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ABSTRACT: Reducing impaired driving requires a systematic, consistent, and multifaceted approach. There is
strong evidence on the effectiveness of both direct and indirect measures. The strategy that has the most immedi-
ate and largest impact has been highly publicized, visible, and frequent impaired-driving enforcement, especially
deploying sobriety checkpoints or random breath testing. Lowering legal blood alcohol concentration (BAC)
limits for driving to 0.05 g/dL or lower has also had a world-wide impact. Raising the legal drinking age has
been successful in the US and other countries in reducing young impaired-driver fatal crashes. Graduated drivers’
licensing for youth has also been effective by restricting conditions under which youth can drive. Sanctions that
reduce impaired-driving recidivism include special driving-under-the-influence (DUI)/driving-while-intoxicated
(DWI) courts, mandatory alcohol ignition interlocks, and consistent alcohol-monitoring programs. Opportunities
for further progress include better enforcement of the drinking age and refusing to serve obviously intoxicated
patrons. Technology for detecting alcohol impairment and autonomous vehicles will also play an important role
in future efforts to eliminate impaired driving.

KEYWORDS: Alcohol-impaired driving, blood alcohol concentration (BAC), minimum legal drinking age,

random breath testing (RBT), sobriety checkpoints.

FOREWORD

This article presents an overview of evidence-based
policies and programs designed to reduce highway crashes
involving alcohol-impaired drivers. Scholars, researchers,
or practitioners with an interest in this area should also
consult the article by Voas [181], and a report published
by the US National Highway Traffic Safety Administra-
tion (NHTSA) [70] on “Countermeasures That Work”,
which lists over 100 specific traffic-safety countermea-
sures with evidence of effectiveness, covering all areas of
traffic-safety behavioral programs. The latest in the series
of NHTSA Alcohol and Highway Safety reviews also
presents evidence up through 2006 [187]. Other articles
relevantto thisreview include “Effectiveness of Behavioral
Highway Safety Countermeasures” [146], “Preventing
Impaired Driving: Opportunities and Problems” [182],
and “Programs and Policies Designed to Reduce Impaired
Driving” [183].

This article uses the public health approach taken by
Voas [183], which provides a good logical structure for
understanding the characteristics and impacts of alternative
approaches. Alcohol-impaired driving countermeasures
that are proven effective or that have great potential are
classified here under three headings: Primary Prevention,
Secondary Prevention, and Tertiary Prevention. Primary
Prevention countermeasures reduce high-risk drinking and
high-risk driving directly, by limiting alcohol availabil-
ity and reducing high-risk nighttime driving. Secondary

Prevention countermeasures are intended to deter alcohol-
impaired driving by adopting and enforcing effective
impaired-driving laws. Tertiary Prevention focuses on
countermeasures directed at preventing recidivism by
convicted impaired-driving offenders, and include license
and vehicle actions, treatment and rehabilitation programs,
and alcohol-monitoring programs. The research described
in this article primarily concerns the US, although a few
international approaches are considered.

INTRODUCTION

Impaired Driving: A Worldwide Problem

Alcohol-impaired driving has been recognized as a
problem almost as long as automobiles have existed [36].
Worldwide, it is estimated that alcohol-impaired driving
crashes account for anywhere from 5% (e.g., Turkey,
Nicaragua) to 35% (e.g., US, Australia) of the 1.35 mil-
lion traffic deaths each year. A previous article, covering
“International Trends in Alcohol and Drug Use Among
Motor Vehicle Drivers,” presents detailed evidence on the
prevalence ofalcohol-impaired driving in several different
countries [24].

The World Health Organization (WHO) recommended
four policies toreduce impaired driving in their 2018 report
on the global status of road safety [209]:

» Adoption of a national drink-driving law;
 Setting blood alcohol concentration (BAC) limits for
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adult drivers at 0.05 g/dL or lower;
» Setting zero-alcohol limits for young novice drivers; and
* Conductingrandom breath testing (RBT) programs simi-
lar to those developed in Australia as a key enforcement
strategy.

This article covers all four of these evidence-based
recommendations, and goes beyond these basic strategies
to consider additional approaches. A brief overview of the
alcohol-impaired driving problem in the US is presented
in the remainder of this introduction below, with detailed
evidence on potential countermeasures provided in the
following sections of the article.

Numerous laboratory and simulator studies have
shown that impairment in driving performance begins
with the first drink (a BAC =.02 g/dL) and increases sub-
stantially with each subsequent one. The risk of a crash is
significant beginning at .04—.05 g/dL BAC, and increases
exponentially as BAC rises. Lowering the BAC limit to
.05 g/dL has been shown to be an effective strategy that
has reduced alcohol-impaired traffic fatalities in several
countries. Impaired-driving laws, including administra-
tively suspending licenses of driving-under-the-influence
(DUI) offenders and requiring alcohol ignition interlock
devices be installed on the vehicles of all convicted DUI
offenders, have been effective in deterring impaired driv-
ing. The mostimportant and the mostimmediately effective
strategy, however, is DUl enforcement, especially sobriety
checkpoints and RBT.

A continuing problem with few solutions is alcohol
involvement in pedestrian and bicyclist crash fatalities. In
the US, about 34% of pedestrians killed in crashes have
BACs>.08 g/dLwhileinthe UK, 48% ofpedestrian deaths
involve alcohol. That proportion is even higher in South
Africa, where 61% of pedestrian deaths involve alcohol
[165].

A system being developed called the Driver Alcohol
Detection System for Safety (DADSS) in the US and
future fully autonomous vehicles worldwide promise to
be the ultimate solution to eliminating alcohol-impaired
driving.

Alcohol Impairment and Blood Alcohol Concentration

Laboratory and test-track research has shown that a
vast majority of drivers, even experienced drinkers who
typically reach BACs of .15 g/dL or greater, are impaired
in performing critical driving tasks at .05 g/dL BAC and
higher. There are significant decrements in performance
in areas such as braking, steering, lane changing, judg-
ment, and divided attention at .05 g/dL BAC. Some
studies report that performance decrements in some of
these tasks are as high as 30%—50% at .05 g/dL BAC
[58,68,69,87,92,132,133].
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Relative Risk of Being Involved in a Crash by Blood Al-
cohol Concentration

The risk of being involved in a crash increases with
increasing BAC level in general, but rises very rapidly
after adriver reaches or exceeds .05 g/dLBAC[14,15,27].
Other studies indicate that the relative risk of being killed
in a single-vehicle crash for drivers with BACs of .05 g/
dL to .079 g/dL is at least 7 times that of drivers at .00 g/
dL BAC (no alcohol), and could be as much as 21 times
that of non-drinking drivers depending on the age of the
driver [193,213]. These risks are significant. See Figure
1 from Blomberg et al. [14].
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Figure 1. Relative risk of a crash by BAC with covariates
and without covariates. Figure is reproduced with permission
from Ref. [14].

Impaired Drivers on the Roads in the US

Since 1973, five national surveys of US drivers have
estimated the prevalence of drinking and driving, show-
ing how this prevalence has changed over time (1973,
1986, 1996, 2007, 2013-2014). In the first three National
Roadside Surveys (NRS) (1973, 1986, 1996), breath alco-
hol tests were given to drivers on the roads on weekend
nights. In2007 and in2013-2014, the fourth and fifth NRS
studies changed their methodology to become a national
field study to estimate the prevalence of alcohol-, drug-,
and alcohol-plus-drug-involved driving among daytime
drivers on Friday as well as nighttime weekend drivers
[10,105,148]. These two NRSs involved randomly stop-
ping drivers at 300 locations across the continental US.
The locations were selected through a stratified random-
sampling procedure. Researchers collected the data during
a 2-hour Friday daytime session (either 9:30 am to 11:30
amor 1:30 pm to 3:30 pm) at 60 locations and during four
2-hour nighttime periods (10 pm to midnight and 1 am to
3 am on Friday and Saturday nights) at 240 locations, for
the total of 300 locations.

The data collected in these surveys included both
self-reported use of alcohol and other drugs and biological
measures such as BAC levels. The goal was to obtain at
least 7,500 oral fluid samples for analysis. Oral fluid and
blood samples were subjected to laboratory screening and
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liquid or gas chromatography-mass spectrometry confir-
mation respectively for alcohol and six classes of drugs,
allowing researchers to estimate a national prevalence
of alcohol and other drugs used by drivers. All drivers’
responses were completely voluntary and anonymous.
Figure 2 shows the percentages of drivers who had been
drinking alcohol as estimated in these surveys (see [24]
for the international perspective).
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Figure 2. Percent of drivers on US roads with positive
BAC levels (BAC >.01) (weekend evenings). Figure is
constructed based on data appearing in Ref. [10,105,148].

Impaired Drivers in Fatal Crashes in the US

Since 1982, the US has been tracking the BACs of
drivers fatally injured in traffic crashes. Trends in BACs
in fatally injured drivers were examined and reported
under the US Fatality Analysis Reporting System (FARS)
from 1982 to 2016 [140]. In 2016, BAC levels could be
determined for 61% of driver fatalities. When BAC data
were unavailable, the estimated BAC was statistically
imputed using crash, driver, and other characteristics to
obtain more complete and accurate alcohol data [167]. In
2016, 30% of fatally injured drivers had impairing BACs
(>.05 g/dL); 28% were at or above the illegal BAC limit
in the US (BAC>.08g/dL]; and 12% had very high BACs
(>.20g/dL). These percentages are a vast improvement
over 1982 when the percentages were, respectively, 52%
(>.05g/dL), 49% (>.08g/dL), and 22% (>.20g/dL). How-
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ever, most of the reductions occurred before 1997, and
the percentages of fatally injured drivers with BACs in
the above ranges have changed little since then. While the
number of drivers killed in crashes decreased 4% between
1997 and 2016, the proportion with impairing BAC levels
(>.05 g/dL) hasranged from 36% in 2008 and 2009 to 30%
in 2016 (see Figure 3). (Drugs other than alcohol are not
consistently tested for in FARS so they are not included
in the analyses presented below).

Arrests for Driving Under the Influence in the US

In 1989 there were an estimated 1,940,000 arrests
for DUI in the US [41]. Figure 4 shows that arrests had
declined by 49%, to an estimated 990,000, by 2017 [41].
As demonstrated in Figure 3, this decline was not due to
a decrease in the prevalence of impaired driving in fatal
crashes. So a research dilemma is to determine why the
percent of impaired drivers in roadside surveys decreased
significantly, and DUI arrests decreased significantly, yet
the percent of drivers in fatal crashes who are alcohol-
impaired has not decreased since 1997.

While DUI arrest rates in a community have been
shown to correlate with impaired driving on the roads
and with crashes in that community [56], the actual risk
of arrest for DUI in the US is quite small. Estimates
have varied from 1 in 2,000 impaired drivers, based on
an analysis of average annual officer arrest rates (2 per
year per officer) [17], to about 1 in 88 impaired drivers,
based on responses to a national telephone survey and FBI
crime statistics [212]. The most carefully developed risk
estimates were those reported by Beitel, Sharp, and Glauz
[9] and by Hause, Voas, and Chavez [74], based on studies
in which field researchers rode with police. They found
a probability of arrest for 6 in 1,000 drivers with BACs
of .10 or higher. A more recent study estimated that only
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Figure 3. Proportion of all fatally injured drivers estimated to have been impaired (BAC >.05), 1982-2016
(—42%). Figure is constructed based on data appearing in Ref. [140].
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Figure 4. DUI arrests in the US: 1982-2016. Figure is constructed based on data appearing in Ref. [41].

about 1 in 1,000 drivers on the roads with illegal BACs
(>.08 g/dL) is ever arrested for DUI [215]. The US public
is generally not aware of these low probabilities [153].
The nextsections ofthe article present evidence-based
countermeasures that have been associated with valid
measures of reduction in alcohol-impaired driving. These
countermeasures have proven to be effective or to have
strong potential to reduce impaired driving in the future.

I. PRIMARY PREVENTION: REDUCING HIGH-
RISK DRINKING AND HIGH-RISK DRIVING

A. Alcohol-Control Policies: Limiting Alcohol Avai-

lability

1. Minimum Legal Drinking Age Laws

Minimum legal drinking age (MLDA) laws were es-
tablished in the US after the repeal of Prohibition in 1933.
Many states set the MLDA at 21 during that time. When
the voting age was lowered from 21 to 18 in 1971, many
states lowered their legal drinking age to 18 or 19. Studies
in the 1970s and 1980s showed significant increases in
alcohol-related crashes involving youth aged 18 to 20 in
states that lowered their drinking age [22,28,59,199,204].
Later, several studies showed that raising the drinking age
lowered traffic crashes and crash fatalities [82,195,205].
Consequently, the US Congress adopted the National Uni-
form Drinking Age 21 Act, which provided a substantial
financial incentive for states to adopt a MLDA of 21, and
President Reagan signed the bill into law in 1984. Since
1988, the MLDA has applied to age 21 for both the pur-
chase and possession of alcohol in all 50 states and the
District of Columbia (DC).

Between 1982 and 1998, the population-adjusted fatal
crash rate involving drinking drivers aged 20 and younger
in the US decreased 59% [75]. MLDA-21 laws have been
shown to be independently associated with part of this

decline [144,162,172,191,198]. The National Highway
Traffic Safety Administration (NHTSA) has estimated that
MLDA laws save approximately 900 lives a year in traffic
fatalities alone [5,98,137,208]. Other studies have shown
that homicides [94,145], suicides [11], and unintentional
injuries [94] by 18- to 20-year-olds have also fallen as the
MLDA has risen to 21.

Numerous studies [101,144,192,194,198], including
a comprehensive review of literature from 1960 to 1999
by Wagenaar and Toomey [198], have uniformly shown
thatincreasing the minimum drinking age has significantly
decreased self-reported drinking by young people, the
number of fatal traffic crashes, and the number of arrests
for DUI involving youths aged 20 and younger. Shults et
al. [162] conducted a metaanalysis of 33 studies of the
MLDA and reported that it resulted in changes of 10% to
16% in fatal crashes: increasing fatal crashes ifthe MLDA
was lowered, and decreasing fatal crashes if it was raised.
Kypri et al. [103] found that when New Zealand lowered
its drinking age from 20 to 18, crash injuries among 15- to
19-year-olds increased. While many youth under age 21
still drink alcohol, raising the legal drinking age makes
it more difficult to obtain alcohol and to drink and drive.
The MLDA-21 law has been considered one of the most
important public health policies adopted in the US [162].

2. Law Components Associated with MLDA

Legal research involving the use of the Alcohol Policy
Information System (APIS) [142] has indicated that there
are atleast 20 MLDA-21 laws that have been adopted at the
state level in the US [50]. Table 1 contains a brief summary
of those 20 laws; in parentheses is the number of states
(including DC) that have currently adopted each law.

In a study assessing all 20 MLDA laws, nine were
found to be associated with significant decreases in fatal
crash ratios of underage drinking drivers [50]: penalties
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for possession of alcohol (=7.7%), penalties for purchase
ofalcohol (—4.2%), license loss with alcohol use (-7.9%),
.02 BAC limit for underage drivers (—2.9%), bartend-
ers required to be over 21 (—4.1%), institution of a state
responsible-beverage-service program (—3.8%), fake-
identification-detection support provisions for retailers
(-11.9%), dram-shop liability for underage-drinking-
related crashes (—2.5%), and social-host civil liability for
underage-drinking—related crashes (—1.7%). The nine
effective MLDA-21 laws were estimated to save ap-
proximately 1,135 lives annually, yet only five states have
enacted all nine. If all states adopted these nine laws, an
additional 210 lives could be saved in the US every year.
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3. Responsible-Beverage-Service Training and Enforce-

ment

In a systematic review of interventions designed
to reduce alcohol use and related harms in drinking
environments, Jones et al. [93] included seven studies
that evaluated server-training interventions to increase
responsible-beverage-service (RBS) practices. Three ofthe
seven studies specifically examined the impact of server
training on RBS-intervention practices by servers. One
found no impact, and the other two found some increases
in server intervention. Both studies, however, indicated a
low frequency of intervention among the trained servers.
Evidence on the effects of server-intervention programs

Table 1. US minimum legal drinking age 21 (MLDA-21) law components and descriptions

MLDA-21 law components

Description

Core Laws That Apply to Youths

1 Possession
2 Purchase

(47 states + DC)

Expanded Laws That Apply to Youths

3 Consumption
4 Internal possession
5 Use and lose

Illegal for youths under age 21 to possess alcohol (50 states + DC)
Illegal for youths under age 21 to purchase or attempt to purchase alcohol

Illegal for youths under age 21 to consume alcohol (34 states + DC)
Evidence of possession and consumption via a BAC test (9 states).
Alcohol citation for a youth under age 21 results in driver’s license

suspension (39 states + DC)

6 Use of fake identification

Fake ID minor — Illegal for a youth under age 21 to use a fake identification

to purchase alcohol (50 states + DC)

Apply to Youth Driving

7 Zero tolerance

ZT — Illegal for drivers under age 21 to have any alcohol in their system

when driving (50 states + DC)

8 Graduated driver licensing with
night restrictions

GDL — Youths with intermediate or provisional license prohibited
from driving without an adult in the vehicle past a certain hour at night (50
states + DC)

Apply to Providers

9 Furnishing or selling
10 Age of on-premise servers
11 Age of on-premise bartenders

Illegal to furnish or sell alcohol to youths under age 21 (50 states + DC)
Minimum age 21 set for selling/serving alcohol (13 states)
Minimum age 21 for bartenders (23 states + DC)

12 Age of off-premise sellers Minimum age 21 set for selling/serving alcohol (23 states)

13 Keg registration Identification number for beer keg and purchaser required (30 states + DC)

14 Responsible beverage service training RBS — Responsible beverage training mandatory or voluntary (37 states + DC)

15 Retailer support provisions for fake Fake ID retailer — Provisions to assist retailers in avoiding sales to youths
identification under age 21 (45 states)

16 Social host prohibition SHP — Prohibits social hosting of underage drinking parties (28 states).

17 Dram shop liability Action against commercial provider of alcohol (44 states + DC).

18 Social host civil liability Action against non-commercial (private) provider of alcohol (33 states).

Apply to Manufacturers or Suppliers of Fake Identification

19 Transfer/production of fake
identification

Fake ID supplier — Prohibits manufacturing and/or supplying fake
identification to youths for the purposes of buying alcohol (24 states)

Apply to States Concerning Control of Alcohol Distribution

20 State control of alcohol sales State control — A state-run retail distribution system of alcoholic beverages,

i.e., beer, wine spirits (11 states)
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on patrons’ alcohol consumption has also been mixed.
One study of statewide-mandated server training [84]
showed thatithad a statistically significant effect on single-
vehicle nighttime crashes. Another study [71] found that
an intervention designed to reduce aggression among bar
patrons (better lighting, visible presence of bouncers) had
amodestimpact on severe and moderate patron aggression
(reduction in verbal arguments and physical fights).

Other research on RBS programs has shown that RBS
practices canbe a valuable tool in lowering rates of high-risk
alcohol consumption and impaired driving. For example,
Johnsson and Berglund [91] found that server-training
programs can help reduce the level of intoxication of bar
patrons. In their study, the average BACs of patrons of bars
given a server-training program were reduced more than
the BACs of patrons at the control bars at a one-month
followup. Inastudy by Toomeyetal.[173], the owners and
managers of five bars in Minnesota received information
onrisk level, policies to prevent illegal sales, legal issues,
and communication on alcohol-serving issues. The result
of underage and pseudo-intoxicated (actors pretending to
be drunk) purchase attempts conducted before and after
the intervention showed that underage sales decreased by
11.5% and pseudo-intoxicated sales fell by 46% compared
to the control bars.

Two communities in the US — Rochester, NY, and
Cleveland, OH — participated in a demonstration and
evaluation of a set of bar-related interventions [45]. The
intervention programs applied RBS training, targeted
enforcement, and corrective actions by law enforcement
to a random sample of 10 identified problem bars in each
community, and results were compared to those for 10
matched problem bars without interventions. In Roches-
ter, the percentage of intervention-bar patrons who were
intoxicated decreased from 44% before the intervention
to 27% after the intervention, which was statistically
significant relative to the comparison bars. The average
BAC of patrons in the intervention bars decreased from
.097 g/dL (over the .08 g/dL limit for driving) to .059 g/
dL pre- to postintervention relative to the comparison bar
patrons. In Cleveland, the percentage of pseudo-intoxicated
patrons (actors pretending to be intoxicated) who were
denied service in the intervention bars increased from
6% to 29%. This was significant relative to the compari-
son bars. It appears that when bar managers and owners
are aware of the program and its enforcement and when
servers are properly trained in RBS, fewer patrons may
become intoxicated and greater efforts may be made to
deny service to obviously intoxicated patrons. Given that
about a third to half of all arrested impaired drivers had
their last drink at a licensed establishment (bar, tavern, or
restaurant) [2,35,143], widespread implementation of this
strategy has the potential to help reduce impaired driving.
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B. Citizen-Activist Organizations (e.g., Mothers Against
Drunk Driving) in the US

In the early 1980s, the public’s attitude toward drink-
ing and driving in the US was substantially transformed by
the victim-activist movement, marked by the founding and
growth of Mothers Against Drunk Driving (MADD). Media
coverage of drinking and driving increased [25,134]. Most
observers credit victim-activist groups, particularly MADD,
for this sudden increase in press coverage [122]. The sanc-
tions for impaired driving also increased. Merki and Lingg
[129] concluded that MADD has been a major force behind
the adoption by states and communities of eight effective
impaired-driving strategies. McCarthy and Ziliak [ 123] found
that the presence of a MADD chapter significantly reduced
the number of DUI crashes resulting in injuries.

Fell and Voas [53] estimated that 300,000 lives were
saved between 1982 and 2004 due to the reduction in
traffic fatalities involving impaired driving. The reduc-
tion in alcohol-related fatalities following the emergence
of MADD supports the hypothesis that the group had an
important effect on impaired driving in the 1980s. The
continuation of substantial reductions into the early 1990s,
when MADD emerged as the primary victim-activist orga-
nization, suggests that it had the primary influence on the
observed reduction. Marshall and Oleson [118] described
the beneficial effects of MADD’s victim services, and
McCarthy and Wolfson [121] concluded that an affili-
ation with MADD appeared to energize local leaders in
countering drunk driving. Compton [26] found an effect
of the adjudication of DUI offenders due to MADD’s
court-monitoring program.

MADD isstill an active organization working toreduce
impaired driving in the US. But progress has stagnated
due to many competing issues that decrease attention to
alcohol-impaired driving — by the public and by law en-
forcement (e.g., distracted, drowsy, and drugged driving).

C. Reducing High-Risk Driving by the Young

1. Graduated Driver-Licensing Laws

Research has shown that the first few months of licen-
sure for young novice drivers entail the highest crash risk
[120,124,156,203]. To address this issue, all US states and
numerous other countries (e.g., Australia, New Zealand,
the UK, South Africa, Canada) have adopted graduated
driver-licensing (GDL) laws that require a staged progres-
sion to full license privileges.

GDL laws generally require three-staged licensing
for novice drivers: (a) a learner’s permit period — prac-
tice driving with a licensed driver aged 21 or older; (b)
an intermediate or provisional stage — drive solo only
under certain conditions (e.g., restricts late-night driving
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and limits teen passengers); and (c) a full license with no
restrictions (minimum age of 18 in some states and most
other countries). The young driver must meet certain
requirements to “graduate” to each stage. Evaluations of
state programs in Florida [175], North Carolina [61,62],
and Michigan [160,161] showed reductions in crashes
involving 16- and 17-year-olds that ranged up to 26%.
Chen et al. [23] found that GDL programs appeared to
be associated with an 11% reduction in fatal crashes in-
volving 16-year-olds in the states that had implemented
them. Several national studies of GDL systems in the US
have indicated they help reduce the crash rates of young
novice drivers aged 15 to 17 [31,125,177].

2. Nighttime Driving and Passenger Restrictions for

Young Drivers

Preusser et al. [147] explored the influence of night-
time curfew policies by comparing crash rates for young
teenagers (aged 15, 16, or 17, depending on the state) in
states with and without curfew laws. These researchers
estimated reductions in the crash involvement of 16-year-
old drivers during curfew hours ranging from 25% to 69%
and concluded that the laws were beneficial relative to their
costs. Consequently, nighttime and passenger restrictions
were incorporated into all GDL laws.

The nighttime and passenger restrictions under the GDL
lawshavebeenevaluated fortheireffectiveness [52]. Nighttime
restrictions reduced 16- and 17-year-old driver involvements
in nighttime fatal crashes by an estimated 10% and 16- and
17-year-old drinking drivers innighttime fatal crashes by 13%.
Passenger restrictions were found to reduce 16- and 17-year-
old driver involvements in fatal crashes with teen passengers
by an estimated 9%. These results confirm the effectiveness
of these provisions in GDL systems.

In a study of GDL laws by Masten et al. [119],
substantial reductions (down 26%) in fatal crashes for
16-year-old drivers were found to be associated with the
adoption of strong GDL laws, but for 18-year-olds fatal
crashes increased in those same states (up 12%). The au-
thors suggested that strong GDL laws might have delayed
licensure of many youth until they were aged 18 to avoid
all the GDL provisions and requirements. An analysis by
Fell et al. [47] indicated similar results. Estimates based
on the statistically significant (p <.05) findings for each
age group found that for 16-year-olds,1,945 lives were
saved by GDL-related reductions in fatal crashes, but
these were offset by increases in fatal crashes for older
teens. For the strong GDL laws, there was a net increase
in fatalities of 377 due to the increase in fatal crashes by
drivers aged 18, with an additional increase of 855 fatali-
ties if the 19-year-old increase is included. Strong GDL
laws resulted in 2,347 lives saved due to the reduction of
drivers aged 16 in fatal crashes but were associated with
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an increase of 2,724 fatalities from fatal crash involve-
ments of drivers aged 18.

The outcome of these two studies indicate once more
that GDL laws save the lives of the population they target:
novicedriversaged 15to 17 and especially drinking novice
drivers. This favorable impact is even larger for the better
GDL programs (i.e., the enacted GDL is “good”). These
results also indicate that the lives of some drivers aged
15 to 17 saved by GDL laws are offset by the associated
increases in fatal crashes by drivers aged 18 and 19. The
reasons for the conflict in GDL benefits are still unclear.
Factors include: (a) drivers aged 18 and 19 skipping the
GDL phases and beginning to drive at a later age, reducing
their driving experience; (b) drivers aged 18 and 19 exhib-
iting more risk-taking behaviors (e.g., impaired driving,
lack of safety belt use, distracted driving) than younger
drivers; (c) drivers aged 18 and 19 having increased expo-
sure to risk for a fatal crash (e.g., more late-night driving;
more driving on high-speed roads); and/or (d) drivers
aged 18 and 19 who have gone through the two phases of
GDL lacking driving experience under risky conditions
because of all the restrictions in the GDL laws. Whatever
the reasons, this finding suggests that perhaps GDL laws
should be applied to protect novice drivers older than ages
16 and 17, for example up to age 21 (although this might
just postpone the increase in crashes to drivers over age
21). Further research to clarify this dilemma is needed.

II. SECONDARY PREVENTION: REDUCING
DRINKING AND DRIVING

A. Evidence-Based Legislation

1. Illegal BAC Limits for Driving

The BAC levels that are used by states to define
impaired driving for enforcement purposes are based on
case-controlled relative-risk studies such as Borkenstein et
al.’s [17] and Blomberg et al.’s [14,15,193,213]. Initially
set at .15 g/dL. BAC in the 1950s, state BAC limits in
the US were generally lowered to .10 g/dL. BAC by the
1980s. The strong evidence that BACs as low as .05 g/dL
increased crash risk motivated several states to lower their
limit to .08 g/dL in the 1990s. By 2000, the US Congress
passed legislation encouraging all states to adopt .08 g/dL
BAC laws by threatening to withhold a portion of a state’s
federal highway funds fornoncompliance. This movement
stimulated many research studies of the effectiveness of
lowering the BAC limit from .10 g/dL to .08 g/dL. Most
of'these studies found sizable decreases in alcohol-related
crashes associated with the .08 g/dL BAC limit. Between
1991 and 2000, nine evaluations of .08 g/dL laws involving
11 states were conducted in the US [3,63,78,80,90,149,
150,190,192]. A metaanalysis by Schults et al. [162] of
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25 studies on the enactment of the .08 law found that the
median crash reduction among the studies they reviewed
was 7%. Amore recent panel study of the overall effects of
the .08 BAC law in all 50 states and DC in the US found
a 10.4% reduction in the drinking-driver fatal crash rate
associated with the lowered BAC [157].

Fell and Voas [55] conducted a general review of
studies of the effect of lowering the BAC limit in foreign
countries and the US, and concluded that further lower-
ing the BAC limit to .05 g/dL would be likely to reduce
alcohol-related crashes. In 1988, the illegal BAC limit
was lowered from .08 g/dL to .05 g/dL in Austria. A study
of the law found that there was an overall 9.4% decrease
in alcohol-related crashes relative to the total number of
crashes [7]. However, they noted that intense media and
enforcement campaigns also occurred around the time
that the limit was lowered, making it nearly impossible
to attribute the reductions to any one of these factors, at
least in the short term. Bartl and Esberger [7] concluded
that “lowering the legal BAC limit from .08 g/dL to .05
g/dL in combination with intensive police enforcement
and reporting in the media leads to a positive short-term
effect.” This provided support for the view that a limit of
.05 g/dLBAC or less, as part of acomprehensive approach
to fighting impaired driving, can have beneficial effects.

Homel [85] found that lowering the BAC limit from
.08 g/dL to .05 g/dL in New South Wales, Australia,
significantly reduced fatal crashes on Saturdays by 13%.
Henstridge et al. [77] conducted a rigorous time-series
analysis of RBT and .05 g/dL BAC laws in Australia,
controlling for many factors including seasonal effects,
weather, economic trends, road use, alcohol consumption,
and day of the week. Although the primary focus of the
Australian study was the impact of RBT, the findings on
the effect of .05 g/dL BAC laws were also significant. The
study statistically accounted for the effect of other alcohol
countermeasures to determine the specific values of the
declines that were attributable directly to either RBT or
the lower .05 g/dL BAC limit. The study analyzed traffic
data for periods ranging from 13 to 17 years and found
Australian states that lowered their BAC limits from .08 g/
dLto .05 g/dL experienced meaningful declines in alcohol-
related crash measures. For example, after Queensland,
Australia, reduced its perse (i.e., no other evidence needed;
just exceeding the BAC limit is illegal) BAC limit to .05
g/dL in 1982, it experienced an 18% reduction in fatal
collisions and a 14% reduction in serious collisions. These
results were not confounded by the effects of RBT, as it
was not introduced until 8 years later. Similarly, the .05 g/
dL BAC limit in New South Wales was estimated to have
reduced serious collisions by 7%, fatal collisions by 8%,
and single-vehicle nighttime collisions by 11%.
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Smith [163] specifically evaluated the effects of
lowering the BAC limit in Queensland from .08 g/dL to
.05 g/dL BAC. A proxy measure of changes in nighttime
crashes as compared to daytime crashes was used. There
was asignificant 8.2% reduction in nighttime serious injury
crashes (requiring hospitalization) and a 5.5% reductionin
nighttime property-damage crashes associated with the .05
g/dL BAC limit in the first year. Smith partially attributes
the crash reductions in the second and third years after the
adoption of .05 g/dL BAC to increased enforcement. Smith
concludes that when lowering the BAC limit stimulates
increased enforcement, it should be considered a benefit
rather than a drawback of the law.

The evidence for lowering the BAC limit for driving,
especially to .05 g/dL, is very strong. It apparently sends
a message to would-be drinking drivers that the govern-
ment is getting tougher on impaired driving and serves as
a general deterrent to drinking and driving.

2. Zero-Tolerance Laws for Novice Drivers

By 1988, all states in the US had enacted MLDA laws
making it illegal for those younger than 21 to purchase
or possess alcohol. This provided a basis for implement-
ing a zero-BAC limit for drivers aged 20 and younger. In
1995, the US Congress passed a law creating a financial
penalty (a reduction in their highway construction funds)
for states that did not adopt zero-tolerance laws for drivers
younger than 21. By 1998, all states and DC had passed
laws making it illegal for any driver younger than 21 to
have a positive BAC (generally defined as a BAC of .02
g/dL or greater). These zero-tolerance laws for youth
have proven effective in reducing fatal crashes involving
underage drinking drivers [13,44,79,81,191,216]. Shults
et al. [162] conducted a metaanalysis of the studies of
zero-tolerance laws and found reductions of 9% to 24%
in fatal crashes. Zero-tolerance laws for young drivers are
now being adopted in several countries.

3. Administrative License Revocation

Administrative license revocation (ALR) or suspension
(ALS) is the administrative revocation or suspension of
the driver’s license of a driving-while-intoxicated (DWI)
or DUI offender at the time of arrest [104]. ALS differs
from traditional judicial license actions in several ways.
First, anyone arrested for DUI in the US in a state with
an ALS law is immediately subject to ALS. Usually, the
arresting officer confiscates the license and issues a notice
of ALS. Often, the notice of ALS may serve as atemporary
license for a period (e.g., 10-30 days) during which the
driver may request an administrative hearing for license
reinstatement. Regardless of the outcome of such ahearing,
the arrestee is still subject to a separate criminal charge
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that may lead to additional penalties, including judicial
license actions [206].

At the end of the suspension period, some states
reissue the license back to the driver, often charging a
license-reinstatement fee and requiring verification of
insurance. Other states require a complete driver’s license
reexamination, including a reinstatement fee, before driv-
ing privileges are restored. Some states suspend the license
but issue a hardship license while the suspension remains
in effect [138].

ALR or ALS laws have been shown in a nationwide
study to reduce fatal crashes involving drinking drivers
by 13% to 19% [192]. Wagenaar and Maldonado-Molina
[196] found that ALR laws have statistically significant
and substantially important effects in reducing impaired-
driving fatal crashes pooled across states; the 5% reduction
in crashes represented at least 800 lives saved per year.
Other earlier studies [99,152,162,192,199,202,214] have
shown similar effects for ALR/ALS laws. Kenkel [96], in
an econometric analysis, evaluated ALR laws along with
mandatory jail sentencing, preliminary breath testing,
sobriety checkpoints, and prohibition of plea bargaining,
and concluded that stricter laws could decrease drunk-
driving crashes by 20%.

License suspension generally has been shown to
reduce DUI offender recidivism when suspended offend-
ers are compared with offenders that avoid suspension
[73,107,127]. Thereis also strong evidence that ALR laws
have had a general deterrent effect on impaired-driving fatal
crashes, as summarized by Jones and Lacey [95]. Studies
inother countries have confirmed the effectiveness of ALR
[8,116,166]. NHTSA has sponsored studies on the effects
of publicizing ALR laws [106], on the cost benefit of ALR
[104], on the effects of ALR on employment [102], and
on the effectiveness of allowing telephonic testimony at
ALR hearings [207].

ALR laws have been challenged but ruled consti-
tutional by the US Supreme Court [176]. The Supreme
Court found that the right to due process is not violated if
a driver’s license is suspended prior to an administrative
hearing as long as it is a swift postsuspension hearing. All
other legal cases in which state appellate courts have ruled
on ALR/ALS issues have held that a separate criminal
trial following an ALR action does not constitute double
jeopardy under federal or state laws.

Astudy by Fell and Scherer [48] found that ALR laws
are effective and that the ALR suspension length does
matter. The implementation of any ALR law (with any
suspension length) was associated with a 13.1% decrease
in the drinking/nondrinking driver Fatality Analysis Re-
porting System (FARS) ratio, but only a 1.8% decrease
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in the intoxicated/nonintoxicated fatal crash ratio. So
the ALR law affects drinking drivers (BAC >.01 g/dL)
substantially, but not intoxicated drivers (BAC >.08 g/
dL). The risk of a fatal crash increases at each increase in
the BAC level [193], so it appears that ALR laws send a
message to not drink and drive (BAC =.01-.07 g/dL) or
you will lose your license, but apparently does not reach
drivers who get intoxicated and then drive (BAC >.08 g/
dL). According to the fatal-crash data, more than half of
intoxicated drivers (BAC >.08 g/dL) in fatal crashes have
very high BACs (BAC >.15 g/dL). These are binge drink-
ers and/or abusive drinkers. Perhaps moderate drinkers
(BAC = .01-.07 g/dL), the majority of drinking drivers
on US roads [10], fear the loss of their license more than
binge drinkers (BAC >.08 g/dL) do, or have more ability
to moderate their alcohol-related behaviors in response to
perceived risks.

Regarding ALR suspension length, even a short sus-
pension period of 1-30 days has a significant effect on
the drinking-driver ratio (p <.001) compared to having
no ALR law. However, suspension periods of 31-90 days
are no better than periods of 1-30 days. States with ALR
suspension periods of 91—180 days had significantly larger
(p <.001) reductions in drinking drivers than states with
suspension periods of 1-90 days, as did the three states
with suspension periods greater than 180 days compared
to states with suspension lengths of 1-180 days (p=.013).

4. Primary Enforcement Safety-Belt Laws

NHTSA estimates that safety belts, when worn in a
passenger car involved in a serious crash, are 45% effec-
tive in preventing fatalities [100]. Klein and Walz [100]
also tracked vehicle safety belt use in the FARS from
1982 through 1995 and found non-use to be positively
correlated with BAC levels for every year. In 1995, 75% of
drivers at .10 g/dL BAC did not use safety belts compared
to 34% of the drivers at zero BACs. There are two types
of state laws regarding safety belt use: secondary laws,
which allow officers to cite unbelted drivers only if they
are stopped for some other traffic offense, and primary laws,
which permit stopping the vehicle of an unbelted user.

Lange and Voas [108] found that when California
moved from a secondary to a primary law, belt wearing
increased from 70% to 90% among nondrinking drivers.
In contrast, the usage rate among drivers with BACs of .10
or higher increased from 50% to 90%. Aside from their
direct effect in reducing the severity of injuries, primary
safety-belt laws may be particularly effective in deterring
impaired drivers because they allow the officer to stop the
car, leading to the detection of drinking. Further evidence
for the potential effectiveness of primary safety-belt laws
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in reducing impaired-driving crashes was provided by
Voas, Fell, Tippetts, Blackman, and Nichols [184]. In a
study of five states that passed primary safety-belt laws,
four experienced significant declines in alcohol-related
fatal crashes relative to non—alcohol-related fatal crashes.

B. Law Enforcement Strategies

1. Sobriety Checkpoints and Random Breath Testing
The highly successful random breath-test (RBT)
enforcement procedure used in Australia, Sweden, and
other countries allows officers to stop any vehicle on the
road at random and to require the driver to take a breath
test. Operators with BACs higher than the legal limit are
transported to the police station for an evidential test. A
study in 1997 found that RBT was twice as effective as
“selective” checkpoints similar to those conducted in the
US[77]. Anearlier study in 1990 found that in Queensland,
Australia, RBT resulted in a 35% reduction in fatal crashes,
compared with 15% for checkpoints [159]. Theresearchers
estimated that every increase of 1,000 in the daily RBT
testing rate corresponded to a decline of 6% in all seri-
ous crashes and 19% in single-vehicle nighttime crashes.
Moreover, analyses revealed a measurable continuing de-
terrent effect of RBT on the motorist population after the
program had been in place for 10 years. A study in 1988
showed that the deterrent influence of RBT also provided
heavy drinkers with a legitimate excuse to drink less when
drinking with friends [86]. Areview of the effectiveness of
sobriety checkpoints in Thailand was conducted in 2011
and concluded that barriers to successful enforcement
needed to be overcome for the strategy to be effective [34].
In a follow-up study of the cost-effectiveness of sobriety
checkpoints in Thailand [33], the authors concluded that
checkpoints need to be conducted with greater intensity
to complement the investment in publicity campaigns.
In contrast, vehicles in the US can only be stopped at
random at specially designated “checkpoints” and drivers
cannot be required to take a breath test. Rather, the officer
must conduct an interview to determine whether the driver
is impaired, and if there is evidence of impairment, the
officer must require the driver to perform a set of field
sobriety tests to establish impairment before transport-
ing the offender to the police station. Studies of the US
sobriety-checkpoint procedure found that checkpoints
are associated with significant decreases in alcohol-
related crashes[39,106,110,111,178,188,200]. Tworelated
metaanalyses of 15 US checkpoint programs occurring
between 1985 and 1999 found that the median reduction
in crashes associated with checkpoints was 20% [37,162].
A cost-benefit study of sobriety checkpoints indicated
that, for every $1 invested in the checkpoint strategy, the
community conducting the checkpoint saved $6 [130].

171

C. Impaired-Driving Enforcement Technology

1. Passive Alcohol Sensors

In the US, police departments have resisted imple-
menting checkpoints, partly because few DUI arrests are
made in checkpoint operations [46]. An important factor
limiting arrests is the fact that officers cannot test every
driver stopped, as they do in Australia, but must first de-
termine that the individual has been drinking and may be
impaired. A device designed to aid the officer in detecting
drinking is the Passive Alcohol Sensor, a standard police
flashlight with a built-in passive alcohol sensor (see Figure
5). Itdraws in amix of expired and environmental air from
in front of a person’s face and is not considered a search
prohibited by the Fourth Amendment. These sensors can
provide a good estimate of the driver’s BAC [40,189].
The PAS is particularly effective when observation time
is short, as it is at checkpoints.

However, efforts to persuade officers to make greater
use of passive sensors have generally failed [43] (e.g.,
PAS devices are too expensive; officers can detect alcohol
as well as the PAS, etc.). A series of studies has demon-
strated that when officers use passive sensors at a check-
point, more drinking drivers are detected and the arrest
rate increases by approximately 50% [57,109,113,114].
Aside from its effectiveness in increasing the detection
of drinking drivers, the most important effect of the PAS
on impaired driving may be its potential to increase the
perceived risk of being apprehended for DUI if driving
after drinking. If police use of the PAS is well publicized,
it should increase general deterrence to impaired driving.
Heavy drinkers who count on their increased tolerance to
alcohol to avoid detection [151,152] might be deterred
by the police’s ability to detect drinking in an otherwise
sober-appearing driver. Further, making underage drivers
aware that even very small amounts ofalcohol in the blood
can be detected should increase their concern about being
cited under the zero-tolerance law. Although the PAS has
been used in many enforcement programs, relatively few
[186,200] have actively publicized its use. More compre-
hensive research on the effects of publicizing PAS use in
DUI enforcement is needed.

FigureS: Apolice flashlight with abuilt-in passive alcohol sensor
(PAS V Flashlight Passive Alcohol Tester by ALCOPRO Drug
& Alcohol Testing Products: Knoxville, TN). Figure is for open
access; https://'www.alcopro.com/product/p-a-s-v-flashlight/
(Accessed May 21, 2019).
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D. Publicizing Enforcement Programs

1. Paid Media Campaigns

Because deterrence depends on the perceived rather
than the actual probability of being arrested, it is gener-
ally accepted that enforcement programs must be well
publicized to be effective. General safety publicity without
a related enforcement program is usually ineffective in
reducing crashes. Publicizing general safety messages such
as If You Drink Don t Drive, without an associated law or
enforcement effort, has generally failed to demonstrate
an effect on highway safety [202]. However, Ross [151]
and Voas and Hause [185] documented crash reductions
produced by publicity in advance of the application of
a change such as a new law [151] or enforcement effort
[185]. Sometimes, an enforcement program by itself
produces enough public visibility and media attention to
make the public aware of the program without a special
media program [e.g., 83,178,185].

Aside from free publicity provided by the press because
ofan ongoing enforcement effort, three types of information
campaigns help educate the public on impaired-driving
laws and enforcement: (a) public service announcements
(PSAs); (b) paid media campaigns; and (c) media advocacy
programs. Each program has its strengths and limitations.
Few media campaigns of any type have been adequately
evaluated.

Inrelation to impaired driving, paid media campaigns
have beenused most frequently innational Click It or Ticket
campaigns to increase the use of safety belts or campaigns
directed atimpaired driving during holidays, such as Labor
Day and Christmas, when many local police departments
receive funding to implement special enforcement efforts
[171]. Mass media efforts alone are insufficient, however.
Friend and Levy [65] conducted a comprehensive review
of mass media campaigns on tobacco. Results suggested
that well-funded and implemented mass media campaigns
targeted at smokers, with a comprehensive tobacco-control
program, were associated with reduced smoking rates
among both adults and youths. Similar strong effects of
paid media onimpaired driving remain to be demonstrated.

III. TERTIARY PREVENTION: PREVENTING
REPEATED INFRACTIONS BY IMPAIRED-
DRIVING OFFENDERS

A. Sanctions for Impaired-Driving Offenders

1. Driving While Intoxicated (DWI)/DUI Drug Courts

Based on the effectiveness of Drug Court models,
DUI Courts are gradually increasing. Modeled after Drug
Courts, these DUI Courts are designed to provide constant
supervision to offenders by judges and other court of-
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ficials, who closely administer and monitor compliance
with court-ordered sanctions coupled with treatment. DUI
Courts generally involve frequent interaction of the of-
fender with the DUI Court judge, intensive supervision by
probation officers, intensive treatment, random alcohol and
other drug testing, community service, lifestyle changes,
positive reinforcement for successful performance in the
program, and jail time for noncompliance. In jurisdictions
that have DUI Courts, nonviolent offenders who have had
two or more prior DUI convictions typically are assigned
to DUI Court.

DUI Courts are intended to hold offenders account-
able for their actions, change offenders’ behavior to end
recidivism, stop alcohol abuse, treat the victims of DUI
offenders in a fair and just way, and protect the public
[64,169]. Breckenridge etal. [20] report that these programs
significantly reduces recidivism among alcoholic DUI
offenders. At the end of 2003, there were approximately
70 DUI Courts and 1,200 Drug Courts operating in the
US. By the end 0f 2007, there were an estimated 400 DUI
Courts and 2,000 Drug Courts overall [88]. A survey by
NHTSA [12] found that there were 473 DUI Courts by
the end of May 2015. One report on a DUI Court in New
Mexico indicated that recidivism was reduced by more
than 50% for offenders completing the program compared
to similar offenders not assigned to the DUI Court [72].
Those results, however, were preliminary and did not
include statistical tests.

Three DUI Courts in Georgia (Chatham, Clarke, Hall)
were evaluated by Fell et al. [51]. Levels of recidivism for
DUI Court participants (designated as the Intent to Treat
Group) were compared to the recidivism rates for similar
DUI offenders during the same time period but in other
Georgia jurisdictions (Contemporary Group) and DUI of-
fenders in the same three jurisdictions but before the DUI
Court was established (Retrospective Group). After four
years of exposure, the DUI Court participants (combined
for all three courts) displayed a recidivism rate of 15%.
This was compared to a recidivism rate of 24% for the
Contemporary Group and 35% for the Retrospective Group.

The DUI Court participants’ rates were lower by sta-
tistically significant amounts: 38% lower (p <.001) than
rates for the Contemporary Group and 65% lower (p<.001)
than rates for the Retrospective Group. In addition, the
DUI graduates had a significantly lower recidivism rate
(63.5% lower) (p <.001) than the matched contemporary
offenders from other counties who completed traditional
programs and 79.3% lower (p <.001) than the retrospective
offenders from the same counties who would have been
eligible for the DUI Court had itbeen operating at the time.
Recidivism was also lower than the rate for the group of
offenders whose licenses were terminated by DUI Court,
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who had an overall rate of 26%. The 9% recidivism rate
for the DUI Court Graduates was 65.1% lower (p <.001)
than the rate for offenders who were terminated. Results
were similar across DUI courts: the Chatham graduates
had a recidivism rate of 10%, the Clarke graduates had
an 11% rate, and the Hall graduates had a 7% rate. It is
estimated that the DUI Courts prevented between 47 and
112 repeat DUI arrests.

DUI Courts are effective in reducing DUI recidivism
and in helping offenders stop excessive drinking and return
to a normal life. However, they are labor-intensive and
expensive. Cost-benefit studies are needed.

2. Screening and Brief Interventions

When all three levels of prevention — primary, sec-
ondary, and tertiary — fail, many drivers become involved
in crashes and wind up in hospital emergency rooms or
regional trauma centers. This provides an opportunity out-
side the criminal justice system for the health care system
to intervene with high-risk drivers. The trauma of being
involved in a crash is viewed as providing a “teachable
moment”, when individuals may be open to undertaking
a behavioral change that will reduce their risk of future
crashes and injuries.

Research suggests that 30% to 50% of injured, crash-
involved drivers admitted to emergency departments or
trauma centers have BAC levels higher than the legal limit
fordriving[29,115,141,164]. Some ofthese offenders may
receive a court-based treatment intervention because of a
DUI arrest; however, many are not charged because they
are taken to the hospital before police officers have an
opportunity to examine them for impairment, and hospital
staff rarely notify the police when they receive a high-
BAC driver. When screened for alcohol-use disorders, an
estimated 27% of injured patients (including those with
non-crash-related injuries) admitted to emergency depart-
ments or trauma centers test positive for alcohol abuse or
dependence, indicating a large number of people entering
emergency rooms who are potential DUI offenders [66].
Thus, emergency rooms and trauma centers have an im-
portant opportunity to intervene with high-risk individuals
who need treatment for alcohol problems — problems that
may well lead toimpaired-driving and alcohol-related crashes.

Evaluations indicate that brief interventions can
decrease alcohol use [60,67], including excessive and
binge-drinking occasions. Otheralcohol-related problems
and negative consequences also decreased following such
interventions [128,131]. Most importantly, briefinterven-
tions effectively reduce driving-related infractions and
other consequences, such as moving traffic violations
[67,131], drunk-driving violations [67,131,158], motor-
vehicle-crash involvement [154], crash-sustained injuries
[60], and motor-vehicle fatalities [60]. Schermer et al.
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[158] demonstrated that one re-arrest for DUI could be
prevented for every 10 cases needing treatment who are
treated. Other studies have also found that brief interven-
tions reduce alcohol-related arrests [60,67], as well as other
types of arrests [60] and general legal involvement [60].

Screening and brief interventions (SBI) in medical
and public health settings have great potential to reduce
excessive drinking and impaired driving. But they have
yet to be implemented on a widespread basis, and further
evaluation of the effectiveness and cost/benefit ratios of
specific types of intervention are needed.

B. Contolling Impaired Driving by DUI Offenders

1. Alcohol Monitoring

An alternative to controlling the driving of DUI
offenders is to control their drinking [180]. Judges fre-
quently admonish offenders to remain abstinent while
on probation, but unless a program exists that monitors
the BAC, this action has little force other than allowing
the judge to impose more severe penalties if the offender
returns to court during the probation period. In the past,
offender abstinence has been monitored in several ways.
Some courts have implemented closely supervised and
intensive-supervision programs in which probation officers
make surprise visits to the homes of offenders and conduct
breath tests. As noted, DUI/drug courts generally provide
for intensive monitoring of abstinence. Such systems are
labor-intensive and expensive for the courts. In the last
couple of decades, innovative technological methods for
collecting BAC datahavereceived considerable attention.

The South Dakota 24/7 Sobriety Programis a sobriety-
monitoring program aimed at repeat DUI offenders, first
DUI offenders with very high BACs, and similar offend-
ers who have had repeated convictions related to alcohol
abuse. Offenders report to the Sheriff’s Office twice a day
(at about 7 am and 7 pm) for alcohol breath testing. If the
offenders have any positive BACs or they miss ascheduled
test, they go to jail for 12 to 36 h. South Dakota adopted
legislation in 2007 that established the 24/7 program
statewide. Depending on the circumstances, judges may
also require these offenders to undergo treatment, attend
victim-impact panels and/or perform a certain number of
hours of community service. Some offenders (because
of their working hours, the distance they must travel in
rural counties, and other legitimate reasons) agree to wear
a transdermal alcohol-monitoring (TAM) ankle bracelet
instead of the twice-per-day breath testing. The TAM system
records any alcohol use via sweat vapor every 30 min.

According to the Mountain Plains Evaluation report
[112], the DUI recidivism rates after three years for 24/7
first offenders (with BACs >.17 upon arrest) was 14.3%
compared to 14.8% for similar offenders not on 24/7 (no
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difference). However, there was a statistically significant
74%reduction inrecidivism after three years for DUl second
offenders (13.7% for comparison offenders vs. 3.6% for
the 24/7 offenders); a 44% reduction in recidivism for DUI
third offenders (15.3% vs. 8.6%), and a 31% reduction in
recidivism for DUI fourth offenders (15.5% vs. 10.7%).

The Rand Corporation conducted an independent
evaluation of the South Dakota 24/7 program. According
to Kilmer et al. [97], there was a 12% reduction in repeat
DUI arrests and a 9% reduction in domestic violence ar-
rests associated with the adoption of the 24/7 program.

More direct transdermal monitoring systems that are
worn on the body and monitor the BAC level 24 hours
a day/7 days a week are just beginning to be used by the
judicial system [168]. Two devices have been studied
— the Secure Continuous Remote Alcohol Monitoring
(SCRAM™) ankle bracelet and the WrisTAS™, which is
about the size of a large wristwatch. Introduced about 10
years ago, the SCRAM device is currently being used in
48 states and DC (excluding Hawaii and Massachusetts) in
the U S. The company that produces the SCRAM bracelet
reports that it works with more than 200 service providers
in more than 1,800 courts and agencies around the US and
that close to 250,000 offenders have been monitored to
date. Thirty-four states have had more than 1,000 offenders
on SCRAM and eight states have had more than 10,000
offenders using SCRAM over the years. The SCRAM
incorporates a system for detecting circumvention attempts
such as inserting an object between the ankle skin and the
SCRAM sensor to block the sweat vapor [117].

A method for monitoring drinking that is just emerg-
ing in the US but is more widely used in Europe is to
analyze the biomarkers in blood, urine, or hair that result
from consumption of alcohol. Although alcohol is cleared
relatively rapidly from the body, usually even after heavy
drinking within 8 to 12 h, alcohol biomarkers persist in
hair and in urine long after the BAC level has fallen to
zero. These biomarkers provide a way to measure total
consumption over an extended time span. Longer-lasting
markers reflecting alcohol use, such as urinary ethylgluc-
uronide (EtG), offer awindow of detection of 36 h or more
following drinking [18,76,211]. These biomarkers are
currently being used in Europe to manage the drinking of
offenders. Tests for such biomarkers can be required on a
regular schedule with the probability that they will detect
illicit drinking because they are present in the blood for an
extended period following drinking. Hair EtG is being used
in Germany as arelicensing criterion for participants in the
driver’s license restitution processes following conviction
for impaired-driving. To be eligible for reinstatement, a
person’s hair EtG level must be below 3 pg/mg, which is
known to reflect abstinence.
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Monitoring alcohol consumption by DUI offenders is
a key component of DUI Courts and is becoming more
popular in US courts. The evidence indicates that when
offenders are monitored, they tend to remain abstinent or
at least refrain from excessive drinking.

IV. FUTURE DIRECTIONS

A. Future Opportunities in Primary Prevention

1. Strengthen Enforcement of MLDA Laws

There is clear evidence that MLDA laws reduce
alcohol-related crashes involving underage drivers. Al-
though there are effective measures for enforcing MLDA
laws, they are not widely and consistently used. Increased
enforcementis needed. Countries around the world should
consider establishing age 21 as the MLDA.

2. Strengthen Enforcement of Prohibitions on Serving

Drinks to Obviously Intoxicated Patrons

Bars, restaurants, and other on-the-premises alcohol
outlets are amajor source of impaired drivers. Laws making
itillegal to serve obviously intoxicated patrons are poorly
enforced. Research suggests that refusal of service can be
greatly increased through increased enforcement. This
opportunity to reduce the number of impaired drivers on
the road should be exploited.

3. Promote Ridesharing (e.g., Uber, Lyft) and Other Al-
ternative Transportation Options

Ride-sharing applications on smart phones have
substantially changed the landscape on alternative trans-
portation. Uber and Lyft are the two largest ride-sharing
programs in the US. These programs enable passengers to
hail nearby private drivers using geolocation technology.
Uber and Lyft have introduced flexible pricing, automated
payments, and shorter wait times than traditional taxi
services. Both Uber and Lyft are in most major cities
and counties in the US and are growing rapidly in other
countries. While there are potential safety risks to unregu-
lated ride-sharing services, there also appear to be several
benefits: convenience, affordability, and an alternative to
driving while impaired.

Three studies have been conducted on the effects
of Uber on alcohol-impaired driving. The first study,
sponsored by Uber and MADD, found that Uber’s entry
in Seattle, WA, was associated with a 10% decrease in
DUI arrests [174]. In Chicago, 45.8% of Uber rides re-
quested within 50 m of a bar, restaurant, or other alcohol
outlet came during peak drinking hours (10 pm to 3 am)
compared to only 28.9% at off-peak hours. In California,
monthly alcohol-related crashes declined 6.5% among
drivers under age 30 following the launch of Uber.
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Providence College (Providence, RI) also studied the
relationship between Uber, fatal crashes, and criminal
arrests [32]. They examined over 150 cities and counties
that introduced Uber between 2010 and 2013, and found
that Uber was associated with decreases in fatal vehicular
crashes and in arrests for DUI, assaults, and disorderly
conduct.

A third recent study [19] conversely found that Uber
had no association with the number of traffic fatalities,
drunk-driving fatalities, and weekend and holiday fatali-
ties after Uber entered the county. Brazil and Kirk [19]
analyzed the FARS for several Uber counties, but it is
unclear how drunk-driving fatalities were defined. It
also appears that the alcohol-imputation FARS file was
not used in that study, which is a standard procedure for
researchers using FARS data.

While alternative transportation programs have had
some effect on impaired driving, ride-sharing programs
such as Uber and Lyft hold promise to have substantial
effects as the market penetration increases. However,
very few of the alternative transportation studies are truly
scientific. A properly designed, scientifically rigorous,
controlled study that would be both approved by experts
and understood by the public is therefore required.

B. Future Opportunities in Secondary Prevention

1. Increase Use of Low-Staff Checkpoints and RBT

Sobriety checkpoints and RBT, when well publicized,
are highly effective in reducing alcohol-related crashes
but are underused because of staffing requirements. Re-
search has shown that checkpoints with a smaller number
of officers can be equally successful, particularly if the
officers use passive sensors to detect drinking. Low-staff
checkpoints equipped with passive sensors conducted on
a weekly basis in numerous communities in the US and
countries around the world would have a substantial effect
on impaired-driving fatal crashes.

Canada’s federal government recently introduced an
RBT program that allows drivers to be breath-tested at
any time and in any place on their roads. If RBT is suc-
cessful and effective in Canada, this could affect similar
legislation in the US.

2. Reduce the BAC Limit for Driving to .05 g/dL
Virtually all drivers are impaired with regard to driving
performance at .05 g/dL BAC. Laboratory and test track
research shows that the vast majority of drivers, even ex-
perienced drinkers who typically reach BACs of .15 g/dL
or greater, are impaired at .05 g/dL BAC and higher with
regard to critical driving tasks, as discussed in Section II
above. Further, the risk of being involved in a crash rises
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very rapidly after a driver reaches or exceeds .05 g/dL
BAC, compared to drivers with no alcohol in their blood
systems. Recent studies indicate that the relative risk of
beingkilled inasingle-vehicle crash for drivers with BACs
of .05 to .079 g/dL is at least 7 times that of drivers at .00
g/dL BAC (no alcohol) and could be as much as 21 times
that of drivers at .00 g/dL. BAC depending on the age of
the driver [193,213].

Lowering the limit for legal driving to .05 g/dL BAC
is a proven-effective countermeasure that has reduced
alcohol-related traffic fatalities in several countries, most
notably Australia. While studies in Europe and Australia
use different methodologies to evaluate these effects, the
evidence is consistent and persuasive that fatal and injury
crashes involving drinking drivers decrease on the order
of at least 5%—8% and up to 18% after a country lowers
their BAC limit from .08 to .05 g/dL BAC [21,85,135].
A metaanalysis of international studies on lowering the
BAC limit in general found a 5.0% decline in nonfatal
alcohol-related crashes, a 9.2% decline in fatal alcohol-
related crashes from lowering the BAC from .10 to .08 g/
dL, and an 11.1% decline in fatal alcohol-related crashes
from lowering the BAC to .05 g/dL or lower. The study
estimated that 1,790 lives would be saved each year if all
states in the US adopted a .05 g/dL BAC limit [49].

A .05 g/dL BAC is a reasonable standard to set. A .05
g/dL BAC is not typically reached with a couple of beers
after work or with a glass of wine or two with dinner. It
takes at least four US standard drinks (i.e., 12 oz. of beer
at 5% alcohol; 5 oz. of wine at 12% alcohol; 1.5 oz. of
distilled spirits at40% alcohol; all equal 0.60 oz. of alcohol
per drink) for the average 170-1b male to exceed .05 g/
dL BAC in 2 h on an empty stomach (three drinks for the
137-1b female) [139]. The BAC level reached depends on
a person’s age, gender, weight, whether there is food in
their stomach, and their metabolism rate [ 139]. No matter
how many drinks it takes to reach .05 g/dL BAC, people
at this level are too impaired to drive safely [126].

The US public generally supports levels below .08 g/
dL BAC. NHTSA surveys show that most people would
not drive after consuming two or three drinks in an hour
and believe the limit should be no higher than the BAC
level associated with that [153]. That would be .05 g/dL
BAC or lower for most drivers. A recent survey indicated
that 63% of drivers in the US support lowering the illegal
BAC from .08 to .05 g/dL [4].

Most industrialized nations around the world have
set BAC limits at .05 g/dL. BAC or lower. All states in
Australianow have a.05 g/dL BAC limit. France, Austria,
Italy, Spain, and Germany lowered their limit to .05 g/dL
BAC, while Sweden, Norway, Japan, and Russia have set
their limit at .02 g/dLL BAC [209].
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Further progress is needed in reducing alcohol-
impaired driving in the US and in many countries around
the world. Progress in reducing impaired driving has
stalled over the past 20 years in several countries [30,42].
Lowering the BAC limit from .08 to .05 g/dL will serve
as a general deterrent to all those who drink and drive
by indicating that the government is getting tougher on
impaired driving and society will not tolerate impaired
drivers[54]. Such legislation typically reduces the number
of drinking drivers involved in fatal crashes at all BAC
levels (BACs >.01 g/dL; BACs >.05 g/dL; BACs >.08 g/
dL; BACs >.15 g/dL) [80,192,197].

At the time of publication, Utah was the only state
in the US that had lowered its BAC limit from .08 to .05
g/dL. However, several states had introduced legislation
to lower the limit to .05 g/dL, including California and
New York. Utah did not change their DUI enforcement
strategy for .05 g/dL BAC; it is the same as it was for .08
g/dL BAC. A new standardized field sobriety test (SFST)
will need to be developed and validated at .05 g/dL. BAC.
C. Future Opportunities in Tertiary Prevention
1. Interlock Alternative Programs: Secure Continuous

Remote Alcohol Monitoring (SCRAM) and NO-DRIV

Ankle Bracelet that Detects Driving

Ignition interlocks are highly effective in reducing
offender recidivism [181], but only a small portion of the
eligible DUI offenders can be motivated to install them.
An alternative to the interlock program is needed for those
offenders without cars or who are willing to take the risk of
driving llicitly rather than installing the interlock, because
experience shows that offenders do continue to drive and
become involved in crashes. Monitoring offenders’ BACs
appears to be an effective alternative to the interlock.

On the horizon is a developing technology that de-
tects driving via an ankle bracelet with accelerometers
that measure the foot movements required to operate a
vehicle. When perfected, this will allow the court to moni-
tor offenders to ensure they are not driving. This could be
offered as an alternative to the interlock. Programs need to
be created thatrequire electronically monitored abstinence
or electronically monitored driving as alternatives to the
interlock. More offenders will then decide to choose the
interlock instead of the other more stringent alternatives.

D. Silver Bullet: Cars that Drunks Can’t Drive

1. DriverAlcohol-Detection System for Safety Program

A long-term development program has been inau-
gurated by the NHTSA, automobile manufacturers, and
MADD to develop a system for all cars that can passively
sense the BAC of the driver and prevent ignition of the
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vehicle’s motor if the driver is over the BAC legal limit.
The program is called Driver Alcohol-Detection System
for Safety (DADSS) and is currently being funded by the
NHTSA and most of the motor vehicle manufacturers. If
such a vehicle can be produced, it would finally fulfill
the objective enunciated 50 years ago — to build “Cars
that Drunks Can’t Drive” [179]. One of these monitors
passively detects alcohol in the breath of the driver, mak-
ing it unnecessary for the driver to blow into an interlock
breath tube. Another developing technology measures
BAC passively through the skin, providing a substitute
for blowing into the interlock [38].

These systems may have value as amethod foractivat-
ing a driver interlock system only when there is evidence
ofadrinking driverin the vehicle. Thus, the not-too-distant
future offers the possibility of equipping all new vehicles
with a system that would make impaired driving less likely.

2. Autonomous Vehicles

New automated in-vehicle technologies are being
developed and deployed to counteract driver errors and
prevent crashes. Automated driver systems (ADSs) are a
class of vehicle technologies that provide drivers timely
warnings and/or actions. Some ADSs actively and auto-
matically intervene to avoid hazardous situations.

Many manufacturers offer these technologies as op-
tions on some or all of their vehicles, and may offer these
systems as standard in the future. ADS technologies are
the precursor to autonomous vehicles and, depending on
the combination of ADS equipment installed in a vehicle,
can allow autonomous driving at the present time [1,155].
Currently, the effectiveness of each crash-avoidance tech-
nology relies on both the presence of the technology and
the appropriate responses from drivers [16,89]. In many
cases, drivers may be unaware of the presence of the system
within their car ormay not fully understand its performance
limits in terms of objects detected, speed of operation, or
conditions where degraded performance is expected [6].
Since near-collisions are rare events, owners may rarely
experience audible, visual, or haptic feedback and may
not appropriately respond. Nomenclature and branding
for each system also pose serious challenges since each
carmaker may choose a name for marketing purposes
that differs from other brands or even other vehicles in
their fleet, making it harder for drivers to learn about the
capabilities of the systems in their vehicles.

To achieve optimal safety, it is important for drivers
to understand their vehicles and appropriately rely on
ADSs for safe navigation. Today, drivers are educated
about their vehicles in a number of ways including: (a)
mainstream media; (b) original equipment manufacturers
(OEM) websites and educational material; and (c) dealer-
ship experiences [1]. Several OEMs have implemented
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programs to educate new vehicle drivers. For example,
Toyota currently integrates an overview of safety systems
including Toyota Safety Sense in their vehicle overview.
Toyotaalso equips all dealerships with handheld and large-
format touchpads to allow existing and future customers
to explore the content and performance of systems offered
in each new car.

Studies are needed to determine if automated features
will help impaired drivers avoid crashes and to monitor
the performance of autonomous vehicles as they become
available.

CONCLUSION:
WHERE DO WE GO FROM HERE?

In January 2018, the National Academy of Sciences,
Engineering, and Medicine in the US released a compre-
hensive report on accelerating progress to reduce alcohol-
impaired driving fatalities in the US [136,170]. The report
(written by a highly qualified committee assembled to
review the impaired-driving problem) provides a blueprint
to solving the problem by identifying evidence-based
and promising policies, programs, strategies, and system
changesto increase progress in reducing alcohol-impaired
drivers’ traffic fatalities.

Among many other recommendations, those pertinent
to this article include the following:

» Jurisdictions should adopt and/or strengthen laws and
dedicate enforcement resources to stop illegal alcohol
sales (i.e., sales to already intoxicated adults and sales
to underage persons).

* Law enforcement agencies should conduct sobriety
checkpoints in conjunction with widespread publicity
to promote awareness of these enforcement initiatives.

*  Municipalities should support policies and programs
thatincrease the availability, convenience, affordability,
and safety of transportation alternatives for drinkers
who might drive otherwise. This includes permitting
transportation network company ride-sharing, enhancing
public transportation options (especially during night-
time and weekend hours), and boosting or incentivizing
transportation alternatives in rural areas.

* Implement DUI courts that include available consulta-
tion or referral for evaluation by an addiction-trained
clinician.

* All-offender, alcohol-detecting, ignition-interlock laws
shouldbe enacted. To increase effectiveness, jurisdictions
should consider increased monitoring periods based on
the offender’s BAC at the time of arrest and past reci-
divism.

» Lawsagainstalcohol-impaired driving should be enacted
defining impairmentat 0.05 BAC, and enactment should
be accompanied by media campaigns and robust and
visible enforcement efforts.

For developing countries with high traffic-fatality
rates, the cost of those deaths and injuries is draining their
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economies. It will be cost-effective for them to use limited
resources to reduce drunk-driving crashes. Drunk driving
shouldbeillegal in every country of the world and it should
be based on the driver’s BAC. Setting a BAC limit for the
general population of .05 g/dL or lower will be a good start.

Conducting RBT and/or sobriety checkpoints is an
enforcement strategy that is effective in every country if
itis done frequently and if it is visible and it is publicized.

For high-income countries, doubling down on what
works and taking advantage of new technologies should
be the norm. Technologies that passively detect BACs of
motor vehicle operators have great potential to reduce
impaired driving in the future.

While numerous countries have made progress in
reducing drunk driving, much more work must be ac-
complished. Drunk-driving laws and their serious enforce-
ment have been effective in most countries and have an
immediate effect. A general deterrent effect (i.e., deter all
drivers from drunk driving) gives the “biggest bang for the
buck” in countermeasures and is cost-effective. A general
approach to deterrence affecting all drivers involves laws,
enforcement, reasonable sanctions, and publicity. Specific
deterrence (i.e., affecting only drivers arrested for drunk
driving and providing sanctions against repeating the
behavior) works to some extent but does not have the
magnitude of impact that a general deterrent strategy has.

It will most likely take a combination of strategies
for drunk driving to be reduced in countries around the
world. But for that to happen, some priority to deterring
drunk driving must be established by key country officials.
Data, analysis, and evaluations of specific strategies will
be key needs. If countries can obtain measures of the
BAC:s of drivers involved in fatal crashes and of drivers
on the roads, those data will be extremely informative.
Information on arrests and convictions for drunk driving
will also provide important information. Countries must
collect vital information that can be used to assess and
bolster progress in reducing drunk driving.
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