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Since 1996, 16 states and the District of Columbia in the United States have enacted legislation to decriminalize
marijuana formedical use.Althoughmarijuana is themost commonlydetectednonalcohol drug indrivers, its role in crash
causation remains unsettled. To assess the association between marijuana use and crash risk, the authors performed
a meta-analysis of 9 epidemiologic studies published in English in the past 2 decades identified through a systematic
search of bibliographic databases. Estimated odds ratios relating marijuana use to crash risk reported in these studies
ranged from0.85 to7.16.Pooledanalysisbasedon the random-effectsmodel yieldedasummaryodds ratioof 2.66 (95%
confidence interval: 2.07, 3.41). Analysis of individual studies indicated that the heightened risk of crash involvement
associatedwithmarijuanausepersistedafter adjustment for confoundingvariablesand that the risk of crash involvement
increased in a dose-response fashionwith the concentration of 11-nor-9-carboxy-delta-9-tetrahydrocannabinol detected
in theurineand the frequencyof self-reportedmarijuanause.The resultsof thismeta-analysis suggest thatmarijuanause
by drivers is associated with a significantly increased risk of being involved in motor vehicle crashes.
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Abbreviations: THC, delta-9-tetrahydrocannabinol; THC-COOH, 11-nor-9-carboxy-THC.

In the United States, marijuana possession and use were
banned by the Controlled Substances Act of 1970; however,
in the last 14 years, 16 states and the District of Columbia
have enacted legislation to decriminalize medical marijuana
(1–3). For nearly half a century, decriminalization of
marijuana has been an issue of international debate (4–9).
Recent support for decriminalization and legalization of
marijuana has been motivated partly by the established
and putative medical benefits of this substance. Efficacy
studies of marijuana in the United States have been limited
by categorization of marijuana as a schedule I drug—a
classification reserved for drugs with ‘‘no currently accepted
medical use’’ (10–13). Despite this classification, a number of
studies have shown the efficacies of marijuana in reducing
muscle spasms, increasing appetite, reducing ocular pressure,
and relieving pain (14–28). These medical benefits notwith-
standing, marijuana is a psychoactive substance associated
with distortion of time, increased reaction time, decreased
sensory perception, and loss of coordination (29–31). Fur-
thermore, long-term use has been associated with a host of

adverse effects, including cognitive impairment, respiratory
symptoms, suppression of the immune system, dizziness,
memory loss, loss of decision-making capability, psychosis,
and other mental health disorders (8, 30, 32–38).

The relation between marijuana use and motor vehicle
crashes has been examined using both experimental and
observational approaches (39). Simulator and laboratory
studies have found that a component of marijuana—delta-
9-tetrahydrocannabinol (THC)—is associated with de-
creased driving performance (40). Experimental studies
have shown modest functional impairment, but debate exists
over how well these experimental studies translate into real-
life driving situations (41). Epidemiologic studies, however,
have shown contradictory results (39, 42, 43). Some studies
indicate that marijuana use alone has minimal effect on
driving performance, while others report an increased crash
risk particularly when combined with other drugs or used
within 4 hours prior to driving (39, 42–45). A few studies
suggest a dose-response association of whole-blood THC con-
centration with crash risk and crash culpability (39, 45, 46).
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It is evident that marijuana users may engage in compensa-
tory behaviors that may mitigate some sensory and motor
deficits (41, 47).

Drug-impaired driving has emerged as a serious public
safety concern in the United States. In the 2009 National
Survey on Drug Use and Health, 10.5 million persons 12 or
more years of age were estimated to have driven under the
influence of illicit drugs in the prior year (48). Furthermore,
studies show that marijuana is the most commonly detected
drug other than alcohol among US drivers (42, 49, 50).
Although epidemiologic studies have identified a variety
of drugs such as benzodiazepines, amphetamines, hyp-
notics, opiates, and antidepressants as independent risk fac-
tors for motor vehicle crashes (51–55), it is unclear whether
marijuana plays a significant role in crash causation. To
assess the empiric evidence for the effect of marijuana use
on driving safety, and to inform policy development regard-
ing medical marijuana, we performed a meta-analysis of
epidemiologic studies examining the association of mari-
juana use by drivers with crash risk.

METHODS

This meta-analysis follows the guidelines put forth in the
PRISMA statement and MOOSE guidelines for reporting
systematic reviews and meta-analyses of observational
studies in epidemiology (56, 57).

Eligibility criteria

Studies were eligible for analysis if they presented data
on marijuana use based on laboratory tests or self-reports.
Articles not published in the English language, published
before 1990, or based on secondary analyses of previously
published data were excluded. Also excluded from the anal-
ysis were roadside surveys of drug prevalence and other
studies that contained no crash data (e.g., studies based on
data for drivers pulled over by law enforcement for sus-
pected driving under the influence of drugs, experimental
studies in which human subjects were given marijuana, and
studies that investigated driving infractions). Additionally,
case-series studies and studies without a comparison group
of drivers at risk of being involved in a crash were excluded.

Information sources and search

We performed a systematic search of the medical and
transportation literature for epidemiologic studies related
to marijuana use and motor vehicle crashes using PubMed
Medline (1949–present), Cochrane Library (1960–present),
Cumulative Index to Nursing and Allied Health Literature
(1981–present), Allied and Complementary Medicine Data-
base (1985–present), Health and Psychosocial Instruments
(1985–present), American Psychological Association Psyc Info
(1967–present), and ISI Web of Knowledge (1968–present).
(The most recent search was conducted on November 24,
2010. A limited update was performed from November 24,
2010, to June 9, 2011.) The following search terms were used
for all databases: ‘‘marijuana,’’ ‘‘THC,’’ and ‘‘cannabi*’’ in
combination with the terms ‘‘motor vehicle,’’ ‘‘crash,’’

‘‘driving,’’ ‘‘accidents,’’ and ‘‘systematic.’’ We used the ‘‘re-
lated citations’’ feature to capture additional references for
selected articles. We also examined the references of papers
we considered relevant to the search. We included studies
that addressed the issue of crash risk. Our search strategy
was not peer reviewed.

Study selection and data collection

Studies identified as potentially relevant based on elec-
tronic search results were entered into the computer pro-
gram EndNote X3 (58) for further investigation. Duplicate
articles were removed, and abstracts were reviewed to re-
move nonrelevant studies. Full-text files were obtained for
each of the remaining articles. These remaining articles
were then reviewed based on eligibility criteria. Eligibility
assessment was performed independently in a standardized
manner by 2 trained reviewers (M. L. and J. E. B.). Dis-
agreements between the 2 reviewers were resolved by 2
senior researchers (C. J. D. and G. L.). In 3 instances in
which data were missing or incomplete, we attempted to
contact the corresponding authors for further information
and were able to receive the requested information from
one of these authors. One of the present authors (M. L.)
reviewed full-text versions of articles entered into the study
database, coding the following variables: sample size, study
population characteristics, study design, study outcome
(crash risk), and type of assessment (e.g., blood, urine, or
self-report). The study-level data were then checked and
verified by 3 coauthors (J. E. B., C. J D., and G. L.). Study
quality was assessed by using a 28-item critical appraisal
checklist (59). Where possible, data were extracted to di-
rectly calculate unadjusted odds ratios of crash involvement
associated with marijuana use.

Data analysis

For each study, we calculated an unadjusted odds ratio
measuring the association between marijuana use and crash
risk. We analyzed these point estimates for heterogeneity of
the mean effect size by using the Q statistic (60) and gen-
erated a summary odds ratio based on the random-effects
model. To assess heterogeneity, we conducted analyses
stratified by study design, type of drug assessment, study
time period, study location, and age of study subjects. We
assessed publication bias with funnel plots and Rosenthal’s
(61) fail-safe N and conducted analyses in Excel software
(Microsoft Corporation, Redmond, Washington) and in
Comprehensive Meta Analysis version 2 (Biostat Inc.,
Englewood, New Jersey).

RESULTS

The electronic database search returned 2,960 references.
Duplicates and studies published prior to 1990 were then
removed, leaving 831 references to be reviewed. Following
the abstract and title review, commentaries, case reports,
general review articles, essays, and other ineligible studies
were removed, leaving 122 studies deemed relevant to mar-
ijuana use and driving safety. Full-text articles for the 122
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studies were retrieved for further review. Of those 122
articles, 8 were found to contain data for assessing crash
risk. We identified an additional 17 studies of possible
relevance through manual review of the references cited in
the 8 articles from which we extracted data. Of these 17
studies, 1 met the inclusion criteria and was added to the
meta-analysis (Figure 1). Critical appraisal of the studies
included in our analysis revealed that they were of high
quality and credibility.

Characteristics of included studies

Four of the 9 eligible studies were based on inner city or
urban populations (62–65), 1 study was based on a popula-
tion that was more than 50% rural (66), and the remaining
4 studies contained no data regarding location (67–70). Two
of the 9 selected papers included study populations that
were more than 50% white (64, 69). The remaining 7 studies
did not provide data regarding the ethnicities of the popula-
tions (62, 63, 65–68, 70). Four studies addressed popula-
tions that were more than 50% male (63–65, 68), 3 studies
addressed populations that were more than 50% female
(62, 66, 69), and the remaining 2 studies did not provide data
regarding gender (67, 70). Two studies explicitly studied
adolescents and young adults (66, 70). One of the 9 eligible
studies involved fatal crashes (68), 6 studies exclusively
addressed nonfatal crashes (62, 64–67, 69), and 2 studies
assessed both types (63, 70).

Marijuana use and crash risk

The 9 studies included in this meta-analysis were con-
ducted in 6 different countries (Table 1). Of the 9 studies,
2 were cross-sectional surveys, 5 were case-control analyses,
and 2 had a cohort design. Five studies assessed marijuana
use based on self-reported data, and 4 were based on urine or
blood tests (Table 1). All of the studies except one (65)
reported a statistically significantly increased risk of crash
involvement associated with marijuana use (Figure 2). The
estimated odds ratios were heterogeneous across the stud-
ies (Q statistic chi-square ¼ 38.21, degrees of freedom ¼ 8,
P < 0.001; I2 ¼ 79.1). The summary odds ratio estimated
from the random-effects model was 2.66 (95% confidence
interval: 2.07, 3.41). Rosenthal’s fail-safe N indicated that
705 additional null effects (P < 0.001) would be needed to
render the overall effect size estimate nonsignificant at the
P ¼ 0.05 level.

Effect size by study characteristics

The data were stratified and analyzed according to study
design, type of drug assessment, study time period, study
location, or age of the study subjects. A more than 2-fold
increased crash risk associated with marijuana use was
found in each of the subsets of studies (Table 2).

Adjustment for confounding variables

Five of the 9 studies (62–64, 66, 68) reported odds ratios
adjusted for a variety of covariates, including alcohol use.
While adjustment for confounding variables generally atten-
uated the estimated effect size to some degree, all the ad-
justed odds ratios except one (64) remained statistically
significant (data not shown).

Dose-response effect

Two studies (68, 70) provided data for assessing the dose-
response relation between marijuana use and crash risk.
Brault et al. (68) found that the risk of crash involvement

Keyword search of PubMed Medline, 
Cochrane Library, CINAHL, AMED, 

Health and Psychosocial Instruments, 
APA Psych Info, ISI Web of Knowledge:  

n = 2,960

Removal of duplicates: n = 1,990 

Exclusion of studies conducted before 
1990: n = 139

Titles of studies reviewed: 
n = 831

Exclusion of studies: n = 602 
 Lack of relevance: n = 546 
 Not published in English: n = 56 

Abstract reviewed: 
n = 229

Exclusion of studies because of lack of 
relevance: n = 107

Studies included in crash risk analysis:  
n = 9 

Full text of studies downloaded and 
reviewed: 
n = 122

Exclusion of studies: n = 114 
 Lack of relevance: n = 97 
 Review/commentary: n = 8 
 Duplicate data: n = 7 
 Inaccessible: n = 1 
 Data not extractable: n = 1 

Review of references: n = 17 
 Relevant article found: n = 1 
 Lack of relevance: n = 14 
 Review/commentary: n = 2 

Figure 1. Identification, review, and selection of articles included in
the meta-analysis of marijuana use and motor vehicle crashes.
AMED, Allied and Complementary Medicine Database; APA Psych
Info, American Psychological Association Psych Info; CINAHL, Cu-
mulative Index to Nursing and Allied Health Literature.
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Table 1. Characteristics of Studies Evaluating the Association of Marijuana Use With Motor Vehicle Crash Involvement

First Author,
Year (Reference No.)

Study Subjects
No.

Involved
in Crash

Marijuana
Use, %

No. Not
Involved
in Crash

Marijuana
Use, %

Country
of Origin

Study Design
Study Time

Period
Exposure to

Marijuana Assessed

Source of
Exposure

Data

Asbridge, 2005 (66) High school seniors 485 36.1 5,527 12.7 Canada Cross-sectional
survey

2002–2003 Driving within 1 hour
of marijuana use

Self-report

Blows, 2005 (64) Drivers from all age
groups

552 5.8 587 0.9 New Zealand Case-control March 1998–
July 1999

Driving within 3 hours
of marijuana use

Self-report

Brault, 2004 (68) Drivers aged 16 years
or older

512 19.7 5,931 6.7 Canada Case-control April 1999–
December 2002

Metabolite of THC Urine test

Fergusson, 2001 (70) Drivers aged 18–21
years

626a 56.1 2,095a 35.0 New Zealand Prospective
cohort

1977–1998 Marijuana use in the
past year

Self-report

Gerberich, 2003 (69) Members of a medical
insurance program
aged 15–49 years

188 31.9 64,469 21.6 United States Retrospective
cohort

1979–1985 Currently using
marijuana or
having used
marijuana 6
times or more
during lifetime

Self-report

Mann, 2010 (62) Drivers aged 18 years
or older

634 6.2 7,819 2.0 Canada Cross-sectional
survey

2002–2007 Driving within an hour
of marijuana use

Self-report

Movig, 2004 (63) Drivers aged 18 years
or older

110 11.8 816 6.0 The Netherlands Case-control May 2000–
August 2001

THC and metabolites Urine and/or
blood test

Mura, 2003 (67) Drivers aged 18 years
or older treated in
emergency rooms

900 10.0 900 5.0 France Case-control June 2000–
September 2001

THC Blood test

Woratanarat, 2009
(65)

Drivers aged 15 years
or older

200 2.0 849 2.4 Thailand Case-control February 2006–
December 2006

Marijuana Urine test

Abbreviation: THC, delta-9-tetrahydrocannabinol.
a No. of person-years at risk.
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increased progressively with the concentration of 11-nor-9-
carboxy-THC (THC-COOH); relative to that for drivers
testing negative for the substance, the estimated odds ratios
of crash involvement were 1.1 (95% confidence interval:
0.5, 2.6) for those with low THC-COOH concentrations in
their urine, 1.8 (95% confidence interval: 1.0, 3.5) for those
with medium THC-COOH concentrations, and 3.3 (95%

confidence interval: 1.9, 5.9) for those with high THC-
COOH concentrations. Fergusson and Horwood (70) found
that the risk of crash involvement increased significantly as
self-reported frequency of marijuana use in the past year
increased.

DISCUSSION

Results of this meta-analysis indicate that marijuana use
by drivers is associated with a significantly increased risk of
crash involvement. Specifically, drivers who test positive for
marijuana or self-report using marijuana are more than
twice as likely as other drivers to be involved in motor
vehicle crashes. The increased risk of crash involvement
associated with marijuana use is generally consistent across
studies that were conducted in different geographic regions
and driver populations, used different research design ap-
proaches, and were based on different methods for measuring
marijuana use. Of the 9 studies included in the meta-analysis,
all but one found a statistically significant association be-
tween marijuana use and crash risk. The only study that
failed to detect a significant association between marijuana
use and crash risk was a small case-control study conducted
in Thailand (65), where the prevalence of marijuana use ap-
pears to be far lower than reported elsewhere (63, 67, 68).
The validity of the association between marijuana use and
crash risk is further strengthened by the empirical evidence
that a dose-response relation exists between the dose and
frequency of marijuana use by drivers and their risk of being
involved in motor vehicle crashes (68, 70).

The crash risk associated with marijuana, if confirmed by
further research, may have important implications for driv-
ing safety and public policy. Drug-impaired driving is a se-
rious problem in the United States. Toxicologic testing data

Figure 2. Forest plot of study level, summary odds ratio, and 95% confidence interval (CI) of crash involvement associated with marijuana use.
The size of each square is proportional to the relative weight that each study contributed to the summary odds ratio. The summary odds ratio is
indicated by the diamond. Horizontal bars indicate the 95% confidence interval. Heterogeneity: Q ¼ 38.21; P < 0.0001; I 2 ¼ 79.1.

Table 2. Random-effects Summary Odds Ratios and 95%

Confidence Intervals of Crash Involvement Associated With

Marijuana Use, by Study Characteristics

Study Characteristic OR 95% CI

Study design

Case-control 2.63 1.87, 3.71

Cohort 2.04 1.36, 3.07

Cross-sectional 3.61 2.37, 5.49

Type of drug assessment

Self-report 2.93 2.07, 4.17

Blood or urine test 2.26 1.46, 3.49

Study time period

Before 2000 2.82 1.77, 4.50

2000 and after 2.58 1.89, 3.53

Study location

North America 2.97 2.13, 4.14

Other 2.31 1.59, 3.35

Age of study subjects

<25 years 3.03 1.83, 5.01

All ages 2.50 1.81, 3.46

Abbreviations: CI, confidence interval; OR, odds ratio.
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indicate that 28% of fatally injured drivers (71) and more
than 11% of the general driver population test positive for
nonalcohol drugs (72), with marijuana being the most com-
monly detected substance.

Although this meta-analysis provides compelling evi-
dence for an association between marijuana use and crash
risk, it is impossible to infer causality from these epidemi-
ologic data alone. A more rigorous assessment of the nature
of the relation between marijuana use and crash risk is
complicated by several factors. Among them are bias from
measured and unmeasured confounding and the difficulty
posed by polydrug use. Although most of the studies
included in this meta-analysis considered some confounding
variables in evaluating the association between marijuana
use and crash risk, adjustment was usually limited to a few
measured covariates, such as age, sex, and alcohol use.
Additional variables that may confound the relation be-
tween marijuana use and crash risk, such as exposure to
driving and risk-taking propensity, are often difficult to mea-
sure and thus are not readily available. Other factors con-
founding the relation between marijuana use and crash risk
are divergent definitions and assessments of marijuana use
across studies.

Different methods of assessing marijuana use (e.g., self-
report, urine tests, and blood tests) may have different levels
of validity and reliability (39). Most of these screenings
determine whether marijuana was used within the past few
weeks, whereas acute impairment in driving skills from
marijuana use lasts only 3–4 hours (39). Furthermore, be-
cause marijuana is an illicit drug in most countries, it is
possible that drivers in the comparison groups might be less
likely than those involved in crashes to submit to testing,
which could lead to overestimation of the effect of mari-
juana use on crash risk (43).

Polydrug use represents another challenge to determining
the role of marijuana in motor vehicle crashes. Polydrug use
by drivers is common, with up to a quarter of drivers injured
in crashes testing positive for 2 or more drugs (including
alcohol) (42, 73, 74). Although it is necessary to understand
the effect of individual drugs on driving performance, the
high prevalence of polydrug use by drivers makes it difficult
to do so. On the other hand, assessing interaction effects on
driving safety of different drug combinations based on ep-
idemiologic data would require very large study samples,
comprehensive drug testing data, and tremendous financial
and other resources (42–44, 75, 76). One of the studies in-
cluded in the meta-analysis evaluated the effect of mari-
juana in combination with alcohol on crash risk and found
that the combination of marijuana and alcohol confers an
exceptionally heightened risk to driving safety (68). Exper-
imental studies show that cannabis and alcohol affect dif-
ferent cognitive functions that may interact with driving
performance (41). Specifically, cannabis seems to impair
automatic behaviors, such as tracking, at low doses and
impair ability to perform more complex tasks at higher
doses, whereas alcohol seems to more readily affect func-
tions requiring cognitive control (41). While both marijuana
and alcohol can impair driving performance, there appears
to be greater variations in effects of marijuana compared
with alcohol (41).

It is worth noting that the studies included in this meta-
analysis did not directly assess medical marijuana use. Rec-
reational marijuana is often administered differently than
medical marijuana. The Institute of Medicine advises against
smoking marijuana, the typical method of recreational con-
sumption, and recommends using pills or a vaporizer (77).
The cannabinol and THC components in pills do not entirely
correspond to the components in the plant form of the sub-
stance (17, 77, 78). Medical marijuana, including cannabi-
noid medicines, may be administered in regulated doses,
whereas recreational use is less quantifiable (78). It is con-
ceivable that differences in administration modes and dosages
of marijuana between medical use and recreational use may
have different effects on driving ability and crash risk. Al-
though legislation permitting medical marijuana use and
marijuana decriminalization has proliferated in the United
States, many state medical marijuana laws include provi-
sions prohibiting driving under the influence of marijuana.
Quantifying the excess crash risk associated with marijuana
use is essential for understanding the overall health conse-
quences of legalizing medical marijuana and the effective-
ness of policy interventions on drug-impaired driving in
reducing injury morbidity and mortality from motor vehicle
crashes.

CONCLUSIONS

Epidemiologic studies published in the past 2 decades
demonstrate that marijuana use by drivers is associated with
a significantly increased crash risk. The crash risk appears to
increase progressively with the dose and frequency of mar-
ijuana use. The empiric evidence supporting the association
between marijuana use and crash risk was derived from
studies conducted in different countries and based on differ-
ent research designs. To further assess the role of marijuana
use in motor vehicle crashes, additional research is needed to
rigorously address the effects on crash risk of dose, recency,
and administrative modes of marijuana and of marijuana in
combination with other drugs. Given the ongoing epidemic of
drug-impaired driving and the increased permissibility and
accessibility of marijuana for medical use in the United
States, it is urgent to better understand the role of marijuana
in crash causation and outcomes.
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