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Abstract

Background—Legal medical marijuana has been commercially available on a widespread basis
in Colorado since mid-2009; however, there is a dearth of information about the impact of
marijuana commercialization on impaired driving. This study examined if the proportions of
drivers in a fatal motor vehicle crash who were marijuana-positive and alcohol-impaired,
respectively, have changed in Colorado before and after mid-2009 and then compared changes in
Colorado with 34 non-medical marijuana states (NMMS).

Methods—Thirty-six 6-month intervals (1994-2011) from the Fatality Analysis Reporting
System were used to examine temporal changes in the proportions of drivers in a fatal motor
vehicle crash who were alcohol-impaired (= 0.08 g/dl) and marijuana-positive, respectively. The
pre-commercial marijuana time period in Colorado was defined as 1994—June 2009 while July
2009-2011 represented the post-commercialization period.

Results—In Colorado, since mid-2009 when medical marijuana became commercially available
and prevalent, the trend became positive in the proportion of drivers in a fatal motor vehicle crash
who were marijuana-positive (change in trend, 2.16 (0.45), p < 0.0001); in contrast, no significant
changes were seen in NMMS. For both Colorado and NMMS, no significant changes were seen in
the proportion of drivers in a fatal motor vehicle crash who were alcohol-impaired.

*Supplementary material can be found by accessing the online version of this paper at http://dx.doi.org and by entering doi:...

© 2014 Elsevier Ireland Ltd. All rights reserved.

Corresponding author: Stacy Salomonsen-Sautel, Division of Substance Dependence, Department of Psychiatry, University of
Colorado Anschutz Medical Campus, Building 400, 12469 East 17th Place, Aurora, CO 80045, stacy.sautel@gmail.com, Phone:
303-724-3170, Fax: 303-724-3178.

Author Contributions: Drs. Salomonsen-Sautel, Sakai, and Hopfer drafted the original study aims. Dr. Salomonsen-Sautel acquired
and set up all the data. Dr. Min led the analytic analyses with assistance from Dr. Salomonsen-Sautel. Dr. Salomonsen-Sautel wrote
the manuscript, while all authors provided critical revisions of important intellectual content. All authors contributed to and approved
the final manuscript.

Conflicts of Interest: Dr. Sakai received reimbursement in 2012 for completing a policy review for the WellPoint Office of Medical
Policy & Technology Assessment (OMPTA), WellPoint, Inc., Thousand Oaks, CA. He also serves as a board member of the ARTS
Foundation. All other authors report no biomedical financial interests or potential conflicts of interest.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


http://dx.doi.org

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Salomonsen-Sautel et al. Page 2

Conclusions—Prevention efforts and policy changes in Colorado are needed to address this
concerning trend in marijuana-positive drivers. In addition, education on the risks of marijuana-
positive driving needs to be implemented.

Keywords

medical marijuana; traffic fatalities; alcohol-impaired driving; marijuana-positive driving; drugged
driving

1. INTRODUCTION

Traffic fatalities are a major public health issue; 32,367 individuals died in motor vehicle
crashes in the United States in 2011 and 31% of these fatal accidents involved drivers who
tested positive for alcohol (U.S. Department of Transportation National Highway Traffic
Safety Administration, 2013). Alcohol use has been associated with driving-related
problems including: divided attention; drowsiness; vigilance; perception; visual functions;
tracking; cognitive tasks; psychomotor skills; and choice reaction time (Moskowitz and
Fiorentino, 2000). In a review by Moskowitz and Fiorentino (2000), the majority of studies
found serious impairment due to alcohol by a blood alcohol concentration (BAC) of 0.08
g/dl.

Although in 2009 18% of all fatally injured drivers tested positive for drug involvement
(U.S. Department of Transportation National Highway Traffic Safety Administration, 2010),
far less research has been conducted on marijuana compared with alcohol. According to a
recent review, drivers who used marijuana compensate by driving slower; however, their
control deteriorates with increasing task complexity (Hartman and Huestis, 2013).
Marijuana use increases lane weaving, decreases mean speed, increases mean and variability
in headways, and impairs cognitive function, critical tracking tests, reaction times, divided
attention tasks, expected practice effects, and lane position variability (Anderson et al.,
2010; Downey et al., 2013; Hartman and Huestis, 2013; Lenne et al., 2010). The increased
risk of impaired driving skills occurs for both lower and higher levels of delta-9-
tetrahydrocannabinol (THC) concentrations (Bramness et al., 2010). A double-blind,
placebo-controlled, randomized, three-way crossover study administered placebo and
dronabinol (10mg and 20mg; medical tetrahydrocannabinol) to current marijuana users. The
researchers found that dronabinol impairs driving performance in a dose dependent manner
in both occasional and heavy marijuana users but to a lesser degree in heavy users (Bosker
et al., 2012). Therefore, substantial scientific evidence demonstrates that THC use impairs
driving-related skills. Although the link between marijuana use and driving impairment is
less well studied, Li et al. (2013) recently concluded that drivers involved in a fatal motor
vehicle crash were 1.83 times more likely to be positive for marijuana than drivers not
involved in a fatal motor vehicle crash.

Policies and cultural or attitudinal shifts can affect rates of substance-impaired driving (Fell
and Voas, 2006). In recent years, Colorado has undergone a sharp policy shift in its
approach to marijuana. Colorado voters approved Amendment 20 to legalize medical
marijuana in 2000; however, very few medical marijuana applications were submitted until
2009. In March of that year, federal policy shifted, ending raids on distributors of medical
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marijuana in states where it was legal (Johnston and Lewis, 2009). In October, 2009, the
U.S. Department of Justice distributed a memo stating that federal resources should not
focus on prosecuting medical marijuana patients and caregivers who were operating in
“clear and unambiguous compliance with existing state laws” (Ogden, 2009). Perhaps most
relevant to this manuscript, in July 2009, the Colorado Board of Health rejected a limit on
the number of patients a caregiver could aid, which greatly loosened restrictions on who
could cultivate and distribute medical marijuana. This decision opened the door for large
scale retail medical marijuana dispensaries (Ingold, 2009; Sensible Colorado, 2013).
Therefore, this study uses mid-2009 as the beginning of the large scale marijuana
commercialization in Colorado.

Figure 1 graphically displays the increase of registered medical marijuana users from 2009
through 2011. As of January 315t, 2009, only 5,051 people were registered medical
marijuana users (The Colorado Medical Marijuana Registry, 2009b) but by the end of July,
the number more than doubled to 11,094 (The Colorado Medical Marijuana Registry,
2009c). By the end of 2009, the number of licensed registered medical marijuana users
increased to 41,039 (The Colorado Medical Marijuana Registry, 2009a).

There has been much debate about the impact of marijuana commercialization on both
marijuana-positive and alcohol-impaired driving; however, there is a dearth of empirical
research. This study addressed two research questions: 1) Has the proportion of drivers in a
fatal motor vehicle crash who were marijuana-positive changed in Colorado since mid-2009
and how do these changes compare with non-medical marijuana states (NMMS)? and 2) Has
the proportion of drivers in a fatal motor vehicle crash who were alcohol-impaired (BAC =
0.08%) changed during this same time in Colorado and how do these changes compare with
NMMS?

2. METHODS

This study is based on data from the 1994-2011 Fatality Analysis Reporting System
(FARS), which has documented all qualifying fatalities occurring within the 50 United
States, the District of Columbia, and Puerto Rico since 1975 (U.S. Department of
Transportation National Highway Traffic Safety Administration, 2012a). FARS requires that
the crash involves a motor vehicle driving on a road open to the public and that the crash-
related fatality occurs within 30 days (720 hours) of the crash (U.S. Department of
Transportation National Highway Traffic Safety Administration, 2012a). State agencies
provide information to the National Highway Traffic Safety Administration (NHTSA) on all
qualifying fatal crashes identified in various documents, such as police accident reports,
death certificates, state vehicle registration files, coroner/medical examiner reports, state
driver licensing files, hospital medical reports, state highway department data, emergency
medical service reports, and vital statistics (U.S. Department of Transportation National
Highway Traffic Safety Administration, 2012a). FARS analysts have automatic checks,
safeguards, and a coding manual to ensure and maintain quality data. Even with these
quality assurance checks, aggregating data across 50 states can introduce some
inconsistencies because states have different laws and policies regarding drug testing
practices (Office of National Drug Control Policy, 2011). States also may use different drug
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tests and/or have different availability of toxicology lab work (U.S. Department of
Transportation National Highway Traffic Safety Administration, 2010).

The FARS data contain approximately 100 data elements including driver (e.g., age, seXx,
and drug test results), vehicle (e.g., year and model), and crash (e.g., date, atmospheric
conditions, and number of fatalities) variables. To adapt to changing vehicle characteristics,
highway safety emphasis areas, and user needs, a data element may be slightly modified or a
new one will be added. For instance, beginning in 1999, data on Hispanic ethnicity and race
started being collected on fatalities. The FARS data do not include any personal identifying
information, such as names, addresses, or social security numbers, which allows the data to
be publicly available (U.S. Department of Transportation National Highway Traffic Safety
Administration, 2012a). Therefore, the Colorado Multiple Institutional Review Board
determined that this project is not human subjects research.

Analyses were completed for Colorado and for all of the 34 states that did not have medical
marijuana laws through 2011: Alabama; Arkansas; Connecticut; Florida; Georgia; Idaho;
Illinois; Indiana; lowa; Kansas; Kentucky; Louisiana; Maryland; Massachusetts; Minnesota;
Muississippi; Missouri; Nebraska; New Hampshire; New York; North Carolina; North
Dakota; Ohio; Oklahoma; Pennsylvania; South Carolina; South Dakota; Tennessee; Texas;
Utah; Virginia; West Virginia; Wisconsin; and Wyoming. Colorado was selected because
there was a clear point in time when there was a tremendous growth in the
commercialization of medical marijuana in the state.

Outcome variables aggregated at each time period were: 1) the proportion of drivers in a
fatal motor vehicle crash who were marijuana-positive; the driver had to have a positive
blood and/or urine drug test for a cannabinoid, hashish, marijuana, Marinol, or THC and 2)
the proportion of drivers in a fatal motor vehicle crash who were alcohol-impaired (BAC >
0.08%). A cut off criterion for BAC of 0.08 grams per deciliter or greater has been used in
prior studies (U.S. Department of Transportation National Highway Traffic Safety
Administration, 2009, , 2012c). For example, to create the first outcome variable, the
number of marijuana-positive drivers was divided by the total number of drivers involved in
fatal motor vehicle crashes; this denominator included drivers who tested qualitatively
positive or negative for any marijuana and those who were not tested for drugs (see
Supplemental Figure 1 for Colorado and Supplemental Figure 2 for the 34 NMMS?). To be
included in the outcome variables, drivers had to be involved in a fatal motor vehicle crash
in Colorado or in the 34 NMMS between 1994 and 2011. Drivers involved in a fatal motor
vehicle crash were included in the outcome variables for the following reasons: 1) one fatal
crash can involve one to many drivers; 2) in a few cases, the driver of the first vehicle was
not positive for marijuana; although, a driver in a subsequent numbered vehicle was positive
for marijuana; and 3) in a few fatal motor vehicle crashes, both drivers were positive for
marijuana. Approximately only one and a half percent of the total number of drivers were
both marijuana-positive and alcohol-impaired.

1Supplementary material can be found by accessing the online version of this paper at http://dx.doi.org and by entering doi:...
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To account for missing BAC values, the multiple imputation method was used as
recommended by the National Center for Statistics and Analysis (U.S. Department of
Transportation National Highway Traffic Safety Administration, 2002) and as various
previous studies have done (Roudsari et al., 2009; U.S. Department of Transportation
National Highway Traffic Safety Administration, 2009, 2011, 2012b). To create the
proportion of drivers in a fatal motor vehicle crash who were alcohol-impaired, the
proportions of the 10 imputed BAC values were calculated and then these proportions were
averaged to get the final proportion of interest (U.S. Department of Transportation National
Highway Traffic Safety Administration, 2002).

The study years 1994-2011 were divided into thirty-six 6-month intervals to determine
trends. The a priori definition of the period of pre-commercial medical marijuana is 1994—
June 2009 and post-commercial medical marijuana is July, 2009-2011. Only linear trends
were examined because five time periods post-commercial medical marijuana were
available. Three covariates were considered: proportion of male drivers, proportion of
drivers 21-24 years old, and proportion tested for drugs or alcohol, as appropriate. Studies
have revealed that drivers who were 21-24 years old as well as being male were more likely
to be involved in alcohol-impaired fatal motor vehicle crashes (Roudsari et al., 2009; U.S.
Department of Transportation National Highway Traffic Safety Administration, 2011). In
addition, FARS data have shown that between the years 2005-2009, the proportion of fatally
injured drivers testing for drugs has increased (U.S. Department of Transportation National
Highway Traffic Safety Administration, 2010).

To answer the two research questions, four linear models including time and time spline
term at the knot January — June, 2011 as predictors with autoregressive covariance structures
of order 1 (AR(1)) to account for the autocorrelation among data points were first fitted to
examine possible changes in trends after mid-2009 for Colorado and the 34 NMMS on the
proportion of drivers in a fatal motor vehicle crash who were marijuana-positive and on the
proportion of drivers in a fatal motor vehicle crash who were alcohol-impaired and
additionally to estimate covariance parameters. All four models included the above three
covariates. Next, estimated generalized least squares (EGLS) methods were applied to the
two models with state (Colorado vs. the 34 NMMS) and its interactions with time terms as
additional predictors pooling data from Colorado and the 34 NMMS to compare trends from
Colorado and the 34 NMMS utilizing AR(1) covariance parameter estimates from the first
autoregressive models. In other words, the first four models compared the trend before and
after the commercialization of medical marijuana within Colorado or the 34 NMMS on the
proportion of drivers in a fatal motor vehicle crash who were marijuana-positive or on the
proportion of drivers in a fatal motor vehicle crash who were alcohol-impaired. The last two
models compared the trend before and after the commercialization of medical marijuana
between Colorado and the 34 NMMS on the two outcome variables. Analyses were
completed in SAS 9.3 (SAS Institute Inc., 2012) and R (R Core Team, 2013).

3. RESULTS

In Colorado, the proportion of drivers in a fatal motor vehicle crash who were marijuana-
positive was 4.5% in the first 6 months of 1994, 5.9% in the first 6 months of 2009, and 10%
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at the end of 2011 (see Figure 2, solid line). There was a significant negative linear trend in
the proportion of drivers in a fatal motor vehicle crash who were marijuana-positive during
the pre-commercial marijuana period (see Table 1). There was a significant positive change
in the trend during the post-commercial marijuana period resulting in a positive trend for
Colorado, after adjusting for the proportion of male drivers, the proportion of drivers 21-24
years old, and the proportion of drivers tested for drugs. In the 34 NMMS, the proportion of
drivers in a fatal motor vehicle crash who were marijuana-positive was 1.1% in the first 6
months of 1994, 4.2% in the first 6 months of 2009, and 4.1% at the end of 2011 (see Figure
2, dashed line). There was not a significant trend in the proportion of drivers in a fatal motor
vehicle crash who were marijuana-positive during the pre-commercial marijuana period, nor
a significant change in trend during the post-commercial marijuana period for the 34
NMMS, after adjusting for the three covariates (see Table 1). Colorado had a significantly
higher proportion of drivers in a fatal motor vehicle crash who were marijuana-positive
compared with the 34 NMMS in 1994 (p = 0.0005). There was a significant difference in
trend for the proportion of drivers in a fatal motor vehicle crash who were marijuana-
positive during the pre-commercial marijuana period in Colorado compared with the 34
NMMS (see Table 1). After mid-2009, Colorado had a significantly greater positive change
in trend compared with NMMS, after adjusting for the three covariates.

In Colorado, the proportion of drivers in a fatal motor vehicle crash who were alcohol-
impaired was 26.9% in the first 6 months of 1994, 25.2% in the first 6 months of 2009, and
23.4% at the end of 2011 (see Figure 3, solid line). There was not a significant trend in the
proportion of drivers in a fatal motor vehicle crash who were alcohol-impaired during the
pre-commercial marijuana period, nor a significant change in trend during the post-
commercial marijuana period in Colorado, after adjusting for the proportion of male drivers,
the proportion of drivers 21-24 years old, and the proportion of drivers tested for alcohol
(see Table 1). In the 34 NMMS, the proportion of drivers in a fatal motor vehicle crash who
were alcohol-impaired was 22.8% in the first 6 months of 1994, 23.0% in the first 6 months
of 2009, and 21.0% at the end of 2011 (see Figure 3, dashed line). There was a non-
significant negative trend during the pre-commercial marijuana period for the proportion of
drivers in a fatal motor vehicle crash who were alcohol-impaired and there was not a
significant change in trend during the post-commercial marijuana period for the 34 NMMS,
after adjusting for the three covariates (see Table 1). Additionally, there were no significant
differences comparing Colorado and NMMS in trend during the pre-commercial marijuana
period and in the change in trend during the post-commercial marijuana period on the
proportion of drivers in a fatal motor vehicle crash who were alcohol-impaired, after
adjusting for the three covariates (see Table 1).

4. DISCUSSION

The primary results of this study are that 1) the proportion of drivers in a fatal motor vehicle
crash who were marijuana-positive in Colorado was decreasing during the pre-marijuana
commercialization period, but is now increasing, 2) similar changes are not seen in NMMS,
3) during the post-marijuana commercialization period, the increasing trend in the
proportion of drivers in a fatal motor vehicle crash who were marijuana-positive is higher in
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Colorado compared to NMMS, and 4) no significant changes in the proportion of drivers in
a fatal motor vehicle crash who were alcohol-impaired was seen in Colorado or in NMMS.

Some recent research supports the proposition that the proportion of drivers in a fatal motor
vehicle crash who were marijuana-positive may increase with medical marijuana
commercialization. A recent study by Johnson et al. (2012) randomly sampled 900 weekend
nighttime drivers from six jurisdictions in California, the first state where medical marijuana
became legal. This study found that 14.4% of weekend nighttime drivers tested positive for
illegal drugs and of those, 8.5% tested positive for THC. A very similar study was
completed three years earlier by the same authors and compared to the recent study; that
comparison revealed an increase from 4.9% to 7.8% in THC positive drivers with no
increases in drivers under the influence of other illegal drugs. In addition, drivers who were
positive for marijuana did not think they consumed anything that impaired their driving
skills (Johnson et al., 2012).

The fourth result stands in contrast to work by Anderson et al. (2013), which found that
legalizing medical marijuana was associated with a 13.2% decrease in any alcohol-related
fatality (BAC > 0) and a 15.5% decrease in fatalities in which at least one driver had a BAC
> 0.10. However, these discrepant results likely stem from several important differences in
study design. First, Anderson et al. examined changes prior to and following the enactment
of medical marijuana laws; instead this study used not the year Colorado enacted its medical
marijuana law (2001) but July 2009 when medical marijuana commercialization quickly
grew in Colorado. Second, Anderson et al. included multiple states where medical marijuana
is legal, where this study focused on Colorado. This study used a BAC level of 0.08 as the
cut off criterion, which has been used in prior studies (U.S. Department of Transportation
National Highway Traffic Safety Administration, 2009, 2012c) and is the threshold for
determining if a driver was under the influence of alcohol in Colorado (House Committees,
2013). Finally the two studies employed different covariates. Therefore, it is not surprising
that the two studies provide differing results.

Although the results of this study raise important concerns about the increase in the
proportion of drivers in a fatal motor vehicle crash who were marijuana-positive, the study
must be viewed within the context of several limitations. First, data on Hispanic ethnicity
and race were only collected since 1999 and only collected on fatalities, not necessarily the
impaired driver (U.S. Department of Transportation National Highway Traffic Safety
Administration, 2012a). Therefore, Hispanic ethnicity and race could not be included as
covariates in the analyses. Second, marijuana-positive means that a driver had a positive
drug test for a cannabinoid, hashish, marijuana, Marinol, or THC, which does not prove
impairment or indicate that marijuana use was the cause of the crash (U.S. Department of
Transportation National Highway Traffic Safety Administration, 2010). Third, unlike the
alcohol data, quantitative marijuana levels are not systematically measured. Finally,
differing state laws, policies, and practices regarding drug test practices can introduce
inconsistencies. For instance, states may use different test types and/or employ different
concentration thresholds for determining a qualitatively positive test result. States also have
different availability of toxicology lab work (U.S. Department of Transportation National
Highway Traffic Safety Administration, 2010). However, concern regarding this last
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limitation is reduced because the analyses included a covariate, the proportion of drivers
tested for drugs, to help account for these differences.

Unfortunately, this study cannot determine cause and effect relationships, such as whether
marijuana-positive drivers contributed to/caused the fatal motor vehicle crashes. As seen in
Figure 1, Colorado experienced a rapid increase in medical marijuana registered users in the
middle of 2009 and this increase continued throughout the study period of 2010 and most of
2011. In contrast, there was a decreasing trend in fatal motor vehicle crashes in Colorado
since 2004 as displayed in Figure 4 (Figure 5 depicts a similar trend for the number of motor
vehicle-related fatalities in the 34 NMMS). Therefore, the primary result of this study may
simply reflect a general increase in marijuana use during this same time period in Colorado.

After using marijuana, THC metabolites are detectable in an individual’s blood or urine for
several days and sometimes weeks for heavy marijuana users (National Institute on Drug
Abuse, 2013). Therefore, Colorado may have an increased number of drivers, in general,
who were using marijuana, not just an increase in the proportion who were involved in fatal
motor vehicle crashes. The FARS data only contain a qualitatively positive or negative
blood or urine test result for a cannabinoid, hashish, marijuana, Marinol, or THC. A
comprehensive approach would be for State agencies to test drivers’ blood and provide the
NHTSA with the drivers’ quantitative levels of THC nanograms per milliliter of whole
blood. If a future study could obtain or measure the levels of THC in drivers’ blood, then the
study could draw conclusions using quantitative THC levels or a set threshold for
“impairment” (e.g., defined as having five nanograms or more of THC per milliliter of
whole blood). Then a future study could replicate this study with only marijuana-impaired
drivers. Additionally to further understand the relationship between the increase in the
proportion of drivers in a fatal motor vehicle crash who were marijuana-positive after the
expansion of medical marijuana commercialization, future research could be completed to
examine the causes of the motor vehicle crash and roadside surveys of drivers could be
completed to obtain drug use and other information on a random sample of motorists, such
as described in Johnson et al. (2012).

Even though this study cannot discover the cause, this study reveals that there has been an
increase in the proportion of drivers in a fatal motor vehicle crash who were marijuana-
positive since the expansion of medical marijuana commercialization in Colorado. To
manage drug-impaired drivers and to prevent drug-impaired driving, there are programs that
can be implemented. Voas et al. (2011) proposed a national model to manage drug and
alcohol-impaired drivers. Their program suggests seven features that include low cost
monitoring systems and alcohol and/or substance use treatment. Other programs aim to
prevent drug-impaired driving. The “Why Drive High?” program is a social marketing
campaign that is youth led and adult guided and has the primary goal to increase youth
awareness and knowledge about the adverse effects of marijuana while driving (Marko and
Watt, 2011).

Another possible approach to decrease drugged driving is to set limits for driving while
intoxicated. On May 28t, 2013, Colorado House Bill 13-1325 set the limit for impaired
driving. If a driver’s blood at the time of driving, or within a reasonable time thereafter,
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contains five nanograms or more of THC per milliliter of whole blood, then this gives rise to
a permissible inference that the driver was under the influence of at least one drug (House
Committees, 2013). An international group of scientists evaluated evidence from
experimental and epidemiological research to develop limits for driving under the influence
of marijuana. The group suggested a range of seven to ten nanograms per milliliter of THC
in the blood to determine impairment in drivers; although, a lower limit of THC may be
appropriate with a BAC exceeding 0.03% or 0.05% (Grotenhermen et al., 2007). On the
other hand, some scientists propose zero tolerance laws for drugged driving. These scientists
assert that legislation for any illegal drug-impaired driving should include statements that if
a drug is present in a driver who is suspected of impairment, then that should constitute per
se evidence of drugged driving (Reisfield et al., 2012). In addition, DuPont et al. (2012) also
support drugged driving “per se laws that make any amount of an illegal substance in the
body of a driver a criminal offense, including drugs that are illegal under federal law and/or
illicit use of medical drugs without a valid prescription” (p. 40).

In conclusion, in 1994, Colorado had a higher proportion of drivers in a fatal motor vehicle
crash who were marijuana-positive compared with the 34 NMMS. Colorado experienced a
significant positive change in trend post-commercial marijuana and this change was
significantly different than that seen in NMMS. Prevention programs and education should
be implemented to inform individuals about the risks of impaired driving, particularly in
Colorado. Future studies should examine the influence of Colorado’s recent move to legalize
recreational marijuana and the potential impact of Colorado House Bill 13-1325 on
marijuana-positive driving.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Role of Funding Source: Dr. Salomonsen-Sautel was supported by NIAAA T32AA007464. Dr. Sakai is supported
by RO1DA031761, P60DA011015, R0O1DA029258 and the Kane Family Foundation. Dr. Hopfer is supported by
1K24DA032555. The NIAAA and the NIDA had no further role in study design; in the collection, analysis and
interpretation of data, in the writing of the report, or in the decision to submit the paper for publication.

References

Anderson BM, Rizzo M, Block RI, Pearlson GD, O’Leary DS. Sex differences in the effects of
marijuana on simulated driving performance. J Psychoactive Drugs. 2010; 42:19-30. [PubMed:
20464803]

Anderson MD, Hansen B, Rees DI. Medical marijuana laws, traffic fatalities, and alcohol
consumption. J Law Econ. 2013; 56:333-363.

Bosker WM, Kuypers KP, Theunissen EL, Surinx A, Blankespoor RJ, Skopp G, Jeffery WK, Walls
HC, van Leeuwen CJ, Ramaekers JG. Medicinal Delta(9)-tetrahydrocannabinol (dronabinol)
impairs on-the-road driving performance of occasional and heavy cannabis users but is not detected
in Standard Field Sobriety Tests. Addiction. 2012; 107:1837-1844. [PubMed: 22553980]

Bramness JG, Khiabani HZ, Morland J. Impairment due to cannabis and ethanol: clinical signs and
additive effects. Addiction. 2010; 105:1080-1087. [PubMed: 20331551]

Drug Alcohol Depend. Author manuscript; available in PMC 2015 July 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Salomonsen-Sautel et al. Page 10

Downey LA, King R, Papafotiou K, Swann P, Ogden E, Boorman M, Stough C. The effects of
cannabis and alcohol on simulated driving: influences of dose and experience. Accid Anal Prev.
2013; 50:879-886. [PubMed: 22871272]

DuPont RL, Voas RB, Walsh JM, Shea C, Talpins SK, Neil MM. The need for drugged driving per se
laws: a commentary. Traffic Inj Prev. 2012; 13:31-42. [PubMed: 22239141]

Fell JC, Voas RB. Mothers Against Drunk Driving (MADD): the first 25 years. Traffic Inj Prev. 2006;
7:195-212. [PubMed: 16990233]

Grotenhermen F, Leson G, Berghaus G, Drummer OH, Kruger HP, Longo M, Moskowitz H, Perrine
B, Ramaekers JG, Smiley A, Tunbridge R. Developing limits for driving under cannabis. Addiction.
2007; 102:1910-1917. [PubMed: 17916224]

Hartman RL, Huestis MA. Cannabis effects on driving skills. Clin Chem. 2013; 59:478-492.
[PubMed: 23220273]

House Committees. Colorado House Bill 13-1325; First Regular Session, Sixty-ninth General
Assembly; 2013. Available at: http://www.leg.state.co.us/clics/clics2013a/csl.nsf/fshillcont/
746F2A0BF687A54987257B5E0076F3CD?0pen&file=1325_01.pdf

Ingold, J. [Accessed: June 18, 2013] Medical marijuana rule change voided in Colorado. The Denver
Post. 2009. Available at: http://www.denverpost.com/greenbusiness/ci_13759034?
source=pkg#ixzz2WhSz6p8h

Johnson MB, Kelley-Baker T, Voas RB, Lacey JH. The prevalence of cannabis-involved driving in
California. Drug Alcohol Depend. 2012; 123:105-109. [PubMed: 22101027]

Johnston, D.; Lewis, NA. [Accessed: December 6, 2011] Obama administration to stop raids on
medical marijuana dispensers. The New York Times. 2009. Available at: http://
www.nytimes.com/2009/03/19/us/19holder.html

Lenne MG, Dietze PM, Triggs TJ, Walmsley S, Murphy B, Redman JR. The effects of cannabis and
alcohol on simulated arterial driving: influences of driving experience and task demand. Accid
Anal Prev. 2010; 42:859-866. [PubMed: 20380913]

Li G, Brady JE, Chen Q. Drug use and fatal motor vehicle crashes: a case-control study. Accid Anal
Prev. 2013; 60:205-210. [PubMed: 24076302]

Marko TL, Watt T. Employing a youth-led adult-guided framework: “Why Drive High? social
marketing campaign. Fam Community Health. 2011; 34:319-330. [PubMed: 21881419]

Moskowitz, H.; Fiorentino, D. A Review of the Literature on the Effects of Low Doses of Alcohol on
Driving-Related Skills. National Highway Traffic Safety Administration; Springfield, VA: 2000.

National Institute on Drug Abuse. [Accessed: January 7, 2014] Marijuana: Facts for Teens. 2013.
Available at: http://www.drugabuse.gov/publications/marijuana-facts-teens/want-to-know-more-
some-fags-about-marijuana

Office of National Drug Control Policy. [Accessed: December 17 2013] Drug Testing and Drug-
Involved Driving of Fatally Injured Drivers in the United States: 2005-2009. 2011. Available at:
http://www.whitehouse.gov/sites/default/files/ondcp/issues-content/fars_report_october_2011.pdf

Ogden, DW. [Accessed: December 6, 2011] Memorandum for selected United States attorneys:
investigations and prosecutions in states authorizing the medical use of marijuana. 2009. Available
at: www.justice.gov/opa/documents/medical-marijuana.pdf

R Core Team. R: A Language and Environment for Statistical Computing, [computer program]. R
Foundation for Statistical Computing; Vienna, Austria: 2013.

Reisfield GM, Goldberger BA, Gold MS, DuPont RL. The mirage of impairing drug concentration
thresholds: a rationale for zero tolerance per se driving under the influence of drugs laws. J Anal
Toxicol. 2012; 36:353-356. [PubMed: 22582272]

Roudsari B, Ramisetty-Mikler S, Rodriguez LA. Ethnicity, age, and trends in alcohol-related driver
fatalities in the United States. Traffic Inj Prev. 2009; 10:410-414. [PubMed: 19746303]

SAS Institute Inc. Version 9.3 of the SAS System for Windows, [computer program]. SAS Institute
Inc; Cary, NC: 2012.

Sensible, Colorado. [Accessed: June 18, 2013] History of Colorado’s medical marijuana laws. 2013.
Auvailable at: http://sensiblecolorado.org/history-of-co-medical-marijuana-laws/

Drug Alcohol Depend. Author manuscript; available in PMC 2015 July 01.


http://www.leg.state.co.us/clics/clics2013a/csl.nsf/fsbillcont/746F2A0BF687A54987257B5E0076F3CD?Open&file=1325_01.pdf
http://www.leg.state.co.us/clics/clics2013a/csl.nsf/fsbillcont/746F2A0BF687A54987257B5E0076F3CD?Open&file=1325_01.pdf
http://www.denverpost.com/greenbusiness/ci_13759034?source=pkg#ixzz2WbSz6p8h
http://www.denverpost.com/greenbusiness/ci_13759034?source=pkg#ixzz2WbSz6p8h
http://www.nytimes.com/2009/03/19/us/19holder.html
http://www.nytimes.com/2009/03/19/us/19holder.html
http://www.drugabuse.gov/publications/marijuana-facts-teens/want-to-know-more-some-faqs-about-marijuana
http://www.drugabuse.gov/publications/marijuana-facts-teens/want-to-know-more-some-faqs-about-marijuana
http://www.whitehouse.gov/sites/default/files/ondcp/issues-content/fars_report_october_2011.pdf
http://sensiblecolorado.org/history-of-co-medical-marijuana-laws/

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Salomonsen-Sautel et al. Page 11

The Colorado Medical Marijuana Registry. [Accessed: November 27, 2013] Medical Marijuana
Registry Program. 2009a. Update as of December 31, 2009. Available at: http://
www.colorado.gov/cs/Satellite/ CDPHE-CHEIS/CBON/1251593017044

The Colorado Medical Marijuana Registry. [Accessed: November 27, 2013] Medical Marijuana
Registry Program. 2009b. Update as of January 31, 2009. Available at: http://
www.colorado.gov/cs/Satellite/ CDPHE-CHEIS/CBON/1251593017044

The Colorado Medical Marijuana Registry. [Accessed: November 27, 2013] Medical Marijuana
Registry Program. 2009c. Update as of July 31, 2009. Available at: http://www.colorado.gov/cs/
Satellite/ CDPHE-CHEIS/CBON/1251593017044

U.S. Department of Transportation National Highway Traffic Safety Administration. DOT HS 809
403. National Center for Statistics and Analysis Research and Development; Washington, DC:
2002. Transitioning to Multiple Imputation — A New Method to Impute Missing Blood Alcohol
Concentration (BAC) Values in FARS.

U.S. Department of Transportation National Highway Traffic Safety Administration. DOT HS 811
250. National Highway Traffic Safety Administration National Center for Statistics and Analysis;
Washington, DC: 2009. Fatalities and Fatality Rates in Alcohol- Impaired-Driving Crashes by
State, 2007-2008.

U.S. Department of Transportation National Highway Traffic Safety Administration. DOT HS 811
415. National Highway Traffic Safety Administration National Center for Statistics and Analysis;
Washington, DC: 2010. Drug Involvement of Fatally Injured Drivers.

U.S. Department of Transportation National Highway Traffic Safety Administration. DOT HS 811
523. National Highway Traffic Safety Administration National Center for Statistics and Analysis;
Washington, DC: 2011. Time of Day and Demographic Perspective of Fatal Alcohol-Impaired-
Driving Crashes.

U.S. Department of Transportation National Highway Traffic Safety Administration. DOT HS 811
693. U.S. Department of Transportation National Highway Traffic Safety Administration National
Center for Statistics and Analysis; Washington, DC: 2012a. Fatality Analysis Reporting System
(FARS): Analytical Users Manual 1975 — 2011.

U.S. Department of Transportation National Highway Traffic Safety Administration. DOT HS 811
654. National Highway Traffic Safety Administration National Center for Statistics and Analysis;
Washington, DC: 2012b. Prevalence of High BAC in Alcohol-Impaired-Driving Fatal Crashes.

U.S. Department of Transportation National Highway Traffic Safety Administration. DOT HS 811
699. National Highway Traffic Safety Administration National Center for Statistics and Analysis;
Washington, DC: 2012c. State Motor Vehicle Fatalities and State Alcohol-Impaired Motor
Vehicle Fatalities, 2011.

U.S. Department of Transportation National Highway Traffic Safety Administration. DOT HS 811
801. National Highway Traffic Safety Administration National Center for Statistics and Analysis;
Washington, DC: 2013. State Traffic Data.

Voas RB, DuPont RL, Talpins SK, Shea CL. Towards a national model for managing impaired driving
offenders. Addiction. 2011; 106:1221-1227. [PubMed: 21205054]

Drug Alcohol Depend. Author manuscript; available in PMC 2015 July 01.


http://www.colorado.gov/cs/Satellite/CDPHE-CHEIS/CBON/1251593017044
http://www.colorado.gov/cs/Satellite/CDPHE-CHEIS/CBON/1251593017044
http://www.colorado.gov/cs/Satellite/CDPHE-CHEIS/CBON/1251593017044
http://www.colorado.gov/cs/Satellite/CDPHE-CHEIS/CBON/1251593017044
http://www.colorado.gov/cs/Satellite/CDPHE-CHEIS/CBON/1251593017044
http://www.colorado.gov/cs/Satellite/CDPHE-CHEIS/CBON/1251593017044

1dussnuein Joyny vd-HIiN 1dussnueln Joyny vd-HIN

1duosnuey Joyiny vd-HIN

Salomonsen-Sautel et al. Page 12

Number of Registrants

130000 -
125000 -
120000 -
115000 4
110000 4
105000 4
100000 4
95000 |
90000 -
85000 -
80000 |
75000 -
70000 -
65000 -
60000 -
55000 4
50000 -
45000 -
40000 |
35000 4
30000 -
25000
20000 -
15000 Key: dashed vertical line marks the
beginning of the expansion of

1°'°°°’___’#___.,/- July 1%, 2009 , ; -
5000 4 / medical marijuana commercialization

T T T T T T T T T T T T T T T
rsi#f%@ @9"’@ @@Q’ @@ @@Q@% XX r&@ ::@;:«% o -9:;'9:: NN NANAN
‘f’ &‘3@"" pé\@*»“‘@ 9’ Y7 ,}@‘} @9"‘ 0@9"’@6 y"‘ > RN >‘°f &‘} RO

Date

Figure 1.
Number of medical marijuana registered users from 2009-2011
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Figure 2.
Proportion of drivers in a fatal motor vehicle crash who were marijuana-positive in Colorado

and 34 states without medical marijuana laws from 1994-2011
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Figure 3.
Proportion of drivers in a fatal motor vehicle crash who were alcohol-impaired in Colorado

and 34 states without medical marijuana laws from 1994-2011
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Figure 4.
Number of motor vehicle-related fatalities in Colorado from 1994-2011
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Figure 5.
Number of motor vehicle-related fatalities in 34 states without medical marijuana laws from
1994-2011
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