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Abstract

Background: State governments in the United States are increasingly viewing marijuana legalization as a policy
option for controlling the opioid epidemic under the premise that marijuana is a less harmful substitute for opioids.
The purpose of this study is to assess whether marijuana use is associated with decreased odds of prescription
opioid use.

Methods: A cross-sectional study design was applied to toxicological testing data from two national samples of
drivers: 1) the 2011–2016 Fatality Analysis Reporting System (FARS) and 2) the 2013–2014 National Roadside Survey
of Alcohol and Drug Use by Drivers (NRS). Adjusted odds ratios (ORs) and 95% confidence intervals (CIs) estimated
from multivariable logistic regression models were used to assess the associations of marijuana use with
prescription opioid use and alcohol use.

Results: Among the 47,602 drivers from the FARS, 15.7% tested positive for marijuana and 6.9% positive for
prescription opioids. Compared with drivers testing negative for marijuana, those testing positive for marijuana
were 28% more likely to test positive for prescription opioids (adjusted OR = 1.28, 95% CI = 1.15–1.42). Among the
7881 drivers from the NRS, 7.9% tested positive for marijuana and 4.5% positive for prescription opioids. Relative to
drivers testing negative for marijuana, those testing positive for marijuana were twice as likely to test positive for
prescription opioids (adjusted OR = 2.03, 95% CI = 1.29–3.20). In both study samples, marijuana use was associated
with significantly increased odds of alcohol positivity.

Conclusions: Drivers who test positive for marijuana are significantly more likely to test positive for prescription
opioids. Longitudinal studies with rigorous designs and toxicological testing data are needed to further address the
substitution hypothesis between marijuana and prescription opioids.
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Background
The United States is grappling with an ongoing opioid
epidemic that started more than 20 years ago. The epi-
demic was fueled initially by prescription opioids,
followed by heroin and then by fentanyl and analogs.
Now, the epidemic is entering another phase marked by

the resurgence of polydrug use with stimulants such as
cocaine and methamphetamines in addition to opioids
[1–5]. In 2017, US healthcare providers wrote 191 mil-
lion opioid prescriptions; a rate of 58.7 prescriptions per
100 persons [6]. Although the number of all opioid-
related deaths dropped by 2% between 2017 and 2018
[2, 7], 130 people die every day from opioid overdose
[8]; of these, 46 die from prescription opioid overdose
and more than 1000 people are treated for prescription
opioid misuse in emergency departments across the
United States daily [7, 9, 10]. The Centers for Disease
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Control and Prevention estimates that the annual total
economic burden of the opioid epidemic, including lost
productivity, costs of addiction treatment, criminal just-
ice proceedings, and direct and indirect healthcare costs,
is $78.5 billion [11].
In response to the opioid epidemic, federal, state and

local governments in the United States have been imple-
menting a wide array of strategies such as improving ac-
cess to treatment for opioid use disorders, expanding
distribution of naloxone, and enhancing prescription
drug monitoring programs [1, 3, 4, 9, 10]. Another
emerging harm-reduction strategy is to substitute less
addictive non-opioid alternatives for prescription opioids
[12]. In general, substitution of psychoactive substances
is a well-known harm-reduction strategy, such as using
nicotine patches in lieu of cigarettes or using methadone
for treating heroin addiction [13, 14]. Under the same
premise, marijuana is suggested as a less harmful substi-
tute for prescription opioids in the treatment of pain
[15, 16]. Recent regulations passed in New York and Illi-
nois allow authorized patients with an opioid prescrip-
tion to legally purchase medical marijuana at a
registered dispensary [12, 17]. As of July 2019, 34 states
and the District of Columbia have legalized medical
marijuana for patients with certain diseases and 10 states
and the District of Columbia have legalized marijuana
for recreational use among adults [18], with more states
moving toward legalizing recreational marijuana. One
reason commonly cited by proponents of marijuana
legalization is that the policy may help control the opioid
epidemic, assuming that marijuana and prescription opi-
oids are substitutive substances, i.e., increased use of
marijuana would lead to decreased use of prescription
opioids [19, 20].
Studies assessing the substitution hypothesis have gen-

erated conflicting results and debate [21–24]. For in-
stance, several small surveys of patients with chronic
pain have reported high rates of marijuana substitution
for prescription opioids [19, 25–32], while a 4-year co-
hort study [33] and a national survey [34] found no evi-
dence of substitution. Conversely, other studies have
found state medical marijuana laws to be associated with
reductions in opioid prescriptions filled [35, 36],
opioids-related hospitalizations [37] and mortality [38,
39]. A recent meta-analysis concluded that implementa-
tion of medical marijuana laws was associated with a
modest 7% reduction in opioid prescriptions dispensed,
indicating that marijuana is unlikely a major substitute
for prescription opioids [40]. However, aggregate data
on marijuana laws and self-reported data on drug use
are susceptible to biases and are inadequate for under-
standing individual-level drug substitution behaviors
[41]. The purpose of this study was to assess the associ-
ation of marijuana use with the odds of prescription

opioid use based on toxicological testing data from two
US national samples of drivers.

Methods
Data sources
Data for this study came from two sources: the Fatality
Analysis Reporting System (FARS) and the National
Roadside Survey of Drug Use by Drivers (NRS). Both the
FARS and the NRS are administered by the National
Highway Traffic Safety Administration of the US De-
partment of Transportation. The FARS records all motor
vehicle crashes that occur on US public roadways that
result in at least one fatality (i.e., driver, passenger or
pedestrian) within 30 days in all 50 states, the District of
Columbia, and Puerto Rico [42]. The FARS contains
more than 140 data elements for each fatal crash, ob-
tained from police crash investigation reports, coroner/
medical examiner reports, state driver licensing records,
emergency medical service reports, and death certificates
[42, 43]. Data elements include variables indicating crash
characteristics and environmental conditions at the time
of crash (e.g., manner of collision, roadway type, road
and weather conditions, time, and date of crash), de-
scription of all persons involved (e.g., age, sex, restraint
use, and injury severity), and vehicle characteristics (e.g.,
vehicle type, weight rating, make, model and year) [44].
In addition, the FARS collects toxicological testing data
for drivers and others involved in the crash. FARS ana-
lysts enter the data into electronic files that are automat-
ically checked for consistency and acceptable ranges
[42]. Further, several programs continually monitor the
data and perform quality checks to improve the accuracy
and completeness [42].
Incepted in 1973 and conducted approximately every 7

years, the NRS was initially designed to estimate the
prevalence of alcohol use among non-commercial
drivers. Since 2007, the NRS has been expanded to test
for both alcohol and drugs [44]. Drivers are selected ran-
domly based on a multistage sampling method that in-
cludes four levels in a descending hierarchy: primary
sampling units, police jurisdictions, survey locations and
passing-by drivers [45]. The most recent NRS was con-
ducted during June 7, 2013 through March 30, 2014 at
300 locations in contiguous states across 4 US regions
(Northeast, Midwest, West, and South). At the selected
survey locations, verbally consented drivers were admin-
istered standardized questionnaires to collect data about
their demographic characteristics, drinking behavior,
drug use, annual mileage, origin and destination of trip,
and asked to provide a sample of oral fluid for drug test-
ing as well as a breath sample for alcohol testing [44,
45]. The 2013–2014 NRS was conducted during a 2-h
Friday daytime session (either 9:30 am to 11:30 am or 1:
30 pm to 3:30 pm) at 60 locations and during four 2-h
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nighttime periods (10 pm to midnight and 1 am to 3 am
on Friday and Saturday nights) at 240 locations, with a
response rate of 79.3% [45]. The study design and
methods for the 2013–2014 NRS are described in detail
elsewhere [45].

Drug and alcohol testing
In FARS, toxicological testing was conducted by the re-
spective medico-legal office such as the medical exam-
iner or coroner [46, 47]. Currently, 21 states and the
District of Columbia have medical examiner systems, 9
have coroner systems, and 20 have mixed medical exam-
iner and coroner systems responsible for certifying
deaths [47, 48]. The FARS database records up to three
nonalcohol drugs per driver [42, 49]. If a driver tests
positive for multiple drugs, FARS records the detected
drugs in the following priority order: narcotics, depres-
sants, stimulants, marijuana, and other [42, 46]. Prescrip-
tion opioids are classified as Schedule II substances and
are recorded under the narcotics category in FARS [50].
In this study, prescription opioids from FARS refer to
oral or injectable formulations of codeine, diphenoxylate,
fentanyl, hydrocodone, hydromorphone, meperidine,
methadone, morphine, oxycodone, oxymorphone, and
propoxyphene. In FARS, marijuana refers to cannabi-
noids such as delta-9-tetrahydrocannabinol (THC),
hashish, hashish oil, delta 9 or marinol [43]. If a metab-
olite was detected, only the parent drug was recorded.
Drug tests were performed on blood specimens through
liquid/gas chromatography, mass spectrometry, and
radioimmunoassay techniques [46, 49]. Blood alcohol
concentrations (BACs) were also assessed using liquid/
gas chromatography and mass spectrometry techniques
where BAC ≥0.01 g/dL was defined as positive [42].
In the 2013–2014 NRS, toxicological testing was per-

formed on oral fluid samples. The oral fluid samples
were first screened using enzyme-linked immunosorbent
assay (ELISA) micro-plate technology and then con-
firmed using liquid/gas chromatography and mass spec-
trometry techniques [45]. The oral fluid test used in the
NRS is a highly valid method for detecting the presence
of THC in the blood [51]. Marijuana refers to cannabi-
noids such as THC, THC-COOH, or synthetic
marijuana. The minimum detectable screening concen-
tration for marijuana using the ELISA test was 4 ng/ml.
Samples with positive marijuana screening results (≥ 4
ng/ml) were further subjected to a more sensitive and
more specific confirmation test with a minimum detect-
able concentration of 2 ng/ml. If the confirmation test
was positive (≥2 ng/ml), the sample was regarded as
positive, otherwise it was regarded as negative. Complete
laboratory procedures for determining marijuana positiv-
ity in oral fluid samples are described elsewhere [52]. In
the 2013–2014 NRS, there were 22 types of oral or

injectable formulations of prescription opioids tested
such as codeine, hydrocodone, meperidine, morphine,
and oxycodone [45]. The minimum detectable screening
concentration for prescription opioids varied by type
and ranged from 1 to 50 ng/ml, while minimum detect-
able confirmation concentration ranged from 0.5 to 25
ng/ml [45]. Complete laboratory procedures for deter-
mining opioid positivity in oral fluid samples are de-
scribed elsewhere [53]. Blood alcohol concentrations
(BACs) were assessed using the evidential breath test de-
vice where BAC ≥0.02 g/dL was defined as positive [45].

Study design and analysis
We used a cross-sectional study design to assess whether
use of marijuana was associated with decreased odds of
prescription opioid use when controlling for alcohol use
and demographic characteristics. Data from the 2011–
2016 FARS and the 2013–2014 NRS were analyzed sep-
arately. The 2011–2016 FARS study sample consisted of
47,602 fatally injured drivers aged 15 years and older
who died at the crash scene, exclusive of 149,537 drivers
who survived the crashes, 53,574 fatally injured drivers
who died on arrival at hospitals or after, 265 fatally in-
jured drivers who were younger than 15 years, and 28,
210 fatally injured drivers with missing toxicological
testing data. We included only drivers who died at the
crash scene to avoid potential biases from post-crash
drug metabolism and opioid-based medications adminis-
tered by healthcare providers. The 2013–2014 NRS
study sample comprised 7881 drivers aged 16 years and
older who provided oral fluid samples for drug testing.
Analyses proceeded from univariate and bivariate ana-

lysis to multivariable logistic regression modeling. Fre-
quency distribution of marijuana, prescription opioid,
and alcohol use as indicated by toxicological testing re-
sults, and driver characteristics (age, sex, and region)
were computed. Estimated crude and adjusted odds ra-
tios (ORs) with corresponding 95% confidence intervals
(95% CIs) were used to assess the association of
marijuana use with prescription opioid use and alcohol
use. Further, stratified analyses were conducted to evalu-
ate the association of marijuana use with prescription
opioid use and alcohol use across strata of driver
characteristics.
For analyses of the NRS data, survey procedures ac-

counting for clustering within each primary sampling
unit were used to obtain valid variance estimates. Specif-
ically, we used the Taylor series (linearization) method
in the SURVEYLOGISTIC procedure to estimate the co-
variance matrix of the regression coefficients. Analytic
survey weights based on stratified sampling were used to
generalize estimates for the US driver population. All
analyses were performed using SAS, version 9.4 software
(SAS Institute, Inc., Cary, North Carolina).
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Results
Overall, 47,602 drivers from FARS and 7881 drivers from
NRS were included in the study. Compared to drivers ex-
cluded due to lack of drug testing data in the FARS, those
included were more likely to be from the Southern region
(27.5% vs. 22.0%, p < 0.001), and more likely to be younger
(mean = 41.0 ±17.4 vs. 42.7 ±18.2 yr, p < 0.001), but did
not differ significantly in the distributions of sex and blood
alcohol concentrations. Compared to excluded drivers in
the NRS, those included were more likely to be from the
Northeast region, (26.1% vs 22.6%, p < 0.001), and less
likely to be male (58.4 vs. 62.4%, p < 0.001), but did not
differ significantly in the distributions of age and blood
alcohol concentrations.
Among the 47,602 drivers in the FARS sample, 6.9%

tested positive for prescription opioids, 15.7% positive
for marijuana, and 42.0% positive for alcohol. The ma-
jority of the drivers were male, non-Hispanic white, and
under 40 years of age (Table 1). Overall, 16.1% of the
3278 opioid-positive drivers and 14.6% of the 44,324
opioid-negative drivers tested positive for marijuana,
yielding a crude OR of 1.03 (95% CI = 0.94–1.14).
Drivers who tested positive for alcohol were less likely to
test positive for prescription opioids (crude OR = 0.69,
95% CI = 0.64–0.74). Female, non-Hispanic white drivers
aged 25 years and older had significantly elevated risk of
testing positive for prescription opioids (Table 2). Com-
pared with drivers testing negative for marijuana, those
testing positive for marijuana were 28% more likely to
test positive for prescription opioids (adjusted OR = 1.28,
95% CI = 1.15–1.42) (Table 2) and 50% more likely to
test positive for alcohol (adjusted OR = 1.50, 95% CI =
1.42–1.58).
Among the 7881 drivers in the NRS sample, 4.5%

tested positive for prescription opioids, 7.9% positive for
marijuana, and 5.3% positive for alcohol. The majority of
the drivers were male, non-Hispanic white, and under
40 years of age (Table 1). Drivers who tested positive for
marijuana were more likely to test positive for prescrip-
tion opioids (adjusted OR = 2.03, 95% CI = 1.29–3.20)
and drivers who tested positive for alcohol were less
likely to test positive for prescription opioids (adjusted
OR = 0.56, 95% CI = 0.24–1.31). Drivers who were female
or non-Hispanic white had significantly elevated risk of
testing positive for prescription opioids (Table 2). The
odds of testing positive for prescription opioids in-
creased with age (Table 2). Relative to drivers who tested
negative for marijuana, those testing positive for
marijuana were 66% more likely to test positive for alco-
hol (adjusted OR = 1.66, 95% CI = 1.07–2.58). In both
the FARS and the NRS study samples, the association of
marijuana use with increased odds of prescription opioid
use existed in different strata of drivers (Supplementary
Table S1).

Discussion
In this study, we attempted to address the marijuana-
prescription opioids substitution hypothesis by analyzing
toxicological testing data from two US national samples
of drivers. Our results revealed that marijuana use is not
associated with decreased odds of prescription opioid
use among fatally injured drivers and in a nationally rep-
resentative sample of drivers. On the contrary, marijuana
use appears to be associated with increased use of pre-
scription opioids. The results are consistent between the
FARS and the NRS samples and held robust across
strata of driver characteristics. The concurrent use of
marijuana and opioids detected from the two study samples

Table 1 Characteristics of the study samples, 2011–2016 Fatality
Analysis Reporting System (FARS) and 2013–2014 National
Roadside Survey of Alcohol and Drug Use by Drivers (NRS)

Characteristic FARSa

(n = 47,602)
%

NRSb

(n = 7881)
%c

Age (years)

15–24 21.6 28.1

25–39 30.5 33.4

40–64 37.0 33.2

≥ 65 10.9 5.3

Sex

Male 77.7 56.6

Female 22.3 43.4

Race/ethnicity

Non-Hispanic White 83.8 61.0

Non-Hispanic Black 11.5 25.7

Other 4.7 13.2

Geographic region

South 43.8 41.1

Midwest 21.8 20.5

Northeast 11.3 17.5

West 23.1 20.9

Testing positive for prescription opioids

No 93.1 95.5

Yes 6.9 4.5

Testing positive for marijuana

No 84.3 92.1

Yes 15.7 7.9

Testing positive for alcohol

No 58.0 94.7

Yes 42.0 5.3
aThere were 7 drivers with missing data on gender and 4616 on race from
the FARS
bThere were 204 drivers with missing data on age, 106 on gender, and 89 on
race from the NRS
cPercentage of drivers weighted for the US driver population
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of drivers is suggestive of a supplementary rather than a
substitutive relationship between these two substances.
Our study adds more empirical evidence for assessing

the marijuana-prescription opioids substitution hypothesis
[19, 25–29, 31, 40, 54]. As more state governments and
policy makers consider legalizing marijuana as a harm

reduction strategy for controlling the opioid epidemic, re-
sults from our study underscore the importance for add-
itional studies to validate the assumptions about the
relationship between marijuana and prescription opioids.
If confirmed by further research, the supplementary rela-
tionship between marijuana and prescription opioids

Table 2 Estimated crude and adjusted odds ratios and 95% confidence intervals of prescription opioid positivity according to driver
characteristics, marijuana positivity and alcohol positivity, 2011–16 Fatality Analysis Reporting System (FARS) and 2013–14 National
Roadside Survey of Alcohol and Drug Use by Drivers (NRS)

Characteristic FARSa NRSb

Prescription Opioids Crude OR
(95% CI)

Adjusted OR
(95% CI)

Prescription Opioidsc Crude OR
(95% CI)

Adjusted OR
(95% CI)Positive (n =

3278)
No. (%)

Negative (n = 44,
324)
No. (%)

Positive (n =
341)
No. (%)d

Negative (n =
7540)
No. (%)d

Age (years)

15–24 322 (9.8) 9975 (22.5) Reference Reference 29 (9.7) 2156 (28.9) Reference Reference

25–39 1114 (34.0) 13388 (30.2) 2.58 (2.27,
2.93)

2.80 (2.44,
3.20)

118 (38.5) 2424 (33.2) 3.45 (2.02,
5.87)

3.77 (2.23,
6.38)

40–64 1490 (45.5) 16105 (36.3) 2.87 (2.53,
3.24)

3.00 (2.63,
3.42)

154 (43.5) 2363 (32.7) 3.95 (2.45,
6.35)

4.16 (2.66,
6.50)

≥ 65 352 (10.7) 4856 (11.0) 2.25 (1.92,
2.62)

2.12 (1.79,
2.50)

27 (8.3) 406 (5.2) 4.75 (2.24,
10.06)

4.62 (2.19,
9.74)

Sex

Male 2409 (73.5) 34,569 (78.0) Reference Reference 178 (52.0) 4349 (56.8) Reference Reference

Female 869 (26.5) 9748 (22.0) 1.28 (1.18,
1.39)

1.25 (1.14,
1.36)

156 (48.0) 3092 (43.2) 1.21 (0.90,
1.64)

1.21 (0.91,
1.60)

Race/ethnicity

Non-Hispanic
White

2766 (92.5) 33,265 (83.2) Reference Reference 266 (77.2) 4737 (60.3) Reference Reference

Non-Hispanic
Black

159 (5.3) 4796 (12.0) 0.40 (0.34,
0.47)

0.36 (0.30,
0.42)

51 (19.0) 1508 (26.1) 0.57 (0.39,
0.83)

0.51 (0.35,
0.75)

Other 65 (2.2) 1935 (4.8) 0.40 (0.32,
0.52)

0.47 (0.36,
0.60)

14 (3.8) 1216 (13.6) 0.22 (0.10,
0.49)

0.24 (0.11,
0.53)

Geographic region

South 1688 (51.5) 19,166 (43.2) Reference Reference 92 (37.7) 1894 (41.3) Reference Reference

Midwest 676 (20.6) 9711 (21.9) 1.17 (1.01,
1.34)

0.92 (0.78,
1.09)

91 (25.6) 1816 (20.3) 1.38 (0.87,
2.19)

1.36 (0.87,
2.14)

Northeast 302 (9.2) 5057 (11.4) 1.48 (1.30,
1.67)

1.29 (1.10,
1.51)

73 (21.6) 1379 (17.3) 1.37 (0.83,
2.28)

1.22 (0.73,
2.04)

West 612 (18.7) 10,390 (23.4) 0.99 (0.86,
1.14)

0.81 (0.68,
0.96)

85 (15.1) 2451 (21.1) 0.78 (0.47,
1.30)

1.02 (0.64,
1.63)

Testing positive for marijuana

No 2751 (83.9) 37,396 (84.4) Reference Reference 305 (88.0) 7020 (92.3) Reference Reference

Yes 527 (16.1) 6928 (15.6) 1.03 (0.94,
1.14)

1.28 (1.15,
1.42)

36 (12.0) 520 (7.7) 1.62 (1.04,
2.51)

2.03 (1.29,
3.20)

Testing positive for alcohol

No 2170 (66.2) 25,436 (57.4) Reference Reference 326 (97.3) 7134 (94.6) Reference Reference

Yes 1108 (33.8) 18,888 (42.6) 0.69 (0.64,
0.74)

0.68 (0.63,
0.74)

15 (2.7) 406 (5.4) 0.50 (0.22,
1.14)

0.56 (0.24,
1.31)

aThere were 7 drivers with missing data on gender and 4616 on race from the FARS
bThere were 204 drivers with missing data on age, 106 on gender, and 89 on race from the NRS
cUnweighted frequencies of drivers by prescription opioid testing results in the sample
dPercentage of drivers weighted for the US driver population
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implies that legalizing marijuana as a policy intervention
to control the opioid epidemic might be misguided and
potentially counterproductive.
Our findings are consistent with those from the large

cohort study that found no evidence that marijuana use
was associated with a reduction in prescription opioid
use among 1514 patients with chronic pain [33]. Simi-
larly, our results are also consistent with those from a
nationally representative survey of 57,146 participants
wherein medical marijuana use was associated with in-
creased use and misuse of prescription opioids [34].
Conversely, results of our study are divergent from those
based on self-reported data that support the substitution
hypothesis. Specifically, surveys conducted in the United
States [19, 25, 29–32] and Canada [26–28] have found
high rates of self-reported substitution of marijuana for
prescription opioids among recreational and medical
marijuana users. In addition, two prospective open-label
trials reported an association of medicinal marijuana use
and improved pain outcomes among chronic pain pa-
tients, suggesting that marijuana may augment the anal-
gesic effects of prescription opioids [54, 55]. Ecological
studies based on aggregate data have reported opioid-
related benefits (e.g., reduced opioid prescriptions) asso-
ciated with state marijuana laws [35–39]. Given the
widespread acceptance of marijuana use to relieve pain
and reduce the risks of addiction and overdose associ-
ated with prescription opioids, it is plausible that pa-
tients may perceive marijuana as a safer substitute with
fewer side effects and limited risk of overdose [56]. It
may also be possible for some chronic pain patients to
experience relief with marijuana since the cannabinoid
and opioid receptor systems are anatomically and bio-
chemically similar and the presence of opioids appear to
augment the analgesic effects of marijuana [55].
The conflicting findings in the research literature are

due in part to differences in measurement ascertain-
ments and study designs. First, all surveys were based on
self-reported data rather than toxicological testing data.
As such, self-reported data from survey studies are sus-
ceptible to misclassification, recall, or social desirability
biases. Second, many survey studies were based on small
sample sizes [19, 26, 27, 29, 54], had low response rates
[26, 28–30], and/or relied on self-selecting convenience
samples [25, 27, 31, 32], leading to non-response bias,
selection bias and volunteer bias which may further
threaten the validity of the results. Third, patients in sur-
vey studies were often recruited through medical
marijuana organizations or organizations that support
medical marijuana [19, 26–29, 32], which may result in
overrepresentation of subjects who are biased towards
marijuana use. Lastly, online solicitation for study partic-
ipants in some survey studies [19, 26, 28, 29, 32] would
likely miss those without internet access and those with

privacy concerns. Research with rigorous designs, such
as longitudinal studies and randomized clinical trials, is
needed to guide and inform drug policy.
Our study has several limitations. First, the cross-

sectional study design made it impossible to elicit tem-
porality in the use of different drugs. However, prescrip-
tion opioids have relatively shorter half-lives of 2–4 h
compared to marijuana, which can be present for days
after the last use. Second, it is possible that concurrent
use of marijuana and prescription opioids may have led
to fatal motor vehicle crashes, which may introduce col-
lider bias to the results from the FARS sample. However,
the inclusion/exclusion criteria were independent of
drug testing results and crash responsibility. Third, it is
possible that mechanisms other than supplementarity
may explain the observed positive association between
marijuana use and prescription opioid use. For instance,
some drivers might use marijuana to taper off prescrip-
tion opioids (i.e., reduce the dosage), resulting in positive
tests for both substances. Fourth, our study samples are
fatally injured drivers and randomly selected drivers,
which are different from patients with chronic pain in-
cluded in previous studies. Finally, our study samples are
limited to drivers with toxicological testing results, mak-
ing our findings potentially susceptible to selection bias.
Given that drivers included in the study are largely com-
parable to those excluded with respect to demographic
characteristics and blood alcohol concentrations, selec-
tion bias is unlikely to pose a serious threat to the valid-
ity of our findings.

Conclusions
In this study of two US national samples of drivers,
marijuana use is not associated with decreased odds of pre-
scription opioid use. On the contrary, marijuana use is as-
sociated with significantly increased odds of prescription
opioid use as well as alcohol use in drivers. Existent evi-
dence supporting the marijuana-prescription opioids substi-
tution hypothesis is based primarily on ecological studies
and survey studies of patients with chronic pain. As more
states move toward legalizing marijuana as a harm reduc-
tion strategy for controlling the opioid epidemic, there is an
urgent need for better understanding the relationship be-
tween marijuana use and use of prescription opioids
through rigorous study designs and objectively measured
longitudinal data from different population groups.
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System (FARS) and 2013–14 National Roadside Survey of Alcohol and
Drug Use by Drivers (NRS).
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