
who drank alcohol, riding with a driver who binge drank, driving
after drinking, driving after binge drinking) using logistic regression.
In each model, we adjusted for other state alcohol policies (use-lose
policy rating, beer tax), student demographic characteristics, school
characteristics, and survey year (linear). However, such models
would not help establish causal associations between GDL policy
and alcohol use or risky driving. Therefore, we expanded our
methodology to use a “differences-in-differences” approach in order
to help establish causal effects. This method allows for the estima-
tion of effects of interventions (in this case, GDL policy) by compar-
ing differences in outcomes before and after the intervention among
affected and unaffected groups (in this case, states that adopted
stronger policies and those that did not; Bertrand et al., 2002).
Expanding the classical approach of comparing 2 groups at 2 time
points to a regression extension using multiple time points and inter-
vention groups (Angrist and Pischke, 2008), we used logistic regres-
sion models that included fixed effects for unordered categorical
indicators of state and year. Including the fixed effects for state and
year allow an estimation of the effect of GDL policy rating while
accounting for state characteristics that were invariant over time
and temporal trends that were invariant across states (Angrist and
Pischke, 2008). Thus, associations between GDL policy and alcohol
or risky driving behaviors are expected to be observed only if the
within-state changes in GDL policy correlate with within-state
changes in the prevalence of alcohol or risky driving behaviors.

For both sets of models, parameter estimates and standard errors
were calculated using the Statistical Analysis System (SAS; Version

9.2, SAS Institute, Cary, NC) procedure “surveylogistic,” applying
sampling weights to adjust for differential selection probabilities
and using state as the clustering unit to account for correlation of
residuals within states in estimating standard errors (Angrist and
Pischke, 2008; Arellano, 1987; Bertrand et al., 2002). Adjusted odds
ratios, 95% confidence intervals, and significance of p < 0.05 are
reported. Total weighted sample size was 129,289 12th graders, but
the sample size was smaller for driving-related outcome variables
because some items were not queried of all respondents (weighted N
for these outcomes was nearly 19,800).

RESULTS

Table 2 provides the demographic characteristics of
respondents, substance use and driving behaviors, and expo-
sure to state alcohol policies. Slightly over half of the partici-
pants were female, and the majority was White. Most
participants had at least 1 parent with more than a high
school education and lived with 2 parents. Use of alcohol in
the past month and binge drinking in the past two weeks was
45 and 26%, respectively. Seventeen percent of respondents
reported riding with a driver who had drank alcohol. How-
ever, approximately 9% of respondents reported riding with
someone who binge drank. Nearly 12% of all respondents
reported recently driving themselves after drinking alcohol;
7% of all respondents reported driving after binge drinking
(these groups are not mutually exclusive). Over half of the
students lived in a state with a “good” GDL law. The median
use-and-lose policy score that students were exposed to was
approximately 4, and the median beer excise tax per barrel
that students were exposed to was approximately $6.54.
Additional characteristics of the participants are shown in
Table 2. Although data from the 2000 to 2013 Monitoring
the Future surveys were analyzed for this study, GDL poli-
cies have become more restrictive over time and by 2009 no
state had poor GDL policies and over half received a good
ranking for GDL policies (Cavazos-Rehg et al., 2012).

Multivariable Models

Associations between GDL policy rating and alcohol and
risky driving behaviors are shown in Tables 3 and 4. Table 3
presents results from the regular logistic regression models,

Table 1. Graduated Drivers Licensing Law Definition and Scoring System

Graduated driving licensing laws: This law consists of supervised driving, driver education, restrictions on the number of passengers,
restrictions on nighttime driving, and stipulations on the duration of restrictions for young, newly licensed drivers
Learner’s entry age 1 point for learner’s entry age ≥ 16
Learner’s holding period 2 points for ≥ 6 months; 1 point for 3 to 5 months; none for < 3 months
Practice driving certification 1 point for ≥ 30 hr; none for less than 30 hr
Driver education Where completion of driver education changed a requirement, point values were determined for the driver

education track.
Passenger restriction 2 points for ≤ 1 underage passenger; 1 for 2 passengers; none for 3; where supervising driver may be < 21, point values

were determined including the supervising driver as a passenger
Night driving restriction 2 points for 9 or 10 pm; 1 point for after 10 pm
Duration of restrictions 1 point if difference between minimum unrestricted license age and minimum intermediate license age is 12 or more

months; night driving and passenger restrictions were valued independently
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and Table 4 presents results from the logistic regression
models that include fixed effects for year and state, helping to
establish causal associations between GDL policy and the
outcomes of interest. In regular logistic regression models
(Table 3), adjusting for demographic characteristics, school
characteristics, and other state alcohol policies, compared to
respondents in states with goodGDL policies, respondents in

states with marginal GDL policies had increased odds of
recent alcohol use and binge drinking, and those in states
with fair or poor GDL policies had increased odds of fre-
quent alcohol use. Furthermore, respondents in states with
fair GDL policies were more likely to report riding with a
driver who binge drank, driving after drinking, and driving
after binge drinking. Those in states with marginal GDL
policies were more likely to report riding with a driver who
drank alcohol or binge drank, as well as driving after drink-
ing. Full results for all covariates in the regular logistic
regression models are shown in Tables S1 and S2.
In models that included fixed effects for year and state

(Table 4), there is further evidence that GDL policies are
associated with alcohol use behaviors and risky driving
behaviors. After adjusting for year and state fixed effects, as
well as demographic characteristics, school characteristics,
and other state alcohol policies, compared to good GDL
policies, poor policies were associated with increased odds of
binge drinking and frequent alcohol use. In addition, mar-
ginal GDL policies (compared to good GDL policies) were
associated with increased odds of riding with a driver who
had engaged in binge drinking. Full results for all covariates
in the models that include fixed effects for year and state can
be found in Tables S3 and S4.

DISCUSSION

The goal of our study was to investigate the impact of
GDLs on risky drunk driving behaviors as well as underage
drinking behaviors themselves. In multivariable models, we
found relatively consistent associations between restrictive
GDLs and reduced youth alcohol use behaviors and alcohol-
related risky driving behaviors (both driving after drinking
and riding with a driver who had drank). Thus, our results
found evidence of an association between restrictive GDL
policies and a reduction of alcohol use behaviors and risky
driving behaviors among youth, which is consistent with
existing research in the field (Baker et al., 2007; Cavazos-
Rehg et al., 2012; Fell et al., 2008, 2009; Hedlund and
Compton, 2005; IIHS, 2014; Karaca-Mandic and Ridgeway,
2010; Shope and Bingham, 2008). These important findings
have implications for states that can still make progress
toward implementing restrictive GDLs.
Moreover, our novel findings are the first of their kind to

signal a potential broader impact of GDLs to underage
drinking patterns. Our findings show that youth in states
with less restrictive GDL policies were more likely to report
alcohol-related risky driving behaviors. Since MVCs are the
leading cause of death among U.S. teens and approximately
1 in 5 young drivers involved in a fatal MVC had consumed
alcohol prior to their crash, the high frequency of youth alco-
hol-related risky driving behaviors necessitates population
level policy initiatives to address the perceived normalcy of
these risky behaviors (CDC, 2012; NHTSA, 2014). Thus, it
is promising that restrictive GDL policies are potentially
reducing not only the risky driving behavior among young

Table 2. Characteristics of 12th Grade Participants, 2000 to 2013 (Total
Weighted N = 125,776 Unless Otherwise Noted)a

Variable Weighted n (weighted%)

State alcohol policies
Graduated driver’s license
Good 69,798 (55.5)
Fair 38,702 (30.8)
Marginal 10,856 (8.9)
Poor 6,420 (5.1)

Use-lose score median (IQR) 3.93 (1.02, 5.62)
Beer tax (dollars per barrel) median (IQR) 6.54 (4.27, 8.45)

Alcohol and driving behaviors
Any alcohol 56,718 (45.1)
Binge drinkinga 32,632/124,433 (26.2)
Frequent alcohol use 3,417 (2.7)
Passenger in a vehicle with driver who:
Drank alcohola 3,208/18,439 (17.4)
Binge dranka 1,675/18,415 (9.1)

Drove vehicle after:
Drinking alcohola 2,160/18,437 (11.7)
Binge drinkinga 1,338/18,407 (7.3)

Student characteristics
Sex
Male 60,770 (48.3)
Female 65,005 (51.7)

Age
≤17 years 54,494 (43.3)
≥18 years 71,282 (56.7)

Race
Non-HispanicWhite 85,689 (68.1)
Non-Hispanic Black 12,817 (10.2)
Hispanic 16,322 (13.0)
Other 10,948 (8.7)

Parent’s education
Both parents ≤ high school 33,847 (26.9)
At least one parent > high school 91,929 (73.1)

Number of parents in the home
None 6,638 (5.3)
One 31,267 (24.9)
Two 87,871 (69.8)

School characteristics
Type of school
Public 114,210 (90.8)
Private 11,565 (9.2)

School size (# of students in targeted grade)
Small (1 to 99) 22,453 (17.9)
Medium (100 to 199) 76,216 (60.6)
Large (≥200) 27,107 (21.5)

% students on subsidized lunches,
median (IQR)

27.7 (10.9, 49.3)

% of students Black, median (IQR) 3.9 (1.0, 14.8)
% of students Hispanic, median (IQR) 3.9 (1.0, 14.0)
Standard Metropolitan Statistical
Area (SMSA)
Non-SMSA 31,136 (24.8)
Other SMSA (not self-representing) 60,787 (48.3)
Large SMSA (self-representing) 33,853 (26.9)

aDenominator differs for some drinking-related variables because some
items were not queried of all respondents.
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people, but also their underage drinking behavior patterns.
Youth alcohol use behaviors are strongly influenced by social
norms (Ajzen, 1991; Ajzen and Madden, 1986; Baranowski
et al., 2002; Keyes et al., 2012). It is therefore possible that
GDLs help to dictate social norms and expectations for
youth risk behaviors, in general, that extend beyond driving-
related risks and into other behaviors that pose immediate or
delayed health risks for young people. To illustrate, one com-
ponent of GDLs is a nighttime driving curfew and this regu-
lation could potentially help to promote structure and
adherence among youth (Lin and Fearn, 2003), while addi-
tionally curtailing opportunities for them to engage underage
drinking (Simons-Morton and Hartos, 2003). In any case,
our results suggest the importance of GDLs deterring under-

age drinking behaviors, which are a serious public health
concern among young people.

In contrast to GDLs, beer tax had no influence on youth
alcohol use behaviors and risky driving behaviors. Use-and-
lose policies had sporadic but still limited impact. It may be
that GDLs are more influential in controlling youth risk
behaviors. GDLs have clear guidelines and structured rules
for youth to follow (e.g., curfew and passenger limit). This is
in contrast to price control measures (like beer taxes) or
punitive actions that result when rules are broken (use-and-
lose policies) (Farrelly et al., 2013).

While not the primary focus of our study, our results draw
attention to several individual and social risk factors that
increase risk for alcohol use behaviors and hazardous driving

Table 3. Multivariable Logistic Regression Models Predicting Alcohol Use and Risky Driving Behaviors, 12th Graders, 2000 to 2013a

Alcohol use behaviors

Risky driving behaviors

Passenger in a vehicle with driver who. . . Drove vehicle after. . .

Variable

Any alcohol
(weighted

N = 129,289)

Binge drinking
(weighted

N = 127,946)

Frequent
alcohol use
(weighted

N = 129,289)

Drank alcohol
(weighted

N = 19,781)

Binge drank
(weighted

N = 19,756)

Drinking
alcohol

(weighted
N = 19,789)

Binge drinking
(weighted

N = 19,754)
aOR (95% CI) aOR (95%CI) aOR (95%CI) aOR (95%CI) aOR (95%CI) aOR (95%CI) aOR (95%CI)

Graduated driver’s license policy rating
Good Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Fair 1.04 (0.92, 1.17) 1.05 (0.93, 1.20) 1.26 (1.04, 1.53)* 1.13 (0.92, 1.39) 1.35 (1.09, 1.66)** 1.40 (1.10, 1.78)** 1.36 (1.04, 1.79)*
Marginal 1.28 (1.05, 1.55)* 1.28 (1.04, 1.58)* 1.15 (0.86, 1.56) 1.34 (1.12, 1.60)** 1.73 (1.29, 2.30)*** 1.42 (1.05, 1.92)* 1.10 (0.80, 1.50)
Poor 1.05 (0.91, 1.20) 1.15 (0.97, 1.35) 1.33 (1.02, 1.73)* 1.03 (0.80, 1.33) 1.21 (0.86, 1.72) 1.16 (0.86, 1.57) 1.06 (0.71, 1.58)

aAll models adjust for gender, age, race, parent’s education level, number of parents in the home, population density, type of school (private vs. public),
school size, percentage of Black and Hispanic students, percentage of students receiving free/reduced cost lunch, state beer tax, spirits tax, use-lose pol-
icy score, and year (linear).

***p < 0.001.
**p < 0.01.
*p < 0.05.

Table 4. “Differences-in-differences” Logistic Regression Models Predicting Alcohol Use and Risky Driving Behaviors, 12th Graders, 2000 to 2013a

Alcohol use behaviors

Risky driving behaviors

Passenger in a vehicle with driver
who. . . Drove vehicle after. . .

Variable

Any alcohol
(weighted

N = 129,289)

Binge drinking
(weighted

N = 127,946)

Frequent
alcohol use
(weighted

N = 129,289)

Drank alcohol
(weighted

N = 19,781)

Binge drank
(weighted

N = 19,756)

Drinking alcohol
(weighted

N = 19,789)

Binge drinking
(weighted

N = 19,754)
aOR (95%CI) aOR (95%CI) aOR (95%CI) aOR (95%CI) aOR (95%CI) aOR (95%CI) aOR (95%CI)

Graduated driver’s license policy rating
Good Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Fair 0.99 (0.84, 1.16) 1.06 (0.93, 1.22) 1.10 (0.85, 1.42) 0.96 (0.76, 1.21) 1.13 (0.93, 1.37) 1.02 (0.81, 1.29) 1.06 (0.81, 1.39)
Marginal 1.12 (0.84, 1.49) 1.16 (0.88, 1.51) 1.36 (0.76, 2.44) 1.30 (0.97, 1.74) 2.03 (1.48, 2.79)*** 1.11 (0.70, 1.76) 0.94 (0.57, 1.55)
Poor 1.21 (0.98, 1.49) 1.37 (1.16, 1.62)*** 1.60 (1.17, 2.20)** 0.82 (0.62, 1.09) 1.01 (0.69, 1.46) 0.81 (0.59, 1.10) 0.81 (0.50, 1.30)

aAll models adjust for state and year fixed effects, as well as gender, age, race, parent’s education level, number of parents in the home, population
density, type of school (private vs. public), school size, percentage of Black and Hispanic students, percentage of students receiving free/reduced cost
lunch, state beer tax, spirits tax, use-lose policy score, and year (linear).

***p < 0.001.
**p < 0.01.
*p < 0.05.
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behaviors among young people. We found that age, gender,
and race can play a role in most of the risk behaviors we
measured. Male gender and older age of youth are demo-
graphic factors that have consistently been found to increase
risk for underage drinking and impaired driving (Elliott
et al., 2006; O’Malley and Johnston, 1999, 2003; Scott-Par-
ker et al., 2014). Likewise, our results mirror epidemiological
studies that document lower drinking patterns among Afri-
can Americans versus Whites and Hispanics (Chen et al.,
2013; Orcutt and Schwabe, 2012). Still, given the prevalence
of risky alcohol use among youth (O’Malley and Johnston,
2013), the recent climb in the prevalence of alcohol depen-
dence among women, and the fact that African Americans
tend to experience more alcohol-related problems over their
life-course (Grant et al., 2004; Grucza et al., 2008a, 2008b;
Zapolski et al., 2014), it is likely that all youth would benefit
from targeted intervention that reduce their risk for underage
drinking and related problems irrespective of their gender or
race/ethnicity.
We also found that familial factors (i.e., parental educa-

tional attainment and number of parents in household) were
significantly and consistently associated with alcohol use and
risky driving behaviors. Furthermore, community/school-
level characteristics, such as school size, location, and per-
centage of students receiving free or reduced cost lunch, also
showed significant association with alcohol use behaviors.
These results reflect well-documented scientific paradigms
that stress the important role of social–environment determi-
nants of health for predicting youth risk behaviors (Frieden,
2010; Robert Wood Johnson Foundation, 2008). Attention
to these factors and the youth impacted by them is encour-
aged as they may signal a need for targeted prevention
efforts.
These findings have limitations. All the responses were

self-reported from the Monitoring the Future survey. While
self-reported answers may introduce bias, the surveys were
confidential. In addition, participants take part in the MTF
at school, and data from high school dropouts or adolescents
schooled at home are not included in this study. We further
acknowledge that in-school surveys can underestimate the
substance use of certain populations but note that our find-
ings will be highly relevant for the majority of youth in this
country (~90%). Likewise, though our study evaluates indi-
vidual-, family-, school-, community-, and state-level influ-
ences (like BAC and GDL restrictions), it is beyond the scope
of any study to examine every known determinant of the
alcohol use behaviors and risky driving behaviors of youth.
Our findings suggest that strong GDL laws not only

reduce youth alcohol-related risky driving behaviors, but
also reduce overall youth alcohol use behaviors, potentially
by influencing social norms and expectations about drinking
and driving as well as alcohol use among young people.
Sociodemographic characteristics, such as family and school
environments, also play an important role in impacting alco-
hol use and associated drinking and driving behaviors.
Working to reduce youth alcohol use and risky driving

behaviors is a public health priority. Our investigation sup-
ports that GDLs are effectively lowering these risk behaviors
at a population level; continued research to substantiate our
findings and strengthening policy efforts accordingly in order
to address this serious public health issue are warranted.
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online version of this article:

Table S1. Multivariable logistic regression models predict-
ing alcohol use, 12th graders, 2000 to 2013.

Table S2. Multivariable logistic regression models predict-
ing risky driving behaviors, 12th graders, 2000 to 2013.

Table S3. Multivariable differences-in-differences logistic
regression models predicting alcohol use, 12th graders, 2000
to 2013.

Table S4. Multivariable differences-in-differences logistic
regression models predicting risky driving behaviors, 12th
graders, 2000 to 2013.
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