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Abstract

Background: The last two decades have seen tremendous changes in the U.S. environment surrounding drugs.
Driving under the influence of drugs is a growing public health hazard. The present study examined trends in drug
involvement in fatally-injured drivers in the U.S.

Methods: Data were drawn from the 2007–2017 Fatality Analysis Reporting System. Cochran–Armitage tests were
performed to assess the statistical significance of changes in the yearly prevalence of positive drug tests in fatally-
injured drivers over time. In addition, analyses were stratified by sex, race, and age.

Results: The yearly prevalence of positive drug tests in fatally-injured drivers increased significantly from 20.7% in
2007 to 30.7% in 2017, with results showing a higher prevalence among males, those aged 21–44, and Whites. The
gap between Blacks and Whites narrowed in 2017. There was a decline in the yearly prevalence in all age groups
between 2016 and 2017, although the decrease in the 21–44 age group was much smaller than other age groups.
Among drivers who tested positive for drugs, 34.6% had a blood alcohol concentration (BAC) above the threshold
of per se evidence for impaired driving, and 63% had a BAC below the threshold.

Conclusions: Our results indicate that the overall yearly prevalence of fatally-injured drivers who tested positive for
drugs increased significantly from 2007 to 2017, with similar results found for subgroups. Findings further highlight
that drugged driving remains a public health priority, and more action is needed to stem this disturbing trend.
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Background
The use of certain drugs is on the rise in the United
States. A 2016 study found that marijuana use has in-
creased steeply in the U.S. since 2005 [1]. Additionally,
opioid prescriptions have increased significantly in the
last three decades, with hydrocodone more than doub-
ling and oxycodone increasing over five-fold from 1999
to 2011 [2]. Heroin, another highly addictive opioid, has
seen increases across both men and women, most age
groups, and all income levels [3]. Beyond the adverse
health outcomes related to drug use, one negative behav-
ior consequence is a heightened risk of traffic crashes
[4]. An estimated 12.8 million people aged 16 or older in

the U.S. drove under the influence of substances (i.e.
marijuana, cocaine (including crack), heroin, hallucino-
gens, inhalants, or methamphetamine) in 2017 [5], and
motor vehicle crashes are a major contributing factor to
unintentional injury mortality in the United States [6].
Evidence from the extant literature on the effect drugs

have on driving ability has produced mixed results [7, 8].
Findings from several laboratory studies suggest that
cannabis can negatively affect neurocognitive functions
that may impair driving. These studies have found that
reaction time [9, 10], time/distance perception [11], and
equilibrium [12] are all impacted by cannabis use. Previ-
ous studies suggest that recent cannabis smoking is asso-
ciated with considerable driving impairment, especially
in occasional smokers [13], and that cannabis use is as-
sociated with an increased risk of vehicle crashes, par-
ticularly fatal crashes [14]. Similarly, studies have
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associated opioid use with impaired driving. Opioids
have been found to impair driving-related psychomotor
function, and the risk of injury or death in an accident is
increased while using opioids [15, 16]. A recent report
found that the use of prescription opioids was associated
with the initiation of vehicle crashes [17]. Other opioids
such as heroin can cause drowsiness, weakened mental
function, difficulty concentrating, and reduced coordin-
ation [18, 19], which impact driving ability.
In contrast, some studies were inconclusive or failed to

find a link between drug use and driving ability [20–22].
Prior findings have indicated that low concentrations of
marijuana compounds in blood serum may decrease the
rate of crashes, perhaps due to effective compensation be-
havioral strategies that have been reported in marijuana
smokers [20]. Previous results have suggested that regular
use of opioid medications did not significantly impair co-
ordination, perception, cognition and behavioral outcomes
related to driving, although the authors recognized the
need for research beyond the pilot study conducted [21].
Similarly, a recent systematic review found no significant
effect of regular therapeutic opioids on psychomotor skills
related to driving ability [22].
Overall, the research on drugged driving remains limited

relative to the vast body of research that has extensively
documented the involvement of alcohol in fatally-injured
drivers. Too, the environment surrounding drugs has chan-
ged in recent years in the U.S., including the passage of in-
creasingly liberal marijuana usage laws [23] and the
ongoing opioid epidemic [24]. As a result, there are con-
cerns about further escalation of drug use and impaired
driving [25, 26]. Recognizing this possible link, some states
have enacted per se drugged driving laws, which set max-
imum concentrations for various substances at or above
which it is unlawful to drive or operate various forms of ve-
hicles. However, further research on the relationship be-
tween drugged driving and fatally-injured drivers is needed.
The objectives of the current study are (i) to examine

trends in drug involvement in fatally-injured drivers in
the U.S., (ii) examine trends between drug involvement
and fatally-injured drivers by key demographic charac-
teristics (sex, race and age) associated with higher crash
risk, and (iii) examine whether fatally-injured drivers
testing positive for drugs also tested positive for alcohol.
Findings from this study are particularly timely and rele-
vant, especially given the rapidly shifting environment
and norms surrounding substance use.

Method
Data used in this study came from the 2007–2017 Fatality
Analysis Reporting System (FARS), which is compiled by
the National Highway Traffic Safety Administration
(NHTSA). FARS was established in 1975 as a fatal motor
vehicle accident reporting system for all 50 states, the

District of Columbia, and Puerto Rico. Crashes must have
resulted in the death of a motorist or a non-motorist within
30 days of the collision to be entered into FARS. Under
strict quality control procedures, trained NHTSA analysts
extract data from state report files including police crash re-
ports, death certificates, state vehicle registrations, coroner/
medical examiner reports, state driver licensing files, state
highway department data, emergency medical service re-
ports and vital statistics, and other state records to collect
information relating to the crash, vehicles, and people in-
volved [27]. Although FARS has been recording alcohol
tests since 1975 and non-alcohol drug tests since 1991,
there is not a consistent standard or method for conducting
and reporting drug tests results across the states. For alco-
hol tests, NHTSA used multiple imputations to allow fur-
ther analyses on blood alcohol concentration (BAC) [28].

Study sample
The study sample was restricted to states that conducted
toxicological testing for non-alcohol drugs for more than
50% of all fatally-injured drivers each year between 2007
and 2017. This restriction ensured that inconsistency of
drug test data across states and years was limited. In
addition, we restricted fatally-injured drivers to those
who were at least 16 years old and died within 1 h of the
vehicle crash because testing is more common in such
instances and therefore results in more reliable data.
Based on our inclusion criteria, our analytic sample in-
cluded 102,221 drivers from the following 33 states: Ari-
zona, California, Colorado, Connecticut, Florida,
Georgia, Hawaii, Illinois, Indiana, Kentucky, Louisiana,
Maryland, Massachusetts, Michigan, Minnesota, Mis-
souri, Montana, Nevada, New Hampshire, New Jersey,
New Mexico, New York, North Dakota, Ohio, Pennsyl-
vania, Rhode Island, South Carolina, Tennessee, Ver-
mont, Virginia, Washington, West Virginia, and
Wisconsin. Overall, these states performed toxicological
testing on more than 80% of their fatally-injured drivers
for the combined years (2007 to 2017).

Measures
Toxicological drug tests results were based on the blood
or urine of fatally-injured drivers. For each driver, up to
three drug test results were recorded for non-alcohol
drugs. FARS documents drugs in the following categor-
ies: narcotic, depressant, stimulant, hallucinogen, canna-
binoid, phencyclidine, an anabolic steroid, inhalant, and
other drugs. We defined a tested-positive driver as a
driver with at least one positive test result for one of the
listed categories. A tested-negative driver was considered
a driver whose test results were negative for all drug
tests taken. Among those who tested positive for drugs,
we examined the status of alcohol tests and derived
three categories: drug positive and alcohol-negative, drug
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positive and alcohol positive, and drug positive and alco-
hol unknown. For drivers aged between 16 and 20 years,
if test results were at or above 0.02 g per deciliter, alco-
hol test results were considered positive given that the
majority of states in our study use this BAC level as per
se evidence for impaired driving. For drivers over 21
years of age, we used the standard 0.08 g per deciliter as
the threshold for a positive alcohol test.
We also obtained the drivers’ characteristics including

age, sex, race, Hispanic origin, state, information about
whether death occurred at the scene or on the way to a
hospital, blood alcohol concentration from an alcohol test,
year of death, month of death, hours between time of the
crash and time of death, and drug test results. Age was
categorized as 16–20, 21–44, 45–64, and 65+. Race and
Hispanic origin were recoded as non-Hispanic White,
non-Hispanic Black, Hispanic, and other race groups. We
used death at the scene and death during transport in our
analysis, as such information is readily available in FARS.
BAC was categorized as 0, 0.001–0.079, and ≥ 0.08.

Statistical analysis
Demographic characteristics were described, using ag-
gregated prevalence from 2007 to 2017 (Table 1), by the
drug test results status (tested positive or tested nega-
tive) of drivers who died within 1 h of the vehicle crash.
Categorical variables were reported with frequency and
relative frequency (%). Chi-Square tests were performed
to assess significant differences in demographic charac-
teristics among groups and corresponding test-statistic
values, degrees of freedom (d.f.), and p-values were pro-
vided. We generated estimates of the yearly prevalence
of drivers for drug test results for each year of data for
the full sample as well as estimates by sex, race, and age
subgroups (see Additional file 1). Additionally, we plot-
ted estimates of the yearly prevalence of drug test-
positive drivers for the full sample as well as estimates
by sex, race, and age subgroups. In the trend analyses,
Cochran–Armitage tests were used to assess the statis-
tical significance of changes in the yearly prevalence of
drug involvement in fatally-injured drivers over time.
We also conducted Cochran–Armitage tests for each
subgroup. All tests were two-sided, and a p-value of < 0.01
was considered significant given the large sample size of
our data. The Z test-statistics values corresponding to the
Armitage tests were also provided.
There were so many individuals in the “unknown” cat-

egory of intoxication for each of the demographic vari-
ables and therefore we examined if those individuals were
randomly distributed between the intoxicated and non-
intoxicated group. This examination was done by generat-
ing a descriptive table for demographic characteristics by
the drug test results status (Known vs. unknown) and then
calculating the effect size (Cohen’s h) for the difference in

characteristics between the two groups. All effect sizes
were < 0.25, which indicates a very small difference (see
Additional file 1) considering that h = 0.20: “small effect
size”; h = 0.50: “medium effect size”; and h = 0.80: “large
effect size”. In addition, we treated the unknown test re-
sults as missing and used chi-square test of the missing
completely at random (MCAR) mechanism to determine
the missing data were completely at random (P > 0.99)
[29]. We performed all data analyses using SAS version
9.4 (SAS Institute, Inc., Cary, NC).

Results
Characteristics of drivers who died within 1 h of crashing
are reported according to drug test result in Table 1
using aggregated prevalence from 2007 to 2017. Of all
102,221 drivers included in the analysis, 28,756 (28.1%)
tested positive for non-alcohol drugs and 49,384 (48.3%)
tested negative for non-alcohol drugs. Out of all drivers,
77.9% were male, 81.5% died at the scene, 72.3% were
non-Hispanic White, and 58.5% were younger than 45
years old. The number of drivers for each year ranged
from 7901 to 10,839. Compared to female fatally-injured
drivers, male fatally-injured drivers were more likely to
have a positive drug test result (28.4% vs 27.2%) but less
likely to have other drug test results (23.3% vs 24.6%).
The yearly prevalence of the three-drug test types is

shown in Table 2 for those drivers who died within 1 h of
crashing for each year from 2007through 2017. The yearly
prevalence of drug-positive drivers increased significantly
from 20.7% in 2007 to 30.7% in 2017. Figure 1 presents
the yearly prevalence of drug-positive drivers by sex. For
all years except 2008, yearly prevalence of drug-positive
drivers among female fatally-injured drivers was higher
than males. In both sexes, yearly prevalence of drug-
positive drivers increased significantly from 21.0 and
19.4%, respectively, in 2007 to 31.4 and 28.0% in 2017.
However, between 2015 and 2017, the yearly prevalence of
female tested-positive drivers decreased from 32.0 to
28.0%. In 2009, the difference between yearly prevalence
in males and females began to widen, with males display-
ing noticeably higher rates of death within 1 h of a crash
(Fig. 1). This continued until 2013, when the gap closed,
and women had a similar yearly prevalence to men. The
difference again expanded after 2013.
Figure 2 shows the 2007–2017 trends in drug-positive

driver yearly prevalence by race. The yearly prevalence of
drug-positive drivers was highest in non-Hispanic Whites
than other race categories. In all race subgroups, the yearly
prevalence increased significantly from 2007 to 2017. In
the non-Hispanic White and Hispanic groups, between
2014 and 2017, the yearly prevalence decreased from 34.5
and 28.5% to 33.3 and 25.2%, respectively. The gap be-
tween non-Hispanic White and Black drug-positive fatal-
ity percentage was considerable but narrowed significantly
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over time. The difference between the two rates peaked in
2011 when the non-Hispanic White yearly prevalence was
approximately 6.9% higher than the Black yearly preva-
lence. In 2017, this difference had narrowed, and White

yearly prevalence was 0.2% higher than the Black yearly
prevalence.
The yearly prevalence of drug-positive tests by age

group are reported in Fig. 3. Drug-positive tests were

Table 1 Characteristics of fatally-injured drivers who died within 1 h of crashing, by drug test results, aggregated prevalence from
2007 to 2017

Demographic
Characteristicse

Tested Positive Tested Negative Otherd Total Chi-square test

n (%a) n (%a) n (%a) n (%b) χ2, d.f., p-value

28,756 (28.1) 49,384 (48.3) 24,081 (23.6) 102,221 (100.0)

Age 1126.3,6,<.0001

16–20 2433 (25.7) 4876 (51.4) 2176 (22.9) 9485 (9.3)

21–44 15,893 (31.6) 23,275 (46.3) 11,107 (22.1) 50,275 (49.2)

45–64 8241 (27.7) 14,317 (48.2) 7150 (24.1) 29,708 (29.1)

65+ 2189 (17.2) 6916 (54.2) 3648 (28.6) 12,753 (12.5)

Sex 21.6,2,<.0001

Male 22,609 (28.4) 38,470 (48.3) 18,526 (23.3) 79,627 (77.9)

Female 6142 (27.2) 10,904 (48.3) 5548 (24.6) 22,594 (22.1)

Race 405.9,6,<.0001

Non-Hispanic White 20,572 (30.2) 31,891 (46.8) 15,747 (23.1) 68,210 (72.3)

Non-Hispanic Black 3011 (26.6) 5535 (48.8) 2795 (24.7) 11,341 (12.0)

Hispanic 2760 (24.3) 6292 (55.5) 2292 (20.2) 11,344 (12.0)

Other Race 855 (24.8) 1884 (54.7) 706 (20.5) 3445 (3.7)

Died at Scene/En Route 23.8,6, <.01

Not Applicablec 5039 (28.0) 8843 (49.1) 4134 (23.0) 18,016 (17.6)

Died at Scene 23,420 (28.1) 40,105 (48.2) 19,774 (23.7) 83,299 (81.5)

Died En Route 289 (33.2) 415 (47.7) 166 (19.1) 870 (0.9)

Blood Alcohol Concentration 867.2,6,<.0001

0 15,601 (30.5) 30,879 (60.4) 4326 (9.1) 51,106 (58.8)

0.001–0.079 1978 (41.6) 2279 (47.9) 502 (10.6) 4759 (5.5)

≥ 0.08 10,742 (34.6) 15,872 (51.1) 4430 (14.3) 31,044 (35.7)

Month of Death 163.2,22,<.0001

1 2069 (28.1) 3614 (49.1) 1675 (22.8) 7358 (7.2)

2 1896 (28.5) 3299 (49.6) 1461 (22.0) 6656 (6.5)

3 2241 (28.1) 3972 (49.7) 1773 (22.2) 7986 (7.8)

4 2440 (28.8) 4157 (49.1) 1876 (22.1) 8473 (8.3)

5 2641 (28.7) 4518 (49.1) 2041 (22.2) 9200 (9.0)

6 2609 (28.8) 4362 (48.1) 2103 (23.2) 9074 (8.9)

7 2712 (28.2) 4697 (48.8) 2209 (23.0) 9618 (9.4)

8 2694 (27.7) 4767 (49.0) 2266 (23.3) 9727 (9.5)

9 2562 (28.5) 4264 (47.5) 2149 (23.9) 8975 (8.8)

10 2476 (27.5) 4334 (48.2) 2179 (24.2) 8989 (8.8)

11 2281 (27.8) 3796 (46.2) 2134 (26.0) 8211 (8.0)

12 2135 (26.8) 3604 (45.3) 2215 (27.8) 7954 (7.8)
a % = row percentage
b % = column percentage
c Not Applicable is used for victims dying at locations other than the scene or en route (e.g. Hospital, at home, etc.)
d The other group included fatally-injured drivers whose test results were unknown or not reported and drivers who were not given drug tests
e Chi-Square tests were performed to assess significant differences in demographic characteristics among groups and all differences were significant (p < 0.01)
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more prevalent in the 21–44 age group and lowest in
the 65+ age group. The yearly prevalence increased sig-
nificantly in all age groups from 2007 to 2017. However,
the percentage of those aged 16–20 decreased from
28.9% in 2015 to 27.0% in 2017. For those aged 65+, the
yearly prevalence peaked at 22.7% in 2014 and subse-
quently declined. There was a decline in yearly preva-
lence of all other age groups from 2016 to 2017.
Among drug-positive drivers, Fig. 4 shows the alcohol

test result status from 2007 to 2017. The yearly preva-
lence of alcohol negative tests was higher than alcohol
positive tests. Yearly prevalence of alcohol test negative

and alcohol test unknown subcategories increased from
2007 to 2017, while the yearly prevalence of alcohol-
positive test decreased. Among drivers who tested posi-
tive for drugs in 2017, 63% had a BAC below the thresh-
old of per se evidence for impaired driving, and 34.6%
had a BAC above the threshold.

Discussion
While driving under the influence of alcohol is a well-
recognized public health hazard, less attention is paid to
other drugs. The last two decades in the U.S. have wit-
nessed a tremendous shift in the norms and perception

Table 2 Yearly prevalence of drug test result among fatally-injured drivers who died within 1 h of crashing by year, 2007 to 2017

Death Year Full Sample Tested Positive Tested Negative Other*

n n (%) n (%) n (%)

2007 10,839 2239 20.70% 5786 53.40% 2814 26.00%

2008 9642 2218 23.00% 5186 53.80% 2238 23.20%

2009 8362 2078 24.90% 4297 51.40% 1987 23.80%

2010 8029 2087 26.00% 4359 54.30% 1583 19.70%

2011 7901 2214 28.00% 4094 51.80% 1593 20.20%

2012 8969 2642 29.50% 4345 48.40% 1982 22.10%

2013 8868 2669 30.10% 4146 46.80% 2053 23.20%

2014 8720 2791 32.00% 4029 46.20% 1900 21.80%

2015 9838 3185 32.40% 4477 45.50% 2176 22.10%

2016 10,533 3406 32.30% 4756 45.20% 2371 22.50%

2017 10,520 3227 30.70% 3909 37.20% 3384 32.20%

Cochran–Armitage test Z, P-value** Z = 26.3, p < .0001 Z = -29.3, p < .0001 Z = 6.7, p < .0001

*The other group included fatally-injured drivers whose test results were unknown or not reported and drivers who were not given drug tests. **Cochran–Armitage
tests were used to assess the statistical significance of changes in the percentage of drug involvement in fatally-injured drivers over time (p < 0.01)

Fig. 1 Trend in yearly prevalence in positive drug test among drivers who died within 1 h of crashing, by sex. Cochran–Armitage tests were used
to assess the statistical significance of changes in the percentage of drug involvement in fatally-injured drivers over time
(Male:Z = 23.7,p < 0.001;Female: Z = 11.4,p < 0.001)
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regarding substance use (e.g. marijuana) in addition to
the ongoing opioid epidemic. Such cultural changes rep-
resent a variety of potential health hazards, including
drugged driving. The present study augments the litera-
ture by examining the yearly prevalence of drug-positive
drivers from 2007 to 2017 in the general population, as
well as analyzing trends among subgroups. Trend ana-
lyses were performed to detect changes in the yearly
prevalence of drug-positive drivers over time.

The yearly prevalence of fatally-injured drivers who tested
positive for drugs increased significantly from 2007 to 2017,
with the highest rate of 32.4% occurring in 2015. This coin-
cides with the U.S. opioid epidemic, which, since 1999, has
seen continual increases in abuse of prescription opioids,
heroin, and synthetic opioids [30]. Our findings are in keep-
ing with what has been reported elsewhere, including hos-
pital emergency data and studies from different countries.
There is evidence of high rates of drug use among drivers

Fig. 2 Trend in yearly prevalence in positive drug test among drivers who died within 1 h of crashing, by race. Cochran–Armitage tests
were used to assess the statistical significance of changes in the percentage of drug involvement in fatally-injured drivers over time
(White: Z = 23.5,p < 0.001;Black: Z = 11.6,p < 0.001;Hispanic: Z = 8.0,p < 0.001;Other: Z = 2.7,p < 0.01)

Fig. 3 Trend in yearly prevalence in positive drug test among drivers who died within 1 h of crashing, by age. Cochran–Armitage tests were used
to assess the statistical significance of changes in the percentage of drug involvement in fatally-injured drivers over time (16–20: Z = 8.5, p < 0.00;
21–44: Z = 20.5, p < 0.001; 45–64:Z = 13.4, p < 0.001; 65+: Z = 8.0, p < 0.001)
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hospitalized following motor vehicle crashes. For example,
one study reported that 61.5% of drivers admitted to a
trauma center after an accident reported use of prescription
medications [31] and another found that 51% of drivers ad-
mitted to a trauma center for vehicle crash injuries tested
positive for drugs other than alcohol, with 25% testing posi-
tive for marijuana use [32]. A study conducted in Canada
found that marijuana and other drugs are now commonly
detected in injured drivers [33]. Similar findings have been
reported in other countries, including Australia [34, 35],
Belgium [36], and Spain [37].
Our results showed that the yearly prevalence of positive

drug tests in fatally-injured drivers was consistently higher
among males than females from 2007 to 2017, the excep-
tion being 2013. These results, in part, could be explained
by gender risk perception differences, with men less likely
to perceive dangerous driving habits as serious [38]. Prior
research points to a positive association between masculin-
ity and the number of offences and aggressive violations
[39]. In fatal road crashes involving loss of control due to
speed, males were five times more likely to be at fault than
their female counterparts [40]. Males have also displayed
higher fatality rates than females for most modes of travel
[41]. In a study examining traffic-related head trauma
emergency department visits, the majority of patients were
male [42].
We found that out of all fatally-injured drivers in-

cluded in the analysis, a vast majority were non-
Hispanic White. In the U.S., White residents have higher
rates of opioid overdose death compared with other
races. Similarly, heroin use by race has shifted in the last

50 years from a primarily inner-city, minority-centered
issue to a more widespread problem involving mostly
White men and women living in non-urban areas [43].
Our results agree with these previous studies, i.e., the
percentage of positive drug tests was substantially higher
among White drivers compared with the other racial
groups. However, the gap between White and Black per-
centage narrowed significantly over time.
Previous findings have shown that when compared to

other age groups, 16–17 year olds are predisposed to
and consistently display the highest rates of involvement
in all police-reported crashes, and 80+ year olds have
the highest rates of fatal crash involvements [44]. We
found that the yearly prevalence of fatally-injured drug-
positive drivers was consistently highest in the 21–44
age group compared to other age groups. Possible con-
tributors are the facts that in the U.S., 21–25 year olds
display some of the highest rates of illicit drug use [45]
and drivers aged 20–49 make up a large portion of all
drivers [46]. National statistics show that from 2010 to
2011, 16–24 year olds had the highest rates of emer-
gency department visits for motor vehicle traffic injuries,
followed by those aged 25–44 years old [47]. Although
there was a decline in yearly prevalence in all age groups
between 2016 and 2017, the 21–44 age group showed
the smallest change.
Evidence suggests that while alcohol-impaired driving

has witnessed a decreasing trend, at least in some juris-
dictions, drugged driving appears to be increasing [48].
Among drug-positive fatally-injured drivers, the majority
tested negative for alcohol (below the BAC threshold for

Fig. 4 Trend in yearly prevalence in alcohol test result among drug-positive drivers who died within 1 h of crashing. Cochran–Armitage tests
were used to assess the statistical significance of changes in the percentage of alcohol involvement in drug tested positive fatally-injured drivers
over time (Alcohol+: Z = 7.5, p < 0.001; Alcohol-: Z = -6.6, p < 0.001; Alcohol test unknown: Z = -3.9, p < 0.001)
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per se evidence for impaired driving). This further high-
lights that drugged driving remains a growing public
health concern, and more action is needed to curb this
trend. While fewer drug-positive drivers had alcohol
above the acceptable BAC level for driving, it should be
noted that concurrent use of drugs can lead to more
deleterious effects [49]. The BAC needed for a fatal over-
dose is lower when alcohol and prescription drugs are
used simultaneously than when alcohol is used alone
[50]. One study identified an increase from 2005 to 2011
in the number of U.S. emergency department visits due
to adverse drug reactions that also involved alcohol [51].
Our results and previous findings demonstrate that

drugged driving is a public health issue. With more
states legalizing marijuana and the ongoing opioid epi-
demic, the issue is likely to amplify in the coming years.
Currently, in the U.S., states have started implementing
drugged driving laws, and these laws vary accordingly in
many aspects. While promising, it remains unclear what
impact these laws will have on drugged driving and re-
lated adverse outcomes such as traffic crashes and fatal-
ities. Future research may consider expanding our
findings by investigating differences in motor vehicle ac-
cident rates and related outcomes between states, as the
legality of marijuana varies by state. In addition, while
there is an established body of evidence surrounding the
scientific evidence for alcohol per se laws, research is
lacking for implementation of a scientifically sup-
ported threshold for drugged driving. It is important
to note that this a potentially a complex issue given
individual variability in the levels of tolerance or in-
toxication [52, 53].
This study had a few limitations. There is no standard-

ized testing process for drugged driving; therefore,
reporting across states and jurisdictions is not uniform.
However, we limited potential bias due to a lack of
standard reporting guidelines across the states by analyz-
ing data only from those states that conducted toxico-
logical testing for non-alcohol drugs for more than 50%
of all fatally-injured drivers each year. Though FARS ap-
plies strict quality control procedures, there is a possibil-
ity of reporting errors. Another possible limitation is
that the cause of death is unknown; whether the individ-
ual died from the drug or the accident is unclear, and
the current study makes no claim about the cause of
death. Despite the given limitations, the present study
investigated important differences in the aggregated
prevalence and characteristics of fatally-injured drug-
positive drivers over an entire decade, from 2007 to
2017.

Conclusion
Using data from FARS, this study investigated the yearly
prevalence of drug-positive drivers each year from 2007

through 2017 in the general population as well as by key
demographic characteristics (sex, race, and age). Of
fatally-injured drivers who died within 1 h of a vehicle
crash and were included in our analysis, a large majority
were non-Hispanic White, male, died at the scene of the
accident, and had a BAC level of less than 0.001. Overall,
the yearly prevalence of fatally-injured drivers who
tested positive for drugs increased significantly from
2007 to 2017. Positive drug tests were more prevalent in
males, those age 21 to 44, and non-Hispanic Whites.
The majority of drug-positive drivers had a BAC under
the threshold for per se evidence of alcohol-impaired
driving. Our findings further highlight that drugged driv-
ing continues to grow as a public health concern and ac-
tion should be taken to curb this troubling trend.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s13011-019-0228-z.

Additional file 1: Table S1. Characteristics of fatally-injured drivers who
died within 1 hour of crashing, by drug test results, 2007 to 2017. Table
S2. percentage of drug test result among fatally injured drivers who died
within 1 hour of crashing by year and sex, 2007 to 2017. Table S3. per-
centage of drug test result among fatally injured drivers who died within
1 hour of crashing by year and race, 2007 to 2017.Table S4. percentage
of drug test result among fatally injured drivers who died within 1 hour
of crashing by year and age, 2007 to 2017.

Abbreviations
BAC: Blood alcohol Concentration; FARS: Fatality Analysis Reporting System;
NHTSA: National Highway Traffic Safety Administration

Acknowledgements
None.

Authors’ contributions
S. A conceptualized, designed the study and organized the writing and
analyses. L. S conducted the data analysis. K. L contributed to the writing of
the manuscript. F. Q supervised the analysis and interpretation of findings.
All authors critically reviewed the manuscript and approved the final
manuscript as submitted.

Funding
None.

Availability of data and materials
The data is publicly available.

Ethics approval and consent to participate
This study is a secondary analysis of a publicly available, deidentified data.
Ethics approval is not required.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Azagba et al. Substance Abuse Treatment, Prevention, and Policy           (2019) 14:43 Page 8 of 10

https://doi.org/10.1186/s13011-019-0228-z
https://doi.org/10.1186/s13011-019-0228-z


Received: 23 May 2019 Accepted: 9 September 2019

References
1. Wu L-T, Zhu H, Swartz MS. Trends in cannabis use disorders among racial/

ethnic population groups in the United States. Drug Alcohol Depend. 2016;
165:181–90.

2. Jones CM. “Trends in the distribution of selected opioids by state, US, 1999–
2011,” presented at the National Meeting Safe States Alliance. Baltimore:
National Center for Injury Prevention and Control; 2013. https://cdn.ymaws.
com/www.safestates.org/resource/resmgr/imported/Jones.pdf.

3. Centers for Disease Control and Prevention, “Heroin Overdose Data,” 2018.
[Online]. Available: https://www.cdc.gov/drugoverdose/data/heroin.html.
Accessed 28 Feb 2019.

4. Governors Highway Safety Association, “Drug-Impaired Driving: Marijuana
and Opioids Raise Critical Issues for States.” 2018.

5. Substance Abuse and Mental Health Services Administration, “Results from
the 2017 National Survey on drug use and health: detailed tables.” 2017.

6. Centers for Disease Control and Prevention. Accidents or unintentional
injuries: U.S. Department of Health and Human Services; 2017.

7. Gjerde H, Strand MC, Mørland J. Driving under the influence of non-
alcohol drugs--an update part I: epidemiological studies. Forensic Sci Rev.
2015;27(2):89–113.

8. Beirness DJ, Simpson HM, Williams AF. Role of cannabis and
benzodiazepines in motor vehicle crashes. Transportation research circular.
2006;12–21.

9. Ramaekers JG, Kauert G, Theunissen EL, Toennes SW, Moeller MR.
Neurocognitive performance during acute THC intoxication in heavy and
occasional cannabis users. J Psychopharmacol (Oxford). 2009;23(3):266–77.

10. Ramaekers JG, Moeller MR, van Ruitenbeek P, Theunissen EL, Schneider E,
Kauert G. Cognition and motor control as a function of Delta9-THC
concentration in serum and oral fluid: limits of impairment. Drug Alcohol
Depend. 2006;85(2):114–22.

11. Chait LD, Perry JL. Acute and residual effects of alcohol and marijuana,
alone and in combination, on mood and performance.
Psychopharmacology. 1994;115(3):340–349, Jul.

12. Liguori A, Gatto CP, Jarrett DB. Separate and combined effects of marijuana
and alcohol on mood, equilibrium and simulated driving.
Psychopharmacology. 2002;163(3–4):399–405.

13. Hartman RL, Huestis MA. Cannabis effects on driving skills. Clin Chem. 2013;
59(3):478–492.

14. Asbridge M, Hayden JA, Cartwright JL. Acute cannabis consumption and
motor vehicle collision risk: systematic review of observational studies and
meta-analysis. BMJ. 2012;344:e536.

15. Schulze H, et al. Driving under the influence of drugs, alcohol and
medicines in Europe — findings from the DRUID project. Eur Monit Cent
for Drugs and Drug Addiction. 2012. http://www.emcdda.europa.eu/system/
files/publications/743/TDXA12006ENN_402402.pdf. Accessed 10 May 2019.

16. Schulze H, Schumacher M, Urmeew R, Auerbach K. DRUID final report: work
performed, Main results and recommendations; 2012.

17. Chihuri S, Li G. Use of prescription opioids and initiation of fatal 2-vehicle
crashes. JAMA Netw Open. 2019;2(2):e188081.

18. National Institute on Drug Abuse, “What are the immediate (short-term)
effects of heroin use?,” 2018. [Online]. Available: https://www.drugabuse.
gov/publications/research-reports/heroin/what-are-immediate-short-term-
effects-heroin-use. Accessed 1 Mar 2019.

19. Alcohol and Drug Foundation, “Heroin Fact Sheet,” 2017. [Online]. Available:
https://adf.org.au/wp-content/uploads/2018/12/Heroin-Fact-sheet-FINAL.pdf.
Accessed 1 Mar 2019.

20. Sewell RA, Poling J, Sofuoglu M. The effect of Cannabis compared with
alcohol on driving. Am J Addict. 2009;18(3):185–93.

21. Galski T, Williams JB, Ehle HT. Effects of opioids on driving ability. J Pain
Symptom Manag. 2000;19(3):200–8.

22. Ferreira DH, Boland JW, Phillips JL, Lam L, Currow DC. The impact of
therapeutic opioid agonists on driving-related psychomotor skills assessed
by a driving simulator or an on-road driving task: a systematic review. Palliat
Med. 2018;32(4):786–803.

23. Cerdá M, et al. Association of State Recreational Marijuana Laws with
Adolescent Marijuana use. JAMA Pediatr. 2017;171(2):142–9.

24. National Academies of Sciences, Engineering, and Medicine, et al. Pain
Management and the Opioid Epidemic: Balancing Societal and Individual

Benefits and Risks of Prescription Opioid Use. Washington: National
Academies Press (US); 2017.

25. National Conference of State Legislatures, “Drugged driving. Marijuana-
impaired driving.,” 2019. [Online]. Available: http://www.ncsl.org/research/
transportation/drugged-driving-overview.aspx.

26. Bonar EE, et al. Prevalence and motives for drugged driving among
emerging adults presenting to an emergency department. Addict Behav.
2018;78:80–4.

27. N. H. T. S. A. U.S. Department of Transportation. Fatality analysis reporting
system (FARS), analytical User’s manual, 1975–2017: National Center for
Statistics and Analysis; 2018. https://crashstats.nhtsa.dot.gov/Api/Public/
ViewPublication/812602.

28. Slater ME, Castle I-JP, Logan BK, Hingson RW. Differences in state drug
testing and reporting by driver type in U.S. fatal traffic crashes. Accid Anal
Prev. 2016;92:122–9.

29. Little RJA. A test of missing completely at random for multivariate data with
missing values. J Am Stat Assoc. 1988;83(404):1198–202.

30. Centers for Disease Control and Prevention. Understanding the epidemic.
Opioid Overdose. 2018; [Online]. Available: https://www.cdc.gov/
drugoverdose/epidemic/index.html. Accessed 1 Mar 2019.

31. Dischinger P, Li J, Smith GS, Ho S, Auman K, Shojai D. Prescription
medication usage and crash culpability in a population of injured drivers.
Ann Adv Automot Med. 2011;55:207–16.

32. Walsh J, et al. Drug and alcohol use among drivers admitted to a Level-1
trauma center. Accid Anal Prev. 2005;37(5):894–901.

33. Brubacher JR, et al. Prevalence of alcohol and drug use in injured British
Columbia drivers. BMJ Open. 2016;6(3):e009278.

34. Drummer OH, Kourtis I, Beyer J, Tayler P, Boorman M, Gerostamoulos D. The
prevalence of drugs in injured drivers. Forensic Sci Int. 2012;215(1):14–7.

35. Ch’ng CW, et al. Drug use in motor vehicle drivers presenting to an
Australian, adult major trauma centre. Emerg Med Australas. 2007;19(4):359–
65.

36. Legrand S-A, Houwing S, Hagenzieker M, Verstraete AG. Prevalence of
alcohol and other psychoactive substances in injured drivers: comparison
between Belgium and the Netherlands. Forensic Sci Int. 2012;220(1):224–31.

37. Santamariña-Rubio E, et al. Substance use among road traffic casualties
admitted to emergency departments. Injury Prevention. 2009;15(2):87–94.

38. DeJoy DM. An examination of gender differences in traffic accident risk
perception. Accid Anal Prev. 1992;24(3):237–46.

39. Özkan T, Lajunen T. Why are there sex differences in risky driving? The
relationship between sex and gender-role on aggressive driving, traffic
offences, and accident involvement among young turkish drivers. Aggress
Behav. 2005;31(6):547–58.

40. Clarke DD, Ward P, Bartle C, Truman W. Killer crashes: fatal road traffic
accidents in the UK. Accid Anal Prev. 2010;42(2):764–70.

41. Beck LF, Dellinger AM, O’Neil ME. Motor vehicle crash injury rates by mode
of travel, United States: using exposure-based methods to quantify
differences. Am J Epidemiol. 2007;166(2):212–8.

42. Gaw CE, Zonfrillo MR. Emergency department visits for head trauma in the
United States. BMC Emerg Med. 2016;16(1):5.

43. Cicero TJ, Ellis MS, Surratt HL, Kurtz SP. The changing face of heroin use in
the United States: a retrospective analysis of the past 50 years. JAMA
Psychiatry. 2014;71(7):821–6.

44. Tefft, B. Rates of Motor Vehicle Crashes, Injuries and Deaths in Relation to
Driver Age, United States, 2014–2015. Available online: https://
aaafoundation.org/rates-motor-vehicle-crashes-injuries-deathsrelation-driver-
age-united-states-2014-2015. Accessed 10 May 2019.

45. National Institute on Drug Abuse, “Nationwide Trends,” 2015. [Online].
Available: https://www.drugabuse.gov/publications/drugfacts/nationwide-
trends. Accessed 11 Mar 2019.

46. U.S. Department of Transportation Federal Highway Administration, Policy and
Governmental Affairs, Office of Highway Policy Information, “Highway finance
data collection: our Nation’s highways 2011,” 2014. [Online]. Available: https://
www.fhwa.dot.gov/policyinformation/pubs/hf/pl11028/chapter4.cfm.

47. Albert M, McCaig LF. Emergency department visits for motor vehicle traffic
injuries: United States, 2010–2011. Hyattsville, NCHS Data Brief No. 185:
National Center for Health Statistics; 2015.

48. Berning A, Compton R, Wochinger K. “Results of the 2013–2014 National
Roadside Survey of alcohol and drug use by drivers,” National Highway
Traffic Safety Administration, vol. 812. Washington: Traffic safety facts
research note. Report no. DOT HS; 2015. p. 118.

Azagba et al. Substance Abuse Treatment, Prevention, and Policy           (2019) 14:43 Page 9 of 10

https://cdn.ymaws.com/www.safestates.org/resource/resmgr/imported/Jones.pdf
https://cdn.ymaws.com/www.safestates.org/resource/resmgr/imported/Jones.pdf
https://www.cdc.gov/drugoverdose/data/heroin.html
http://www.emcdda.europa.eu/system/files/publications/743/TDXA12006ENN_402402.pdf
http://www.emcdda.europa.eu/system/files/publications/743/TDXA12006ENN_402402.pdf
https://www.drugabuse.gov/publications/research-reports/heroin/what-are-immediate-short-term-effects-heroin-use
https://www.drugabuse.gov/publications/research-reports/heroin/what-are-immediate-short-term-effects-heroin-use
https://www.drugabuse.gov/publications/research-reports/heroin/what-are-immediate-short-term-effects-heroin-use
https://adf.org.au/wp-content/uploads/2018/12/Heroin-Fact-sheet-FINAL.pdf
http://www.ncsl.org/research/transportation/drugged-driving-overview.aspx
http://www.ncsl.org/research/transportation/drugged-driving-overview.aspx
https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/812602
https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/812602
https://www.cdc.gov/drugoverdose/epidemic/index.html
https://www.cdc.gov/drugoverdose/epidemic/index.html
https://aaafoundation.org/rates-motor-vehicle-crashes-injuries-deathsrelation-driver-age-united-states-2014-2015
https://aaafoundation.org/rates-motor-vehicle-crashes-injuries-deathsrelation-driver-age-united-states-2014-2015
https://aaafoundation.org/rates-motor-vehicle-crashes-injuries-deathsrelation-driver-age-united-states-2014-2015
https://www.drugabuse.gov/publications/drugfacts/nationwide-trends
https://www.drugabuse.gov/publications/drugfacts/nationwide-trends
https://www.fhwa.dot.gov/policyinformation/pubs/hf/pl11028/chapter4.cfm
https://www.fhwa.dot.gov/policyinformation/pubs/hf/pl11028/chapter4.cfm


49. National Institute on Alcohol Abuse and Alcoholism. National Institute on
Alcohol Abuse and Alcoholism (NIAAA) alert no. 27. Alcohol-medication
interactions. Bethesda; 1995. https://pubs.niaaa.nih.gov/publications/aa27.htm.
Accessed 10 May 2019.

50. Jones AW, Kugelberg FC, Holmgren A, Ahlner J. Drug poisoning deaths in
Sweden show a predominance of ethanol in mono-intoxications, adverse
drug-alcohol interactions and poly-drug use. Forensic Sci Int. 2011;206(1–3):
43–51.

51. Castle IJP, Dong C, Haughwout SP, White AM. Emergency department visits
for adverse drug reactions involving alcohol: United States, 2005 to 2011.
Alcohol Clin Exp Res. 2016;40(9):1913–25.

52. Colizzi M, Bhattacharyya S. Cannabis use and the development of tolerance: a
systematic review of human evidence. Neurosci Biobehav Rev. 2018;93:1–25.

53. Dumas EO, Pollack GM. Opioid tolerance development: a pharmacokinetic/
Pharmacodynamic perspective. AAPS J. 2008;10(4):537.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Azagba et al. Substance Abuse Treatment, Prevention, and Policy           (2019) 14:43 Page 10 of 10

https://pubs.niaaa.nih.gov/publications/aa27.htm

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Method
	Study sample
	Measures
	Statistical analysis

	Results
	Discussion
	Conclusion
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

