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Abstract

The present study demonstrates marijuana- and alcohol-induced impairment of a driving-relevant measure in a driving simulator task at (estimated) blood alcohol
and THC concentrations that are below the per se cut-off for impaired driving in several states. The subject was an adult male with a history of occasional alcohol use
(2-3 times/week for the past 6 months) and past but very infrequent use of marijuana, i.e., less than once/month for the past 6 months. The testing procedure was a crash
avoidance test using a fixed base driving simulator. In this procedure, while driving at 55 mph, the subject was required to make an ‘emergency’ steering maneuver to
avoid crashing into a ‘stalled car’ that appeared on the roadway immediately (40 meters) ahead. In the absence of any drug treatment, after training the subject effectively
made this avoidance maneuver in >98% of trials (20 trials/session), with a crash avoidance response latency of approximately 450-475 msec from the onset of the car
ahead until an abrupt crash avoidance steering response of >10 degrees. On two test days separated by 14 days, the subject was tested for crash avoidance reaction
time following oral alcohol (beer consumption) use and, on another occasion, following oral marijuana use (approximately 10 mg in a ‘candy’). The testing involved a pre-
drug test and several post-treatment tests, and one final post-treatment test 24 hours later. On both test days, blood samples were collected at various times after drug
administration and throughout behavioral testing. Both alcohol and marijuana treatment significantly increased crash avoidance reaction time (from approximately 475
msec to > 550 msec). Plasma alcohol concentrations of 42 mg/dl, 79 mg/dl and up to 99 mg/dl (corresponding to BAC values of 39, 67 and 86 mg/dl, respectively) were
associated with alcohol impaired driving over the time period from 45 minutes to 175 minutes after the onset of drinking. On the marijuana test day, plasma concentrations
of THC were 4.7 and 2.4 ng/ml (corresponding to blood THC concentrations of 2.9 and 1.5 ng/ml, respectively) at times when significant impairment of driving was
observed. This is the first study to demonstrate dramatic driving simulator performance impairment at a THC blood concentration less than 3 ng/ml, which is the below
the 5 ng/ml cut-off for marijuana-impaired driving in several states (e.g., Washington, Colorado). These data further suggest that the crash avoidance reaction task might
be useful in further studies on the effects of marijuana, alcohol and other drugs (prescription, non-prescription and also drugs of abuse) on driving performance.

Introduction drivers claimed nearly 11,000 lives in the US, with fatalities
occurring on average every 48 minutes [1]. Most states use

Alcohol use and alcohol-impaired driving continues to a Blood Alcohol Concentration (BAC) of 80 mg/dl as the per

be a significant problem. In 2017, crashes involving drunk se cut-off for drunk driving. By contrast, the state of Utah
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recently moved to a 50mg/dl cut-off for drunk driving [2]; this
value is in agreement with many other countries in the world,
where the drunk driving cut-off also has been lowered to 50
mg/dl within the past 20 years [3]. The move to reduce the
BAC cut-off for drunk driving is in part the result of research
demonstrating a significant crash risk with BAC levels 50 mg/
dl. NHTSA has advocated for reducing the BAC cut-off from 80
mg/dl to 50mg/dl across the US [4].

Marijuana continues to be the most commonly used
illicit drug in the USA, with over 20 million people in the US
reporting that they used marijuana within the past month [5].
With medical and legal marijuana continuing to be approved
in many states, the frequency of use is likely to increase
further [6]. Bonar recently reported that more than 50% of
medical marijuana patients in the state of Michigan admitted
to driving within one hour of use, and nearly 20% reported
driving while high [7]. It has been reported that legalization
of cannabis is associated with increased reports of cannabis-
related crash fatalities [8], although other studies have
reported no significant change as a consequence of legalization
[9]. Similarly, reports on the effects of marijuana on driving
in general are somewhat inconsistent [10]. Conducted a meta-
analysis and reported that the risk of being involved in a crash
significantly increased after marijuana use. Marijuana also has
been shown to impair driving simulator performance [11,12]. In
contrast, a large case-control study conducted by the National
Highway Traffic Safety Administration found no significant
increased crash risk attributable to cannabis after controlling
for drivers’ age, gender, race, and presence of alcohol [13].

Compared to alcohol, there is less consensus regarding
the establishment of a legal cut-off for marijuana-impaired
driving. In states where marijuana is not legal for medical
or recreational use, any amount of marijuana in the blood is
deemed illegal.. In those states where marijuana is legal for
medical or recreational use, different states use different cut-
offs: 1, 2, or 5 ng/ml; some states with recreational and/or
medical marijuana have no ‘cut-off’ concentration [14].

The wide variability between states regarding the
identification of a blood THC concentration for driving
impairment, and the fact that some states have opted NOT to
have a THC cut-off, relates to some of the challenges/problems
of identifying the relationship between blood concentrations
and effects of THC. This problem relates at least in part to
the complicated pharmacokinetics of THC in the blood. THC
exhibits biphasic pharmacokinetics. After reaching a peak (125-
150 ng/ml) within minutes of inhalation, THC concentrations
decline rapidly to approximately 10-20 ng/ml within 60-
90 minutes (mostly via redistribution), followed by a much
slower elimination phase, with a half-life of approximately 24
hours [15-17]. In addition, THC is sequestered in body fat and
there is the potential for redistribution from fat back to the
bloodstream [18]. The pharmacokinetics of orally administered
THC are significantly different from smoked marijuana, with
a much lower peak concentration (5-10 ng/ml for 20 mg oral)
and a later onset to peak concentration of 1-2 hours [16,17,19].
Another factor which complicates the issue of establishing a
cut-off for THC concentrations and driving impairment is

the potential contribution of 11-OH THC, an active metabolite
of THC [20]. All of these issued complicate significantly the
question of establishing a legal cut-off for THC-impaired
driving.

Moderate to heavy use of regular marijuana is likely to
be associated with significant tolerance [21,22]. Because
marijuana possession and use has been an illegal activity until
only recently in the US, the vast majority of laboratory studies
examining the effects of marijuana have been conducted in
subjects with a history of moderate to heavy use, often without
a drug-naive reference control group. Thus, there is a paucity
of laboratory studies on the effects of marijuana on driving
behavior in non-users or even in subjects with very limited
experience with marijuana.

On November 6, 2018 citizens in the state of Michigan
voted to enact Michigan Regulation and Taxation of Marijuana
Act (MRTMA), which would legalize and tax the sale for
marijuana to adults >21 years old. Effective December 6, 2018
the possession and use of limited quantities of marijuana were
no longer illegal for residents >21 years old. Passage of this
law created an opportunity to study the effects of marijuana
on driving simulator behavior in a subject that did not have a
history of significant marijuana use.

We describe herein a driving simulator task that measures
a defensive driving behavior in response to a surprise event,
i.e., swerving to avoid an imminent crash. We further report
the results of an open label study on the effects of marijuana
on driving simulator performance in a subject with a known
history of very limited marijuana use. For reference purposes,
the study also included driving simulator assessments following
a challenge with alcohol. We believe this is the first-ever study
of the effects of marijuana on driving simulator performance
in a subject with a life history of virtually no marijuana use (<
10 lifetime uses) and absolutely no history of driving following
marijuana use. We report the effects of alcohol and marijuana
on this crash avoidance reaction time response, and we provide
data comparing blood alcohol concentrations (BACs), THC and
metabolite concentrations with driving simulator performance.

Methods
Subject

An adult male subject with a history of very limited
marijuana use (fewer than 10 lifetime exposures; none in the 8
weeks prior to testing) and occasional alcohol use (less than 3
occasions/week and less than 3 drinks/occasion for the past 12
months); the subject has never had a DUI or DUID; the subject
was not taking any CNS active drugs (legal or illegal) at the time
of the study; the subject was experienced (more than 10 driving
experiences) with the driving simulator in general and the
crash avoidance procedure (more than 4 driving experiences).
This study was approved by the Wayne State University Internal
Review Board (WSU IRB #066716B3E).

Apparatus and crash avoidance testing procedure

The studies were conducted using a fixed-base driving
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simulator (2001 Chevrolet) using Hyperdrive Hardware and
DriveSafety software. For each test session, the subject drove
55 mph in the middle lane of a 3-lane roadway with no ambient
traffic and was presented with 20 crash avoidance trials with
a variable distance between the trials (shortest: 300 meters;
longest: 600 meters). Each crash avoidance trial consisted of
a ‘stalled car’ appearing on the screen 40 meters ahead of the
driver; pilot studies examining a range of ‘car-ahead’ distances
(30-60 meters) revealed that a 40-meter distance was far
enough ahead for a sober and minimally-trained subject/driver
to successfully avoid a crash in > 98% of the trials, but was
close enough that even the most experienced driver would not
have any (spare) time to ‘wait’ before initiating an avoidance
maneuver. Driving speed was 55 mph because pilot studies also
had revealed that a driving speed of <45 mph allowed drivers
to ‘wait’ before reacting (increasing reaction time values on
control trials), whereas a driving speed of >65 mph resulted
in a dramatic increase in the frequency of car crashes and
loss of control of the vehicle on the roadway, but with no
change in reaction time. For the various trials, the ‘stalled car’
appeared at different relative positions in the lane ahead of the
simulator; when the ‘stalled car’ appeared on the right edge
of the driver’s lane, the instruction was to swerve to the left
to avoid a crash; when the ‘stalled car’ appeared on the left
edge, the instruction was to swerve to the right. These opposite
reactions were obvious and natural, but they were necessary
to prevent a driver from ‘cheating’ by drifting away from the
middle of the lane in advance of the ‘stalled car’. There also
were trials where the ‘stalled car’ appeared in the middle of
the lane; in this situation, the driver was instructed to swerve
to the right or left, depending on their preference. The subject
did not know the position of the upcoming ‘stalled car’ on the
various trials.

The subject was instructed to keep his eyes on the roadway
and not on the speedometer, with driving speed advice/coaching
(slow down a little; speed up a bit) provided by a laboratory
team member so the driver would not check the speedometer
to maintain driving speed. For each test session, videotaping
of the ‘roadway’ and the driver’s face were used to create
synchronized picture-in-picture videos, which were viewed by
an observer who was unaware of the treatment condition and
scored each trial by assessing whether the driver’s eyes were
or were not on the roadway at the moment when the ‘stalled
car’ first appeared.

Drug Treatment and Testing Procedures

On two occasions separated by 14 days, the subject was tested
before and after the administration of either oral marijuana
(approximately 10 mg in an oral ‘candy’) or alcohol (6 bottles
of beer; Blue Moon®, 12 ounces; 5.4% ethanol; consumed in
two rapid drinking bouts of 3 beers in 15 minutes). Each drug
challenge day consisted of a pre-drug test and multiple post-
drug tests (20 crash avoidance trials). Following the pre-drug
test, the subject left the laboratory area, administered the
treatment, and returned for the post-drug crash avoidance
tests. Each experiment concluded with a 24 hr post-treatment
test.

On the marijuana and alcohol challenge days, blood samples
were obtained 10-15 minutes after completion of selected crash
avoidance tests. Fresh blood samples were centrifuged (3500
rpm for 10 minutes) and the plasma was decanted off and
stored frozen at -20°C until analysis within 60 days of sample
collection. Frozen samples were packaged in dry ice and
shipped to NMS Laboratories (Grove City, PA). Concentrations
of Ethanol, THC and THC metabolites in plasma are stable
when samples are stored at -20 degrees Centigrade for up to 12
months [23]. THC analysis included quantification of THC and
its metabolites 11-OH-THC and THC-COOH; ethanol analysis
was for ethanol only. The reporting limits for quantitation
of THC, 11-OH-THC and THC-COOH were 0.5, 1 and 5 ng/ml,
respectively; the reporting limit for quantitation of ethanol was
10 mg/dl. Estimates of whole blood concentrations of ethanol
were calculated by multiplying the plasma concentration by
a factor 1.18 [24]. Estimates of whole blood THC, 11-OH-THC
and THC-COOH were calculated by multiplying the respective
plasma concentration by a factor of 1.6 [25].

Beer goggles control experiment

In a separate experiment, the subject performed two
separate crash avoidance tests in a ‘no drug’ condition, once
while wearing ‘beer goggles’ and on a subsequent occasion
while wearing standard laboratory safety goggles. The beer
goggles were reported by their manufacturer (Fatal Vision¥;
Innocorp; Verona, WI) to produce a visual disruption similar to
a high BAC (170-200 mg/dl). Palumbo, et al. [26] have reported
that beer goggles potentiate the disruptive effects of texting
on driving behavior (lateral control) in a driving simulator.
Although beer goggles cause significant visual distortion, they
have no psychoactive component that would increase reaction
time. The ‘beer goggles’ experiment therefore tested the
hypothesis that the effects produced by marijuana or alcohol
on reaction time were not simply the result of changes in visual
perception.

Independent Variables, Dependent Variables and Statistical
Analyses: Separate statistical analyses were conducted for each
drug test. The independent variable in each analysis was the
time after drug treatment. The dependent variable was the
crash avoidance reaction time; this value was defined as the
time from the appearance of the ‘stalled car’ until the time at
which the driver made a significant steering maneuver (swerve)
to avoid a crash; because small steering movements (5 degrees
to -5 degrees) are a regular part of driving even on a straight
roadway, a ‘significant crash avoidance steering maneuver’
was defined as the first steering measurement with an absolute
value of >10 degrees. Crash avoidance reaction times (in msec)
were compared at various times Pre- and Post-treatment via
Analysis of Variance (ANOVA); post hoc comparisons were
conducted using the Student Neuman Keuls (SNK) test. Because
the driving simulator samples and records car data outputs at
a rate of 60 samples/second (60 cps computer speed), this
measure of reaction time had a resolution of 16.67 msec (1/60™
of a second). A trained and blinded observer (blinded regarding
treatment condition) viewed picture-in-picture video of all
crash avoidance trials to determine whether the subject was

Citation: Alali K, Stewart J, Taneja R, Nwobi E, Commissaris R, et al. (2020) Marijuana and alcohol increase crash avoidance reaction time in a driving simulator test
at blood concentrations below commonly-used per se ‘Cut-offs’ for Intoxication. J Addict Med Ther Sci 6(1): 009-015.

DOI: https://dx.doi.org/10.17352/2455-3484.000030



™ PeertechzPublications

https://www.peertechz.com/journals/journal-of-addiction-medicine-and-therapeutic-science

looking at the roadway at the moment the stalled car appeared.
Data from crash avoidance trials were excluded from statistical
analysis if this review revealed that the driver was not looking
at the roadway (e.g., speedometer check) at the moment when
the ‘stalled car’ appeared. Overall, approximately 5% of the
trials were excluded for this reason. The criterion for statistical
significance was p<0.05 in all analyses.

Results
Marijuana effects

Marijuana ‘Pre-treatment’ driving data was unobtainable
due to a computer error. However, both ‘Pre-treatment’ and
‘24 hour Post-treatment’ values measured in the alcohol study
(see below) were comparable to ‘24 hr Post-treatment’ of the
marijuana study; therefore, the ‘24 hr Post-treatment’ measure
was used as the primary point of reference for statistical
comparison. Figure 1 illustrates that marijuana significantly
increased crash avoidance reaction times (F[6,105]=6.93,
p<0.001). Post hoc Student Neuman Keuls (SNK) analysis
revealed significant increases in reaction times at 120, 150 and
180 minutes when compared to the 24-hour ‘post-treatment’
test.

Not including the 24-hour post treatment THC blood value
of zero, estimated THC blood concentrations ranged from 1.5
ng/ml to 2.9 ng/ml throughout the study. 11-OH THC estimated
blood concentrations were slightly higher than parent THC
at the various time points, and estimated blood THC-COOH
concentrations were 5-10 times higher than THC, and it was

present in measureable quantities before either THC or 11-OH-
THC. The significant increase in crash avoidance reaction time
was observed during the time interval 120-180 minutes post
ingestion when THC blood concentrations were estimated
to be 2.9 ng/ml and 1.5 ng/ml respectively, and 11-OH-THC
concentrations were estimated to be 3.1 ng/ml and 2.1 ng/ml,
respectively, with subject reports of feeling ‘high’ (10/10). In
contrast to the alcohol challenge (see below), there was no
incidence of yawning observed throughout any test sessions
for the marijuana experiment.

Alcohol effects

Figure 2 illustrates that alcohol significantly increased
crash avoidance reaction times (F[7,118]=15.92, p<0.001); post
hoc Student Neuman Keuls (SNK) analysis revealed significant
increases in reaction times at 60, 90, 120 and 150 minutes
when compared to both ‘pre’ and ‘post-treatment’ tests.

Not including the pre-treatment and 24-hour post
treatment BAC values of zero, estimated BAC values ranged from
39-86 mg/dl throughout the study. The significant increase in
crash avoidance reaction time observed at 60 minutes occurred
as BAC increased from 39 mg/dl (45 min) to 67 mg/dl (75 min),
i.e., below the legal BAC cut-off of 80 mg/dl. Crash avoidance
performance continued to be impaired as BAC increased to 84
mg/dl (125 min) and further to 86 mg/dl (165 min).

The subject reported feeling ‘significantly inebriated’
during the period 90-150 minutes after the pre-test (0
minutes); this corresponded with observations of yawning (2-
8x/session) during the test drives at 90-180 minutes.

Effects of Oral Marijuana on Crash Avoidance Reaction Time
Current effect: F(8, 105)=5.930, p=00000
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Figure 1: Plotted are the Mean + SEM (n=18-20 trials) Crash Avoidance Reaction Times (in msec) at various times after oral administration of marijuana (approximately
10 mg ‘candy’). Vertical arrows indicate the times at which blood samples were collected and the blood concentrations of THC and its metabolites determined in that
sample. Concentrations of THC, 11-OH THC and THC-COOH were measured in plasma, and blood concentrations were estimated using the correction factor of 1.6 ([blood]

= [plasma]/1.6; Giroud et al., 2001).

*- Crash avoidance reaction time at the indicated test was significantly different from Post-test (1440 hr) values, ANOVA followed by post hoc Student Newman Keuls
test.

0.00 ng/ml = Not Detectable (ND); Reporting Limits for THC, 11-OH THC and THC-COOH were 0.5 ng/ml, 1.0 ng/ml and 5 ng/ml, respectively.
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Effects of Alcohol Consumption on Crash Avoidance Reaction Time
Current effect: F(7,118)=15.92, p=_00000
‘Eyes on the road' trials ONLY
Vertical bars denote 0.95 confidence intervals
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Figure 2: Plotted are the Mean + SEM (n=18-20 trials) Crash Avoidance Reaction Times (in msec) before (Pre) and at various times after consumption of alcohol. Alcohol
was administered in two ‘doses’ of 3 beers each over a 15-minute period; one dose was administered immediately after the Pre-test, and the second dose was administered
at approximately 50 minutes after the Pre-test. Vertical arrows indicate the times at which blood samples were collected. Ethanol concentrations were measured in plasma,

and blood ethanol concentrations were estimated using the correction factor of 1.16 ([blood] = [plasma]/1.16; Payne et al., 1968).

* - Crash avoidance reaction time at the indicated test was significantly different from Pre-test and Post-test (1440 hr) values, ANOVA followed by post hoc Student
Newman Keuls test;

BAC = 0.00 mg/dl = Not Detectable; Reporting Limit = 10 mg/dI

Beer goggles study

Beer goggles dramatically impaired visual perception in the
subject as judged by extreme difficulty walking a straight line
or catching a thrown ball. Conversely, wearing beer goggles
did not affect crash avoidance reaction time in the driving
simulator test. There was no difference in the mean avoidance
reaction time between clear laboratory goggles (‘control’; 466
+12 msec (Mean +SEM)), and beer goggles [464 +9 msec]
(F[1,34])<1.0, ns).

Discussion

In an experienced driver with a history of occasional alcohol
use and very infrequent marijuana use, consumption of each
drug significantly increased crash avoidance reaction times.
Conversely, wearing ‘beer goggles’ dramatically affected visual
performance tasks (walk a straight line; catch a ball), but did
not affect crash avoidance reaction time. These data suggest
that the crash-avoidance reaction time procedure described
above using a fixed-base driving simulator is a reliable and
sensitive tool for studying the effects of alcohol, marijuana
and perhaps other drugs (prescription, non-prescription and
illegal) on reaction time in a defensive driving performance
task. Future work with laptop, gaming chair or even virtual
reality applications might allow for more widespread
applications of this crash avoidance task for the study of drugs
on this important defensive driving maneuver.

Significant impairment of crash avoidance behavior was

observed during the driving test at 60 minutes post-alcohol,
where the BAC (estimated from plasma) ranged from 39 mg/
dl shortly before testing to 67 mg/dl shortly afterward. This
finding is consistent with the argument for decreasing the
legal BAC in the US from 80 mg/dl to 50 mg/dl [4], a move
which has already been undertaken by many countries [14].

There is less clarity regarding a cut-off value for marijuana
impaired driving for many reasons. In the present study,
significant impairment as exhibited by increased crash
avoidance reaction time was observed when the whole blood
THC concentrations (estimated from plasma) were 2.9 ng/
ml (125 minutes) and 1.5 ng/ml (190 minutes). These values
are significantly lower than the effect-based threshold values
of 13.1 ng/ml (to mimic 80 mg/dl EtOH) and 8.2 ng/ml (to
mimic 50 mg/dl EtOH) as reported by Hartmann, et al. [11] in
a driving simulator study. There are several possible reasons
for this difference. First, the primary measure in the Hartman,
et al. [11] study was maintaining lane control as measured
by standard deviation of lane position (SDLP), which might
be less sensitive to the effects of marijuana when compared
to crash avoidance. Second, it is possible that THC tolerance
is responsible for the difference. The subject in the present
study was a very infrequent user, virtually a novice, whereas
in the Hartman, et al. [11] study the subject histories ranged
from occasional use (<1x/mo) to relatively frequent use (2-3
x/wk). Chronic marijuana use produces significant tolerance
for a number of effects [21,22]. Consistent with this idea,
preliminary results from studies in medical marijuana patients
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(virtually all of whom are chronic marijuana users) suggest
that they are indeed less affected by marijuana administration
when compared to the subject in the present study (Alali et
al., in preparation). Finally, the route of administration and
associated pharmacokinetics in the two studies - oral in the
present study and smoked in the Hartmann, et al. [11] study-
might account for the differences observed in the effect-based
threshold value [11,17,19]. All of the above point to the challenge
of identifying a single cut-off value for marijuana-induced
driving impairment.

Consistent with previous reports, plasma concentrations
of the inactive THC metabolite (THC-COOH) were consistently
higher than concentrations of the parent THC compound,
and were measurable before THC parent concentrations were
measureable [27]. It should also be noted that 11-OH-THC
concentrations closely paralleled those of the parent THC;
this is consistent with previous reports following oral THC
administration [16,17,19]. Given the significant biological
activity of 11-OH-THC ([20], these findings suggest that
measurements of this metabolite might also need to be
considered when discussing a possible per se ‘cut-off’ for
marijuana-intoxicated driving.

In summary, the results of the present studies suggest that
the crash-avoidance reaction time procedure described above
is a robust, reliable and sensitive tool for studying the effects
of, and possible tolerance to, marijuana, alcohol and other
drugs (prescription, non-prescription and illegal) on defensive
driving performance.

Limitations of the present study

The present study used an open label design with a
single subject; however, the present findings are robust
and statistically reliable. The crash avoidance reaction test
procedure exhibits high test-retest reliability within subjects
and is therefore suitable for multiple tests with different
treatments, thus making longitudinal studies in a single subject
highly valuable. The present study was conducted in a driving
simulator and not on a real road under real driving conditions;
however, driving simulator studies have been shown to be a
very safe and effective tool for studying, understanding and
predicting future real world driving experiences. Finally,
there was not much ‘open driving’ in the study to examine
for possible differential effects of the various drugs on driving
behavior (e.g., lateral control, speed, aggression, risk-taking);
however, the degree of simplicity and standardization used in
the present study was important for the purpose of obtaining
multiple crash avoidance reaction trials.

Declarations

Ethics approval and consent to participate: The study
was conducted under Wayne State University (WSU) Internal
Review Board (IRB) Approval #066716B3E; the subject provided
written informed consent.

Availability of data and materials: The datasets during and/
or analysed during the current study are available from the
corresponding author on reasonable request.

Funding

This study was funded by the Department of Pharmaceutical
Sciences and the Department of Clinical Sciences in the
Applebaum College of Pharmacy and Health Sciences, the IMSD
Program, and the ReBUILD Program, Wayne State University.
Edison Nwobi was supported by the IMSD program, Wayne
State University; Brianna Murdock, Tyiesha Head, Mohammed
Mohammed and Ki-Jana Malone were supported by the
ReBUILD program, Wayne State University.

Authors’ contributions

Authors, Alali, Taneja, Malone, Mohammed, D Head and
Commissaris participated in the research design. Authors
Alali, J Stewart, Nwobi, Murdock, M Stewart and McQueen
participated in the research conduct, under oversight from
Author Commissaris. Authors Alali, Nwobi, Murdock, T Head,
Malone and Mohammed participated in data analysis, under
the guidance of Author Commissaris. Author Alali wrote the
initial draft of the manuscript, Authors J Stewart, D Head and
Commissaris contributed substantially to the draft revision
process, and all authors contributed to the final version.

Referencesss
1. NHTSA (2019) Link: https://bit.ly/2xq5cYm

2. NPR (2018) National Public Radio. Utah first in the nation to lower its DUI limit
to 0.05 percent. Link: https://bit.ly/2QM3Dul

3. ICAP (2002) Blood alcohol concentration limits worldwide. Link:
https://bit.ly/2Uhy91D

4. NHTSA (2017) National Highway Traffic Safety Administration. 0.05 BAC
Safety Briefing Facts. Link: https://bit.ly/3amkqML

5. NIDA (2019) Link: https://bit.ly/2QM3Dul

6. Rmhidta (2017) The legalization of marijuana in Colorado: The Impact,
vol 5. Rocky Mountain High Intensity Drug Trafficking Area. Link:
https://bit.ly/33Msyyl

7. Bonar EE, Cranford JA, Arterberry BJ, Walton MA, Bohnert KM et al. (2018)
Driving under the influence of cannabis among medical cannabis patients
with chronic pain. Drug and Alcohol Dependence. 195: 193-197. Link:
https://bit.ly/39jq3df

8. Lee J, Abdel-Aty A, Park J (2018) Investigation of associations between
marijuana law changes and marijuana-involved fatal traffic crashes: A
state-level analysis. Journal of Transport and Health 10: 194-202. Link:
https://bit.ly/2wsaylX

9. Aydelotte JD, Brown LH, Luftman KM, Mardock AL, Teixeira PG, et al. (2017)
Crash fatality rates after recreational marijuana legalization in Washington
and Colorado. American Journal of Public Health 107: 1329-1331. Link:
https://bit.ly/3algbKr

10. Elvik R (2013) Risk of road accident associated with the use of drugs: A
systematic review and meta-analysis of evidence from epidemiological
studies. Accident Analysis and Prevention 60: 254-267. Link:
https://bit.ly/2JiMfcV

11. Hartman RL, Brown TL, Milavetz G, Spurgin A, Pierce RS, et al. (2015) Cannabis
effects on driving lateral control with and without alcohol. Drug and Alcohol
Dependence 154: 25-37. Link: https://bit.ly/2UngEx7

12. Arkell TR, Lintzeris N, Kevin RC, Ramaekers JG, Vandrey R, et al. (2019)
Cannabidiol (BCD) content in vaporized cannabis does not prevent

Citation: Alali K, Stewart J, Taneja R, Nwobi E, Commissaris R, et al. (2020) Marijuana and alcohol increase crash avoidance reaction time in a driving simulator test
at blood concentrations below commonly-used per se ‘Cut-offs’ for Intoxication. J Addict Med Ther Sci 6(1): 009-015.

DOI: https://dx.doi.org/10.17352/2455-3484.000030



™ PeertechzPublications

20

https://www.peertechz.com/journals/journal-of-addiction-medicine-and-therapeutic-science

tetrahydrocannabinol (THC)-induced impairment of driving and cognition.
Psychopharmacology 236: 2713-2724. Link: https://bit.ly/33MApRx

.Compton RP, Berning A (2015) Drug and Alcohol Crash Risk. National

Highway Traffic Safety Administration (NHTSA) DOT HA 812 117. Link:
https://bit.ly/39n58HD

. (2017) Alcohol.org. Legal BAC limits in different states, countries and cities.

Link: https://bit.ly/2Q01cHZ

. Heustis MA, Henningfield JE, Cone EJ (1992) Blood cannabinoids II: Models

for the prediction of time of marijuana exposure from plasma concentrations
of delta-9-tetrahydrocannabinol (THC) and 11-nor-9-carboxy delta-9-
tetrahydrocannabinol (THC-COOH). Journal of Analytical Toxicology 16: 283-
290. Link: https://bit.ly/2UhxLAd

. Hartman RL, Heustis MA (2013) Cannabis effects on driving skills. Clinical

Chemistry 59: 478-492. Link: https://bit.ly/2UDNTuJ

. Heustis MA (2002) Cannabis (Marijuana)-effects on human behavior and

performance. Forensic Science Review 14: 15-60. Link: https://bit.ly/2QNmt4G

. Lucas CJ, Galettis P, Song S, Solowij N, Reuter SE, et al. (2018) Cannabinoid

disposition after human intraperitoneal use: An insight into intraperitoneal
pharmacokinetic properties in metastatic cancer. Clinical Therapeutics 40:
1442-1447. Link: https://bit.ly/3akgR9T

.Heustis MA (2007) Human Cannabinoid Pharmacokinetics. Chemical

Biodiversity 4: 1770-1804. Link: https://bit.ly/3akfXdv

. Lemberger L, Martz R, Rodda B, Forney R, Rowe H (1973) Comparative

pharmacology of delta-9-tetrahydrocannabinol and its metabolite 11-
OH delta-9-tetrahydrocannabinol. J Clin Invest 52: 2411-2417. Link:
https://bit.ly/2QMCVIP

21.

2

N

2

w

24.

25.

2

27.

2

oo

o

Ginsburg BC, Hruba L, Zaki A, Javors M, McMahon LR (2014) Blood levels do
not predict behavioral or physiological effects of delta-9-tetrahydrocannabinol
in rhesus monkeys with different patterns of exposure. Drug and Alcohol
Dependence 139: 1-8. Link: https://bit.ly/2UAyVpC

. Colizzi M, Bhattacharyya S (2018) Cannabis use and the development of

tolerance: A systematic review of the human evidence. Neuroscience and
Biobehavioral Reviews 93: 1-25. Link: https://bit.ly/2wGHNIk

. Scheidweiler KB, Schwope DM, Karschner EL, Desrosiers NA, Gorelick DA, et

al. (2013) In vitro stability of free and glucuronidated cannabinoids in blood
and plasma following controlled smoked cannabis. Clinical Chemistry 59:
1108-1117. Link: https://bit.ly/39hMEHa

Payne JD, Hill DW, Wood DGL (1968) Distribution of ethanol between
plasma and erythrocytes in whole blood. Nature 217: 963-964. Link:
https://go.nature.com/2WO1Tov

Giroud C, Menetrey A, Augsburger M, Buclin T, Sanchez-Mazas P, et al.
(2001) Delta9-THC, 11-OH9-THC and Delta9-THC-COOH plasma or serum to
whole blood concentrations distribution rations in blood samples taken from
living and dead people. Forensic Science International 123: 159-164. Link:
https://bit.ly/2Uie9fq

Palumbo TJ, Head D, Swift A, Rumschlag G, Ing J, et al. (2015) The effects
of texting and DUI simulation on driving performance in a driving simulator.
Journal of Ergonomics S3. Link: https://bit.ly/2xq5sG0O

Grotenhermen F
of cannabinoids.
https://bit.ly/2UheFdA

(2003) Pharmacokinetics
Clinical ~ Pharmacokinetics

and pharmacodynamics
42: 327-360. Link:

.Rumschlag G, Palumbo T, Martin A, Head D, George R, et al. (2014) The

effects of texting on driving performance in a driving simulator: The
influence of driver age. Accident Analysis and Prevention 74: 145-149. Link:
https://bit.ly/39k1Tz9

Discover a bigger Impact and Visibility of your article publication with

Peertechz Publications

Highlights

Signatory publisher of ORCID
Signatory Publisher of DORA (San Francisco Declaration on Research Assessment)

Articles archived in worlds’ renowned service providers such as Portico, CNKI, AGRIS,
TDNet, Base (Bielefeld University Library), CrossRef, Scilit, J-Gate etc.

Journals indexed in ICMJE, SHERPA/ROMEQ, Google Scholar etc.
OAI-PMH (Open Archives Initiative Protocol for Metadata Harvesting)
Dedicated Editorial Board for every journal

Accurate and rapid peer-review process

Increased citations of published articles through promotions

Reduced timeline for article publication

Submit your articles and experience a new surge in publication services
(https://www.peertechz.com/submission).

Peertechz journals wishes everlasting success in your every endeavours.

Copyright: © 2020 Alali K, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.

Citation: Alali K, Stewart J, Taneja R, Nwobi E, Commissaris R, et al. (2020) Marijuana and alcohol increase crash avoidance reaction time in a driving simulator test
at blood concentrations below commonly-used per se ‘Cut-offs’ for Intoxication. J Addict Med Ther Sci 6(1): 009-015.
DOI: https://dx.doi.org/10.17352/2455-3484.000030



