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Objectives. To assess cannabis and alcohol involvement among motor vehicle crash (MVC) fatalities in
the United States.
Methods. In this repeated cross-sectional analysis, we used data from the Fatality Analysis Reporting
System from 2000 to 2018. Fatalities were cannabis-involved if an involved driver tested positive for a
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cannabinoid and alcohol-involved based on the highest blood alcohol concentration (BAC) of an involved
driver. Multinomial mixed-effects logistic regression models assessed cannabis as a risk factor for
alcohol by BAC level.
Results. While trends in fatalities involving alcohol have remained stable, the percentage of fatalities
involving cannabis and cannabis and alcohol increased from 9.0% in 2000 to 21.5% in 2018, and 4.8% in
2000 to 10.3% in 2018, respectively. In adjusted analyses, fatalities involving cannabis had 1.56 (95%

AJPH

conﬁdence interval [CI] 5 1.48, 1.65), 1.62 (95% CI 5 1.52, 1.72), and 1.46 (95% CI 5 1.42, 1.50) times the
odds of involving BACs of 0.01% to 0.049%, 0.05% to 0.079%, and 0.08% or higher, respectively.
Conclusions. The percentage of fatalities involving cannabis and coinvolving cannabis and alcohol doubled
from 2000 to 2018, and cannabis was associated with alcohol coinvolvement. Further research is warranted
to understand cannabis- and alcohol-involved MVC fatalities. (Am J Public Health. 2021;111(11):1976–1985.
https://doi.org/10.2105/AJPH.2021.306466)
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TABLE 1—

Number and Percentage of Motor Vehicle Crash Fatalities That Were Cannabis-Involved, by
Blood Alcohol Concentration (BAC) Level and Demographic and Crash Characteristics: Fatality Analysis
Reporting System, United States, 2000–2018

Characteristic

Overall
(n 5 322 773),
No. (%)

BAC 0.00%
(n 5 192 367),
No. (%)

BAC 0.01%–0.049%
(n 5 12 182),
No. (%)

BAC 0.05%–0.079%
(n 5 9146), No. (%)

BAC $ 0.08%
(n 5 109 078),
No. (%)

Fatalities
All fatalities

45 512 (14.1)

22 108 (11.5)

2 302 (18.9)

1 846 (20.2)

19 256 (17.7)

Drivers

34 048 (13.4)

16 047 (10.8)

1 596 (17.3)

1 224 (18.3)

15 181 (16.9)

Passengers

9 461 (18.2)

4 642 (15.1)

595 (24.5)

540 (26.0)

3 684 (21.9)

Othersa

2 003 (12.0)

1 420 (10.4)

110 (21.5)

82 (22.6)

390 (18.4)

Male

34 765 (14.9)

16 318 (12.5)

1 763 (19.3)

1 416 (20.2)

15 268 (17.7)

Female

10 747 (12.0)

5 790 (9.4)

539 (17.6)

430 (20.1)

3 988 (17.5)

Sex

Age, y
, 21

5 437 (17.3)

528 (25.7)

427 (26.7)

3 077 (24.4)

18 939 (19.3)

7 858 (17.2)

921 (24.0)

813 (23.8)

9 348 (20.7)

35–54

12 011 (12.3)

5 593 (10.5)

573 (15.1)

441 (16.7)

5 403 (14.4)

5 093 (6.6)

3 221 (5.4)

280 (11.2)

165 (11.1)

1 427 (10.5)

29 151 (13.9)

14 410 (11.1)

1 410 (18.2)

1 159 (20.3)

12 172 (18.2)

$ 55

AJPH

9 469 (19.1)

21–34

Race/ethnicity

Non-Hispanic Black

6 327 (18.7)

3 052 (16.3)

371 (23.4)

289 (24.5)

2 615 (21.2)

Hispanic

4 856 (12.8)

2 204 (11.4)

272 (18.8)

199 (16.9)

2 182 (13.6)

Other

1 605 (13.1)

701 (9.8)

68 (17.2)

63 (19.9)

774 (17.7)

Unknown

3 573 (12.5)

1 742 (10.0)

181 (18.1)

137 (17.8)

1 514 (15.9)
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Non-Hispanic White

Involvement of other drugs
No other drugs

30 672 (12.6)

1 391 (16.7)

1 202 (19.1)

13 843 (16.9)

Other drugs

14 840 (18.6)

14 235 (9.7)
7 873 (17.1)

910 (23.8)

644 (22.5)

5 412 (20.1)

Rural

24 139 (13.4)

12 093 (10.9)

1 221 (18.0)

959 (19.7)

9 866 (17.1)

Urban

21 373 (15.0)

10 016 (12.3)

1 080 (20.0)

888 (20.8)

9 390 (18.3)

Urbanicity

No. of vehicles
Single vehicle crash

23 959 (14.9)

9 695 (11.6)

1 137 (19.8)

1 044 (21.7)

12 084 (18.0)

Multiple vehicle crash

21 553 (13.3)

12 414 (11.4)

1 165 (18.1)

803 (18.5)

7 172 (17.0)

Weekday

24 910 (13.3)

14 426 (11.1)

1 162 (18.4)

851 (20.2)

8 471 (17.9)

Weekend

20 602 (15.2)

7 683 (12.2)

1 139 (19.4)

995 (20.2)

10 785 (17.4)

06:00–08:59

3 901 (12.1)

2 748 (10.6)

162 (16.9)

109 (20.6)

882 (18.2)

09:00–11:59

3 207 (10.3)

2 652 (9.8)

128 (15.5)

71 (17.8)

356 (12.8)

12:00–14:59

4 782 (11.3)

3 705 (10.5)

219 (15.4)

113 (16.4)

745 (14.5)

15:00–17:59

6 607 (12.6)

4 332 (11.3)

355 (17.1)

235 (17.5)

1 685 (15.6)

18:00–20:59

7 168 (14.8)

3 315 (12.6)

413 (19.2)

325 (19.2)

3 116 (17.0)

21:00–23:59

7 316 (16.3)

2 409 (13.5)

419 (21.3)

342 (20.3)

4 146 (17.8)

00:00–02:59

7 820 (18.3)

1 492 (15.1)

376 (22.6)

428 (24.5)

5 523 (18.8)

03:00–05:59

4 711 (16.6)

1 454 (12.4)

229 (20.7)

224 (21.1)

2 804 (19.3)

Day

Time of day

a

Pedestrians, cyclists, etc.
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FIGURE 1—

Note. Alcohol involvement deﬁned as a crash-level blood alcohol concentration greater than 0.00%.

Georgia, Kentucky, Nevada, New Mex-

observed levels of cannabis involve-

alcohol, and neither alcohol nor can-

ico, North Dakota, Ohio, and Wyoming),

ment in fatal crashes.

nabis over the study period (Figure 1).
Alcohol was consistently involved in

We examined the percentage of

the rates of cannabis involvement were
similar, indicating that changes in test-

decedents from crashes with any

approximately 40% of MVC fatalities

ing have not substantially affected

alcohol, any cannabis, cannabis and

from 2000 to 2018. However, the
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Percentage of Motor Vehicle Crash Fatalities With Crash-Level Drug Testing With Neither Alcohol nor Cannabis Involvement, Any Alcohol Involvement, Any Cannabis Involvement, or Both Alcohol and Cannabis Involvement:
Fatality Analysis Reporting System, United States, 2000–2018
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FIGURE 2—

Percentage of Motor Vehicle Crash Fatalities Involving Cannabis by Blood Alcohol Concentration (BAC)
Level: Fatality Analysis Reporting System, United States, 2000–2018
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TABLE 2—

Mixed Effects Multinomial Logistic Regression Models of Blood Alcohol Concentration (BAC)
Level Based on Prevalence of Cannabis Involvement: Fatality Analysis Reporting System, United States,
2000–2018
Outcome, OR (95% CI)a

Predictor: Cannabis Involvement

BAC
0.01%–0.049%

BAC
0.05%–0.079%

BAC $ 0.08%

322 773

1.77 (1.68, 1.86)

1.95 (1.84, 2.06)

1.67 (1.63, 1.71)

322 773

1.56 (1.48, 1.65)

1.62 (1.52, 1.72)

1.46 (1.42, 1.50)

232 899

1.49 (1.41, 1.59)

1.53 (1.43, 1.63)

1.38 (1.34, 1.42)

89 874

1.84 (1.66, 2.04)

1.99 (1.76, 2.25)

1.78 (1.69, 1.86)

1.66 (1.57, 1.75)

No.
Main analyses

Overall unadjusted
b

Overall adjusted

Stratiﬁed analyses
Adjusted, stratiﬁed by sexc
Men
Women
Adjusted, stratiﬁed by age,d y
, 21

49 530

1.69 (1.52, 1.89)

1.83 (1.61, 2.08)

21–34

98 262

1.49 (1.37, 1.62)

1.49 (1.36, 1.63)

1.29 (1.24, 1.34)

35–54

97 435

1.44 (1.30, 1.58)

1.62 (1.44, 1.82)

1.46 (1.40, 1.53)

77 546

2.06 (1.80, 2.36)

1.96 (1.63, 2.35)

1.96 (1.82, 2.10)

$ 55

322 773

1.56 (1.48, 1.65)

1.62 (1.52, 1.71)

1.46 (1.42, 1.50)

Adjusted,b restricted to drivers, crash-level test results

254 002

1.46 (1.36, 1.56)

1.48 (1.38, 1.59)

1.42 (1.39, 1.46)

e

Adjusted, restricted to drivers, individual-level test results

243 528

1.45 (1.36, 1.55)

1.56 (1.45, 1.68)

1.52 (1.48, 1.56)

Adjusted,f crash-level

287 230

1.74 (1.65, 1.84)

1.93 (1.81, 2.05)

1.68 (1.64, 1.73)

Adjusted,b nonimputed data

270 311

1.45 (1.37, 1.54)

1.48 (1.38, 1.58)

1.41 (1.38, 1.45)

211 336

1.58 (1.48, 1.69)

1.63 (1.52, 1.76)

1.48 (1.44, 1.53)

65 887

1.68 (1.50, 1.88)

1.45 (1.26, 1.66)

1.52 (1.45, 1.60)

b

Adjusted, restricted to state–years with testing rates $ 50%
Adjusted,b restricted to state–years with testing rates $ 66.67%
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Adjusted,b with addition of Alcohol Policy Scale38 score

AJPH

Sensitivity analyses

Note. CI 5 conﬁdence interval; OR 5 odds ratio.
a

Ref 5 BAC 0.00%.
Adjusted for year; decedent-level characteristics: sex (male [Ref] vs female), age category (, 21 y [Ref], 21–34 y, 35–54 y, $ 55 y), race/ethnicity (White
[Ref], non-Hispanic Black, Hispanic, other, unknown); crash-level characteristics: opioid involvement (no [Ref] vs yes), other substance involvement (no
[Ref] vs yes), urbanicity (rural [Ref] vs urban); and continuous state-level characteristics: percentage male, percentage non-Hispanic White, percentage
Hispanic, percentage aged $ 21 y, percentage with college degree or higher, percentage Catholic population, median household income, law
enforcement ofﬁcers per 1000 residents, and state–year drug testing rate.
c
Adjusted for covariates in footnote a, except sex.
d
Adjusted for covariates in footnote a, except age.
e
Adjusted for covariates in footnote a, but using individual-level alcohol, cannabis, opioid, and other drug involvement.
f
Crash-level analyses adjusted for crash- and state-level characteristics but not decedent-level characteristics.
b

percentage of crashes involving any

more prevalent among fatalities that

Hispanic Black, and in crashes that

cannabis more than doubled from

involved alcohol at all 3 BAC-level cate-

involved other drugs, occurred at night,

9.0% in 2000 to 21.5% in 2018, and

gories compared with fatalities that

and occurred on weekends. Decedents

the percentage of fatalities involving

were not alcohol-involved.

who were passengers were also more

We examined cannabis involvement

likely to have died in accidents involving

doubled from 4.8% to 10.3%. When

by decedent and crash characteristics

cannabis, suggesting that these crashes

we examined cannabis involvement by

overall (Table 1). Crash-level cannabis

are more likely to involve deaths of indi-

BAC level (Figure 2), cannabis involve-

involvement was more prevalent

viduals other than the driver. Cannabis

ment increased over time for all

among decedents who were younger

involvement by decedent and crash

groups. Cannabis involvement was

than 35 years and who were non-

characteristics were also examined and

both cannabis and alcohol more than
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stratiﬁed by level of alcohol involve-

involving a BAC of 0.08% or higher com-

coinvolvement in fatal MVCs are

ment. Cannabis involvement was more

pared with fatalities not involving can-

increasing nationally. While rates of

prevalent among decedents with alco-

nabis. The full adjusted model can be

alcohol involvement have remained

hol involvement among all BAC strata

found in Table B (available as a supple-

steady over time, the rates of cannabis

than decedents without alcohol involve-

ment to the online version of this article

coinvolvement have increased. This

ment. Speciﬁcally, cannabis was

at http://www.ajph.org).

does not offer support for the idea of
cannabis and alcohol being substitutes,

involved in 11.5% of alcohol-uninvolved
fatalities, versus 18.9% of fatalities

Additional Analyses

adjusted regression analyses, cannabis
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involving BACs of 0.01% to 0.049%,
20.2% of fatalities involving BACs from

Results were similar across the afore-

was associated with alcohol involve-

0.05% to 0.079%, and 17.7% of fatali-

mentioned sensitivity analyses further

ment, even at BAC levels below 0.08%,

ties with BACs of 0.08% or higher.

adjusted for alcohol policies, restricted

indicating that cannabis use is a risk

Among decedents who were younger

to drivers, at the crash-level, using non-

factor for alcohol-involved MVC fatali-

than 21 years, 17.3% of deaths from

imputed data, and restricted to fatali-

ties even at levels of alcohol below the

alcohol-uninvolved crashes involved

ties from state–years with various

legally permissible level for driving.

cannabis, whereas approximately 25%

thresholds for testing. Given that dece-

of deaths from alcohol-involved

dent sex and age were associated with

were cannabis-involved more than

crashes involved cannabis. Similarly,

alcohol involvement, we conducted

doubled during the study period. This

among decedents who died in evening

posthoc analyses stratiﬁed by age and

could be attributable to shifting canna-

crashes, 13.2% of alcohol-uninvolved

sex to assess whether the relationship

bis policies enabling expansion of med-

deaths involved cannabis, but approxi-

between cannabis and alcohol coin-

ical and recreational cannabis markets,

mately 20% of alcohol-involved deaths

volvement differed on the basis of

changing societal attitudes toward

also involved cannabis.

these factors (Table 2). Although

cannabis, and other factors such as

females, individuals younger than 21

increased cannabis potency. Although

years, and individuals aged 55 years

low drug testing rates are a known limi-

Regression Analyses

The proportion of MVC fatalities that

or older had lower odds of alcohol

tation of FARS, they increased from

In unadjusted, multinomial, multiple

involvement in the main analysis

32.9% to 47.9% over the study period.

imputation analyses, fatalities involving

(Table B), the relationship between

However, trends in increased cannabis

cannabis had 1.77 (95% conﬁdence

cannabis and alcohol coinvolvement

involvement over time were consistent

interval [CI] 5 1.68, 1.86) times the

appeared stronger for these groups.

when we looked at subsets of states

odds of involving a BAC from 0.01% to
0.049%, 1.95 (95% CI 5 1.84, 2.06)

and state–years with higher testing

DISCUSSION

rates, as has been done in past studies.39 Drug testing procedures and

times the odds of involving a BAC from

1982

at least in terms of MVC fatalities. In

0.05% to 0.079%, and 1.67 (95%

In this study, we assessed trends in

rates are heterogeneous across states,

CI 5 1.63, 1.71) times the odds of

cannabis and alcohol involvement in

and some states may conduct drug

involving a BAC of 0.08% or higher com-

MVC decedents in the United States

testing selectively, either opting for

pared with fatalities not involving can-

from 2000 to 2018 and examined

crashes in which alcohol use is already

nabis (Table 2). In models adjusted for

how cannabis involvement relates to

suspected, or the opposite, not con-

year, decedent-level characteristics,

alcohol coinvolvement. To our knowl-

ducting drug testing when alcohol is

crash-level characteristics, and state-

edge, this is the ﬁrst study to examine

already known to be involved as a cost-

level characteristics, fatalities involving

recent trends over time of cannabis

saving measure, potentially resulting

cannabis had 1.56 (95% CI 5 1.48, 1.65)

involvement in relation to alcohol

in biases in either direction.39–41

times the odds of involving a BAC from

involvement in the United States, and

0.01% to 0.049%, 1.62 (95% CI 5 1.52,

the ﬁrst to examine these relationships

prevalent among fatalities that involved

1.72) times the odds of involving a BAC

among all crash decedents rather than

alcohol than fatalities that did not

from 0.05% to 0.079%, and 1.46 (95%

only drivers. We found that cannabis

involve alcohol (Table 1). These ﬁndings

CI 5 1.42, 1.50) times the odds of

involvement and cannabis and alcohol

were remarkably consistent by
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Cannabis involvement was more
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demographic and crash-level charac-

results were later attributed to methodo-

decreasing the legal alcohol limit to

teristics, with the highest prevalence of

logical differences, such as inclusion fac-

0.05% to reduce alcohol-involved MVC

cannabis and alcohol coinvolvement in

tors for states based on testing rates,

fatalities.48

crashes involving younger decedents

and the authors recommended future

(aged , 35 years) and passenger

research should “account for as many

deaths. Although most alcohol-involved

factors as possible when assessing crash

fatalities occur at BACs of 0.08% or

risk,” which we have tried to do in this
39(p324)

Limitations
This study is subject to a number of limitations. Most importantly, these data

higher, the legal limit in all states but

analysis.

Utah (which in 2019 implemented a

of the degree of cannabis involvement,

cannot provide information on whether

limit of 0.05%), cannabis coinvolvement

and the nature of alcohol–cannabis coin-

cannabis caused the crash. The mere

was similar across BAC levels in crashes

volved crash fatalities, would require

presence of cannabis without a level is

involving any alcohol. In regression

testing levels of cannabinoids in drivers.

not alone indicative of impairment as,

analyses, cannabis involvement was

Given that the percentage of MVC

depending on frequency and amount

More precise estimates

associated with increased odds of also

fatalities involving alcohol has

of use, individuals can test positive for

involving alcohol, regardless of BAC

remained relatively stable at approxi-

days or even weeks after use. Cannabi-

level. This ﬁnding was consistent across

mately 40% over the past 2 decades, it

noid test results were collapsed such

multiple sensitivity analyses and sug-

could be that increases in coinvolve-

that individual cannabinoids were not

gests that cannabis is a risk factor for

ment of cannabis are undercutting

analyzed. Previous research has sug-

alcohol-involved MVCs.

attempts at reducing alcohol-involved

gested a blood THC limit of 5 nanoAJPH

grams per milliliter as a cutoff for

tionship between alcohol policies and

impairment; however, FARS reports

involved MVC fatalities. While laboratory

alcohol involvement in MVCs among

binary results.7,8 There has been varia-

studies have shown driving impairment

adults and children, and within crashes

tion in drug testing practices between

from cannabis and synergistic effects

involving alcohol at levels below the

states and over time, and some states

with alcohol, only a handful of recent epi-

legal limit of 0.08%.2,19,28 However,

may systematically not test for canna-

demiological studies have examined

future research is warranted to under-

bis. This would, however, likely lead to

the combined effects of alcohol and

stand whether cannabis changes the

an underestimation of the prevalence

cannabis on the risk of crashes. Two

protective associations between alco-

and bias toward the null in regression

case–control studies found a dose-effect

hol policies and alcohol-involved

results. In addition, there is some evi-

of alcohol and cannabis on unsafe driv-

crashes.

dence to suggest that simultaneous

This study builds on past epidemiologi-

ing actions,42,43 and another study found

A number of studies have analyzed

alcohol use increases THC levels and

that culpable drivers in fatal MVCs were

the effect of various forms of cannabis

that there are lingering impairment

more likely to test positive for alcohol,

legalization on cannabis-involved MVC

effects once THC levels have declined,

fatalities; however, results have been

further complicating this.10

44

cannabis, or both.

A meta-analysis con-
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crash fatalities. There is a known rela-

cal studies of alcohol- and cannabis-

Although we conducted sensitivity

ducted by the same authors found a

conﬂicting, and these studies have not

pooled effect of marijuana on crash risk

consistently examined interactions with

analyses to understand the effect of

to be 2.66 (95% CI 5 2.07, 3.41).45 Con-

alcohol or alcohol policies.21–27 Adopt-

limited testing on the prevalence of

trasting results were seen in 2 studies

ing a lower permissible BAC threshold

cannabis, it is possible that cannabis

that compared fatally injured drivers

for those with cannabis in their system

positivity was nevertheless subject to

from FARS with matched drivers from

may be a policy strategy to reduce MVC

testing bias. In addition, because only

the National Roadside Survey: one

harms from concurrent and simulta-

1 valid drug test from drivers in a crash

reported marijuana being associated

neous use of alcohol and cannabis.

was required for the deﬁnition of can-

with 83% increased odds of being a

Indeed, even without consideration for

nabis involvement, it is possible that

fatally injured driver rather than a con-

cannabis, the National Highway Trafﬁc

cannabis involvement was under-

trol,46 and the other reported statistically

Safety Administration and the National

counted if one driver tested negative

nonsigniﬁcant ﬁndings regardless of

Academies of Sciences, Engineering,

and another was not tested. However,

alcohol involvement.47 These diverging

and Medicine have recommended

this would have likely resulted in a bias

Research

Peer Reviewed

Lira et al.

1983

RESEARCH & ANALYSIS

toward the null, and the sensitivity anal-
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ysis restricted to drivers and involving
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their individual-level test results mitigates this concern. Alcohol testing was
similarly not uniform, and we used
imputed data from FARS to account for
suboptimal testing.31 Our regression
analyses assessed the odds of alcohol

ment. This is distinct from incidence
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rate ratios but allows for adjusting for
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involvement, to which the counterfactual is a fatality without alcohol involve-

individual-level characteristics in models. However, our ﬁgures assessing
rates over time support similar conclusions (Figure B).
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