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Objective: To determine if cannabinoid prevalence increased among fatal-crash-involved drivers in 12 U.S. states
after implementing medical marijuana laws. Methods: Time series analyses of 1992 to 2009 driver cannabinoid
prevalence from the Fatality Analysis Reporting System. Results: Increased driver cannabinoid prevalence associ-
ated with implementing medical marijuana laws was detected in only three states: California, with a 2.1
percentage-point increase in the percentage of all fatal-crash-involved drivers who tested positive for cannabi-
noids (1.1% pre vs. 3.2% post) and a 5.7 percentage-point increase (1.8% vs. 7.5%) among fatally-injured drivers;
Hawaii, with a 6.0 percentage-point increase (2.5 vs. 8.5) for all drivers and a 9.6 percentage-point increase (4.9%
vs. 14.4%) among fatally-injured drivers; and Washington, with a 3.4 percentage-point increase (0.7% vs. 4.1%)
for all drivers and a 4.6 percentage-point increase (1.1% vs. 5.7%) among fatally-injured drivers. Changes in
prevalence were not associated with the ease of marijuana access afforded by the laws. Discussion: Increased
prevalence of cannabinoids among drivers involved in fatal crashes was only detected in a minority of the states

that implemented medical marijuana laws. The observed increases were one-time changes in the prevalence
levels, rather than upward trends, suggesting that these laws may indeed provide marijuana access to a stable
population of patients as intended, without increasing the numbers of new users over time. Although this
study provides some insight into the potential impact of these laws on public safety, differences between states
in drug testing practices and regularity, along with the fairly recent implementation of most medical marijuana
laws, suggest that the long-term impact of these laws may not yet be known. Practical applications: It is recom-
mended that nationwide standardization of drug testing procedures and criteria be considered to improve the
consistency of testing both between and within jurisdictions.
© 2014 National Safety Council and Elsevier Ltd. All rights reserved.
1. Introduction

The first medical marijuana law in the United States was passed in
1996, allowing California physicians under state law to recommend
the use of marijuana for symptom relief for patients with specified
medical conditions. Eighteen other United States jurisdictions have
subsequently passed medical marijuana laws (Table 1), which vary in
degree of regulation, qualifying medical conditions, provisions for
patient access tomarijuana, and protections from legal or civil penalties
(NORML, 2012; ProCon.org, 2012; The Marijuana Policy Project, 2011).
Most laws provide both legal protections and means to legally access
marijuana, but some, like Maryland's, provide some protection from
criminal prosecution, but no routes to legally access marijuana.

Recent use of marijuana is associated with 2 to 6 times higher risk of
crashing while driving a motor vehicle—depending on the dose—com-
pared to driving unimpaired (Asbridge, Hayden, & Cartwright, 2012;
Baldock, 2008; Bates & Blakely, 1999; Beirness, Simpson, & Williams,
1 916 657 8589.
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2006; Li et al., 2012; Ramaekers, Berghaus, van Laar, & Drummer,
2004). From 1992 to 2009, about 20,000 drivers nationwide involved
in fatal crashes tested positive for cannabinoids (National Highway
Traffic Safety Administration [NHTSA], 2012). In some states, self-
reported marijuana use among young adults was higher after imple-
mentation of medical marijuana laws (Anderson & Rees, 2011; U. S.
Department of Health and Human Services, Substance Abuse and
Mental Health Services Administration, Office of Applied Studies
[DHHS], 2010), but whether cannabinoid use increased among motor
vehicle drivers in medical marijuana states—a potential concern for
traffic safety—is less clear (Crancer & Crancer, 2010; Johnson, Kelley-
Baker, Voas, & Lacey, 2012; Lacey, Kelley-Baker, Romano, Brainard, &
Ramirez, 2012; Lacey et al., 2009).

To address this question, we looked at changes in cannabinoid prev-
alence among drivers involved in fatal crashes from 1992 to 2009 in 12
states that passed medical marijuana laws, adjusting for changes in
drug testing rates and national trend towards higher driver cannabinoid
prevalence (NHTSA, 2010, 2012). A potential dose–response relationship
was also explored between changes in cannabinoid prevalence in these
states and ease of patient access to marijuana afforded by the laws.
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Table 1
19 U.S. jurisdictions with medical marijuana laws as of December 2012, dates of initial enactment or significant modification, and effective dates.

Jurisdiction Initial enactment and significant modifications Effective date

1. Alaska Ballot Measure 8 (Nov 3, 1998)
Senate Bill 94 (Jun 1, 1999)

Mar 4, 1999
Jun 2, 1999

2. Arizona Ballot Proposition 203 (Nov 2, 2010) Apr 14, 2011
3. California Proposition 215 (Nov 5, 1996)

Senate Bill 420 (Oct 12, 2003)
Nov 6, 1996
Jan 1, 2004

4. Colorado Ballot Amendment 20 (Nov 7, 2000)
House Bill 1284 & Senate Bill 109 (Jun 7, 2010)

Jun 1, 2001
Jul 1, 2010

5. Connecticut House Bill 5389 (May 31, 2012) Oct 1, 2012
6. Delaware Senate Bill 17 (May 13, 2011) Jul 1, 2011
7. District of Columbia Amendment Act B18-622 (May 21, 2010)

Emergency Amendment to Title 22 (Apr 14, 2011)
Jul 27, 2010
Apr 14, 2011

8. Hawaii Senate Bill 862 (Jun 14, 2000) Dec 28, 2000
9. Maine Ballot Question 2 (Nov 2, 1999)

Senate Bill 611 (Apr 2, 2002)
Question 5/Legislative Document 1811 (Nov 3, 2009/Apr 9, 2010)
Legislative Document 1296 (Jun 24, 2011)

Dec 22, 1999
Jul 25, 2002
Dec 23, 2009
Sep 22, 2011

10. Maryland Senate Bill 502 (May 22, 2003)
Senate Bill 308 (May 10, 2011)

Oct 1, 2003
Jun 1, 2011

11. Michigan Proposal 1 (Nov 4, 2008)
Administrative Regulations (Apr 4, 2009)

Dec 4, 2008
Apr 6, 2009

12. Montana Initiative 148 (Nov 2, 2004)
Senate Bill 423 (May 14, 2011)

Nov 2, 2004
Jul 1, 2011

13. Nevada Ballot Question 9 (Nov 7, 2000)
Assembly Bill 453/Assembly Bill 519 (Jun 15, 2001)

Oct 1, 2001
Oct 1, 2001

14. New Jersey Senate Bill 119 (Jan 18, 2010)
Administrative Regulations (Nov 23, 2011)

Oct 1, 2010
Dec 19, 2011

15. New Mexico Senate Bill 523 (Apr 2, 2007)
Administrative Regulations (Dec 1, 2008)
Revised Administrative Regulations (Dec 15, 2010)
Senate Bill 240 (Mar 5, 2012)

Jul 1, 2007
Dec 15, 2008
Dec 30, 2010
Jul 1, 2012

16. Oregon Ballot Measure 67 (Nov 3, 1998)
House Bill 3052 (Jul 21, 1999)
Senate Bill 1085 (Sep 8, 2005)

Dec 3, 1998
Jul 21, 1999
Jan 1, 2006

17. Rhode Island Senate Bill 0710 (Jan 3, 2006)
Senate Bill 0791 (Jun 21, 2007)
House Bill 5359 (Jun 16, 2009)
House Bill 8172 (Jun 22, 2010)
Senate Bill 2555/House Bill 7888 (May 22, 2012)

Jan 3, 2006
Jun 21, 2007
Jun 16, 2009
Jun 22, 2010
May 22, 2012

18. Vermont Senate Bill 76/House Bill 645 (May 26, 2004)
Senate Bill 00007 (May 30, 2007)
Senate Bill 17 (Jun 2, 2011)

Jul 1, 2004
Jul 1, 2007
Jun 2, 2011

19. Washington Initiative 692 (Nov 3, 1998)
Senate Bill 6032/Administrative Regulations (May 8, 2007)
Senate Bill 5798 (Apr 1, 2010)

Nov 3, 1998
Jul 22, 2007/Nov 2, 2008
Jun 10, 2010

Note. This information was compiled from ProCon.org (2012), NORML (2012), state legislative web sites, and correspondence with state personnel.
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2. Methods

2.1. Data source and coding

We examined records of all drivers from the Fatality Analysis
Reporting System for the period 1992 to 2009 (NHTSA, 2012). This da-
tabase contains information on drivers, vehicles, and environmental
conditions for all motor vehicle crashes in the United States that involve
a death within 30 days of the incident. Drivers involved in fatal crashes
were examined because this database contains detailed drug test results
for drivers andno suchdatabase for nonfatal crashes exists in theUnited
States. Drivers were classified as having been tested for drugs if one or
more of the available drug result fields on their record indicated that
they had tested either positive or negative for any drug besides alcohol
(codes 1–10 and 98 for 1992; codes 100–996, 998 for 1993–2009), and
positive for cannabinoids if at least one of the available drug result fields
indicated that a cannabinoid or relatedmetabolite was detected in their
urine or blood (code 6 for 1992; codes 600–695 for 1993–2009), regard-
less of whether alcohol or other drugs were also detected. Drivers were
also classified as to whether or not they were killed in the crashes. The
percentages of drivers tested for drugs and the percentages who tested
positive for cannabinoids were aggregated by state and calendar
year. To allow for follow-up time, only the 14 states that enacted a
medical marijuana law before 2010 (AK, CA, CO, HI, MD, ME, MI,
MT, NM, NV, OR, RI, VT, andWA)were considered for potential inclu-
sion as medical marijuana states. Changes in driver cannabinoid
prevalence across time in the other 37 jurisdictions were used as a
proxy for nationwide trends in driver cannabinoid use in the absence
of medical marijuana laws. Because most medical marijuana states
require proof of residency in order to qualify for their programs
(NORML, 2012; ProCon.org, 2012), the control prevalence would be
minimally biased due to patients who cross state borders to obtain
medical marijuana.

2.2. Data analysis

The method used for determining whether there was a reliable
change in driver cannabinoid prevalence after the enactment ofmedical
marijuana laws in each state was Auto-Regressive Integrated Moving
Average (ARIMA) interrupted time series analysis (Box & Jenkins,
1970; Box & Tiao, 1975). ARIMA analysis was used because it provides
themost flexibility and power for modeling time series, allows for mul-
tiple and time-varying intervention points, and results in state-specific
estimates of changes in driver cannabinoid prevalence associated with
implementing the laws along with each subsequent modification of
the laws (Yaffee & McGee, 2000). Through this method, the annual
percentages of fatal-crash-involved drivers (both thosewhowere killed
and those who survived) who tested positive for cannabinoids in each



Table 2
Average percentages of fatal-crash-involved drivers and fatally-injured drivers tested for drugs in 14 U.S. states enacting medical marijuana laws before 2010 and 37 aggregated compar-
ison jurisdictions that did not enact medical marijuana laws before 2010, 1992–2009.

State Intervention year(s) All fatal-crash-involved drivers Fatally-injured drivers

%Pre %Post ΔPP Δ% %Pre %Post ΔPP Δ%

Alaska 1999 39.5 26.7 −12.7 −32.2 46.4 29.0 −17.4 −37.6
California 1997, 2004 35.2 38.3 3.1 8.8 79.1 81.8 2.8 3.5
Colorado 2001 31.3 33.8 2.5 8.0 57.7 67.1 9.4 16.3
Hawaii 2001 41.8 59.8 18.0 43.1 91.9 90.7 −1.2 −1.3
Maine 2000, 2002 0.8 1.7 0.8 100.5 0.3 0.7 0.4 131.2
Maryland 2004 2.1 35.6 33.5 1566.2 5.2 78.4 73.1 1393.1
Michigan 2009 13.2 29.3 16.1 121.2 27.2 47.4 20.3 74.7
Montana 2005 44.8 70.0 25.2 56.2 54.8 78.9 24.1 44.0
Nevada 2002 16.1 41.2 25.0 155.1 28.1 65.6 37.4 133.0
New Mexico 2007, 2009 39.8 80.1 40.3 101.4 78.5 95.5 17.1 21.7
Oregon 1999, 2006 14.0 20.9 6.9 49.0 9.5 14.5 5.0 52.1
Rhode Island 2006, 2007, 2009 44.3 33.4 −10.9 −24.6 93.4 65.3 −28.1 −30.1
Vermont 2004, 2007 11.2 52.9 41.7 370.7 22.1 92.0 69.9 315.6
Washington 1999, 2007, 2009 24.4 43.8 19.4 79.4 52.5 82.7 30.2 57.5
Jurisdictions without medical marijuana laws Nonea 17.5 25.1 7.6 43.6 31.0 40.6 9.6 30.9

Note. %Pre = average annual percentage of drivers tested for drugs prior to initialmedicalmarijuana law. %Post = average annual percentage of drivers tested for drugs after initialmedical
marijuana law. ΔPP = percentage-point difference in drug testing. Δ% = percentage change in drug testing relative to the pre-law time period. The percentage-point difference and
percentage change estimates are not exact in some cases due to rounding.

a Because there is no ‘intervention’ date fromwhich to compute pre–post values for the control states, for descriptive purposes these figures represent a comparison before and after the
first medical marijuana law was implemented in California.
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state were first statistically adjusted for any preexisting secular trends,
autocorrelation, variations in the frequency of drug testing of drivers,
and slowly upward trending marijuana use among drivers in non-
medical marijuana states, prior to estimating any changes in prevalence
associatedwith implementingmedical marijuana laws ormodifications
to the laws. The annual percentages of fatal-crash-involved drivers in
each state who were tested for drugs were used in the ARIMA analyses
to adjust for variations in drug testing frequency over time, which fluc-
tuate as a function of available funding andother factors (Liu, 2006). The
annual driver marijuana prevalence among the 37 jurisdictions that did
not implement medical marijuana laws prior to 2010 was used in the
ARIMA analyses to model and remove the national upward trend in
marijuana use, which could otherwise be mistaken for an intervention
effect. Individual ARIMAmodels were run for each of the states that im-
plementedmedical marijuana laws and both step and gradual interven-
tion models were tested for each (Yaffee & McGee, 2000). Because
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Fig. 1. Cannabinoid prevalence and percentage drug tested am
drivers who are killed in crashes tend to be drug testedmore frequently
and consistently than non-fatally-injured drivers (NHTSA, 2010), analy-
seswere also conducted for only fatally-injured drivers (i.e., only drivers
who were killed in the crashes).

Two of the 14medicalmarijuana states (ME andMD)were excluded
from the ARIMA analyses of cannabinoid prevalence because the driver
drug testing levels in these states were exceedingly low, as described
later. For the remaining 12 medical marijuana states for which ARIMA
analyses were conducted, the 18-year study period provided from 5 to
17 years of pre-medical marijuana law data (M = 10.4 years), and 1
to 13 years of post-law data (M = 7.6 years). Though the statistical
power for Michigan was satisfactory, the results should be considered
preliminary because only 1 year of post-lawdatawas available. Analysis
of the statistical power for this study revealed that power was 80% or
higher across the 12 includedmedical marijuana states and both out-
come series (i.e., all fatal-crash-involved drivers and also only
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fatally-injured drivers) for detecting a 15–83% change in driver can-
nabinoid prevalence. The analyses of all fatal-crash-involved drivers
were generally more powerful than those of only fatally-injured
drivers, with minimum detectable changes in driver cannabinoid
prevalence of 15–25% for two states (AK and CA), 26–50% for five
states (CO, HI, MT, OR, and RI), 51–75% for three states (MI, NV,
and NM), and 76–81% for two states (VT and WA). While these min-
imum detectable percentage changes seem large at first blush, the
pre-law driver cannabinoid prevalence levels were very low in all
states, so even modest absolute changes of 1–3 percentage-points
represent large percentage changes.

For the sake of brevity, the ARIMA model parameters (e.g., moving
average terms) are not presented. All the final models had fairly simple
non-seasonal ARIMA structures involving at most only a single first-
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Fig. 3. Cannabinoid prevalence and percentage drug tested am
order moving average or auto-regressive term. All auto-regressive and
moving average terms in the final models were within the bounds of
stationarity and invertibility, meaning that they had absolute values
less than 1.0 and were mathematically stable (Yaffee & McGee, 2000).
Joint estimation ofmodel parameters and outlier effectswas used during
the analyses to reduce the impact of outliers (Chen& Liu, 1993). Thefinal
models were those that best represented the underlying prevalence of
cannabinoids among the drivers in each state as determined by the
best-fitting auto-correlation and partial-auto-correlation functions of
the series residuals (Liu, 2006). The results of the ARIMA analyses
provided state-by-state estimates of the percentage-point change in
driver cannabinoid prevalence associated with implementation or mod-
ification of the medical marijuana laws, after adjustments to remove
trend towards increasedmarijuana use in general and variation in driver
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drug testing regularity. Percentage change estimates relative to the pre-
intervention series were also calculated for descriptive purposes.

2.3. Ease of medical marijuana access/degree of regulation rankings

To explore whether the changes in driver cannabinoid prevalence in
the 12 medical marijuana states were associated in a dose–response
manner with the ease of patient access to medical marijuana afforded
by the laws, each state's medical marijuana law was scored for eight
access/regulation dimensions: (a) protection from criminal charges/
civil penalties, (b) qualifying conditions, (c) possession limits, (d) dis-
pensary availability, (e) caregiver availability and protection, (f) home
cultivation, (g) identification card requirements, and (h) out-of-state
portability (The Marijuana Policy Project, 2011). Composite scores
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were created by summing across the eight dimensions and the states
were ranked based on the composite scores as providing 1 (least) to
12 (most) means of patient access to marijuana. The percentage-point
changes in driver cannabinoid prevalence resulting from the ARIMA
models were plotted as a function of these ranks.

3. Results

3.1. Description of nationwide driver drug testing and
cannabinoid prevalence

From 1992 to 2009, 1,000,864 drivers were involved in fatal crashes
in the United States, of whom 452,144 were fatally-injured. Of these,
24.5% (n = 245,495) were tested for drugs. Drivers were more
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frequently tested for drugs in medical marijuana states (30.3%) than
in other jurisdictions (22.9%). About 2.0% (n = 19,977) of drivers
were found to be positive for cannabinoids, with higher overall prev-
alence in medical marijuana states (2.7%) than the other jurisdic-
tions (1.8%). Among fatally-injured drivers, 42.4% (n = 191,787)
were tested for drugs; again testing was more frequent in the med-
ical marijuana states (59.1%) than in other jurisdictions (38.1%).
About 3.2% (n = 14,297) of the fatally-injured drivers were found
to be positive for cannabinoids, with higher overall prevalence in
the medical marijuana states (4.6%) than jurisdictions without med-
ical marijuana laws (2.8%). These estimates of cannabinoid preva-
lence likely underestimate the actual prevalence among fatal-
crash-involved drivers given that cannabinoid status is only known
among the fraction of drivers who were tested.
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3.2. Differences in driver drug testing rates

There was wide variation across states in the percentages of
drivers tested for drugs both before and after the laws were imple-
mented. In all but two medical marijuana states (AK and RI), the per-
centages of all fatal-crash-involved drivers tested for drugs were
higher after the laws were implemented (Table 2), with increases
ranging from 0.8 to 41.7 percentage-points. The percentages of
fatally-injured drivers tested for drugs were higher following the
laws in all but three of the medical marijuana states (AK, HI, and
RI), with increases ranging from 0.4 to 73.1 percentage-points.
Higher post-law percentages of drivers tested would be expected
to bias the crude cannabinoid prevalence estimates towards higher
values in the states that increased drug testing. Drug testing also
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increased 7.6 percentage-points for all fatal-crash-involved drivers
and 9.6 percentage-points among fatally-injured drivers in the
aggregated non-medical marijuana states.

Note that the table presents differences between the pre-law and
post-law testing percentages (i.e., percentage-point differences defined
as %Post − %Pre and labeled as ΔPP in the table) and also the percentages
that those differences represent compared to the pre-law testing levels
(i.e., percentage change defined as [(%Post − %Pre) / %Pre] × 100 and
labeled as Δ% in the table). These estimates sometimes appear to be
widely different, particularly in cases where the pre-law percentages
were lowand thepost-lawpercentagesweremuchhigher. For example,
in Maryland only 2.1% of fatal-crash-involved drivers were tested for
drugs before the medical marijuana law was implemented, but 35.6%
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were tested subsequently. The percentage-point difference in testing
was 33.5 (35.6 − 2.1 = 33.5). Because this was a large percentage-
point increase in testing and the pre-law percentage was very low,
this represents about a 1,566% increase ([(35.6 − 2.1) / 2.1] × 100) in
driver drug testing compared to the pre-law level.

The percentages of drivers tested before the lawswere implemented
were particularly low forMaine andMaryland, making any crash-based
cannabinoid prevalence estimates in these states to be of questionable
validity. While the frequency of drug testing was used as a covariate
in the analyses of driver cannabinoid prevalence, the rates of testing in
these states were so low as to make comparisons meaningless, so
these states were excluded from the subsequent analyses of driver
cannabinoid prevalence.
2001 2002 2003 2004 2005 2006 2007 2008 2009

ear

n Drug Testing National Cannabinoid Prevalence

Proposal 1
Effective: December 4, 2008

ong fatal-crash-involved drivers in Michigan, 1992–2009.



0

10

20

30

40

50

60

70

80

90

100

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

P
er

ce
nt

ag
e 

of
 F

at
al

ly
-I

nj
ur

ed
 D

riv
er

s 
in

 M
ic

hi
ga

n

Year

Michigan Cannabinoid Prevalence Michigan Drug Testing National Cannabinoid Prevalence

Proposal 1
Effective: December 4, 2008

Fig. 10. Cannabinoid prevalence and percentage drug tested among fatally-injured drivers in Michigan, 1992–2009.

42 S.V. Masten, G.V. Guenzburger / Journal of Safety Research 50 (2014) 35–52
3.3. Analyses of changes in driver cannabinoid prevalence after medical
marijuana laws

The crude, or unadjusted, annual 1992–2009 cannabinoid preva-
lence estimates in each of the 12 included medical marijuana states
among all fatal-crash-involved drivers and separately for only fatally-
injured drivers are shown in Figs. 1–24. The series labeled “Cannabinoid
Prevalence” in the figures shows the cannabinoid prevalence among the
drivers (the percentage of all drivers found to be positive for cannabi-
noids). The vertical lines in the figures indicate the initial implementa-
tion date of the medical marijuana law in each state and any significant
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Fig. 11. Cannabinoid prevalence and percentage drug tested am
modifications to the law that were used as intervention points in the
time series models. Also shown in the figures are the corresponding an-
nual percentages of drivers in each state who were tested for drugs,
which are labeled as “Drug Testing” in the figures, and the cannabinoid
prevalence of drivers in the aggregated jurisdictions that did not imple-
ment medical marijuana laws before 2010, which is labeled “National
Cannabinoid Prevalence” in the figures.

The crude average prevalence of cannabinoids among all fatal-crash-
involved drivers was higher in all but 1 of the 12 medical marijuana
states (NM) after their medical marijuana laws were implemented
(Table 3), with increases ranging from 0.5 to 8.2 percentage-points.
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Fig. 12. Cannabinoid prevalence and percentage drug tested among fatally-injured drivers in Montana, 1992–2009.
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The results were similar among only fatally-injured drivers with
increases ranging from 0.4 to 15.1 percentage-points in all but two
of the states (NM and OR). After adjusting for both driver drug test-
ing frequency in each state and national trend in driver cannabinoid
prevalence among states without medical marijuana laws (Table 4),
the implementation of medical marijuana laws was found to be reli-
ably associated with increased cannabinoid prevalence in only three
states (CA, HI, WA). The increases in all three states were stable
step increases, meaning that the prevalence increased to a new
level in these states and remained relatively flat subsequent (see
Figs. 3 and 4 for California, 7 and 8 for Hawaii, and 23 and 24 for
Washington).

Interestingly, the initial implementation of the California medical
marijuana law in 1996 was not reliably associated with a change in
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Fig. 13. Cannabinoid prevalence and percentage drug tested am
driver cannabinoid prevalence. However, after the medical marijuana
law was operationalized by the California Legislature under Senate Bill
420 in 2004, cannabinoid prevalence increased 2.1 percentage-points
(95% confidence interval [CI], 1.4–2.9) among all fatal-crash-involved
drivers and 5.7 percentage-points (CI, 4.3–7.0) among fatally-injured
drivers. Relative to the time period before the California lawwas imple-
mented, these seemingly small percentage-point increases correspond
to subsequent cannabinoid prevalence being about 196% higher
among all fatal-crash-involved drivers and 315% higher among fatally-
injured drivers in California.

Taking into account changes in drug testing frequency and trend in
national driver cannabinoid prevalence, cannabinoid prevalence in
Hawaii increased 6.0 percentage-points (CI, 4.4–7.6) among all fatal-
crash-involved drivers and 9.6 percentage-points (CI, 5.0–14.1)
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among fatally-injured drivers after themedicalmarijuana lawwas im-
plemented in 2001. Relative to the time period before the Hawaii law
was implemented, these percentage-point increases correspond to
subsequent cannabinoid prevalence being about 235% higher among
all fatal-crash-involved drivers and 196% higher among fatally-
injured drivers in Hawaii.

After the implementation of theWashingtonmedical marijuana law
in 1999, and again taking both confounders into account, driver canna-
binoid prevalence increased 3.4 percentage-points (CI, 1.4–5.3) among
all fatal-crash-involved drivers and 4.6 percentage-points (CI, 0.5–8.7)
among fatally-injured drivers. Relative to the time period before the
Washington law was implemented these percentage-point increases
correspond to subsequent cannabinoid prevalence being more than
four times as high among all fatal-crash-involved drivers as well as
fatally-injured drivers in Washington.
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3.4. Relation to ease of medical marijuana access/degree of
regulation rankings

To explore whether any post-law changes in driver cannabinoid
prevalence in the 12 medical marijuana states were associated in a
dose–response manner with the ease of patient access to medical
marijuana afforded by the laws, the estimates from the time series
models were plotted for all fatal-crash-involved drivers (Fig. 25)
and fatally-injured drivers (Fig. 26) as a function of the state ease
of access/degree of regulation rankings. If increases in driver canna-
binoid prevalence were positively associated with weaker regulation
by the states, more protections for patients, and overall easier
patient access to marijuana, then it would be expected that the
higher percentage-point increase estimates would tend to cluster
near the right side of the figures. However, no relation between the
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post-law cannabinoid prevalence change estimates and the ease of
access rankings is apparent in the figures.

4. Discussion

4.1. General discussion of findings

After adjustments weremade for both driver drug testing frequency
in each state and national trend in driver cannabinoid prevalence, the
implementation of medical marijuana laws was found to be reliably as-
sociated with increased cannabinoid prevalence in only 3 of the 12
states: California, Hawaii, and Washington. The increases in all three
states were step increases, meaning that the prevalence increased to a
new level in these states and remained relativelyflat for long time inter-
vals subsequent: 6 years in California, 9 years in Hawaii, and 10 years in
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Fig. 17. Cannabinoid prevalence and percentage drug tested a
Washington. The increases in cannabinoid prevalence found in these
states are certainly concerning if they resulted from driver marijuana
use being a causal factor in the fatal crashes.Making this causal determi-
nation was not the intent of the present study; it requires a different
study design. However, finding that all three states experienced step in-
creases in cannabinoid prevalence, rather than upward trends, suggests
that the medical marijuana laws in these states may have indeed pro-
vided marijuana access to a stable population of patients as intended,
without increasing the numbers of new users over time (Johnson
et al., 2012). Alternatively, medical marijuana laws may increase the
numbers of users, but they are less likely to drive, less likely to be
involved in a fatal crash, or both. The findings are consistentwith recent
evidence from oral fluid results taken from roadside samples of California
drivers indicating that cannabinoid prevalence was relatively stable
between 2010 and 2012 (Lacey et al., 2012).
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Reliable increases in driver cannabinoid prevalencewere not detected
in the other nine included states that implemented medical marijuana
laws before 2010. In some cases this may be due to lower statistical
power related to fewer observations over time in some states, and
hence large year-to-year variability in cannabinoid prevalence and test-
ing (e.g., AK). Testing higher percentages of drivers for drugs was associ-
ated with increased prevalence, and drug testing tended to be higher in
many states coinciding with the implementation of medical marijuana
laws. Hence, the increases in the crude prevalence estimates in several
states were apparently the result of confounding due to increased testing
of drivers after the laws were implemented (i.e., ascertainment bias).
While changes over time in the frequency of driver drug testingwere ad-
justedwithin each state, the low levels of testing before and after the laws
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Fig. 19. Cannabinoid prevalence and percentage drug tested amo
in some states (e.g., OR), dramatic fluctuations in testing often corre-
sponding with implementation of the laws (e.g., VT), and erratic testing
over time in other states (e.g., AK and NV) may have made it difficult to
detect changes in prevalence in these states. Nonetheless, some of the
states had relatively high levels of testing during the study time period
(e.g., CO and NM), yet no increase in prevalence was detected. Given
that only 1 year of post-law data were available for Michigan, the finding
of no increase in cannabinoid prevalence in this state should be consid-
ered preliminary.

Why increased driver cannabinoid prevalence was detected in
California, Hawaii, andWashington, but not in other medical marijuana
states, is not known. Marijuana use in general among adults tends to be
higher in jurisdictions with medical marijuana laws (Anderson & Rees,
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2011; DHHS, 2010). However, it is unclear whether the laws actually
lead to more marijuana use or whether the higher prevalence and pas-
sage of medical marijuana laws are both a reflection of more accepting
norms regarding marijuana use in those jurisdictions (Cerdá, Wall,
Keyes, Galea, & Hasin, 2012). Self-reported adult marijuana use was
high in Washington, California, and Hawaii relative to other jurisdic-
tions both before and after their medical marijuana laws were enacted;
as of 2009 (the latest available data) they ranked 11th to 13th highest in
adult marijuana use out of all 51 United States jurisdictions (DHHS,
2010). However, adult marijuana use in these three states is not partic-
ularly elevated compared to other medical marijuana states; they rank
8th to 10th highest in adult marijuana use out of the 14 states that im-
plemented medical marijuana laws before 2010. Between 2002 and
2009 young adult marijuana use increased slightly in California, but
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Fig. 21. Cannabinoid prevalence and percentage drug tested am
no reliable increases occurred for any age groups in Hawaii or
Washington (DHHS, 2010). If higher marijuana use in general was
driving the step changes found among drivers in these three states
it would be expected to be mirrored in these general prevalence
estimates. With the possible exception of California, this does not
appear to be the case.

One factor that was specifically explored to explain the differences
between states in post-law cannabinoid prevalence was the degree of
regulation and/or ease of access to medical marijuana afforded by the
different laws. While the California medical marijuana law was ranked
as providing the easiest access to marijuana and strongest protections
for patients from criminal charges/civil penalties, the Hawaii and
Washington laws were not ranked exceptionally high on these factors.
In fact, no relation between the post-law cannabinoid prevalence
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change estimates and the ease of marijuana access rankings was appar-
ent across the 12 states. Although the scoring criteria used to create
these ranks were based on factors deemed important by marijuana le-
galization advocates (The Marijuana Policy Project, 2011), and the
weighting scheme was created based on responses frommedical mari-
juana patients, the ranks may not have been valid reflections of the
intended construct. Alternatively, ease of access to marijuana afforded
by the laws may simply not be related to changes in cannabinoid prev-
alence among drivers involved in fatal crashes.

Perhaps the abundant supplies ofmarijuana grown in California, Ha-
waii, and Washington account for why these states had detectable in-
creases in driver cannabinoid prevalence when other medical
marijuana states did not. These three states are in the top fivemarijuana
crop states in terms of both total numbers of plants and pounds of mar-
ijuana produced overall, each with annual yields estimated to be worth
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over 1 billion dollars (Gettman, 2006). However, they are not in the top
five in terms of general adult marijuana use (DHHS, 2010), suggesting
that a lot of the marijuana produced in these states is exported to
other jurisdictions (Weisheit, 2011). Nonetheless, it may be the case
that ample supplies ofmarijuana better explainwhy driver cannabinoid
prevalence increased in these three states than the ease of availability
afforded by their medical marijuana laws.

4.2. Study limitations

There are several limitations of this study besides the inconsistent
and sometimes meager drug testing of drivers in some states. The esti-
mates are based on fatal crashes, which are only a small subset of all
crashes. The causes of fatal crashes differ from less serious crashes; for
example, fatal crashes are more likely to involve risky behaviors such
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as driver alcohol use or excessive speeding (Lam, 2003). Consequently,
the cannabinoid prevalence estimates likely do not reflect prevalence
among drivers in general. It would have been desirable to include less
severe crashes, but unfortunately no national database of less severe
crashes exists that contains detailed information about drug testing re-
sults. While drivers involved in these less-severe crashes also do not
necessarily represent drivers in general, it seems likely that they are
more similar than those in fatal crashes. Still, changes in cannabinoid
prevalence among fatal crashes likely reflect some underlying change
in prevalence among drivers in general.

The drug test results reported in FARS are poorly documented and
there are likely variations both across and within jurisdictions in drug
testing standards and procedures, such as different concentration
thresholds for deeming results to be positive (Huestis, 2002; NHTSA,
2010). Some laboratories may not even routinely test for cannabinoids,
or they may have only routinely begun such testing after medical
Table 3
Crude average percentages of fatal-crash-involved drivers and fatally-injured drivers with po
changes in 12 United States jurisdictions enacting medical marijuana laws before 2010 and 3
2010, 1992–2009.

State Intervention year(s) All fatal-cr

%Pre

Alaska 1999 5.5
California 1997, 2004 1.1
Colorado 2001 3.7
Hawaii 2001 2.5
Michigan 2009 1.4
Montana 2005 4.5
Nevada 2002 2.0
New Mexico 2007, 2009 2.0
Oregon 1999, 2006 2.5
Rhode Island 2006, 2007, 2009 2.2
Vermont 2004, 2007 2.3
Washington 1999, 2007, 2009 0.7
Jurisdictions without medical marijuana laws Nonea 0.9

Note. The table figures are not adjusted for trend, seasonality, or autocorrelation. %Pre = avera
annual cannabinoid prevalence after initial medical marijuana law. ΔPP = crude percentage p
prevalence relative to the pre-law time period. The percentage-point difference and percentag

a Because there is no ‘intervention’ date fromwhich to compute pre-post values for the contr
first medical marijuana law was implemented in California.
marijuana laws were implemented. There are also differences among
state laws concerning implied consent and other aspects of drug testing
when crashes occur (Office of National Drug Control Policy, 2011). Some
laboratories may not report tests with negative results and drivers with
unavailable test results may be systematically biased in a positive or a
negative direction (NHTSA, 2010). The factors that increase the likeli-
hood of drivers being tested for drugs are also not known. Tested drivers
may not be representative of all fatal-crash-involved drivers, especially
in the states that test a minority of their drivers, and prevalence esti-
mates based on such drivers may be higher or lower than that among
drivers in general.

It is evident that higher percentages of drivers were tested for drugs
in most of the medical marijuana states after their laws were passed,
which is why drug testing levels were used as a covariate in the analy-
ses. However, it is also possible that better attention to testing and cod-
ing details—including more consistent testing practices and improved
sitive cannabinoid test results, crude percentage-point differences, and crude percentage
7 aggregated comparison jurisdictions that did not enact medical marijuana laws before

ash-involved drivers Fatally-injured drivers

%Post ΔPP Δ% %Pre %Post ΔPP Δ%

6.3 0.8 14.3 6.3 6.7 0.4 6.9
3.3 2.2 200.3 1.8 5.8 4.0 223.3
4.2 0.5 13.9 6.1 7.7 1.6 26.5
9.3 6.7 264.5 4.9 12.7 7.8 160.4
3.7 2.3 165.7 2.5 6.0 3.5 140.0
9.8 5.3 116.6 5.5 11.0 5.5 99.0
5.9 3.9 197.0 2.8 9.0 6.2 223.9
0.1 −1.9 −93.0 4.2 0.2 −4.0 −96.1
2.9 0.5 19.8 2.0 1.2 −0.8 −40.9
3.1 0.9 40.2 4.3 5.9 1.6 37.2
9.5 7.1 303.2 4.6 16.1 11.4 248.6
8.9 8.2 1102.9 1.1 16.2 15.1 1421.1
2.2 1.3 148.6 1.4 3.3 1.9 142.0

ge annual cannabinoid prevalence prior to initial medical marijuana law. %Post = average
oint difference in cannabinoid prevalence. Δ% = crude percentage change in cannabinoid
e change estimates are not exact in some cases due to rounding.
ol states, for descriptive purposes these figures represent a comparison before and after the



Table 4
ARIMA results for fatal-crash-involved drivers and fatally-injured drivers with positive cannabinoid test results showing adjusted percentage-point differences and percentage changes in
12 United States jurisdictions enacting medical marijuana laws before 2010, 1992–2009.

State All fatal-crash-involved drivers Fatally-injured drivers

ΔPPadj 95% CI Δ%adj ΔPPadj 95% CI Δ%adj

Alaska −2.2 −5.5, 1.1 −39.2 −1.5 −6.9, 3.9 −24.0
California 2.1⁎ 1.4, 2.9 195.8 5.7⁎ 4.3, 7.0 315.2
Colorado −0.2 −1.7, 1.3 −4.8 −0.5 −2.6, 1.6 −8.4
Hawaii 6.0⁎ 4.4, 7.6 235.3 9.6⁎ 5.0, 14.1 195.8
Michigan −0.1 −0.6, 0.4 −8.0 0.4 −0.6, 1.4 14.6
Montana −0.6 −3.1, 1.9 −13.3 −1.4 −4.0, 1.1 −25.9
Nevada 1.2 −0.3, 2.6 58.8 2.0 −0.6, 4.7 73.4
New Mexico 0.1 −2.0, 2.2 3.0 1.6 −1.8, 5.0 37.9
Oregon 0.1 −1.0, 1.2 3.3 −1.2⁎ −2.3,−0.0 −59.8
Rhode Island −2.5 −6.4, 1.3 −112.0 −4.6 −9.8, 0.7 −105.6
Vermont 0.0 −2.7, 2.8 1.7 −1.0 −4.9, 3.0 −21.0
Washington 3.4⁎ 1.4, 5.3 454.9 4.6⁎ 0.5, 8.7 432.4

Note.ΔPPadj = percentage-point difference in annual cannabinoid prevalence subsequent to themedical marijuana law implementation adjusted for changes in drug testing and national
cannabinoid prevalence. 95% CI = 95% confidence interval for the adjusted percentage-point difference.Δ%adj = adjusted percentage change in annual cannabinoid prevalence relative to
the pre-law period. All estimates are based on sudden-permanent ARIMA models. The percentage-point difference and percentage change estimates are not exact in some cases due to
rounding.
⁎ p b .05, two-tailed from adjusted ARIMA model.
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coding on crash reports—could have also occurred after the medical
marijuana laws were passed. If so, this would be expected to result in
higher cannabinoid detection among those tested and would have
biased the results towards finding increased cannabinoid prevalence
after the laws were passed.

While there are many unknowns about the reliability and validity of
drug test results in FARS, they represent the only national source for
data on druggeddriving, and hence have been used byother researchers
to estimate the prevalence of various drugs among United States drivers
(NHTSA, 2010; Office of National Drug Control Policy, 2011). Nonethe-
less, testing-related factors that changed over time within states could
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Fig. 25. Percentage-point change in cannabinoid prevalence among fatal-crash-involved drivers
medical marijuana provided by the law, 1992–2009.
bias the prevalence estimates, and therefore the conclusions based on
changes in those estimates (National Transportation Safety Board,
2012). The extent to which changes occurred and the impact of any
resulting bias are unknown. If there was no such bias in reality, changes
in prevalence based on fatal crashes are a reasonable proxy to deter-
mine whether relatively recent (within a few weeks) marijuana use
among drivers changed aftermedicalmarijuana lawswere implemented,
though positive results do not necessarily imply that the driver was
impaired or that marijuana was a causal factor in the crashes. Further,
the magnitude of the prevalence estimates should not be taken to be
representative of all crashes or all drivers in these states.
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medical marijuana provided by the law, 1992–2009.
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5. Conclusions and implications

Increased prevalence of cannabinoids among drivers involved
in fatal crashes was only detected in a minority of the states that imple-
mentedmedical marijuana laws. The observed increases were one-time
changes in the prevalence levels, rather than upward trends, suggesting
that these laws result in stable increases in drivermarijuana prevalence.
The reasons that changes in prevalence were detected in some states
but not in others are unknown, but one factor may be differences be-
tween states in drug testing practices and regularity. It is recommended
that nationwide standardization of drug testing procedures and criteria
be considered to improve the consistency of testing both between and
within jurisdictions, which concurs with a recommendation made by
The National Transportation Safety Board (2012). Ease of patient access
to marijuana was not found to be related to changes in post-law canna-
binoid prevalence.
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