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Glossary

Alcohol-impaired driving crash/fatality—In all U.S. states! drivers are
considered legally impaired to drive when their blood alcohol concen-
tration (BAC) is greater than or equal to 0.08 grams per deciliter (g/dL,
often expressed as %, as in 0.08%).2 Thus, in the United States, any crash
involving one or more drivers with a BAC of 0.08% or higher is typi-
cally referred to by the National Highway Traffic Safety Administration
(NHTSA) as an alcohol-impaired driving crash, and fatalities stemming
from those crashes are defined as being alcohol-impaired driving crash
fatalities. Of note, however, is that impairment begins below 0.08%, so
this is an underestimate relative to all crash fatalities in which impairment
from alcohol may have contributed.3

Alcohol-related crash/fatality—A crash or a fatality from a crash that
involves one or more drivers of a motor vehicle with any alcohol in their
system (i.e., a BAC greater than 0.00%). This term also subsumes alcohol-
impaired driving crashes. It is a useful umbrella term for all motor vehicle

1 Utah recently passed legislation to lower the BAC law to 0.05% beginning in December
2018.

2 States may have lower BAC laws for individuals under the minimum legal drinking age
of 21 and for commercial drivers.

3 Of note, a crash involving a nonimpaired motor vehicle driver and an impaired pe-
destrian or cyclist is not counted as an alcohol-impaired motor vehicle crash by NHTSA's
Fatality Analysis Reporting System, which collects information about all motor vehicle crash
fatalities occurring on U.S. public roadways.

Xix
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XX GLOSSARY

crashes that involve any alcohol. Some have also used the term alcohol-
involved to convey the same idea.

Alcohol use disorder (AUD)—The current Diagnostic and Statistical Man-
ual of Mental Disorders (DSM-5) combines previously separate disorders
(alcohol abuse and alcohol dependence) into one alcohol use disorder
with a continuum of mild, moderate, and severe subclassifications. A
patient is diagnosed with AUD if he or she displays 2 of the 11 symptoms
during a 12-month period; the subclassifications are based on the number
of symptoms the patient has (mild AUD = 2 or 3 of the symptoms, mod-
erate AUD = 4 or 5 symptoms, and severe AUD = 6 or more symptoms).

Binge drinking—Used to connote drinking at or above levels during
a drinking occasion/episode that typically results in impairment-level
BAC (i.e., 20.08%) for most men and women drinking at typical drinking
rates. This corresponds to drinking five or more drinks for men and four
or more drinks for women in about 2 hours. Most public health and epi-
demiologic studies use five/four thresholds, and members of the general
public interpret the term binge drinking to mean drinking to the point of
impairment or intoxication.

Blood alcohol concentration/content (BAC)—The percentage (%) of etha-
nol in the blood, based on the mass of alcohol per mass of blood. For
instance, a BAC of 0.10 (0.10%, or one-tenth of 1 percent) means that there
are 0.10 grams of alcohol for every deciliter (100 ml) of blood. Blood alco-
hol concentrations can also be derived from breath tests or transcutane-
ous monitors. This is sometimes expressed in milligrams per deciliter, in
which case a BAC of 0.1% is expressed as 100 mg/dL.

Driver—Refers to the operator of any motor vehicle, including a motorcy-
cle or motorboat. For surveillance purposes (e.g., NHTSA), this is usually
restricted to motor vehicles operating on land, meaning motor vehicles,
including motorcycles and related vehicles, operating on public roadways.

Driving under the influence (DUI), driving while impaired (DWI)—
These are legal terms that refer to operating a motor vehicle while one’s
blood alcohol concentration is above the limit set by state law, or on the
basis of field sobriety tests or observed behavior. Colloquial terms for DUI
and DWI include

Drink-driving—Refers to driving or operating a motor vehicle while

impaired or while one’s blood alcohol concentration is above the limit
set by law (more commonly used in the United Kingdom).

Copyright National Academy of Sciences. All rights reserved.
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Drunk driving crash/fatality—Widely used and recognized, and gen-
erally refers to driving or crashes or fatalities that are related to alco-
hol impairment (in most U.S. states based on BAC levels = 0.08%; see
footnote 1).

Impairment—Refers to the deterioration of an individual’s judgment
and/or physical ability. Physiological and cognitive impairment begin at
BAC levels below those that are associated with intoxication. As a legal
standard, impairment and DWI laws are based on a person’s physical
or mental impairment as judged on the basis of BAC level, performance
in standardized field sobriety tests, or observed behavior. Although this
report is focused on impairment from alcohol, impairment can result from
other substance use, distracted driving, and other reasons.

Intoxication—Refers to the condition of having physical or mental control
markedly diminished by the effects of alcohol or drugs. This is usually
based on a subjective determination (one feels the sensation, or observes
a behavior in another person). Physiological impairment begins at BAC
levels below those that are associated with intoxication. Intoxication is
not a legal standard.

Motor vehicle crash fatality—NHTSA defines a motor vehicle crash fatal-
ity as one that (1) involves at least one motor vehicle (e.g., car, motor-
cycle); (2) results in the death of a driver, passenger, cyclist, pedestrian, or
occupant of a vehicle in transit within 30 days of the crash; and (3) occurs
on a public U.S. roadway.

Per se laws—Per se laws in DUI or DWI cases generally establish that
once an individual is shown to have a BAC at or above a certain limit
(e.g., 0.08%) that person will be considered impaired by law. In such
circumstances, no further evidence of intoxication or impairment need
be demonstrated for the purpose of a DUI case. Currently, all states have
per se DUI laws.

U.S. standard drink—In the United States, a standard drink is 14 grams or
0.6 ounces of pure ethanol (a weight-based measure). This is the amount
of ethanol in 12 ounces of 5 percent alcohol-by-volume (ABV) beer, 5
ounces of 12 percent ABV wine, or 1.5 ounces of 40 percent ABV distilled
spirits (40 percent ABV, or 80 proof, is the concentration in most brands
of whiskey, vodka, rum, gin, etc.).
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Preface

More than 10,000 people are killed in the United States each year from
alcohol-impaired driving, and that number is on the rise. After decades of
progress, the number of alcohol-impaired driving deaths first stagnated
and is now actually increasing. Alcohol-impaired driving remains the
greatest single cause of motor vehicle fatalities, significantly exceeding the
number of deaths from distracted driving and drugged driving. Passen-
gers, pedestrians, cyclists, and occupants of other vehicles—who make up
almost 40 percent of alcohol-impaired driving fatalities'—are secondhand
victims, and their fatalities are just as intolerable as those of the victims of
cigarette secondhand smoke. For each death, hundreds more are injured
or disabled.

Our apathy toward 29 alcohol-impaired driving deaths per day is
unacceptable, particularly because these tragic events can be prevented.
This report describes how this can be accomplished with the tools already
at our disposal and on the near-term horizon. By marshalling real-time,
comprehensive data and the collective action of all the relevant stake-
holders, we can make step-by-step progress toward eliminating these
needless deaths and injuries. Vision Zero—the framework for eliminating
motor vehicle deaths—provides the road map. Policy makers can enact
and implement evidence-based policies, the clinical care system can iden-
tify and manage those at risk, the enforcement and legal systems can

1 NCSA (National Center for Statistics and Analysis). 2016. Alcohol-impaired driving: 2015
data. DOT HS 812 350. Washington, DC: National Highway Traffic Safety Administration.

xxiil
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xX10 PREFACE

identify and manage offenders, the alcohol beverage industry can support
and implement effective actions grounded in evidence and take steps
to reduce harmful drinking, engineers and the private sector can part-
ner to develop and incorporate effective technologies into vehicles and
devices, government agencies can provide the leadership and research
to enact and enforce policies to reinvigorate progress, and the public can
advocate for effective actions. These collaborations can establish processes
for the actions that need to be taken, determine the entities primarily
responsible, assess progress toward implementation, and develop mecha-
nisms to identify problems, investigate them, and take effective action. As
some Organisation for Economic Co-operation and Development nations
have demonstrated, alcohol-impaired driving deaths can be virtually
eliminated. This report provides the science base to do so.

I want to extend my gratitude to the National Highway Traffic Safety
Administration for stimulating and sponsoring this report. It is another
step in its continued leadership in making our roadways safer. Thanks,
too, to the committee, staff, and consultants for their creativity and energy
in bringing this report to fruition.

Steven M. Teutsch, Chair

Committee on Accelerating Progress to Reduce
Alcohol-Impaired Driving Fatalities
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Summary

ABSTRACT

Despite widespread public attention to distracted and drug-impaired driv-
ing in recent years, alcohol-impaired driving remains the deadliest and costliest
danger on U.S. roads today. One person dies in an alcohol-impaired driving
crash every 49 minutes. The causes of alcohol-impaired driving are complex
and multifaceted, but these deaths are entirely preventable. This report offers a
blueprint for solving the problem by identifying numerous evidence-based and
promising policies, programs, and systems changes to accelerate national prog-
ress in reducing alcohol-impaired driving fatalities. The committee embraces a
vision in which no alcohol-impaired driving deaths are acceptable—Vision Zero.
Each alcohol-impaired driving crash represents a failure of the system—uwhether
that is excessive alcohol service, poor road design, or lack of effective policies
or enforcement—and is preventable with a coordinated, systematic approach
across multiple sectors. This report offers interventions and actions to accelerate
progress to reduce alcohol-impaired driving fatalities and offers concrete recom-
mendations to galvanize stakeholder action.

The committee’s recommendations include increasing alcohol excise taxes,
lowering state per se laws for alcohol-impaired driving to 0.05% blood alcohol
concentration (BAC), preventing illegal alcohol sales to underage persons and to
already-intoxicated adults, strengthening requlation of alcohol marketing, and
implementing policies to reduce the physical availability of alcohol. The report
also emphasizes the need for enhanced enforcement, including sobriety check-
points and the use of DWI courts. It describes the need for engineering solutions,
such as ignition interlocks and the Driver Alcohol Detection System for Safety

1
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(DADSS). This report underscores the value of comprehensive clinical interven-
tions such as screening, brief intervention, and referral to treatment (SBIRT), as
well as effective treatment for alcohol use disorders (AUDs) with medications and
other evidence-based treatments.

The report also offers conclusions about what should be done to improve
important existing interventions such as administrative license suspension/revo-
cation laws; professional education for the judiciary, law enforcement, and health
professionals; limits on diversion programs and plea agreements; and universal
primary seatbelt laws. The committee suggests ways to ensure that these policies
will have maximum impact—for instance, that the National Conference of State
Legislatures update and develop model legislation for the effective policies identi-
fied in this report to give states benchmarks for progress.

The report also provides an overview of available data and surveillance
systems and gaps and offers recommendations to provide a more comprehensive
understanding of the problem of alcohol-impaired driving, identify the critical
intervention points, and monitor the progress of interventions.

Taken together, the committee’s recommendations have the potential to rein-
vigorate commitment and accelerate progress to eliminate deaths from alcohol-
impaired driving. Many of these strategies are not new. However, systematically
implementing these policies, programs, and systems changes would renew prog-
ress and save lives. The critical need is to revive public and policy-maker attention
and resolve, and the report concludes by offering a variety of strategies to turn
public concern into decisive action to address this tragic and preventable problem.

Alcohol-impaired driving remains the most deadly yet entirely pre-
ventable danger on U.S. roads today.! Alcohol-impaired driving fatalities
have remained a fairly constant proportion of all traffic deaths since 2000.
Each day 29 people in the United States die in an alcohol-impaired driving
crash; that is one person every 49 minutes. Despite years of success, traf-
fic deaths from all causes are on the rise in the United States for the third
straight year, and crashes remain a leading killer and cause of disabling
injuries. In 2016, 37,461 people died from traffic crashes, an increase of 5.6
percent from 2015. In 2016, alcohol-impaired driving fatalities accounted
for 28 percent of traffic deaths—the largest percentage of all traffic fatali-
ties—with a total of 10,497 lives lost, a 1.7 percent increase from 2015. In
comparison, distracted driving accounted for 9 percent of traffic deaths,
with a total of 3,450 deaths in 2016. These data create a growing sense of
urgency to reverse the current trend and improve the safety of communi-
ties, decrease associated health care costs, and save lives. (See Box S-1 for
key alcohol-impaired driving facts and Figure S-1 for trends in alcohol-
impaired driving fatalities over time.)

1 All references and sources can be found in the report chapters.
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BOX S-1
Key Facts About Alcohol-Impaired Driving

e Each day 29 people in the United States die in an alcohol-impaired driving
crash; that is one person every 49 minutes.

* On average since 1982, one-third of all traffic fatalities were alcohol-impaired
driving fatalities with more than 10,400 people killed in 2016.

* Almost 40 percent of alcohol-impaired driving fatalities are victims other than
the drinking driver.

* 214 children aged 14 years or younger were killed in alcohol-impaired driving
crashes in 2016.

* Rural areas are disproportionally affected by alcohol-impaired driving crashes
and fatalities.

* The total economic cost of alcohol-impaired driving crashes was $121.5 billion
in 2010 (including medical costs, earnings losses, productivity losses, legal
costs, and vehicle damage).

Alcohol-impaired driving is a growing public health problem that
transcends the transportation, law enforcement, and clinical care sys-
tems. Despite its persistent nature, the problem is not intractable. There
are many existing evidence-based and promising strategies to address
alcohol-impaired driving; however, a coordinated, multilevel approach
across multiple sectors will be required to accelerate change. This report
presents these interventions and opportunities.

To accelerate progress to reduce alcohol-impaired driving fatalities,
the National Highway Traffic Safety Administration (NHTSA) asked the
Health and Medicine Division of the National Academies of Sciences,
Engineering, and Medicine to help identify promising interventions to
reduce the fatalities caused by alcohol-impaired driving in the United
States to be implemented over the next 30 to 40 years (the full charge to
the committee is provided in Box S-2).

Successful past efforts to reduce alcohol-impaired driving are well
recognized. In the early 1980s alcohol-impaired driving rose to the fore-
front of the public’s attention. Attitudes toward drinking and driving
shifted as groups such as Mothers Against Drunk Driving (MADD) began
opening chapters across the country and sharing victims’ experiences
with policy makers. From the 1980s through the early 2000s alcohol-
related fatalities steadily decreased as numerous new laws were passed
that helped decrease alcohol-impaired driving, including laws making it
illegal to purchase alcohol under the age of 21, or to drive with a BAC
of 0.10% or greater. Other alcohol-impaired driving laws increased the
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FIGURE S-1 Number of alcohol-impaired driving fatalities and percentage of all
traffic fatalities in the United States, 1982-2016.

authority of law enforcement, allowing them to conduct sobriety check-
points and to revoke a driver’s license. Fell and Voas estimated that from
1982 to 2001 these actions saved more than 300,000 lives.

Although much progress has been made as states passed and imple-
mented policies, these heterogeneous policies lacked benchmarks and

BOX S-2
Statement of Task for the Committee on Accelerating
Progress to Reduce Alcohol-Impaired Driving Fatalities

The National Highway Traffic Safety Administration requests that the Health
and Medicine Division of the National Academies of Sciences, Engineering, and
Medicine convene a committee to examine

* which interventions (programs, systems, and policies) are most promising
to prevent injuries and deaths from alcohol-impaired driving;

» the barriers to action and approaches to overcome them; and

* which interventions need to be changed or adopted.

In conducting its work, the committee may consider interventions implemented
by other countries. The committee’s recommendations will be broad reaching and
serve as a blueprint for the nation to accelerate the progress in reducing alcohol-
impaired driving fatalities.
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have been enforced with varying intensity. Progress has stagnated and
even reversed. The plateauing fatality rates indicate that what has been
done to decrease deaths from alcohol-impaired driving has been work-
ing but is no longer sufficient. Changes that call on contributions from
the transportation, law enforcement, clinical care systems, and others are
needed to accelerate progress and save more lives.

Conclusion 1-1: Alcohol-impaired driving is a complex preventable
public health problem that requires a comprehensive and collaborative
multisector approach.

ABOUT THIS REPORT

The Committee’s Approach

While recognizing that alcohol-impaired driving is a crime, and
enforcement and criminal justice approaches are critically important,
the committee took a holistic public health approach. The committee’s
approach is focused on population-level strategies aimed at providing the
maximum benefit at the population level. This includes understanding
the problem based on available data and surveillance, identifying risk and
protective factors, reviewing the evidence for interventions, implement-
ing interventions that will likely have the largest public health impact,
and monitoring progress. A public health approach allows for exploration
of the complex intersections of social, cultural, political, economic, legal,
and systems-level influences on health and safety. There are often inher-
ent tensions that exist between control measures to protect the public’s
health and civil/personal liberties. Reducing alcohol-impaired driving
injuries and fatalities is difficult to separate from the broader public health
rationale for reducing excessive alcohol consumption since drinking is the
precursor for alcohol-impaired driving. In particular, while recognizing
that many people enjoy alcohol responsibly, the committee believes that
the evidence shows that placing some limits on the alcohol environment is
warranted by the public health and safety benefits of decreasing alcohol-
related driving deaths.

Conceptual Framework for Preventing
Alcohol-Impaired Driving Fatalities

Traditional approaches to preventive countermeasures for motor
vehicle crashes are categorized as being implemented before the event,
during the event, or after the event—each point represents opportunities
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to intervene.? There are many upstream or causal factors that may affect
alcohol use and subsequent driving, but for the purpose of this report the
committee primarily covers interventions directly related to the preven-
tion of alcohol-impaired driving fatalities. This includes precrash inter-
ventions, such as alcohol policies that affect price, the physical availability
of alcohol, and alcohol consumption, as well as alternative transportation
and ridesharing options that may affect whether an impaired person
chooses to drive. Figure S-2 illustrates the sequence of behaviors leading
to an alcohol-impaired driving fatality, the potential intervention oppor-
tunities, and the important factors that shape the outcomes.

In each phase of the framework, the additional layer around the
perimeter of the shapes (e.g., one layer around “drink to impairment,”
two around “drive impaired”) signifies increased likelihood or risk of a
negative outcome among the behaviors (squares) and increased severity
in the outcomes (diamond shape). An individual can exit this sequence
at any point; for example, a person may consume alcohol, but not to the
level of impairment. Furthermore, there are individual risk factors that
affect the likelihood of drinking to impairment (e.g., being a binge drinker
or meeting the criteria for AUD) and driving while impaired (e.g., prior
DWI, availability of a vehicle, or possession of a driver’s license). In addi-
tion, driving while impaired does not always lead to a collision and an
alcohol-impaired collision does not always result in an injury or fatality.
These are potential outcomes of impaired driving, as indicated by the
dashed lines leading up to them. The intervention opportunities interact
with one another and target multiple levels (e.g., individual, interper-
sonal, institutional, community, and societal). The strategies, programs,
policies, and systems within these intervention opportunities need to take
into account the varied environmental contexts within which they will be
implemented. There are several effective and important interventions that
can prevent fatalities that are not reflected in the conceptual framework
or this report (for example, the automobile manufacturing process and
highway and road design).

Methodology

The literature on the effectiveness and applicability of interventions
provides important information for assessing which interventions are

2 One such approach is the use of the Haddon Matrix, which is commonly used in the in-
jury field and looks at human, environmental, and vehicle factors before, during, and after a
crash. The Haddon Matrix paradigm provides an important organization to the many inputs
to address alcohol-impaired driving crashes, and the committee’s conceptual framework
grows from that approach.
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FIGURE S-2 Preventing alcohol-impaired driving fatalities conceptual framework.
NOTES: Each of the phases in this figure represents an opportunity to intervene
and prevent alcohol-impaired driving fatalities. A square denotes a behavior, a
diamond denotes an outcome, and dotted lines denote potential progression to an
outcome. Extra layers around a square or a diamond denote increased likelihood
or increased severity, respectively. The asterisks signify that there are alterna-
tive behaviors not represented in the first three phases that would preclude an
alcohol-impaired driving fatality (e.g., not drinking or not drinking to the level
of impairment).

most effective, cost-effective, and suitable for either a general or more
specific population. Selection of interventions ought to be based on the
extant literature; however, many interventions have not been adequately
evaluated for general or specific effectiveness, or evaluated for effective-
ness when brought to scale. In addition, comparisons of interventions are
often incomplete and difficult to conduct because studies vary in dimen-
sions such as the appropriateness of the study design and setting, out-
comes measured, failure to consider other consequences, quality of execu-
tion, interactions with other interventions, and inclusion of economic
consequences. With this in mind, the committee examined the available
literature on alcohol-impaired driving interventions that target alcohol
consumption, drinking to impairment, driving while impaired, and the
postcrash and/or postarrest phase. The committee was not charged with
undertaking a systematic review of the evidence, but rather to iden-
tify which interventions are most promising to prevent alcohol-impaired
driving injuries and fatalities given the current state of knowledge and
environment.
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A Comprehensive Approach to Address Alcohol-Impaired Driving

There is no one-size-fits-all approach that will solve the problem of
alcohol-impaired driving. For a problem this large and widespread a
systematic population approach is needed. Therefore, the committee does
not prioritize among its recommendations; while each state needs to take
a comprehensive approach to addressing alcohol-impaired driving, the
exact combination of interventions for particular states will vary. When
identifying conclusions and recommendations, the committee focused
on interventions that are evidence based, promising, and relevant in the
current environment, or where improvements are needed to increase
effectiveness. While many of the strategies outlined in this report are not
new, systematically implementing these policies, programs, and systems
changes would renew progress and save lives.

THE ROAD AHEAD

Vision Zero

NHTSA (the sponsor of this report), the Federal Motor Carrier Safety
Administration, the Federal Highway Administration, and the National
Safety Council launched the Road to Zero coalition in 2016 with the bold
goal to end all traffic fatalities within 30 years. The Road to Zero is con-
sistent with the goals of Vision Zero—a philosophical approach to road
safety that was crafted in the 1990s and adopted in Sweden in 1997. Vision
Zero, as a unifying philosophy, has expanded to other countries and can
be expanded to address alcohol-impaired driving. Its principal aim is to
eliminate all serious road traffic injuries and fatalities. This innovative
approach transformed the traditional approach of transportation design
in which the roadbuilders simply expected road users to use the road as
designed. Vision Zero was a drastic change in approach and places the
responsibility for traffic safety problems on the infrastructure system
designers instead of only on the drivers. The framework centers on the
idea that the design and structure of roads and cars should account and
accommodate for individual mistakes and choices. Each alcohol-impaired
fatality represents a system failure. This approach brings in new stake-
holders and creates innovative partnerships where everyone has a role
and an opportunity to contribute to the shared goals.

Achieving Vision Zero in the United States

Although still in its infancy in the United States, the Vision Zero con-
cept continues to expand as it has been adopted by over two dozen Amer-
ican cities. However, there are many other variations of Vision Zero that
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exist in the United States (for example, the Vision Zero Network, Toward
Zero Deaths, and Vision Zero Task Force). The Vision Zero philosophy is
spreading across the country but in a disjointed and fragmented fashion,
rather than as a coordinated approach.

Implementing Vision Zero as a U.S. policy to reduce alcohol-impaired
driving injuries and fatalities would be a bold step, but it is important that
partners beyond the transportation and transportation system design sec-
tor recognize that traffic safety deaths are preventable and acknowledge
the need for a spectrum of partners to join efforts to implement systems
change to address this public health crisis. These partners include govern-
ment agencies, car manufacturers, auto insurers, advocacy organizations,
state and local public health agencies, technology companies, health care
systems, clinicians, employers, alcohol retailers, wholesale distributors,
alcohol producers, the hospitality industry, and law enforcement. Impor-
tantly, the public itself can also directly participate in preventing alcohol-
impaired driving through participation in Vision Zero.

Bold goals are important and can be used to galvanize action, change
social norms, and bring stakeholders together around a common vision
and goal. The committee recognizes that in an economic sense, eliminat-
ing all roadway fatalities would require investments that have diminish-
ing returns and that there are important alternate uses of those resources;
however, Vision Zero is not primarily an economic goal. It is about estab-
lishing an aspirational goal that can rally stakeholders, provide focus, and
make substantial progress toward achieving that goal.

Key Terms

Box S-3 highlights key terms related to impairment used throughout
the report. For the purpose of this report the term alcohol-impaired driv-
ing will be used, as will DWI (instead of DUI or similar). See the report
glossary for definitions of other terms in this report. Discussion of what
it means to be alcohol impaired follows.

What Is Alcohol Impairment?

The current legal definition of alcohol impairment in all 50 states
is a BAC of 0.08% or higher.®> Although this is the limit set by state law,
impairment begins at lower levels; even small amounts of alcohol affect
the brain. Biologically, alcohol impairment occurs before reaching a BAC
of 0.08%, and impairment affects driving-related skills and behaviors.

3 Utah recently passed legislation to lower the BAC law to 0.05% beginning in December
2018.
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BOX S-3
Key Impairment Terms from the Glossary

Alcohol-impaired driving crash/fatality—In all U.S. states? drivers are consid-
ered legally impaired to drive when their BAC is greater than or equal to 0.08 grams
per deciliter (g/dL, often expressed as %, as in 0.08%).? Thus, in the United States,
any crash involving one or more drivers with a BAC of 0.08% or higher is typically
referred to by NHTSA as an alcohol-impaired driving crash, and fatalities stemming
from those crashes are defined as alcohol-impaired driving crash fatalities. Of note,
however, is that impairment begins below 0.08%, so this is an underestimate rela-
tive to all crash fatalities in which impairment from alcohol may have contributed.®

Alcohol-related crash/fatality—A crash or a fatality from a crash that involves
one or more drivers of a motor vehicle with any alcohol in their system (i.e., a BAC
greater than 0.00%). This term also subsumes alcohol-impaired driving crashes.
It is a useful umbrella term for all motor vehicle crashes that involve any alcohol.
Some have also used the alcohol-involved term to convey the same idea.

Impairment— Refers to the deterioration of an individual’s judgment and/or physi-
cal ability. Physiological and cognitive impairment begin at BAC levels below those
that are associated with intoxication. As a legal standard, impairment and DWI laws
are based on a person’s physical or mental impairment as judged on the basis of
BAC level, performance in standardized field sobriety tests, or observed behavior.
Although this report is focused on impairment from alcohol, impairment can result
from other substance use, distracted driving, and other reasons.

a Utah recently passed legislation to lower the BAC law to 0.05% beginning in December
2018.

b States may have lower BAC laws for individuals under the minimum legal drinking age
of 21 and commercial drivers.

¢ Of note, a crash involving a nonimpaired motor vehicle driver and an impaired pedestrian
or cyclist is not counted as an alcohol-impaired motor vehicle crash fatality by NHTSA'’s Fatality
Analysis Reporting System, which collects information about all motor vehicle crash fatalities
occurring on U.S. public roadways.

The effects of alcohol include psychomotor impairment, decreased inhibi-
tion, diminished alertness and sleepiness, confusion and problems with
concentration, reduced visual focus, and slurred speech. Driving requires
several complex skills, and alcohol affects the capacity to drive safely by
impairing information processing and reaction time and compromising
judgment and coordination.

Understanding Impairment

It can be difficult for individuals to understand what it means to be
impaired. Individuals differ in their degree of impairment at a given BAC.
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Several individual-level factors affect alcohol’s physiological influence,
including weight, age, sex, race, and ability to metabolize alcohol. In addi-
tion, alcohol content varies across beverage types and serving sizes differ
among environments. Therefore a “drink” commonly contains more (or
less) than 14 grams of pure alcohol. Alcoholic beverages themselves have
changed significantly in the past 25 years. They are more affordable, of far
greater variety, and more widely advertised and promoted than in earlier
periods. In addition, inconsistent serving sizes and the combination of
alcohol with caffeine and energy drinks, among other factors, undermine
individuals’ ability to estimate their level of impairment.

THE CURRENT ENVIRONMENT

It is important to understand the context in which alcohol-related
fatalities occur, as noted in the committee’s conceptual framework. There
are two contexts that are especially salient and worth examining: the
alcohol environment (e.g., social and cultural drinking norms, availability,
pricing, and regulation) and the driving environment (e.g., road safety
infrastructure, public transportation, and driving patterns). Especially
noteworthy is the proximal relationship between binge drinking and
alcohol-impaired driving.* There is a substantial body of evidence that
indicates that binge drinking is strongly associated with alcohol-impaired
driving.

Conclusion 2-2: Policies to reduce binge drinking are also protective
against alcohol-impaired driving, and the adoption of a comprehensive
set of effective interventions and population-based strategies that take
advantage of synergies across interventions would further help to reduce
binge drinking and related harms.

The lack of a comprehensive population-based strategy may partly
explain why the proportion of crash fatalities that are alcohol related has
not declined in the last decade and has begun to increase.

4 Binge drinking refers to drinking at or above levels during a drinking occasion/episode
that typically results in impairment-level BAC (i.e., =0.08%) for most men and women drink-
ing at typical drinking rates. This corresponds to drinking five or more drinks for men and
four or more drinks for women in about 2 hours. Most public health and epidemiological
studies use five/four thresholds, and members of the general public often interpret the term
binge drinking to mean drinking to the point of impairment or intoxication.
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ALCOHOL-IMPAIRED DRIVING INTERVENTIONS

The committee provides a suite of recommendations that when imple-
mented together have the potential to save lives. Below and in the report,
the recommendations are organized by the first four phases in the concep-
tual framework (alcohol consumption, drinking to impairment, driving
while impaired, and postarrest and/or postcrash); they are then followed
by recommendations on data and surveillance systems and for generating
action. Because rural areas are disproportionately affected by alcohol-
impaired driving crashes and fatalities, the report notes opportunities for
this population throughout.

Interventions to Reduce Drinking to Impairment

Most interventions to reduce alcohol-impaired driving have focused
on decreasing the likelihood that someone will drive after they are
already impaired by alcohol. Conversely, less policy attention has been
focused on reducing drinking to impairment before driving. However,
there are a number of effective interventions to reduce drinking to the
point of impairment (i.e., binge drinking), and some of these interven-
tions have an independent effect on reducing impaired driving and alco-
hol-impaired crashes. Therefore, increasing adoption of interventions
that have been proven to reduce excessive drinking is an important and
underused strategy to reduce morbidity and mortality from alcohol-
impaired driving.

Raising Alcohol Taxes

Alcohol taxes have perhaps the strongest and most consistent evidence
base of any U.S. policy for reducing binge drinking, and strong direct evi-
dence shows that higher alcohol taxes reduce alcohol-impaired driving and
motor vehicle crash fatalities. For example, there is research suggesting that
a doubling of alcohol taxes would lead to an 11 percent reduction in traffic
crash deaths. Another study indicates that a 10 percent increase in alcohol
price is associated with a 6 percent reduction in consumption. Despite this
evidence, alcohol taxes have declined in inflation-adjusted terms at both
federal and state levels. At present, alcohol taxes are considerably less than
alcohol-related costs (such as health care, lost productivity, or criminal
justice costs). Current federal plus state taxes do not cover alcohol-related
costs, which are approximately $2.00 per U.S. standard drink. Among
states, the average excise tax is only $0.03 per standard drink of beer, $0.03
per standard drink of wine, and $0.05 per standard drink of distilled spirits.
Federal taxes are currently $0.05 for a standard drink of beer, $0.04 for a
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standard drink of wine, and $0.13 for a standard drink of distilled spirits.
Given the efficacy of increased prices and taxes for reducing binge drinking
and alcohol-related motor vehicle crash fatalities in particular, the commit-
tee recommends:

Recommendation 3-1: Federal and state governments should
increase alcohol taxes significantly.

By “significantly,” the committee means that alcohol taxes should
be increased enough to have a meaningful impact on price and there-
fore on reducing alcohol-related crash fatalities. The increases should
comprise a meaningful percent of the net-of-tax price (e.g., 30 percent
or more) of alcohol products, and cover the marginal, external (i.e., sec-
ondhand) costs incurred by the sale of alcohol. Specific excise taxes may
be preferred because it is the volume of ethanol that leads to impaired
driving. However, volume-based excise taxes erode with inflation and
therefore should be indexed to inflation. Ideally, taxes should be based
on ethanol content rather than beverage type. Taxes can be earmarked
to support alcohol-related activities (e.g., funding sobriety checkpoints
or alcohol prevention and treatment programs), which may enhance
public support.

Policies to Address Physical Availability of Alcohol

Addressing the physical availability of alcohol has strong evidence
for reducing excessive drinking and related harms. Among these alcohol-
related harms are alcohol-impaired driving and crashes, which have a
strong link to excessive consumption.

Recommendation 3-2: State and local governments should take
appropriate steps to limit or reduce alcohol availability, includ-
ing restrictions on the number of on- and off-premises alcohol
outlets, and the days and hours of alcohol sales.

In addition, states could consider reducing or eliminating alcohol sales
concurrent with driving, such as sales at drive-through retailers or gas
stations, as a common sense measure.

Policies to Reduce Illegal Sales of Alcohol and Strengthen Enforcement

To reduce excessive alcohol consumption prior to driving, at the
population level, there is a need for a comprehensive set of policies that
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minimize the illegal sale of alcohol to underage persons and already
intoxicated persons beyond the laws currently in place.”

Recommendation 3-3: Federal, state, and local governments
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).

This includes having strong penalties for licensed retailers or purveyors
who engage in illegal alcohol sales to already-intoxicated adults; having
dram shop liability laws without caps;® high-quality, mandatory training
in responsible beverage service for managers and sellers; having strong
social host laws and other laws to limit adults from providing alcohol
to underage persons; improving enforcement of minimum legal drink-
ing age laws including passing laws to permit compliance checks using
underage decoys and conducting those compliance checks; collection of
data regarding place of last drink; and adequate enforcement personnel
to enforce existing laws in this area.

Alcohol Advertising and Marketing

Given that young people are at higher risk of alcohol-impaired driv-
ing, that the evidence is substantial that they are influenced by alcohol
marketing, and that numerous studies have found the alcohol industry’s
self-regulation of its marketing ineffective and insufficient because the
voluntary standards are permissive and vague, not consistently followed,
and without penalties for violations, the committee recommends:

Recommendation 3-4: Federal, state, and local governments
should use their existing regulatory powers to strengthen and
implement standards for permissible alcohol marketing content
and placement across all media, establish consequences for
violations, and promote and fund countermarketing campaigns.

Mass Media Campaigns

There is strong evidence based on findings from a variety of high-
quality systematic reviews, across numerous health behavior domains,
that large-scale media campaigns can promote meaningful changes in

5 Underage persons are defined as individuals who are under 21 years old, the minimum
legal age to purchase and possess alcohol in the United States.
¢ Dram shops are commercial establishments where alcoholic beverages are sold.
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health behavior at the population level when implemented alongside
broader, community-level interventions. The evidence is strongest for
campaigns implemented alongside other community initiatives such as
increased enforcement or community mobilization.

Conclusion 3-2: There is sufficient evidence to conclude that well-funded
media campaigns are an important component of alcohol-impaired driv-
ing enforcement policy interventions to ensure their successful adoption
and impact. Campaigns are more likely to be effective when rigorous
formative research and behavioral change theories inform their design
and dissemination.

Interventions to Reduce Driving While Impaired

There are several intervention opportunities for reducing alcohol-
impaired driving, including changes in policies, laws, and enforcement;
technological advances and vehicle features that could offer protections
to drivers, occupants, and others; and programs or policies that could
impact the sociocultural environment.

BAC Laws

BAC laws have been, and continue to be, a key intervention for reduc-
ing alcohol-impaired driving and reducing injuries and fatalities. Cur-
rently, in each state in the United States, drivers 21 years of age and older
are prohibited from driving with a BAC greater than or equal to 0.08%
(younger drivers have lower BAC requirements), which is the limit pro-
scribed in state per se laws for alcohol-impaired drivers.” In December
2018, however, Utah will be the first state to lower the BAC per se law to
0.05%. Based on the available evidence from laboratory and epidemio-
logical studies, the committee concludes that an individual’s ability to
operate a motor vehicle (including a motorcycle) begins to deteriorate at
BAC levels well below 0.05%, increasing a driver’s risk of being in a crash.
Data from countries that have decreased their legal BAC to 0.05% sug-
gest that this is an effective policy for reducing alcohol-impaired driving
injuries and fatalities. The benefits of lowering BAC are on a continuum,
but they are enhanced when introduced alongside high-visibility enforce-
ment, sobriety checkpoints, and publicity. The committee concludes that
reducing the BAC law to 0.05% is an effective strategy and has the greatest
potential impact on those at the highest risk of alcohol-impaired traffic
fatalities.

7 A per se law means that the act in question is illegal in and of itself.
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Recommendation 4-1: State governments should enact per se
laws for alcohol-impaired driving at 0.05% blood alcohol con-
centration (BAC). The federal government should incentivize
this change, and other stakeholders should assist in this pro-
cess. The enactment of 0.05% per se laws should be accompa-
nied by media campaigns and robust and visible enforcement
efforts.

The effectiveness of this policy will be enabled by legislation that
currently applies to 0.08% per se laws, including, but not limited to, use
of sobriety checkpoints, administrative license revocation, and penalties
for refusing preliminary breath tests or blood tests that are equal to or
greater than penalties for alcohol-impaired driving offenses. This means
that the same laws and sanctions that currently apply to 0.08% per se
laws could remain in place but enforceable at the 0.05% BAC limit. Effec-
tiveness will also be enhanced by efforts to publicize 0.05% per se laws
through mass media campaigns, by strong and sustained enforcement
efforts, and through the implementation and enforcement of laws and
policies to prevent illegal alcohol sales to underage or intoxicated persons
(e.g., underage compliance checks with alcohol licensees and dram shop
liability laws).

Sobriety Checkpoints

Sobriety checkpoints are a high-visibility enforcement strategy that
aims to identify and arrest alcohol-impaired drivers as well as increase the
perceived risk of arrest to deter alcohol-impaired driving. There is strong
evidence supporting the effectiveness of publicized sobriety checkpoint
programs to reduce alcohol-impaired driving fatalities in both urban and
rural areas. The ideal frequency of sobriety checkpoints needs further
research. Low-staff checkpoints have been shown to be effective and are
useful in rural areas, when resources for full-scale checkpoints are not
available, and other circumstances.

Recommendation 4-2: States and localities should conduct fre-
quent sobriety checkpoints in conjunction with widespread
publicity to promote awareness of these enforcement initiatives.

Driver Alcohol Detection System for Safety

The DADSS program is a cooperative research partnership between
NHTSA and the Automotive Coalition for Traffic Safety to develop non-
invasive, in-vehicle technology that prevents drivers from operating
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vehicles when their BAC exceeds the limit set by state law. Given strong
public support and endorsement from various sectors, as well as having
significant potential impact for reducing alcohol-impaired driving fatali-
ties, and to leverage advancements in technology for primary prevention
of alcohol-impaired driving fatalities, the committee recommends:

Recommendation 4-3: When the Driver Alcohol Detection Sys-
tem for Safety (DADSS) is accurate and available for public
use, auto insurers should provide policy discounts to stimulate
the adoption of DADSS. Once the cost is on par with other
existing automobile safety features and the technology is dem-
onstrated to be accurate and effective, the National Highway
Traffic Safety Administration should make DADSS mandatory
in all new vehicles.

Alternative Transportation

Alternative transportation includes smartphone-enabled ridesharing,
safe ride programs, and public transportation. These services provide
intoxicated people with additional ways to avoid driving while impaired.
Although the evidence is mixed or emerging for the various alternative
transportation options, it is an area with great promise to reduce alcohol-
impaired driving fatalities.

Recommendation 4-4: Municipalities should support policies
and programs that increase the availability, convenience, afford-
ability, and safety of transportation alternatives for drinkers
who might otherwise drive. This includes permitting transpor-
tation network company ridesharing, enhancing public trans-
portation options (especially during nighttime and weekend
hours), and boosting or incentivizing transportation alterna-
tives in rural areas.

Postarrest and Postcrash Interventions

While the two previous sets of recommendations are aimed at influ-
encing behaviors such as drinking to impairment and driving while
impaired, the following recommendations focus on reducing the potential
negative outcomes of these behaviors: motor vehicle crashes and serious
injuries and fatalities. There were more than 1 million arrests for driving
under the influence in 2015. About 20 to 28 percent of first-time DWI
offenders will repeat the offense, and recidivists are 62 percent more likely
to be involved in a fatal crash.
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Treatment Related to the Alcohol-Impaired Driving Adjudication Process

DWI courts are specialized courts aimed at changing DWI offenders’
behavior through comprehensive monitoring and substance abuse treat-
ment. As a part of the DWI control system, these postconviction courts
are a systematic mechanism for holding offenders accountable for their
actions while treating the underlying causes of their impaired driving.
To ensure effective oversight for high-rate recidivists and/or high BAC
offenders, the committee recommends:

Recommendation 5-1: Every state should implement DWI
courts, guided by the evidence-based standards set by the
National Center for DWI Courts, and all DWI courts should
include available consultation or referral for evaluation by an
addiction-trained clinician.

An arrest for DWI or admission to the hospital for an alcohol-
impaired driving injury represents an opportunity to screen and treat
individuals who engage in hazardous drinking. The offender should be
evaluated by a clinician with addiction training and, if medically indi-
cated, placed in a program that includes relapse prevention medication
and requires an extended period of attendance in cognitive behavioral
therapy.

Recommendation 5-2: All health care systems and health insur-
ers should cover and facilitate effective evaluation, prevention,
and treatment strategies for binge drinking and alcohol use
disorders including screening, brief intervention, and refer-
ral to treatment (SBIRT), cognitive behavioral therapy, and
medication-assisted therapy.

Ignition Interlock Devices

Strong evidence from the United States and other countries shows
that individuals convicted of alcohol-impaired driving who have an igni-
tion interlock installed on their vehicles are less likely than others to
be rearrested for alcohol-impaired driving or to crash while the device
is installed. This technology is affordable for many individuals, and it
is made affordable for others through funds for low-income offenders.
States that have introduced all-offender ignition interlock laws appear
to have experienced reductions in alcohol-related motor vehicle crash
deaths.
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Recommendation 5-3: All states should enact all-offender igni-
tion interlock laws to reduce alcohol-impaired driving fatali-
ties. An ignition interlock should be required for all offenders
with a blood alcohol concentration (BAC) above the limit set
by state law. To increase effectiveness, states should consider
increased monitoring periods based on the offender’s BAC or
past recidivism.

Evidence shows that a minimum monitoring period for interlock devices
of 2 years is effective for a first offense, and 4 years is effective for a sec-
ond offense.

Other promising interventions in the postcrash or postarrest phase
include limits on diversion programs and plea agreements; education
of professionals in law enforcement to improve identification of alcohol-
impaired individuals; training for prosecutors and for judges on what
constitutes impairment and the proper protocols for screening for AUD;
more widely and systematically used administrative license suspension or
revocation laws; systems alcohol monitoring programs; and a coordinated
and continuous learning trauma care system.

Data and Surveillance Needs and Opportunities

There are a variety of datasets and surveillance systems that provide
information on alcohol-impaired driving in the United States. These data
systems each have their respective strengths and limitations, but examin-
ing them together allows a picture of the state of alcohol-impaired driving
in the United States to emerge. Having a comprehensive understanding of
alcohol-impaired driving, both in regard to the rates of occurrence, traffic
crashes, injuries, fatalities, arrests, and convictions as well as qualitative
data on when and why people drive impaired, is vital to create specific
and targeted interventions. There are data gaps (such as lack of data on
place of last drink), methodological issues (such as inconsistent data
collection), and a lack of integration of datasets (e.g., how many people
are arrested, outcomes of arrest, and long-term outcomes in terms of
recidivism).

Conclusion 6-1: Data collection and reporting of high-risk intersections,
outlets, drinking behaviors before driving, risk factors, and demographic
trends are needed to measure, evaluate, and accelerate progress in reduc-
ing risk of fatalities. This evaluation would be facilitated by regular,
systematic data collection on geocoded crash locations linked to data
systems that monitor injury and fatality information, as well as criminal
justice outcomes.
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Recommendation 6-1: The National Highway Traffic Safety
Administration should ensure that timely standardized data
on alcohol-impaired driving, crashes, serious injuries, and
fatalities are collected and accessible for evaluation, research,
and strategic public dissemination; ensure that data from other
government agencies and private organizations are included as
needed; and explore the usefulness of big data for inclusion in
alcohol-impaired driving information strategies.

Reducing alcohol-impaired driving requires diligent and accurate col-
lection of surveillance data. Examples of improvements necessary for
advancing the science include standardized data definitions, harmoniza-
tion of reported data, and increased capacity for data linkages.

Recommendation 6-2: To facilitate surveillance of alcohol-
impaired driving that is timely, ongoing, concise, and action-
able, the National Highway Traffic Safety Administration
should convene a diverse group of stakeholders that includes
academic researchers, law enforcement, city and state public
health, transportation sector, and other federal agency repre-
sentation to create and maintain a metrics dashboard, and pub-
lish brief, visually appealing quarterly and annual national
and state-by-state reports that analyze and interpret progress
in reducing alcohol-impaired driving.

This recommendation entails identifying the data elements and data
sources that are needed to monitor changes in rates of alcohol-impaired
driving risk factors (including place of last drink), arrests, crashes, inju-
ries, and fatalities, as well as data elements needed to inform quarterly
metrics and reports designed to effectively communicate such findings to
the public, various public and private stakeholders, and local, state, and
national policy makers. In addition, this recommendation involves ensur-
ing that data for research on the effectiveness of interventions to reduce
alcohol-impaired driving are accessible and available using techniques
that reflect contemporary standards for data acquisition and download-
ing. The dashboard, a user-friendly interface, should contain analyzed
data, including longitudinal data linking crash data with licensing data,
hospital data that include costs for care, arrest data, and the results of
arrest. To be most effective, and to raise awareness of alcohol-impaired
driving, the data should be strategically released to inculcate action.
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GENERATING ACTION

To initiate and sustain action that will bolster progress to reduce
alcohol-impaired driving fatalities, a strategic and comprehensive effort
needs to be put forth nationwide. Such an effort requires the engage-
ment of stakeholders across multiple sectors such as transportation, law
enforcement, public health, the private sector, and philanthropy. Table S-1
(see page 24) summarizes the stakeholders who are needed to ensure
implementation of the evidence-based and promising tools discussed
throughout this report. Furthermore, initiating sustainable action will
require garnering public will to address alcohol-impaired driving and
allocating the resources needed to do so by creating and sustaining pub-
lic discourse to underscore the magnitude of the problem and strategies
to move these efforts forward. Chapter 7 highlights the key elements,
approaches, innovations, and partnerships that could generate such
action and overcome barriers.

The Role of Social Movements

The report examines the history of the alcohol-impaired driving social
movement that took place in the 1980s, including the groundbreaking
work of MADD. For an organization or movement to lift up the cause of
alcohol-impaired driving as a social issue, it will likely need to be able
to capture media attention. The role of funding from NHTSA in getting
MADD off the ground, and the lessons it has for the ability of well-aimed
seed funding to “sprout” results, provides a successful example of fund-
ing community-level demonstration projects to identify innovative solu-
tions and tactics. Based on extensive evidence and experience in the use of
community coalitions both in the alcohol field and in other areas of public
health, the committee recommends:

Recommendation 7-3: The National Highway Traffic Safety
Administration, other federal partners, and private funding
sources free of conflicts of interest should support training,
technical assistance, and demonstration projects in the imple-
mentation of effective strategies, including policy changes, for
reducing alcohol-impaired driving.

Interagency Coordination

To ensure a comprehensive approach, input and collaboration from
multiple sectors are needed. Specifically, coordination and cooperation
across federal agencies will be an important element in making the best
use of limited resources.
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Recommendation 7-2: The National Highway Traffic Safety
Administration should create a federal interagency coordinat-
ing committee to develop and oversee an integrated strategy for
reducing alcohol-impaired driving, ensure collaboration, main-
tain accountability, and share information among organizations
committed to reducing alcohol-impaired driving.

The coordinating body could include the U.S. Department of Health and
Human Services (Centers for Disease Control and Prevention, Substance
Abuse and Mental Health Services Administration, Indian Health Service,
the National Institutes of Health), the Alcohol and Tobacco Tax and Trade
Bureau, the U.S. Department of Transportation (National Highway Traffic
Safety Administration, Federal Highway Administration), U.S. Homeland
Security (emergency services sector), U.S. Department of Justice, U.S.
Department of Defense, and U.S. Department of Veterans Affairs. The
interagency group could convene other stakeholders such as private phi-
lanthropy, schools, hospitals, public health, health care, hospitality and
the restaurant industry, payers, medical insurers, and trial lawyers to fur-
ther maintain accountability and share information. At a minimum, such
an approach would combine one or more coordinating centers providing
training, technical assistance, and ongoing coaching with demonstration
project sites in a diverse array of states and settings.

The Role of Alcohol Industry

Alcohol companies have taken on an active role in traffic safety and
alcohol-impaired driving. However, they generally promote ineffective or
non-evidence-based policies, and generally oppose effective population-
based strategies to reduce binge drinking and impaired driving.

Conclusion 7-2: Alcohol companies and alcohol-related businesses could
assist efforts to reduce alcohol-impaired driving fatalities by reducing
the alcohol content of existing products, refraining from marketing
including sponsorships that are likely to influence excessive alcohol
use, and supporting or at least not opposing effective alcohol-impaired
driving countermeasures.

Actions by the alcohol industry to support efforts to reduce alcohol-
impaired driving could also include, at a minimum, adhering to and
strengthening self-regulatory standards, sharing needed data on alcohol
sales and consumption, and subjecting industry activities to reduce harm-
ful use of alcohol to rigorous independent evaluations, free of conflicts of
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interest (i.e., employing evaluation design methods as robust as those of
public health interventions).

Model Legislation

States implement different alcohol-impaired driving laws and poli-
cies, and when the same policies are in place in multiple states, there is
considerable variation in how they are implemented. Given the lack of
progress over the last decade in reducing alcohol-impaired fatalities, a
more uniform approach is needed to move toward best practices. While
each state could design and implement the policies and laws that are tai-
lored to its respective population, benchmarks for the states could provide
guidance on which evidence-based strategies to adopt.

Recommendation 7-1: The National Conference of State Legis-
latures should draft model legislation to provide benchmarks
for states that seek to reduce alcohol-impaired driving fatalities.

This recommendation is intended to improve uniformity across states
and move toward best practices—it is not meant to be a coercive mea-
sure. The model legislation would also inform community coalitions and
policy makers who do not have technical expertise in this area on the
composition of various legal actions. A good starting point would be for
the National Conference of State Legislatures to develop model legislation
on lowering the BAC limit to 0.05% (see Recommendation 4-1).

ACHIEVING ZERO DEATHS

To achieve zero alcohol-impaired driving fatalities—where every
alcohol-impaired driving death could be thought of as a failure of the
system—a systematic, multipronged approach with clear roles and
accountabilities across sectors (including public health, transportation,
law enforcement, and clinical care) is needed. Victims are dying each day,
and fatality rates are rising—substantial progress has been made in the
past, and that progress needs to be jump-started again. Applying a Vision
Zero approach where every stakeholder has an opportunity and respon-
sibility to take action and hold others accountable will help sustain solu-
tions for alcohol-impaired driving. This report lays out a comprehensive
set of evidence-based and promising interventions and system improve-
ments (see Table S-1) to eliminate these preventable deaths.
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TABLE S-1 Tools and Stakeholders to Accelerate Progress to Reduce
Alcohol-Impaired Driving Fatalities

Alcohol Consumption and Drinking to Impairment

Evidence-based Increase alcohol taxes Stakeholders: *State and federal
governments; alcohol producers;
consumers; community coalitions
Time frame: short term

Implement policies Stakeholders: *Local and state
to address physical governments; alcohol producers;
availability of alcohol hospitality and retail sectors;

community coalitions
Time frame: short term

Implement policies to Stakeholders: *Local, state, and
reduce illegal sales of federal governments; alcohol
alcohol producers; hospitality and retail

sectors; community coalitions
Time frame: short term

Regulate alcohol Stakeholders: *Local, state, and
marketing federal governments; alcohol
producers; hospitality and retail
sectors; media (television, radio,
print, social media); community
coalitions
Time frame: short term

Driving While Impaired

Evidence-based Lower BAC per se laws Stakeholders: *State and federal
to 0.05% governments; law enforcement;

news media/advertising (television,
radio, print, social media); alcohol
producers; hospitality and retail
sectors; public/consumers;
community coalitions
Time frame: short term

Conduct frequent, Stakeholders: *Local and state
publicized sobriety governments; law enforcement, news
checkpoints media/advertising (television, radio,

print, social media)
Time frame: short term

Universal primary seat Stakeholders: *Local and state
belt laws governments; law enforcement;
public/consumers

Time frame: short term
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TABLE S-1 Continued

Promising Future use of DADSS Stakeholders: *NHTSA; automobile

Increase availability
of transportation
alternatives

industry; automobile insurance
industry; Congress; health insurers
Time frame: long term

Stakeholders: *Local government;
transportation sector; hospitality
and retail sectors; news media/
advertising (television, radio, print,
social media); public/consumers;
private sector

Time frame: short term

Postcrash and/or Arrest

Evidence-based

Promising

Evaluation and treatment
of binge drinking and
AUD (e.g., SBIRT, CBT,
medication-assisted
therapy)

Implement DWI courts
using standards set by
National Center for DWI
Courts

Increased use of ignition
interlocks and extended
monitoring periods

Improving
administrative license
suspension /revocation
laws

Coordinated and
continuous learning
trauma care system

Professional education
and training (judiciary,
law enforcement, health
professionals)

Limits on diversion
programs and plea
agreements

Use of systems alcohol
monitoring programs

Stakeholders: *Health care sector;
*health insurers; *state government;
law enforcement; legal sector

Time frame: short term to midterm

Stakeholders: *Legal sector; law
enforcement; National Center

for DWI Courts; victims’ rights
organizations (e.g., MADD)

Time frame: short term to midterm

Stakeholders: *State governments;
legal sector; law enforcement
Time frame: short term

Stakeholders: *Local, state,
and federal governments; law
enforcement; legal sector
Time frame: short term

Stakeholders: *Health care sector;
law enforcement
Time frame: short term to midterm

Stakeholders: *Law enforcement;
*legal sector; *health care sector; state
and local public health

Time frame: short term to midterm

Stakeholders: *Research sector; legal
sector; law enforcement
Time frame: short term

Stakeholders: *Law enforcement;
legal sector; local and state
government

Time frame: short term to midterm

continued
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TABLE S-1 Continued

Tools for Addressing the Social, Economic, Political, Legal, and Physical Context

System-level
interventions

Systematic approach to
alcohol law enforcement

Ensure timely,
standardized, and
accessible data on
alcohol-impaired
driving with strategic
dissemination to the
public, and explore big
data opportunities

Convening of diverse
stakeholders to create
and maintain a metrics
dashboard for alcohol-
impaired driving

Publish brief, visually
appealing quarterly

and annual reports that
analyze and interpret
progress in reducing
alcohol-impaired driving

Funding and support
for community-level
demonstration projects

Create interagency
coordinating committee
on alcohol-impaired
driving

Development of model
legislation from NCSL

Update Healthy People
2030 objectives for
alcohol-impaired driving
fatalities

Stakeholders: *Law enforcement;
health care sector, local and state
government

Time frame: short term

Stakeholders: *NHTSA
Time frame: short term

Stakeholders: *NHTSA; academia/
research; law enforcement; state and
local public health; transportation
sector; other federal agencies as
needed

Time frame: short term

Stakeholders: *NHTSA; academia/
research; law enforcement; state and
local public health; transportation
sector; other federal agencies as
needed; news media/advertising
(television, radio, print, social media)
Time frame: short term

Stakeholders: *NHTSA; other federal
agencies as needed; private funders
Time frame: short term

Stakeholders: *NHTSA; other DOT
agencies as needed; HHS; TTB;
DHS; DOJ; NIH; IHS; other federal
agencies as needed; state and local
governments

Time frame: short term

Stakeholders: *National Conference
of State Legislatures; NHTSA; state
governments

Time frame: short term to midterm

Stakeholders: *HHS; other federal
agencies as needed
Time frame: short term
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TABLE S-1 Continued

NOTES: Stakeholders marked with an asterisk are the primary actor(s) responsible for initi-
ating action for the intervention. The rows shaded in gray are report conclusions and those
in white are recommendations. The committee applied the Healthy People 2020 typology
to inform the classification of evidence-based, promising, and emerging tools in this table.
Time frame (approximations of when these interventions could be in place): short term is 0-2
years, midterm is 3-10 years; long term is 10 years or more. In some cases, the time horizon
may be longer depending on the length of time it takes for a bill to be passed and signed
into law. AUD = alcohol use disorder; CBT = cognitive behavioral therapy; DADSS = Driver
Alcohol Detection System for Safety; DHS = U.S. Department of Homeland Security; DOJ =
U.S. Department of Justice; DOT = U.S. Department of Transportation; DWI = driving while
impaired; HHS = U.S. Department of Health and Human Services; IHS = Indian Health
Service; NCSL = National Conference of State Legislators; NHTSA = National Highway
Traffic Safety Administration; NIH = National Institutes of Health; SBIRT = screening, brief
intervention, and referral to treatment; TTB = Alcohol and Tobacco Tax and Trade Bureau.
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Introduction and Context

INTRODUCTION

Traffic deaths remain a leading killer of Americans of all ages in
the United States today. Injury and violence cause more deaths than
noncommunicable and infectious diseases among people ages 1-44 (see
Figure 1-1). Unintentional injury, including traffic fatalities (which make
up 26 percent of unintentional injury deaths), is the fourth leading cause
of death for all Americans (CDC, 2017d,e). Despite years of success, traf-
fic deaths from all causes are on the rise in the United States for the third
straight year. In 2016, 37,461 people died from traffic crashes, an increase
in deaths of 5.6 percent from 2015 (NCSA, 2017a). For each death, there
are many more injuries. The estimated number of people injured from
traffic crashes increased in 2015' from 2.34 to 2.44 million (NCSA, 2016a).

Since 1982, alcohol-impaired driving has accounted for approximately
one-third of all traffic deaths on average (34 percent from 1982 to 2016 and
31 percent in the last 10 years—2006 to 2016 [Michael, 2017; NCSA, 2016b,
2017a]). Furthermore, 29 people in the United States die each day from
an alcohol-impaired driving crash—that is one person every 49 minutes
(NCSA, 2017a). Alcohol-impaired driving is a growing public health and
safety problem that transcends the transportation, law enforcement, and
clinical systems. Despite this trend, the problem is not intractable. There

1 The 2016 fatal traffic crash data became available late in the study process (October 2017);
however, in-depth analyses had not yet been completed during the writing of this report.
When 2016 analyses were not available, 2015 (or most recent) data were used.
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FIGURE 1-1 Deaths from injury and violence, noncommunicable diseases, and
infectious diseases for Americans ages 1-44, 2013.

NOTES: Traffic fatalities are the leading cause of death for people ages 1-44. Ages
<1, 45-54, 55-64, and 65+ have leading causes of death other than unintentional
injury.

SOURCE: CDC, 2016a.

are many existing evidence-based and promising strategies to address
alcohol-impaired driving; however, a coordinated, multilevel approach
across multiple sectors will be required to accelerate change. This report
presents these interventions and opportunities.

To accelerate progress to reduce alcohol-impaired driving fatalities,
the National Highway Traffic Safety Administration (NHTSA) asked the
Health and Medicine Division of the National Academies of Sciences,
Engineering, and Medicine to identify promising interventions to reduce
the fatalities caused by alcohol-impaired driving in the United States
(the full charge to the committee is provided in Box 1-1). To respond to
the charge, the Committee on Accelerating Progress to Reduce Alcohol-
Impaired Driving Fatalities was formed.

At the first committee meeting, Jeff Michael, Associate Administrator
for Research and Program Development at NHTSA, described the mis-
sion of the committee as twofold. First, the committee was tasked with
identifying promising interventions that could be used to decrease alcohol-
impaired driving fatalities in the United States, including interventions to
be applied in the short and long term. NHTSA has been striving to reduce
alcohol-impaired driving fatalities since it was founded in 1970 (Federal
Register, n.d.). The committee’s task was to build on that work, identifying
which interventions have been effective and which interventions need to
be modified and how, and proposing new interventions that may emerge,
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BOX 1-1
Statement of Task for the Committee on Accelerating
Progress to Reduce Alcohol-Impaired Driving Fatalities

The National Highway Traffic Safety Administration requests that the Health
and Medicine Division of the National Academies of Sciences, Engineering, and
Medicine convene a committee to examine

* which interventions (programs, systems, and policies) are most promising
to prevent injuries and deaths from alcohol-impaired driving;

* the barriers to action and approaches to overcome them; and

* which interventions need to be changed or adopted.

In conducting its work, the committee may consider interventions implemented
by other countries. The committee’s recommendations will be broad reaching and
serve as a blueprint for the nation to accelerate the progress in reducing alcohol-
impaired driving fatalities.

such as advances in technology. The committee was given discretion on
whether to consider interventions implemented by other countries to
inform their conclusions and recommendations. Second, Michael expressed
the need to increase public and policy maker attention to the issue of alco-
hol-impaired driving. He explained that recently distracted driving and
cannabis use and driving have overshadowed alcohol-impaired driving in
the public and political spheres despite alcohol-impaired driving having
higher fatality rates. There is a wide breadth of literature on the efficacy of
different interventions to reduce alcohol-impaired driving fatalities. The
challenge presented to the committee was not only to review that litera-
ture, but also to conceptualize new ways of approaching the problem and
to revitalize old ones.

The data outlined above on alcohol-impaired driving present a grow-
ing sense of urgency to reverse the current trend and improve the safety
of communities, decrease associated health care costs, and save lives.
Alcohol-impaired driving is entirely preventable and accounts for the
largest percentage of traffic deaths. Between 2009 and 2015 the number of
alcohol-impaired driving traffic deaths plateaued at about 10,000 deaths
per year (NCSA, 2016b) (see Figure 1-2). Now the number of deaths from
alcohol-impaired driving fatalities is beginning to rise again (although as
a proportion of all traffic fatalities, the percentage has stayed about the
same for alcohol-impaired driving) (NCSA, 2016a, 2017a). In 2016, alcohol-
impaired driving fatalities accounted for 28 percent of traffic deaths with
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FIGURE 1-2 Number of alcohol-impaired driving fatalities and percentage of all
traffic fatalities in the United States, 1982-2016.
SOURCE: Adapted from Michael, 2017.

a total of 10,497 lives lost, a 1.7 percent increase from 2015 (NCSA, 2017a).
In comparison, distracted driving accounted for 9 percent of traffic deaths
in 2016, with a total of 3,450 deaths (NCSA, 2017a) (see Figure 1-3). In
2015, 48 percent of alcohol-impaired driving fatalities occurred in rural
areas (NCSA, 2017b). Similar to smoking, there are secondhand effects of
alcohol-impaired driving; in 2015, almost 40 percent of alcohol-impaired
driving fatalities were victims other than the drinking driver (NCSA,
2016b). Comparatively, victim deaths from secondhand smoke exposure
were responsible for about 8.5 percent of all smoking deaths in the same
year (HHS, 2014). These consequences justify interventions to protect the
public. Box 1-2 contains key statistics about alcohol-impaired driving.
Alcohol-impaired driving remains the most deadly yet prevent-
able danger on U.S. roads. The United States has the highest number
of alcohol-impaired traffic deaths per capita among 10 Organisation for
Economic Co-operation and Development countries based on 2015 data
(see Figure 1-4).2 In 2013, the United States had the second highest per-
centage of traffic fatalities attributed to alcohol-impaired driving (31 per-
cent) when compared to 18 other high-income countries; other countries’

2 The Redelmeier and Detsky (2017) paper does not discuss vehicle miles traveled; this can
affect alcohol-impaired traffic death comparisons among countries.
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FIGURE 1-3 Comparison of traffic fatalities by select human choice categories,
2016.

NOTES: The percentage of traffic fatalities caused by drugged drivers comes from
a 2009 study, the most recent year analysis is available. However, drug test results
of fatally injured drivers are not always available, in part because the practice
varies by state (Berning and Smither, 2014). Furthermore, it is important to note
that drugged-driving data in the Fatality Analysis Reporting System (FARS) have
many limitations (see Chapter 6 for information on calculating drug-impaired
driving fatalities). Cell phones caused 14 percent of distracted driving fatalities
in 2015.

SOURCES: NCSA, 2017a; NHTSA, 2010.

proportion of crash fatalities involving alcohol ranged from 3.2 (Israel) to
33.6 percent (Canada) (Sauber-Schatz et al., 2016). It is important to note
that these studies did not use vehicle miles traveled in their analysis—
doing so would likely make the U.S. less of an outlier.

Alcohol-impaired driving is an important health and social issue as
it remains a major risk to Americans” health today, surpassing deaths
per year of certain cancers,® HIV/AIDS,* and drownings,® among others
(CDC, 2016b, 2017b,c,f), and contributing to long-term disabilities from
head and spinal injuries from those injured in alcohol-impaired crashes.

3 For example, in 2014, there were 9,324 melanoma fatalities and 4,115 cervical cancer
fatalities (CDC, 2017b,f).

41n 2014, there were 6,721 fatalities from HIV/AIDS (CDC, 2017c).

5 There was an average of 3,536 drownings per year from 2005 to 2014 (CDC, 2016b).
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BOX 1-2
Key Facts and Statistics About Alcohol-Impaired Driving

* Each day, 29 people in the United States die in an alcohol-impaired driving
crash; that is 1 person every 49 minutes.

* On average since 1982, one-third of all traffic fatalities were from alcohol-
impaired driving fatalities (meaning a driver’s blood alcohol concentration, or
BAC, was at least 0.08%); more than 10,400 people were killed in alcohol-
impaired driving crashes in 2016.

* 214 children aged 14 years or younger were killed in alcohol-impaired driving
crashes in 2016.

* Rural areas are disproportionately affected by alcohol-impaired driving crashes
and fatalities.

* Like smoking, there are secondhand effects of alcohol-impaired driving in
which the injured have no voice in the harmful decision. Aimost 40 percent of
alcohol-impaired driving fatalities in 2015 were victims other than the drinking
driver; for comparison, about 8.5 percent of smoking-related deaths were due
to secondhand smoke in 2015.

* The economic cost, including medical costs, legal expenses, and property
damages, of alcohol-impaired driving crashes was $121.5 billion in 2010, the
most recent year for which data are available.

SOURCES: HHS, 2014; Michael, 2017; NCSA, 2016b, 2017a,b; Zaloshnja et al., 2013.

Progress has been made over the past three decades, but that advance-
ment has been incremental and has stagnated more recently. Importantly,
social interest has lagged over time (Hedlund and McCartt, 2002; IIHS,
n.d.; Redelmeier and Detsky, 2017; Williams, 2006), leading to missed
opportunities for implementing effective countermeasures throughout
society (e.g., a missed opportunity is the lack of changes to some poli-
cies based on the best available evidence). Without a concerted effort, the
number of alcohol-impaired driving injuries and deaths could continue
to increase.

Successful past efforts are well recognized. In the early 1980s alcohol-
impaired driving rose to the forefront of the public’s attention (Fell and
Voas, 2006). Attitudes toward drinking and driving shifted as groups
like Mothers Against Drunk Driving (MADD), which was founded by a
mother whose 13-year-old daughter was killed by an alcohol-impaired
driver, began opening chapters across the country and sharing victims’
experiences with policy makers (Fell and Voas, 2006). Alcohol-impaired
driving penetrated the media through campaigns such as the U.S. Depart-
ment of Transportation and the Ad Council’s “Friends don’t let friends
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FIGURE 1-4 Annual alcohol-impaired driving traffic deaths per million.
SOURCE: Redelmeier and Detsky, 2017.

drive drunk” public service announcements. Although this national cam-
paign has not been rigorously evaluated, it is often credited with con-
tributing to the shift in social norms around drinking and driving (Ad
Council, n.d.; Glascoff et al., 2013). According to Voas and Lacey (2011)
and Subramanian (2002), in 1982, which was the first year that alcohol-
impaired driving was included in the current system for estimating the
number of traffic fatalities in the United States, alcohol-impaired driving
caused 26,173 deaths—the highest number recorded to date (Voas and
Lacey, 2011). From the 1980s through the early 2000s, alcohol-impaired
driving fatalities steadily decreased (Voas and Lacey, 2011). Numerous
new laws were passed that helped decrease alcohol-impaired driving,
including laws making it illegal to purchase alcohol under the age of 21
(minimum legal drinking age), or to drive with a blood alcohol concentra-
tion (BAC) of 0.10% or greater (Fell and Voas, 2006). Other laws increased
law enforcement authority, allowing them to conduct sobriety checkpoints
and to confiscate the licenses of driving while impaired (DWI) offenders
(Fell and Voas, 2006). Fell and Voas (2006) and Voas and Lacey (2011) esti-
mated that these actions saved more than 300,000 lives from 1982 to 2001.

Although much progress has been made as states passed and imple-
mented policies, these heterogeneous policies lacked benchmarks and
have been enforced with varying intensity. Progress has stagnated and
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even reversed. It will likely worsen without renewed and innovative
efforts, which are now possible. The plateauing fatality rates indicate that
what has been done to decrease deaths from alcohol-impaired driving has
been working but is no longer enough. Changes are needed to accelerate
progress and save additional lives (see additional alcohol-impaired driv-
ing trends in Chapter 2 and Appendix A).

Why Now?

Social, technological, financial, and clinical changes provide a timely
opportunity to reinvigorate successful efforts to reduce alcohol-impaired
driving injuries and deaths. These changes present greater opportunities
for individuals and community movements, greater insights into underly-
ing causes, improved targeting of effective interventions, and enhanced
data systems that offer a greater understanding of causes and contribut-
ing factors as well as more effective targeting of solutions and tracking
progress. Every individual and stakeholder now has the opportunity to
better recognize the problem, identify ways risks can be addressed, and
work together to minimize or eliminate them.

At the societal level there is a greater understanding of how indi-
vidual and population actions and the environment affect health. Clinical
changes include hospital-based interventions that have transitioned to
population- and community-based interventions, with a greater focus on
early intervention, and with that framework there is a better understand-
ing of how various segments of society can work together in innovative
ways toward a common goal.

The transformation of technology includes interconnectivity of infor-
mation; the growth of “big data” analytics provides new insights that
help delineate cause and effect and better identify problem areas and
target interventions (see Chapter 6 for additional discussion). Together,
these trends provide the substrate for a dramatic shift in addressing
alcohol-impaired driving and making significant gains. Technologically,
the emergence of big data has provided organizations, policy makers, and
stakeholders tremendous insight that allows them to have a data-driven
approach for targeting high-risk individuals, geographic zones, and road-
way hotspots for specific interventions, as well as more rapidly seeing the
effects of directed countermeasures and the return-on-share investments
(see Chapter 6 for additional discussion). In addition, technology has
allowed new interventions like ignition interlock devices and ridesharing
opportunities using smartphone technology that provide new potential
countermeasures in ways never available before.

Given these advances and the current focus on reducing traffic
fatalities, there are many opportunities to involve traditional and novel
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stakeholders in innovative ways and to leverage newly available societal
and technological infrastructure to break through the stagnation and
accelerate progress on the path toward a new, comprehensive approach
to confronting alcohol-impaired driving (see Chapters 7 and 8 for more
on the roles of various stakeholders).

ABOUT THIS REPORT

The Committee’s Approach

Though recognizing that alcohol-impaired driving is a crime, and
that enforcement and criminal justice approaches are critically important,
the committee takes a holistic public health approach. The committee’s
approach is focused on population-level strategies aimed at providing the
maximum benefit at the population level. This includes understanding
the problem based on available data and surveillance, identifying risk and
protective factors, reviewing the evidence for interventions, implement-
ing interventions that will likely have the largest public health impact,
and monitoring progress. A public health approach also uses a social
determinants of health® lens. The social determinants of health allow
for exploration of the complex intersections of social, cultural, political,
economic, legal, and systems-level influences on health and well-being.
The social determinants of health framework considers access to health
care, economic stability, education, neighborhood and built environment,
and social and cultural contexts as influential on health and wellness
outcomes. Such an approach enables key health issues to be considered
in the context of the social and physical environments in which people
live, enriching opportunities for cross-sector data analytics and collab-
orative solution development. Individual behaviors, physical and social
environments, and access to services and information all play a role in
facilitating or mitigating risky behavior and risky situations and the nega-
tive health outcomes associated with them (Stockwell et al., 2015). Social
determinants of health can play a large role in advancing health equity
as well. Health equity means that everyone has full and equal access to
opportunities that allow them to lead healthy lives. To achieve health
equity, people’s health and wellness ought not be compromised or dis-
advantaged because of race/ethnicity, sex, income, sexual orientation,
education, neighborhood, rural residence, or any other social condition.

® The World Health Organization describes the social determinants of health as “the

conditions in which people are born, grow, live, work, and age . . . circumstances shaped
by the distribution of money, power, and resources at global, national, and local levels”
(WHO, n.d.).
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These concepts are discussed in more detail in Chapter 2 as they relate to
alcohol-impaired driving.

Conceptual Framework for Preventing
Alcohol-Impaired Driving Fatalities

Traditional approaches to preventive countermeasures are catego-
rized as being implemented before the event, during the event, or after
the event—each point represents opportunities to intervene. One such
approach is the use of the Haddon Matrix, which is commonly used in
the injury field and looks at human, environmental, and vehicle factors
before, during, and after a crash (Haddon, 1980). The Haddon Matrix
paradigm provides an important organization to the many inputs that
address alcohol-impaired driving crashes, and the committee’s concep-
tual model grows from that approach. There are many contextual factors
that may affect alcohol use and driving, but for the purpose of this report
the committee primarily discusses interventions directly related to the
prevention of alcohol-impaired driving crash fatalities. This includes pre-
crash interventions, such as alcohol policies that affect price and physical
availability of alcohol and alcohol consumption, alternative transporta-
tion and ridesharing options that may affect whether an impaired person
chooses to drive, and enforcement policies such as ignition interlocks for
repeat offenders that may affect whether an impaired person drives once
in his or her vehicle. Figure 1-5 (the committee’s conceptual framework)
illustrates the sequence of behaviors leading to an alcohol-impaired driv-
ing fatality, the potential intervention opportunities, and the important
factors that shape the outcomes.

The sequence of events in the framework begins with drinking alco-
hol, which can lead to drinking to the level of impairment, driving while
impaired, being involved in an alcohol-impaired motor vehicle crash, and
finally to crashes that result in serious injuries and fatalities. The injuries
and fatalities can include the driver, occupants, pedestrians, bicyclists, or
drivers and occupants of other vehicles. Within the phases, the additional
layer around the perimeter of the shapes (e.g., one layer around “drink
to impairment,” two around “drive impaired”) signifies increased likeli-
hood or risk of a negative outcome among the behaviors (squares), and
increased severity among the outcomes (diamonds). An individual can
drop off of this sequence at any point; for example, a person may consume
alcohol, but not to the level of impairment, or may plan an alternative
mode of transportation. Furthermore, there are individual risk factors that
affect the likelihood of drinking to impairment (e.g., being a binge drinker
or having an alcohol use disorder) and driving while impaired (e.g., prior
DWI, availability of a vehicle, or possession of a driver’s license). While
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SOCIAL, ECONOMIC, POLITICAL, LEGAL, AND PHYSICAL CONTEXT
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FIGURE 1-5 Preventing alcohol-impaired driving crash fatalities conceptual
framework.

NOTES: Each of the phases in this figure represents an opportunity to intervene
and prevent alcohol-impaired driving fatalities. A square denotes a behavior, a
diamond denotes an outcome, and dotted lines denote potential progression to an
outcome. Extra layers around a square or a diamond denote increased likelihood
or increased severity, respectively. The asterisks signify that there are alterna-
tive behaviors not represented in the first three phases that would preclude an
alcohol-impaired driving fatality (e.g., not drinking or not drinking to the level
of impairment).

these are not reflected in the framework, they are important individual-
level considerations and will be discussed in the report as they relate to
alcohol-impaired driving and effective interventions.

In addition, driving while impaired does not always lead to a colli-
sion and an alcohol-impaired driving collision does not always result in
an injury or fatality. These are potential outcomes of impaired driving, as
indicated by the dashed lines leading up to them. However, the exten-
sive literature on alcohol-impaired driving demonstrates a causal effect
between impaired driving and increased risk for motor vehicle crashes
and fatalities (Blomberg et al., 2005; Compton and Berning, 2015; Voas
and Lacey, 2011). Thus, while the committee’s ultimate goal is to acceler-
ate progress to reduce alcohol-impaired driving fatalities, the major task
is to reduce alcohol-impaired driving.

Above the sequence of events, the figure highlights intervention
opportunities that consist of effective or promising solutions to reduce
alcohol-impaired driving. These opportunities include the sociocultural
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environment; the alcohol environment; clinical treatment; behavior
change; education; policies and laws; enforcement and arrest; the legal
system; the physical environment and transportation; vehicle factors;
and technologies. These areas of intervention opportunity interact with
one another and target multiple levels (e.g., individual, interpersonal,
institutional, community, and societal). The strategies, programs, poli-
cies, and systems within these intervention opportunities need to take
into account the varied environmental contexts within which they will be
implemented. These are the social, economic, political, legal, and physical
contexts. The socioecological model (see Figure 1-6) is also a useful frame-
work for understanding alcohol-impaired driving and how to prevent it,
as the model reflects the interactions among individual, interpersonal,
community, institutional, and societal levels, and it presents opportunities
for potential interventions in each level.

Interventions for alcohol-impaired driving can target various points
along the sequence at the bottom of the conceptual framework, and many

SOCIETAL

INSTITUTIONAL

COMMUNITY

INTERPERSONAL

INDIVIDUAL

FIGURE 1-6 The socioecological model.
SOURCE: Concept from McLeroy et al., 1988.
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affect outcomes through complex pathways (see, for example, Figure 11
in Voas and Lacey, 2011). For instance, the legal consequences of driving
while impaired can have a deterrent effect, preventing someone from
drinking to the level of impairment (Voas and Lacey, 2011), and they can
also deter someone who has been arrested for involvement in an alcohol-
impaired driving crash from reoffending (Sloan et al., 2011).

For the purpose of this report, the committee applied a socioeco-
logical viewpoint while evaluating interventions and making recom-
mendations (see Figure 1-6). Alcohol-impaired driving is a complex,
multicomponent problem requiring a multifaceted set of synergistic
interventions. The individual level consists of knowledge, attitudes,
behavior, self-concept, and skills related to alcohol-impaired driving
(such as drinking behavior or perceived risk of being pulled over and
arrested by law enforcement for driving while impaired). These beliefs
and attitudes could be linked to policies and interventions that are shown
to affect them (e.g., minimum legal drinking age laws or mass media
campaigns). The interpersonal level includes interpersonal processes
and primary groups, such as formal and informal social networks, fam-
ily, friends, treating physicians, and work groups. These groups could
include bystanders who may or may not intervene when a person is
making the decision to drive while impaired. At the institutional level
(also sometimes called “organizational”), there are social institutions
with organizational characteristics and rules for operation that affect
alcohol-impaired driving (e.g., MADD, the alcohol industry, and law
enforcement). The community level describes the relationships among
organizations, institutions, and informal networks with specific bound-
aries (e.g., the alcohol environment and transportation alternatives). At
the public policy and societal level, there are local, state, and national
laws and policies that influence alcohol-impaired driving and the asso-
ciated risk factors such as excessive drinking. This model illustrates the
multiple levels at which a comprehensive approach to reducing alcohol-
impaired driving could intervene, as well as the actors involved. There is
substantial overlap across the levels of the model, and the interventions
and actors within each level interact with one another. Interventions pre-
sented in this report range from the individual level to population-level
approaches to reduce alcohol-impaired driving.

There are several effective and important interventions that can pre-
vent fatalities that are not reflected in the conceptual framework or this
report (e.g., the automobile manufacturing process and highway and road
design). For example, the committee focused on postcrash interventions
directly related to reducing DWI recidivism (e.g., legal consequences,
brief interventions in emergency rooms, and continuing education) or
those that are important for specific populations (e.g., rural communities).

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/24951

Getting to Zero Alcohol-Impaired Driving Fatalities: A Comprehensive Approach to a Persistent Problem

42 GETTING TO ZERO ALCOHOL-IMPAIRED DRIVING FATALITIES

In an effort to produce a report that focuses on what actions need to be
taken over the next 30 to 40 years, the committee does not fully address
many issues less directly related to alcohol-impaired driving crashes and
fatalities, including postcrash survival interventions, highway and road
design, and vehicle safety crash tests. Though each of these is important
in its own right, they are not the focus of this report.

Methodology

As noted in the committee’s statement of task, an intervention could
be a program, system, or policy. The literature on the effectiveness and
applicability of alternative interventions provides important informa-
tion for assessing which interventions are most effective, cost-effective,
and suitable for either a general or more specific population. Selection of
interventions ought to be based on the extant literature; however, many
interventions have not been adequately evaluated for general or specific
effectiveness, or evaluated for effectiveness when brought to scale. In
addition, comparisons of interventions are often incomplete and difficult
to conduct because studies vary in dimensions such as the appropriate-
ness of the study design and setting, outcomes measured, failure to con-
sider other consequences (that is, externalities), quality of execution, inter-
actions with other interventions, and inclusion of economic consequences.
Furthermore, a lack of studies on an intervention does not equate to lack
of effectiveness. Conversely, the presence of methodologically flawed
studies that conclude an intervention is effective are of limited value.

With the above in mind, the committee examined the available lit-
erature on alcohol-impaired driving interventions that target alcohol
consumption, drinking to impairment, driving while impaired, and the
postcrash and/or postarrest phase. The committee was not charged with
undertaking a systematic review of the evidence, but rather to iden-
tify which interventions are most promising to prevent alcohol-impaired
driving injuries and fatalities given the current state of knowledge and
environment. The committee did, however, conduct a comprehensive
literature review to gather information on interventions and barriers to
action from the peer-reviewed and grey literature. This entailed a sys-
tematic search of academic and governmental databases and websites for
studies that evaluated or assessed the effects of interventions on any one
of the following outcomes: alcohol consumption, binge drinking, alco-
hol-impaired driving, arrests, recidivism, and alcohol-impaired driving
crashes, injuries, and fatalities.” The sources of evidence spanned across

7 Search terms included alcohol terms (such as alcohol-impaired fatalities, alcohol-
impaired driving, alcohol-related deaths, binge drinking, blood alcohol concentration/
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multiple sectors, including transportation, the criminal justice system
(e.g., law enforcement and courts), and public health (e.g., injury preven-
tion and substance use). Each field has its own scientific methods and
standards. In general, the committee’s assessment of individual studies
and an overall body of literature followed the methodologic approach
of the Community Preventive Services Task Force (Task Force on Com-
munity Preventive Services, 2000).2 For example, the Task Force evalu-
ates the body of evidence around a specific intervention by factoring in
the number of available studies, the strength of the study design and
execution, and the size and consistency of observed effects. In assessing
the evidence, the committee relied on existing systematic reviews and
meta-analyses with strong methodologies from credible organizations
with clear and established evidentiary standards and review processes
such as the Centers for Disease Control and Prevention and the Cochrane
Collaboration.” In addition, the committee drew from existing, compre-
hensive reviews of the evidence, such as NHTSA’s Countermeasures That
Work to inform its work. The following section describes some of the fac-
tors that the committee took into consideration when assessing the impact
of interventions.

Considerations for Assessing Alcohol-Impaired Driving Interventions

When assessing specific interventions, the committee considered
total population impact (how much alcohol-impaired driving would be
reduced), cost-effectiveness, feasibility, and values and public acceptance.
The committee considered the following factors when examining and
comparing studies.

Suitability of study design and quality of execution Quality and
sophistication vary across studies. Randomized controlled studies and
randomized field studies can assess the causal effect, but they are often
unsuitable for evaluation of population-based interventions. Other
approaches use observational data and can capitalize on, for instance,

content, drunk driving) paired with traffic terms (such as accidents, traffic fatalities, traffic
safety, crashes) and intervention terms, among others.

8 The Community Preventive Services Task Force was formerly known as the Task Force
on Community Preventive Services. Task Force publications prior to 2012 are cited as the
latter, and those published after 2012 are cited as the former.

9 Cochrane defines a systematic review as “a review of a clearly formulated question that
uses systematic and explicit methods to identify, select, and critically appraise relevant research,
and to collect and analyze data from the studies that are included in the review.” Relatedly, a me-
ta-analysis involves “the use of statistical techniques in a systematic review to integrate the results
of included studies” (http:/ /community.cochrane.org/glossary [accessed November 29, 2017]).
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variations in policies over time and across jurisdictions to assess the effect.
The design and statistical approach, such as controlling for confounding
factors, can affect the results and the confidence a decision maker has that
the intervention is effective.

Real-world effect The applicability of the findings to the real world
(effectiveness, studies with high external validity) often differs from the
findings in a more controlled experiment (efficacy, studies with high
internal validity). Similarly, the results of a project implemented on a
small scale may differ from the results when the project is implemented
nationally. In general, real-world implementation falls short of the results
of studies conducted in ideal settings. The committee was most concerned
about findings in real-world situations.

Examined outcomes and measurement of spillover effects Importantly,
the outcomes measured (i.e., only considering alcohol-impaired driving
crashes or fatalities, including only those in a car, not pedestrians) and
how they are measured are critical, yet commonly differ from study to
study. The extent to which benefits and harms (positive and negative
spillovers) are measured matters because the total population effect (net
benefit) is important in selecting interventions.

Heterogeneity in effect across populations The effectiveness of inter-
ventions can also vary among different populations. For example, some
interventions may be more effective for young people and less effective
for adults, and others, such as ignition interlock devices, will be effec-
tive only for drivers of vehicles that have them equipped. Among the
numerous factors that lead to heterogeneity are location (e.g., rural versus
urban), demographics (e.g., age, gender, and race/ethnicity), and drink-
ing habits (e.g., heavy, light, or binge drinkers). Understanding these
differences is important for comparing study results and for selecting
interventions most suitable for target populations.

Scale, intensity, or focus of interventions The estimated effectiveness
of interventions may depend on the scale or intensity with which they are
implemented. For example, if a sobriety checkpoint is implemented only
occasionally, it could have a small effect and a high cost per death averted.
But, if it is scaled up, the marginal cost could decline and the marginal
effect could increase.

Optimal set of interventions Alcohol-impaired driving results from a

complex set of factors. Consequently, reducing alcohol-impaired driving
requires a set of interventions. Because some interventions are already
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in place, the key question to address is which additional approaches,
or scaled-up approaches of current tactics, will reduce alcohol-impaired
driving the most. Unfortunately, few studies assess the synergies among
interventions.

Sets of interventions and synergies (positive or negative externalities)
Adopting a set of interventions can modify the effectiveness of individual
approaches, as interventions can have positive or negative synergies. For
example, sobriety checkpoints may be enhanced by a media campaign
and vice versa. By the same token, an intervention that reduces alcohol-
impaired driving crashes might affect other alcohol-related outcomes in
similar or different ways (such as consequences of alcohol on families)
as well. If only alcohol-impaired driving fatalities are considered as the
outcome, an intervention might not seem very effective, but if all the
benefits (harms and costs) are included, then the intervention may be suf-
ficiently effective to be worth implementing. This comprehensive approach
of including negative and positive spillovers is the gold standard for
analyses but demands more information than is generally available to
inform published studies.

Match of intervention to population Some approaches might be most
effective when they are aimed at high-risk groups. For example, alcohol
treatment combined with ignition interlock devices may be most effective
in reducing alcohol-impaired driving fatalities if they are aimed at repeat
offenders or young drivers.

In sum, comparisons across studies are needed to better assess inter-
vention opportunities; however, such comparisons are often not available
or are difficult to interpret. The committee used the available evidence
and balanced the concepts above in considering effective and promising
interventions to reduce alcohol-impaired driving fatalities.

Cost-Effectiveness and Cost-Benefit

Interventions will also likely vary in the degree to which the costs
of the intervention are a good use of governments’, or more broadly,
society’s resources. In the literature the committee reviewed, value for
use of resources is typically analyzed as being “cost-effective” or “cost-
beneficial.” A cost-effectiveness analysis compares the effect (e.g., alcohol-
impaired driving fatalities) of an intervention to the costs of implement-
ing the intervention; other costs can be included as well, depending on
the perspective of the study. In contrast, a complete cost-benefit analysis
values all effects in dollar terms and sums them, and then compares this
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value to the dollar costs of implementing the intervention. If the monetary
benefits outweigh the dollar costs, the intervention is considered to be
cost-beneficial. However, there are relatively few studies that provide con-
sistent, empirical estimates of either of these measures for the interven-
tions that the committee reviewed. Furthermore, not all interventions have
been evaluated by a cost-effectiveness or cost-benefit study. Although the
committee was not specifically asked to review cost-effectiveness of the
interventions, where analyses were available that were robust enough to
provide some insight, the committee included an overview.

International Comparisons

In its statement of task the committee was asked to look at inter-
national examples addressing alcohol-impaired driving as appropriate.
While looking at examples outside of the United States can be informa-
tive, certain caveats on applicability are important. For example, some
differences in fatality rates or other measures of progress in the United
States compared to other countries may be explained by differences in
population density, availability of mass transit, and other factors. O’Neill
and Kyrychenko (2006) note that comparisons of the United States and
other countries can mask the vast differences across U.S. states, largely
explained by population density and other non-highway safety factors,
and fail to address the underlying differences that do not relate to high-
way safety policy. This is not to say that comparisons are not helpful,
but these potential differences are important to consider. In terms of the
acceptance and success of various interventions, differences in culture,
laws, and implementation need to be considered as well. In this report
the committee points to international examples and lessons learned when
appropriate and notes what does (or does not) make these examples rel-
evant to the U.S. context.

Tension Between Civil Liberties and Needed Interventions

There are often inherent ethical tensions that exist between control
measures to protect the public’s health and civil/personal liberties—
the tension between the good of the collective and rights of the indi-
vidual. This tension has existed since the fight against infectious dis-
ease in the nineteenth and twentieth centuries and continues today in
efforts to address chronic conditions (Bayer, 2007) and more recently
with tobacco use, fluoridation, food regulations, and traffic safety laws.
These trade-offs can be difficult to address but are important to consider.
In relation to alcohol-impaired driving, for example, impairment can be
measured in several ways by a law enforcement officer (and all 50 states
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and the District of Columbia have implied consent laws),'? although driv-
ers may refuse BAC testing (states vary on whether refusal is a criminal
offense) and this can hinder the prosecution process. Another example
is sobriety checkpoints—some states do not allow checkpoints as they
believe they impinge on personal liberties. While mandatory BAC testing
would be beneficial to arresting officers and prosecutors and the allow-
ance of sobriety checkpoints is critically important, the committee did
not make recommendations on whether these laws should be changed
at the state level. The committee does recommend, for example, the use
of sobriety checkpoints, but it will be up to the states which have laws
against their use to weigh the potential benefits of using them for the
health of their population against the need to uphold personal liberties in
that instance. A balance inevitably needs to be struck based on the values
of the community. Furthermore, reducing alcohol-impaired driving inju-
ries and fatalities is difficult to separate from the broader public health
rationale for reducing excessive alcohol consumption since drinking is the
precursor for alcohol-impaired driving.

A Comprehensive Approach to Address Alcohol-Impaired Driving

There is no one-size-fits-all approach that will solve the problem of
alcohol-impaired driving. For a problem this large and widespread, a sys-
tematic population approach is needed. In addition, each state is unique
in terms of laws in place, population needs, transportation options, road-
way conditions, and many other factors, so an intervention that is appro-
priate in one state or locality might not be as impactful in another (e.g.,
in an urban population versus a rural one). Therefore, the committee
does not prioritize among its recommendations; while each state needs
to take a comprehensive approach to addressing alcohol-impaired driv-
ing (see Figure 1-5), the exact combination of interventions for particular
states will vary. While targeted interventions for important subpopula-
tions would be beneficial, more data are needed to accurately implement
these (see Chapter 6). Generally, alcohol-impaired driving studies do not
focus on subpopulations.

When identifying conclusions and recommendations the commit-
tee focused on interventions that are evidence based, promising, and
relevant in the current environment, or where improvements are needed
to increase effectiveness. When the committee identified the need for
a specific action and a specific actor, a recommendation was provided.

10 Meaning that drivers using state roads (or federally owned park roads) have “con-
sented” to comply with sobriety testing if there is indication that they are driving while
impaired. More detail is provided in Chapter 5.
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Where the available evidence and the committee’s expertise led the com-
mittee to reach a conclusion about the state of the evidence or the need
for a particular action, a conclusion was provided. While many of the
strategies outlined in this report are not new, systematically implement-
ing these policies, programs, and systems changes would renew progress
and save lives.

Behavioral Insights

Conventional behavior change models assume individuals consis-
tently act in their own interest and form behavioral change intentions
based on a rational assessment of the costs and benefits. Behavioral eco-
nomics, for example, applies psychological insights to understand the
many natural decisions people make that routinely deviate from their best
interests. Along with several other fields, the behavioral economics litera-
ture demonstrates cases where rationality is limited by impulsiveness,
social norms, and the context in which choices are made (Cohen et al.,
2000; Matjasko et al., 2016; Rice, 2013; Thorgeirsson and Kawachi, 2013;
Zimmerman, 2009). These insights help explain why many traditional
health promotion efforts have limited success, such as simply increasing
awareness of the risks of drinking and driving. Policies and interventions
to improve public health can therefore be made more effective if designed
with insights from behavioral economics. For example, individuals show
status quo bias and tend not to deviate or opt out from default options
(the events that will occur if no alternatives are selected). For example,
many people do not deviate from default options for retirement savings,
generic medications, and health insurance plans (Halpern et al., 2007,
2013). Therefore, changing environments to make the healthy or less risky
option the default is highly likely to be successful (Frieden, 2010).

Research shows that those who repeatedly drink and drive compared
to those who do not engage in such behavior actually know DWI laws bet-
ter, but are poorer planners (i.e., in planning a transportation alternative),
lack self-control, and are more impulsive with much higher temporal
discounting rates,!! preferring short-term rewards over bigger, long-term
rewards (Sloan et al., 2014). Because those who drive while impaired by
alcohol have difficulty improving their behavior, a productive approach
would be to implement policies and interventions that make the trans-
portation and drinking environments safer. Furthermore, these insights
suggest that stringent policies are needed to counter the impulsivity and
lack of self-control especially among DWI offenders. Finally, the high per-
sonal discount rates among those who drive while impaired by alcohol

11 The rate at which individuals discount future costs and benefits.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/24951

Getting to Zero Alcohol-Impaired Driving Fatalities: A Comprehensive Approach to a Persistent Problem

INTRODUCTION AND CONTEXT 49

suggest swiftness of punishment and increasing the perceived chances of
getting caught are critical to deterrence. Accelerating progress to reduce
alcohol-impaired driving fatalities thus will require a system designed to
accommodate the shortfalls in decision making by those who drive while
impaired by alcohol.

With these ideas and the conceptual model in mind, the commit-
tee recognizes the need for an overarching philosophy and process for
improvement, tailored to local environments and involving a range of
stakeholders motivated by a common goal to reduce alcohol-impaired
driving fatalities.

THE ROAD AHEAD

Vision Zero

NHTSA (the sponsor of this report), the Federal Motor Carrier Safety
Administration (FMCSA), the Federal Highway Administration (FHWA),
and the National Safety Council launched the Road to Zero coalition in
2016 with the bold goal to end all traffic fatalities within 30 years (NHTSA,
2016). With more than 360 partners nationwide, the coalition has pledged
to focus on evidence-based strategies to reduce traffic fatalities, such
as the use of seat belts, rumble strips, behavior change campaigns, and
data-driven enforcement (NHTSA, 2016, NSC, 2017). The Road to Zero
expands the discussion to include not only representatives of roadway,
behavioral, and vehicle safety, but also nonprofit groups, public health
officials, and technology companies—dozens of organizations working
together to develop a coordinated approach (NSC, 2017). While the Road
to Zero effort acknowledges that zero deaths is a “lofty” goal, it notes
that it is attainable because traffic fatalities are preventable and no traffic
fatality is acceptable; a future with zero traffic deaths is more certain than
ever with the emergence of self-driving cars and the Safe Systems trans-
portation approach; and a coordinated effort that brings together multiple
stakeholders with the same goal can achieve more than individual orga-
nizations working independently.

The Road to Zero is consistent with Vision Zero—a philosophical
approach to road safety that was crafted in the 1990s and adopted in
Sweden in 1997 (see Box 1-3). Vision Zero, as a unifying philosophy,
has expanded to the United States and other countries. While originally
focused on road builders and design, Vision Zero continues to have an
increasing breadth of participants. Its principal aim is to eliminate all
serious traffic injuries and fatalities (Rosencrantz et al., 2007). Described
as “audacious,” “bold” (Aboelata et al., 2017), and “radical” (Belin et al.,
2012), this innovative approach transformed the traditional approach of
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BOX 1-3
The Swedish Experience with Vision Zero

Since the implementation of Vision Zero, the Swedish government has made
changes in four areas: road and infrastructure, vehicle technology, services and
education, and control and surveillance. The Swedish Traffic Accident Data Acqui-
sition (STRADA) information system collects data on crashes and injuries occur-
ring nationwide from police crash reports and hospital medical reports (Swedish
Transport Administration, 2015). By combining these two sources of information,
STRADA is able to give a robust account of traffic crashes and their consequences
while identifying cases often not reported to the traffic police (usually involving
pedestrians, cyclists, or mopeds) (Swedish Transport Administration, 2015). The
Swedish government has also partnered with the automotive industry to develop
new technologies such as antiskid systems and antilock brakes, and there is a
push toward automated driving and the digitalization of roads, which would include
automated sobriety checkpoints (Government Offices of Sweden, 2016).

Although Vision Zero places ultimate responsibility for traffic fatalities on sys-
tem designers, a higher demand is also placed on road users to comply with traffic
regulations (Belin et al., 2012; Tingvall and Haworth, 2000). A large component of
the Swedish success story has been in creating a social norm in which impaired
driving is not only rare, but seriously frowned upon (Tingvall and Haworth, 2000).

Vision Zero has succeeded at reducing traffic fatalities, even as the traffic
volume in Sweden has increased (Swedish Transport Administration, n.d.). When
Vision Zero was launched, traffic deaths exceeded 500 people per year (Swedish
Transport Administration, 2017). By 2015 this number had been reduced almost
by half (Swedish Transport Administration, 2017).

transportation design, in which the road builders simply expected road
users to use the road as designed, and instead shifts responsibility to the
transportation system and road designers to prevent injury and death.
This brings in new stakeholders and creates innovative partnerships.
Everyone has a role and an opportunity to contribute to the shared goals.
Vision Zero is a starting point that can be expanded to address alcohol-
impaired driving. Therefore, each alcohol-impaired driving fatality could
be thought of as a system failure and understanding the reason for that
failure facilitates interventions to prevent recurrence. Vision Zero contin-
ues to expand and has been adopted by more than two dozen U.S. cities.

Achieving Vision Zero in the United States

Other initiatives or programs aimed at achieving zero deaths from
traffic fatalities in the United States include the Vision Zero Network,
which is composed of U.S. cities that have made the pledge to pursue
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continuous elimination of traffic fatalities and serious injuries within a
designated time period (Vision Zero Network, 2017). Toward Zero Deaths:
A National Strategy on Highway Safety is an initiative that was created
in 2009 by a steering committee cooperative with the aim of eliminating
traffic injuries and fatalities nationwide. It receives technical support from
FHWA, FMCSA, and NHTSA and is promoted by many groups including
the American Association of State Highway and Transportation Officials,
the Governors Highway Safety Association, and numerous state depart-
ments of transportation (AASHTO, 2015; TZD, 2015). The Institute of
Transportation Engineers also launched a Vision Zero Task Force in 2016
that supports Vision Zero efforts in U.S. cities through public—private
partnerships, volunteerism, and raising awareness (ITE, 2017, n.d.).

The Vision Zero philosophy is spreading throughout the country
but in a disjointed and fragmented fashion. Instead of working together,
invested partners are creating their own, slightly different Vision Zero
programs. Implementing a unified Vision Zero as a U.S. policy to reduce
alcohol-impaired driving injuries and fatalities is an important step. To
fulfill Vision Zero successfully, shared goals and continued progress
toward reducing alcohol-impaired driving fatalities is essential. Vision
Zero will need to include interventions to modify drinking as well as
alcohol-impaired driving (see Chapter 2 for information on the relation-
ship between drinking and impaired driving), in addition to more tra-
ditional engineering solutions. More data at the community level are
also needed, as is the integration of data systems to better target where
alcohol-impaired traffic fatalities occur and to make the appropriate
changes (see Chapter 6 for more information on data system needs). To
address this growing public health and safety problem, an integrated sys-
tems change requires many varied partners to join the transportation and
transportation system design sector in recognizing that alcohol-impaired
driving fatalities are preventable. These partners include government
agencies, state and local public health departments, clinicians, health
care systems, law enforcement, car manufacturers, auto insurers, advo-
cacy organizations, technology companies, employers, alcohol retailers,
wholesale distributors, alcohol producers, and the hospitality industry,
among others (see Chapters 7 and 8 for further explanation of stakeholder
accountability).

Vision Zero aspires to reach zero traffic fatalities. Reducing alcohol-
impaired driving is, in part, a means to that end. A public health approach
to injury prevention that encompasses the full array of contributing vari-
ables or causes for the target harm is needed. From this perspective,
reducing excessive alcohol consumption and reducing alcohol-impaired
driving are two of the logically available means. As discussed throughout
the report, altering the alcohol and driving environments often entails
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trade-offs, as described above. Vision Zero is an aspirational goal, not a
policy prescription.

Bold goals are important and can be used to galvanize action, change
social norms, and bring stakeholders together around a common vision
and goal. The committee recognizes that in an economic sense, eliminat-
ing all roadway fatalities would require investments that have diminish-
ing returns and that there are important alternate uses of those resources;
however, Vision Zero is not primarily an economic goal. It is about estab-
lishing an aspirational goal that can rally stakeholders, provide focus, and
make substantial progress toward achieving that goal.

If Vision Zero is further expanded to specifically address the larg-
est killer on the road—alcohol-impaired driving—and the wide range
of stakeholders were to unite behind one comprehensive, overarching
approach to Vision Zero with clearly defined roles and responsibilities,
they would be able to provide a stronger message, provide more targeted
and effective interventions, and tackle alcohol-impaired driving more
cohesively. Table 8-1 outlines the stakeholders who are needed to ensure
implementation of the evidence-based and promising interventions dis-
cussed throughout this report.

Importantly, the public itself can also directly participate in prevent-
ing alcohol-impaired driving through Vision Zero. Introducing a goal of
zero alcohol-impaired driving injuries or fatalities requires the country to
adopt a new, multisector approach and system for improvement, driven
by stakeholders motivated by a common goal. Throughout this report the
Vision Zero philosophy is applied to alcohol-impaired driving with the
aim of developing a comprehensive approach that involves stakeholders
across sectors.

Conclusion 1-1: Alcohol-impaired driving is a complex preventable
public health problem that requires a comprehensive and collaborative
multisector approach.

WHAT IS ALCOHOL IMPAIRMENT?

Terms

Box 1-4 highlights key terms related to impairment used throughout
the report. For the purpose of this report, the term alcohol-impaired driving
is used. While impairment can be caused by other substances or condi-
tions, and although it begins before reaching the BAC limit set by state
law, this report generally uses the term to mean driving with a BAC of
0.08% or higher. The term applies to drivers of all vehicle types and does
not include pedestrians or cyclists.
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BOX 1-4
Key Impairment Terms from the Glossary

Alcohol-impaired driving crash/fatality—In all U.S. states? drivers are consid-
ered legally impaired to drive when their blood alcohol concentration (BAC) is
greater than or equal to 0.08 grams per deciliter (g/dL, often expressed as %, as
in 0.08%).° Thus, in the United States, any crash involving one or more drivers with
a BAC of 0.08% or higher is typically referred to by the National Highway Traffic
Safety Administration (NHTSA) as an alcohol-impaired driving crash, and fatalities
stemming from those crashes are defined as being alcohol-impaired driving crash
fatalities. Of note, however, is that impairment begins below 0.08%, so this is an
underestimate relative to all crash fatalities in which impairment from alcohol may
have contributed.®

Alcohol-related crash/fatality—A crash or a fatality from a crash that involves
one or more drivers of a motor vehicle with any alcohol in their system (i.e., a BAC
greater than 0.00%). This term also subsumes alcohol-impaired driving crashes.
It is a useful umbrella term for all motor vehicle crashes that involve any alcohol.
Some have also used the alcohol-involved term to convey the same idea.

Driving under the influence (DUI), driving while impaired (DWI)—These are
legal phrases that refer to handling a motor vehicle while one’s BAC is above the
limit set by state statute, or on the basis of field sobriety tests or observed behavior.

Drunk driving crash/fatality—A colloquial term, widely used and recognized,
and generally refers to driving or crashes or fatalities that are related to alcohol
impairment (in most U.S. states based on a BAC =0.08%).

Impairment—Refers to the deterioration of an individual’s judgment and/or physi-
cal ability. Physiological and cognitive impairment begin at BAC levels below those
that are associated with intoxication. As a legal standard, impairment and driving
under the influence laws are based on a person’s physical or mental impairment
as judged on the basis of BAC level, performance in standardized field sobriety
tests, or observed behavior. Although this report is focused on impairment from
alcohol, impairment can result from other substance use and distracted driving,
among others.

a Utah recently passed legislation to lower the BAC law to 0.05% beginning in December
2018.

b States may have lower BAC laws for individuals under the minimum legal drinking age
of 21 and commercial drivers.

¢ Of note, a crash involving a nonimpaired motor vehicle driver and an impaired pedes-
trian or cyclist is not counted as an alcohol-impaired motor vehicle crash fatality by NHTSA’s
FARS, which collects information about all motor vehicle crash fatalities occurring on U.S.
public roadways.
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This report also uses DWI (instead of DUI or a similar state-specific
phrase). DWI is a legal term; states vary in how they designate the vio-
lation of driving while impaired by alcohol. See the report glossary for
definitions of other terms in this report. Discussion of what it means to
be impaired follows.

Alcohol’s Physiological Effects and Influence on Driving

As noted in Box 1-4, the current legal definition of alcohol impair-
ment in almost all 50 states is a BAC of 0.08%. Although this is the limit
set by state law, impairment begins at lower levels; even small amounts
of alcohol affect the brain.

Biologically, alcohol impairment occurs before reaching BAC of 0.08%,
and impairment affects driving-related skills and behaviors. A standard
drink in the United States has 14 grams of pure alcohol, which is the
amount of alcohol in approximately 12 ounces of beer of 5 percent alco-
hol by volume (ABV), 5 ounces of wine of 12 percent ABV, or 1.5 ounces
of distilled spirits of 40 percent ABV (NIAAA, n.d.-b) (see Figure 1-7).
However, alcohol content varies by beverage type and serving size and
therefore a “drink” may contain either more (or less) than the standard
14 grams of pure alcohol (Kerr et al., 2005, 2008, 2009).

Once consumed, alcohol is absorbed from the stomach and small
intestine into the bloodstream. Most alcohol metabolism takes place in
the liver, but the gastrointestinal tract, pancreas, and brain also metabo-
lize alcohol. Most alcohol is chemically broken down by a process with
two enzymes into acetaldehyde and acetate,'> which is further metabo-
lized and eliminated as water and carbon dioxide (CDC, 2017a; NIAAA,
2007). Alcohol circulates in the bloodstream until the body can metabo-
lize it.

Individuals differ in their degree of impairment at a given BAC.
Several factors affect alcohol’s physiological influence, including weight,
age, sex, race, and ability to metabolize alcohol. Women are often more
sensitive to the effects of alcohol and have a higher BAC than men after
drinking the same amount of alcohol, in part because women usually
have a higher percentage of body fat than men (Cederbaum, 2012; Frezza
et al., 1990). Additionally, genetic variations in enzymes affect the clear-
ance of one of the by-products of alcohol metabolism, resulting in an
intensified physiological reaction and altering the risk of developing
alcohol dependence. Genetic differences interact with other individual

12 Alcohol dehydrogenase and aldehyde dehydrogenase. Other enzymes have similar roles
but may only be active after consumption of large amounts of alcohol.
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12 fl oz of 8-9 fl oz of 5 fl oz of 1.5 fl oz shot of
regular beer malt liquor table wine distilled spirits
(shown in a (gin, rum, tequila,
12 oz glass) - ) vodka, whiskey, etc.)
‘__5'__ -.l iU
p ‘:| I."\
% er's ~
o
L
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about 5% about 7% about 12% about 40%
alcohol alcohol alcohol alcohol

FIGURE 1-7 Standard drinks in the United States.

NOTES: Each beverage portrayed above represents one standard drink of “pure”
alcohol, defined in the United States as 0.6 fl oz or 14 grams. The percent of pure
alcohol, expressed here as alcohol by volume (ABV), varies within and across
beverage types. Although the standard drink amounts are helpful for following
health guidelines, they may not reflect customary serving sizes.

SOURCE: NIAAA, n.d.-b.

and environmental elements in determining an individual’s response to
alcohol (Ehlers and Gizer, 2013; Wall et al., 2016).

The amount and rate of alcohol an individual consumes, along with
how often one drinks, and the use of drugs or prescription medications
can also affect the body’s response to alcohol (CDC, 2017a; NIAAA,
n.d.-a). For example, alcohol interacts with a variety of medications such
as antibiotics, antidepressants, and opioids and other pain medicines, and
can either heighten or hinder the medication’s effect (Weathermon and
Crabb, 1999). Over-the-counter medications, herbal supplements, and
cannabis also alter alcohol metabolism (Ronen et al., 2010; Weathermon
and Crabb, 1999).

Alcohol is a central nervous system depressant (Dry et al., 2012). The
effects of alcohol include psychomotor impairment, decreased inhibi-
tion, diminished alertness and sleepiness, confusion and problems with
concentration, reduced visual focus, and slurred speech. At higher BAC
levels, alcohol can induce vomiting, blackouts, disrupted breathing, sei-
zures, coma, and death (NHTSA, n.d.; NIAAA, n.d.-a).

Driving requires several complex skills. A driver must maintain the
correct speed and keep their vehicle within the appropriate lane while
observing and processing their surroundings for safety information (such
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as traffic signs, other vehicles, and pedestrians). Alcohol affects the capac-
ity to drive safely by impairing information processing and reaction time
and compromising judgment and coordination (CDC, 2017a), and the risk
of crash increases with higher BAC levels (Hingson et al., 2000; Martin et
al., 2013; Starkey and Charlton, 2014). Chapter 4 describes the effects of
escalating BAC levels on driving abilities in more detail.

OVERVIEW OF THE STUDY PROCESS

To address its charge, the committee gathered information through
a variety of means. It held three information-gathering meetings that
were webcast live. The first, held in February 2017, focused on obtaining
information on the history of alcohol-impaired driving and interventions
currently being used in the United States. The second meeting, held in
March 2017, focused on obtaining information on the current alcohol
environment, stakeholder activities, relevant surveillance systems, and
social movements. The third meeting was held in May 2017; presenta-
tion topics included pertinent technological innovations, alcohol policy
(such as taxes and warning labels), DWI arrests in tribal communities,
and automobile and insurance industry perspectives (committee meeting
agendas are listed in Appendix E). The committee also met in deliberative
meetings throughout the study process. The committee received public
submissions of materials for its consideration throughout the course of
the study.!®> The committee’s online activity page provided information
to the public about the committee’s work and facilitated communication
with the public.!*

Throughout this report the committee provides conclusions and rec-
ommendations for short-, mid-, and long-term interventions. Chapter 2
provides an overview of the current alcohol and transportation environ-
ments. Chapters 3 through 5 target intervention points identified in the
conceptual framework: Chapter 3 describes interventions to reduce drink-
ing to impairment, Chapter 4 discusses interventions that affect an indi-
vidual’s likelihood to drive once impaired, and Chapter 5 describes
postcrash and postarrest interventions. Chapter 6 identifies data and
surveillance needs and opportunities. Chapter 7 considers the impor-
tance of social movements and other approaches to generate stakeholder
action, and Chapter 8 ties together the previous chapters” recommenda-
tions and conclusions. The committee also commissioned four papers

13 Public access materials can be requested from http:/ /www8.nationalacademies.org/
cp/projectview.aspx?key=49848 (accessed April 26, 2017).

14 See http:/ /nationalacademies.org/hmd/Activities /PublicHealth /ReduceAlcohol
ImpairedDrivingFatalities.aspx (accessed April 26, 2017).
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to offer additional context and perspective on alcohol-impaired driving.
These papers helped to fill gaps in the literature and were considered in
conjunction with other literature on these topics. Appendix A describes
data and surveillance systems that could better inform alcohol-impaired
driving interventions in the United States. Appendix B presents a content
analysis of how alcohol-impaired driving is framed in the news. Appen-
dix C provides an overview of the role of the alcohol industry in alcohol-
impaired driving interventions. Finally, Appendix D gives insight into
international alcohol-impaired driving countermeasures.

CONCLUSION

To achieve zero alcohol-impaired crash fatalities—where every alco-
hol-impaired driving death could be thought of as a failure of the system—
a systematic, multipronged approach with clear roles and accountabilities
across sectors (including public health, transportation, law enforcement,
and clinical care) is needed. Victims are dying each day, and fatality
rates are rising—substantial progress has been made in the past, and that
progress needs to be jump-started again. As a philosophy, Vision Zero
offers a system for improvement and a way to rally stakeholders from
many arenas around a common goal. No one intervention will solve the
preventable deaths resulting from alcohol-impaired driving. This report
lays out a comprehensive set of evidence-based and promising interven-
tions and system improvements that when implemented together have
the potential to eliminate these preventable deaths.
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Current Environment:
Alcohol, Driving, and
Drinking and Driving

INTRODUCTION

To accelerate progress to reduce alcohol-impaired driving fatalities,
it is important to understand the context in which these fatalities occur,
as noted in the committee’s conceptual framework (see Figure 1-5). This
includes the trends and patterns of alcohol-impaired driving and the
impacts and costs borne by society. For alcohol-impaired driving, there
are two contexts that are especially salient and worth examining: the
alcohol environment (e.g., social and cultural drinking norms, availability,
pricing, and regulation) and the driving environment (e.g., road safety
infrastructure, public transportation, and driving patterns). In this chap-
ter, data on alcohol-impaired driving are discussed in depth, as well
as the impacts and costs of crashes, injuries, and fatalities. The current
alcohol and driving landscapes are discussed as the backdrop for alco-
hol-impaired driving. The chapter concludes with a high-level overview
of the existing drinking- and driving-specific interventions in place for
addressing alcohol-impaired driving.!

1 The 2016 fatal traffic crash data became available late in the study process (October 2017);
however, in-depth analyses had not yet been completed during the writing of this report.
When 2016 analyses were not available, 2015 (or most recent) data were used.
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THE ALCOHOL ENVIRONMENT

The alcohol environment today can be understood by examining
drinking trends, social and cultural drinking norms, alcohol availability,
promotion, pricing, regulation, and the policies and laws that shape these
factors. The nature of this environment has important implications for
drinking and driving behaviors (Bond et al., 2008; Huckle et al., 2006), as
well as the relative success of interventions designed to reduce alcohol-
impaired driving (Xuan et al., 2015a).

Drinking Behaviors and Trends

Alcohol consumption, while intertwined with many social and cul-
tural norms in the United States, is not uniform across all populations
(Babor, 2010a) and the overall prevalence of alcohol consumption varies.
The 2015 National Survey on Drug Use and Health reported that of people
18 years or older, 86.4 percent have drunk alcohol at some time in their
lives, 70.1 percent drank in the past year, and 56.0 percent drank in the
past month (SAMHSA, 2016). These data run counter to the misperception
that drinking is more widespread than it actually is, particularly among
college-aged students, for whom drinking prevalence is commonly over-
estimated (Baer et al.,, 1991; Martens et al., 2006; Perkins et al., 2005).
Research suggests that for those who do consume alcohol, drinking varies
with respect to frequency, quantity, the rate at which people drink, and
preferred alcoholic beverage and/or combination.

Despite standard drink sizes for beer, wine, and distilled spirits (see
Chapter 1 for more information on standard drinks), it is often diffi-
cult for individuals to determine the amount of alcohol they have con-
sumed because of variations in alcohol content per drink. While very little
research has been done on the mean, distribution, and sources of variation
in the alcohol content of drinks, some information is available. In regards
to beer, draught beers tend to have higher alcohol by volume (ABV) than
a standard drink (Kerr et al., 2008). Newer craft beers, typically with 7
to 9 percent ABV (compared to 5 percent ABV for a standard 12-ounce
drink of beer), have also entered the market in recent years. Drinkers and
bartenders may not be aware of these differences or pay much attention
to them when serving and consuming alcohol, leading to greater levels
of intoxication than intended. This is true for wine and distilled spirits as
well. A Northern California focus group found that an average glass of
wine and an average mixed drink served at a bar had 43 and 42 percent,
respectively, more alcohol than a standard drink (Kerr et al., 2008). Not
only is there wide variability in the alcohol content of drinks served in
bars and restaurants, but there is also significant variability in the drinks
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served in people’s homes (Kerr et al., 2005). A study conducted by Kerr
and Stockwell (2012) found that drinkers have difficulty identifying and
pouring standard drinks, with a propensity to overpour. As a result, it
can be difficult to determine how much alcohol one has consumed based
on the number of “drinks” they have had. Standard drink size also var-
ies from country to country. The United Kingdom has a standard drink
size of 8 grams of pure alcohol; in Australia a standard drink is 10 grams,
in the United States it is 14 grams, and in Japan it is 19.75 grams (WHO,
2014).

Data from the 1975-2016 Monitoring the Future survey suggest that
32 percent of college students binge drink (Schulenberg et al., 2017).2
Similarly, a review of studies on drinking among college students found
a consistent national rate of binge drinking of about 40 percent (Wechsler
and Nelson, 2008). In college settings, rates of drinking are highest among
first-year students, athletes, and members of fraternities and sororities
(Wechsler and Nelson, 2008). Additionally, almost one-quarter of col-
lege students who self-identify as current drinkers consume alcohol
with energy drinks, putting themselves at a higher risk of serious con-
sequences, as caffeine affects a drinker’s ability to judge their level of
impairment (O’Brien et al., 2008). Data from the 2005-2011 Monitoring the
Future study also show that about one-fifth of high school seniors binge
drink, and intensity of binge drinking is higher for students in rural areas
(Patrick et al., 2013).

Recently published analyses from the National Epidemiologic Survey
on Alcohol-Related Conditions (NESARC) found that alcohol consump-
tion among U.S. adults rose substantially between 2001-2002 and 2012-
2013, with annual use increasing by 11.2 percent (from 65.4 percent of the
population 18 years or older in 2001-2002 to 72.7 percent in 2012-2013),
and high-risk drinking increasing by 29.9 percent (from 9.7 in 2001-2002
to 12.6 percent in 2012-2013) (Grant et al., 2017).> The NESARC study
also found the largest increases in alcohol consumption, alcohol-impaired
driving, and alcohol use disorder in women, older adults, individuals of
racial or ethnic minority, and individuals with lower income and educa-
tional attainment (Grant et al., 2017).4

Social and cultural norms of alcohol use vary by gender and among
ethnic groups in the United States (Galvan and Caetano, 2003). For

2 Binge drinking is defined in this study as consuming five or more drinks in a row on at
least one occasion (i.e., typically over a period of 2 hours) in the past 2 weeks (Schulenberg
et al.,, 2017).

3 High-risk drinking is defined in this study as four or more drinks on any day among
women and five or more drinks on any day among men (Grant et al., 2017).

4 “Alcohol use disorder” as defined in the Diagnostic and Statistical Manual of Mental Dis-
orders (DSM-1V).
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example, men drink alcohol more often than women, including heavier
drinking, and are more likely to experience drinking-related consequences
(Rahav et al., 2006; Wilsnack et al., 2000, 2009). Furthermore, drinking
alcohol has been linked with perceptions of masculinity (De Visser and
Smith, 2007) and is strongly associated with the social aspect of sports and
sporting events (Collins and Vamplew, 2011). In recent years, however,
differences in patterns of drinking by gender have narrowed, particularly
among adolescents and young adults (Jang et al., 2017). For example,
research suggests an increase in binge drinking among younger and older
women (Breslow et al., 2017; Dwyer-Lindgren et al., 2015). Drinking pat-
terns across racial and ethnic groups are complex. In general, alcohol
consumption is most common among non-Hispanic whites and people
who report two or more races, and lowest among Asians (SAMHSA,
2014). Recent data from the National Longitudinal Survey of Youth reveal
racial and ethnic differences in “aging out” of heavy drinking behav-
iors. African American and Hispanic men and women exhibited slower
declines in heavy drinking frequency during their 20s than white men and
women (Mulia et al., 2017). While life course trajectories of heavy drink-
ing may show one pattern, age- and sex-adjusted estimates from the 2016
National Health Interview Survey demonstrate another. These findings
showed that non-Hispanic white adults (31.2 percent) were more likely
to have at least one heavy drinking day in the past year when compared
to Hispanic and non-Hispanic Black adults (22.1 and 15.4 percent, respec-
tively) (Clarke et al., 2017).

Beyond the physiological effects of alcohol, an individual’s percep-
tions of his or her level of impairment can also affect his or her behav-
ior. Alcohol metabolism facilitates the perception of impairment, and an
individual is made aware of the effects of alcohol by biological cues or
changes in his or her behavior (Laude and Fillmore, 2016). In studying the
subjective view of impairment, researchers have found that the number of
beverages a person thinks they can consume in 2 hours before their driv-
ing becomes impaired is 30 percent higher for African Americans and 26
percent higher for Hispanics compared to whites, indicating cultural dis-
parities in drink preference (and therefore alcohol content) or subjective
conception of impairment (Kerr and Greenfield, 2015; Kerr et al., 2006).

Generally, people are often not aware of how impaired they are
because they misjudge the rates of alcohol absorption and elimination,
or because they may not understand the relationship between the quan-
tity of alcohol consumed and the resulting blood alcohol concentration
(BAC) (Aston and Liguori, 2013).° This could lead drinkers to think they

5 Some existing tools for understanding BAC include the National Highway Traffic Safety
Administration’s (NHTSA’s) “ABCs of BAC.”
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are recovering from alcohol more quickly than they actually are. Driv-
ers who underestimate their BAC are more willing to drive while above
the limit set by state law compared to drivers who more correctly assess
their BAC, and drivers who incorrectly estimate low BAC levels exhibit
riskier driving (Laude and Fillmore, 2016). Furthermore, some impaired
drivers exhibit riskier behaviors even while their psychomotor skills are
not demonstrably compromised. Conversely, other drivers’ risky behav-
ior may not change but their psychomotor skills could be significantly
impaired (Laude and Fillmore, 2016). A 2013 review noted nonalcoholic
social drinkers were more capable than alcoholic drinkers at assessing
changes in their BAC levels;® this population was also able to learn to
estimate their BAC levels more accurately after training, while training
was less effective in alcoholic drinkers (Aston and Liguori, 2013). Finally,
stimulant drugs such as energy drinks and 3,4-Methylenedioxymetham-
phetamine (MDMA or Ecstasy) may reduce subjective views of intoxica-
tion and lead drinkers to think they are not impaired, but the effects of
those drugs are not sufficient to overcome objectively measured alcohol
impairment (Martin et al., 2013).

General Regulatory Framework for Alcohol

Historically, beer was the beverage of choice of the drinking driver
(Berger and Snortum, 1985); more recent data are not available about
which kinds of alcohol are most common among alcohol-impaired driv-
ers today, but beer continues to claim the most consumer dollars of the
three main types of alcohol beverages (beer, wine, and distilled spirits)
(Impact Databank, 2017a,b). The Gallup poll also reports that beer is the
most commonly consumed of the three beverage types (Beer Marketer’s
Insights, 2017). In the United States, 82 percent of the volume of beer sales
are made for off-premise consumption (e.g., supermarkets, convenience
stores, and stores selling distilled spirits),” while 53.7 percent of the dollar
value of sales occur in on-premise establishments (e.g., bars and restau-
rants) (Beer Marketer’s Insights, 2017). Prices of alcoholic beverages sold
for off-premises consumption have become significantly more affordable

6 Nonalcoholic social drinkers were defined in the study described by Aston and Liguori
(2013) as moderate drinkers who (1) consumed 1 to 4 alcoholic beverages at least twice per
week, with each drink containing the equivalent of 1 oz. of 80-proof (40 percent) alcohol;
(2) consumed an average of 4 to 10 drinks at a party; (3) were able to consume at least 6
to 7 drinks on a single occasion (as required for the experimental procedure); and (4) had
been intoxicated 2 to 12 times during the past year (Huber et al., 1976; Lansky et al., 1978).

7 Off-premise outlets are establishments where alcohol can be sold, but not consumed (e.g.,
package stores and supermarkets), and on-premise outlets are establishments where alcohol
can be sold and consumed (e.g., bars and restaurants).
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from 1950 to 2011. One drink per day of the cheapest brand of spirits
required 0.29 percent of U.S. mean per capita disposable income in 2011
versus 1.02 percent in 1980 and 4.46 percent in 1950 (Kerr et al., 2013a).
This increase in affordability over this time period is reflected in beer and
wine prices as well (Kerr et al., 2013a) (see Chapter 3 for more information
on alcohol pricing and taxation).

Because of commercial speech protection afforded by judicial inter-
pretations of the First Amendment, alcohol advertising is primarily self-
regulated by the alcohol industry. One provision specifies that advertise-
ments should not be directed at audiences in which 28.4 percent or more
of the audience is under 21 years of age (FTC, 2013). Although the Federal
Trade Commission has published occasional reports monitoring the effec-
tiveness of the industry’s self-regulatory codes and has generally been
approving of them (FTC, 2013), independent researchers have found that
violations of these codes in the media are frequent and that exposure of
alcohol marketing to youth and other vulnerable populations is especially
pervasive and often disproportionately large compared to adult popula-
tions (King et al., 2017).

Alcohol Industry

A crucial force in shaping the environments in which people make
their decisions about drinking, which in turn affect their likelihood of
drinking and driving, is the alcohol industry itself. By dint of its size and
structure, it is a formidable political force. Its practices and innovations in
product development, pricing, promotion, and making its products physi-
cally available essentially structure the context of drinking for Americans.

The U.S. alcohol industry is dominated by a small number of compa-
nies. Beer is the most concentrated segment in terms of ownership: As of
2016, two companies, Anheuser-Busch and MillerCoors, account for 67.3
percent of the market in terms of volume, while the top five companies
sell 79.8 percent of beer (Advocates for Highway and Auto Safety, 2017).
For both distilled spirits and wine, the top five producers account for
more than half the volume of sales (Impact Databank, 2017a,b). While
craft brewing and distilling have been increasingly visible, and the num-
ber of craft brewers and distillers has grown substantially in recent years,
the largest “craft” segment, brewing, still only comprises a small percent-
age of the total beer market—less than 12 percent as of 2016. The craft
brewing market itself is becoming more concentrated—the top ten craft
brewers sold nearly 60 percent of craft beers in 2016, as opposed to 53
percent in 2011. Furthermore, craft beer brands that have been acquired
by the largest beer companies are showing the strongest growth trends
(Beer Marketer’s Insights, 2017).
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The oligopolistic structure of the alcohol industry creates the condi-
tions for oligopolic profit-taking and the creation of high barriers to entry
in the form of heavy spending on marketing. In 2016 alcohol producers
spent approximately $2.2 billion on measured marketing (television, mag-
azines, outdoor, radio, Internet, and newspapers). Unmeasured marketing
activities include sports and other sponsorships, special events, discount-
ing, and corporate “stakeholder” marketing. The latter category includes
lobbying: in 2015 alcohol companies spent $13.2 million on lobbying
in state legislatures (FollowTheMoney.org, n.d.); in 2016 they donated
almost $27 million to members of Congress and reported 295 lobbyists
working for them at the federal level (OpenSecrets.org, n.d.).

Stakeholder marketing also encompasses corporate social responsibil-
ity (CSR) activities such as efforts to prevent alcohol-impaired driving.
However, global analyses of alcohol industry CSR activities have con-
sistently found that the alcohol industry pursues and supports the least
effective strategies and actively opposes the most effective (Babor et al.,
2015, 2018; Esser et al., 2016; Pantani et al., 2017). Esser et al. (2016) per-
formed a content analysis of 266 randomly sampled alcohol industry ini-
tiatives to decrease alcohol-impaired driving and found that insufficient
evidence or no scientific evidence exists for 56.0 percent of these initia-
tives. Furthermore, two-thirds of the initiatives were rated as potentially
harmful based on conflict with public health evidence (e.g., promoting
the use of designated drivers, for which evidence of effectiveness is insuf-
ficient and suggests negative unintended consequences—see Chapter 4
and Finding 4-1 for more information), and 87.6 percent were found to
be potential brand or company marketing activities (Esser et al., 2016).
See Appendix C for more information on the alcohol industry’s role in
promoting alcohol-impaired driving interventions.

It is also important to recognize that there may be a basic conflict of
interest for the alcohol industry between the need to maintain profitability
and growth and efforts to reduce the prevalence of underage drinking
and intoxication, both of which can lead to alcohol-impaired driving.
Researchers estimated that in 2001 (the most recent year for which these
estimates are available), underage and pathological drinking accounted
for between 37.5 and 48.8 percent of consumer expenditures on alcohol
(Foster et al., 2006). Thus, were the population to drink in a fully legal
and nonpathological fashion, the industry could lose nearly half of its
revenues, and the government would lose a large amount of its tax rev-
enues as well.

Alcohol industry activities in product development, pricing, promo-
tions and sponsorships, and physical availability of alcoholic beverages
are briefly described below.
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Product Development

Recent trends in alcoholic beverage development have presented par-
ticular risks for alcohol-impaired driving. Alcohol content in almost all
types of alcoholic beverages has been steadily increasing, especially with
the growing popularity of craft beverages (Kerr et al., 2013b; Mintel, 2015).
In addition, the practice of mixing alcohol and caffeine, while effectively
banned at the point of production at least for malt beverages (Babor
et al., 2017), continues to be common, particularly among young binge
drinkers (CDC, 2017a). Systematic reviews have found that young drink-
ers who consume mixtures of alcohol and energy drinks are at higher
risk for binge drinking and driving, riding as a passenger in a vehicle
with an intoxicated driver, and being arrested for driving while impaired
(Babor et al., 2018; McKetin et al., 2015; Striley and Khan, 2014). Findings
from a review of randomized controlled studies suggest that although
energy drink consumption may deter small declines in cognitive function
that result from alcohol consumption, such counteracting effects are not
observed when driving (Babor et al., 2018; Lalanne et al., 2017). In addi-
tion, evidence suggests that consumption of drinks combining alcohol
and energy drinks hinders a person’s ability to estimate their level of
impairment (Forward et al., 2017).

In 2015 Anheuser-Busch InBev (AB InBev) launched its Global Smart
Drinking Goals, which include reducing harmful drinking by at least 10
percent in six pilot cities by 2020; implementing the best practices from
pilot cities globally by 2025; influencing social norms and behaviors to
reduce harmful drinking by investing in social marketing campaigns
and programs by 2025; ensuring that no- or lower-alcohol beer products
comprise at least 20 percent of all beer volume produced by the company;
placing a guidance label on all beer products by 2020; and increasing
alcohol health literacy by 2025 (AB InBev, n.d.). It is important to note
that the AB InBev smart drinking goals have not yet been evaluated.
Rehm et al. (2016) attempted to assess the potential effects of reducing
alcoholic strength of available products on reducing harmful drinking.
While the study authors cite one mechanism that may potentially reduce
harmful drinking, they note there is not yet evidence to substantiate this.
The smart drinking goals require rigorous evaluation and investigation
into their potential for positive or negative impacts (Anderson and Rehm,
2016).

Pricing

Alcohol purchased at off-premises establishments is more affordable
now than it has been in 60 years (Kerr et al., 2013a). Significant decreases
in alcohol prices have resulted in large part from decreases in federal
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and state tax rates, particularly in the 1960s and 1970s (see Chapter 3 for
more information on alcohol pricing and taxation) (Kerr et al., 2013a).
More recently, product developments from the alcohol industry have
led to lower priced options for consumers. Alcoholic energy drinks and
premixed, ready-to-drink products, often with high alcohol and sugar
contents, have been developed with younger and more cost-conscious
populations (e.g., college students) in mind (Babor et al., 2018).

Promotions and Sponsorships

Alcohol industry marketing strategies have become increasingly more
sophisticated and pervasive in media outlets, including television and
print media. Exposure of youth to alcohol marketing is well documented
in both traditional and digital media (Lobstein et al., 2017), and at least
25 longitudinal studies have found associations between youth exposure
to alcohol marketing in various forms and subsequent youth drinking
behavior (Jernigan et al., 2017). Evidence also suggests that alcohol mar-
keting to youth is more likely to contain riskier content related to sexism
and sexual activity; in one advertising study, advertisements with such
content increased as the percentage of the advertisement audience that
was under 21 increased (Rhoades and Jernigan, 2013).

The alcohol industry also promotes its products through sponsorships
of sports events, music festivals, and other public events, many of which
are likely to be more appealing to younger audiences (Babor et al., 2018).
Alcohol industry promotion can be found in major U.S. professional
sports leagues (all of which have at least one alcohol industry sponsor),
particularly at professional motorsport racing events such as those held
by NASCAR (Babor et al., 2018). In addition to encouraging greater alco-
hol consumption among younger audiences, the alcohol industry’s mar-
keting promotions and sponsorships may also target women and other
high-risk and/or vulnerable populations (Babor et al., 2018).

Physical Availability

Alcohol as a retail product is widely available in the United States.
There is strong evidence for the correlation between increased avail-
ability of alcohol and increased consumption and, as a result, increased
alcohol-related problems (Ames and Grube, 1999; Babor, 2010b). Availabil-
ity of alcohol to younger, often underage, populations is also widespread
(Forster et al., 1995). The expansion of the alcohol beverage market by
transnational producers is likely to result in increased and more wide-
spread availability, sales, and consumption (Babor et al., 2018). Working
alongside the aforementioned promotional and sponsorship activities,

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/24951

Getting to Zero Alcohol-Impaired Driving Fatalities: A Comprehensive Approach to a Persistent Problem

72 GETTING TO ZERO ALCOHOL-IMPAIRED DRIVING FATALITIES

such market expansion has the potential to increase rates of alcohol-
related problems including crashes and fatalities (Babor et al., 2018).

Conclusion 2-1: Alcoholic beverages as a commodity have changed sig-
nificantly in the past 25 years. They are more affordable, of far greater
variety, and more widely advertised and promoted than in earlier peri-
ods. In addition, inconsistent serving sizes and the combination of
alcohol with caffeine and energy drinks undermine individuals” ability
to estimate their level of impairment.

Shifts in Resources Allocated to Reducing Alcohol-Related Harm

Funding for federal programs aimed at reducing alcohol-related harm,
particularly to minors, has significantly dwindled in recent years. The U.S.
Department of Justice’s Enforcing Underage Drinking Laws program
is the sole federal initiative that exclusively addresses underage drink-
ing and availability of alcohol to minors (DOJ, 2009). The program has
provided funding in the form of block grants and discretionary awards
as well as training and technical assistance to states to support local law
enforcement agencies and community organizations in their efforts to
decrease availability of alcohol to minors (DOJ, 2009). From its initiation
in fiscal year (FY) 1998 through FY 2008, the program received $25 million
in annual appropriations from Congress (NASADAD, 2016). Appropria-
tion amounts decreased each year thereafter, with $2.5 million appropri-
ated in FY 2014; in FYs 2015 and 2016 the program was not funded at all
(NASADAD, 2016). Similarly, funding for the U.S. Department of Educa-
tion’s Safe and Drug-Free Families and Communities program was sub-
stantially decreased in FY 2011 and has remained completely unfunded
since FY 2012 (HHS and SAMHSA, 2016). See Table 7-1 for funding of
federal substance abuse prevention programs from 2009 to 2014.

ALCOHOL-IMPAIRED DRIVING TRENDS

In the United States an adult driver is considered to be alcohol
impaired by state law when his or her BAC is 0.08 grams per deciliter
(g/dL) or higher.® The term driver can refer to the operator of any motor
vehicle, including motorcycles, passenger cars, light trucks, and large
trucks. As discussed in Chapter 1, over the past four decades there have
been significant reductions in alcohol-impaired driving, particularly from

8 On March 23, 2017, Utah became the first state in the United States to pass a BAC law of
0.05% in the state (Utah State Legislature, 2017); however, the 0.05% limit set by state law
will not take effect until December 30, 2018.
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the 1980s to the early 2000s (Voas and Lacey, 2011). From 1973 to 2014,
there was an 80 percent reduction in the proportion of drivers who were
alcohol impaired during weekend nights (7.5 to 1.5 percent), a high-risk
period for driving while impaired (Berning et al., 2015). Fatalities attribut-
able to alcohol-impaired driving crashes also saw dramatic decreases over
this period of time. Alcohol-impaired driving crash fatalities decreased
by almost 40 percent from 1982 to 2015 (NCSA, 2016a; Voas and Lacey,
2011). As a function of vehicle miles traveled, the alcohol-related driving
fatality rate per 100 million vehicle miles traveled declined by 63 percent
compared to a 25 percent decline in non-alcohol-related fatalities from
1982 to 2003 (Voas and Lacey, 2011).° This reduction is noteworthy because
during this time period, vehicle miles traveled increased substantially,
indicating significant progress in past efforts to reduce alcohol-impaired
driving fatalities.

Despite this progress, alcohol-impaired driving persists today, and
alcohol-impaired driving fatalities have constituted almost 31 percent of
overall motor vehicle crash fatalities in the last 10 years from 2006 to 2016
(Michael, 2017; NCSA, 2016a, 2017a). This fatality rate has held steady,
with very little change, for more than 7 years (NCSA, 2016a, 2017a). More-
over, recent data reveal an increase in overall traffic fatalities from 2014
to 2016, including a rise in fatalities caused by alcohol-impaired driving
crashes. NHTSA’s National Center for Statistics and Analysis reported a
5.6 percent increase in motor vehicle crash fatalities in 2016 (37,461 deaths
over the period of 1 year) and a 7.2 percent increase in 2015 (35,092 deaths
in 2015 compared to 32,744 deaths in 2014), the largest percentage increase
in nearly 50 years (NCSA, 2016b, 2017a). Among these fatalities in 2016,
10,497 were caused by alcohol-impaired driving crashes, a 1.7 percent
increase from 2015 (NCSA, 2017a). The rate of alcohol-impaired driving
fatalities in motor vehicle crashes per 100 million vehicle miles traveled,
however, remained the same from 2014 to 2016 at a rate of 0.33 percent
(NCSA, 20164, 2017b). While alcohol-impaired driving fatalities decreased
the most for crashes involving pickup truck drivers from 2007 to 2016 (5
percent decrease), the percentage increased by 1 percent for large trucks
(NCSA, 2017b). Alcohol-related motorcyclist fatalities have also increased
significantly, particularly for those ages 55 to 64 years old (DiMaggio et
al., 2018).

Relative to other developed, high-income countries, the United States
lags behind in terms of preventing alcohol-impaired driving fatalities
(Sauber-Schatz et al., 2016). In an analysis of data from 2000 to 2013
collected by the World Health Organization and the Organisation for

9 This rate includes alcohol-related crashes involving a driver with a BAC of 0.01% or
greater.
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Economic Co-operation and Development (OECD), the Centers for Dis-
ease Control and Prevention (CDC) found that the percentage of motor
vehicle crash deaths involving alcohol-impaired driving in the United
States, 31 percent, was the second highest among 19 OECD countries
(Sauber-Schatz et al., 2016). Redelmeier and Detsky analyzed data from
the OECD Road Safety 2015 Annual Report and found that alcohol-related
traffic deaths per million population annually in the United States exceed
those in Australia, Austria, Canada, France, Germany, Italy, the Nether-
lands, Spain, and the United Kingdom (Redelmeier and Detsky, 2017).
CDC found that the United States consistently ranks poorly in rates of
total crash fatalities compared to other high-income countries, even when
taking into account population size (CDC, 2016). In a 2013 comparison of
10 high-income countries,!? the United States had the most motor vehicle
crash deaths per 100,000 people at 10.6 percent, while New Zealand and
Canada'! in second and third place trailed far behind at 6 percent (WHO,
2015a). This equaled about 90 people dying every day on U.S. roads
(CDC, 2016). In the same report the United States came in second in per-
centage of crash deaths involving alcohol at 31 percent (WHO, 2015a).
Canada ranked number one with 34 percent and New Zealand ranked
third (WHO, 2015a). In 2016, 29 people died on U.S. roads every day
from crashes involving alcohol-impaired drivers (NCSA, 2017b). While
international comparisons may help to draw attention to progress made
in reducing alcohol-impaired driving in similarly developed and motor-
ized countries, there are many limitations for such comparisons (O’Neill
and Kyrychenko, 2006).

While nationwide the number of alcohol-impaired driving fatalities
increased from 2015 to 2016, a closer examination at the state level paints
a more complex picture. Seventeen states and Puerto Rico saw reduc-
tions in alcohol-impaired driving fatalities, with Wyoming experiencing
the largest decrease (40.7 percent). However, 29 states and the District of
Columbia observed increases in fatalities, with the largest increase being
in Vermont (80.0 percent) (NCSA, 2017a). In absolute terms, Mississippi
saw the largest decrease in the number of alcohol-impaired driving fatali-
ties (49 fewer deaths) and California experienced the largest increase (148
more deaths).

In 2016, among all alcohol-impaired driving crash fatalities,!? 6,479
deaths (62 percent) were drivers who had BAC levels of 0.08% or higher,

10 The 10 countries compared were Canada, France, Germany, Japan, New Zealand, Spain,
Sweden, Switzerland, the United Kingdom, and the United States.

11 Based on 2012 motor vehicle crash death data.

12 The Fatal Analysis Reporting System (FARS) defines an alcohol-impaired driving crash
to be one that involves a driver with a BAC of 0.08 g/dL or higher. Estimates of alcohol-
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Nonoccupants, 948
(9%).,

Occupants of other
vehicles,
1,520 (14%)

Passenger riding with Driver with BAC=.08+,
driver with BAC=.08+, 6,479 (62%)
1,550 (15%)

FIGURE 2-1 Fatalities, by role, in crashes involving at least one driver with a
BAC =0.08%, 2016.
SOURCE: Data from NCSA, 2017b.

3,070 (29 percent) were motor vehicle occupants, and 948 (9 percent) were
nonoccupants (NCSA, 2017b). See Figure 2-1 for more details on fatalities
by role in alcohol-impaired driving crashes. Children are particularly
vulnerable to alcohol-impaired driving crash fatalities. Among children
ages 14 and younger who were killed in motor vehicle crashes in 2016,
17 percent died in alcohol-impaired driving crashes, 54 percent of whom
were occupants of vehicles with drivers who had BAC levels of 0.08%
or higher, 29 percent of whom were occupants in other vehicles, and 17
percent of whom were nonoccupants (pedestrians, cyclists, or others)
(NCSA, 2017b). Most child passengers (61 percent) who were involved in

impaired driving are generated using BAC values reported to the FARS, and BAC values
are estimated when not available.
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an alcohol-impaired driving crash from 2001 to 2010 were unrestrained
at the time of the collision (Quinlan et al., 2014). Data on pedestrian traf-
fic fatalities in 2016 indicate that these are on the rise, and 15 percent of
drivers involved in these crashes had a BAC of 0.08% or greater (Retting,
2017). In summary, alcohol-impaired driving fatalities are not limited to
the drivers themselves; other vehicle occupants including children and
nonoccupants such as cyclists and pedestrians are also victims of crashes
caused by alcohol-impaired driving.

Alcohol-impaired drivers are more likely to drive at higher speeds
and to be involved in motor vehicle crashes at excessive speeds, as impair-
ment diminishes sensory motor function and increases (i.e., delays) reac-
tion time. Evidence suggests that driving while impaired (DWI) enforce-
ment, such as sobriety checkpoints and saturation patrols, in combination
with enforcement of speeding laws is effective at decreasing alcohol-
related driving crashes and resulting injuries and fatalities (Sanem et
al., 2015). See Chapters 4 and 5 for information on these and other DWI
enforcement efforts.

First-time DWI offenders comprise the majority of DWI convictions,
and only a small number of fatally injured drivers have prior convic-
tions on their driving records (Williams et al., 2007). Nonetheless, efforts
to draw attention to “hardcore DWI offenders” (i.e. repeat offenders or
those with excessively high BAC levels), as well as stricter sanctions for
such persons, are common, particularly from the alcohol industry (Wil-
liams et al., 2007). Evidence suggests that interventions aimed at repeat
offenders, such as ignition interlocks, may also be beneficial to first-time
offenders by decreasing their likelihood of recidivism (Williams et al.,
2007) (see Chapter 5 for information on ignition interlocks). Interventions
to decrease alcohol-impaired driving are likely to be most effective when
aimed at all groups of drivers (Williams et al., 2007).

Luoma and Sivak (2014) examined the differences in road safety
among the Netherlands, Sweden, the United Kingdom, and the United
States. The authors found that while the United States had the lowest aver-
age alcohol consumption per capita, it also reported the highest number
of alcohol-related driving fatalities. These findings do not account for the
differences in limits set by laws between countries and the underreport-
ing of alcohol-related crashes, yet they highlight an important disparity in
alcohol-related crash fatalities. Lower fatality rates in other high-income
countries suggest that the United States needs to make significantly more
progress in reducing motor vehicle crash deaths to catch up to its peer
nations. Between 2000 and 2013 the United States reduced overall crash
deaths by 31 percent, while the average reduction among comparable
high-income countries was 56 percent (CDC, 2016).

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/24951

Getting to Zero Alcohol-Impaired Driving Fatalities: A Comprehensive Approach to a Persistent Problem

CURRENT ENVIRONMENT: ALCOHOL, DRIVING, AND DRINKING AND DRIVING 77

Other Adverse Driving Behaviors

Alcohol-impaired driving exists among other forms of dangerous
driving behaviors such as distracted driving, drowsy driving, and driving
under the influence of other drugs (e.g., cannabis or prescription drugs).
The increasing prevalence of these forms of risky driving and their asso-
ciated consequences has drawn a considerable amount of attention in
the news and public agenda (Fisher, 2018). These are dangerous driving
behaviors that pose health and safety risks to the public, and they warrant
systematic investigation and the implementation of tailored, evidence-
based solutions. This is particularly relevant for states that are navigating
the recent legalization of cannabis and how that change may affect their
current systems to address problems related to driving while impaired
(NHTSA et al., 2017), as the scope of the problems of drug-impaired
driving as well as concurrent drug- and alcohol-impaired driving are not
well understood. Increases in the use of cannabis and prescription drugs
are necessitating current research efforts to examine crash risk associ-
ated with drug use (Gjerde et al., 2015; Strand et al., 2016), methods for
identification of drug-impaired drivers, and countermeasures to reduce
crashes and fatalities from drug-impaired driving. However, it is impor-
tant to note that while these types of driving have garnered much of the
public’s attention, alcohol-impaired driving remains the most dangerous
form of risky driving and constitutes the highest proportion of motor
vehicle crash fatalities owing to human choices among distracted driving,
restraint use, speeding, and drowsy driving (Compton and Berning, 2015;
NCSA, 2016b). In addition, emerging evidence indicates that crash risk is
highest for drivers impaired by both alcohol and drugs (AAA Founda-
tion for Traffic Safety, 2016, WHO, 2015b, 2016). However, available data
on driving fatalities due to impairment from drug use and impairment
from co-use of drugs and alcohol is limited (see Chapter 6 for information
on limitations in drug data collected by the FARS). Additional research
will be needed to more fully understand the scope and extent of these
problems.

Distracted driving occurs when drivers divert their attention from the
driving task to another activity (e.g., texting, eating, talking to other pas-
sengers, or adjusting radio or climate controls). Talking and texting on cell
phones are not only a distraction as manual tasks but also a cognitive dis-
traction, and the combination of cognitive distraction with alcohol impair-
ment increases the already heightened crash risk of either impairment
alone. Distracted driving has increased over time and contributes to an
increasing amount of motor vehicle crash fatalities per year (Wilson and
Stimpson, 2010). In 2016, crash fatalities that involved distracted driving
made up 9 percent of total crash fatalities (NCSA, 2017a). This is equiva-
lent to almost one-third of the number of alcohol-impaired driving crash

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/24951

Getting to Zero Alcohol-Impaired Driving Fatalities: A Comprehensive Approach to a Persistent Problem

78 GETTING TO ZERO ALCOHOL-IMPAIRED DRIVING FATALITIES

fatalities during that year. Furthermore, research suggests that alcohol is
an increasingly significant factor to account for in the growing number of
fatalities involving distracted driving. From 1999 to 2008 the proportion of
distracted drivers involved in a fatal crash who were also drinking alco-
hol while driving increased from 26 to 30.8 percent (Wilson et al., 2013).
The FARS collection of data on distracted driving has several gaps and
weaknesses; see Chapter 6 for a detailed discussion of these limitations.
A similar pattern emerges when comparing alcohol- and drug-
impaired driving. Data from the National Survey on Drug Use and Health
show that in 2014 the prevalence of driving under the influence of alcohol
was higher than the prevalence of driving under the influence of illicit
drugs by twofold, and a high proportion of those driving under the influ-
ence of drugs were concurrently under the influence of alcohol (Lipari et
al., 2016; SAMHSA, 2015) (see Figure 2-2). Drivers who test positive for
drugs and have a BAC at or above 0.05% have 5.34 times the adjusted
odds of crashing when compared to someone without any drugs or alco-
hol in their system (Compton and Berning, 2015). In addition, crash risk
for drivers with a BAC at or above 0.05% without a drug presence was
higher than for drivers with a BAC at or above 0.05% with a drug pres-
ence, although the difference was not significant. After controlling for
demographic variables and alcohol presence, no significant risk associated
with the presence of cannabis or other specific drugs was found, although
sample sizes were small. A 2011 case-control study that assessed the risk

illion peo 7.0 million people drove Of those 7.0 million people,
27.7 million peopla under the influence of ============= = 5.9 million people drove under
drove under the it i i
alcohol and illicit drugs the simultaneous influence of

influence of alcohol

N

alcohol and illicit drugs

10.1 million people
drove under the
influence of illicit drugs

FIGURE 2-2 Driving under the influence of alcohol or illicit drugs in the past year
(2014) among people aged 16 or older.
SOURCE: Lipari et al., 2016.
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of driving under the influence of alcohol, illicit drugs, and medicines in
European countries reported that the highest risk of serious injury or
fatality was associated with driving with high BAC levels (above 0.12%)
and driving with alcohol combined with other psychoactive substances
(Hels et al., 2011). While the focus of this report is alcohol-impaired driv-
ing, targeting of both alcohol- and drug-related driving is needed.

PATTERNS OF ALCOHOL USE AND DEMOGRAPHICS

This section provides an overview of important demographics
that need to be considered when approaching the problem of alcohol-
impaired driving. First, based on the public health perspective outlined
in Chapter 1, the importance of considering health equity and the social
determinants of health is discussed. Relevant alcohol-related demograph-
ics are then provided.

The Importance of Applying a Health Equity Lens to the Issue

Because alcohol use and associated harms are unevenly distributed
across populations, it is important to consider alcohol-related policies
and interventions from an equity perspective (Roche et al., 2015a). While
benefit to less advantaged populations is not a negative outcome, at
times interventions may not benefit the population to which the interven-
tion was intended to help or may disproportionately affect populations
that were not the focus of the intervention. Researchers looking at pub-
lic health strategies in general have found that some interventions may
increase inequalities by disproportionately benefiting more advantaged
groups (intervention-generated inequalities). Their findings are consistent
with the idea that “downstream” preventive interventions are more likely
to increase health inequities than “upstream” interventions (Lorenc et
al., 2013). Unless consciously designed to avoid disparities, policies and
actions that work for populations as a whole can inadvertently exacerbate
inequalities (Smith and Foster, 2014).

The relationship between alcohol-related harm and social determi-
nants may be bidirectional. For example, alcohol-related harms can con-
tribute to loss of earnings, family disruption, interpersonal violence, men-
tal health issues, and stigmatization, thus shaping social determinants
(such as socioeconomic status) and exacerbating inequities. The resultant
disadvantage may in turn compromise access to treatment (e.g., owing
to cost or availability), heighten risk of co-occurring health problems,
and perpetuate cycles of disadvantage (Schmidt et al., 2010). All alcohol-
attributable mortality is in principle avoidable, and future alcohol policies
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are likely to be most effective if they take into consideration any differen-
tial effect on socioeconomic groups (Probst et al., 2014).

It is important to consider multiple levels of the social and physical
environment in order to design multicomponent strategies that can be
successful and change behavior. An important initial consideration is to
understand the complexity of many interrelated influences on behavior
to create policies and practices that are effective, while not increasing
disparities among different populations. Important factors may include
social norms and attitudes, social marginalization, education levels, socio-
economic status, geographic location, availability and cost of alcohol, and
access to treatment resources.

Policy makers developing intervention strategies need to consider
the local context in terms of knowledge, beliefs, and resources available
to residents. For example, calls for enhanced enforcement, such as addi-
tional sobriety checkpoints, are unlikely to be effective without added
financial resources or personnel and, more importantly, compassion for
and cultural sensitivity toward populations of racial or ethnic minorities.
Furthermore, a media campaign that urges impaired drivers to take a
taxi or another form of public transportation home would be ineffec-
tive in rural areas where these resources are not available. Messaging
composed in English in communities where a large number of residents
do not speak English would be equally ineffective for that population.
Public health campaigns that leverage local cultural beliefs and values to
develop meaningful and relevant motivators to engage in certain behav-
iors may also be more effective. See Chapters 3 and 7 for more information
on communication and messaging.

Social Determinants and Alcohol Use

Increasingly, health care policy makers and the public are understand-
ing the link between social factors and health. There are many social fac-
tors that influence alcohol use patterns, including religious and cultural
practices, peer groups, community and family relationships, social capital,
poverty, education, advertising, economic conditions, the availability of
alcohol, and the enforcement of alcohol laws (Dixon and Chartier, 2016;
Roche et al., 2015b; Schor, 1996; Sudhinaraset et al., 2016). These factors
are dynamic and intersect in myriad ways that are important to under-
stand in a local context. They can contribute to differences in the burden
of crashes, fatalities, injuries, and chronic health conditions that result
from alcohol abuse and impaired driving among populations based on
education, race and ethnicity, socioeconomic status, geography, and so
on. In an effort to address alcohol use/abuse and impaired driving, it is
important to move beyond the individual level and consider the social
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determinants of these behaviors to develop effective population-level
strategies to mitigate the negative health consequences of these issues and
to provide insight into interventions that are most likely to be effective
and have the greatest reach.

Alcohol-Impaired Driver Demographics

Age

CDC reports that at all levels of BAC, the risk of being involved in
a crash is greater for younger than for older people (CDC, 2017b). The
prevalence of driving under the influence of alcohol increases with age
through the young adult years and then generally declines thereafter.
In 2014 self-reported driving under the influence of alcohol was highest
among drivers ages 21 to 29 (Lipari et al., 2016). FARS estimates show
that drivers ages 21 to 34 made up 55 percent of drivers with BAC levels
of 0.08% or higher who were involved in fatal crashes in 2015 (NCSA,
2016a).

Sex

Among those aged 16 or older in 2014, with the exception of drivers
ages 16-20,'> men were more likely than women to have driven under the
influence of alcohol in the past year; in addition, men aged 16 or older
were more likely to drive under the influence of both alcohol and illicit
drugs (Lipari et al., 2016). Of all drivers involved in fatal crashes in 2015,
21 percent of men and 14 percent of women had a BAC of 0.08% or higher
(NCSA, 2016a). While this disparity has held constant for decades, there is
limited research suggesting that female drivers are becoming increasingly
involved in alcohol-impaired driving crashes (Vaca et al., 2014).

Race and Ethnicity

With respect to race and ethnicity, the groups that are consistently
reported as having the highest risk of alcohol-impaired driving are
American Indian or Alaska Native (AI/AN) and white drivers (Romano
et al., 2010). For fatal crashes among AI/AN persons in 2012, 42 percent
were alcohol related, while only 31 percent were alcohol related for other
races overall (Letourneau and Crump, 2016). AI/AN persons had a sub-
stantially higher rate of alcohol-attributable deaths than whites from 2005

13 The difference in percentages of men and women ages 16-20 who drove impaired was
not found to be statistically significant (Lipari et al., 2016).
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to 2009. In 2005 the age-adjusted motor vehicle-related death rate among
Al/AN persons was twice as high as among all other races (Piontkowski
et al., 2015). Cultural, socioeconomic, and alcohol availability differences
between AI/AN groups have contributed to disparities in overall alcohol-
related mortality (Landen et al., 2014).

Findings from the 2007 National Roadside Survey show that Asian
and Hispanic or Latino drivers are less likely than white drivers to be
drinking (Kelley-Baker et al., 2013). According to FARS data from 2000 to
2013, the majority of people (51.2 percent) who died in alcohol-impaired
driving crashes were non-Hispanic whites (Hadland et al., 2017). How-
ever, there are inconsistencies across studies with respect to the disparities
in alcohol-attributable injury mortality among black or African American
and Hispanic or Latino groups that might be partially explained by meth-
odological issues of the studies and/or other social determinants that
affect the relationship between race and ethnicity and injury outcomes
(Keyes et al., 2012).

Socioeconomic Status (SES)

Unlike many other behaviors that pose serious risks to health and
safety (e.g., smoking and violence), alcohol consumption has a more com-
plex relationship with SES (Jones et al., 2015). People with higher incomes
and levels of education are more likely to drink alcohol and to drive while
impaired when compared to lower income and less educated populations.
However, alcohol consumption has a disproportionate effect on people
with lower SES in terms of alcohol-attributable harm such as morbidity
(e.g., cancer, stroke, hypertension, and liver disease) (Jones et al., 2015;
Katikireddi et al., 2017; Scaglione et al., 2015) and mortality (Probst et al.,
2014). Thus, a paradox exists between patterns of behavior and attrib-
utable harm when examining these through the lens of SES. Further
research is needed to more critically assess the relationship among SES,
alcohol consumption, and alcohol-attributable harms (Jones et al., 2015).

Patterns of drinking behavior are a significant factor with respect
to alcohol-impaired driving. Esser et al. (2016) analyzed data from the
National Survey on Drug Use and Health (2009-2011) and found that
binge drinking was most common among those with household incomes
of $75,000 or more, whereas alcohol dependence (DSM-IV) was more
common among those with annual household incomes of less than
$25,000. Findings from the 2006 Behavioral Risk Factor Surveillance Sys-
tem (BRFSS) showed that the prevalence of alcohol-impaired driving
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was high for binge drinkers across educational and income categories,'*
including those who had attended college and had high annual incomes
(Flowers et al., 2008). More recent data from the 2012 BRFSS suggest that
the likelihood of driving while alcohol impaired increases with income
(Jewett et al., 2015). This is consistent with findings from the 2001-2002
National Epidemiologic Survey on Alcohol and Related Conditions,
which indicated that hazardous use of alcohol (i.e., driving after drink-
ing, drinking while driving, and other non-driving-related behaviors) was
the only alcohol abuse criterion to have a significant positive relationship
with income. More specifically, adjusted odds ratios showed that those in
the highest income category ($70,000 or more past-year personal income)
were about two times as likely to drive after drinking compared to those in
the lowest income category (less than $20,000) and 2.46 times as likely to
drink while driving compared to those in the lowest income group (Keyes
and Hasin, 2008).

Urban and Rural Populations

Rural populations also suffer a much higher fatality rate from motor
vehicle crashes (alcohol related and non-alcohol related) than urban
residents. While 19 percent of the U.S. population lives in rural areas
and rural areas account for 30 percent of total vehicle miles traveled,
more than half of crash deaths occur there (FHWA, 2015; IIHS, 2016;
U.S. Census Bureau, 2010). Crashes in rural areas tend to occur at higher
speeds, head-on collisions are more common owing to the prevalence of
two-lane roads with no median, and guardrails are less common. There
are often fewer witnesses to call for help in rural locations, and help is
often farther away. Rural hospitals often have less capacity to handle
severe trauma. Fewer police officers covering larger areas are less likely
to arrest alcohol-impaired drivers (Vock, 2013). Additionally, alternative
and public transportation options are far fewer in rural areas (Mattson,
2016; TRB, 2016) (see Chapter 4 for information on alternative and public
transportation). Safety and upkeep of rural transportation infrastructure
is similarly lacking (TRIP, 2017).

Per Capita Alcohol Consumption

At the population level, alcohol consumption has historically been
associated with the incidence of alcohol-related traffic fatalities (Voas and

14 Binge drinking was defined in this study as five or more drinks for men and four or
more drinks for women during one or more occasions (i.e., typically over a period of 2
hours) in the previous month (Flowers et al., 2008).
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FIGURE 2-3 Total per capita ethanol consumption, United States, 1935-2014.
SOURCE: Haughwout et al., 2016.

Lacey, 2011). From 2011 to 2015, per capita alcohol consumption in the
United States increased from 2.28 to 2.33 gallons (LaVallee et al., 2014).
See Figure 2-3 for per capita alcohol consumption from 1935 to 2014. To
meet the national goal set by Healthy People 2020 for per capita alco-
hol consumption to be no more than 2.1 gallons, a per capita decrease
of 2.0 percent each year would need to take place for the next 5 years
(Haughwout and Slater, 2017).

Patterns of Drinking

How people consume alcohol matters when it comes to consequences
of alcohol-impaired driving. A substantial body of evidence indicates
that binge drinking is strongly associated with alcohol-impaired driv-
ing (Flowers et al., 2008; Hingson et al., 2017; Naimi et al., 2009; Quinlan
et al., 2005).!> The 2012 BRFSS findings revealed that respondents who
reported binge drinking accounted for 85 percent of alcohol-impaired

15 The BRFSS definition for binge drinking was changed in 2006 from five or more drinks
on one or more occasions (i.e., typically over a period of 2 hours) in the past month to
sex-specific definitions of five or more drinks on one or more occasions in the past month
for men and four or more drinks on one or more occasions in the past month for women
(Chavez et al., 2011). Analysis by Naimi et al. (2009) and Quinlan et al. (2005) was based on
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driving episodes, and the 4 percent who reported binge drinking at least
four times per month accounted for 61 percent of all alcohol-impaired
driving episodes (Jewett et al., 2015). In addition, early onset of drinking
has been shown to be correlated with early onset of alcohol-impaired
driving among young men (Zhang et al., 2014). Data on the prevalence of
alcohol use disorders (AUDs) among DWI offenders are not consistently
collected or reported (see Chapter 5 for information on screening for
AUD among DWI offenders) (Lapham et al., 2004). From the data that are
available, estimates suggest that alcohol use disorders are associated with
having multiple DWI offenses (Lapham et al., 2011).

However, it is important to note that there is a large discrepancy
between the amount of people who drink excessively but do not meet the
diagnostic criteria for alcohol dependence and those who do. For exam-
ple, national estimates of self-reported drinking behaviors from 138,100
adults who completed the National Survey on Drug Use and Health in
2009 to 2011 show that most people who drink excessively (90 percent) do
not meet the criteria for alcohol dependence (Esser et al., 2014).1° Flowers
et al. (2008) analyzed data from the 2006 BRFSS and reported that binge
drinking (i.e., high per occasion consumption) was more strongly associ-
ated with alcohol-impaired driving than heavy drinking (i.e., high aver-
age consumption).!” Specifically, binge drinkers accounted for 84 percent
of impaired drivers and 89 percent of impaired driving episodes, while
heavy drinkers only accounted for 35 percent of impaired drivers and 52
percent of impaired driving episodes.

Furthermore, more than half of alcohol-impaired drivers who
reported binge drinking were not classified as heavy drinkers based on
their average daily consumption, yet they had more than twice the odds
of driving impaired than those who were not binge drinkers or heavy
drinkers, when adjusting for age, sex, marital status, education, and
income (Flowers et al., 2008). In another study that examined BRFSS data
from 2003 and 2004, drinking drivers who drank most of their alcohol in
licensed establishments consumed an average of 8.1 alcoholic beverages

the non-sex-specific definition for binge drinking; analysis by Flowers et al. (2008) was based
on the sex-specific definition for binge drinking.

16 The study authors used the diagnostic criteria for alcohol dependence based on the
DSM-1V, which has since changed in the DSM-5 to reflect varying degrees of severity of
alcohol use disorder (e.g., mild, moderate, severe).

17 At the time of the study, the BRFSS defined binge drinking as consumption of five or
more drinks for men and four or more drinks for women on one or more occasions (i.e.,
typically over a period of two hours) in the past 30 days; the BRFSS defined heavy drinking
as consumption in the past 30 days of an average of more than two drinks per day for men
(i.e., greater than 60 drinks per month) and more than one drink per day for women (i.e.,
greater than 30 drinks per month) (Flowers et al., 2008).
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on one occasion, and about one-fourth of this group consumed 10 or more
drinks (Naimi et al., 2009). Cumulatively, these findings suggest that the
risk of driving subsequent to binge drinking is substantial on a per-binge-
drinking episode basis across the population.

The problem of alcohol-impaired driving fatalities is related to both
excessive drinking and to driving after one is impaired. Given the hand-
in-glove relationship between binge drinking and alcohol-impaired driv-
ing, it is easy to overlook the importance of interventions to reduce alco-
hol consumption, and binge drinking in particular, among the general
population. Previous studies demonstrate that policies to reduce binge
drinking are independently protective against alcohol-impaired driving
and the odds of alcohol involvement in crash fatalities, even after account-
ing for policies designed to prevent driving after one is impaired (Naimi
et al., 2009, 2017; Wagenaar et al., 2010). During the past 15 years, how-
ever, while states have adopted strategies to reduce alcohol-impaired
driving, the adoption and implementation of population-based strategies
to reduce binge drinking and related harms has not changed (Nelson et
al., 2013). This may partly explain why the proportion of crash fatalities
that are alcohol related has not declined during that period. Given the
finding that alcohol-impaired driving is a binge drinking problem as well
as a driving problem, the committee concludes:

Conclusion 2-2: Policies to reduce binge drinking are also protective
against alcohol-impaired driving, and the adoption of a comprehensive
set of effective interventions and population-based strategies that take
advantage of synergies across interventions would further help to reduce
binge drinking and related harms.

Interventions and population-based strategies to reduce binge drinking
and alcohol-impaired driving could include raising alcohol taxes, imple-
menting policies to limit the physical availability of alcohol, and imple-
menting policies to reduce the harmful effects of alcohol marketing (see
Chapter 3 for more in-depth discussion of these policies).

SITUATIONAL FACTORS FOR ALCOHOL-IMPAIRED DRIVING

Day, Time, Distance, and Place of Last Drink

The findings of the 2013-2014 National Roadside Survey revealed
substantial differences by day of the week and time of the day in the
likelihood of drivers being alcohol impaired or having a BAC above the
limit set by state law (Berning et al., 2015). Table 2-1 shows these differ-
ences. NHTSA’s National Center for Statistics and Analysis reported that
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TABLE 2-1 Alcohol Prevalence by Data Collection Period and BAC
in the 2013 to 2014 National Roadside Survey

Time Period % BAC >0.005% % BAC >0.08%
Weekday daytime 1.1% 0.4%
Weekend nighttime 8.3% 1.5%

SOURCE: Berning et al., 2015.

in 2014 the rate of alcohol impairment among drivers involved in fatal
crashes was almost four times higher at night than during the day (34
versus 9 percent).

The 2007 National Roadside Survey results revealed that drivers with
positive BAC levels were most likely to be driving short distances (5
miles or less) and coming from a restaurant, club, tavern, or bar (Kelley-
Baker et al., 2013). This is consistent with other research findings, which
suggest that almost half of people arrested for alcohol-impaired driving
are coming from a licensed establishment (Fell et al., 2010; Gallup, 2000;
O’Donnell, 1985). See Chapter 6 for information on the importance of data
on place of last drink.

Geographic Location

In 2012 the BRFSS results showed that the Midwest U.S. Census
region had the highest annual alcohol-impaired driving rate at 573 per
1,000 people (Jewett et al., 2015). A recent analysis of FARS data showed
that the majority of deaths from alcohol-impaired driving crashes from
2000 to 2013 occurred in the South (45.6 percent), followed by the West
(21.9 percent) and the Midwest (21.0 percent) (Hadland et al., 2017). In
2014 the proportion of alcohol-impaired driving fatalities (caused by driv-
ers with a BAC =0.08%) among total traffic fatalities in states ranged from
a high of 41 percent (Massachusetts, North Dakota, and Texas) to a low
of 20 percent (Vermont), compared to a national average of 31 percent
(NCSA, 2015).

Rural and Urban Regions'®

NHTSA reported that from 2005 to 2014, rural alcohol-impaired
driving fatalities decreased by 34 percent (7,721 to 5,134) and urban

18 Unless otherwise noted, the committee defines urban and rural areas using the 2010
Census Urban and Rural Classification: an urban area comprises a densely settled core of
census tracts and/or census blocks that meet minimum population density requirements.
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alcohol-impaired driving fatalities decreased by 19 percent (5,791 to 4,701)
(NCSA, 2016c¢). In 2014, the relative proportions of alcohol-impaired driv-
ing fatalities were similar between rural and urban areas at 31 and 30
percent, respectively. However, among all alcohol-impaired driving fatali-
ties in 2014, 52 percent occurred in rural areas and 47 percent occurred
in urban areas. Vehicle miles traveled (VMT) per capita differ greatly in
rural versus urban areas, with rural areas having far greater VMT per
capita (Mattson, 2016). The most frequently recorded BAC among alcohol-
impaired drivers in fatal crashes in rural areas was 0.19% and 0.14% for
urban areas (NCSA, 2016¢). DWI arrest rates also vary according to rural
and urban composition, with arrests in nonmetropolitan areas outnum-
bering metropolitan arrests since the early 2000s (Huseth, 2012).

There are a number of important behavioral and environmental
factors that contribute to higher fatality rates in rural areas. Some of
these include differences in travel speed and speed limits; long distances
between point of origin and destination, resulting in greater vehicle miles
traveled (per capita); use of seatbelts; road conditions and aspects of road
design; vehicle types; distance between point of sale or service of alcohol
and place of residence; and delayed medical response and proximity of
emergency care (Huseth, 2012; TRB, 2013). Decreasing use of seat belts,
for example, has been found in rural areas (Beck et al., 2017). The unique
challenges and characteristics of the rural environment will be discussed
as important considerations in the design and implementation of inter-
ventions throughout the report.

Beverage of Choice of Alcohol-Impaired Drivers

The association of beer with alcohol-impaired driving is expected to
be greater than for wine and distilled spirits, as there is greater general
consumption of beer in the United States (WHO, 2011). However, research
suggests that drinking beer also has a greater correlation than drink-
ing wine or distilled spirits to alcohol-impaired driving because drivers
underestimate intoxication from beer and perceive less risk from beer
consumption (Greenfield and Rogers, 1999; Gruenewald and Ponicki,
1995; Walker et al., 2016). Beer consumption has also been shown to be
correlated with higher rates of traffic fatalities (Rickard et al., 2013). Addi-
tional analyses would be needed to more critically analyze the higher

To qualify as an urban area, the territory identified must encompass at least 2,500 people,
at least 1,500 of which reside outside institutional group quarters. The U.S. Census Bureau
identifies two types of urban areas: (1) urbanized areas of 50,000 or more people and (2) ur-
ban clusters of at least 2,500 and less than 50,000 people. Rural areas are defined as all popu-
lation, housing, and territory not included within an urban area (U.S. Census Bureau, 2010).
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BOX 2-1
Key Findings

* Drivers ages 21-25 are disproportionately involved in fatal alcohol-impaired
driving crashes when compared to other age groups. In 2015 this age group
accounted for 28 percent of motor vehicle crashes where the driver had a BAC
equal to or higher than 0.08%.

* Rural areas are disproportionally affected by alcohol-impaired driving crashes
and fatalities.

* Per capita alcohol consumption and hazardous drinking are increasing.

* Binge drinking is strongly associated with alcohol-impaired driving.

association of beer with alcohol-impaired driving, such as analysis evalu-
ating whether persons who exclusively drink beer (compared to those who
exclusively drink wine and those who exclusively drink distilled spirits)
are more likely drive impaired. Other variables to examine regarding the
association with alcohol-impaired driving of beer versus wine versus
distilled spirits include age, place of consumption, and quantity of alco-
hol consumed per drinking occasion. Additionally, differential beverage
availability at drinking establishments has been shown to affect alcohol-
impaired driving likelihood. A study in Western Australia’® found that
more alcohol-impaired drivers originated from drinking establishments
selling more beer, including high alcohol content beer, and distilled spirits
(Gruenewald et al., 1999). Beverage availability in on- and off-premises
drinking establishments is an important consideration for alcohol pricing
and taxation, which is discussed in Chapter 3. Box 2-1 summarizes some
key findings presented in this chapter thus far.

THE DRIVING ENVIRONMENT

In addition to the alcohol environment, the driving environment
includes equally important considerations for changing drinking and
driving behaviors and for increasing the effectiveness of policies and
interventions to reduce alcohol-impaired driving.

19 A standard drink in Australia is 10 grams of pure alcohol, while in the United States it
is 14 grams.
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Driving Trends

As the size of the U.S. population increases, the number of drivers has
also increased. With the exception of a brief leveling off beginning in 2009,
the number of drivers and number of vehicles has generally followed the
same trend as population growth (FHWA, 2017) (see Figure 2-4). In 2015
the total number of drivers was 218 million, an increase from 191 million
in 2000; 49.4 percent of drivers were men and 50.6 percent of drivers were
women (FHWA, 2017). Table 2-2 provides a distribution of drivers by age
in 2015.

Vehicle miles traveled experienced a downturn in 2009—most likely
from the financial crisis; it has since increased and is now at the highest
level in U.S. history (FHWA, 2017). A recent study by the University of
Michigan Transportation Research Institute found that from 2000 to 2016,

@ Population
% Drivers
= Vehicles

Millions
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FIGURE 2-4 Licensed drivers, vehicle registrations, and resident population.
SOURCE: FHWA, 2017.
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TABLE 2-2 Distribution of Licensed Drivers in 2015

Age Percent
19 and under 3.9
20-24 8.1
25-34 17.6
35-44 16.6
45-54 18.1
55-64 17.3
65+ 18.4

SOURCE: FHWA, 2016.

total vehicle miles traveled increased by 15 percent, an increase accounted
for by the increase in the U.S. population in the same time period (Sivak
and Schoettle, 2017). However, the same study found that while urban
vehicle miles traveled increased by 33 percent, rural vehicle miles traveled
decreased by 12 percent; changes in urban and rural populations did not
account for changes in urban and rural vehicle miles traveled (Sivak and
Schoettle, 2017).

Changes to the Physical Driving Environment

As urban and rural areas differ significantly by roadway environ-
ment, implementation of road safety countermeasures varies accordingly.
Vehicle usage also varies; 4 percent of rural households do not have access
to a vehicle compared to 10 percent of urban households (Mattson, 2016).
Distinction between urban and rural areas can be problematic, however,
as classification definitions often vary and roadway classifications may
not reflect important differences. Traditionally, urban and rural roadways
have been classified by roadway speeds and conditions.

Additionally, significant growth of suburban areas in recent years
has contributed to several changes in the physical driving environment.
Findings from a U.S. Department of Transportation study showed that 73
percent of overall motor vehicle crash fatalities took place in urban fringe
areas—about 5 miles out from an urban boundary—suggesting that such
“urban edge” transition zones are an important consideration for effec-
tive points for intervention (Subramanian, 2009). A possible explanation
is that as residents of suburban areas are more dependent on automobiles
to travel, more driving is necessary for suburban residents. As such,
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alternative modes of transportation, including taxis, public transporta-
tion, and smartphone-enabled transportation network ridesharing (see
Chapter 4 for information), may be an important consideration to reduce
crash fatalities in suburban and rural areas where greater distances of
travel are necessary.

However, public transportation services in rural areas are particularly
difficult to describe and catalogue, as availability changes significantly
over time and can be difficult to track. Additionally, the existence of a
transportation provider does not necessarily reflect access and ability to
use it. Varying arrangements of public and private subsidies introduce
additional complications.

Trends in traffic fatalities suggest that maintenance of transporta-
tion infrastructure is crucially important for safety. A general downward
trend in traffic fatalities has taken place over the past decade; however, a
slight increase occurred in 2012, and in 2016 there were 37,461 fatalities,
the highest since 2008 (NCSA, 2017a), as well as an estimated 2.44 million
injuries in 2015 (NCSA, 2016b).

Car Safety Features

Innovation in vehicle safety technology is rapidly expanding, with
a range of technologies recently emerging that provide lane departure
warnings, forward collision warnings, side view assists, adaptive cruise
control, and many other features. Many hold promise to improve vehicle
and road safety, although most are currently marketed not as safety fea-
tures but as driver-assistance systems. Advanced vehicle technology in the
form of the Driver Alcohol Detection System for Safety and autonomous
vehicles are also in development (see Chapter 4 for more information).
In addition to technological developments, recent efforts have focused
on informing consumers about car safety features that are available and
their capabilities.?’ Research will be needed to determine how drivers
will interact with these technological systems and the effectiveness of
these systems in reducing crash and fatality rates in real-world settings
(effectiveness to date has mostly been defined as a function of crash types
the systems are designed to avoid).

20 For example, https://mycardoeswhat.org (accessed October 12, 2017).
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IMPACTS OF ALCOHOL-IMPAIRED DRIVING

Impact on Health

As discussed in previous sections, alcohol-impaired driving crashes
claim more than 10,000 lives per year. Driver and nondriver victims are
among these deaths. Victims, including occupants of the same vehicle
as the impaired driver, occupants of other vehicles, pedestrians, cyclists,
and others on the road, make up 38 percent of alcohol-impaired driv-
ing crash fatalities (NCSA, 2017b). In addition to the loss of life as a
result of alcohol-related crashes, victims often suffer from other conse-
quences including pain, injury, and disability. Victims of alcohol-related
crashes can also be subjected to emotional, psychological, and financial
consequences that have the potential to greatly reduce their quality of life
(Blincoe et al., 2015). The toll associated with injury, disability, and death
that can affect victims of alcohol-related driving crashes can extend to
their friends and family as well. These in part make up the secondhand
effects of alcohol-impaired driving that are highlighted in Chapter 1.

Financial and Societal Costs

Driving under the influence of alcohol costs the nation significantly
in financial and societal terms. Blincoe et al. (2015) estimate that the eco-
nomic costs of alcohol-related crashes amounted to $52 billion in 2010.
This estimate includes medical costs; emergency services, market pro-
ductivity, household productivity, insurance administration, workplace
costs, legal costs, congestion costs, and property damage (Blincoe et al.,
2015). Their findings also indicated that in 2010 alcohol-related crashes
accounted for 22 percent of all motor vehicle crash costs and that crashes
involving drivers with a BAC of 0.08% or higher accounted for more
than 90 percent of the economic costs and societal harm associated with
alcohol-related crashes (Blincoe et al., 2015).

Taking overall societal costs into account, the effect of alcohol-related
crashes is even greater. Zaloshnja et al. (2013) estimated that the total soci-
etal costs of alcohol-related crashes (where the driver’s BAC was >0.05%)
in 2010 amounted to $121.5 billion, including $113 billion for crashes
where the driver had a BAC of 0.08% or higher (Zaloshnja et al., 2013).
This estimate includes societal costs due to medical costs; earnings losses;
household productivity losses; insurance administration costs; legal costs;
traffic congestion; vehicle damage; roadside equipment costs; incident
management; vocational rehabilitation; workplace costs; fire department
services; police services; monetized quality-adjusted life years lost; victim
mental health treatment; adjudication, sanctioning, and legal defense fees;
and perpetrator productivity loss (Zaloshnja et al., 2013).
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The costs of alcohol-impaired driving listed above affect many indi-
viduals beyond the victims. Productivity loss can be associated with lost
work time or DWI conviction costs (e.g., fines, loss of driving privileges,
difficulty securing or maintaining employment, and increased insurance
costs) (Bouchery et al., 2011). The burden of alcohol-impaired driving
crashes can affect employers as well. Zaloshnja et al. (2007) estimated
employer costs attributable to all alcohol-involved injuries, including
health fringe benefit costs, nonfringe costs (e.g., disruption costs prevent-
ing employees from working at full capacity), and wage premiums using
data from FARS, the Crashworthiness Data System, and the General Esti-
mate System (Zaloshnja et al., 2007). Annual employer costs of alcohol-
impaired driving crashes from 1998 to 2000 were estimated to be $9.2
billion (Zaloshnja et al., 2007). Finally, the substantial time, personnel,
and resources expended on the arrest and adjudication process for DWI
offenders can be costly for local law enforcement and the court system
(Goodwin et al., 2015). This can be especially problematic for law enforce-
ment agencies that have many other competing priorities in the interest of
public safety and health. The consequences of alcohol-impaired driving
can be far reaching and have implications for costs across various actors
and sectors.

Conclusion 2-3: The costs and consequences of alcohol-impaired driving
extend beyond the driver to include health, economic, social, and emo-
tional costs borne by other road users, their families and friends, social
and medical institutions, and society at large.

ALCOHOL-IMPAIRED DRIVING INTERVENTIONS

Policies and interventions to reduce alcohol-impaired driving, crashes,
and fatalities are discussed in detail in Chapters 3, 4, and 5. In examining
different interventions and their effectiveness in different environments,
an important consideration in reducing alcohol-impaired driving fatalities
nationwide is the substantial variation in the types of policies and laws
that exist in each state.?! Below is a high-level overview.

21 A table by the Governors Highway Safety Administration (last updated June 2017)
with state laws on high BAC, administrative license suspension, limited driving privileges,
ignition interlocks, vehicle and license plate sanctions, open container laws, repeat offender
laws, and alcohol exclusion laws limiting treatment is available at http://www.ghsa.org/
sites/default/files/2017-06 / DrunkDrivingLaws_062617.pdf (accessed October 12, 2017).
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State Variation in Laws and Policies

With the exceptions of 0.08% per se laws, zero tolerance laws for
underage persons, and a minimum drinking age set by state law of 21,
there is little uniformity in the policies that address alcohol-impaired driv-
ing across state lines; considerable intrastate variation in policies and reg-
ulations exists as well. Furthermore, how these policies are implemented
(e.g., target population, penalties, and mandatory versus discretionary)
and enforced are critical factors in determining their effectiveness for spe-
cific areas and at the national level. Such policies can be alcohol specific,
driving specific, or alcohol-impaired driving specific, and they can affect
any point of intervention illustrated in the committee’s conceptual frame-
work (see Figure 1-5) (e.g., alcohol consumption, drinking to impairment,
and driving while impaired).

With respect to drinking-related policies, the variation in state regu-
lation is a direct outcome of the Twenty-First Amendment. After the
repeal of Prohibition, it was concluded that a uniform, nationwide alcohol
control policy would not suit the heterogeneous makeup of the country
(Fosdick and Scott, 1933). Moving forward, each state adopted the alcohol
control policies and regulations most suitable for its respective local popu-
lation. This is the underpinning of the patchwork of policies and regula-
tion that is visible across the nation today (Schmidt, 2017). For example,
after the repeal of Prohibition, the Illinois Control Act of 1934 gave voters
in Chicago the right to vote specific precincts as “dry” (i.e., prohibiting
liquor licenses within the precinct) through a local option referendum
(Chicago Board of Election Commissioners, 2009). Other states, however,
may completely preempt local control over alcohol availability.?? Another
alcohol-specific policy that varies from state to state is responsible bever-
age service and server training. As of 2016, 12 states plus the District of
Columbia had mandatory service training laws, 20 had voluntary laws,
6 had a combination of mandatory and voluntary policies, and 12 had
neither (APIS, 2016).

Other policies and laws related to alcohol-impaired driving also vary
from state to state. Sobriety checkpoints, an effective countermeasure
when conducted properly (Bergen et al., 2014), are not implemented uni-
formly from state to state. While some states authorize the use of sobriety
checkpoints, others prohibit them or do not have any explicit statutory
authority on checkpoints. For example, Texas bans checkpoints based on
its interpretation of the Constitution, and Missouri state law authorizes
checkpoints but prohibits funds from being spent on checkpoint programs

22 See levels of preemption classified by state at http://www.camy.org/research-to-
practice/place/alcohol-outlet-density / preemption-data-tool.html (accessed October 12,
2017).
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(GHSA, 2016). Provisions of minimum drinking age laws also vary by
state. One such provision concerns dram shop liability, which permits
legal action against commercial establishments serving alcohol when
illegal beverage service (i.e., to already-intoxicated adults or underage
patrons) results in injury, death, or damages from alcohol-related vehicle
crashes. Dram shop liability is enacted through statute in most states and
through case law in others (Rammohan et al., 2011). The seven states that
have neither dram shop liability laws nor statutes are Delaware, Kansas,
Louisiana, Maryland, Nevada, South Dakota, and Virginia (Rammohan
et al., 2011). In states in which dram shop liability is established through
statute, additional legal hurdles, including limits to damages sought and
strict requirements for evidence, may exist and create additional barri-
ers that do not exist in states where liability is established through law
(Rammohan et al., 2011).

There are inherent differences in how specific jurisdictions govern
that shape the alcohol and driving policy environment. AI/AN territo-
ries, for example, have unique complexities of tribal sovereignty that
have implications for how crimes such as alcohol-impaired driving are
handled. Jurisdiction is complicated by “competing claims of federal,
tribal, and state sovereignty manifested in a complex array of laws that
create a system of jurisdiction based on location, type of crime, race of the
perpetrator, and race of the victim” (Harvard Law Review, 2016, p. 1687).

In fact, in many states with AI/AN reservations, tribal law enforce-
ment officers do not have the authority to stop a driver suspected of
being impaired once the suspect crosses the border, leaving their juris-
diction. Such limitations are especially problematic for this population,
since AI/ANs are at high risk for driving while impaired and sustain-
ing injuries or fatalities from an alcohol-related crash (Letourneau and
Crump, 2016). Additional differences in policies and laws will be dis-
cussed throughout the report as they apply to various interventions for
alcohol-impaired driving.

Advocates for Highway and Auto Safety rates each state according to
the implementation of what they deem as three optimal impaired driving
laws: ignition interlock laws for all offenders, child endangerment laws,
and open container laws (Advocates for Highway and Auto Safety, 2017)
(see Figure 2-5). As of August 2017, 20 states and the District of Columbia
have all three optimal laws enacted (good rating), 10 states have ignition
interlocks for all offenders and one other optimal law enacted (caution
rating), and 20 states had zero or one optimal impaired driving law (dan-
ger rating).

In addition to state-by-state variation in individual alcohol, driving,
and alcohol-impaired driving policies, states’” overall policy environments
are also an important consideration for reducing alcohol-impaired driving
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FIGURE 2-5 Rating of states based on implementation of optimal impaired driv-
ing laws by the Advocates for Highway and Auto Safety: (1) ignition interlock
laws for all offenders, (2) child endangerment laws, (3) and open container laws.
NOTES: No credit is given for laws that are subject to secondary enforcement.
This map reflects state impaired driving laws as of August 2017. IID = ignition
interlock device.

SOURCES: Advocates for Highway and Auto Safety, 2017, Kennedy, 2017.
Personal communication with Allison Kennedy, Advocates for Highway and
Auto Safety on August 31, 2017. Available by request from the National Acad-
emies of Sciences, Engineering, and Medicine’s Public Access Records Office
(PARO@nas.edu).

fatalities. Studies have found that rates of binge drinking and self-reported
alcohol-impaired driving are lower in states with more restrictive alcohol
policy environments (Naimi et al., 2014; Xuan et al., 2015a,b). Further-
more, for those under 21 years of age, a 10 percent increase in the strength
of a state’s alcohol policy environment was found to be correlated with
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a 9 percent decrease in the risk of alcohol-impaired motor vehicle crash
fatalities across age and sex for both drivers and passengers (Hadland et
al., 2017). Although evidence on the effectiveness of states” overall policy
environments to reduce alcohol-impaired driving fatalities among the
general population is limited, implementation and enforcement of “a
strong collection of alcohol control policies acting in concert in a state” is
a promising strategy to accelerate progress (Hadland et al., 2017, p. 2). The
lack of a comprehensive population-based strategy may partly explain
why the proportion of crash fatalities that are alcohol impaired has not
declined in the last decade and has plateaued and has begun to increase.

REFERENCES

AAA (American Automobile Association) Foundation for Traffic Safety. 2016. Prevalence of
marijuana involvement in fatal crashes: Washington, 2010-2014. Washington, DC: AAA
Foundation for Traffic Safety.

AB InBev (Anheuser-Busch InBev). n.d. Global smart drinking goals. http:/ /www.ab-inbev.
com/better-world /a-healthier-world /global-smart-drinking-goals.html (accessed De-
cember 6, 2017).

Advocates for Highway and Auto Safety. 2017. Have we forgotten what saves lives?: 2017
roadmap of state highway safety laws. Washington, DC: Advocates for Highway and Auto
Safety.

Ames, G. M., and ]. W. Grube. 1999. Alcohol availability and workplace drinking: Mixed
method analyses. Journal of Studies on Alcohol and Drugs 60(3):383-393.

Anderson, P, and J. Rehm. 2016. Evaluating alcohol industry action to reduce the harmful
use of alcohol. Alcohol and Alcoholism 51(4):383-387.

APIS (Alcohol Policy Information System). 2016. Retail sales: Beverage service training and
related practices. https:/ /alcoholpolicy.niaaa.nih.gov/Beverage_Service_Training_and_
Related_Practices.html (accessed March 31, 2017).

Aston, E. R., and A. Liguori. 2013. Self-estimation of blood alcohol concentration: A review.
Addictive Behaviors 38(4):1944-1951.

Babor, T. 2010a. Alcohol: No ordinary commodity: Research and public policy. New York: Oxford
University Press.

Babor, T. 2010b. Alcohol: No ordinary commodity—A summary of the second edition. Ad-
diction 105(5):769-779.

Babor, T. F,, K. Robaina, and D. Jernigan. 2015. The influence of industry actions on the avail-
ability of alcoholic beverages in the African region. Addiction 110(4):561-571.

Babor, T. E, K. Robaina, and J. Noel. 2018. The role of the alcohol industry in policy interventions
for alcohol-impaired driving. Paper commissioned by the Committee on Accelerating
Progress to Reduce Alcohol-Impaired Driving Fatalities (see Appendix C).

Baer, J. S., A. Stacy, and M. Larimer. 1991. Biases in perception of drinking norms among
college students. Journal of Studies on Alcohol 52(6):580-586.

Beck, L. F,, J. Downs, M. R. Stevens, and E. K. Sauber-Schatz. 2017. Rural and urban differ-
ences in passenger-vehicle-occupant deaths and seat belt use among adults—United
States, 2014. Morbidity and Mortality Weekly Report Surveillance Summaries 66(17):1-13.

Beer Marketer’s Insights. 2017. 2017 beer industry update. Suffern, NY: Beer Marketer’s
Insights.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/24951

Getting to Zero Alcohol-Impaired Driving Fatalities: A Comprehensive Approach to a Persistent Problem

CURRENT ENVIRONMENT: ALCOHOL, DRIVING, AND DRINKING AND DRIVING 99

Bergen, G., A. Pitan, S. Qu, R. A. Shults, S. K. Chattopadhyay, R. W. Elder, D. A. Sleet, H. L.
Coleman, R. P. Compton, J. L. Nichols, . M. Clymer, and W. B. Calvert. 2014. Publicized
sobriety checkpoint programs: A community guide systematic review. American Journal
of Preventive Medicine 46(5):529-539.

Berger, D. E., and J. R. Snortum. 1985. Alcoholic beverage preferences of drinking-driving
violators. Journal of Studies on Alcohol 46(3):232-239.

Berning, A., R. Compton, and K. Wochinger. 2015. Results of the 2013-2014 National Roadside
Survey of Alcohol and Drug Use by Drivers. DOT HS 812 118. Washington, DC: National
Highway Traffic Safety Administration.

Blincoe, L., T. R. Miller, E. Zaloshnja, and B. A. Lawrence. 2015. The economic and societal im-
pact of motor vehicle crashes, 2010 (revised). DOT HS 812 013. Washington, DC: National
Highway Traffic Safety Administration.

Bond, J., T. K. Greenfield, and W. Kerr. 2008 (unpublished). Variation in the relationship between
alcohol beverage choice, risk perception, and self-reported drunk driving across the US states.
Emeryville, CA: Alcohol Research Group.

Bouchery, E. E., H. J. Harwood, J. J. Sacks, C. J. Simon, and R. D. Brewer. 2011. Economic
costs of excessive alcohol consumption in the U.S., 2006. American Journal of Preventive
Medicine 41(5):516-524.

Breslow, R. A., L. P. Castle, C. M. Chen, and B. I. Graubard. 2017. Trends in alcohol consump-
tion among older Americans: National Health Interview Surveys, 1997 to 2014. Alcohol-
ism: Clinical and Experimental Research 41(5):976-986.

CDC (Centers for Disease Control and Prevention). 2016. Motor vehicle crash deaths: How is the
US doing? CDC Vital Signs. https://www.cdc.gov/vitalsigns /pdf/2016-07-vitalsigns.
pdf (accessed August 7, 2017).

CDC. 2017a. Fact sheets—Alcohol and caffeine. https:/ /www.cdc.gov/alcohol/fact-sheets/
caffeine-and-alcohol.htm (accessed October 2, 2017).

CDC. 2017b. Impaired driving: Get the facts. https://www.cdc.gov/motorvehiclesafety/
impaired_driving/impaired-drv_factsheet.html (accessed January 30, 2017).

Chavez, P. R, D. E. Nelson, T. S. Naimi, and R. D. Brewer. 2011. Impact of a new gender-
specific definition for binge drinking on prevalence estimates for women. American
Journal of Preventive Medicine 40(4):468—471.

Chicago Board of Election Commissioners. 2009. Guideline for local option referenda. https:/ /
chicagoelections.com/dm/general/document_51.PDF (accessed August 10, 2017).

Clarke, T. C., T. Norris, and J. S. Schiller. 2017. Early release of selected estimates based on data
from the 2016 National Health Interview Survey. Hyattsville, MD: National Center for
Health Statistics.

Collins, T., and W. Vamplew. 2011. Mud, sweat and beers: A cultural history of sport and alcohol,
Global sport cultures. London, UK: Bloomsbury Academic.

Compton, R. P, and A. Berning. 2015. Drug and alcohol crash risk. Washington, DC: National
Highway Traffic Safety Administration.

De Visser, R. O., and J. A. Smith. 2007. Alcohol consumption and masculine identity among
young men. Psychology and Health 22(5):595-614.

DiMaggio, C., K. Wheeler-Martin, and J. Oliver. 2018. Alcohol-impaired driving in the United
States: Overview, review of data sources, and analyses. Paper commissioned by the Com-
mittee on Accelerating Progress to Reduce Alcohol-Impaired Driving Fatalities (see
Appendix A).

Dixon, M. A, and K. G. Chartier. 2016. Alcohol use patterns among urban and rural resi-
dents: Demographic and social influences. Alcohol Research 38(1):69-77.

DQJ (U.S. Department of Justice). 2009. Enforcing underage drinking laws program. https://
www.ncjrs.gov/pdffilesl/ojjdp/227469.pdf (accessed August 23, 2017).

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/24951

Getting to Zero Alcohol-Impaired Driving Fatalities: A Comprehensive Approach to a Persistent Problem

100 GETTING TO ZERO ALCOHOL-IMPAIRED DRIVING FATALITIES

Dwyer-Lindgren, L., A. D. Flaxman, M. Ng, G. M. Hansen, C. ]. Murray, and A. H. Mokdad.
2015. Drinking patterns in US counties from 2002 to 2012. American Journal of Public
Health 105(6):1120-1127.

Esser, M. B, S. L. Hedden, D. Kanny, R. D. Brewer, J. C. Gfroerer, and T. S. Naimi. 2014.
Prevalence of alcohol dependence among US adult drinkers, 2009-2011. Preventing
Chronic Disease 11:E206.

Esser, M. B., ]. Bao, D. H. Jernigan, and A. A. Hyder. 2016. Evaluation of the evidence base
for the alcohol industry’s actions to reduce drink driving globally. American Journal of
Public Health 106(4):707-713.

Fell, J. C., S. Tippetts, and R. Voas. 2010. Drinking characteristics of drivers arrested for
driving while intoxicated in two police jurisdictions. Traffic Injury and Prevention 11(5):
443-452.

FHWA (Federal Highway Administration). 2015. Annual vehicle distance traveled in miles and
related data-2014. https:/ /www.fhwa.dot.gov /policyinformation/statistics /2014 /vm1.
cfm (accessed October 31, 2017).

FHWA. 2016. Highway statistics 2015. Distribution of licensed drivers—2015. By sex and per-
centage in each age group and relation to population. https://www.thwa.dot.gov/policy
information/statistics /2015/d120.cfm (accessed August 23, 2017).

FHWA. 2017. Highway statistics series. Highway statistics 2015. Licensed drivers, vehicle reg-
istrations, and resident population (in millions). https://www.fhwa.dot.gov/policy
information/statistics /2015/dv1c.cfm (accessed August 23, 2017).

Fisher, D. A. 2018. Content analysis of alcohol-impaired driving stories in the news. Paper com-
missioned by the Committee on Accelerating Progress to Reduce Alcohol-Impaired
Driving Fatalities (see Appendix B).

Flowers, N. T., T. S. Naimi, R. D. Brewer, R. W. Elder, R. A. Shults, and R. Jiles. 2008. Patterns
of alcohol consumption and alcohol-impaired driving in the United States. Alcoholism,
Clinical and Experimental Research 32(4):639-644.

FollowTheMoney.org. n.d. National Institute on Money in State Politics. https://www.
followthemoney.org (accessed October 2, 2017).

Forster, J. L., D. M. Murray, M. Wolfson, and A. C. Wagenaar. 1995. Commercial availability
of alcohol to young people: Results of alcohol purchase attempts. Preventive Medicine
24(4):342-347.

Forward, J., J. Akhurst, R. Bruno, X. Leong, A. VanderNiet, H. Bromfield, J. Erny, T. Bellamy,
and A. Peacock. 2017. Nature versus intensity of intoxication: Co-ingestion of alcohol
and energy drinks and the effect on objective and subjective intoxication. Drug and
Alcohol Dependence 180:292-303.

Fosdick, R. B., and A. L. Scott. 1933. Toward liquor control. New York: Harper and Brothers.

Foster, S. E., R. D. Vaughan, W. H. Foster, and ]. A. Califano, Jr. 2006. Estimate of the com-
mercial value of underage drinking and adult abusive and dependent drinking to the
alcohol industry. Archives of Pediatrics & Adolescent Medicine 160(5):473-478.

FTC (Federal Trade Commission). 2013. Alcohol advertising. https:/ /www.consumer.ftc.gov /
articles/0391-alcohol-advertising (accessed September 20, 2017).

Gallup. 2000. Volume I: Findings, racial and ethnic group comparisons, National Survey of Drinking
and Driving, June 2000, attitudes and behaviors—1993, 1995, 1997. DTNH22-96-c-05081.
Washington, DC: National Highway Traffic Safety Administration.

Galvan, F. H., and R. Caetano. 2003. Alcohol use and related problems among ethnic minori-
ties in the United States. Alcohol Research & Health 27(1):87-95.

GHSA (Governors Highway Safety Association). 2016. Sobriety checkpoints. http://www.
ghsa.org/state-laws/issues/Sobriety-Checkpoints (accessed March 31, 2017).

Gjerde, H., M. C. Strand, and J. Morland. 2015. Driving under the influence of non-alcohol
drugs—An update. Part I: Epidemiological studies. Forensic Science Review 27(2):89-113.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/24951

Getting to Zero Alcohol-Impaired Driving Fatalities: A Comprehensive Approach to a Persistent Problem

CURRENT ENVIRONMENT: ALCOHOL, DRIVING, AND DRINKING AND DRIVING 101

Goodwin, A., L. Thomas, B. Kirley, W. Hall, N. O’Brien, and K. Hill. 2015. Countermeasures
that work: A highway safety countermeasure guide for state highway safety offices, 8th ed.
DOT HS 812 202. Washington, DC: National Highway Traffic Safety Administration.

Grant, B. F,, S. P. Chou, T. D. Saha, R. P. Pickering, B. T. Kerridge, W. J. Ruan, B. Huang, J.
Jung, H. Zhang, A. Fan, and D. S. Hasin. 2017. Prevalence of 12-month alcohol use,
high-risk drinking, and DSM-IV alcohol use disorder in the United States, 2001-2002
to 2012-2013: Results from the National Epidemiologic Survey on Alcohol and Related
Conditions. JAMA Psychiatry 74(9):911-923.

Greenfield, T. K., and J. D. Rogers. 1999. Alcoholic beverage choice, risk perception and
self-reported drunk driving: Effects of measurement on risk analysis. Addiction 94(11):
1735-1743.

Gruenewald, P. J., and W. R. Ponicki. 1995. The relationship of the retail availability of alco-
hol and alcohol sales to alcohol-related traffic crashes. Accident Analysis & Prevention
27(2):249-259.

Gruenewald, P. J., T. Stockwell, A. Beel, and E. V. Dyskin. 1999. Beverage sales and drink-
ing and driving: The role of on-premise drinking places. Journal of Studies on Alcohol
60(1):47-53.

Hadland, S. E., Z. Xuan, V. Sarda, J. Blanchette, M. H. Swahn, T. C. Heeren, R. B. Voas, and
T. S. Naimi. 2017. Alcohol policies and alcohol-related motor vehicle crash fatalities
among young people in the US. Pediatrics 139(3):€20163037.

Harvard Law Review. 2016. Fresh pursuit from Indian country: Tribal authority to pursue
suspects onto state land. Harvard Law Review 129(6):1685-1708.

Haughwout, S. P,, and M. E. Slater. 2017. Apparent per capita alcohol consumption: National,
state, and regional trends, 1977-2015. Surveillance report 108. Arlington, VA: CSR, Inc.,
National Institute on Alcohol Abuse and Alcoholism.

Haughwout, S. P, R. A. LaVallee, and L.-]. P. Castle. 2016. Apparent per capita alcohol consump-
tion: National, state, and regional trends, 1977-2014. Surveillance report 104. Arlington,
VA: CSR, Inc., National Institute on Alcohol Abuse and Alcoholism.

Hels, T., I. M. Bernhoft, A. Lyckegaard, S. Houwing, M. Hagenzieker, S.-A. Legrand, C.
Isalberti, T. Van der Linden, and A. Verstraete. 2011. Risk of injury by driving with alcohol
and other drugs. Driving under the Influence of Drugs, Alcohol and Medicines. Kongens
Lyngby: Technical University of Denmark.

HHS and SAMHSA (U.S. Department of Health and Human Services and Substance Abuse
and Mental Health Services Administration). 2016. Chapter 3: A coordinated federal
approach to preventing and reducing underage drinking. In September 2016 Report to
Congress on the Prevention and Reduction of Underage Drinking. Washington, DC: Inter-
agency Coordinating Committee on the Prevention of Underage Drinking.

Hingson, R. W., W. Zha, and A. M. White. 2017. Drinking beyond the binge threshold: Pre-
dictors, consequences, and changes in the U.S. American Journal of Preventive Medicine
52(6):717-727.

Huber, H., R. Karlin, and P. E. Nathan. 1976. Blood alcohol level discrimination by nonalco-
holics. The role of internal and external cues. Journal of Studies on Alcohol 37(1):27-39.

Huckle, T., M. Pledger, and S. Casswell. 2006. Trends in alcohol-related harms and offences
in a liberalized alcohol environment. Addiction 101(2):232-240.

Huseth, A. 2012. Alcohol-impaired driving: Common practices and performance. Fargo: Rural
Transportation Safety and Security Center, Upper Great Plains Transportation Institute,
North Dakota State University.

ITHS (Insurance Institute for Highway Safety). 2016. Urban/rural comparison. http:/ /www.
iihs.org/iihs/topics/t/roadway-and-environment/fatalityfacts /roadway-and-
environment (accessed October 31, 2017).

Impact Databank. 2017a. The LLS. spirits market: Impact databank review and forecast, 2017 ed.
New York: Shanken Communications.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/24951

Getting to Zero Alcohol-Impaired Driving Fatalities: A Comprehensive Approach to a Persistent Problem

102 GETTING TO ZERO ALCOHOL-IMPAIRED DRIVING FATALITIES

Impact Databank. 2017b. The LS. wine market: Impact databank review and forecast, 2017 ed.
New York: Shanken Communications.

Jang, J. B., M. E. Patrick, K. M. Keyes, A. D. Hamilton, and J. E. Schulenberg. 2017. Frequent
binge drinking among US adolescents, 1991 to 2015. Pediatrics 139(6):e20164023.

Jernigan, D., J. Noel, J. Landon, N. Thornton, and T. Lobstein. 2017. Alcohol marketing and
youth alcohol consumption: A systematic review of longitudinal studies published
since 2008. Addiction 112(Suppl 1):7-20.

Jewett, A., R. A. Shults, T. Banerjee, and G. Bergen. 2015. Alcohol-impaired driving among
adults—United States, 2012. Morbidity and Mortality Weekly 64(30):814-817.

Jones, L., G. Bates, E. McCoy, and M. A. Bellis. 2015. Relationship between alcohol-
attributable disease and socioeconomic status, and the role of alcohol consumption
in this relationship: A systematic review and meta-analysis. BMC Public Health 15:400.

Katikireddi, S. V., E. Whitley, J. Lewsey, L. Gray, and A. H. Leyland. 2017. Socioeconomic
status as an effect modifier of alcohol consumption and harm: Analysis of linked cohort
data. Lancet Public Health 2(6):e267-€276.

Kelley-Baker, T., ]. H. Lacey, R. B. Voas, E. Romano, J. Yao, and A. Berning. 2013. Drinking
and driving in the United States: Comparing results from the 2007 and 1996 national
roadside surveys. Traffic Injury and Prevention 14(2):117-126.

Kerr, W. C., and T. K. Greenfield. 2015. Racial/ethnic disparities in the self-reported number
of drinks in 2 hours before driving becomes impaired. American Journal of Public Health
105(7):1409-1414.

Kerr, W. C., and T. Stockwell. 2012. Understanding standard drinks and drinking guidelines.
Drug and Alcohol Review 31(2):200-205.

Kerr, W. C., T. K. Greenfield, J. Tujague, and S. E. Brown. 2005. A drink is a drink? Variation in
the amount of alcohol contained in beer, wine and spirits drinks in a US methodological
sample. Alcoholism: Clinical and Experimental Research 29(11):2015-2021.

Kerr, W. C., T. K. Greenfield, and L. T. Midanik. 2006. How many drinks does it take you
to feel drunk? Trends and predictors for subjective drunkenness. Addiction 101(10):
1428-1437.

Kerr, W. C., D. Patterson, M. A. Koenen, and T. K. Greenfield. 2008. Alcohol content variation
of bar and restaurant drinks in northern California. Alcoholism: Clinical and Experimental
Research 32(9):1623-1629.

Kerr, W. C., D. Patterson, T. K. Greenfield, A. S. Jones, K. A. McGeary, J. V. Terza, and C. J.
Ruhm. 2013a. U.S. alcohol affordability and real tax rates, 1950-2011. American Journal
of Preventive Medicine 44(5):459-464.

Kerr, W. C., D. Patterson, and T. K. Greenfield. 2013b. The blurring of alcohol categories. Alex-
andria, VA: National Alcohol Beverage Control Association.

Keyes, K. M., and D. S. Hasin. 2008. Socio-economic status and problem alcohol use: The
positive relationship between income and the DSM-IV alcohol abuse diagnosis. Addic-
tion 103(7):1120-1130.

Keyes, K. M., X. C. Liu, and M. Cerda. 2012. The role of race/ethnicity in alcohol-attributable
injury in the United States. Epidemiologic Reviews 34:89-102.

King, C., 3rd, M. Siegel, C. S. Ross, and D. H. Jernigan. 2017. Alcohol advertising in mag-
azines and underage readership: Are underage youth disproportionately exposed?
Alcoholism: Clinical and Experimental Research 41(10):1775-1782.

Lalanne, L., P. E. Lutz, and F. Paille. 2017. Acute impact of caffeinated alcoholic beverages
on cognition: A systematic review. Progress in Neuro-Psychopharmacology & Biological
Psychiatry 76:188-194.

Landen, M., J. Roeber, T. Naimi, L. Nielsen, and M. Sewell. 2014. Alcohol-attributable mor-
tality among American Indians and Alaska Natives in the United States, 1999-2009.
American Journal of Public Health 104(Suppl 3):5343-5349.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/24951

Getting to Zero Alcohol-Impaired Driving Fatalities: A Comprehensive Approach to a Persistent Problem

CURRENT ENVIRONMENT: ALCOHOL, DRIVING, AND DRINKING AND DRIVING 103

Lansky, D., P. E. Nathan, S. M. Ersner-Hershfield, and T. R. Lipscomb. 1978. Blood alcohol
level discrimination: Pre-training monitoring accuracy of alcoholics and nonalcoholics.
Addictive Behaviors 3(3—4):209-214.

Lapham, S. C., J. C’de Baca, G. McMillan, and W. C. Hunt. 2004. Accuracy of alcohol di-
agnosis among DWI offenders referred for screening. Drug and Alcohol Dependence
76(2):135-141.

Lapham, S. C., R. Stout, G. Laxton, and B. J. Skipper. 2011. Persistence of addictive disorders
in a first-offender driving while impaired population. Archives of General Psychiatry
68(11):1151-1157.

Laude, J. R., and M. T. Fillmore. 2016. Drivers who self-estimate lower blood alcohol concen-
trations are riskier drivers after drinking. Psychopharmacology 233(8):1387-1394.

LaVallee, R. A, T. Kim, and H.-Y. Yi. 2014. Apparent per capita alcohol consumption: National,
state, and regional trends, 1977-2012. Surveillance report 98. Arlington, VA: CSR, Inc.,
National Institute on Alcohol Abuse and Alcoholism.

Letourneau, R. J., and C. E. Crump. 2016. Tribal motor vehicle injury preventions (TMVIP) best
practices guide 2016. Atlanta, GA: Centers for Disease Control and Prevention.

Lipari, R. N., A. Hughes, and J. Bose. 2016. Driving under the influence of alcohol and illicit drugs.
The CBHSQ report: December 27, 2016. Rockville, MD: Center for Behavioral Health
Statistics and Quality, Substance Abuse and Mental Health Services Administration.

Lobstein, T., J. Landon, N. Thornton, and D. Jernigan. 2017. The commercial use of digital
media to market alcohol products: A narrative review. Addiction 112(Suppl 1):21-27.

Lorenc, T., M. Petticrew, V. Welch, and P. Tugwell. 2013. What types of interventions generate
inequalities? Evidence from systematic reviews. Journal of Epidemiology and Community
Health 67(2):190-193.

Luoma, J., and M. Sivak. 2014. Why is road safety in the U.S. not on par with Sweden, the
U.K,, and the Netherlands? Lessons to be learned. European Transport Research Review
6(3):295-302.

Martens, M. P, J. C. Page, E. S. Mowry, K. M. Damann, K. K. Taylor, and M. D. Cimini. 2006.
Differences between actual and perceived student norms: An examination of alcohol
use, drug use, and sexual behavior. Journal of American College Health 54(5):295-300.

Martin, T. L., P. A. Solbeck, D. J. Mayers, R. M. Langille, Y. Buczek, and M. R. Pelletier. 2013.
A review of alcohol-impaired driving: The role of blood alcohol concentration and
complexity of the driving task. Journal of Forensic Sciences 58(5):1238-1250.

Mattson, J. 2016. Rural transit fact book 2016. Fargo: North Dakota State University. Upper
Great Plains Transportation Institute. Small Urban and Rural Transit Center.

McKetin, R., A. Coen, and S. Kaye. 2015. A comprehensive review of the effects of mixing
caffeinated energy drinks with alcohol. Drug and Alcohol Dependence 151:15-30.

Michael, J. 2017. Powerpoint presentation to the Committee on Accelerating Progress to Reduce
Alcohol-Impaired Driving Fatalities in Washington, DC, February 16, 2017. http:/ /www.
nationalacademies.org/hmd/~/media/Files/Activity%20Files / AcceleratingProgress
toReduceAlcohollmpairedDrivingFatalities / 16%20FEB%202017 /1%20Michael.pdf (ac-
cessed September 26, 2017).

Mintel. 2015. The craft effect: One in four beers launched globally in 2014 was high strength.
http:/ /www.mintel.com/press-centre/food-and-drink/the-craft-effect-one-in-four-
beers-launched-globally-in-2014-was-high-strength (accessed December 6, 2017).

Mulia, N., K. J. Karriker-Jaffe, J. Witbrodt, J. Bond, E. Williams, and S. E. Zemore. 2017.
Racial/ethnic differences in 30-year trajectories of heavy drinking in a nationally rep-
resentative US sample. Drug and Alcohol Dependence 170:133-141.

Naimi, T. S., D. E. Nelson, and R. D. Brewer. 2009. Driving after binge drinking. American
Journal of Preventive Medicine 37(4):314-320.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/24951

Getting to Zero Alcohol-Impaired Driving Fatalities: A Comprehensive Approach to a Persistent Problem

104 GETTING TO ZERO ALCOHOL-IMPAIRED DRIVING FATALITIES

Naimi, T. S., J. Blanchette, T. F. Nelson, T. Nguyen, N. Oussayef, T. C. Heeren, P. Gruenewald,
J. Mosher, and Z. Xuan. 2014. A new scale of the U.S. alcohol policy environment and
its relationship to binge drinking. American Journal of Preventive Medicine 46(1):10-16.

Naimi, T. S., Z. Xuan, V. Sarda, S. Hadland, M. Lira, T. Heeren, R. Voas, and M. H. Swahn.
2017. Alcohol policies and alcohol-related motor vehicle crash fatalities among U.S. adults.
Paper presented at 43rd Annual Alcohol Epidemiology Symposium of the Kettil Bruun
Society, Sheffield, England.

NASADAD (National Association of State Alcohol and Drug Abuse Directors). 2016.
NASADAD priority programs within the Department of Justice (DOJ). http://nasadad.
org/wp-content/uploads/2016 /02 /DOJ-Programs-Fact-Sheet-DRAFT-2016.pdf (ac-
cessed August 23, 2017).

NCSA (National Center for Statistics and Analysis). 2015. Alcohol-impaired driving: 2014 data.
Traffic Safety Facts. DOT HS 812 231. Washington, DC: National Highway Traffic Safety
Administration.

NCSA. 2016a. Alcohol-impaired driving: 2015 data. Traffic Safety Facts. Report No. DOT HS 812
350. Washington, DC: National Highway Traffic Safety Administration.

NCSA. 2016b. 2015 motor vehicle crashes: Overview. Traffic Safety Facts. Report No. DOH HS
812 318. Washington, DC: National Highway Traffic Safety Administration.

NCSA. 2016c. Rural/urban comparison: 2014 data. Traffic Safety Facts. Report No. DOT HS 812
301. Washington, DC: National Highway Traffic Safety Administration.

NCSA. 2017a. 2016 fatal motor vehicle crashes: Overview. Traffic Safety Facts Research Note.
Report No. DOT HS 812 456. Washington, DC: National Highway Traffic Safety
Administration.

NCSA. 2017b. Alcohol-impaired driving: 2016 data. Traffic Safety Facts. Report No. DOT HS 812
450. Washington, DC: National Highway Traffic Safety Administration.

Nelson, T. E, Z. Xuan, T. F. Babor, R. D. Brewer, E. ]. Chaloupka, P. ]. Gruenewald, H. Holder,
M. Klitzner, J. F. Mosher, R. L. Ramirez, R. Reynolds, T. L. Toomey, V. Churchill, and
T. S. Naimi. 2013. Efficacy and the strength of evidence of U.S. alcohol control policies.
American Journal of Preventive Medicine 45(1):19-28.

NHTSA (National Highway Traffic Safety Administration), GHSA, and Volpe National
Transportation Systems Center. 2017. Impact of the legalization and decriminalization of
marijuana on the DWI system: Highlights from the expert panel meeting. Washington, DC:
National Highway Traffic Safety Administration.

O’Brien, M. C., T. P. McCoy, S. D. Rhodes, A. Wagoner, and M. Wolfson. 2008. Caffeinated
cocktails: Energy drink consumption, high-risk drinking, and alcohol-related conse-
quences among college students. Academic Emergency Medicine 15(5):453—460.

O’Donnell, M. A. 1985. Research on drinking locations of alcohol-impaired drivers: Implica-
tions for prevention policies. Journal of Public Health Policy 6(4):510-525.

O'Neill, B., and S. Y. Kyrychenko. 2006. Use and misuse of motor-vehicle crash death rates
in assessing highway-safety performance. Traffic Injury Prevention 7(4):307-318.

OpenSecrets.org. n.d. Beer, wine, and liquor: Industry profile: Summary, 2016. http:/ /www.
opensecrets.org/lobby/indusclient.php?id=N02&year=2016 (accessed October 2, 2017).

Pantani, D., R. Peltzer, M. Cremonte, K. Robaina, T. Babor, and I. Pinsky. 2017. The marketing
potential of corporate social responsibility activities: The case of the alcohol industry
in Latin America and the Caribbean. Addiction 112(Suppl 1):74-80.

Patrick, M. E., J. E. Schulenberg, M. E. Martz, ]. L. Maggs, P. M. O’Malley, and L. D. Johnston.
2013. Extreme binge drinking among 12th-grade students in the United States: Preva-
lence and predictors. JAMA Pediatrics 167(11):1019-1025.

Perkins, H. W., M. P. Haines, and R. Rice. 2005. Misperceiving the college drinking norm and
related problems: A nationwide study of exposure to prevention information, perceived
norms and student alcohol misuse. Journal of Studies on Alcohol 66(4):470-478.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/24951

Getting to Zero Alcohol-Impaired Driving Fatalities: A Comprehensive Approach to a Persistent Problem

CURRENT ENVIRONMENT: ALCOHOL, DRIVING, AND DRINKING AND DRIVING 105

Piontkowski, S. R., J. S. Peabody, C. Reede, J. Velascosoltero, G. Tsatoke, T. Shelhamer, and
K. R. Hicks. 2015. Reducing motor vehicle-related injuries at an Arizona Indian reser-
vation: Ten years of application of evidence-based strategies. Global Health: Science and
Practice 3(4):619-629.

Probst, C., M. Roerecke, S. Behrendt, and J. Rehm. 2014. Socioeconomic differences in
alcohol-attributable mortality compared with all-cause mortality: A systematic review
and meta-analysis. International Journal of Epidemiology 43(4):1314-1327.

Quinlan, K. P, R. D. Brewer, P. Siegel, D. A. Sleet, A. H. Mokdad, R. A. Shults, and N.
Flowers. 2005. Alcohol-impaired driving among U.S. adults, 1993-2002. American Jour-
nal of Preventive Medicine 28(4):346-350.

Quinlan, K., R. A. Shults, and R. A. Rudd. 2014. Child passenger deaths involving alcohol-
impaired drivers. Pediatrics 133(6):966-972.

Rahav, G., R. Wilsnack, K. Bloomfield, G. Gmel, and S. Kuntsche. 2006. The influence of so-
cietal level factors on men’s and women'’s alcohol consumption and alcohol problems.
Alcohol and Alcoholism 41(Suppl 1):147-i55.

Rammohan, V., R. A. Hahn, R. Elder, R. Brewer, J. Fielding, T. S. Naimi, T. L. Toomey, S. K.
Chattopadhyay, and C. Zometa. 2011. Effects of dram shop liability and enhanced
overservice law enforcement initiatives on excessive alcohol consumption and related
harms: Two community guide systematic reviews. American Journal of Preventive Medi-
cine 41(3):334-343.

Redelmeier, D. A., and A. S. Detsky. 2017. Clinical action against drunk driving. PLoS Medi-
cine 14(2):e1002231.

Rehm, J., D. W. Lachenmeier, E. J. Llopis, S. Imtiaz, and P. Anderson. 2016. Evidence of
reducing ethanol content in beverages to reduce harmful use of alcohol. The Lancet
Gastroenterology & Hepatology 1(1):78-83.

Retting, R. 2017. Pedestrian traffic fatalities by state: 2016 preliminary data. Washington, DC:
Governors Highway Safety Association.

Rhoades, E., and D. H. Jernigan. 2013. Risky messages in alcohol advertising, 2003-2007:
Results from content analysis. Journal of Adolescent Health 52(1):116-121.

Rickard, B. J., T. Garg, and M. Costanigro. 2013. Economic and social implications of regu-
lating alcohol availability in grocery stores. Applied Economic Perspectives and Policy
35(4):613-633.

Roche, A., V. Kostadinov, J. Fischer, R. Nicholas, K. O'Rourke, K. Pidd, and A. Trifonoff.
2015a. Addressing inequities in alcohol consumption and related harms. Health Promo-
tion International 30(Suppl 2):1i20-ii35.

Roche, A., V. Kostadinov, J. Fischer, and R. Nicholas. 2015b. Evidence review: The social deter-
minants of inequities in alcohol consumption and alcohol-related health outcomes. Australian’s
National Research Centre on AOD Workforce Development and Flinders University.

Romano, E., R. B. Voas, and J. C. Lacey. 2010. Alcohol and highway safety: Special report on
race/ethnicity and impaired driving. Washington, DC: National Highway Traffic Safety
Administration.

SAMHSA (Substance Abuse and Mental Health Services Administration). 2014. Results from
the 2013 National Survey on Drug Use and Health: Summary of national findings. NSDUH
series H-48, HHS publication 14-4863. Rockville, MD: Substance Abuse and Mental
Health Services Administration.

SAMHSA. 2015. Behavioral health trends in the United States: Results from the 2014 National
Survey on Drug Use and Health. HHS publication 15-4927, NSDUH series H-50. https:/ /
www.samhsa.gov/data/population-data-nsduh (accessed April 27, 2017).

SAMHSA. 2016. Results from the 2015 National Survey on Drug Use and Health: Detailed tables.
https://www.samhsa.gov /data/sites/default/files/NSDUH-DetTabs-2015/NSDUH-
DetTabs-2015/NSDUH-DetTabs-2015.htm#tab2-41b (accessed March 31, 2017).

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/24951

Getting to Zero Alcohol-Impaired Driving Fatalities: A Comprehensive Approach to a Persistent Problem

106 GETTING TO ZERO ALCOHOL-IMPAIRED DRIVING FATALITIES

Sanem, ]. R., D. J. Erickson, P. C. Rutledge, K. M. Lenk, T. F. Nelson, R. Jones-Webb, and
T. L. Toomey. 2015. Association between alcohol-impaired driving enforcement-related
strategies and alcohol-impaired driving. Accident Analysis and Prevention 78:104-109.

Sauber-Schatz, E. K., D. J. Ederer, A. M. Dellinger, and G. T. Baldwin. 2016. Vital signs: Motor
vehicle injury prevention—United States and 19 comparison countries. Morbidity and
Mortality Weekly Report 65(26):672-677.

Scaglione, S., S. Kliethermes, G. Cao, D. Shoham, R. Durazo, A. Luke, and M. L. Volk. 2015.
The epidemiology of cirrhosis in the United States: A population-based study. Journal
of Clinical Gastroenterology 49(8):690-696.

Schmidt, L. A., P. Mékeld, J. Rehm, and R. Room. 2010. Alcohol: Equity and social determi-
nants. In Equity, social determinants and public health programs, edited by E. Blas and A. S.
Kurup. Geneva, Switzerland: World Health Organization.

Schmidt, S. 2017. PowerPoint presentation to the Committee on Accelerating Progress to
Reduce Alcohol-Impaired Driving Fatalities. Washington, DC, March 22, 2017. http://
nationalacademies.org/hmd/~/media/Files/Activity%20Files / AcceleratingProgress
toReduceAlcohollmpairedDrivingFatalities /22%20March%202017 / 1%20Steve %20
Schmidt.pdf (accessed August 9, 2017).

Schor, E. L. 1996. Adolescent alcohol use: social determinants and the case for early family-
centered prevention. Family-focused prevention of adolescent drinking. Bulletin of the
New York Acadeny of Medicine 73(2):335-356.

Schulenberg, J. E., L. D. Johnston, P. M. O’Malley, J. G. Bachman, R. A. Miech, and M. E.
Patrick. 2017. Monitoring the future. National survey results on drug use, 1975-2016: Volume
II, college students and adults ages 19-55. Ann Arbor, MI: Institute for Social Research,
University of Michigan.

Sivak, M., and B. Schoettle. 2017. Recent diverging trends in the amount of urban and rural driv-
ing in the United States. Ann Arbor: University of Michigan, Sustainable Worldwide
Transportation.

Smith, K., and J. Foster. 2014. Alcohol, health inequalities and the harm paradox: Why some groups
face greater problems despite consuming less alcohol. London, UK: Institute of Alcohol
Studies.

Strand, M. C., H. Gjerde, and J. Morland. 2016. Driving under the influence of non-alcohol
drugs—An update. Part II: Experimental studies. Forensic Science Review 28(2):79-101.

Striley, C. W., and S. R. Khan. 2014. Review of the energy drink literature from 2013: Findings
continue to support most risk from mixing with alcohol. Current Opinion in Psychiatry
27(4):263-268.

Subramanian, R. 2009. Geospatial analysis of rural motor vehicle traffic fatalities. Report No.
DOT HS 811 196. Washington, DC: National Highway Traffic Safety Administration.

Sudhinaraset, M., C. Wigglesworth, and D. T. Takeuchi. 2016. Social and cultural contexts
of alcohol use: Influences in a socio-ecological framework. Alcohol Research: Current
Reviews 38(1):35-45.

TRB (Transportation Research Board). 2013. Emergency medical services response to motor vehicle
crashes in rural areas. Washington, DC: The National Academies Press.

TRB. 2016. Between public and private mobility: Examining the rise of technology-enabled transpor-
tation services. Washington, DC: The National Academies Press.

TRIP (The Road Improvement Program). 2017. Rural connections: Challenges and opportunities
in America’s heartland. Washington, DC: TRIP.

U.S. Census Bureau. 2010. 2010 census urban and rural classification and urban area criteria.
https:/ /www.census.gov/geo/reference/ua/urban-rural-2010.html (accessed August
11, 2017).

Utah State Legislature. 2017. H.B. 155 driving under the influence and public safety revisions.
http:/ /le.utah.gov/~2017 /bills /static/HB0155.html (accessed March 30, 2017).

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/24951

Getting to Zero Alcohol-Impaired Driving Fatalities: A Comprehensive Approach to a Persistent Problem

CURRENT ENVIRONMENT: ALCOHOL, DRIVING, AND DRINKING AND DRIVING 107

Vaca, E. E., E. Romano, J. C. Fell, and E. Choo. 2014. Female drivers increasingly involved in
impaired driving crashes: Actions to ameliorate the risk. Academic Emergency Medicine
21(12):1485-1492.

Voas, R. B., and J. C. Lacey. 2011. Alcohol and highway safety: A review of the state of knowledge.
Washington, DC: National Highway Traffic Safety Administration.

Vock, D. C. 2013. Rural states struggle to reduce road deaths. http:/ /www.pewtrusts.org/en/
research-and-analysis/blogs/stateline/2013/03/12/rural-states-struggle-to-reduce-
road-deaths (accessed October 2, 2017).

Wagenaar, A. C., A. L. Tobler, and K. A. Komro. 2010. Effects of alcohol tax and price poli-
cies on morbidity and mortality: A systematic review. American Journal of Public Health
100(11):2270-2278.

Walker, S., S. Higgs, and P. Terry. 2016. Estimates of the absolute and relative strengths of
diverse alcoholic drinks by young people. Substance Use & Misuse 51(13):1781-1789.

Wechsler, H., and T. F. Nelson. 2008. What we have learned from the Harvard School of
Public Health College Alcohol Study: Focusing attention on college student alcohol
consumption and the environmental conditions that promote it. Journal of Studies on
Alcohol and Drugs 69(4):481-490.

WHO (World Health Organization). 2011. Global status report on alcohol and health. Geneva,
Switzerland: World Health Organization.

WHO. 2014. Standard drink measures, in grams per unit. Data by country. http:/ /apps.who.int/
gho/data/view.main.54180 (accessed March 30, 2017).

WHO. 2015a. Global status report on road safety 2015. Geneva, Switzerland: World Health
Organization.

WHO. 2015b. Report of the Second Technical Consultation on drug use and road safety. 16-17
December 2015. Mallorca, Spain: World Health Organization.

WHO. 2016. Drug use and road safety. Geneva, Switzerland: World Health Organization.

Williams, A. E, A. T. McCartt, and S. A. Ferguson. 2007. Hardcore drinking drivers and other
contributors to the alcohol-impaired driving problem: Need for a comprehensive ap-
proach. Traffic Injury Prevention 8(1):1-10.

Wilsnack, R. W., N. D. Vogeltanz, S. C. Wilsnack, and T. R. Harris. 2000. Gender differences
in alcohol consumption and adverse drinking consequences: Cross-cultural patterns.
Addiction 95(2):251-265.

Wilsnack, R. W., S. C. Wilsnack, A. F. Kristjanson, N. D. Vogeltanz-Holm, and G. Gmel. 2009.
Gender and alcohol consumption: Patterns from the multinational GENACIS project.
Addiction 104(9):1487-1500.

Wilson, E. A., and J. P. Stimpson. 2010. Trends in fatalities from distracted driving in the
United States, 1999-2008. American Journal of Public Health 100(11):2213-2219.

Wilson, F. A, J. P. Stimpson, and M. K. Tibbits. 2013. The role of alcohol use on recent trends
in distracted driving. Accident Analysis & Prevention 60(November):189-192.

Xuan, Z., J. G. Blanchette, T. F. Nelson, T. C. Heeren, T. H. Nguyen, and T. S. Naimi. 2015a.
Alcohol policies and impaired driving in the United States: Effects of driving- vs.
drinking-oriented policies. International Journal of Alcohol and Drug Use 4(2):119-130.

Xuan, Z., T. H. Nguyen, N. L. Oussayef, T. S. Naimi, J. G. Blanchette, T. S. Naimi, T. F. Nelson,
S. E. Hadland, and T. C. Heeren. 2015b. Youth drinking in the United States: Relation-
ships with alcohol policies and adult drinking. Pediatrics 136(1):18-27.

Zaloshnja, E., T. R. Miller, D. Hendrie, and D. Galvin. 2007. Employer costs of alcohol-
involved injuries. American Journal of Industrial Medicine 50(2):136-142.

Zaloshnja, E., T. R. Miller, and L. J. Blincoe. 2013. Costs of alcohol-involved crashes, United
States, 2010. Paper read at 57th Annual Meeting of the Association for the Advancement
of Automotive Medicine Conference, Quebec City, Canada.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/24951

Getting to Zero Alcohol-Impaired Driving Fatalities: A Comprehensive Approach to a Persistent Problem

108 GETTING TO ZERO ALCOHOL-IMPAIRED DRIVING FATALITIES

Zhang, L., W. E. Wieczorek, and J. W. Welte. 2014. The link between early onset drinking

and early onset alcohol-impaired driving in young males. American Journal of Drug and
Alcohol Abuse 40(3):251-257.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/24951

Getting to Zero Alcohol-Impaired Driving Fatalities: A Comprehensive Approach to a Persistent Problem

Interventions to Reduce
Drinking to Impairment

INTRODUCTION

Most interventions to reduce alcohol-impaired driving have focused
on decreasing the likelihood that someone will drive after already being
impaired by alcohol. Conversely, less attention has been focused on reduc-
ing drinking to impairment before driving. This has been demonstrated
in policy activity; during the past two decades the implementation of
driving-oriented policies has increased among states, while the imple-
mentation of effective drinking-oriented policies has remained virtually
unchanged (Nelson et al., 2015). However, there are a number of effective
interventions to reduce drinking to the point of impairment (i.e., binge
drinking'), and some of these interventions have an independent effect on
reducing impaired driving and alcohol-impaired driving crashes (Elder
et al., 2010; Fell et al., 2009; Hingson et al., 2008; McCartt et al., 2010;
Rammohan et al., 2011; Xuan et al., 2015a). Therefore, increasing adoption
of interventions that have been proven to reduce excessive drinking is
an important and underused strategy to reduce morbidity and mortality
from alcohol-impaired driving.

! Binge drinking is defined as drinking at or above levels during a drinking occasion/epi-
sode that typically results in impairment-level BACs (i.e., 20.08%) for most men and women
drinking at typical drinking rates. This corresponds to drinking five or more drinks for men
and four or more drinks for women in about 2 hours. Most public health and epidemiologic
studies use five/four thresholds, and members of the general public interpret the binge drink-
ing term to mean drinking to the point of impairment or intoxication.
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As illustrated in the committee’s conceptual framework (see
Figure 1-5), the first two behaviors that the committee identified as points
of intervention for reducing alcohol-impaired driving fatalities are alcohol
consumption and drinking to impairment. Chapter 2 underscores the
proximal relationship between binge drinking and alcohol-impaired driv-
ing. This chapter will highlight the drinking-oriented interventions (i.e.,
policies, programs, systems, and strategies) that have a strong evidence
base supporting their population-level effectiveness, while other inter-
ventions discussed may be promising but underevaluated, or relatively
ineffective but commonly used or familiar. These interventions will be
examined within the context of the concepts and considerations for com-
paring interventions that were discussed in Chapter 1, as well as barriers
to implementation and strategies to overcome them, lessons learned from
other countries, and key research needs. This chapter is organized by the
most salient intervention opportunities identified in the conceptual frame-
work that target alcohol consumption (particularly consumption stem-
ming from illegal sales to underaged or intoxicated persons) and inter-
ventions designed to reduce binge drinking, including policies and laws,
enforcement, educational interventions, and technological interventions.

The chapter presents discussions of policies and laws that target the
alcohol environment (e.g., policies to maintain or increase price of alcohol,
limit physical availability, reduce illegal alcohol sales, and restrict alco-
hol marketing) and shape drinking behaviors that reduce alcohol-related
harms (e.g., alcohol-impaired driving crashes). The committee applied
an upstream, preventive approach to reducing alcohol-impaired driving
fatalities and used the best available evidence to inform the selection of
these specific policies and laws from an array of options for states and
localities. However, it is important to recognize that some upstream inter-
ventions and policies have a broader reach than others. Some (e.g., social
host liability) are targeted directly at preventing impaired driving, while
others (e.g., enforcing underage drinking laws) target unlawful consump-
tion. However, some of these polices (e.g., raising the price and reducing
the number of alcohol outlets) operate further upstream and affect all
consumers. The policy-relevant effect is that these actions reduce choice
overall while aiming to reduce excessive or harmful alcohol consump-
tion. The committee acknowledges that population-level policies may be
more controversial than polices that are more precisely targeted at high-
risk consumers, excessive consumption, or risky behavior. While these
interventions have been shown to reduce most types of alcohol-related
harm at the population level and achieve the desired public health ben-
efits, they also have the potential to reduce liberties of responsible adult
consumers. However, there are health benefits to these population-level
policies beyond only reducing alcohol-impaired driving, for example,

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/24951

Getting to Zero Alcohol-Impaired Driving Fatalities: A Comprehensive Approach to a Persistent Problem

INTERVENTIONS TO REDUCE DRINKING TO IMPAIRMENT 111

reducing violence and child abuse and neglect (Foran and O’Leary, 2008;
Kuhns et al., 2014; Widom and Hiller-Sturmhofel, 2001). Ultimately, these
considerations have to be balanced by policy makers in light of the values
of their particular community. For purposes of this report, however, the
committee believes the evidence shows that the trade-offs outweigh the
potential reduction in individual choice.

Historically, the support for and enactment of effective policies and
laws have been the impetus for reducing alcohol-impaired driving fatali-
ties (Fell and Voas, 2006). Furthermore, these policies do not operate in
siloes. As discussed in Chapter 1, progress in this area requires a com-
prehensive approach, which includes a set of complementary policies to
reduce hazardous drinking, enhanced with enforcement. Throughout this
chapter, the committee offers recommendations to all levels of govern-
ment on which sets of policies and laws to adopt or improve to reduce
alcohol-impaired driving. These are the policies and laws that the com-
mittee has determined will have the greatest effect on population health
by reducing excessive drinking and ultimately, alcohol-impaired driving.

POLICIES TO MAINTAIN OR INCREASE PRICE

Raising Alcohol Taxes to Reduce Impaired
Driving and Related Consequences

Overview

Alcohol taxes have perhaps the strongest and most consistent evi-
dence base of any U.S. policy for reducing excessive drinking and related
harms, and there is also strong evidence that higher alcohol taxes reduce
alcohol-impaired driving and motor vehicle crash fatalities (Elder et al.,
2010; Wagenaar et al., 2009, 2010). The 2016 Surgeon General’s Report on
Alcohol, Drugs, and Health identifies price and tax policies as an evidence-
based policy to reduce alcohol misuse and related problems (HHS, 2016).
Despite this, alcohol taxes do not cover alcohol-related costs and have
declined in inflation-adjusted terms at both federal and state levels (Naimi
et al., 2017; Sacks et al., 2015).

In the United States, alcohol taxes may be applied as specific excise
taxes, which are based on a fixed dollar amount per volume and are
sometimes referred to as volume-based taxes. This is the most common type
of tax, and it is the only form of federal taxation on alcohol. Some states
also have ad valorem excise taxes, which are based on a percentage of price.
Most but not all states apply the general sales tax to alcohol (APIS, 2016c).

Higher alcohol taxes, which are imposed on the producers of alcohol,
are typically passed through to consumers as higher prices. While the
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FIGURE 3-1 A conceptual model for the causal relationship between increased
alcohol taxes and decreased excessive alcohol consumption and related harms.
SOURCE: Adapted from Elder et al., 2010.

industry could soften the effect of taxes by reducing their prices, alcohol
taxes are typically passed on to consumers at an equal or even higher
rate (Ally et al., 2014; Kenkel, 2005; Young and Bielinska-Kwapisz, 2002).
Consequently, consumers face higher alcohol prices. The bulk of the evi-
dence suggests that higher prices reduce both overall consumption and
high-risk alcohol-related activities and adverse outcomes. The evidence
base is strong, with consistent findings across a variety of study designs
including quasi-experimental time series analyses and panel studies (see,
for example, Elder et al., 2010; Wagenaar et al., 2009, 2010; Xuan et al.,
2013). In addition, higher taxes are protective for a range of outcomes that
are related to binge drinking, including interpersonal violence, sexually
transmitted infections, and unintentional injuries including motor vehicle
crashes (Wagenaar et al., 2010). See Figure 3-1 for a conceptual model that
delineates the causal pathway by which an increase in alcohol taxes could
reduce excessive alcohol consumption and harmful consequences.

Drinking, Binge Drinking, and Impaired Driving

Efforts to reduce the health, social, and economic costs of alcohol-
impaired driving and alcohol-related crashes and crash fatalities depend
on reducing the frequency and intensity of alcohol impairment in the
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population and on reducing the likelihood that those who are impaired will
drive a motor vehicle. Overall, approximately 5 percent of drinkers report
having driven after “having had perhaps too much to drink” during the
past 30 days (Flowers et al., 2008). Binge drinking, which typically results
in a level of blood alcohol concentration (BAC) that produces impairment,
is therefore a precursor to alcohol-impaired driving among those who sub-
sequently drive a motor vehicle. In addition, 12 percent of binge drinkers
report having driven a motor vehicle during or within 2 hours of their
most recent binge drinking episode. Those who reported binge drinking
and subsequent driving consumed an average of 8 drinks, and 26 percent
of them consumed 10 or more drinks (Naimi et al., 2009). In cross-sectional
surveys, 84 percent of those who report having driven “after having per-
haps too much to drink” also report binge drinking; self-reported binge
drinkers account for 88 percent all of impaired driving episodes (Flowers et
al., 2008). Because survey respondents may drink and binge drink less than
the population as a whole, and because survey respondents may under-
report their own consumption or related activities such as driving after
binge drinking, it is likely these estimates are conservative.

Higher Taxes Reduce Alcohol Consumption and Binge Drinking

Higher prices for alcohol are related to lower consumption and
reduced binge drinking among adults and youths (Elder et al., 2010;
Wagenaar et al., 2009; Xuan et al., 2013). One summary measure of the
effect of taxes on consumption is the price elasticity of demand; this is a
proxy for the tax elasticity of demand. Across multiple studies, the aver-
age price elasticity of demand for alcohol is -0.65, which means that every
10 percent increase in price is associated with a 6.5 percent reduction in
consumption (Wagenaar et al.,, 2009). Even among heavy drinkers the
price elasticity for alcohol is —0.28 (Wagenaar et al., 2009). Furthermore,
there is a strong inverse relationship between taxes and binge drinking
(Xuan et al., 2015b) and taxes and outcomes related to binge drinking,
which demonstrates that taxes still have a strong effect on those who
drink excessively (Elder et al., 2010; Wagenaar et al., 2010).

Higher Taxes Reduce Impaired Driving and Motor Vehicle Crash Fatalities

There is also strong and direct evidence that higher taxes reduce
impaired driving and fatal motor vehicle crashes. A meta-analysis by
Wagenaar et al. (2010) examined effect sizes in studies that assessed a
diverse set of alcohol-related outcome measures, including traffic crashes
and alcohol-related driving measures. The study combined independent
estimates in random-effects models to calculate aggregate effect estimates
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across 50 studies. Among the 21 studies that specifically examined effects
of alcohol prices or taxes on traffic safety outcomes, all 34 independent
estimates showed an inverse association, with 68 percent of those esti-
mates reaching statistical significance. The average effect size for the 34
independent estimates was —0.112 (p<0.001). The authors concluded that
doubling the alcohol tax would lead to an 11 percent reduction in traffic
crash deaths (Wagenaar et al., 2010).

A systematic review by the Guide to Community Preventive Services
convened by the Centers for Disease Control and Prevention (CDC) also
found that alcohol-impaired driving was inversely related to the price
of alcoholic beverages (Elder et al., 2010). The review included 11 stud-
ies that evaluated the effects of alcohol prices or taxes on motor vehicle
crashes. Across the studies, the association between alcohol prices or
taxes and motor vehicle injuries and fatalities was generally significant.
Furthermore, the authors report that the magnitude was comparable to
the relationship between alcohol prices or taxes and alcohol consumption.
The elasticities reported in these studies were generally higher in the stud-
ies that examined outcomes more proximally related to alcohol consump-
tion (e.g., alcohol-related crashes) when compared to those that are less
directly related (e.g., overall crash fatalities). The authors also reviewed
three studies that assessed the relationship between alcohol prices or taxes
and price elasticities for self-reported alcohol-impaired driving. Price elas-
ticities in samples from the United States and Canada (range of —0.50 to
-0.81; all p<0.05) showed that there was consistent evidence of an inverse
relationship between price and impaired driving.

A recent (2017) interrupted time series study investigated the effect of
an increase in alcohol sales tax in Maryland on the rate of drivers involved
in an injury crash who were “alcohol-positive” (i.e., drivers for which the
investigating officer perceived any alcohol involvement or their BAC was
above 0.00%). The authors found that the 2011 tax increase (from 6 percent
to 9 percent) lead to a significant 12 percent reduction in alcohol-positive
drivers aged 15-20 years (p<0.007) and 21-34 years (p<0.001). For drivers
ages 55 and above, the rate of alcohol-positive drivers increased during
the post-intervention period, which the authors posit could be related to
this age group’s average socioeconomic status in the state of Maryland
and thus, decreased price sensitivity. Overall, the study also showed a 6
percent reduction (p<0.03) in the population-based rate of alcohol-posi-
tive drivers after the increase was enacted. The effect was modeled using
three denominators—per population of Maryland, licensed drivers in
Maryland, and vehicle miles traveled in Maryland—which all found simi-
lar results. The authors controlled for a number of factors (e.g., monthly
unemployment prevalence in Maryland and annual state per-capita per-
sonal income) and included a proxy, alcohol-negative crashes, to control
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for external factors such as the economy, advancements in car safety, and
highway design (Lavoie et al., 2017).

Cost-Effectiveness of Raising Alcohol Taxes

Raising taxes has been shown to reduce impaired driving and related
consequences; these are important and valued benefits. Moreover, the
additional, direct program costs of collecting the taxes are relatively small
as the tax collecting infrastructure is already in place. Furthermore, the
higher tax revenue raised by the government (i.e., federal or state) can
more than offset these relatively small costs, depending on the size of the
tax increase. Thus raising taxes is likely to generate government revenue.
However, there may be a level of taxes beyond which taxes would no
longer increase revenue; that is, if individuals reduced their consump-
tion or price of alcohol consumed, or turned to untaxed black markets.
Another potential cost would be the lost enjoyment (utility) to those
drinkers who reduced their drinking levels. The committee considers
that loss of utility to be small. Conversely, on a population level, this cost
would be more than offset by reduced societal costs such as lost produc-
tivity and diminished utility (e.g., physical or emotional pain for victims
or their friends and family) that result from excessive alcohol consump-
tion and alcohol-impaired driving injuries and fatalities. In sum, consider-
ing all these costs leads the committee to the conclusion that raising taxes
would be cost-beneficial.

Other Considerations in Raising Taxes, in Addition to Their Effectiveness

Despite evidence of effectiveness for reducing alcohol-impaired driv-
ing and alcohol-related crash fatalities, taxes are low and therefore repre-
sent an important “old” but neglected strategy that could be much more
aggressively implemented. Thus, raising taxes represents an important
public health opportunity. Currently, alcohol-specific excise taxes in states
and at the federal level are low in absolute terms. Specifically, the federal
tax on a standard drink (0.6 oz., or 14 grams of ethanol) of beer is $0.05, a
standard drink of wine is $0.04, and a standard drink of distilled spirits is
almost $0.13 (TTB, 2016). In 2015, the average state alcohol-specific excise
tax per standard drink was $0.03 for beer, $0.03 for wine, and $0.05 for
spirits. These taxes therefore account for a small percentage of the price
of alcohol. Furthermore, federal and state taxes have eroded in inflation-
adjusted terms relative to historical levels. Federal alcohol taxes have not
been changed or adjusted for inflation since 1991. While alcohol taxes
historically (late 1800s through early 1900s) accounted for more than one-
third of federal government revenue, they now account for less than half
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of 1 percent of federal government revenue (Cook, 2007). Among states
from 1991 to 2015, the average inflation-adjusted (in 2015 dollars) specific
excise tax rate declined 30 percent for beer, 27 percent for wine, and 32
percent for spirits (see Figure 3-2). Alcohol tax erosion is not a new phe-
nomenon. Average declines in specific excise taxes since their inception
(which varied by state following the repeal of Prohibition) are more than
twice as large as those from 1991 to 2015 (Naimi et al., 2018).

Taxes can be levied to reduce alcohol consumption, and/or to cover
costs related to the use of alcohol, particularly those costs that are borne
by those other than the drinker or alcohol-related businesses. These costs
are sometimes referred to as external (or secondhand or spillover costs).
Currently, alcohol taxes are considerably lower than the external costs or
harms related to a standard drink of alcohol. For example, the external
cost per one standard drink of alcohol is approximately $2.00, of which
approximately 40 percent is paid by federal and state government (Sacks
et al., 2015). This cost estimate includes health care costs (e.g., hospital-
ization, ambulatory care, specialty care for alcohol use disorder), lost
productivity (e.g., impaired productivity at work, absenteeism), and other
costs such as criminal justice corrections and alcohol-related crimes. By
comparison, after factoring in federal and state alcohol taxes, the average
tax per standard drink is less than $0.20 (Naimi, 2011, 2018).

Preventing medical and social harms to others is generally an impor-
tant justification for public health interventions, and taxation in par-
ticular. Many of the adverse health effects and social harms from alcohol
also include secondhand effects. In the case of alcohol-impaired driv-
ing, this would include all the effects on those other than the drinking
driver, as evidenced by fatality data from comprehensive national and
state level data sources (e.g., data from the Fatality Analysis Reporting
System [FARS] and state highway safety offices) (NCSA, 2016; Quinlan
et al., 2014; Retting, 2017). Other types of alcohol-related secondhand
health effects include alcohol-related violence victimization, as demon-
strated by high-quality meta-analytic reviews (Foran and O’Leary, 2008;
Kuhns et al., 2014), and child abuse and neglect, for which the evidence
is not yet conclusive (Widom and Hiller-Sturmhofel, 2001). In the case of
tobacco policy, for example, adverse health outcomes from secondhand
(e.g., external) smoke harms were an important consideration for adopt-
ing indoor smoking bans and other tobacco control policies (WHO and
Task Force Initiative, 2007). Because of the effect of higher taxes on a
number of other alcohol-related health outcomes, social problems, and
economic costs, spillover effects from raising alcohol taxes would result in
additional benefits beyond their impact on alcohol-related motor vehicle
crash fatalities (e.g., reduced underage drinking, reduced alcohol-related
violence).
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FIGURE 3-2 Average inflation-adjusted specific alcohol excise taxes among U.S.
states from 1991 to 2015.

NOTE: The figure includes all 50 U.S. states for beer, and 32 states for distilled
spirits and wine (those 32 states without any state monopoly on wholesale distri-
bution or retail sales of either distilled spirits or wine).

SOURCE: Naimi et al., 2018. Reprinted with permission from Alcohol Research
Documentation, Inc., publisher of the Journal of Studies on Alcohol and Drugs.

There are some concerns, however, about how increasing alcohol
taxes will affect some drinkers and some special populations. The same
tax per drink is paid by all drinkers, and thus drinkers who impose no
harm on others will pay taxes. Yet, this is an inevitable side effect, and
those who drink the most will pay the majority of increased alcohol-
related costs. Specifically, those drinking in excess of recommended fed-
eral drinking guidelines would pay approximately five times as much in
additional costs from tax increases compared to nonexcessive drinkers,
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and as a group heavy drinkers would pay at least 72 percent of aggregate
additional costs. Furthermore, the total increase in alcohol-related costs
(i-e., product plus tax) for most nonexcessive drinkers would be modest
in absolute terms (Naimi et al., 2016).

There may be concern that increasing alcohol taxes could dispropor-
tionately burden disadvantaged or vulnerable populations. However, as a
group, low-income persons tend to consume less alcohol than those with
higher incomes—in part because low-income and minority groups are
more likely to abstain from consuming alcohol (Esser et al., 2014). There-
fore, additional costs from tax increases are actually higher for whites, for
those with higher incomes, and for those who are employed (Naimi et
al., 2016). A review that included nine studies assessing the relationship
between price or taxes and drinking among young people found that
alcohol taxes are also protective for underage drinking (Elder et al., 2010);
this is important as underage drinkers constitute another important vul-
nerable population who are disproportionately likely to cause and incur
harms from alcohol consumption.

Alcohol-related trade groups contend that alcohol taxes could
adversely affect businesses that produce or sell alcohol (DISCUS, n.d.).
However, research suggests that money diverted from alcohol production
and consumption to other sectors of the economy could produce gains for
those sectors. Additionally, the resulting reduction in excessive drinking
could increase productivity. Economic modeling studies of the employ-
ment effects of alcohol taxes found that alcohol tax increases would actu-
ally lead to net increases in jobs at the state level, because of the transfer
of jobs and spending from alcohol-related sectors to other, more labor-
intensive sectors of the economy, such as government services or health
care (Wada et al., 2017).

Increasing alcohol taxes raises revenue for whichever level of govern-
ment imposes the taxes, such as state and federal governments. Raising
alcohol taxes is thus a highly cost-effective policy intervention. Despite
this, and the clear interest by government in additional revenue sources,
taxes have been allowed to decline in inflation-adjusted terms over time.
Increasing alcohol taxes is generally met with stiff opposition from alco-
hol-related trade groups and industries (Babor et al., 2018).

Public opinion polling has been used as a tool to measure support
for alcohol taxes (Global Strategy Group, 2005; Gonzales Research &
Marketing Strategies, 2009; Raabe, 2006; Richter et al., 2004). Jernigan et
al. (2009, p. 13) assert that such “polling has consistently found substantial
levels of support for increasing alcohol taxes, particularly if the proceeds
or some portion thereof are dedicated to preventing and treating alcohol
problems [e.g., increasing access to treatment] or expanding access to
health care.” Prior evidence suggests that public awareness of the efficacy
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of tax increases to reduce alcohol-related problems is low. Findings from
a 1996 national survey showed that almost 80 percent of respondents did
not believe alcohol tax increases would decrease injuries. Despite this, the
respondents accurately assessed the role of alcohol in fatal falls, drown-
ing, and poisoning, and overestimated its role in motor vehicle fatalities
(Girasek et al., 2002). Interviews with policy makers in three states—Illi-
nois, Maryland, and Massachusetts—that recently increased state alcohol
taxes confirmed this finding: policy makers were both unaware and skep-
tical of the ability of alcohol tax increases to influence alcohol consump-
tion or problems (Ramirez and Jernigan, 2017).

Increasing alcohol taxes is a highly effective strategy for reducing
binge drinking and alcohol-related motor vehicle crash fatalities. In
this section, the committee reviews a body of evidence including high-
quality systematic reviews (e.g., Community Preventive Services Task
Force? review by Elder et al., 2010) and meta-analyses (e.g., Wagenaar
et al., 2009, 2010) that shows a consistent inverse relationship between
alcohol taxes and alcohol consumption and binge drinking (see Chapter
2 for a discussion of the proximal relationship between binge drinking
and alcohol-impaired driving), as well as motor vehicle crash fatali-
ties. In addition to the empirical evidence that indicates the efficacy
of increased prices and taxes for reducing binge drinking and alcohol-
related motor vehicle crash fatalities, there are practical considerations
that support the need for increased taxes. As discussed in this chapter,
the erosion of alcohol taxes over the years, the cost-effectiveness of taxes
as a population-based intervention, and the potential for wide reach
provide additional rationale for increasing alcohol taxes. In addition,
current alcohol excise taxes are very low, represent a small fraction of
the price of alcohol, and do not cover alcohol-related costs. Drawing
from the empirical evidence and the aforementioned considerations, the
committee recommends:

Recommendation 3-1: Federal and state governments should
increase alcohol taxes significantly.

By significantly, the committee means that alcohol taxes should be
increased enough so that they have a meaningful impact on price, thence
reducing alcohol-related crash fatalities. Increases should comprise a
meaningful percent of the net-of-tax price (e.g., 30 percent or more) of

2 The Community Preventive Services Task Force was formerly known as the Task Force
on Community Preventive Services. Task Force publications prior to 2012 are cited as the
latter, and those published after 2012 are cited as the former.
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alcohol products, and cover the marginal external (i.e., secondhand) costs
incurred by the sale of alcohol.?

These taxes can be levied as specific excise taxes (which in the United
States are based on a fixed amount per unit volume of alcohol) or as
ad valorem excise taxes (based on a percentage of price). Specific excise
taxes may be preferred because it is the volume of ethanol that is associ-
ated with impaired driving. As a percentage of sale price-based taxes,
ad valorem taxes are lower for less expensive alcohol products, which
tend to be consumed by target groups, such as heavy drinkers and those
who are more price sensitive (e.g., underage persons and young adults).
However, volume-based excise taxes erode with inflation and therefore
need to be indexed to inflation. Ideally, taxes would be based on ethanol
content rather than beverage type. Taxes can be earmarked to support
alcohol-related activities (e.g., funding sobriety checkpoints), which may
enhance public support.

The Three-Tier System of Alcohol Distribution
and Wholesale Pricing Policies

Since the end of Prohibition in 1933 most states have used a three-
tier system to regulate the distribution of alcohol (Durkin, 2006). The first
tier consists of producers and alcohol importers (NABCA, 2015; South
Carolina Legislature, 2007). They sell directly to licensed wholesalers (tier
two) who then sell to retailers who are licensed to sell alcohol to the pub-
lic (tier three) (Durkin, 2006; South Carolina Legislature, 2007). Table 3-1
shows the distribution of the three tiers. The system was set up primarily
to prevent organized crime from controlling alcohol sales as they did dur-
ing Prohibition (Martin, 2001). In addition, the system was established to
prevent alcohol producers from dominating community life, as they did
during the period when saloons were the primary community institution
and producers controlled the saloons (Aaron and Musto, 1981). To that
end, each tier is regulated individually by the state, and no individual or
company can invest in more than one tier (Martin, 2001). The system also
helps to ensure orderly markets, prohibit the sales of alcohol to minors,
and facilitate the collection of taxes (Martin, 2001).

3 At the time this report was being finalized in December 2017, Congress passed a tax bill
(Tax Cuts and Jobs Act of 2017, H.R.1, 115th Cong., 1st sess.) that would decrease federal
alcohol excise taxes by about 16 percent. A recent analysis by the Urban-Brookings Tax
Policy Center estimated the number of motor vehicle fatalities attributable to the reduction
in alcohol taxes proposed by this legislation based on four empirical studies (Looney, 2017).
The author concluded that the legislation would cause between 280 to 660 additional motor
vehicle deaths and 1,550 total alcohol-related deaths from all causes per year.
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TABLE 3-1 The Three-Tier System of Alcohol Distribution

Tier Actors Role
1. Producers Wineries, breweries, distillers, Produce and sell alcoholic
and importers products to wholesalers

2. Wholesalers Wine, beer, and distilled spirits Distribute alcohol to retailers

distributors

3. Retailers On-premise (e.g., bars) and off-  Sell alcohol to the public
premise (e.g., package stores)
retailers

SOURCE: Information from NABCA, 2015.

Areport from the National Alcohol Beverage Control Association dis-
cusses the economic, regulatory, commercial, and public health benefits of
the three-tier system and cautions against the deregulation of the system
(NABCA, 2015). Of note, one benefit is that the three-tier system main-
tains higher prices of alcohol products. In addition, the report cites indus-
try actors, from manufacturers to wholesalers and distributors, who have
expressed support for the three-tier system. Findings from a 2015 survey
conducted by the Center for Alcohol Policy show that the majority of the
public (89 percent) agrees that it is very important to keep the alcohol
industry regulated. The key findings from the survey also indicate that
the public supports the current system of alcohol regulation at the state
level (CAP, 2015). However, recent changes in the alcohol market, such
as the rise of Web-based commerce and other outlets, pose challenges to
maintaining the current three-tier system (Schmidt, 2017).

The wholesalers within tier two are subject to pricing restrictions that
are intended to maintain higher prices, reduce competition, corruption,
and crime (APIS, 2016b). These laws can regulate wholesalers” ability to
provide discounts based on the quantity of alcohol purchased, require
them to establish a minimum markup or maximum discount for all prod-
ucts, require them to post their prices publicly and hold these prices for
a set amount of time (i.e., post-and-hold laws), or restrict their ability to
extend credit to retailers in the form of loans or deferred invoices (APIS,
2016b). These restrictions are implemented differently by state and by
type of alcoholic beverage; for example, in Michigan the sale of beer and
wine is regulated by the three-tier system and the sale of spirits is regu-
lated by the state, while in Missouri all three types of alcohol are regulated
by the tier system but volume discounts and post-and-hold laws only
apply to wine and spirits (APIS, 2016b). Those states that did not set up a
three-tier system for alcohol distribution after Prohibition chose to operate
as monopolies, regulating the distribution and sales of alcohol themselves
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(for more information see the section “Policies to Address Physical Avail-
ability”) (Foust, 1999; McGowan, 1997).

Retail Price Restrictions

Happy hours, two-for-one specials, unlimited drinks, and free drinks
are examples of alcoholic drink specials that are available over a speci-
fied period of time, during which alcohol is sold at a discounted price
and/or higher volume at an on-premises location such as a bar or restau-
rant. The laws restricting these kinds of drink specials vary by state. For
example, in Alaska happy hours are prohibited but free beverage specials
and unlimited beverages for a fixed price or period are allowed, while
in South Carolina happy hours are permitted between 4:00 pm and 8:00
pm and specials that provide multiple servings for a single serving price
are allowed (APIS, 2016a). Currently there are 18 states that have no laws
placing restrictions on drink specials (APIS, 2016a).

Studies have found that these kinds of drink specials are associated
with increased excessive alcohol consumption (Babor et al., 1978, 1980;
Thombs et al., 2008, 2009), especially among young drinkers (Baldwin et
al., 2014; Kuo et al., 2003; Van Hoof et al., 2008). Research also shows that
about half of drinkers who drive impaired are coming from a licensed
establishment (e.g., bars, restaurants, or clubs) (Naimi et al., 2009). One
study assessed the relationship between banning drink specials and alco-
hol consumption in Ontario, Canada, but owing to study design limita-
tions the results were inconclusive (Babor, 2010; NHTSA, 2005a; Smart,
1996; Smart and Adlaf, 1986). More research is needed to determine the
effects of introducing these policies on alcohol consumption and alcohol-
impaired driving specifically. Enforcement and adjudication of these laws
are time-consuming, as they require observation, surveillance, and under-
cover operations, and tend to be a low priority for enforcement officials
(NHTSA, 2005a). Collecting place of last drink (POLD) data from alcohol-
impaired driving offenders could help target enforcement at problematic
establishments, thereby increasing the effectiveness of policies restricting
drink specials (NHTSA, 2005a).

Minimum Alcohol Pricing

Minimum alcohol pricing typically sets a minimum price per stan-
dard drink based on ethanol. In the event of a price increase (e.g., alcohol
tax increase), drinkers can consume less, purchase cheaper products, or a
combination thereof. Substituting lower price for quality can mitigate the
effects of policies that increase alcohol prices (Gruenewald et al., 2006).
Thus, the premise of minimum pricing is to limit substituting lower
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priced alcohol for quality and excessive consumption by placing a limit
on how low alcohol beverage prices can be. Minimum alcohol pricing
has been shown to reduce hazardous alcohol consumption (Gruenewald
et al., 2006; Holmes et al., 2014; Purshouse et al., 2010) and related harms
(Stockwell et al., 2013; Zhao et al., 2013) in countries such as Canada and
the United Kingdom. The available evidence indicates that less expen-
sive products demonstrate higher price sensitivities than higher-priced
products and that less expensive products are preferred by hazardous
drinkers (Stockwell et al., 2015). Therefore, these policies have an effect
on hazardous drinkers, including low-income drinkers (Holmes et al.,
2014), and potentially underage persons, as they do not have a great deal
of discretionary income and are relatively price sensitive.

POLICIES TO ADDRESS PHYSICAL AVAILABILITY

Regulating Outlet Density

Policies to address the physical availability of alcohol to reduce exces-
sive alcohol consumption and related harms often target outlet density,
the number of establishments within a given area where alcohol may be
legally sold to be consumed on-premise (e.g., bars, clubs, restaurants) or
off-premise (e.g., package stores) (Campbell et al., 2009). There is evidence
that increased alcohol outlet density is associated with increased alcohol-
related crashes (Scribner et al., 1994; Treno et al., 2007) and self-reported
impaired driving (Gruenewald et al., 2002), including among underage
persons (Reboussin et al., 2011; Treno et al., 2003). An ecological study
conducted in New Mexico found that areas within the highest tertile of
distilled spirits outlet density were associated with a 50 percent increase
in alcohol-related crash rates and a two-fold increase in alcohol-related
crash fatalities when compared with the lowest tertile of outlet density
(Escobedo and Ortiz, 2002).* While there is a body of literature that docu-
ments the positive relationship between outlet density and subsequent
drinking and alcohol-impaired driving, there is less research examining
reductions in alcohol outlet density.

The Community Preventive Services Task Force found that there is
sufficient evidence to recommend the regulation of alcohol outlet density
based on the positive association between outlet density and excessive
alcohol consumption, as well as related harms (Task Force on Commu-
nity Preventive Services, 2009). However, it is important to note that the
authors concluded that the available studies specifically evaluating the

4 Distilled spirits outlet density rates were calculated for each county, and counties were
divided into three groups: low, middle, and high.
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relationship between alcohol outlet density and motor vehicle crashes
have produced mixed results (Campbell et al., 2009).

More recently, Ponicki et al. (2013) conducted a spatial panel analysis
of all California zip codes from 1999 to 2008, and the results showed that
local bar density was positively associated with the likelihood that motor
vehicle crashes were alcohol related. Other research points to traffic flow
as a moderator of the relationship between outlet density and single-
vehicle nighttime crashes; that is, crashes were more likely to occur in
areas with higher on-premise outlet density and highway traffic flow
(i.e., motor vehicles per day). These findings have implications for local
transportation and planning decisions, and the authors suggest that the
effects of alcohol outlets on crashes are context dependent (Gruenewald
and Johnson, 2010).

There are a number of challenges to regulating alcohol outlet density.
Similar to other alcohol policies, commercial and financial consequences
can prompt the alcohol industry (manufacturers, distributers, and retail-
ers) to actively oppose policies to limit or reduce outlet density (Campbell
et al., 2009; Giesbrecht, 2000). In addition, state preemption laws can
limit local governments’ ability to regulate outlet density (Mosher, 2001).
Despite these barriers, there is evidence that employing tools such as
health impact assessments can help drive policy changes to reduce outlet
density (Thornton et al., 2013). Another potential challenge with address-
ing outlet density is the measurement of outlet density in a given state
or community. CDC provides guidance on how to measure alcohol outlet
density and identifies three main approaches: container-based, distance-
based, and spatial access-based (CDC, 2017). Such public health surveil-
lance approaches can identify high-risk areas and provide data to make
the case for regulating outlet density in a given area.

Regulating Hours and Days of Sale

Policies that regulate when alcohol can be sold vary by state and
retail setting (i.e., on- or off-premise) and can also vary within states
that allow local jurisdictions to set their own restrictions (Hahn et al.,
2010). On-premise alcohol outlets are allowed to operate for a median of
19 hours per day on weekdays and Saturdays and 17 hours per day on
Sundays; nine states have no restrictions on limits of hours of sale (Hahn
et al., 2010). All U.S. policies that limit days of off-premise sales target
Sundays,® but these policies vary from state to state. As of 2016, 12 states

5 Sunday bans on alcohol sales originate from “blue” laws, some of which date back to
pre-Revolution-era policies that prohibited working, shopping, or consuming alcohol on
Sundays (APIS, 2016d).
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had full bans or minor exceptions (e.g., selling at wineries or on special
events); other states have reduced hours, bans on spirits, or no bans at all
(APIS, 2016d).

In 2010 the Community Preventive Services Task Force (Task Force)
reviewed the evidence on regulating hours and days of sale. Hahn et al.
(2010) examined studies assessing the effects of increased hours of sale in
on-premise settings on excessive alcohol consumption and related harms.
The authors concluded that limiting hours of alcohol sales in on-premises
settings was effective in reducing alcohol-related harms (no studies were
found on the effects of sales in off-premises settings) (Hahn et al., 2010).
The Task Force reviewed studies conducted in high-income countries, but
no research was available on how limiting hours of sales would affect
alcohol-impaired driving fatalities in the United States specifically. The
Task Force also found that an increase in 2 or more hours of sale led to an
increase in harm, while there was insufficient evidence to determine the
effect of increasing hours of sale by less than 2 hours (Hahn et al., 2010).

The Task Force also synthesized the evidence on maintaining or reduc-
ing days of sale. The authors reported that maintaining existing limits on
days of sale is effective at preventing alcohol-related harms, and increas-
ing days of sale leads to increased alcohol-related harms and decreasing
days of sale leads to decreased alcohol-related harms (Middleton et al.,
2010). Another study on days of sale and alcohol-related crash fatalities
used a quasi-experimental approach to assess the effect of repealing or
scaling back bans on Sunday sales in 14 states (Stehr, 2010). The results
demonstrated an effect in New Mexico only, where Sunday sales were
associated with a 3.7 percent increase in alcohol-related traffic fatali-
ties. Stehr (2010) posits that this finding is related to a corresponding
increase in alcohol consumption in New Mexico (14.1 percent and 8 per-
cent increases in the sale of beer and spirits, respectively—much higher
than what was reported in the other states).

A 2017 systematic review of policies regulating hours and days of
alcohol sales included studies that assessed the effect on motor vehicle
crashes and fatalities from a number of countries including Australia,
Canada, the United Kingdom, and the United States (Sanchez-Ramirez
and Voaklander, 2017). The authors reported mixed results on the effect
of extended hours of sale on motor vehicle crashes and fatalities. This
included a study that found that the extension of bar hours in the United
Kingdom was associated with a decrease in motor vehicle crashes (Green
et al,, 2014). The authors of the review conclude that the relationship
between these policies and motor vehicle outcomes is complex, and more
research is needed in this area.

There are a number of barriers to maintaining or imposing limits on
hours and days of sale. This type of regulation could affect alcohol sales,
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which would beget opposition from the alcohol manufacturing, distribu-
tion, and retail industry (DISCUS, 2017; Hahn et al., 2010; Middleton et
al., 2010). According to the Community Preventive Services Task Force,
state preemption laws could also undermine local efforts to regulate the
sale of alcohol (Hahn et al., 2010), which has been a common barrier for
local public health prevention efforts (IOM, 2011).

State Monopolization of Alcohol Sales

There are currently 17 states® as well as several jurisdictions in Alaska,
Maryland, Minnesota, and South Dakota in which government agencies
control the sale of beer, wine, and/or spirits (NABCA, 2017). The govern-
ment monopoly standardizes the price of alcohol throughout a state and
the profits are kept by the state (Simon, 1966). Overall, privatization of
alcohol sales is associated with an increase in the price of alcohol (Simon,
1966). However, Hahn et al. (2012) theorize that privatized systems may
offer a wider array of low-priced products that could appeal to high-
volume or high-risk drinkers. A study conducted in Iowa found that
after privatization only 37.4 percent of those surveyed who purchased
spirits in the past month noticed that sales prices had increased since
privatization (Fitzgerald and Mulford, 1993). In its evidence review, the
Community Preventive Services Task Force concluded that the privatiza-
tion of alcohol sales increases per capita alcohol consumption, and by
proxy, alcohol-related harm (Hahn et al., 2012). The review also found that
remonopolization of alcohol sales is associated with decreased alcohol
consumption (Hahn et al., 2012). The median increase in per capita sales
of alcohol of the studies reviewed was 44.4 percent (Hahn et al., 2012).
Trolldal (2005) evaluated the effects of the privatization of alcohol sales in
Alberta, Canada, on fatal motor vehicle crashes and found a nonsignifi-
cant decrease. The author speculated that there may not have been a great
effect because alcohol wholesales were still monopolized and that private
alcohol sales were confined to distilled spirits stores. Another study con-
ducted in Iowa after the privatization of wine and spirit sales also found
no significant decrease in motor vehicle crashes (Fitzgerald and Mulford,
1992). The privatization of alcohol sales, however, does result in higher
alcohol outlet density, which may account for some of the harmful effects
(Hahn et al., 2012).

6 These states are Alabama, Idaho, Iowa, Maine, Michigan, Mississippi, Montana, New
Hampshire, North Carolina, Ohio, Oregon, Pennsylvania, Utah, Vermont, Virginia, West
Virginia, and Wyoming.
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Alcohol Sales Concurrent with Driving

One important yet understudied feature of the alcohol environment
is the sale of alcohol that is concurrent with or very proximal to driv-
ing. This includes the concurrent sale of alcohol and gasoline, the sale of
consumption-ready single-serving drinks, drive-through package stores,
and the sale of alcohol in fast-food establishments. In many cases this also
includes the marketing of alcohol, such as beer, with the sale of gasoline.
While there is not a substantial evidence base to draw from in this area,
it is important to address because the nature of these sales often involve
driving shortly after purchase.

There is some limited evidence on the relationship between drive-
through package stores and alcohol-related motor vehicle crashes. One
study explored alcohol purchase locations among convicted impaired
drivers in New Mexico. For offenders who bought the alcohol they drank
prior to their arrest, drive-through stores were the preferred outlet of pur-
chase. The authors found a statistically significant relationship between
purchase at drive-through package stores and screening as high-risk
problem drinkers (p<0.01) and drinking in the vehicle prior to arrest
(p<0.01) (Lewis et al., 1998). Another study conducted in New Mexico
examined the spatial relationship between drive-through package store
locations and alcohol-related crashes before and after the state banned
drive-through alcohol sales using cross-sectional and longitudinal regres-
sion analyses. The authors found an increasing trend of alcohol-related
crashes relative to total crashes prior to the ban and a decreasing trend
after the ban. However, there was no statistically significant relationship
between the number of drive-through outlets and the rate of alcohol-
related crashes (Lapham et al., 2004).

Some states have implemented restrictions on the sale of alcohol
concurrent with or proximal to driving, such as bans on drive-through
package stores. These are often presented as common sense measures to
reduce alcohol-related harm. More research is needed to determine the
effects of the sale of alcohol concurrent with driving on alcohol-impaired
driving.

Open Container Laws

Related to alcohol sales concurrent with driving are open container
laws, which were designed to reduce alcohol-impaired driving by prohib-
iting the possession or consumption of open alcoholic beverage containers
in a motor vehicle.” As part of the 1998 Transportation Equity Act for the

7 An open container is defined as “any bottle, can, or other receptacle that contains any
amount of alcoholic beverage, and that is open or has a broken seal, or the contents of which
are partially removed” (APIS, 2016e).
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21st Century, Congress stipulated that states enact open container laws
that meet six specific criteria or have a portion of their federal highway
funds allocated to alcohol-impaired driving countermeasure programs,
law enforcement, and /or hazard elimination (APIS, 2016f).8 These criteria
require that state law prohibit possession of alcoholic beverage contain-
ers and consumption of alcohol in motor vehicles; cover the entire pas-
senger area; apply to all types of alcoholic beverages; apply to all vehicle
occupants; apply to all vehicles on public highways; and provide for
primary enforcement of the law. While the parameters of the law vary
by state, 40 states and the District of Columbia are in compliance with
federal requirements (Advocates for Highway and Auto Safety, 2017). As
of 2016, six states had no form of open container law. In addition to the
open container laws that have been passed by most states, as of 2013, 39
states currently have laws that allow on-premise establishments to re-seal
an opened, but unfinished bottle of wine so that it can be transported in a
vehicle without violating the open container law (NCSL, 2013).

There is a limited body of evidence that examines the relationship
between open container laws and drinking while driving or alcohol-
impaired driving (Goodwin et al., 2015). Stuster et al. (2002) conducted
pre- and post-analyses of four states (lowa, Maine, Rhode Island, and
South Dakota) that passed open container laws in 1999. The authors found
a decline in alcohol-related crashes among the states that passed the law
over the 6-month period following enforcement when compared to the
same 6-month period of the prior year. The decline was not statistically
significant. However, the findings also showed that states with no open
container laws had significantly greater proportions of alcohol-related
fatal crashes than states with partially or fully compliant laws. Further-
more, the states that had enacted fully compliant laws had the lowest
proportions of alcohol-related crashes among the four states examined.
Two other studies have also found a relationship between open container
laws and reduced alcohol-related fatalities (Benson et al., 2000; Eisenberg,
2003), while one multivariate regression analysis found no significant
effect (Chang et al., 2012). More recent research suggests that while hav-
ing an open container law is not related to alcohol-impaired driving,
enforcement of open container prohibitions is associated with reduced
self-reported alcohol-impaired driving (Lenk et al., 2016). Given the lim-
ited available evidence and the high number of states that have open
container laws, there is an opportunity to further investigate the effects
of these laws and their levels of enforcement.

This chapter discusses how the alcohol environment can shape alco-
hol-related outcomes such as excessive drinking (a precursor to impaired

823 US.C. §154.
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driving) and alcohol-impaired driving. One important feature of this
environment is the physical availability of alcohol (e.g., outlet density
and hours and days of sale), which can vary by community or state. In
this section, the committee presents an overview of the recent literature
on outlet density and hours and days of sale from high-quality sys-
tematic reviews by the Community Preventive Services Task Force (e.g.,
Campbell et al., 2009; Hahn et al., 2010; Middleton et al., 2010) and indi-
vidual studies with a variety of methodologies and outcome data sources
(e.g., telephone surveys, hospital discharge data, state forensic data, and
state highway and transportation department data) (Escobedo and Ortiz,
2002; Gruenewald et al., 2002; Treno et al., 2003, 2007). Collectively, this
body of evidence suggests a strong, positive association between physical
availability of excessive alcohol consumption and alcohol-related harms.
Although this relationship is more clearly demonstrated by the evidence
for other alcohol-related harms, alcohol-impaired driving and crashes are
also affected by physical availability and have a strong link to excessive
consumption (Flowers et al., 2008). This evidence indicates a need to limit
physical availability in areas that have not already done so. It is important
to note that more research is needed to determine optimal physical avail-
ability policies to reduce alcohol-impaired driving specifically. Further-
more, each state and locality will have different concentrations of physical
availability and existing policies, thus requiring a tailored approach based
on that area’s needs and available policy levers. Therefore, the committee
recommends:

Recommendation 3-2: State and local governments should take
appropriate steps to limit or reduce alcohol availability, includ-
ing restrictions on the number of on- and off-premises alcohol
outlets, and the days and hours of alcohol sales.

In addition, states should consider restricting or eliminating alcohol
sales in locations in which the customer is driving or may drive shortly
after purchasing alcohol (i.e., potentially high-risk outlets with respect
to drinking and driving), such as at drive-through windows at package
stores, gasoline stations, and fast-food restaurants.

POLICIES TO REDUCE ILLEGAL ALCOHOL SALES

Minimum Legal Drinking Age Laws and Enforcement

Federal legislation encouraging a minimum legal drinking age
(MLDA) of 21 was passed in 1984, and by 1988 all states and the District
of Columbia had enacted a minimum legal age of 21 for the purchase and
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possession of alcohol (Fell et al., 2008). Most states enforce laws against
the sale of alcohol to minors through local law enforcement agencies and
alcohol beverage control agencies (Elder et al., 2007). Both types of agen-
cies often lack resources to effectively carry out their enforcement duties.
The federal Enforcement of Underage Drinking Laws Program aimed to
help alleviate such resource constraints, allocating $25 million in federal
block grants to all states and the District of Columbia. Since 2010, funding
for this program decreased and eventually dissipated (see Table 7-1 for
funding of this and other federal substance abuse prevention programs).

MLDA Laws

There is a robust evidence base that supports the passage and main-
tenance of MLDA laws based on the effects they have had on decreasing
alcohol-related harm in persons under age 21. Based on strong evidence
for the effectiveness of MLDA laws of 21 in decreasing alcohol-related
vehicle crashes and injuries among 18- to 20-year-olds, the Community
Preventive Services Task Force recommended maintaining current MLDA
laws (Shults et al., 2001). A systematic review of 49 studies examining
the effects of raising and lowering the MLDA indicated 10 to 16 percent
decreases in alcohol-related crashes when the MLDA was raised and
increases of similar magnitude when it was lowered (Shults et al., 2001).
Wagenaar and Toomey (2002) published a review of the effects of MLDA
laws based on 79 studies published from 1960 to 2000. Among the stud-
ies, 58 percent found an inverse relationship between the age 21 MLDA
and traffic crashes; none found an opposite association (Wagenaar and
Toomey, 2002). DeJong and Blanchette (2014) conducted a review of the
evidence on the age 21 MLDA from 2006 to 2013 and concluded that this
research has reinforced the finding that the federal MLDA law has led to a
reduction in alcohol-related crashes and consumption among youth, with
other positive effects for this population in the long term.

Enforcement of MLDA Laws

While MLDA laws have been found to be effective (HHS, 2016), strict
and consistent enforcement is needed to optimize the effect of these laws.
Elder et al. (2007) reviewed eight studies analyzing the effects of programs
implemented by local law enforcement or alcohol beverage control agen-
cies that aimed to increase compliance checks in community retailers.
When enhanced enforcement programs were in place, including high
intensity and publicity, successful purchases of alcohol by decoys who
lacked identification proving their age decreased by an average of 42 per-
cent (range of 17 to 57 percent decrease). Results of two studies indicated
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that the effects of enhanced enforcement decreased when enforcement
programs were discontinued (Scribner and Cohen, 2001; Wagenaar et
al., 2005). One study indicated that enhanced enforcement was corre-
lated with a 20 percent reduction in self-reported alcohol consumption
and binge drinking among high school students (Barry, 2004). Publicized
enforcement of MLDA and driving while impaired (DWI) laws has also
been shown to reduce drinking and driving in a college community as
measured by roadside surveys (McCartt et al., 2009).

Enforcement programs, which include age-related compliance checks,
are underutilized and require improvements. The National Research
Council (NRC) and the Institute of Medicine (IOM) report Reducing
Underage Drinking: A Collective Responsibility (2004) discusses the need for
enhanced enforcement against retailers who sell to minors. The report
explores this issue in the context of the success of tobacco control and
youth smoking, citing the Synar Amendment’ as a model to inform
underage alcohol sales enforcement. This amendment mandates tobacco
sales compliance checks and ties the enactment and enforcement of laws
prohibiting the sale of tobacco to minors to state block grant funding for
substance abuse prevention. Ultimately, the committee recommended that
states bolster compliance check programs using media campaigns and
license revocation (NRC and IOM, 2004).

Enforcement programs may be ineffective if perception of a lack of
support from the community is high, as law enforcement agencies may
not have sufficient incentive to carry out enforcement efforts (Elder et al.,
2007). A study of 17,830 students surveyed in the 2007 Oregon Health
Teens Survey found that perceived community disapproval of adoles-
cents’ alcohol use and adolescents’ personal beliefs were positively asso-
ciated with perceived local law enforcement of MLDA laws (Lipperman-
Kreda et al., 2010). Enforcement programs that solely target retailers for
reducing sales to minors may result in minors substituting retailers with
social providers such as friends, family, and strangers (Elder et al., 2007).
Therefore, preventing alcohol sales to minors depends on a series of
complementary policies and practices that target prevention of purchase,
possession, consumption, and internal possession,!? such as compliance
checks, social host laws, dram shop liability laws, and others. These poli-

9 The Synar Amendment was enacted with the Alcohol, Drug Abuse, and Mental Health
Administration Reorganization Act (Public Law 102-321) in 1992 with the goal of reducing
youth access to tobacco. The amendment mandates that all states enact and enforce laws that
prohibit the sale and distribution of tobacco to individuals under the age of 18. In order for
states to receive their Substance Abuse Prevention and Treatment Block Grant, they must
comply with the Synar Amendment (SAMHSA, 2017).

10 A minor-in-possession charge requires “evidence of alcohol in the minor’s body, as
determined by a blood, breath, or urine test, but does not otherwise require any specific
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cies and practices will be discussed as strategies to reduce illegal sales to
minors in the following sections.

Dram Shop Liability Laws

Dram shop liability laws permit legal action against commercial
establishments serving alcohol to underage persons or already intoxi-
cated persons regardless of age (Scherer et al., 2015). (For the history of
dram shop liability and insurance, see Sloan et al.’s [2000] Drinkers, Driv-
ers, and Bartenders.) Owners and servers may be held liable when illegal
beverage service (i.e., to intoxicated or underage patrons) results in injury,
death, or damages from alcohol-related vehicle crashes (Rammohan et al.,
2011). Survey data of commercial servers suggest an association between
a state’s status of dram shop laws (i.e., strictness) and perceived risk of
liability (Sloan et al., 2000). Dram shop liability laws, in combination with
enhanced enforcement documenting alcohol service violation history, pro-
vide important data for connecting injury caused by intoxicated drivers
and the drinking establishment at which they were served (Graham et
al., 2014).

The Community Preventive Services Task Force recommends the use
of dram shop liability laws to prevent and reduce alcohol-related harms
(Rammohan et al., 2011; Task Force on Community Preventive Services,
2011). Using methodology from the Guide to Community Preventive Ser-
vices, Rammohan et al. (2011) examined 11 studies and found that dram
shop liability laws were correlated with a 6.4 percent average decrease in
alcohol-related driving fatalities (values ranged from 3.7 to 11.3 percent).
Reductions were also found across all studies for other measured out-
comes, including all-cause motor vehicle fatalities, alcohol consumption,
alcohol-related violence, and alcohol-related diseases.

Using FARS data, Scherer et al. (2015) found that dram shop liability
laws were correlated with a 2.4 percent decrease in the ratio of drinking
to nondrinking drivers under age 21 involved in fatal crashes (Scherer
et al., 2015). The authors estimated that 64 lives had been saved in the
jurisdictions that have the law and that 9 more lives could be saved each
year if the six states without the law were to adopt it. The authors also
found that strong dram shop liability laws were significantly correlated
with lower per capita beer consumption.

In 1983 and 1984, two widely publicized server liability cases took
place in Texas. Analysis of single-vehicle nighttime crashes in the state
from 1978 through 1988 indicated significant decreases of 6.5 and 5.3

evidence of possession or consumption (e.g., through witness observation or an admission
on the part of the minor)” (APIS, 2016g).
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percent following the 1983 and 1984 case filings, respectively. As the
decreases were found to have taken place at the time the lawsuits were
filed and not when the courts issued their decisions 3 to 4 years later,
increased awareness of server liability laws and concern from retail alco-
hol establishment owners generated through newspaper publicity are
likely to have contributed to the reductions (Holder et al., 1990).

The Community Preventive Services Task Force did not find any
studies examining the cost-benefit of dram shop liability laws. However,
Rammohan et al. (2011) note that litigation may not be cost-effective or
achievable in certain cases, as establishing proof that illegal beverage
service took place (and resulted in injury) may be difficult (Martineau
et al., 2013). Obtaining legal services may also be especially burdensome
for those of low socioeconomic status. Most of the studies examined in
the systematic review were conducted prior to widespread enactment of
dram shop liability laws in the late 1990s (Rammohan et al., 2011; Task
Force on Community Preventive Services, 2011). More research is needed
to analyze the effectiveness of these laws, especially as states have enacted
shorter statutes of limitation and more stringent requirements for legal
evidence.

Social Host Liability

Another complementary policy that is designed to reduce underage
and hazardous drinking is social host liability. Social host laws assign
criminal or civil liability for providing alcohol to someone under the
legal drinking age and/or to an obviously intoxicated adult if damages
or injury are caused by that individual (e.g., in a motor vehicle crash)
(NHTSA, 2016; Voas and Lacey, 2011). The primary purpose is to hold
individuals or noncommercial providers of alcohol liable, whereas dram
shop liability applies to licensed establishments. As of 2016, 21 states had
general hosting laws, 10 states had social host laws specific to underage
parties, and 19 states and the District of Columbia had no social host laws
(APIS, 2016h). The purpose of such laws is to deter adults from hosting
parties where underage drinking occurs, purchasing alcohol for underage
drinkers, providing alcohol for underage persons, and overserving alcohol
(Voas and Lacey, 2011). The majority of adolescents obtain alcohol from
social sources (Pemberton et al., 2008); thus, they are an important point
of intervention to reduce underage drinking and subsequent impaired
driving. Additionally, there has been public support for assigning liability
to social hosts for alcohol-related injuries (Wagenaar et al., 2001).

Social host liability laws differ from state to state, and implementation
is an important factor that requires investigation. Findings from California
suggest that social host laws with strict liability and swift, administrative
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civil penalties could reduce underage drinking in private settings, espe-
cially among youth who have already initiated alcohol use (Paschall et
al., 2014). While social host laws may send a powerful message, effective
dissemination of that message is required for effectiveness (Grube and
Stewart, 2004; Holder and Treno, 1997; Voas and Lacey, 2011). In the 2004
NRC and IOM report on underage drinking, the authors posit that the
mixed findings on social host laws could be attributable to the lack of a
comprehensive program that ensures that the public is aware of potential
liability exposure. To that end, the report discusses media campaigns as
an integral component of implementing social host liability laws.

Over the past few decades, there has not been a substantial amount
of evidence on social host laws and alcohol-impaired driving, and the
existing evidence is conflicting (Goodwin et al., 2015; NRC and IOM,
2004; Voas and Lacey, 2011). Early study findings using data from the
Behavioral Risk Factor Surveillance System showed that social host laws
had a deterrent effect with respect to binge drinking and drinking and
driving (Sloan et al., 2000; Stout et al., 2000). More recently, Fell et al.
(2014) examined the effects of social host laws on the ratio of drinking
drivers under age 21 to nondrinking drivers under age 21 involved in
fatal crashes from 1982 to 2010. Social host civil liability laws (allow
suing social hosts for injuries caused by underage drinking guests) had
a negative but nonsignificant (p = 0.054) effect, and social host prohibi-
tions (prohibit hosting underage drinking parties) had no effect on the
ratio of drinking to nondrinking drivers under age 21 in a fatal crash.
Dills (2010) investigated the effect of the presence of a social host liability
law on self-reported driving after drinking and alcohol-impaired driving
fatalities at the state level from 1975 to 2005 among 18- to 20-year-olds.
The author found significant reductions of 5 to 9 percent and 3 percent
in alcohol-related traffic fatalities and driving after drinking, respectively
(Dills, 2010). Given the insufficient body of research around social host
laws and alcohol-impaired driving, more research is needed in this area
(Hingson and White, 2014; Wagoner et al., 2013).

Responsible Beverage Service and Server Training

Responsible beverage service (RBS) has been studied as a poten-
tial point of intervention to reduce excessive drinking and subsequent
alcohol-impaired driving (Fell et al., 2017; Graham, 2000; Linde et al.,
2016; Rammohan et al., 2011; Saltz, 1987; Scherer et al., 2015; Shults et al.,
2001). Research indicates that approximately half of drivers arrested for
alcohol-impaired driving had their last drink at a licensed establishment
(Fell et al., 2010; Gallup, 2000; O’Donnell, 1985), and this is consistent with
self-reported data on driving after binge drinking (Naimi et al., 2009).
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The training for servers typically focuses on serving procedures, signs of
intoxication, methods for verifying age, and intervention strategies. There
are also aspects of manager training that incorporate the abovementioned,
in addition to policy and procedure development and staff supervision
(APIS, 2016e). Public acceptance has been relatively high for RBS policies,
with a national survey indicating that 89 percent of the population was in
favor of policies mandating server training (Wagenaar et al., 2000).

Programs for server training can be mandatory, voluntary, or a com-
bination of both. States with voluntary beverage service training pro-
grams typically provide incentives for retailers (e.g., defense in dram shop
liability lawsuits, discounts for dram shop liability insurance, or mitiga-
tion of fines or other penalties for service violations). It is important to
note that incentives such as protection from dram shop liability can have
unintended consequences. These protections can hinder the effectiveness
of dram shop laws, which have been shown to be effective in reducing
alcohol-related harm (Rammohan et al., 2011), as discussed previously.
As of 2016, 12 states and the District of Columbia had mandatory service
training laws, 20 had voluntary laws, 6 had a combination of mandatory
and voluntary policies, and 12 had neither (APIS, 2016e). In the past, there
have been federal incentive grants for states that engage in specific server
training activities,!! such as training point-of-sale personnel to recognize
signs of intoxication, but those have since been rescinded.

In Countermeasures That Work, Goodwin et al. (2015) review the evi-
dence on RBS and conclude that the findings on the effectiveness of server
training have been mixed. They note that few studies have examined the
effect of RBS on alcohol-impaired driving crashes specifically. The Com-
munity Preventive Services Task Force conducted a review of interven-
tions to reduce alcohol-impaired driving, including training programs for
servers of alcoholic beverages. Shults et al. (2001) concluded that, based
on the rules of evidence presented in The Community Guide, there was
sufficient evidence that intensive, high-quality, face-to-face server train-
ing (when supplemented with active management support) is effective in
reducing the level of intoxication among patrons (and is therefore likely
to have an effect on impaired driving if the affected patrons cease drink-
ing or continue elsewhere in a safe environment after leaving). Shults et
al. (2001) also noted that optimally, server training would be established
in all licensed establishments in a community to have a community-wide
effect. However, research on such community-wide alcohol server inter-
ventions is limited (Shults et al., 2001). A recent study of demonstration
projects that incorporated RBS and enhanced alcohol enforcement for

1123 U.S.C. §410, https:/ /www.gpo.gov/fdsys/pkg/USCODE-2006-title23 /pdf/ USCODE-
2006-title23-chap4-sec410.pdf (accessed October 2, 2017).
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problem bars in two communities also produced mixed findings (Fell et
al., 2017). Jones et al. (2011) completed a systematic review of multiple
countries (including the United States) and found that server interven-
tion programs designed to reduce alcohol use in drinking environments
had mixed effects on patrons’ alcohol consumption. The observed effects
on patron drinking were minimal, except where training was mandated
(Jones et al., 2011). In summary, more research is needed to determine the
critical elements that contribute to the effectiveness of RBS policies and
training.

Sales to Intoxicated Persons

Sales to intoxicated persons (SIP) laws make it illegal to sell alcohol
to an obviously intoxicated person. These laws, which can be criminal or
administrative, exist in every state except Florida and Nevada. In Wyo-
ming, it is only illegal to sell alcohol to an intoxicated person at a drive-
through window at a package store. There is substantial variation in state
SIP laws with respect to the state’s definition of intoxication, who is held
liable (e.g., licensees, servers, or social hosts), the evidence required to
establish a SIP violation, and subsequent penalties (Mosher et al., 2009).
SIP laws are an example of another alcohol-related policy for which the
overall effectiveness likely depends on the quality and consistency of
enforcement practices.

Alcohol Law Enforcement

As discussed previously, enforcement is a crucial determinant of
adherence to the policies to reduce illegal alcohol sales. Alcohol law
enforcement aims to increase compliance with laws by increasing per-
ceived likelihood of arrest among those who are subject to legal restric-
tions (NHTSA, 2005b). Enforcement approaches can include compliance
checks for underage sales, bar inspections, undercover operations, and
educational programs (Ramirez, 2017). There is research that suggests the
enforcement of policies to limit alcohol service to underage persons and
intoxicated patrons reduces alcohol-related harm and improves public
safety (McKnight and Streff, 1994; Ramirez, 2017; Ramirez et al., 2008).

Lenk et al. (2014) conducted a survey of randomly selected local and
state alcohol enforcement agencies to gather information on enforcement
of sales to obviously intoxicated patrons. The findings, which reflected
responses from 1,082 local and 49 state agencies, showed that only about
20 percent of local and 60 percent of state agencies conducted enforce-
ment activities to reduce SIP in their jurisdictions. Furthermore, less than
half of the agencies employed specific enforcement strategies at least
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monthly, and for local agencies, enforcement activities were more com-
mon when there was a full-time officer who was specifically assigned to
such activities.

For alcohol law enforcement agencies, the number of licensed estab-
lishments that require monitoring and enforcement varies from state to
state. In most states (e.g., Alabama, Utah, Virginia), there are 250 licens-
ees or less per one alcohol law enforcement agent, but in some states
(e.g., Missouri, Wisconsin) there are more than 1,000 premises per agent
(Ramirez, 2017). Levy and Miller (1995) conducted a cost-benefit analy-
sis of increased enforcement of laws forbidding service to intoxicated
patrons, based on a case study in Michigan, and found that the benefits
greatly outweighed the costs. Their study findings also demonstrated a 22
percent increase in the number of intoxicated patrons who were refused
service after implementing a program that used undercover police officers
to monitor service in licensed establishments.

The 2017 County Health Rankings included a review of the evidence
on SIP law enforcement. The key finding was that the available evidence
indicates that efforts to enforce SIP laws can reduce overservice and alco-
hol-impaired driving, especially when implemented in areas at risk for
excessive alcohol consumption (County Health Rankings, 2017). Another
key element of enforcement is the administration of sanctions or legal
charges for evidenced violations. States have a number of penalties for
violations including fines, license suspensions, and revocations (Mosher
et al., 2009), yet these penalties are often reduced or appealed.

Challenges for Enforcement

While promising, enforcement of policies to reduce illegal alcohol
sales is largely lacking (Goodwin et al., 2015; Mosher et al., 2009) because
of a number of the following factors: cultural norms, lack of political will,
lack of a systematic approach to enforcement (Graham et al., 2014; Mosher
et al., 2009; NHTSA, 2005a,b; Ramirez, 2017), and lack of resources to
detect and track violations (Mosher et al., 2002, 2009; NHTSA, 2005b). For
example, in some states, the number of licensed establishments outnum-
bers the amount of available law enforcement personnel (Ramirez, 2017).
Alcohol law enforcement agents have many responsibilities in addition
to enforcing alcohol laws (e.g., gaming, tobacco, drugs, and human traf-
ficking) (Ramirez, 2017).

Promising Strategies

Despite the barriers that exist for effective enforcement of alcohol
policies, there are promising strategies that have emerged from common
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practices and the literature that can be applied to enhance enforcement
efforts. For example, some states collect data on POLD when an indi-
vidual is arrested for DWI and then target those establishments (NHTSA,
2005a). In 2012 the National Transportation Safety Board made a safety
recommendation to the 50 states, the District of Columbia, and Puerto
Rico to require law enforcement agencies to collect POLD data as part
of any arrest or crash investigation involving an alcohol-impaired driver
(NTSB, 2012) (see Chapter 6 for more discussion of POLD data). In addi-
tion to data collection, it is important to publicize enforcement efforts
to ensure that there is a high perceived risk of being apprehended and
receiving a sanction. Furthermore, developing political will to support
ongoing enforcement through research and media fosters sustainability
of efforts. Mosher et al. (2009) emphasize the importance of interagency
collaboration and adopting a structure of enforceable consequences for
violations and adequate penalties that cannot be negotiated or made
eligible for exemption for specific licensees (e.g., licensees who have com-
pleted RBS training).

As discussed in this chapter, the illegal sale of alcohol subsumes
sales to already-intoxicated adults and to underage persons. The avail-
able research indicates that both types of illegal sales are related to binge
drinking and to increased risk of alcohol-impaired driving. The com-
mittee discusses a number of interventions that can reduce illegal sales,
binge drinking, and alcohol-impaired driving with varying degrees of
evidence. Among some of these policies, the evidence of effectiveness
is strong (i.e., informed by high-quality systematic reviews and studies
across multiple contexts). This includes MLDA laws (see, for example,
DeJong and Blanchette, 2014; Shults et al., 2001; Wagenaar and Toomey,
2002), enforcement of MLDA laws (see, for example, Barry, 2004; Elder
et al., 2007; Scribner and Cohen, 2001; Wagenaar et al., 2005), and dram
shop liability laws (see, for example, Holder et al., 1990; Rammohan et
al., 2011; Scherer et al., 2015). For other illegal sales-related policies, there
is a good theoretical justification but mixed evidence of effectiveness
depending on the type of policy and degree of enforcement. These include
social host liability laws (see, for example, Fell et al., 2014; Paschall et al.,
2014; Wagoner et al., 2013) and responsible beverage service practices and
policies (see, for example, Fell et al., 2017; Jones et al., 2011; Shults et al.,
2001). For laws preventing SIP, there is a strong theoretical basis for their
implementation, yet a relative lack of empirical evidence on these poli-
cies, in part because most states have them, which limits opportunities for
well-designed evaluations.

Research also indicates that enforcement programs are underutilized
and require more resources to be effective. To reach the below conclu-
sion the committee relied on evidence ranging from empirical studies
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evaluating enforcement programs and systematic reviews of studies to
legal, administrative, and qualitative data. These include, but are not
limited to, the NRC and IOM (2004) report Reducing Underage Drinking:
A Collective Responsibility, a Community Preventive Services Task Force
review of enhanced enforcement laws prohibiting sales to minors (Elder
et al., 2007), a NHTSA (2005b) research report that uses legal and inter-
view data to inform its findings on the role of alcohol beverage control
agencies in enforcing alcohol laws, and data from the National Liquor
Law Enforcement Association (Ramirez, 2017; Ramirez et al., 2008). The
decline in federal funding for the enforcement of underage drinking pro-
grams further demonstrates the diminishing resources allocated to such
programs (see Table 7-1). It is also noteworthy that the evidence from
empirical studies and qualitative data show that quality of implementa-
tion and complementary activities (e.g., media publicity and collection
of POLD data) to enhance enforcement are important (Elder et al., 2007;
McCartt et al., 2009; NRC and IOM, 2004; NTSB, 2012). Furthermore, to
reduce excessive alcohol consumption prior to driving at the population
level, there is a need for a comprehensive set of policies that minimize
the illegal sale of alcohol to underage persons and already-intoxicated
persons. Given the evidence presented in this chapter on the effective-
ness of policies to reduce illegal alcohol sales and the need for enhanced
enforcement of these policies, the committee offers the following recom-
mendation and conclusion:

Recommendation 3-3: Federal, state, and local governments
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).

Conclusion 3-1: Some policies to reduce illegal alcohol sales are not
effective due to a lack of enforcement activities. In addition, a systematic
approach to enforcement (i.e., increased resources, data collection and
sharing, multisector collaboration, and publicity) is needed to optimize
the effects of such alcohol policies.

Recommendation 3-3 includes the following laws and actions:

e Strong penalties for licensees who engage in illegal alcohol sales
to already-intoxicated adults;

e Dram shop liability laws without caps;

e High-quality mandatory responsible beverage service training for
managers and sellers;

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/24951

Getting to Zero Alcohol-Impaired Driving Fatalities: A Comprehensive Approach to a Persistent Problem

140 GETTING TO ZERO ALCOHOL-IMPAIRED DRIVING FATALITIES

e Strong social host laws and other laws to limit adults from pro-
viding alcohol to underage persons;

e Improvement of enforcement of MLDA laws, including passing
laws to permit compliance checks using underage decoys and
conducting such compliance checks;

e Collection of POLD data; and

* Adequate enforcement personnel to enforce existing laws in this
area.

POLICIES TO REDUCE THE HARMFUL
EFFECTS OF ALCOHOL MARKETING

At least 25 longitudinal studies have found associations between
young people’s exposure to alcohol marketing in a variety of forms—
from traditional marketing to online marketing to sponsorships and
alcohol-branded merchandise—and their subsequent drinking behavior
(Anderson et al., 2009b; Jernigan et al., 2016; Smith and Foxcroft, 2009).
Another study, completed before the dramatic increase in alcohol adver-
tising on cable television, looked at the effect of alcohol advertising on
motor vehicle traffic fatalities and concluded that a complete ban on
broadcast alcohol advertising could save between 2,000 and 3,000 lives
per year, and ending the tax deductibility of alcohol advertising could
prevent approximately 1,300 deaths per year (Saffer, 1997).

One of the distinguishing features of alcohol advertising since 2000
has been the dramatic expansion of advertising, especially for distilled
spirits, on cable television. Distillers maintained a voluntary ban on tele-
vision advertising in general until 1996, and in 2001 struck an agreement
with NBC to begin advertising on that broadcast network (Elliott, 2001).
However, outcry from Congress and from public health advocates led
NBC to back away from the agreement, and distillers in response moved
rapidly onto cable networks (Jernigan and O’Hara, 2004). In 2000, distill-
ers spent $4.3 million, or 1.2 percent of their measured advertising bud-
gets, on television; by 2016, this amount had grown to $227.6 million, or
56.8 percent of their budgets (Impact Databank, 2017).

Marketing does not only consist of advertising, but rather rests on the
“four Ps” of product, place, price, and promotion (Hastings et al., 2005).
(See Chapter 2 for discussions of industry activities within the four Ps.)
Other sections of this report have discussed policy options to address
the first three Ps. Since commercial speech enjoys strong protection from
the First Amendment in the United Sates, alcohol marketing has been
primarily governed by industry self-regulation. Findings from a system-
atic review show that numerous peer-reviewed studies have found this
self-regulation to be ineffective (Noel et al., 2016), and there have been
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significant debates in the United States about how it could be improved.
In 2004, the NRC and IOM recommended that the industry move from its
then-current voluntary standard of only advertising where at least 70 per-
cent of the viewing, reading, or listening audience was of legal purchase
age (that is, over age 21) to a 25 percent maximum for underage audiences
immediately, and eventually to a 15 percent maximum for underage audi-
ences. This was based roughly on the proportion of the underage popula-
tion at greatest risk of initiating drinking—the 12- to 20-year-old group
(NRC and IOM, 2004). In 2011, 24 state and territorial attorneys general
added their endorsements to the 15 percent standard (Shurtleff et al.,
2011). In that same year, alcohol industry trade associations announced
a lowering of their standard to 28.4 percent, based on the 2010 census
numbers. In 2007, one company—Beam Global Spirits—adopted the 25
percent maximum; an independent evaluation of that standard concluded
that, even with imperfect implementation, it led to a reduction in youth
exposure to alcohol advertising for that company’s brands compared to
its competitors, and at the same time it did not result in an increase in
the company’s advertising costs for reaching adult audiences (Ross et al.,
2016). The authors concluded that other alcohol companies should con-
sider adopting a similar standard to the 25 percent maximum.

However, the lack of voluntary movement toward a stricter standard
by most alcohol companies has resulted in continued disproportionate
youth exposure to alcohol advertising. One study examined magazine
advertising of alcohol brands most likely to be consumed by young peo-
ple (determined through a national survey of youth alcohol consumption
by brand [Siegel et al., 2013]), and found that such brands were more
likely than other brands to advertise in magazines with higher youth
readerships, demonstrating the inadequacy of the industry’s voluntary
guidelines in protecting youth from disproportionate exposure compared
to adults (King et al., 2017).

The industry’s voluntary guidelines also include numerous provi-
sions regarding the content of alcohol advertising. However, independent
evaluation of the implementation of these guidelines has found them to be
ineffective (Babor et al., 2013). Enforcement of content regulations is also
more likely to raise First Amendment issues, which helps to explain why
much of the policy debate regarding alcohol industry self-regulation has
focused on placement guidelines.

While much of the regulatory authority over alcohol advertising lies
at the federal level, and specifically in the U.S. Department of the Trea-
sury, an agency without an explicit public health or safety mission, state
and local governments have also demonstrated that they can play a role
in reducing both youth and population-level exposure to alcohol adver-
tising. The Center on Alcohol Marketing and Youth’s (2012) report State
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Laws to Reduce the Impact of Alcohol Marketing on Youth: Current Status and
Model Policies identifies the following specific actions that states can take:

e Prohibit false and misleading alcohol advertising;

e Prohibit advertising that targets minors;

e (Claim state jurisdiction over electronic media, at least theoreti-
cally permitting them to require, for instance, higher audience
standards for advertising placed in media such as radio that origi-
nate locally;

e Restrict outdoor alcohol advertising in locations where children
are likely to be present;

e Prohibit outdoor alcohol advertising near schools, public play-
grounds, and churches;

e Restrict alcohol advertising on alcohol retail outlet windows and
outside areas;

e Prohibit alcohol advertising on college campuses; and

e Restrict alcohol industry sponsorship of civic events (e.g., fairs,
music concerts, and sporting events).

While no state has employed all of these powers, the fact that they all
exist in state law in at least one and often numerous states suggests that
there is more potential at the state and local levels for reducing exposure
to alcohol advertising than has yet been used.

Another promising strategy regarding alcohol marketing is the use
of countermarketing. Countermarketing campaigns are a form of media
campaigns that seek to offset pro-alcohol influences and promote health
promotion messages (CDC, 2003). They often emphasize the harmful
and/or deceptive strategies companies use to market a product that can
be harmful for particular audiences (e.g., youth) in an effort to neutralize
these influences and promote healthier behavior. While there is very little
experience and no studies of effectiveness regarding this for alcohol use,
it has been an effective strategy for reducing tobacco use (Apollonio and
Malone, 2009). Several well-funded, high-profile tobacco countermarket-
ing media campaigns in California, Florida, and nationally (e.g., the truth
campaign) have contributed to reduced rates of youth smoking and adult
cigarette consumption in these areas (Farrelly et al., 2002; Hu et al., 1995;
Sly et al., 2002). (For more on media campaigns, see the following section,
“Education and Awareness.”)

One important consideration in assessing the impact of alcohol mar-
keting and developing interventions to reduce the harmful effects of
such marketing is the changing media landscape, particularly for youth.
Traditional means of watching television (e.g., cable or satellite television)
are being replaced with online streaming services. Of note, Pew Research
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Center’s survey data from 2017 show that 61 percent of adults ages 18-29
use streaming services as their primary means of watching television
(Raine, 2017). Such changes in television consumption could potentially
have implications for the frequency, duration, and intensity for which
youth are exposed to alcohol marketing. Therefore, updated research is
needed on the effects of such changes in media consumption on exposure
to alcohol marketing among youth.

In this section, the committee has presented an overview of the
empirical and historical evidence around alcohol marketing exposure and
regulation. To examine the link between alcohol marketing and consump-
tion among underage persons, the committee drew from peer-reviewed
systematic reviews of longitudinal studies on youth exposure to alcohol
marketing and drinking outcomes (Anderson et al., 2009b; Jernigan et
al., 2016; Smith and Foxcroft, 2009). While there is only one study cited
that examines and demonstrates a positive relationship between alcohol
advertising and motor vehicle crash fatalities (Saffer, 1997), there is a
strong theoretical basis for this association, particularly for youth. Given
that young people (ages 21-24) are at high risk of alcohol-impaired driv-
ing (Lipari et al., 2016; NCSA, 2016) and the available research strongly
indicates that they are influenced by alcohol marketing, as evidenced by
the systematic reviews cited above, the committee has identified alcohol
marketing as an important point of intervention to reduce alcohol con-
sumption, and by extension, alcohol-impaired driving among underage
persons. Furthermore, numerous studies have found the alcohol indus-
try’s self-regulation of its marketing to be ineffective and insufficient
because the voluntary standards are permissive and vague, not consis-
tently followed, and without penalties for violations (Babor et al., 2013;
King et al., 2017; Noel and Babor, 2016; Noel et al., 2016; Siegel et al., 2013).
Therefore, the committee recommends:

Recommendation 3-4: Federal, state, and local governments
should use their existing regulatory powers to strengthen and
implement standards for permissible alcohol marketing content
and placement across all media, establish consequences for
violations, and promote and fund countermarketing campaigns.

EDUCATION AND AWARENESS

School-Based Education Programs

School-based alcohol education programs aim to prevent or delay
youth drinking as well as prevent related risky activities such as drinking
and driving and/or riding with drinking drivers. Although educational
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programs are popular with policy makers, the public, and alcohol-related
economic operators, in general school-based educational programs have
limited evidence of producing change, particularly at the population
level. The available evidence is inconsistent or shows no effect on behav-
ior change related to alcohol alone or in combination with driving (Elder
et al., 2005; Foxcroft and Tsertsvadze, 2012; NRC and IOM, 2004; Mann et
al., 1986; Shope et al., 2001). However, more research is needed as many
education programs have not been evaluated (Anderson et al., 2009a;
Goodwin et al., 2015; Lee et al., 2016; Mann et al., 1986; NRC and IOM,
2004; Stigler et al., 2011; Washington Traffic Safety Commission, 2014). In
addition, education programs can be costly since they are delivered to
relatively small groups of individuals, and their effects degrade quickly
unless actively maintained. Anderson et al. (2009a) concluded in The
Lancet that while school-based programs are not effective in modifying
behavior, they can play an important role in increasing visibility of alcohol
on public agendas. Other intermediate outcomes of programs include the
promotion of social and emotional competencies and resilience among
youth participants (Stigler et al., 2011).

There are a number of limitations with school-based programs and
the current literature that examines them. Programs have been criticized
for having weak evaluation designs and short follow-up times while only
measuring intermediate outcomes such as alcohol knowledge, attitudes,
and intent (Mann et al., 1986; Washington Traffic Safety Commission,
2014). There is a documented need for additional robust studies with
alcohol-impaired driving outcome measures such as DWIs and alcohol-
related crashes; for example, examining driving behaviors of students
after an education program and measuring more specific traffic safety out-
comes (Elder et al., 2005; Mann et al., 1986; Shope et al., 2001; Washington
Traffic Safety Commission, 2014). Some of the alcohol education programs
studied have been successful in increasing youth knowledge about alco-
hol and alcohol misuse, as well as influencing attitudes and intent toward
alcohol, but these positive effects usually dissipate after 6 months to 1
year. Therefore, intensity, duration, and quality of the program are key
elements that require further investigation.

Despite the limitations and inconsistent evidence on school-based
programs, there are some positive spillover effects. For example, school-
based programs can engage groups such as Students Against Destructive
Decisions (SADD) and parent-teacher associations to raise awareness
about alcohol-impaired driving. Elder et al. (2005) cite a number of posi-
tive effects of participation in peer organizations such as SADD, including
personal growth, social support, and a sense of citizenship in the school
community. At the school level, such effects include stronger attitudes
against alcohol-impaired driving and riding with an impaired driver,
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increased knowledge of alternatives, and increased access to alcohol-free
events (Elder et al., 2005).

Alcohol Warning Labels

Legislation requiring alcohol warning labels was enacted in 1989,
which stated that all alcoholic beverage containers sold in the United
States must display the following warning label.

GOVERNMENT WARNING: (1) According to the Surgeon General,
women should not drink alcoholic beverages during pregnancy because
of the risk of birth defects. (2) Consumption of alcohol impairs your abil-
ity to drive a car or operate machinery, and may cause health problems.?

As of 2012, the United States is 1 of 31 countries that require warn-
ing labels on alcoholic beverages (WHO, 2014). The scientific evidence
on whether warning labels are effective in decreasing excessive drinking
is inconclusive. A cross-sectional survey occurring 6 months after imple-
mentation of the alcohol warning labels in the United States found that
16 percent of respondents remembered the message about the risks of
driving impaired, and about 25 percent of the respondents who reported
being heavy drinkers and who had driven under the influence of alcohol
in the past had seen the label (Greenfield and Kaskutas, 1993). However, it
is important to note that such cross-sectional data do not lend themselves
to causal inferences. Another study also found that those who reported
driving under the influence of alcohol in the past were more likely to
remember the warning label than those who had not (Parker et al., 1994).
Other studies found alcohol warning labels to be ineffective in chang-
ing behavior and encouraged different approaches (Creyer et al., 2002;
Stockley, 2001). For example, the use of color, icons, increasing clarity,
contrast, shape and/or size of the message, simplicity, and specificity of
the message are all factors that can contribute to consumer awareness.

Research also suggests that providing standard drink labels on alco-
holic beverage containers increases the drinker’s accuracy in assessing
alcohol content (Stockwell, 1993; Stockwell et al., 1991). Some argue that
this would help responsible drinkers moderate their consumption (Kerr
and Stockwell, 2012). Others argue against standard drink labels, citing
an Australian study that found that young drinkers use standard drink
labels in order to select stronger drinks (Jones and Gregory, 2009). Other
cues beyond labels, however, can be used to assess alcohol content such
as IPA, imperial, or double. Standard drink labels therefore might not
provide new information to consumers.

1227 CFR § 16.21 subpart C sec 16.21(1).
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In the United States, beer and distilled spirits advertisements are
self-regulated by the alcohol industries and do not require that a warning
be included in ads (Beer Institute, 2015; DISCUS, 2011). Often, however,
consumers are told to “drink responsibly” or “drink in moderation” in
these ads. An analysis of advertisements appearing in magazines found
that 87 percent of them included a responsibility message but that these
messages did not define responsibility and were often used to promote
the product rather than convey information (Smith et al., 2014). Not only
is the information provided in the responsibility messages vague, but
an eye-tracking study found that the responsibility messages in print
advertising did not capture the attention of teenage viewers (Thomsen
and Fulton, 2007). These findings suggest that ambiguous responsibility
messages are ineffective in capturing the attention of consumers, pro-
viding helpful public health information, or encouraging drinkers to be
responsible and/or moderate in their alcohol consumption. Guidelines
for the size, content, and placement of alcohol warning labels are needed
in order to increase effectiveness.

Media Campaigns

There is strong evidence, based on findings from a variety of high-
quality systematic reviews across numerous health behavior domains,
that mass media campaigns can promote meaningful changes in health
behavior at the population level when implemented alongside broader,
community-level interventions (Hornik, 2002; Wakefield et al., 2010). This
work further identifies a variety of factors that increase or decrease the
likelihood of success in changing behavior at the population level. Effec-
tive campaigns are typically characterized by the following:

e High levels of exposure among the target audience over an
extended period of time;

e Implementation alongside other complementary interventions
(e.g., tax increases or enforcement of legal sanctions against an
unhealthy and illegal behavior);

e Widespread availability and access to relevant products and ser-
vices (e.g., smoking cessation aids, condoms for safer sex); and

e Use of formative research and behavior change theory to guide
their design (Hornik, 2002; Noar, 2006; Randolph and Viswanath,
2004; Snyder et al., 2004; Wakefield et al., 2010).

The strongest evidence in support of mass media campaign effective-

ness in changing behavior stems from evaluations of well-funded mass
media campaigns to reduce tobacco use (Wakefield et al., 2010). Work in
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this area further suggests that behavior change campaigns can have com-
plementary effects on creating a public opinion and a policy climate that
supports the passage of stronger tobacco control policies (Niederdeppe
et al., 2007, 2017b).

Evidence of Media Campaign Effectiveness in Reducing Alcohol-Related Fatal
Crashes

Several systematic and meta-analytic reviews have attempted to
assess the causal effect of media campaigns to reduce alcohol-impaired
driving and its consequences, both with and without accompanying inter-
ventions. Efforts to reduce alcohol-related traffic fatalities in the United
States face a variety of challenges to campaign effectiveness (Wakefield
et al., 2010). Social norms around alcohol use in general are much more
permissive than social norms around drinking and driving (Greenfield
and Room, 1997). The alcohol industry spends an enormous amount of
resources to promote the sale and use of alcohol. Alcohol use disorder
is a widespread problem, as alcohol is an addictive substance. In light
of this context, it is perhaps no surprise that several systematic reviews
find only limited evidence that alcohol control campaigns are associated
with reduced alcohol-related harm (Anderson et al., 2009a; Chisholm et
al., 2004; Doran et al., 2008; Spoth et al., 2008), often noting limitations in
the breadth and quality of the studies assessing their effects. Several of
these reviews, however, note that media campaigns are likely an integral
component of multipolicy interventions to reduce alcohol-related harm
in general because they support awareness and compliance with poli-
cies and may enhance public and policy maker commitment to laws and
regulations (e.g., Anderson et al., 2009a; Doran et al., 2008).

Campaigns specific to preventing traffic crashes and fatalities paint
a more optimistic picture. Elder et al.’s (2004) systematic review con-
cluded that carefully planned and well-funded media campaigns, when
implemented alongside other prevention activities (including increased
legal enforcement of drunk driving laws), are associated with a 13 per-
cent decline in alcohol-related traffic crashes. Another study found that
strategic efforts to increase news media coverage of efforts to reduce
alcohol-impaired driving, combined with other community mobilization
and enforcement activities, reduced alcohol-related injury crashes rela-
tive to a control community (Holder et al., 2000). Furthermore, Bergen
et al. (2014) concluded that sobriety checkpoint programs are effective
when well publicized with mass media campaigns to promote awareness
of these enforcement initiatives. While Yadav and Kobayashi (2015) did
not find sufficient evidence that media campaigns alone or concurrent
with increased enforcement reduced alcohol-related fatal crashes, these
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authors featured different inclusion criteria than several previous reviews,
were unable to account for the volume of media campaign exposure
achieved by the interventions, and concluded that the heterogeneity of
study design and quality precluded definitive conclusions about media
campaign effect. Finally, while there is a lack of rigorous evaluation data
on the campaign, the Ad Council and the U.S. Department of Transporta-
tion’s “Friends don’t let friends drive drunk” campaign that aired in the
1980s is often credited with contributing to a cultural shift that countered
the norm of drinking and driving (Ad Council, 2016; Glascoff et al., 2013).

Systematic reviews of the evidence supporting (non-alcohol-related)
traffic safety campaigns further underscore the value of media cam-
paigns in conjunction with increased enforcement or other policy inter-
ventions. Two reviews found strong evidence that public education cam-
paigns, when combined with enhanced legal enforcement, increase use
of child safety seats and reduce related fatal injuries (Zaza et al., 2001)
and increase use of safety belts and reduce traffic-related fatalities (Dinh-
Zarr et al., 2001; Williams et al., 1996). The public’s perception of the
risk of legal consequences is important in determining the effectiveness
of media campaigns. This is reflected in the likelihood that a person
will drive while impaired (WHO, 2016) and intervene as a bystander
(Guerette et al., 2013).

These studies make a strong case that campaigns against alcohol-
impaired driving, combined with increased enforcement, have strong
potential as a strategy to reduce alcohol-related fatal crashes. Some
important caveats are in order, however. The only available study
included in a systematic review of designated driver interventions
(Ditter et al., 2005) failed to find evidence of behavioral changes in
response to a modestly funded designated driver campaign in Australia
(Boots and Midford, 1999). This suggests that the content and target of
mass media campaigns is likely an important consideration, a conclu-
sion that echoes findings from other behavioral contexts highlighting
the importance of using formative research and behavior change theory
to guide campaign design (e.g., Noar, 2006; Randolph and Viswanath,
2004). Recent evidence also underscores the need for significant fund-
ing to generate widespread levels of campaign exposure in this context
(Niederdeppe et al., 2017a).

These findings emphasize the need for well-funded media campaigns
that are able to achieve widespread exposure among target audiences (see
Hornik, 2002; Wakefield et al., 2010). The definition of a “well-funded”
campaign has not been standardized for alcohol-impaired driving, but
has been operationalized for anti-tobacco campaigns. For example, CDC
cites gross ratings points (GRPs) as an indicator for the recommended
budget level and makes the case that between 1,600 and 2,800 GRPs,
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which equates to about five to seven exposures per month, are sufficient
(CDC, 2014). More importantly, this is a rate of exposure that donated
time is not likely to achieve. Unfortunately, most recent campaigns against
alcohol-impaired driving appear to have relied on donated airtime from
broadcasters (Ad Council, 2013, 2016). Sustained, well-funded media cam-
paigns in other behavioral contexts have been funded from one of three
sources: tax revenue (e.g., NCI, 2008), industry litigation (e.g., Farrelly
et al., 2009), or acts of Congress (Hornik et al., 2008). It therefore seems
unlikely that the typical model of relying on donated air time to generate
exposure to alcohol-impaired driving related media campaigns is likely to
achieve levels of exposure needed to have a large-scale effect on alcohol-
related fatal crashes.

Furthermore, the changing nature of the media landscape warrants
consideration in the development of media campaigns to reduce alcohol-
impaired driving. As highlighted in the section “Policies to Reduce the
Harmful Effects of Alcohol Marketing,” traditional means of watching
television are changing to online streaming services (Raine, 2017). Given
the shifting landscape of media consumption, research into the most effec-
tive media by which to disseminate campaigns could optimize efforts
to increase exposure to messages that run counter to alcohol-impaired
driving.

Cost-Effectiveness Estimates

There are some cost-effectiveness studies on the effect of mass media
campaigns on alcohol-related crash fatalities, although these assessments
have the same causal evaluation challenges as noted above. Several
cost-effectiveness reports that assess mass media campaigns conclude
that media campaigns do not affect health outcomes and thus are not
considered to be cost-effective (Anderson et al., 2009a; Chisholm et al.,
2004; Cobiac et al., 2009). This may be attributable to the variability of
mass media campaign studies, as heterogeneity among studies makes it
difficult to make any conclusions on the effectiveness of these campaigns
and, therefore, the cost-effectiveness of them (Yadav and Kobayashi,
2015).

Some studies demonstrate that these campaigns may be cost-effective
under some circumstances, although these conclusions are based on
a small subset of the population. Elder et al. (2004) evaluated several
alcohol-impaired driving media campaigns in the United States and
Australia for cost savings and found three of them to be cost-effective.
Effectiveness was measured in terms of the following outcomes: drinking
and driving behavior, alcohol-related crashes, and crash-related injuries
or fatalities.
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Several studies (see Bergen et al., 2014, for a review) also examined
mass media campaigns to make drivers aware of upcoming sobriety
checkpoints. These studies found that a combination of sobriety check-
points and mass media campaigns have the potential to reduce the bur-
den of alcohol-related traffic injuries, and that high coverage of mass
media campaigns and a very low frequency of sobriety checkpoints is
cost-effective and more efficient than sobriety checkpoints alone.

In summary, there appears to be little research and few clear findings
on the cost-effectiveness of media campaigns with respect to alcohol-
related fatalities. In many of the studies mentioned above, media cam-
paigns (largely considered in isolation) have not been found to be effective
overall, and as a result are not found to be cost-effective. Nevertheless,
systematic reviews by both Elder et al. (2004) and Bergen et al. (2014) con-
clude that media campaigns plus increased enforcement (for Bergen et al.
in the context of increased sobriety checkpoints) are both effective and can
serve as cost-effective interventions to reduce alcohol-impaired driving
and related crash fatalities. Wakefield et al.’s (2010) comprehensive review
of systematic reviews makes clear that well-designed and well-funded
media campaigns can influence behavior when combined with broader
community-level interventions.

In this section, the committee reviews a body of evidence including
systematic reviews specific to alcohol-impaired driving (e.g., Community
Preventive Services Task Force review by Elder et al., 2004; more recent
reviews by Bergen et al., 2014, and Yadav and Kobayashi, 2015), system-
atic reviews on media effects on other driving-related interventions (e.g.,
Zaza et al., 2011, on child safety seat use; Dinh-Zarr et al., 2001, on more
general use of safety belts), and a comprehensive synthesis of systematic
review evidence across a wide variety of behavioral domains (Wakefield
et al., 2010). The committee assesses this evidence, along with other recent
and relevant studies that were not included in these reviews, with the
recognition that media campaigns are rarely conducted in isolation, vary
considerably in size and quality, and typically lack randomized designs
that permit unambiguous causal inference. Nevertheless, the commit-
tee argues that the accumulated body of evidence permits the following
conclusion:

Conclusion 3-2: There is sufficient evidence to conclude that well-funded
media campaigns are an important component of alcohol-impaired driv-
ing enforcement policy interventions to ensure their successful adoption
and impact. Campaigns are more likely to be effective when rigorous
formative research and behavioral change theories inform their design
and dissemination.
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TECHNOLOGICAL INTERVENTIONS

Personal Devices and Technology for Estimating BAC

Interventions that allow drinkers to estimate their BAC levels accu-
rately, and thus better assess their risk, have the potential to reduce alco-
hol-impaired driving fatalities. There is good evidence that drinkers, and
specifically those with high BAC levels, are poor at estimating their BAC
(Beirness, 1987; Beirness et al., 1993; Martin et al., 2016; Thombs et al.,
2003). Individuals who underestimate their BAC are more likely to judge
they are fit to drive when they are over the BAC limit set by state law
(Beirness, 1987; Beirness et al., 1993)!3 and they are more likely to take
more risks while driving (Laude and Fillmore, 2016). Recent work has
shown that one’s perception of intoxication has a bigger effect on risk
taking than actual physiological levels of intoxication (Corazzini et al.,
2015; Proestakis et al., 2013). Making individuals aware of their level of
intoxication might reduce risk taking.

There has been research and policy interest since the 1970s in deter-
mining whether BAC feedback through breath-testing devices could be
used as an intervention to prevent alcohol-impaired driving (Oates, 1978;
Russ et al., 1988). Breath-testing devices have been validated against
blood alcohol levels (Kriikku et al., 2014; Schechtman and Shinar, 2011;
Van Tassel et al.,, 2004). Theorized positive benefits of BAC feedback
include decreasing alcohol consumption to not exceed the BAC limit set
by state law and increasing the likelihood of opting not to drive (Russ et
al., 1988).

Despite the theoretical benefits, providing BAC feedback through
breath-testing devices was not shown to reduce alcohol-impaired driving
in a review of studies conducted in the 1970s and 1980s (Russ et al., 1988).
The majority of these studies were conducted on the premises of drink-
ing establishments in Canada, New Zealand, and the United States. A
more recent study from 2008 found that self-administered BAC feedback
enabled individuals leaving drinking establishments to more accurately
determine whether they could legally drive, but it did not change indi-
viduals’ perceived fitness to drive (Johnson et al., 2008). The lack of behav-
ioral change when presented with information on risk (communicated as
BAC) underscores the predictable irrationality of those who repeatedly
drive after drinking to above the limit set by state law (Ariely, 2008).
For example, individuals who drive after drinking, compared to those
who do not, understand DWI laws better but are poorer planners, more

13 In these two studies, estimation of BAC was measured during a simulated naturalistic
social drinking situation (Beirness, 1987) and a voluntary roadside survey of nighttime driv-
ers (Beirness et al., 1993).
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impulsive, and myopic decision makers (Sloan et al., 2014). Some studies
have even suggested that BAC feedback has the potential to increase driv-
ing after drinking among those with BAC levels less than 0.05% (Bullers
and Ennis, 2006; Johnson and Voas, 2004; Johnson et al., 2008). At or below
this level, drinkers tend to overestimate their BAC in this range. There-
fore, there is concern that BAC feedback in this range could lead to these
individuals to decide it is safe to drive since they are under the limit set
by state law, despite feeling some effects of impairment. More research is
greatly needed to determine the net benefit and unintended consequences
of BAC feedback on decisions to drive after moderate drinking.

Although personal breath-testing devices have existed since the 1980s,
data are very sparse on who uses them, their accuracy, and their effect on
public health.!* Despite variability in accuracy of personal breath-testing
devices (Ashdown et al., 2014), these devices do not currently require FDA
approval to be marketed to consumers.

Personal breath-testing devices appear to be more common in
European countries. One survey estimated 11 percent of Finnish house-
holds with licensed drivers owned a personal breath-testing device in
2007 (Radun et al., 2009). In this survey, more men than women reported
owning a breath-testing device; 24 percent of those who owned one did
not use it. The respondents reported 77 percent used it the day/morn-
ing following drinking, rather than while drinking (18 percent) or just
before driving home after drinking (6 percent). In 2012, France passed
a law requiring a breath-testing device to be carried in every vehicle
(BBC, 2012). The law was suspended a year later because of shortages
and reported test inaccuracy of the device. The effort was later criticized
because of commercial financial conflicts of interest with the breath-test-
ing kit manufacturer. Independent analyses of outcomes are not currently
available (Radun et al., 2014).

In the last 5 years, there have been two major innovations that have
led to a new generation of personal breath-testing devices marketed to
consumers. The first is new fuel cell sensors that can maintain consistent
measurements for up to 1 year of use without needing to be professionally
calibrated. The second innovation is smartphone connectivity via Blue-
tooth or a headphone jack connection (Andrews, 2013). Smartphone appli-
cations associated with personal breath-testing devices can now provide
an automated interpretation of BAC levels and cautionary messages, as
well as the estimated time to return to BAC levels less than 0.02%. These
apps track levels over time, and can be used to prompt safety measures
such as hailing a rideshare or sending alerts to social contacts. For those

14 For a list of approved evidential breath-testing devices, see https:/ /www.transportation.
gov/odapc/approved-evidential-breath-testing-devices (accessed October 13, 2017).
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with alcohol use disorders, these smartphone-connected breath-testing
devices can be used for remote alcohol monitoring via notifications to sub-
mit breath samples within a certain time frame. The smartphone camera
can be used to verify the identity of the individual submitting the sample,
and the submitted samples can be time-stamped and geocoded. A recent,
small randomized controlled trial demonstrated that contingency man-
agement with financial incentives using this smartphone-enabled remote
monitoring approach reduces alcohol consumption among those with
alcohol use disorders (Alessi and Petry, 2013). Furthermore, aggregated
data collected from smartphone-paired breath-testing devices are able to
provide a novel source of data on alcohol consumption, as well as BAC
levels among the population who uses them.!® The costs of smartphone-
paired breath-testing devices range from $30 to $100 and they are now
available in major household, electronic, and online retail outlets.

There is very little scientific literature on the use of newer generation
personal and smartphone-paired breath-testing devices for purposes of
moderating drinking and reducing alcohol-impaired driving. Industry
data indicate there are two main factors cited by users for using smart-
phone-paired breath-testing devices: (1) making sure their BAC is under
the limit set by state law before they drive, and (2) avoiding a DWI. A 2016
survey study by the Colorado Department of Transportation in which
225 bar patrons were given a smartphone-paired breath-testing device
reported that using a breath-testing device lowered their risk of a DWI
and that the patrons were much less likely to drive impaired compared to
prior to using a breath-testing device (Colorado DOT, 2016).1¢

A major limitation of breath-testing devices is that they require active
use and engagement and only provide point-in-time estimates of BAC
levels. This could potentially be dangerous if an individual’s BAC is
ascending, and they receive a reading that is below the limit set by state
law, indicating that it would be safe to drive. Therefore, there is great
potential and interest in having passively collected, continuous estimates
of BAC as could be collected through transdermal alcohol sensors that
measure alcohol content in skin sweat. Starting in the early 2000s, trans-
dermal alcohol sensors have been used for remote monitoring in the
criminal justice system (see Chapter 5 for a discussion of monitoring alco-
hol use among DWI offenders). These devices have included a tamper-
resistant ankle bracelet and a wrist-wearable device (Swift et al., 1992).

15 See, for example, the BACtrack consumption report, https://www.bactrack.com/
pages/bactrack-consumption-report (accessed October 13, 2017).

16 The Colorado DOT has since partnered with BACtrack, a personal breath-testing device
company, to offer their products to Colorado residents for a discounted price (Colorado
DOT, 2017). This partnership and its outcomes have not yet been evaluated.
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These devices capture the presence of alcohol consumption in a continu-
ous, passive fashion (Marques and McKnight, 2007; Sakai et al., 2006) and
have been used for contingency management in treatment of those with
alcohol use disorder (Dougherty et al., 2014).

However, compared with breath-testing devices, there are more chal-
lenges to providing real-time BAC estimates owing to lag time in skin
accumulation of alcohol. The mathematical translation of transdermal
alcohol content to estimated BAC in real time is an area of active research
(Leffingwell et al., 2013). In addition, smartphone-paired transdermal
alcohol sensors that could be integrated with smart watches are in devel-
opment (Gutierrez et al., 2015). Finally, there is emerging research on pas-
sively monitoring alcohol intoxication based on how individuals use their
smartphone with the ability to accurately detect light drinking and heavy
drinking episodes with 96 percent accuracy (Bae et al., 2017).

Like other smartphone-enabled personal monitoring applications and
devices, breath and alcohol sensors have the potential to facilitate changes
in health behavior, but they are not likely to change behavior in isolation
(Patel et al., 2015). These devices will need to be coupled with theoretically
guided and evidence-based behavioral engagement strategies to reduce
alcohol-impaired driving. These engagement strategies can be made more
effective by incorporating feedback loops and concepts from behavioral
economics that shape decision making, such as lottery-based designs
that offer rewards combined with anticipated regret associated with not
securing the reward (Patel et al., 2015). Future research and development
is needed to determine whether coupling alcohol monitoring with behav-
ioral strategies that take advantage of smartphone connectivity can lead to
reductions in alcohol-impaired driving (Sahabiswas et al., 2016). Promis-
ing strategies include ongoing feedback support, real-time notifications of
peers and loved ones, leveraging social norms, contingency management,
prompting the use of ridesharing services, and pairing with in-vehicle
devices and smartphone applications that monitor driving.

In this section, the committee reviews the literature on drinkers” self-
estimates of BAC and whether BAC feedback from personal breath testing
reduces decisions to drive at levels consistent with impairment. There
is good evidence from multiple studies that drinkers with high BAC
levels underestimate their BAC and that those who underestimate their
BAC perceive they are fit to drive when their BAC is over the limit set
by state law (e.g., Beirness, 1987; Beirness et al., 1993; Martin et al., 2016;
Thombs et al., 2003). However, there is a lack of evidence from studies
conducted in the 1970s to early 2000s to support that personal BAC feed-
back reduces alcohol-impaired driving. Starting in 2013, a new genera-
tion of consumer-marketed smartphone-paired breath-testing devices has
emerged, presenting several opportunities to facilitate novel interventions
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based on the interpretation and sharing of the data generated by these
devices. From a policy perspective, given that breath and transdermal
alcohol sensors are increasingly being marketed to consumers and are
being used to make decisions about driving after drinking, there is a need
for peer-reviewed, objective evidence to verify their accuracy, including
research into unintended consequences related to binge drinking and
alcohol-impaired driving, before recommending widespread adoption. If
it is found that some consistently underestimate BAC, there is a need for
more regulatory oversight of this market such as by requiring FDA 510(k)
premarket clearance before marketing to consumers.!”

Conclusion 3-3: Consumer marketed personal breath-testing devices are
an emerging technology with the potential to reduce alcohol-impaired
driving by promoting more accurate BAC self-estimation. However,
these technologies require further investigation of their accuracy and
effects on behavior before promoting widespread use.

Other BAC Estimation Tools

Traditionally, BAC estimation tools have existed in the form of wallet-
size cards, often titled “know your limit” and distributed to patrons of a
licensed establishment. While “know your limit” cards do not have suf-
ficient evidence to determine their effectiveness, they have been widely
used for decades (Johnson and Clapp, 2011). As discussed with the per-
sonal breath-testing devices, the limitations and potential pitfalls of esti-
mation tools have been explored in the literature (Johnson and Voas,
2004; Johnson et al., 2008). Another related tool that has emerged with the
advent of smartphones and other handheld devices is mobile applications
that allow individuals to gauge their BAC levels. Similarly to the “know
your limit” cards, these applications allow users to input information
on their sex, weight, and the number of drinks consumed during a fixed
period of time to calculate their BAC. Some of these applications include
an estimated time frame for reaching a BAC of 0.00%. It is important to
note that these mobile application estimation tools have not been well
evaluated. Nonetheless, they have potential for widespread use given the
common platform on which they are offered, which warrants systematic
investigation of their effectiveness and potential negative consequences.

17 A 510(k) is a premarket submission made to FDA to demonstrate that the device to be
marketed is at least as safe and effective, that is, substantially equivalent, to a legally mar-
keted device (21 CFR § 807.92(a)(3)) that is not subject to premarket approval (FDA, 2017).
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CONCLUDING OBSERVATIONS

Throughout this chapter, the committee has identified a number of
areas that require further investigation to inform the implementation
and design of drinking-oriented interventions. Addressing these evidence
gaps would allow for more targeted and evidence-based interventions to
reduce alcohol-impaired driving fatalities. The following subjects indicate
research areas for which investigation would benefit the field of alcohol-
impaired driving:

e Effects of introducing retail price restrictions on excessive alcohol
consumption and alcohol-impaired driving;

e Specific effects of social host laws on underage alcohol consump-
tion and alcohol-impaired driving;

e Key elements of effectiveness for responsible beverage service
training and policies;

e Effect of permitting alcohol sales concurrent with or proximal
to driving (e.g., drive-through package stores, sale of alcohol at
gasoline marts, sale of alcohol at fast-food restaurants) on alcohol-
impaired driving and related crashes and fatalities, including
spatial analyses;

e Effectiveness of various strategies to reduce the effect of alcohol
advertising on underage drinking and alcohol-impaired driving;

e Design, messaging, and placement of effective alcohol warning
labels; and

e Effectiveness of BAC estimation tools, such as personal breath-
testing devices and mobile applications, in addition to potential
consequences or misuse.

While the country has made great strides in adopting alcohol-related
policies, programs, and strategies, a revised and comprehensive approach
is needed to once again achieve progress in reducing alcohol-impaired
driving. It is important to note that progress will require a multicompo-
nent approach, encompassing multilevel interventions that work syn-
ergistically. This could include maintaining and enhancing the enforce-
ment of alcohol policies to influence price, availability, illegal sales, and
responsible marketing; increasing the use of underused strategies such
as age-related compliance checks; and more. This chapter examines the
evidence-based and promising interventions that shape the likelihood of
drinking to impairment and makes recommendations for how to inform,
implement, and optimize these interventions. This is a crucial phase in
the sequence of behaviors that lead to alcohol-impaired driving. The next
chapter will explore interventions that reduce the act of alcohol-impaired
driving itself.
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Alcohol-Impaired Driving Interventions

INTRODUCTION

The committee’s conceptual framework for preventing alcohol-
impaired driving crash fatalities was presented in Chapter 1 (see Fig-
ure 1-5). This framework illustrates the pathway from initially consuming
alcohol to drinking to impairment and to driving while impaired, and
shows how these actions can lead to motor vehicle crashes and the risk
of serious injuries or death. Along the continuum between initial alcohol
consumption and the occurrence of a fatal or serious motor vehicle crash,
there are numerous opportunities for interventions that could reduce
or eliminate alcohol-impaired driving incidents. This chapter examines
several intervention opportunities for reducing alcohol-impaired driv-
ing, including changes in policies, laws, and enforcement; technological
advances and vehicle features that could offer protections to drivers, occu-
pants, and others; and programs or policies that could affect the sociocul-
tural environment. These interventions offer promising approaches for
improving the safety of drivers, passengers, and the public at large. A
research needs section outlining gaps in the knowledge base for alcohol-
impaired driving interventions is included at the end of the chapter.

POLICIES AND LAWS

A reexamination of, or modification to, existing policies and laws
could provide opportunities for reducing the incidence of alcohol-
impaired driving crashes. Interventions discussed in this section include
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changes to blood alcohol concentration (BAC) laws, zero tolerance laws,
graduated licensing laws, and child endangerment laws.

Blood Alcohol Concentration (BAC) Laws

Overview

Laws limiting permissible BAC among operators of motor vehicles
are important interventions for reducing alcohol-impaired driving and
related injuries and fatalities. Currently, in each state in the United States,
drivers 21 years of age and older are prohibited from driving with a BAC
that exceeds 0.08%, which is the limit proscribed in state per se laws for
alcohol-impaired drivers (APIS, 2016).! In December 2018, however, Utah
will be the first state to lower its BAC per se law to 0.05%. Commercial
drivers cannot exceed a BAC of 0.04%,? and drivers under the age of 21
are restricted to a BAC varying from 0.00% to 0.02% (Fell et al., 2016; so-
called zero tolerance laws, discussed later in this chapter), depending on
the state where they are licensed to drive. Any individual, regardless of
age or type of license, who drives with a BAC in excess of that proscribed
by state law can be subject to punishments, including fines, license revoca-
tion, vehicle impoundment or restrictions, mandatory treatment, or arrest.

The following section provides information about how BAC affects
the human body and an overview of the history and context of BAC laws
in the United States and internationally. The section also reviews relevant
scientific evidence, including laboratory and epidemiological studies of
crash risk at measured BAC levels of less than 0.08%, to determine the
point at which alcohol impairment occurs. Potential barriers to adopting
laws lowering BAC limits and information on overcoming those barriers
are also discussed. Based on its review of the evidence on the effectiveness
of 0.05% BAC laws, the committee ends the section with a recommenda-
tion to state governments to lower the BAC limit set by state laws from
0.08% to 0.05%. Based on recent literature reviews and estimates by the
committee and others, adoption of 0.05% per se laws nationally could
save more than 1,500 lives annually (Fell and Scherer, 2017).

L A per se law means that the act in question is illegal and a crime.

2 For more information, see Federal Motor Carrier Safety Administration: BAC Standards.
https:/ /www.fmcsa.dot.gov/registration/commercial-drivers-license/states (accessed De-
cember 6, 2017).
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Background

Blood alcohol (i.e., ethanol) concentration is based on the number of
grams of alcohol per every 100 milliliters (1 deciliter) of blood, and it is
commonly used to quantify an individual’s level of alcohol impairment or
intoxication for medical or legal purposes. When an individual consumes
alcohol, up to 20 percent of the alcohol is absorbed into the bloodstream
from the stomach, while 80 percent or more is absorbed from the small
intestine (Levine, 2006). Once alcohol is absorbed, an individual’s BAC
can be measured in blood, urine, saliva, breath, perspiration, and vitreous
humor, or tissues of the liver and spleen. BAC testing usually takes place
at a hospital or, if a driver has been fatally injured, during an autopsy. In
some cases, such as during a crash investigation or after a driver fatality,
an individual’s BAC will be estimated using back (or retrograde) extrapo-
lation, which uses a driver’s physical characteristics (sex, weight, height);
absorption rate, amount, and location of alcohol in bodily tissues; and the
rate of elimination to help determine an individual’s BAC when he or she
was driving. Back extrapolation provides an estimate of BAC, but it is not
as accurate as direct measurement from biological samples since the actual
conditions under which alcohol was consumed, such as the number of
drinks and time span, cannot be accounted for (Kelly and Mozayani, 2012).

After consuming alcohol, the human body undergoes multiple
changes that can affect an individual’s perception and performance. Such
changes include a loss of inhibition or judgment and a decrease in self-
awareness, emotional stability, and coordination (Kelly and Mozayani,
2012). These deficits become more evident as the amount of alcohol
ingested increases and, as a result, an individual’s ability to operate a
motor vehicle safely can be negatively affected (see Chapter 1 for more
details on alcohol impairment). As shown in Table 4-1, each increase in
BAC is accompanied by physiological effects and inherent predictable
effects on an individual’s driving capability.

Alcohol tolerance decreases the sedative effects of alcohol, making
the drinker feel more alert and less intoxicated (Roehrs and Roth, n.d.;
Williams and Salamy, 1972); however, tolerance has been shown to have
no effect on cognitive accuracy (Schweizer and Vogel-Sprott, 2008), inhi-
bition (Fillmore et al., 2005), executive functions (Cromer et al., 2010),
short-term memory (Cromer et al., 2010), or motor impairment (Garcia
Moreno et al., 2004). In addition, the effects of alcohol tolerance can cause
drinkers to underestimate the dangers of driving with a high BAC, mak-
ing them think that they are not as impaired as they actually are (Amlung
et al., 2014; Lapham, 2010). Similarly, mixing caffeine with alcohol has
been shown to decrease awareness of impairment without decreasing the
actual level of impairment (Lalanne et al., 2017; Weldy, 2010), potentially
keeping a person awake longer and giving them the opportunity to drink
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TABLE 4-1 Blood Alcohol Concentration (BAC) Levels and

Physiological Effects, Effects on Driving

Blood Alcohol

Concentration Typical Physiological Effects Typical Effects on Driving
0.02% * Some loss of judgment * Decline in visual functions
* Relaxation (rapid tracking of a moving
* Slight body warmth target)
* Altered mood *- Decline in ability to perform
two tasks at the same time
(divided attention)
0.05% * Exaggerated behavior * Reduced coordination
* May have loss of small- * Reduced ability to track
muscle control (e.g., moving objects
focusing the eyes)  Difficulty steering
* Impaired judgment * Reduced response to
e Usually good feeling emergency driving situations
* Lowered alertness
* Release of inhibition
0.08% * Muscle coordination * Decline in ability to
becomes poor (e.g., concentrate
balance, speech, vision, * Short-term memory loss
reaction time, and hearing)  * Decline in control of speed
* Harder to detect danger * Reduced information
* Judgment, self-control, processing capability (e.g.,
reasoning, and memory are signal detection, visual search)
impaired e Impaired perception
0.10% * Clear deterioration of * Reduced ability to maintain
reaction time and control lane position and brake
* Slurred speech, poor appropriately
coordination, and slowed
thinking
0.15% * Far less muscle control * Substantial impairment in

than normal

* Vomiting may occur (unless
this level is reached slowly
or a person has developed
a tolerance for alcohol)

* Major loss of balance

vehicle control, attention

to driving task, and in
necessary visual and auditory
information processing

SOURCE: Adapted from NHTSA, n.d.-a.

more alcohol and/or drive (De Sanctis et al., 2017). Typically, an alcoholic
drink is defined on the basis of ethanol content in a beverage. In the United
States, the standard serving size for an alcoholic drink is defined as 14
grams of ethanol or 0.6 ounces of ethanol, which is equivalent to
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* 12 ounces of beer (5 percent alcohol by volume [ABV]),

e 8 ounces of malt liquor (7 percent ABV),

* 5 ounces of wine (12 percent ABV), or

e 1.5 ounces or a “shot” of 80-proof (40 percent ABV) distilled spir-
its, such as gin, rum, vodka, or whiskey (NIAAA, 2017).

Chapter 2 provides more information on the variety of alcoholic products
available on the market.

After consuming an alcoholic beverage, the absorption and elimina-
tion rates of the ethanol will determine the peak BAC. Consuming alcohol
while fasting will result in a more rapid absorption of alcohol from gastric
elimination, while alcohol consumed with a liquid or solid meal or while
the stomach is filled will be absorbed into the body more slowly. Time
to peak BAC also varies according to how much alcohol is consumed. It
takes vodka (a distilled spirit) and tonic 36 minutes (+10 minutes) to reach
peak BAC, wine takes 54 minutes (14 minutes), and beer takes 62 min-
utes (£10 minutes) (Mitchell et al., 2014). Time to peak BAC is especially
important when considering factors affecting alcohol-impaired driving
since peak BAC can be reached well after a person has consumed their
last alcoholic beverage but within a period of time when they may be
driving a vehicle.

After ingesting alcohol, the rate of elimination from the body varies
depending on the amount of alcohol and the circumstances in which it
was consumed, as well as factors such as sex and weight (Wall et al., 2016)
(see Figure 4-1). Approximately 90 percent of alcohol in the body is metab-
olized by the liver. The remaining alcohol is excreted via urine, breath,
and perspiration (NHTSA, 2013a). After consuming equivalent doses of
alcohol, women reach higher peak BAC levels than men (Mumenthaler et
al., 1999); however, alcohol elimination per hour tends to be slightly faster
among women (0.018 g/dL) than men (0.015 g/dL) (Levine, 2006; Mishra
etal., 1989; NIAAA, 1999; Thomasson, 2000). One possible explanation for
this disparity is that women typically have higher liver volume per unit
body mass (Kwo et al., 1998; Li et al., 1998), enabling women to metabo-
lize alcohol faster than men (Levitt et al., 1997).

Because of the relationship between BAC and impairment, law
enforcement officials have used BAC measurements to estimate whether
a driver’s alcohol consumption has impaired his or her capacity to drive.
Of the many ways to determine an individual’s BAC, the most convenient
and noninvasive—and therefore the easiest for law enforcement officials—
is with a breath-testing device. The amount of alcohol (ethanol) in an
individual’s breath is proportional to that in the blood; a blood alcohol
reading of 0.100 g/100 mL in blood is roughly equivalent to 0.100 g/210 L
in a deep-lung breath (Borkenstein et al., 1974). Police officers administer
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A
Drinks Body Weight (Ibs)
100 | 120 | 140 | 160 | 180 | 200 | 220 | 240
Only Safe Limit
0 0 0 0 0 0 0 0 0
' .01-.03
03 | .03 | .02 | . i
Impairment begins

Body Weight (Ibs)
100 | 120 | 140 | 160 | 180 | 200 | 220 | 240 | 260

0 0 0 0 0 0 0 0 0 0

Drinks

Only Safe Limit

.01-.03

1 .03 | .03).02 | .02).02|.02|.02|.01 Impalrment begins

2 .03 | .03 | .03

FIGURE 4-1 Average relationship between alcohol consumption (based on num-
ber of standard drinks and body weight) and BAC: (A) for women and (B) for
men.

SOURCE: Moore and Pierce, 2016.
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standardized field sobriety tests or a preliminary breath test using a por-
table device to help determine if an individual has been driving under
the influence of alcohol. If warranted, additional breath tests or testing
of blood samples may be conducted at a police station or a hospital by
a trained professional; the results of these tests could be admissible in a
court of law (Moore and Pierce, 2016). Studies have shown that urinary
ethyl glucuronide (EtG) and ethyl sulfate (EtS) biomarkers can detect
recent consumption of alcohol in urine samples from 24 hours and up
to 5 days after ingestion, depending on the amount of alcohol consumed
(Hoiseth et al., 2008, 2010; Schmitt et al., 1995; Wurst et al., 2006); how-
ever, measurements of EtG or EtS biomarkers would be unlikely to be
admissible in court. Securing court-admissible test results that meet the
legal requirements to be used as admissible evidence in a courtroom can
sometimes be challenging (see Chapter 5).

U.S. Laws Regarding BAC

A per se law means that the act in question is illegal and a crime;
with regard to impaired driving, if a driver’s BAC exceeds the limit set by
state law no further proof of impairment is required, regardless of other
evidence of sobriety (APIS, 2016). These laws make it easier to prosecute
offenders in court if these laws are violated (LII, n.d.). In the United States,
the vast majority of BAC laws fall under the jurisdiction of state courts,
although an existing federal BAC per se law prohibits driving at a BAC of
=0.08% on federal land—including, for example, military bases, national
parks or forests, and court houses—and some localities have enacted local
traffic codes that regulate BAC limits. Administrative license suspension
(ALS) and administrative license revocation (ALR) laws authorize law
enforcement officials to confiscate or revoke a driver’s license from any
driver who refuses or is unable to pass a sobriety test. The suspensions or
revocation occur at the time of the failed test or refusal; subsequent fines
or sanctions, such as mandatory educational programs or assessment/
treatment, may be levied against the offender (Chamberlain and Solomon,
2002). This is consistent with the behavioral psychology theory of deter-
rence, which states that laws are most effective when consequences to
breaking them are delivered with certainty and celerity (Nagin, 2013).
ALS/ALR laws have proven to be effective for both general and spe-
cific deterrence effects, and the laws reduce alcohol-impaired driving
crashes and convictions. To date, 41 states and the District of Columbia
have enacted ALS/ALR laws, which are discussed in greater detail in
Chapter 5.

Rogers (1997) examined recidivism and alcohol-related crashes
among driving-while-impaired (DWI) offenders in California between
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1989 and 1991. This time period included two legal changes related to
alcohol-impaired driving. The BAC per se law was reduced to 0.08% on
January 1, 1990, and administrative per se (APS) pre-conviction license
suspension on arrested DWI offenders was imposed on July 1, 1990. The
probability of alcohol-related crash risk as well as the probability of DWI
conviction 1 year subsequent to original arrest decreased among both first
and repeat DWI offenders from 1989 (pre-law changes) to 1991 (post-law
changes). While the contribution of lowered BAC versus the contribution
of license suspension cannot be separated in the study design, in totality
these results indicated that lowering BAC in conjunction with administra-
tive and other sanctions is an effective deterrent among high-risk drivers.

The first state law penalizing drivers for driving while “under the
influence of alcohol” was passed in New York State in 1920; however,
prosecution of alcohol-impaired drivers was limited because law enforce-
ment officers used behavioral observations alone to determine impair-
ment, resulting in convictions that could be easily challenged in court
(Voas and Lacey, 1990). This began to change in the 1930s with the devel-
opment of breath-testing devices that could measure an individual’s BAC
and the advent of laws being passed that standardized what it meant to be
“impaired” (Voas and Lacey, 1990). In 1941 New York State was the first to
allow a BAC of 20.15% (tested by breath, blood, urine, or saliva) to stand
as proof of intoxication in a court of law (King and Tipperman, 1975).

Despite these early developments, decades passed before alcohol-
impaired driving began to be seen as an important public health issue
(Fell and Voas, 2006). In the 1970s, the National Highway Traffic Safety
Administration (NHTSA) was officially established and began advocat-
ing for stricter laws and penalties for alcohol-impaired driving; soon
after, Mothers Against Drunk Driving (MADD) was founded in 1980
(Fell and Voas, 2006). The efforts of these two organizations influenced
the passage of many laws, including zero tolerance laws, which prohibit
underage drivers from operating a vehicle after consuming any alcohol
(Fell and Voas, 2006). The minimum legal drinking age of 21, which pro-
hibits those under 21 years of age from purchasing or publicly consum-
ing alcohol, was adopted by all states by 1988 (APIS, n.d.). Despite these
successes, enacting nationwide laws focused on lowering BAC levels has
been challenging.

In 1992 NHTSA released a report recommending that Congress
reduce the BAC limit to 0.08% for all drivers 21 years of age and older
(Snyder, 1992). In response, Congress passed the Transportation Equity
Act for the 21st Century, which included $500 million of incentive grants
to states enacting and enforcing a 0.08% BAC per se law (DOT, 1998). The
incentives were not effective. When the act was passed in 1998, 34 states
and the District of Columbia had a BAC per se law of 0.10%, and 2 years
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later only two additional states had adopted the change (APIS, 2016).
In 2000 the Community Preventive Services Task Force recommended
lowering the BAC limit set by state law to 0.08%, making it clear that it
was an effective public health countermeasure (Community Preventive
Services Task Force, 2000). That same year the Department of Transpor-
tation Appropriations Act was passed; it specified that states that failed
to pass a 0.08% per se law by 2004 would begin losing federal highway
construction funds.? With the threat of losing funds looming, more states
adopted lower BAC levels. By 2004, 45 states had passed BAC 0.08% per
se laws, and only 5 states remained with a BAC per se law of 0.10% (APIS,
2016). Minnesota was the last state to lower its BAC per se law to 0.08%
in August 2005 (APIS, 2016).

Should BAC Laws Be Lowered in the United States?

Today, although 0.08% BAC per se laws have become widely accepted
in the United States, pressure is mounting in some states to further reduce
the BAC allowed by law. In 1983 Utah became the first state in the nation
to pass a criminal per se law lowering the BAC limit from 0.10% to 0.08%
(Chamberlain and Solomon, 2002). Now Utah is set to lead the country
again with new BAC legislation. On March 23, 2017, Utah became the first
state to pass a BAC per se law of 0.05%, and the bill is set to take effect on
December 30, 2018 (Utah State Legislature, 2017). Currently Washington
State and Hawaii are also considering similar legislation (Hawaii State
Legislature, 2017; Washington State Legislature, 2017).

Several prominent organizations, such as the U.S. National Trans-
portation Safety Board and the World Health Organization (WHO), have
recommended lowering the BAC limit to 0.05% (NTSB, 2013; Peden et
al., 2004). Although current BAC limits allowed by different countries
for drivers range from 0.0% (in Uruguay and in many Middle Eastern
countries, including Afghanistan, Egypt, and Saudi Arabia) to 0.15% (in
some West African countries, including Equatorial Guinea and Guinea-
Bissau), most countries have a limit of 0.05% or 0.08% (WHO, 2014). As
of 2015, 34 countries—representing 2.1 billion people—had laws limiting
a driver’s BAC to 0.05% or less and to 0.0% to 0.02% for young or novice
drivers. These BAC limits, considered to be best practice by WHO, are
imposed by many industrialized, high-income countries such as Austra-
lia, France, Germany, and Italy. Approximately 57.7 percent of countries
have a national BAC limit lower than 0.08% (WHO, 2014, 2015).

3 Department of Transportation and Related Agencies Appropriations Act of 2001, Public
Law 106-346, 106th Cong. (October 23, 2000).
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Laboratory Studies of Impairment

Researchers have used motor vehicle or motorcycle simulators in
laboratory settings to measure alcohol’s effects at various BAC levels on
factors such as response or reaction time, standard deviation of speed,
peripheral detection, divided-attention task performance, and the ability
to maintain a consistent position in a driving lane or standard deviation
of lane position. Standard deviation of lane position measurements are
considered one of the best indicators of impaired driving (Irwin et al.,
2017). Such tests allow researchers to examine impairment and its poten-
tial effect on motor vehicle or motorcycle crashes by recreating real-world
scenarios in controlled environments. Although some laboratory studies
examine differences between alcohol-consuming subjects and controls,
most studies examine the magnitude of impairment by measuring differ-
ences in performance measures before and after alcohol consumption in
test subjects acting as their own control.

The committee reviewed a number of individual laboratory stud-
ies published since 2000 that examined alcohol consumption and sub-
sequent driving. All of the reviewed studies were relatively small (8—40
subjects). The majority of studies used automobile simulators (Breitmeier
et al., 2007; Calhoun et al., 2004; Cheng et al., 2010; Freydier et al., 2014;
Friedman et al., 2011; Liu and Ho, 2010; Meskali et al., 2011; Mets et al.,
2011; Parks et al., 2002; Ronen et al., 2010; Rupp et al., 2007; Tremblay et
al., 2015; Verster et al., 2009); three studies were restricted to relatively
inexperienced drivers and/or young adults (Freydier et al., 2014; Rudin-
Brown et al., 2013; Verster et al., 2009). Examples of automobile simula-
tor outcomes that were related to BAC levels of 0.05% or less included
delayed reaction time, increased driving speed, more lane deviation, and
greater inattention (Cheng et al., 2010; Freydier et al., 2014; Moskowitz
et al., 2000; Parks et al., 2002). Overall the committee found consistent
evidence for impairment at BAC levels of 0.05% on the basis of experi-
mental motor vehicle driving simulator studies. Three laboratory studies
used motorcycle simulator measurements for their analysis (Creaser et al.,
2009; Filtness et al., 2013; Rudin-Brown et al., 2013). Outcomes adversely
affected in motorcycle simulator studies at BAC levels of 0.05% or less
included impaired static balance, increased standard deviation of driver
position, and reduced hazard avoidance. Reaction times to visual or audi-
tory stimuli were adversely affected in a stimuli-related study (Cheng et
al., 2010).

A recent review and meta-analysis by Irwin et al. (2017) analyzed
alcohol-impaired driving studies that were conducted with the use of
driving simulators. After excluding studies that lacked precise per-
formance measures, 48 different acute alcohol consumption trials—37
placebo-controlled trials and 11 trials with no control—were included in
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the analysis. The studies estimated BAC levels measured at the start and
finish of simulated driving tasks using breath-testing instruments. Meta-
analysis results showed that acute alcohol consumption, as indicated by
BAC levels ranging from 0.023% to 0.10%, significantly increased stan-
dard deviation of lane position and standard deviation of speed.

A report by NHTSA reviewed 112 studies published prior to 2000
that examined the effect of alcohol consumption on driving-related skills
(Moskowitz and Fiorentino, 2000). The reviewed studies assessed the
effect of alcohol consumption by measuring a range of BAC levels and
performance on tasks in 13 categories of driving-related behaviors. Based
on the studies reviewed, Moskowitz and Fiorentino (2000) concluded
that, at a BAC of 0.05%, experimental studies reported significant impair-
ment across a range of simulator outcomes related to vision, vigilance
and drowsiness, psychomotor skills, attention, and information process-
ing. Specifically, BAC levels in 27 percent of studies reported significant
impairment by 0.039%, 47 percent of the studies by 0.049%, and 92 percent
by 0.079%.

Laboratory studies allow for an assessment of the effects of various
BAC levels on driving-related tasks in a controlled setting. To learn how
these effects translate into real-world settings, however, reviewing the
findings of epidemiological studies is imperative.

Epidemiological Studies of Crash Risk by BAC

Despite state laws mandating a limit of 0.08% BAC in the United
States, evidence shows that a substantial proportion of alcohol-related
crashes and fatalities occur when drivers have BAC levels below 0.08%.
In 2015 there were 10,265 alcohol-impaired driving fatalities (BAC =0.08)
in the United States and 1,808 fatalities involved a driver with a BAC
between 0.01% and 0.07% (NHTSA, 2015). Because the presence of alcohol
does not mean that crashes and related fatalities are necessarily attrib-
utable to alcohol consumption, in addition to reviewing the evidence
from simulator studies (above), the committee also reviewed epidemio-
logical studies that examined the risks of fatal crashes involving driver
BACs below 0.08%. The best epidemiological evidence of the relationships
between driver BAC levels and the risk of a crash are case-control studies
in which BAC levels in drivers involved in crashes (cases) are compared
with BAC levels in drivers not involved in crashes (controls). Case-control
studies match controls with cases using drivers from the same geographic
areas and ideally during the same day of the week and time of day.
Some studies also obtain controls from cars traveling on the same road-
ways in the same direction in which case fatalities occurred. Studies
conducted in the United States and abroad have consistently found an
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increased risk of fatal crashes among drivers with BAC levels from 0.05%
to 0.079% compared to having a BAC of zero (no alcohol), both overall
and across a range of gender and age groups. In fact, crash risk begins to
increase below 0.05%, but this chapter focuses on this range because it is a
prevalent policy-related threshold in other parts of the developed world.
The analyses below present a range of expected reductions in lives saved
or lost at differing BAC levels owing to variations in types of implementa-
tion (i.e., sanctions, enforcement, publicity) and research methodologies.

Borkenstein et al. (1974) conducted one of the earliest case-control
studies of the relationship between alcohol use and alcohol-related
crashes. Crash data collected between May 1, 1959, and April 30, 1962, by
the Grand Rapids (Michigan) Police Department formed the basis for the
identification of control subjects who were matched to drivers involved
in crashes by their proximity to the same date, time, and location of
the crash. Researchers conducted four interviews with non-crash driv-
ers at 2,000 former crash sites between July 1962 and 1963. They found
that drivers with BAC levels in excess of 0.04% had an increased rate of
crashes while drivers with BAC levels over 0.08% were significantly more
likely to have single-vehicle crashes and crashes that were more severe
and costly than those involving sober drivers. Drivers with BAC levels
between 0.04% and 0.08% had a positive, steadily increasing risk of being
involved in a crash.

An update to the Borkenstein et al. (1974) study was conducted by
Blomberg et al. (2005). Similar in design to the study by Borkenstein et al.,
researchers interviewed and collected breath tests from a sample of crash
and non-crash drivers from crashes of all severities that occurred in Long
Beach, California, and Fort Lauderdale, Florida, during a 12-month period
between June 1997 and September 1999. The final analyses of interview
data collected from 4,919 crash-involved drivers (2,422 from Long Beach,
2,497 from Fort Lauderdale) and 10,066 control non-crash drivers matched
to crash cases by location, day of the week, and time of day 1 week after
the initial crash, found relative risks (RRs) began to increase in drivers
whose BAC levels were in the range 0.05-0.06% (RR = 1.38), and those
risks continued to climb with increasing BAC. The adjusted RR for driv-
ers with a BAC of 0.06% was 1.63, 0.07% was 2.09, and 0.08% was 2.69.

Data from Blomberg et al. (2005) were reanalyzed by Peck et al. (2008)
to evaluate the relationship between BAC, a driver’s age, and the risk of
being in a crash. Data were evaluated according to specific age ranges—
under 21, 21-24, 25-54, and 55 and older—to determine how age and a
driver’s BAC affect the risk of a crash. While BAC alone was highly cor-
related with crash risk, Peck at al. (2008) also found that drivers under
the age of 21 years had an elevated risk of being involved in a crash at all
BAC levels greater than 0.0%, and those risks continued to rise with each
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increase in BAC (e.g., a BAC of 0.05% yielded a RR of 2.75; 0.08% BAC,
RR =7.4; and 0.10% BAC, RR = 16.0). Drivers in this age group with BAC
levels of 0.08% were 27.4 times more likely to be involved in a crash when
compared to same-age drivers who had not been drinking (0.0% BAC).
Elevated RRs were observed for drivers from all four age groups when
BAC levels reached 0.05% or higher. Among drivers 21 and over the risk
of being in a crash started increasing at a BAC of 0.05% (RR = 1.07), and
those risks continued to increase at 0.08% (RR = 1.64) and 0.10% (RR =
2.43) but on a less steep curve than for drivers under 21.

A study of BAC and fatal crash risk was conducted by Zador (1991)
and reanalyzed by Zador et al. (2000). In the original study, Zador
(1991) used data from the Fatality Analysis Reporting System (FARS)
collected in 1985 and 1986 and exposure data from the second National
Roadside Breath-Testing Survey to analyze single-vehicle fatal crashes
using drivers’ age, sex, and BAC. Researchers found that fatal crash risk
increased with increasing BAC for all drivers, regardless of sex and age
group (16-20, 21-24, and 25 and older). Risk of crash doubled with each
0.02% increase in a driver’s BAC above 0.0%. Drivers with BAC levels
of 0.05-0.09%, regardless of age group, were nine times more likely to
have a fatal crash than drivers who had a BAC of 0.0%. Male and female
drivers with BAC levels between 0.05% and 0.09% had an increased risk
of being killed in a single-car crash compared to comparable drivers
with BAC levels <0.01% (RRs ranged from 9 to 54). When compared
to drivers 25 years of age and older with similar BAC levels, female
drivers between 16 and 21 years of age with BAC levels between 0.05%
and 0.09% were at the greatest risk of dying in a single-vehicle crash
(RR = 21.3); males in the same age range and with comparable BAC
levels had a lower but still elevated risk (RR = 12.3).

Zador et al. (2000) updated the 1991 study using FARS data from 1996
and exposure data from the 1996 National Roadside Survey of Drivers
to evaluate BAC levels in drivers of single-vehicle and two-vehicle fatal
crashes. Age (16-20, 21-34, and 35 and older) and sex were evaluated in
relation to BAC levels in drivers involved in crashes with fatalities. For
both males and females, the fatal-crash risk was inversely proportional
to the driver’s age, and increasing BAC levels consistently elevated the
fatal crash risk. Contrary to the findings reported in Zador (1991), young
males between 16 and 20 years of age with BAC levels between 0.05% and
0.079% had a higher likelihood of being involved in a single-car or two-car
fatal crash (RR =17.32 versus 9.94, respectively) than comparable females
(RR = 7.04 versus 6.53). Among drivers 16 to 20 years of age, males had
a consistently higher fatal-crash rate than females, regardless of BAC;
however, these differences were not evident for drivers 21 years of age or
older. Drivers between 21 and 34 years of age with BAC levels between
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0.05% and 0.079% had a higher risk of being involved in a fatal crash than
drivers 35 years of age and older. This finding was consistent for all males
and females with BAC levels over 0.02%.

In 2012, Voas et al. updated the Zador et al. (2000) analysis by compar-
ing the 1996 data to 2006 and 2007 FARS crash data (cases; n = 6,863); con-
trol blood-alcohol data were obtained from 2007 U.S. National Roadside
Survey results (n = 6,823). Crash data—age, gender, type of crash (single-
vehicle fatal crash versus all fatal vehicle crashes in which the driver sur-
vived), and BAC—were used to compare changes in RR between 1996 and
2007. The percentage of alcohol-impaired drivers involved in fatal crashes
remained largely unchanged between 1996 and 2007 (~22 percent); assess-
ment of gender differences indicated that underage women were increas-
ingly at risk of alcohol-impaired driving between the two study periods,
yet underage men were increasingly likely to crash even at BAC of 0.0%.
Nevertheless, overall, the relative risk for being involved in a fatal crash
increased steadily with increasing BAC. Among drivers 16 to 20 years
of age, compared to BAC of 0.0% the relative risk of fatalities in single-
vehicle crashes was 1.47, 3.84, and 12.18 at BAC levels of 0.001-0.019%,
0.02-0.049%, and 0.05-0.079%, respectively. Among all drivers, compared
to BAC of 0.0%, relative risks were 1.33, 2.68, and 6.24 at BAC levels of
0.001-0.019%, 0.02-0.049%, and 0.05-0.079%, respectively. Above age 21,
all age groups with a BAC of =0.02 were at a significantly increased risk of
single-vehicle and multiple-vehicle crash fatalities. Taken together, these
data indicate that BAC above 0.02%, and for underage drivers BAC above
0.001% is associated with increased crash risk in a dose-response fashion.

Lacey et al. (2016) conducted a case-control study in Virginia Beach,
Virginia, that estimated how a driver’s use of alcohol, drugs, or a combi-
nation of the two contributed to crash risk. Biological samples were col-
lected from more than 3,000 drivers from local crash scenes (cases) and
6,000 non-crash drivers (controls) matched 1 week later according to the
time and location of the initial crash. Drivers were found to be 2.07 more
likely to be involved in a crash if they had a BAC of 0.05% when com-
pared to controls, and drivers who had a BAC of 0.08% were 3.93 times
more likely to be involved in a crash.

More recently, Phillips and Brewer (2011) analyzed severity of crash
risk by BAC among decedents in the FARS data from 1994 to 2008. The
FARS codes injury severity from most to least severe as fatal injury, inca-
pacitating injury, nonincapacitating injury, possible injury, and no injury.
The ratio of serious versus nonserious driver injuries for each BAC was
reported for all automobile crashes involving at least one fatality. There
was a monotonic increase in the ratio of serious to nonserious injuries
with increasing BAC in an involved driver. Even among those crashes
with driver BAC of 0.01%, there were four times as many serious injuries
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as nonserious, compared with three times as many serious as nonserious
injuries when vehicle drivers had a BAC level of 0.0%. Inference is limited,
however, given that to be in the FARS data, there had to be at least one
fatality. Nevertheless, findings held true for the 14-year time period ana-
lyzed, for both single- and multiple-vehicle crashes, and after excluding
the potentially confounding variables of inattention and fatigue, suggest-
ing that BAC, even at low levels, increases not only the risk of being in a
crash, but also the risk of serious injury for each crash that occurs.

With respect to BAC levels below 0.08% and the increased risk of
a fatal crash, findings from U.S. studies are generally consistent with
those from other developed countries. A case-control study conducted
by Connor et al. (2004) in Auckland, New Zealand, evaluated the effect
of alcohol consumption on vehicle crashes in which at least one occupant
was seriously injured or killed. Researchers interviewed and collected
breath or blood tests from 571 drivers involved in serious crashes (cases)
and 588 representative drivers (controls). If those involved in the crash
were unable to partake in the interview, their next of kin or a proxy was
interviewed instead. After controlling for confounders, drivers with a
BAC level of 0.03-0.05% were 10 times more likely to be involved in a
fatal crash than drivers who did not drink. Furthermore, the researchers
estimated from their models that 34 to 35 percent of fatal crashes could be
eliminated if drivers with BAC levels of at least 0.03% could be prevented
from driving.

Another international study by Kriiger and Vollrath (2004) used data
from the German Roadside Survey conducted from 1992 to 1994 (Kriiger
et al., 1995) and weighted those data according to a study of representa-
tive drivers to calculate the risk of alcohol-related crashes in Germany.
For drivers with BAC levels between 0.05% and 0.079%, there was an
increased risk of being in a crash (odds ratio [OR] = 3.6, 95 percent confi-
dence interval [CI] 2.3-5.7).

A recent empirical nonrandomized study by Byrne et al. (2016)
evaluated the deterrent effectiveness of countermeasures put in place in
Ontario in 2009 and 2010 that included implementation of administrative
sanctions for drivers with BAC levels between 0.05% and 0.08%. With
the new administrative sanctions in place, alcohol-impaired drivers with
BAC levels in this range were subject to immediate license suspensions
and administrative fines, and repeat offenders could be required to attend
alcohol educational classes or install an ignition interlock on their vehicle.
To evaluate the effectiveness of these new sanctions, researchers ana-
lyzed data from the Ontario Ministry of Transportation’s Accident Data
System and performed time series analyses. Between the time adminis-
trative sanctions were introduced and December 31, 2012, Byrne et al.
estimated that the sanctions resulted in a 15 to 17 percent reduction in
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all alcohol-related driving crashes and a 12 percent reduction in major
injuries and fatalities caused by alcohol-related driving crashes.

Effect of Lowering Blood Alcohol Limits for Driving

Lowering blood alcohol limits for driving to 0.05% Although there may
be increased risk of a crash at BACs above 0.05%, that does not neces-
sarily mean that lowering the legal limit to 0.05% would reduce crashes
or crash fatalities. Therefore, the committee also evaluated international
studies that assessed whether or the degree to which reducing the BAC
limit to 0.05% is effective in decreasing alcohol-related crashes. Overall,
the majority of international evidence suggests that lowering the BAC
limit to 0.05% reduces alcohol-related crashes and driving fatalities, and
those effects are greatest among those groups at highest risk. An inter-
national review by Mann et al. (2001) analyzed the effect of introducing
or lowering the BAC limit on traffic safety measures. A total of 27 stud-
ies conducted between 1973 and 2000 were reviewed and, of those, 13
specifically looked at countries that had reduced or introduced a BAC
limit of 0.05% (Bartl and Esberger, 2000; Bernhoft and Behrensdorff, 2003;
Brooks and Zaal, 1992; Desapriya and Iwase, 1996; Henstridge et al., 1997;
Kloeden and McLean, 1994; McLean et al., 1995; Mercier-Guyon, 1998;
Noordzij, 1977, 1994; Smith, 1986; Van Ooijen, 1977; Vingilis et al., 1988).
The remainder of the studies reviewed focused on the effects of BAC lev-
els lowered to limits other than 0.05%.

The 13 studies on the effects of introducing or reducing the BAC limit
to 0.05% were epidemiological time series analyses and pre-post compari-
sons that examined the changes in Australia, Austria, Canada, Denmark,
France, Japan, and the Netherlands. Mann and colleagues found that the
studies reviewed varied in rigor and results. The pre-post comparison
studies were subject to the most confounding factors, but even complex
time series analyses could sometimes be influenced by confounding vari-
ables. Nevertheless, all areas that lowered the BAC limit to 0.05% or that
introduced a new BAC limit of 0.05% saw reductions in alcohol-related
crashes, injuries, or fatalities, although some of these effects were tem-
porary. In South Australia decreasing the BAC limit from 0.08% to 0.05%
led to a 14.1 percent reduction in the proportion of drivers with a positive
BAC compared to 2 years prior (Vingilis et al., 1988). In Austria, the same
reduction in the BAC limit resulted in a 0.6 percent decline in the propor-
tion of injuries caused by alcohol-impaired driving crashes nationwide
(Bartl and Esberger, 2000). The review suggests that the overall significant
decreases in alcohol-impaired driving are caused by a general deterrence
effect as opposed to a targeted effect on drivers with a BAC of 0.05-0.079%
because reductions in crash fatalities have been observed across a range of
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BAC levels, not just those from 0.05% to 0.079%. The jurisdictions that had
the most success in reducing traffic crashes by lowering the BAC broadly
publicized the new law (e.g., publicity and education) and conducted
highly visible sobriety checkpoints, thereby increasing the perceived risk
of being caught. Some of the reviewed studies found that the beneficial
effects of the new law declined over time, which the authors posited may
have been attributable to the public’s belief that, over time, the actual risk
of apprehension was not as high as the perceived risk when the BAC limit
was first lowered.

Albalate (2008) evaluated the effectiveness of lowering the BAC limit
to 0.05% in eight European countries that changed their policies between
1991 and 2003 (Austria, Belgium, Denmark, France, Germany, Greece,
Italy, and Spain), using a differences-in-differences estimation procedure
in which the change in road traffic fatality rates in the country with the
policy change was compared to the change in fatality rates of a control
country that had not lowered its BAC. By using this approach the author
was able to control for many possibly confounding variables, including
socioeconomic factors such as unemployment and GDP growth rates,
increasing use of motor vehicles in a country, the proportion of roads
in the country that are highways and national roads, and the minimum
legal drinking age. Albalate found that lowering the BAC limit to 0.05%
was effective in reducing fatality rates by 4.3 percent and reducing fatal-
ity rates per kilometer driven by 6.1 percent. Among 20- to 40-year-olds,
the BAC policy change reduced fatality rates by 10.5 percent, and among
40- to 50-year-olds, the BAC policy change led to an 8 percent reduction
in fatality rates. No significant effect was found in females or in nonurban
areas, although the authors suggested that this may be because the fatality
rate among females was already low and other factors or road conditions
may play a larger role in fatalities in rural areas. Among males the policy
led to a 5.7 percent decrease in fatality rates and among urban males a
9.5 to 10.9 percent decrease. Lowering the BAC limit was only effective
if paired with increased enforcement measures such as sobriety check-
points. Positive effects of lowering the BAC limit were usually seen more
than 2 years after the new policy went into effect.

Two recent studies evaluating the effect of lowering the BAC limit
in Canada showed similar reductions in alcohol-related crashes and
fatalities. Blais et al. (2015) studied the effectiveness of Canadian 0.05%
administrative BAC laws by using data from the Traffic Injury Research
Foundation and Statistics Canada to determine how newly instituted
alcohol and driving measures may have affected alcohol-related crashes
over a 24-year period. Blais and colleagues found that between 1987 and
2010, 0.05% administrative BAC laws were responsible for reducing the
number of fatally injured drivers with BAC levels of 0.05% or higher by
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4.1 percent (95 percent CI 0.8-7.5). A 3.5 percent reduction (95 percent CI
0.10-6.9) was also estimated in the number of fatally injured drivers with
BAC levels exceeding 0.08%, and a 4.9 percent reduction (95 percent CI
1.35-8.51) was estimated in the number of fatally injured drivers with
BAC levels exceeding 0.15%. Byrne et al. (2016) conducted a study in the
province of Ontario to evaluate the deterrent effectiveness of new counter-
measures, including lowering the BAC limit from 0.08% to 0.05%. The
researchers found that the implementation of roadside suspensions for
drivers with BAC levels between 0.05% and 0.08% resulted in a 17 percent
decrease in injuries and fatalities related to alcohol-related crashes.

Recently, Fell and Scherer (2017) conducted a review and meta-
analysis that included 36 empirical journal articles on international stud-
ies that analyzed the effects of lowering the BAC limit to 0.08% or lower.
The authors calculated a pooled variance to standardize the changes
observed in the different studies and determined an estimated effect size
based on their results. They estimated that lowering the BAC limit from
0.08% to 0.05% in the United States would result in a decline in fatal
alcohol-related crashes of 11.1 percent and save approximately 1,800 lives
annually.

Lowering blood alcohol limits for driving to levels other than 0.05%
(both lower and higher) The committee also reviewed evidence of the
effect of laws lowering permissible BAC limits for driving to levels other
than 0.05%. These studies find evidence of protective effects of lowering
BAC limits to values higher and lower than 0.05%, which is important
corroborating evidence that demonstrates consistency with studies where
BAC limits are lowered to 0.05% specifically. Several studies provide a
global perspective on the different levels of restriction that have been
adopted throughout the past few decades—such as the 1990 BAC limit
decrease in Sweden from 0.05% to 0.02% (Norstrom, 1997) and the 2002
BAC limit decrease in Japan from 0.05% to 0.03% (Desapriya et al., 2007;
Nagata et al., 2006), both of which were effective in reducing alcohol-
related driving fatalities. The evidence also finds that lowering the BAC
limit from 0.10% to 0.08% for drivers in the United States was an effective
policy for reducing alcohol-impaired traffic fatalities—particularly among
young drivers, the age group at the highest risk for alcohol-related driv-
ing fatalities (Dee, 2001; Wagenaar et al., 2007). The majority of evidence
on the effectiveness of lowering the BAC limit to levels other than 0.05%
is based on time series studies and other pre-post designs that do not have
a control population or quasi-experimental estimator. Of those that do, a
meta-analysis shows a reduction in traffic fatalities (Wagenaar et al., 2007),
but two other studies show limited effects (Freeman, 2007; Tippetts et al.,
2005). Almost all available time series studies are suggestive of benefits
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to lowering the BAC limit (Andreuccetti et al., 2011; Apsler et al., 1999;
Bernat et al., 2004; Blomberg, 1992; Dee, 2001; Foss et al., 2001; Freeman,
2007; Gorman et al., 2006; Nagata et al., 2008; Norstrom, 1997; Otero
and Rau, 2017; Rogers, 1995; Tippetts et al., 2005; Voas et al., 2000, 2002;
Wagenaar et al., 2007). There is also variation in the size and consistency
of the effect, and these variations may be related to public knowledge of
the laws and enforcement (Andreuccetti et al., 2011; Bernat et al., 2004;
Nakahara et al., 2013; Schwartz and Davaran, 2013; Tippetts et al., 2005).

Summary of Evidence

The available evidence can be summarized as follows. In the United
States, all states currently have per se regulations that it is criminal for
adults to drive with a BAC over 0.08%; lower BAC cut-points are crimi-
nal for commercial drivers and underage drivers. Yet, alcohol impairs
motor vehicle operation at BACs below 0.08%, with the preponderance
of experimental driving simulator evidence suggesting that BAC levels
above 0.02-0.03% are associated with impairment for most people (Irwin
et al., 2017, Moskowitz and Fiorentino, 2000). With regard to crash risk,
the preponderance of evidence indicates that risk of crash increases mono-
tonically with alcohol consumption, especially for underage drivers, and
for all drivers at BACs beginning around 0.03% (Blomberg et al., 2005;
Peck et al., 2008; Voas et al., 2012; Zador, 1991; Zador et al., 2000). Thus,
the committee concludes that alcohol consumption impairs motor vehicle
safety at BACs above 0.03%, and increases crash risk monotonically at this
level as well.

Due to this evidence, many countries around the world have decreased
the BAC limit to drive to 0.05%. This allows for an assessment of the
efficacy of lowering BAC to 0.05% on driving outcomes, acknowledging
that generalization from other countries to the potential experience in the
United States should be done with caution. Nevertheless, the preponder-
ance of evidence indicates that lowering the BAC limit to 0.05% signifi-
cantly and substantially reduces crash and fatality risk (Albalate, 2008;
Blais et al., 2015; Byrne et al., 2016; Mann et al., 2001). Importantly, crash
and fatality risks are reduced not only among those drivers at or around
a BAC of 0.05% or in the range 0.05-0.079%, but also at all BAC levels. This
is indicative of the general deferrent effect of lowering allowable BAC to
drive, or of increased awareness of impaired driving across consumption
levels. The impact of lower BAC laws is observable whether enforced
through administrative or criminal sanctions, and seems enhanced when
introduced alongside high-visibility enforcement, sobriety checkpoints,
and publicity activities (Mann et al., 2001). For the United States, Fell and
Scherer (2017) estimated an 11 percent decrease in fatal alcohol-related
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crashes, or approximately 1,800 fewer fatalities, if the BAC limit was
lowered to 0.05%.

Based on the magnitude of effect and consistency of the evidence, the
committee concludes that reducing the BAC limit to 0.05% is an effective
strategy for reducing alcohol-impaired driving fatalities. The committee
recommends BAC per se laws at 0.05% rather than another cutoff as it is
the standard in many countries throughout the world, including most
western countries, and thus has a solid evidence base for effective reduc-
tions in impaired driving.

Recommendation 4-1: State governments should enact per se
laws for alcohol-impaired driving at 0.05% blood alcohol con-
centration (BAC). The federal government should incentivize
this change, and other stakeholders should assist in this pro-
cess. The enactment of 0.05% per se laws should be accompa-
nied by media campaigns and robust and visible enforcement
efforts.

The effectiveness of lowering the per se laws from 0.08% to 0.05% will
be supported by legislation that currently applies to 0.08% per se laws,
including, but not limited to, use of sobriety checkpoints, administrative
license revocation, and penalties for refusing preliminary breath tests or
blood tests that are equal to or greater than penalties for alcohol-impaired
driving offenses. This means that the same laws and sanctions that cur-
rently apply to 0.08% per se laws could remain in place but would be
enforceable at the 0.05% BAC limit. Effectiveness will also be enhanced
by efforts to publicize 0.05% per se laws through mass media campaigns,
by strong and sustained enforcement efforts, and through the implemen-
tation and enforcement of laws and policies to prevent illegal alcohol sales
to underage or intoxicated persons (e.g., underage compliance checks
with alcohol licensees, dram shop liability laws). Incentives from the fed-
eral government could include incentive grants to states or, if necessary,
the threat of losing highway funding, as was done with the passage of the
0.08% per se laws. Countries with a 0.05% BAC limit implement the law
through either administrative sanctions (a traffic citation with sanctions
that may include insurance company notification, license suspension,
and/or fines) or criminal offenses with various sanctions for drivers with
a BAC between 0.05% and 0.079%. The committee offers this recommen-
dation with the understanding that alcohol impairment and increased
crash risk begin at BAC levels well below 0.08%. The primary intent of
this recommendation is to reduce serious injuries and fatalities caused by
alcohol-related crashes, as well as to align with other developed nations
and their impaired-driver laws.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/24951

Getting to Zero Alcohol-Impaired Driving Fatalities: A Comprehensive Approach to a Persistent Problem

ALCOHOL-IMPAIRED DRIVING INTERVENTIONS 193

Potential Barriers to Adoption and Opportunities

Lowering the BAC limit in the United States from 0.08% to 0.05%
will present several challenges. While many other countries have dem-
onstrated reductions in injuries and fatalities after lowering driving BAC
limits to 0.05%, variations in population characteristics, the constitutional
rights of citizens, and law enforcement strategies make it difficult to draw
direct correlations between experiences in those countries and potential
effectiveness in the United States. There is an opportunity, however, to
learn from the experiences of other countries that lowered the BAC limit
and prepare for any challenges they faced. Moreover, implementation on
a state-by-state basis would likely occur over time and assessments of the
impacts could be conducted to inform decisions in other states.

Critics of lowering the BAC limit from 0.08% to 0.05% have argued
that adoption of lower BAC limits may be onerous for police officers to
enforce and could place an undue burden on the court system; however,
this has not been demonstrated in studies conducted in other countries
where the BAC limit has been lowered. While it is true that lowering the
BAC limit to 0.05% would increase the number of drivers who fit the
legal definition of being alcohol impaired, studies in other countries have
shown that when the BAC limit was lowered—especially when accom-
panied by a well-publicized marketing campaign—there was a greater
perceived risk of sanctions for drivers, which resulted in fewer alcohol-
impaired drivers on the roads and a reduction in alcohol-related crashes
(Albalate, 2008; Blais et al., 2015; Kloeden and McLean, 1994; Mann et al.,
2001; Otero and Rau, 2017). Lowering the BAC limit also had a deterrent
effect for young and new drivers, as well as drivers with no prior alcohol-
related violations (Byrne et al., 2016).

Although lowering the BAC limit may result in fewer alcohol-impaired
drivers on the roads, law enforcement officials would still require special
training and equipment to allow them to detect impaired drivers, as is
currently the case for 0.08% laws. Enforcement of a 0.05% per se law will
depend on the amount of available resources for, among other things,
conducting trainings, increasing police presence, and accurately conduct-
ing frequent sobriety checkpoints. It should be noted, however, that these
concerns currently exist for enforcement of 0.08% laws.

Advocacy and special interest groups can have a significant effect on
the public’s perception or acceptance of new public policies (Molnar et al.,
2017). An example of this was seen in Utah with the passage of the first
U.S. law lowering the BAC limit from 0.08% to 0.05%, which is scheduled
to go into effect on December 30, 2018 (Utah State Legislature, 2017).
Although a recent poll found that 51 percent of Utah residents opposed
the bill, support by members of the Church of Jesus Christ of Latter-Day
Saints, a group that prohibits the use of alcohol as part of their church

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/24951

Getting to Zero Alcohol-Impaired Driving Fatalities: A Comprehensive Approach to a Persistent Problem

194 GETTING TO ZERO ALCOHOL-IMPAIRED DRIVING FATALITIES

doctrine, has been credited with being instrumental for passage of the
new state law (UtahPolicy.com, 2017). Despite the support that the new
law received in Utah, other advocacy groups have been largely silent on
the issue or have opposed it outright. MADD, arguably the most vocal
proponent of reducing alcohol-impaired driving and a leading advocate
in the fight to lower the BAC limit from 0.10% to 0.08%, has chosen to
maintain their support of a BAC limit of 0.08% and did not support the
new Utah legislation (MADD, 2017). The American Automobile Associa-
tion (AAA) also has focused on other issues such as distracted, drowsy,
aggressive, and impaired (defined broadly) driving (AAA, 2017). Garner-
ing the support of MADD, AAA, and other safe driving advocacy groups
would help to increase support for decreasing the BAC limit to 0.05%.
Opposition to decreasing the BAC limit to 0.05% has come from distilled
spirits lobbying groups, such as the American Beverage Institute (ABI).
When the new BAC legislation was pending in Utah, ABI used aggressive
marketing campaigns in Utah and neighboring states, and online peti-
tions, to try to defeat the legislation (ABI, 2017a,b,c,d).

Collecting and marketing accurate information to the public is an
important component of any plan to increase support for new laws low-
ering the BAC limit to 0.05%. As with any successful campaign, it is
important for advocacy and research groups to work in concert to pres-
ent a unified message and clearly counter any misleading or inaccurate
information. Research into the best practices for launching, focusing, and
running a successful campaign to increase support of new laws lowering
BAC limits would advance the likelihood of passing new legislation and
decreasing the number of alcohol-related crashes, injuries, and fatalities.

Despite the success in Utah of passing the first BAC 0.05% law and the
submission of similar bills in Washington State (Washington State House
of Representatives, 2017) and Hawaii (Hawaii State Legislature, 2017),
support for changing U.S. laws more broadly has been lacking. Political
leaders will typically act on behalf of constituents who cast their votes,
and constituents have been largely silent on this issue. Alternatively, some
individuals may oppose the legislation because of erroneous information
such as that the law will unfairly target social drinkers or that having one
drink will result in a BAC that exceeds the limit set by state law, neither
of which are true (see Figure 4-1 for BAC calculation). To overcome mis-
understandings among politicians and the general public, advocates for
change will have to be clear and consistent with their message regarding
exactly what the laws mean for drivers and the potential lives that could
be saved by lowering the BAC limit across the country (Eby et al., 2017).
To succeed with lowering the BAC would require a groundswell of sup-
port from grassroots organizations and voters to research and understand
the issues, have access to the most credible data available from which to
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make policy decisions, and be motivated to work on behalf of adopting
strategies and legislation that can potentially save lives (see Chapter 7 on
generating action for more information and a recommendation on model
legislation to improve uniformity and the adoption of effective policies
nationwide).

What Would It Take to Pass a 0.05% BAC Law?

The evidence reviewed by the committee suggests that lowering
BAC per se laws is an effective policy in reducing alcohol-impaired driv-
ing fatalities, nonfatal injuries, and crashes. By studying the process
of lowering the BAC limit from 0.10% to 0.08% in the United States,
there are insights to be learned regarding what it might take to lower
it further to 0.05%. Opposition against lowering the BAC per se law
from 0.10% to 0.08% was strongest among the alcohol and hospitality
industries and opposing legislators (Rodriguez-Iglesias et al., 2001). At
that time, the main arguments in opposition to the bill were that it was
unnecessary because the states already had administrative sanctions at
0.08% or that other interventions, such as increased penalties for repeat
offenders, would have a greater effect on reducing alcohol-impaired driv-
ing and would not target “social” drinkers (i.e., those with BAC levels
between 0.08% and 0.099%) (Rodriguez-Iglesias et al., 2001).

A study funded by NHTSA in 2001 analyzed the process of lowering
the BAC per se law to 0.08% in six states, four of which had passed the
law at the time of the study (Illinois, Texas, Virginia, and Washington) and
two of which had not (Maryland and Minnesota) (Rodriguez-Iglesias et
al., 2001). Through in-depth interviews with those involved in the process,
the authors identified the following five components that were essential
for getting the law passed: strong influential leadership from a key indi-
vidual who is committed to the issue; the formation of strong advocacy
coalitions with public and private support; bipartisan support for the bill;
an effective mass media campaign; and a strong working relationship
between advocates and opponents. As noted earlier, the effectiveness of
lowering the per se laws to 0.05% will be supported by legislation that
currently applies to 0.08% per se laws.

Laws Pertaining to Young and Inexperienced Drivers

Although motor vehicle crashes remain at the top of the list of lead-
ing causes of death for U.S. teens, the number of fatalities from crashes
involving teen drivers, persons 15-20 years of age, has steadily declined
from 3,490 fatalities in 2006 to 1,886 in 2015 (NHTSA, 2017a). Two laws
that have been proven to be effective interventions for reducing crashes
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and fatalities in drivers under the age of 21 are zero tolerance laws and
graduated driver licensing (GDL) laws.

Zero Tolerance Laws

Zero tolerance laws, enacted in all 50 states and the District of
Columbia, make it illegal for drivers under the age of 21 to drive with
alcohol in their system (BAC levels in excess of 0.0-0.02%, to allow for
variance in testing results). Studies of these laws have found them to
be highly effective for reducing the number of young drivers who get
behind the wheel after consuming alcohol (CDC, 2012; Fell et al., 2009,
2016; Haegerich et al., 2016; Liang and Huang, 2008; Shults et al., 2001).

Graduated Driver Licensing Laws

All 50 states and the District of Columbia have some form of GDL
systems in place for teen drivers (CDC, 2016). These systems restrict driv-
ing privileges for teens depending on their age, the length of time they
have been driving, or the time of day when they are allowed to drive a
vehicle. Although specific regulations vary by state, different stages of
licensure include:

e Teens with a learners permit can only drive with a licensed, adult
driver in the vehicle, and the teens may have to meet a minimum
age requirement for eligibility (McCartt et al., 2010);

* A provisional license allows a teen to drive without an adult in the
vehicle, but the teen’s driving may be restricted to certain hours
of the day or night or the teen may be prohibited from driving
with teenage passengers in their vehicle; and

*  An unrestricted license allows a driver to drive a vehicle without
time or passenger restrictions (CDC, 2016).

GDL systems have been found to be effective for reducing the number
of crashes involving young, inexperienced drivers (Curry et al., 2017; Fell
etal., 2011, 2016; Masten et al., 2011; McCartt et al., 2010; Salam et al., 2016;
Williams et al., 2016). States with GDL systems rated as “good”—based
on unsupervised driving restrictions, minimum age requirements for
obtaining learners permits, and driving restrictions after licensing for a
period of time or until a certain age—were associated with a 30 percent
reduction in fatal crashes involving 15- to 17-year-old drivers (McCartt et
al., 2010), and, although findings were not uniform for all teens, stronger
GDL programs were significantly associated with a decrease in fatal crash
risk for 16-year-old drivers (rate ratio = 0.74; 95 percent CI 0.65-0.84)
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(Masten et al., 2011). In a study looking at long-term effects of the North
Carolina GDL program, 16-year-old drivers who received their license
under the GDL system had a lower incidence of first crashes than pre-
GDL system drivers, and 16- to 17-year-old drivers’ crash incidence was
10 percent lower than comparable drivers who received their driver’s
license prior to the adoption of the GDL system (Masten and Foss, 2010).
The largest reductions in fatal crashes among teen drivers were seen in
states with stricter nighttime driving restrictions and states that restricted
new drivers to zero or one passenger for a designated period of time after
receiving their driver’s license (McCartt et al., 2010).

It should be noted that many teens opt to delay obtaining a driver’s
license until the age of 18, thereby exempting themselves from GDL
restrictions. Some of the primary reasons cited for delaying licensure
include a lack of time, money, or interest; limited or no access to a vehi-
cle; or choosing alternate transportation options that do not require a
driver’s license such as riding with friends, biking, walking, or ride-
sharing options; however, gender, race, and socioeconomic status have
also been shown to impact the likelihood of obtaining a driver’s license
(Romano et al., 2011; Schoettle and Sivak, 2013; Tefft et al., 2013, 2014). It
is possible that some teens may opt to delay obtaining a driver’s license
until they are beyond the age when they would be subject to GDL restric-
tions, but, although this could happen, studies have not identified this as
a significant concern (Shoettle and Sivak, 2013; Tefft et al., 2013).

Any alcohol use by a teen driver is a serious and dangerous offense.
Of the teen drivers killed in 2015, 26 percent had BAC levels of 0.01%
or higher and 80 percent of those killed had BAC levels that equaled or
exceeded 0.08%, the limit set by state law for drivers over the age of 21
(NHTSA, 2017a). Drinking by novice drivers over the legal drinking age
is a further concern, especially since drivers over the age of 18 are not
subject to the GDL restrictions and therefore can drive at any hour, with-
out passenger restrictions. More research is needed to investigate how
to restrict teen and novice drivers from getting behind the wheel after
consuming alcohol. Efforts should also be made to develop strategies
for restricting passengers from riding in a vehicle driven by an impaired
driver, including vehicles driven by teen or novice drivers (Li et al., 2013;
Walker et al., 2003).

Summary of Zero Tolerance Laws and Graduated Licensing Laws

Studies of zero tolerance and graduated licensure laws have found
that the creation of high-visibility enforcement programs targeting young
drivers (Johnson, 2016), increasing or strengthening existing state licens-
ing restrictions (Williams et al., 2016), further restricting the hours when
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young drivers can operate a motor vehicle (Curry et al., 2017; Shults and
Williams, 2016), or promoting awareness of license restrictions to parents
of teens (Naz and Scott-Parker, 2017) could increase the effectiveness
of existing laws. More research is needed to identify how new drivers
over the age of 18 fare without GDL restrictions and whether driving
restrictions should be compulsory for all novice drivers. Research is also
needed into further limiting alcohol-impaired driving among teens and
new drivers, and strategies for preventing passengers from riding with
those drivers.

DWI Child Endangerment Laws

DWI child endangerment laws target alcohol-impaired drivers who
are found driving with children in their vehicles. Currently in the United
States, all but three states—New Mexico, South Dakota, and Vermont—
have some form of DWI child endangerment law and 42 states subject
alcohol-impaired drivers to additional penalties if they are caught driving
with children in their vehicle at the time of their arrest (NDAA, 2015).
There is a great deal of variation between states regarding the ages of
drivers and/or children who are covered by these laws, and punish-
ments can vary from fines to community service, installation of an igni-
tion interlock device, or imprisonment depending on details of the arrest
and the state where the offense took place. Despite existing DWI child
endangerment laws, children continue to be killed in crashes involving
alcohol-impaired drivers. Of the 1,132 children ages 14 and younger who
were killed in motor vehicle traffic crashes in 2015, 16 percent, or 181
children, were killed in alcohol-impaired driving crashes. Just over half of
those children killed—92 out of 181—were passengers in vehicles driven
by individuals with BAC levels that met or exceeded the limit set by state
law for DWI (NHTSA, 2016a).

There is limited research regarding the efficacy of child endangerment
laws as they pertain to alcohol-impaired driving, and what data exist
suggest that these laws have not been effective in reducing child fatali-
ties (Kelley-Baker and Romano, 2014, 2016; Quinlan et al., 2000; Thomas
et al., 2014). Researchers have suggested that examining the effectiveness
and impact of current laws, collecting and studying more granular data
regarding detailed crash information and the age and gender of drivers
and victims, or increasing public awareness of existing DWI child endan-
germent laws may lead to a greater understanding of how to increase the
effectiveness of DWI child endangerment laws and eventually help to
reduce the likelihood of future child fatalities in alcohol-related crashes
(Kelley-Baker and Romano, 2014, 2016; Thomas et al., 2014).
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ENFORCEMENT AND ARREST

Interventions for reducing alcohol-impaired driving fatalities can take
many forms. One intervention in the area of enforcement and arrest that
shows promise is the use of sobriety checkpoints.

Sobriety Checkpoints

Background

Sobriety checkpoints are a high-visibility prevention and enforcement
strategy that aims to prevent alcohol-impaired driving. Law enforcement
officers can conduct breath testing at sobriety checkpoints selectively or
randomly. For selective breath testing, which is used in the United States,
law enforcement officers stop vehicles and conduct a breath test on the
driver only when they observe and suspect impairment (Bergen et al.,
2014a). For random breath testing, which is used in many European coun-
tries and Australia but illegal in the United States, officers breath test all
stopped drivers (Bergen et al., 2014a). Among states in which conducting
sobriety checkpoints is legal, 58 to 72 percent of law enforcement and state
patrol agencies conduct sobriety checkpoints (Eichelberger and McCartt,
2016; Erickson et al., 2015).

Although the legality of sobriety checkpoints was challenged when
law enforcement agencies in the United States began using them in the
early 1980s, the Supreme Court ruled that they present “a minimal and
acceptable intrusion given the benefit of preventing impaired driving and
the small amount of time required of nonimpaired drivers” (Bergen et al.,
2014a). Currently 37 states, the District of Columbia, and 2 U.S. territories
(the Northern Mariana Islands and the Virgin Islands) conduct sobriety
checkpoints; states that do not allow sobriety checkpoints include Idaho,
Iowa, Michigan, Minnesota, Oregon, Rhode Island, Texas, Washington,
Wisconsin, and Wyoming (GHSA, n.d.; IIHS and HLDI, 2017).

Evidence

The Community Preventive Services Task Force found strong evidence
for the effectiveness of publicized sobriety checkpoint programs based on
the results of a systematic review of studies published between 2000 and
2012 (Bergen et al., 2014a). Based on 10 studies that reported the number
of alcohol-related crash fatalities, the median relative decrease in alcohol-
related crash fatalities was 8.9 percent (interquartile interval: -16.5, -3.4).
Fatality decreases were attributed to publicized sobriety checkpoint pro-
grams implemented at city, county, state, and national levels as well as in
rural, urban, and both rural and urban areas, indicating their effectiveness
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across a wide range of settings. Two considerations described by the
authors are the importance of including media campaigns in sobriety
checkpoint programs and of implementing multiple checkpoints over
a relatively long period of time (e.g., 1 to 3 years). The findings of the
review are consistent with a previous review conducted by the Task
Force, which found that sobriety checkpoints decreased alcohol-related
crashes by 20 percent with selective breath testing and by 18 percent with
random breath testing (Shults, 2001). A meta-analysis found that sobriety
checkpoints decreased alcohol-related crashes by 17 percent (14 percent
when controlling for publication bias) and all-cause crashes by 10 to 15
percent (Erke et al., 2009). The effectiveness of sobriety checkpoints was
also found to increase when breath testing was performed on all stopped
drivers, as is standard practice in several countries, including Australia
and New Zealand. More recently, Lenk et al. (2016) found that states in
which conducting sobriety checkpoints is legal had an 18.2 percent lower
rate of alcohol-impaired driving; of these, the states that conduct sobriety
checkpoints at least monthly had a 40.6 percent lower rate of alcohol-
impaired driving. Additionally, Hingson et al. (1996) found that combin-
ing the use of sobriety checkpoints with enforcement of speeding laws
can be an effective strategy for enforcing DWI laws since alcohol-impaired
drivers are more likely to drive at excessive speeds.

Some state and local jurisdictions employ saturation patrols either in
conjunction with sobriety checkpoints or on their own. When conducting
saturation patrols, law enforcement officials carry out alcohol-impaired
driving enforcement efforts within specific geographic areas rather than at
one specific location. In some cases these patrols may be used when state
or local laws restrict the use of sobriety checkpoints. A recent study by
Erickson et al. (2015) found that 95.8 percent of state patrol agencies and
62.7 percent of local law enforcement agencies used saturation patrols.
Saturation patrols have been shown to be inversely associated with self-
reported alcohol-impaired driving; however, they are more effective when
combined with other enforcement strategies (such as sobriety checkpoints
or seatbelt enforcement) and when advertised through a media campaign
(Sanem et al., 2015).

NHTSA’s Countermeasures That Work rates the effectiveness of sobri-
ety checkpoints as high and notes that implementation time can be short
when law enforcement officers are appropriately trained (Goodwin et
al., 2015). Costs are rated as medium,* as checkpoints with at least 15
officers typically cost between $5,000 and $7,000 and publicity through
paid media exposure can significantly increase costs (e.g., budgets for

4 Costs in the medium category (designated as $$ in the study) are defined as requiring
some additional staff time, equipment, facilities, and/or publicity (Goodwin et al., 2015).
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a specific sobriety checkpoint program’s media exposure ranged from
$25,000 to $433,000 depending on the state). However, costs can be real-
istically managed with smaller numbers of staff, which can cost as little
as $500 to $1,500 (Goodwin et al., 2015) (and for which NHTSA offers a
planning, operation, and evaluation guidance) (NHTSA, 2006), and with
earned media exposure.

State-level publicized enforcement demonstration programs in seven
states realized an 11 to 20 percent decrease in alcohol-related fatalities in
states where checkpoints or other highly visible impaired driving enforce-
ment operations were carried out and where enforcement activities were
covered by intensive publicity, including paid advertising (Fell et al.,
2008). Evaluations of statewide campaigns in Connecticut (Zwicker et al.,
2007a) and West Virginia (Zwicker et al., 2007b), which included sobriety
checkpoints along with extensive paid media, realized declines in alcohol-
related fatalities following the campaigns and fewer drivers who had
positive BAC levels at roadside surveys. Researchers have also examined
effective sobriety checkpoint programs in Georgia, Louisiana, Pennsylva-
nia, Tennessee (Fell et al., 2005), and Maryland (Beck and Moser, 2004).

Barriers

One of the primary barriers to a more widespread use of sobriety
checkpoints is a shortage of law enforcement staff and financial resources
available to devote to these efforts (Bergen et al., 2014a; Fell et al., 2003;
Goodwin et al., 2015). The greatest costs for sobriety checkpoint imple-
mentation are officer time and publicity (Goodwin et al., 2015). In some
states law enforcement agencies also face legal obstacles that prevent
sobriety checkpoints and breath testing (Voas and Fell, 2013). While some
states have authorized sobriety checkpoint use through state law, state
law or interpretations of federal law prohibit use of and/or funding for
sobriety checkpoints in other states (GHSA, n.d.). Driver privacy is also a
concern, as drivers stopped at sobriety checkpoints may find the breath-
testing process to be intrusive (Bergen et al., 2014a). However, as previ-
ously mentioned, such concerns were addressed by the U.S. Supreme
Court, which deemed sobriety checkpoints a minimally intrusive inconve-
nience to non-alcohol-impaired drivers and acceptable given their poten-
tial to detect alcohol-impaired drivers (Bergen et al., 2014a).

A strategy that may increase the effectiveness and visibility of sobriety
checkpoint programs is to implement and advertise “No Refusal” nights
and/or weekends, during which law enforcement officials may quickly
obtain a search warrant for a blood sample from a driver suspected of
alcohol-impaired driving who refuses a breath test. “No Refusal” nights
and weekends are typically implemented during national holidays (such
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as Fourth of July and New Year’s Eve) and on days of large events (such
as St. Patrick’s Day and Super Bowl Sunday). In jurisdictions that have
implemented “No Refusal” initiatives, officers may request search war-
rants from on-call judges by phone to obtain blood test results legally
and more swiftly for conviction (NHTSA, n.d.-b). These search warrants,
usually issued as electronic warrants, are discussed in more detail in
Chapter 5.

The first “No Refusal” effort to be implemented was the “No Refusal
Weekends” initiative that has existed in certain jurisdictions in Texas since
2005. In one county the program led to a decrease in breath test refusal
rates at sobriety checkpoints from 50 percent in 2005 to 10 percent in 2010;
in addition, DWI conviction rates have significantly increased and case
dismissal rates have decreased (NHTSA, n.d.-b). Funding from the Texas
Department of Transportation pays for additional time required of pros-
ecutors and for nurses to obtain blood for BAC testing and has enabled
an increase in the number of “No Refusal” nights each year from 16 to 56
(GHSA, 2011).

Alimitation of “No Refusal” initiatives is that the additional resources
and personnel needed to obtain search warrants may be burdensome for
jurisdictions already working with limited resources (Winkler, 2012). In
addition, the legality of “No Refusal” programs has been challenged in
several states as a violation to the Fourth Amendment; however, courts
have maintained that it is only unconstitutional to obtain a blood test
when done so without a warrant (Solomon, 2014). Other criticisms include
that “No Refusal” laws do not specify how long prosecutors may keep
blood samples in their possession and that judges are quick to sign search
warrants and rarely, if ever, turn them down (Winkler, 2012). Nonetheless,
“No Refusal” laws in some states have successfully increased both the
proportion of drivers who agree to a breath test and rates of DWI convic-
tions (Sommer, 2016). However, stronger evidence will be needed to more
accurately ascertain their effect.

A toolkit of informational and promotional materials for implement-
ing and advertising “No Refusal” programs is available online from
NHTSA (2017b). Information from the toolkit’s website states that nine
states (Arizona, Florida, Idaho, Illinois, Kansas, Louisiana, Missouri,
Texas, and Utah) have implemented “No Refusal” programs; of those
that have not, 21 states have the “necessary legal authority” in place to
do so (NHTSA, n.d.-b).

Unintended Consequences

Evidence suggests that racial profiling and targeting of undocumented
immigrants are two potential unintended consequences of sobriety
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checkpoint programs in the United States. In 2010 law enforcement
officers in Escondido, California, enlisted the help of U.S. Immigration
and Customs Enforcement to screen for immigration status at sobriety
checkpoints; 10 unlicensed drivers (a majority of unlicensed drivers are
undocumented immigrants) were discovered for every alcohol-impaired
driver (Cavanaugh et al., 2012). The potential for law enforcement agen-
cies and towing companies to profit financially from sobriety checkpoint
programs has also contributed to racial profiling and targeting of undocu-
mented immigrants. In 2009 sobriety checkpoints in the California cities
of Oakland, San Jose, San Rafael, Hayward, and Redwood City generated
about $40 million from towing and law enforcement fines; the majority
of impounded motor vehicles were taken from persons of racial or ethnic
minority, many of whom were undocumented immigrants (Gabrielson,
2010). In stark comparison, the California Highway Patrol does not collect
revenue from motor vehicle seizures and in 2008 arrested four alcohol-
impaired drivers for every vehicle seized (Gabrielson, 2010).

Racial profiling and financial profitability could undermine the suc-
cess of sobriety checkpoint programs in detecting alcohol-impaired driv-
ers and reducing resulting crashes and fatalities. To minimize the risk of
racial profiling, Bergen et al. (2014a) encourage systematic selection and
standardized methodology to select vehicles and drivers for breath testing
so driver selection is not left to the discretion of individual law enforce-
ment officers. See Chapter 2 for a discussion on the importance of health
equity considerations specific to the implementation of interventions to
reduce alcohol-impaired driving.

Cost-Effectiveness

A number of studies were identified that explicitly examined the
cost-effectiveness or cost-benefit of sobriety checkpoints. Among these,
results varied somewhat owing to differences between countries and/or
states analyzed, measurements of costs, time periods covered and dura-
tion of follow-up periods, variation in study populations, and outcomes
analyzed (fatalities only and injuries). An analysis of various studies by
the Community Preventive Services Task Force found that the benefits of
sobriety checkpoints outweighed the costs (Ditter et al., 2005); however,
because of gaps in the literature, competing policies and perspectives, cost
differences, and differences in outcome measurements, accurately mea-
suring and comparing the cost-effectiveness of these interventions can be
difficult. The same studies are also reviewed and summarized by Bergen
et al. (2014a) and this review again concluded that publicized sobriety
checkpoints are cost-effective and suggest that the cost-effectiveness may
increase when operated at a higher scale. Of the five studies reviewed
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by the Community Preventive Services Task Force (Ditter et al., 2005)
and Bergen et al. (2014a), a study by Stuster and Blowers (1995) con-
ducted in California would be most applicable to U.S. policy making. The
other cost-benefit studies included in the reviews were conducted in the
Netherlands (Wesemann, 1989), New Zealand (Miller et al., 2004), and
South Wales (Arthurson, 1985), which makes them less instructive for the
United States since the impact and cost-effectiveness is based on driving
patterns, road structure, and other interventions and policies that are time
and place specific. Since some of these dimensions also vary between
states, the findings from the California study may not be applicable across
all U.S. states. Overall, although the conclusions reached by the Commu-
nity Preventive Services Task Force (Ditter et al., 2005) and Bergen et al.
(2014a) suggest that sobriety checkpoints would likely be cost-effective,
the reviewed studies may be outdated, and most occur in countries other
than the United States and have somewhat weak methods and measures.
For these reasons, confidence in these findings is not high.

Taking a different approach, Miller et al. (1998) modeled potential
monetary benefits of a sobriety checkpoint in a hypothetical community.
Using information from a sobriety checkpoint program in Tennessee to
model outcomes, the study authors predicted that the program saved
the community $6 for every $1 spent. Costs and estimated monetary
benefits in the study were defined in terms of potential cost reductions
or savings—measured in the categories of medical care, public programs,
property damage, future earnings, and quality of life—resulting from a
sobriety checkpoint program. However, the calculations may not be gen-
eralizable because of the study’s focus on one specific program, the use
of a hypothetical community, and the length of time that has passed since
the study was conducted.

In summary, the evidence across multiple studies weakly suggests
that sobriety checkpoints could be cost-effective depending on how they
are conducted (randomized or selective), how often they occur, the scale
or intensity (high or low level) with which they are carried out, and
whether they are accompanied by media campaigns. In order to be con-
fident of the cost-effectiveness of sobriety checkpoints, new and more
rigorous studies are needed.

International Perspective

There is strong evidence for the effectiveness of publicized sobriety
checkpoint programs in other countries, including Australia, Canada,
New Zealand, Spain, Taiwan, and Thailand (Alcafiz et al., 2014; Chang
and Shih, 2012; Chuli4 et al., 2016; Ditsuwan et al., 2015; Erke et al., 2009;
Miller et al., 2004; Solomon et al., 2011).
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In addition to the selective and random breath-testing methods used
in these countries, Sweden has recently piloted a sobriety checkpoint
program with automated breath testing. A Swedish traffic safety non-
profit, MHF, has developed and implemented an automated sobriety
checkpoint that is currently in use in Stockholm. Known as Alco Gates,
the checkpoint is located in Frihamnen, a harbor where large cruise ships
dock to enter Stockholm. Passengers traveling with vehicles disembark
by driving to the checkpoint and blowing into a noncontact breath test-
ing device, after which a boom gate lifts if the driver is found to be sober
(Ascarelli, 2014). The checkpoint is operated by a control station and traf-
fic management center that monitors the system with 16 cameras and 30
sensors and is capable of communicating with drivers in 12 different lan-
guages. The checkpoint is compliant with Swedish law and reported 244
alcohol-impaired drivers out of 46,553 passengers over a trial interval of
12 months (Sjostrom and Jonsson, n.d.). Following evaluation and report-
ing of results from the trial in 2015, the Swedish government implemented
Alco Gates at several additional ports. Implementation of Alco Gates
has been a collaborative effort between MHF and the Swedish Transport
Administration, the Swedish Police Authority, the Swedish Customs Ser-
vice, the Swedish Coast Guard, Ports of Stockholm, and shipping com-
panies whose cruise services access the port (Sjostrém and Jonsson, n.d.).

Special Populations

Low-staff, weekly sobriety checkpoint programs can be effective at
reducing alcohol-impaired driving in small rural communities (Lacey et
al., 2006) and well-publicized, highly visible sobriety checkpoints have
been credited with reducing injuries from alcohol-impaired driving in
American Indian/Alaska Native reservations (Piontkowski et al., 2015).
Box 4-1 describes a successful motor vehicle injury prevention program
implemented in a tribal community in Arizona that combined sobri-
ety checkpoints with culturally appropriate social marketing methods,
emphasizing the importance of publicity and high visibility for sobriety
checkpoints to be effective. In addition to benefiting rural populations,
sobriety checkpoints have also been effective at reducing alcohol-related
crashes in high-risk populations including men and young people 21 to
34 years (Bergen et al., 2014a).

The University of Wisconsin Population Health Institute’s What Works
for Health evidence review on strategies to improve rural health identifies
sobriety checkpoints as a scientifically supported strategy (defined as
having been tested in multiple robust studies with consistently positive
results) (Bergum et al., 2016). Rural law enforcement agencies may be
particularly lacking in personnel to staff sobriety checkpoints. However,
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BOX 4-1
San Carlos Apache Motor Vehicle Injury Prevention Program

Setting: The San Carlos Apache Indian Reservation in central Arizona is home to
roughly 11,000 tribal members. The tribe’s unemployment rate in 2010 was 64 per-
cent, and nearly 42 percent of the population lives below the federal poverty line.
The Motor-Vehicle Injury Prevention Program was funded through the Tribal Injury
Prevention Cooperative Agreement Program (TIPCAP) and the Indian Health Ser-
vice from 2004 to 2009. Because of its success, it was again funded in 2010 to
2015 by another TIPCAP award. The goal of the project was to reduce alcohol-
impaired driving and increase occupant protection by expanding seat belt usage.

Strategies: The project coordinators used a social marketing approach to get
the word out about the program and its activities, and to disseminate messages
about the problem of alcohol-impaired driving. Focus groups with tribal members
were conducted to tailor culturally appropriate messaging about the program and
the problem of alcohol-impaired driving. The marketing logos incorporated local,
culturally significant designs. Messaging was also increased on tribal holidays and
used evidence-based slogans to ensure that the most appropriate messages were
reaching the target audience.

The program used numerous high-visibility DWI checkpoints across the res-
ervation on strategically planned days and times based on anecdotal evidence
and crash report data. The program coordinators used creative and meaningful
incentives for police officers to encourage participation in the program. The police
department increased patrols at high-risk times in high-risk areas. The tribe passed
laws that lowered the blood alcohol concentration limit from 0.10% to 0.08% and
made seat belt violations a stoppable offense.

Outcomes: Seat belt use increased from 19 percent in 2011 to 47 percent in 2013.
Motor vehicle crashes decreased significantly by about 5 to 7 percent per year over
the 10 years the program was funded. Community attitudes about DWI preven-
tion and seat belt use also changed over the course of the program, as did their
knowledge about appropriate designated driver usage.

SOURCE: Piontkowski et al., 2015.

low-staff sobriety checkpoints do not require the amount of personnel
and resources that are commonly deployed (i.e., 12 to 15 police officers on
site) (IIHS, 2005; Stuster and Blowers, 1995). Lacey et al. (2006) examined
the effectiveness of weekly, low-staffed sobriety checkpoints (three to five
police officers) in two rural counties in West Virginia over a 1-year period
and estimated a 70 percent reduction in drivers with BAC levels =0.05%
in the experimental counties relative to the control counties. Interestingly,
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the proportion of drivers who had been drinking at all (BAC =0.01%) only
declined by 5 percent. Residents were surveyed at baseline and postint-
ervention on whether they had seen or heard about a police checkpoint
in the past 30 days and the proportion that responded yes increased
significantly between baseline and postintervention periods (41 versus
62 percent).

When low-staff checkpoints were integrated into West Virginia’s
statewide comprehensive program to reduce traffic crashes, the state saw
a 17.3 percent reduction in alcohol-related driving fatalities the follow-
ing year and an 8.1 percent decrease the year after that (Neil, 2006). West
Virginia continues to conduct low-staff checkpoints as indicated by its
2017 Highway Safety Plan (Tomblin et al., 2016).

Passive alcohol sensors can be used during checkpoints to assist offi-
cers in detecting drinking drivers. The passive alcohol sensor is a device,
usually integrated into an officer’s flashlight or clipboard, that measures
whether alcohol is detected in the air where the driver is breathing. They
can be used without notifying the driver and without probable cause
because they are considered “an extension of the officer’s nose” and are
nonintrusive. Detection of alcohol using a passive alcohol sensor can
give the officer probable cause to request standard field sobriety tests.
Passive alcohol sensors are generally reliable and effective at detecting
alcohol in ambient air, especially during checkpoints, where officers have
very little time to screen drivers (they can increase detection of drivers
with BAC levels =0.10% by up to 50 percent) (Fell and Compton, 2007). A
major barrier to the common use of passive alcohol sensors is the lack of
acceptance among law enforcement. Some reasons include requiring the
officer to be closer than they would like to the drivers; requiring a portion
of the officer’s attention, which may need to be focused on more pertinent
things like their personal safety; keeping them from having one of their
hands free; and some officers believe they do not need the device to detect
alcohol (Goodwin et al., 2005; Preusser, 2000).

Conclusion

Evidence indicates that publicized sobriety checkpoints are effec-
tive at decreasing alcohol-impaired driving and resulting crashes and
fatalities. As described in this section, two systematic reviews conducted
by the Community Preventive Services Task Force (Bergen et al., 2014a;
Shults, 2001) and a meta-analysis conducted by Erke et al. (2009) found
that publicized sobriety checkpoint programs with selective or random
breath testing were effective at decreasing alcohol-impaired driving and
resulting crashes and fatalities in rural and urban areas as well as at city,
county, state, and national levels. More recently, Lenk et al. (2016) found
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that states that conduct sobriety checkpoints at least monthly had a 40.6
percent lower rate of alcohol-impaired driving. In addition, NHTSA has
supported the effectiveness of sobriety checkpoints in its Countermea-
sures That Work. Results from studies of sobriety checkpoint programs
in several states also indicate that they are effective when paired with
publicity and advertising efforts (Beck and Moser, 2004; Fell et al., 2005,
2008; Zwicker et al., 2007a,b) or enforcement of speeding laws (Hingson
et al., 1996). Evidence also suggests that sobriety checkpoints are effective
among specific, often high-risk, populations including small rural com-
munities (Lacey et al., 2006), American Indian/Alaska Native reservations
(Piontkowski et al., 2015), and for men and young people 21 to 34 years
of age (Bergen et al., 2014a). In addition, there is some evidence to sug-
gest that sobriety checkpoints are cost-effective; however, results from
these studies indicate that the cost-effectiveness of sobriety checkpoints
depends on several factors related to their implementation. Updated stud-
ies with more rigorous methods are needed to more accurately and con-
fidently assess the cost-effectiveness of sobriety checkpoints. Based on
its review of a strong body of evidence supporting the effectiveness of
sobriety checkpoints at decreasing alcohol-impaired driving in a variety
of geographical environments and for a range of specific populations, the
committee recommends:

Recommendation 4-2: States and localities should conduct fre-
quent sobriety checkpoints in conjunction with widespread
publicity to promote awareness of these enforcement initiatives.

The ideal frequency of sobriety checkpoints requires additional
research. When full-scale sobriety checkpoints are not feasible (due to
staffing, cost, or other limitations), low-staff checkpoints have been shown
to be an effective alternative. The committee makes this recommendation
despite the fact that sobriety checkpoints are currently illegal in several
states. To maximize the potential benefits of publicized sobriety check-
points, these restrictive laws would need to be changed. Data on where
and when fatal and serious physical injury crashes occur should be lever-
aged to ensure strategic placement of the checkpoints. (See Chapter 6 for
information on using big data and predictive analytics to help determine
effective interventions, including their geographic placement, to reduce
alcohol-impaired driving.)

TECHNOLOGY AND VEHICLE FACTORS

In the areas of technology and vehicle factors, the committee focused
on existing and emerging interventions that have reduced—or shown
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promise of reducing—alcohol-impaired driving and alcohol-related
crashes. Passenger restraints and existing vehicle safety technology are
discussed, as well as emerging and promising interventions such as the
Driver Alcohol Detection System for Safety (DADSS) program and other
developing technologies, such as autonomous vehicles. Alternative trans-
portation and ridesharing opportunities using smartphone technology
have also shown promise for providing alcohol-impaired drivers with a
safe transportation option. Smartphone technologies are discussed in the
Alternative Transportation section located at the end of this chapter.

Passenger Restraints

Primary Seat Belt Laws

Seat belt use and infant and child restraints provide a means for
drivers and passengers in cars or trucks to reduce their risk of injury or
death during a crash. According to NHTSA data, drivers and front seat
passengers who use seat belts (lap/shoulder) reduce their risk of fatal
injury by 45 percent and are 50 percent more likely to avoid moderate to
critical injury (Kahane, 2015; NCSA, 2017). In 2015 alone, seat belts were
credited with saving nearly 14,000 individuals 5 years of age and older,
and 266 infants and children (up to 4 years of age) were saved by child
restraints (including all types of car seats). NHTSA estimates that since
1975, approximately 345,000 lives have been saved because of the use of
seat belts (NCSA, 2017).

Alcohol-impaired drivers are less likely to use seat belts relative to
nonimpaired drivers. A study of nighttime Minnesota drivers found
that drivers with a BAC of 0.10% or higher were significantly less likely
(OR = 2.17) to be using seat belts (Foss et al., 1994). Another 