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EPIDEMIOLOGY
Alcohol

Epidemiological studies indicate that about 50% of all fatal automobile
accidents in the United States involve alcohol useJ The most common legal
criterion for alcohol intoxication in the U.S. is a blood alcohol concen-
tration (BAC) equal to or in excess of 0.10%. Actually a large proportion
of the population may be impaired on sensory and motor tasks at lower concen-
trations, as suggested by most epidemiological studies indicating a signifi-
cantly increased risk of an accident slightly below or at 0.08%.2

Epidemiological studies show that a disproportionate number of fatal auto
crashes involve 16-24 year old men. In one study, this group was found to be
involved in 42% of alcohol-related fatal crashes but constituted only 20% of
licensed driversJ The reasons for this discrepancy are complicated.3 The
relative risk of a fatal automobile accident in the 16-19 year old group is
higher than in the older age groups at the same BAC.2 Roadside surveys show
that the lowest frequency of high BAC's (>0.15%) occurs in the 16-17 year olds
and that the frequency increases up to the 30-34 year age group.”>5 The fre-
guency of drinking and driving, according to self-report, is age dependent and
increases with age.6>? Thus, inexperience with both drinking and driving may
account for some of the disproportionate number of fatal auto accidents occur-
ring in the younger group.

The higher prevalence of drinking among older drivers may partially explain
why more of them are arrested. The arrest ratio (% of arrested DWI's at a
given age f %of fatally injured drinking drivers in the same age group) is
lower for the <30 than the >30 age group.8 A low arrest ratio is especially
true for drinking drivers <20 years of age.

Drivers involved in alcohol-related fatal crashes are predominantly men9
even though women tend to become more intoxicated and have higher BAC's
after similar intakeJd0 Even with the same BAC, female drivers tend to be
more impaired and are more likely to become involved in an auto accident than
menJl The degree of impairment at a given BAC may vary in women with phase
of menstrual cycle or use of oral contraceptivesJ2,13 j”e reason that the
proportion of alcohol-involved accidents is smaller for women than men appears

to reflect fewer women driving after drinking.9

B 25864

63



64

The majority of alcohol-related auto accidents (>50%) occur at the week-
end, especially during the evening hours, and in the summer. In the United
States there is also a variation in accident rate depending on locale, with

more fatalities occurring in rural areas.”™

Licit Drugs

In addition to alcohol, other drugs may contribute to an increased accident
risklS,1%. Although the presence of prescription and nonprescription drugs
can be documented in drivers involved in accidents it is difficult to ascer-
tain their contribution to the risk of a traffic accident. Drugs with various
mechanisms of action, such as sedative/hypnotics, anti anxiety medications,
anti depressants and antihistamines can cause psychomotor impairment. Many of
these drugs have been shown to impair skilled performance in the laboratory.
The benzodiazepines cause psychomotor impairment when tested in the laboratory
setting and their use appears to be associated with an increased accident risk.
Neuteboom et al.l? found that drugs were present in 9.7% of samples from driv-
ers suspected of drunk driving in the Netherlands. Of drugs which might cause
psychomotor impairment, the benzodiazepines were the most common. In a study
performed in California on 15-34 year-old victims of fatal car accidents,
alcohol was present in 70% and diazepam and phenylpropanolamine were found in
4 and 3% of the samplesl8. Skegg et al.16 found, when he compared prescrip-
tions for the previous 3 months in fatal auto accident victims to controls,
that those involved in the accidents were 4.9 times more likely to have ob-
tained a prescription for a minor tranquilizer such as a benzodiazepine.
Honkanen et al.1” also found that a specific benzodiazepine, diazepam, might
be a contributory factor in 1-5% of car accidents in Helsinki. Futhermore,
many benzodiazepines appear to produce sufficient hangover when taken as hyp-
notics to cause some psychomotor impairment in simulated, closed course and
real road driving tasks. The benzodiazepines with longer halflives, e.g.
flurazepam, cause more hangover than those with shorter halflives, such as
triazolam 19,20.

In a recent review of the literature, Tsuang et al. 21 reported on the
roles of psychopathology and personality variables in traffic accidents and
concluded that it is not always clear which is the greater risk factor for
accidents, the prescribed medication or an underlying illness. Although
numerous studies have attempted to define personality variables associated
with an increased risk for traffic accidents, few have studied this relation-
ship in psychiatric populations. Eelkema et al.22 performed the only case
control study in which the pre and post hospital driving records of 238 dis-

charged psychiatric patients were compared to 238 control subjects matched
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for age, sex and locale. They found that psychotic and psychoneurotic men
and women had higher prehospital accident rates when compared with controls'.
However, their accident rates after discharge were lower than the controls’.
Men with personality disorders showed higher accident rates than controls
both pre and post discharge, and overall exhibited the least improvement

after discharge.

Illicit Drugs

When illicit drugs are found they are often in combination with alcohol.
In one study, young drivers from fatal crashes in California were tested for
drugs and alcohol. It was found that 70% had alcohol and 37% marijuana in
their bloodlS. jhe percentage of samples containing marijuana was higher
than the 12% found in a Canadian study2”™, although the percentages of drivers
with alcohol were similar. In the California study, those with marijuana
alone comprised 129% of the sample. Other illicit drugs found in 3-11% of
samples included cocaine, phencyclidine and methamphetamine. More than 90%
of the alcohol positive drivers were judged responsible for the accident.
In the 19 drivers positive for marijuana alone, responsibility for the ac-

cident was assigned to 53%.

LABORATORY

Most studies measuring psychomotor effects of drugs and alcohol have been
performed in the laboratory. This makes it difficult to extrapolate their
results to actual driving, although well designed laboratory studies can
provide insight into mechanisms of impairment.

Driving is a complex activity and even relatively simple maneuvering of a
car requires perception, information processing and motor coordination.
Important for safe driving is the ability of the driver to process infor-
mation quickly and accurately. A number of tests have been designed to
investigate information processing. Tests involving divided attention show
impairment at BAC's < 0.05%24>25,26. Moskowitz et al.24 have also reported
that marijuana causes a dose-related impairment in the detection of stimuli
located in the periphery of the visual field, probably reflecting impair-
ment in information processing.

Vigilance is a measure of the ability of an observer to perform a mono-
tonous task for a prolonged period of time. Laboratory measures of vigilance
may provide information relevant to long distance driving on relatively empty
highways. Moskowitz and DePry2? found no impairment in auditory vigilance
following a dose of alcohol calculated to produce a BAC between 0.07 and

0.08%. However, Erwin et al.2® found an increased number of errors of omis-
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sion in subjects with BAC's > 0.08% in a visual vigilance task. These find-
ings were largely related to drowsiness produced by alcohol28,29.

TABLE 1
APPROXIMATE SENSITIVITY LIMITS OF PSYCHOMOTOR TASKS TO BLOOD ALCOHOL
CONCENTRATIONS (BAC)

Task BAC
Divided Attention >0.02%26*
Pursuit Tracking >0.04%29
Visual Vigilance >0.08%28

Closed Course Driving - Avoidance Maneuver _>0.049630

~Superscripts indicate the number of reference

In addition to staying alert and accurately organizing sensorimotor in-
formation and utilizing sound judgment, it is necessary for drivers to con-
tinously monitor the environment. Many laboratory studies have investigated
the effects of alcohol and other drugs on eye movements. Although the results
of these studies may not be easily extrapolated to real driving situations they
do provide evidence of relevant pharmacological effects that are often dif-
ficult to quantify in real driving situations.

Alcohol and barbiturates exert similar effects on eye movements. They both
impair smooth pursuit movements, where the eyes involuntarily track an object
moving across the visual field. Both the speed and accuracy of these movements
are impaired31-35# in an effort to correct for this impairment, the eyes ini-
tiate saccadic movements which are rapid, conjugate movements of the eyes
from one fixation point to another. The threshold speed at which saccades
are employed instead of smooth pursuit is decreased by both moderate blood
concentrations of alcohol (. 0.05%) and relatively low doses of barbiturates™2>
33,35-38. Saccadic eye movements are also impaired at slightly higher concen-
trations (>0.10%) of alcohol. Additionally, the length of time from the sti-
mulus presentation to the initiation of an eye movement increases39-42#

Another type of eye movement affected by both drugs is nystagmus. Nys-
tagmus consists of compensatory jerking eye movements initiated in response
to stimulation of the vestibular system. Alcohol causes two types of nys-
tagmus; lateral gaze and positional. Lateral gaze nystagmus occurs at a

relatively low BAC of about 0.06% when the eyes are deviated laterally at a
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30-40° angle4”~. it may impair the- drivers' ability to accurately perceive
targets in the periphery of the field of vision.

TABLE |1
SUMVARY OF EFFECTS OF DRUGS ON EYE MOVEMENTS

Ethanol Barbiturates Benzodiazepines Marijuana
Saccadic
Maximum Velocity si owed slowed slowed unaltered
Latency increased increased unaltered unaltered
Accuracy unaltered unaltered undershoot? unaltered
Smooth Pursuit
Maximum Velocity si owed si owed slowed unaltered
Nystagmus produces produces modi fi es unaltered

& modifies & modifies

Vergence impai red impai red impai red impai red

Vergence eye movements also show alcohol-induced impairment. These move-
ments allow the eye to focus at various distances by utilizing disconjugate
movements. These movements work in concert with accomodation of the lens and
pupillary constriction to increase the clarity of vision. Alcohol causes
outward deviation of the eyes (exophoria) at near, and inward deviation of the
eyes (esophoria) at far distances44”46. The point of visual convergence moves
closer at a BAC of approximately 0.05%44. This causes impairment of depth and
distance perception. These findings suggest that the alcohol-impaired driver
tends to be less able to visually detect potentially dangerous traffic con-
ditions due to a severe impairment of a multitude of oculomotor functions.

The effects of drugs other than barbiturates and alcohol upon eye move-
ments have not been extensively investigated. Moskowitz et al.24 have report-
ed a dose-related decrease in detection of light stimuli in the periphery of
the field of vision after marijuana. This finding may actually reflect a
cognitive rather than an eye movement effect. Diazepam 5 ng orally reduces
the velocity of saccadic movements47-49. Futhermore, Rothenberg and Selkoe50
reported a tendency for smooth pursuit to be replaced by saccadic movements
at a lower velocity following diazepam. Chlordiazepoxide produces effects
similar to diazepam48, and amphetamine51 causes a slight near esophoria and
distance exophoria, in contrast to alcohol. None of these effects are as

dramatic as those following relatively low doses of alcohol or barbiturates.
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In summary, epidemiological studies suggest that the presence of BAC's >
0.08., young age, and male sex may be the three most significant risk factors
associated with a fatal automobile crash. Both licit and illicit drugs may
also be contributing risk factors, especially when used in combination with
alcohol. Laboratory studies show significant psychomotor and eye movement
impairment with BAC's as low as <0.05%. Other drugs may also cause similar
impairment but, with the exception of barbiturate-induced eye movement changes,
these changes during regular use are usually milder than those caused by rela-
tively low doses of alcohol. An important point is that most of these drugs
have additive effects when combined with alcohol, and the segment of population
which most often combines recreational drugs with alcohol is young men who form

the high accident risk group.
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