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EXECUTIVE SUMMARY

Previous driving simulator and closed-course studies have failed to confirm what
epidemiologists' data suggest, i.e., that alcohol and A’-tetrahydrocannabinol (THC) interact
synergistically to produce greater impairment than the sum of the changes that each drug
produces separately. Yet with the methodological shortcomings of particular studies and the
general lack of test realism afflicting all, it can not be said that their failure to measure a
synergistic effect is particularly convincing.

The study described in this report represents another attempt to empirically determine the
separate and combined effects of THC and alcohol on driving. It differs from its
predecessors by employing standardized tests for objectively measuring the drugs' effects on
driving performance in the natural environment; i.e., on real roads in normal traffic.

Eighteen volunteer subjects, comprised of men and women in equal proportions, participated
in the present study. The subjects were all university students between 20 and 28 years of
age who smoked marijuana and drank alcohol at least once per month. All admitted having
previously driven under the influence of each drug separately but only three, of both
together. They were treated with drugs and placebo according to a balanced, 6-way,
observer- and subject-blind, cross-over design. On separate evenings they were given
weight-calibrated doses of THC and alcohol, or placebos for one or both substances as
follows: alcohol placebo + THC placebo; alcohol placebo + THC 100 pg/kg; alcohol
placebo + THC 200 p.g/kg; alcohol + THC placebo; alcohol + THC 100 pg/kg; and, alcohol
+ THC 200 pg/kg. The initial alcohol dose was sufficient for achieving a peak blood alcohol
concentration (BAC) of about 0.07 g/dl. Booster doses were later given to sustain BAC
around 0.04 g/dl during testing. THC was administered by smoking marijuana cigarettes (2.2
and 3.95% THC from the US National Institute on Drug Abuse, NIDA) which had been
weight-calibrated by cutting. Initial drinking preceded smoking by 60 min.

Driving tests began 30 min. after smoking at 21:00 hr. Subjects undertook them in pairs on
the same evening. One started with the Car Following Test and the other 4 min. later with
the Road Tracking Test. After driving on the highway for approximately 25 min., the first
subject drove off and awaited the second. When he/she arrived, the pair exchanged roles,
returned to the highway, and drove in the reverse direction until returning to the origin. The
same procedure was repeated twice so that each subject completed two repetitions of each
test. Testing concluded at approximately 23:15 hr.

Subjects were accompanied by licensed driving instructors having access to redundant
vehicle controls. In the Road Tracking Test, the subject attempted to maintain a constant
speed of 100 km/h (62 mph) and a steady lateral position between the delineated boundaries
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of the right (slower) traffic lane. Standard deviation of lateral position (SDLP) was the
primary outcome variable. SDLP is a measure of road tracking error, in practical terms, a
composite index of allowed weaving, swerving and overcorrecting. Failures to restrict the
vehicle's lateral motion within lane boundaries were recorded together as the percentage of
time out of lane (TOL). The Car Following Test involved the use of two vehicles. The
preceding vehicle was under an investigator's control, and the following vehicle, the
subject's. The test began with the two' vehicles traveling in tandem at speeds of 100 km/h
(62 mph). Subjects attempted to drive 50 m (164 ft) behind the preceding vehicle and to
maintain that headway as it executed a series of alternating acceleration and deceleration
maneuvers lasting 33 sec apiece. The investigator driving the preceding vehicle initiated each
maneuver by activating a microprocessor-driven cruise-control. The vehicle's speed then
rose or fell in a constant manner until arriving at a point 15 km/h (9.3 mph) higher or lower
than where it began. The investigator drove at the newly established speed for 0.5-5.0 min.
before initiating the next maneuver. About eight maneuvers in each direction were
accomplished over both repetitions of the test. Headway was continuously recorded as were
the subject's discrete reaction times (RTs) at the beginning of maneuvers. Average RT and
the standard deviation of headway (Hsp) for acceleration and deceleration maneuvers,
separately, were the major dependent variables. Subjects rated their degrees of intoxication
before and after the entire series of tests. They also rated the quality of their driving
performance at the end of each test repetition. The instructors likewise rated the subject’s
driving quality at the same times and in the same manner.

In statistical terms, both THC doses alone, and alcohol alone, significantly impaired the
subjects' Road Tracking and Car Following performances. In practical terms, the magnitude
of the mean effects were minor after alcohol and THC 100 pg/kg and moderate after THC
200 pg/kg. Both THC doses in combination with alcohol severely impaired the subjects
performance in both tests. The mean changes in SDLP from the placebo level after
combinations involving THC 100 and 200 pg/kg were evaluated relative to a previously
established alcohol calibration curve (Louwerens et al, 1987). The former combination
produced a rise in mean SDLP the equivalent of that associated with BAC=0.09 g/dl, and
the latter, the equivalent of BAC=0.14 g/dl. Mean TOL rose exponentially with SDLP.
Beginning at the placebo level of 0.2%, mean TOL increased with the severity of drug
effects until reaching 1.1% after the combination of alcohol and THC 200 pg/kg. Mean RT
and Hsp during deceleration maneuvers varied across treatment conditions in the same
manner. Beginning at the placebo level of 4.65 sec, mean RT lengthened to 6.33 sec (+36%)
under the combined influence of alcohol and THC 200 pg/kg. The change in mean Hsp was
from 5.69 to 7.78 m (+37%). The subjects' and instructors' rating of driving quality clearly
reflected the adverse objective effects of alcohol and THC alone and in combination. In
addition, the instructors spontaneously recorded several cases, usually in combined drug
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conditions, wherein a subject's aberrant behavior would have been dangerous were he/she to
operate the same way under natural driving conditions.

We concluded that marijuana smoking that delivers the relatively low-moderate THC doses
of 100 and 200 pg/kg impairs Road Tracking and Car Following performance. THC effects
are dose-related and persist unabated or even increase during 2': hr after dosing. The
magnitudes of impairment observed after these doses of THC alone were not especially large
in historical comparison to those of other drugs and alcohol present in BACs above
0.08 g/dl. However, they do imply a loss of driving ability that could be serious in
exceptional traffic situations. The combination of THC with alcohol sufficient for attaining a
BAC of about 0.04 g/dl has very severe effects on driving performance. Subjects showing
those effects drove in a manner one would expect for drivers operating with BACs above
the per se definition of intoxication in some states, i.e., 0.08 g/dl. No unequivocal evidence
emerged from this study to indicate that the drug interaction is synergistic in the classic
pharmacological sense. However, the exponential rise of TOL from conditions where THC
and alcohol were given separately to those where they acted in combination suggests that
the interaction can increase the risk of certain types of crashes in the same manner. That
being the case, the practical consequences of driving after the combined use of THC and
alcohol would be the same whether their pharmacological interaction is synergistic or merely
additive.
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1. INTRODUCTION

There is no doubt that A’-tetrahydrocannabinol (THC) impairs its users' cognitive and
psychomotor abilities to an extent largely determined by the inhaled or ingested dose. It is
also certain that the dose preferred by cannabis smokers (around 300 pg/kg) is sufficient for
impairing performance in potentially dangerous tasks such as driving (Robbe & O’Hanlon,
1993). It is less certain that those doses cause the degrees of impairment that seriously
compromise driving ability, and if they do, whether many THC users choose to drive in that
condition. Both the severity of the users' impairment and their prevalence among the driving
population could be determined from an epidemiological survey measuring the relative
frequencies among drivers who do and do not become involved in crashes. These data
would permit calculation of the THC users' risk of crashing relative to that of drug-free
drivers. Relative risk (RR) is in fact the only commonly accepted index of any drug's hazard
potential for individual drivers, and in direct proportion to its usage prevalence, for the
driving population as a whole. Yet more than 20 years of epidemiological research on THC
has failed to establish the RR of drivers operating under its influence. Other results to
emerge from numerous studies over this period are little more than suggestive. The
epidemiologists' common failure is understandable. It is commonly thought that the
prevalence of THC use in the normal population can only be determined from the drug's
detection in blood samples provided by drivers at roadside checkpoints. With no means to
compel or convince normal motorists to provide control data, epidemiologists have had to
confine their attention to drivers from whom blood samples can be obtained after their
admittance to hospitals as the result of injuries sustained in crashes. Thus, epidemiologists
have only been able to measure the prevalence of THC use among injured drivers. Some
epidemiologists have found a relatively high prevalence of THC in a limited geographical
area, and others, significantly more THC users among drivers deemed responsible for
crashes than apparently innocent victims. However, these results are equivocal. A high
prevalence among injured drivers in one particular area might simply reflect a high usage
prevalence among the local population. Methods for assigning responsibility have differed
widely and those relying solely on police judgments may reflect their biases; e.g., suspected
drug users may more often be judged responsible than is actually the case. Moreover,
epidemiologists have always had to contend with a serious confounding factor; i.e., the
simultaneous presence of alcohol in the majority of drivers who test positive for THC.

Surveys conducted in widely separated localities have generally revealed the presence of
THC in between 4 and 12% of drivers who sustained injury or death in crashes (Cimbura et
al, 1980, 1982; Terhune, 1982; Chesher & Starmer, 1983; Donelson et al, 1985; Garriott ef
al, 1986; Daldrup et al, 1987, McClean et al, 1987). Occasionally, higher values have been
reported for groups of, predominately, young males operating in one or another large
American city (Williams et al, 1985; Soderstrom ef al, 1988; Budd et al, 1989). Although
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the prevalence of THC users in the general driving population was assumed to be lower in
almost every case, these data can not be accepted as evidence showing that THC was
responsible for the crashes. The reason is that alcohol, usually in concentrations associated
with a high crash risk, was also found in at least 50%, and sometimes as many as 90%, of
the same drivers. The latest and largest of the postmortem surveys (Terhune er al, 1992)
came closest to discriminating among the separate and combined effects of THC and alcohol
on crash risk. It involved a sample of 1,882 fatally-injured drivers from seven widely
separated American States during 1990-91. Drug-free drivers comprised 42.1% of the
sample, and those showing the presence of alcohol, 51.5%. THC was found in only 4.3%
and among them, three-quarters tested positive for alcohol as well. The investigators
undertook two different analyses for inferring causal relationships between these drugs and
crashes. First, they compared responsibility rates of subgroups using each drug separately
and in combination with that for the drug-free group. Responsibility in this case was
assigned by trained encoders using a standardized procedure for evaluating police reports.
Drug-free drivers were held responsible for 67.7% of their crashes. The responsibility rates
for drivers showing only the presence of alcohol depended upon their BACs. For those with
BACs below 0.10 g/dl it was 75.8%, and for those at or above that level, 93.9%. Drivers
showing only the presence of THC were 57.9% responsible; i.e., less often than drug-free
drivers, albeit not significantly. However, the group showing the combined presence of THC
and alcohol in any concentration at all, were held responsible for 94.6% of their crashes.
This rate differed significantly from the drug-free drivers' though not from the group's with
the highest BACs. The second analysis was for calculating the relative crash risk (RR) of
each subgroup whose number was sufficient for providing a reliable estimate. “Non-
responsible” drivers in the sample were defined as the control group, following the
assumption that they were representative of the general driving population with respect to
drug and alcohol prevalence. The investigators were aware that their definition of the
control group is unconventional and urged caution in interpreting the results. But as they
said, those results were certainly “suggestive.” Relative to drug-free drivers whose RR was
defined as 1.0, those showing BAC<0.10 g/dl operated with a RR=1.2. Drivers operating
with BAC>0.10 g/dl did so with RR=6.5. Strikingly, drivers operating with THC and any
BAC had a RR=11.9. Unfortunately, only 19 fatally injured drivers were found with only
THC in their blood, too few for estimating the RR.

Terhune et als results suggest a particularly dangerous synergistic (i.e., multiplicative)
interaction between THC and alcohol but they carefully avoided drawing that conclusion.
Their data were insufficient for confirming the impressions that drivers using only THC were
less likely than drug-free drivers to be responsible for fatal crashes; and, that those showing
the presence of both THC and alcohol were more likely to be responsible than others using
alcohol alone. The data were also insufficient for determining whether the combined drug















































































































