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Abstract: Prescription-opioid misus e continues to be a significant health concern in the United States.
The relationship between marijuana use and prescription-opioid misuse is not clear from the extant
literature. This study examined national trends in prescription-opioid misuse among marijuana users
and non-users using the 2007–2017 National Survey on Drug Use and Health. Cochran–Armitage tests
were used to assess the statistical significance of changes in the yearly prevalence of prescription-opioid
misuse and marijuana use. Multivariable logistic regression was used to examine the association
between prescription-opioid and marijuana use adjusting for sociodemographic characteristics. From
2007 to 2017, marijuana use increased, while prescription-opioid misuse declined. Larger declines in
prescription-opioid misuse were found among marijuana users than non-users. Marijuana ever-use
was significantly associated with prescription-opioid misuse. Specifically, marijuana ever-users had
higher odds of prescription-opioid misuse (ever-misuse [OR: 3.04; 95% CI, 2.68–3.43]; past-year
misuse [OR: 3.44; 95% CI, 3.00–3.94]; and past-month misuse [OR: 4.50; 95% CI, 3.35–6.05]) compared
to marijuana never-users. Similar results were found for the association of past-year and past-month
marijuana use with prescription-opioid misuse. This study provides data on trends and associations
about opioid misuse among marijuana users and non-users in a changing social environment of
drug use in the United States. Future research should consider whether there is a causal relationship
between marijuana use and prescription opioid misuse.

Keywords: prescription opioid misuse; marijuana use; prescription drugs; substance abuse

1. Introduction

The opioid crisis was declared a public health emergency in 2017 by the U.S. Department of Health
and Human Services [1]. This declaration came in response to the estimated 130 opioid overdose
deaths occurring each day in the United States [2]. In 2018, about 10.3 million (3.7%) people had
misused opioids in the past year, which was a small but statistically significant decrease from 4.2%
in 2017 [3]. In 2018, 92.1% of opioid misusers (9.4 million) were pain reliever misusers [3]. The total
economic burden of prescription-opioid misuse is estimated to be $78.5 billion per year in the United
States [2]. Among patients prescribed opioids, those with a mental health diagnosis, younger age, male
sex, and previous substance use are most likely to develop habits of misuse [4].

As the nation contends with the opioid crisis, U.S. marijuana use is on the rise. Marijuana is
the most widely used illicit drug in the United States, and fewer adults perceive marijuana use as
risky today than in the early 2000s [5,6]. Parallel to the changing public perception, there has been
an increase in the number of states that have legalized marijuana [7]. U.S. marijuana use has also
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increased, with 43.5 million people (15.9%) aged 12 and older reported to have used marijuana in
2018 [3,6]. Frequent marijuana use has been associated with physical and mental health consequences,
such as impaired breathing, increased heart rate, anxiety, depression, and psychotic disorders [8–10].

Many previous studies have examined the associations between marijuana and opioid misuse,
with mixed results. For instance, Bachhuber et al. (2014) found that state medical cannabis laws were
associated with lower state-level opioid overdose mortality rates from 1999 to 2010 [11]. However,
a recent study was unable to replicate such results using more extensive data [12]. Other studies have
also found little evidence of an association between medical marijuana laws and prescription-opioid
misuse or related disorders [13]. There is some evidence, though, that those who used medical
marijuana used fewer prescription drugs, including opioids [14,15]. Some studies found that marijuana
use was associated with increased rates of successful opioid-dependence treatment [16,17]. However,
Campbell et al. (2018) found no evidence that marijuana use improved patient outcomes and Caputi et
al. (2018) found that medical marijuana users had a higher likelihood of reporting non-medical use of
prescription pain relievers [18,19]. Prior studies have also shown that marijuana use was associated
with increased odds of other drug use, including opiates [5,20,21]. However, another study found that
the majority of people who use marijuana do not go on to use other drugs [22]. Little is known about
the trends of prescription-opioid misuse among marijuana users and non-users. In the present study,
we examined national trends in prescription-opioid misuse among marijuana users and non-users,
and associations between prescription-opioid misuse and marijuana use.

2. Materials and Methods

2.1. Data

Data were drawn from the 2007–2017 National Survey on Drug Use and Health (NSDUH)
(N = 617,121). NSDUH is a nationally representative, annual survey of the U.S. population aged
12 years and older. NSDUH, which is supported by the Substance Abuse and Mental Health Services
Administration (SAMHSA), collects information from residents of households, non-institutionalized
groups, and civilians on military bases [23]. Questions include age at first use, as well as lifetime,
annual, and past-month use of the following drugs: alcohol, marijuana, cocaine (including crack),
hallucinogens, heroin, inhalants, tobacco, pain relievers, tranquilizers, stimulants, and sedatives.
The survey covers substance abuse treatment history and perceived need for treatment, utilizing
questions from the fourth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM),
which allows for diagnostic criteria to be applied [24]. Respondents are also asked about personal and
family income sources and amounts, health care access and coverage, illegal activities and arrest records,
problems resulting from the use of drugs, perceptions of risks, and needle sharing. Demographic data
that are collected include gender, race, age, ethnicity, education level, job status, income level, veteran
status, household composition, and population density. The weighted response rate ranged between
67.1% and 75.6% from 2007 to 2017. The trend analysis sample included 617,121 participants from 2007
to 2017. In the multivariable analysis, the sample was restricted to the 2016/2017 data (N = 85,179).

2.2. Measures

Dependent variable: prescription-opioid misuse was the main outcome of interest. Three
dichotomized variables (ever-use, past-year use, and past-month use) were created to measure
prescription-opioid misuse. The survey participants were asked: “Have you ever, even once, used any
prescription pain reliever in any way a doctor did not direct you to use it?”; “In the past 30 days, that
is, from <date> up to and including today, did you use <specific pain relievers> in any way a doctor
did not direct you to use <specific pain relievers>?”; and “In the past 12 months, did you use <specific
pain relievers> in any way a doctor did not direct you to use it?” However, participants were only
asked for overall pain reliever misuse before 2015.
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Independent variables: the main independent variable was marijuana use status. Three dichotomous
variables (ever-use, past-year use, and past-month use) were created to measure marijuana use based on
the survey question “How long has it been since you last used marijuana or hashish?”

Other substance use measures (i.e., cigarettes, alcohol, cocaine, crack, heroin, and
methamphetamine) were assessed using the corresponding questions on ever-use status. Psychological
distress was measured using the Kessler Inventory [25]. Participants aged 18 years of age and older
were asked six questions on the frequency of feeling “nervous,” “hopeless, restless or fidgety,” “sad
or depressed that nothing could cheer you up,” “everything is an effort,” and “down on yourself,
no good, or worthless.” For each of the six questions, responses were coded on a scale from 4 (all
of the time) to 0 (none of the time). A dichotomized psychological distress indicator (Yes: ≥13;
No: <13) was created based on the sum of the six items. In addition, demographic characteristics were
obtained from the data, including age (12–17, 18–25, 26–34, 35–49, and 50+), sex (male and female),
marital status (married, widowed, divorced or separated, or never married), race (non-Hispanic
White, non-Hispanic Black, Hispanic, and other races), education (less than high school, high school
graduate, some college/associate degree, and college graduate), employment status (employed full-time,
employed part-time, unemployed, and other), total family income (less than $20,000, $20,000–$49,999,
$50,000–$74,999, and $75,000 and more), and overall health (excellent, very good, good, and fair/poor).

2.3. Statistical Analysis

We generated estimates of the prevalence of ever, past-year, and past-month prescription-opioid
misuse and marijuana use for each survey year. Additionally, estimates of ever, past-year, and
past-month prescription-opioid misuse were calculated for subgroups stratified by marijuana ever,
past-year, and past-month use status. Chi-square tests were used to test the significance of prevalence
differences between subgroups stratified by marijuana use status (past-month, past-year, and ever) for
each year. In the trend analyses, Cochran–Armitage tests were used to assess the statistical significance
of changes in the yearly prevalence of prescription-opioid misuse and marijuana use over time.

For 2016–2017 survey participants aged 18 and older, demographic characteristics and substance
use were reported with unweighted counts and weighted percentages and described by the marijuana
ever-use status (marijuana never-user, marijuana ever-user). Rao–Scott Chi-Square tests were used to
compare characteristics between the two groups: marijuana never-users versus marijuana ever-users.
Multivariable logistic regression was used to examine the association between prescription-opioid
and marijuana use adjusting for age, sex, race, overall health, education, employment status, family
income, survey year, past year severe psychological distress, and substance use, including cigarettes
and alcohol. Sampling weights and survey strata were included in all analyses to account for the
complex survey design. All tests were two-sided, and a p-value <0.05 was considered significant.
We performed all data analyses using SAS version 9.4 (SAS Institute, Inc., Cary, NC).

3. Results

Descriptive characteristics of the 2016–2017 U.S. non-institutional population aged 18 and over are
presented in Table 1. Among the 85,179 respondents from the 2016–2017 survey, 41,628 (52.5%) never
used marijuana, and the remaining 43,551 (47.5%) ever used marijuana. The majority of participants
were married, non-Hispanic Whites, high school graduates, and employed full time. Regarding
substance use, 57.3% reported smoking a cigarette, 80.6% ever had an alcoholic beverage, 14.7% ever
used cocaine, and 23.3% ever used crack. There are several differences between marijuana never-users
and marijuana ever-users. Among marijuana never-users, 43.4% were at least 50 years old, 55.1% were
female, 27.4% were never married, and 20.3% were Hispanic. About 38.3% of marijuana ever-users
were at least 50 years old, 53.0% were male, and 35.0% were never married. In addition, substance
use (i.e., cigarettes, alcohol, crack, heroin, and methamphetamine) was prevalent among marijuana
ever-users (Table 1).
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Table 1. Descriptive characteristics of U.S. population aged ≥18: data from the 2016–2017 National
Survey on Drug Use and Health (NSDUH).

Variables Total Sample
n (%)

Marijuana Never-User
n (%)

Marijuana Ever-User
n (%)

Total 85,179 (100.0) 41,628 (52.5) 43,551 (47.5)

Age
18–25 27,500 (14.0) 13,096 (12.8) 14,404 (15.3)
26–34 17,537 (15.9) 7592 (13.4) 9945 (18.8)
35–49 22,575 (24.8) 10,876 (23.3) 11,699 (26.4)
50+ 17,567 (45.3) 10,064 (50.5) 7503 (39.5)

Sex
Male 39,840 (48.2) 17,859 (43.9) 21,981 (53.1)

Female 45,339 (51.8) 23,769 (56.1) 21,570 (46.9)

Marital status
Married 35,124 (51.8) 18,887 (55.6) 16,237 (47.5)

Widowed 2488 (5.7) 1790 (8.3) 698 (2.9)
Divorced or separated 9220 (13.8) 3853 (11.7) 5367 (16.2)
Never been married 38,347 (28.7) 17,098 (24.5) 21,249 (33.4)

Race
Non-Hispanic White 51,839 (64.1) 22,765 (57.3) 29,074 (71.6)
Non-Hispanic Black 10,704 (11.9) 5589 (12.3) 5115 (11.3)

Hispanic 14,240 (15.9) 8598 (19.7) 5642 (11.7)
Other races 8396 (8.1) 4676 (10.6) 3720 (5.4)

Overall health
Excellent 9761 (21.0) 5381 (22.4) 4380 (19.5)

Very good 16,151 (36.6) 7513 (34.7) 8638 (38.7)
Good 11,800 (28.5) 5481 (28.7) 6319 (28.3)

Fair/poor 4829 (13.9) 2237 (14.2) 2592 (13.5)

Education categories
Less than high school 10,884 (12.6) 6395 (15.7) 4489 (9.1)
High school graduate 22,575 (24.8) 11,329 (25.9) 11,246 (23.6)

Some college/associates
degree 28,723 (31.0) 12,670 (27.5) 16,053 (34.9)

College graduate 22,997 (31.6) 11,234 (30.9) 11,763 (32.4)

Employment status
Employed full-time 44,410 (49.5) 19,602 (43.4) 24,808 (56.3)
Employed part-time 13,345 (13.0) 6410 (12.2) 6935 (13.9)

Unemployed 5178 (4.4) 2343 (4.0) 2835 (4.9)
Other 22,246 (33.0) 13,273 (40.3) 8973 (24.9)

Total family income
Less than $20,000 17,309 (16.6) 8723 (17.6) 8586 (15.5)
$20,000–$49,999 26,814 (29.7) 13,476 (31.8) 13,338 (27.4)
$50,000–$74,999 13,247 (15.9) 6386 (15.9) 6861 (16.0)
$75,000 or more 27,809 (37.8) 13,043 (34.8) 14,766 (41.2)

Past year serious
psychological distress

Yes 6620 (11.2) 2172 (7.3) 4448 (15.4)
No 35,934 (88.8) 18,445 (92.7) 17,489 (84.6)

Ever smoked a cigarette
Yes 51,631 (62.0) 15,532 (41.8) 36,099 (84.4)
No 33,548 (38.0) 26,096 (58.2) 7452 (15.6)

Ever had a drink of
alcoholic beverage

Yes 73,217 (86.0) 30,482 (74.8) 42,735 (98.3)
No 11,948 (14.0) 11,133 (25.2) 815 (1.7)

Ever used crack
Yes 3022 (23.2) 57 (20.5) 2965 (23.3)
No 10,044 (76.8) 218 (79.5) 9826 (76.7)

Ever used heroin
Yes 1945 (2.1) 43 (0.1) 1902 (4.3)
No 83,220 (97.9) 41,576 (99.9) 41,644 (95.7)
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Table 1. Cont.

Variables Total Sample
n (%)

Marijuana Never-User
n (%)

Marijuana Ever-User
n (%)

Ever used
methamphetamine

Yes 4991 (6.0) 150 (0.4) 4841 (12.2)
No 80,136 (94.0) 41,443 (99.6) 38,693 (87.8)

Prescription-opioid
misuse ever-use

Yes 10,406 (10.5) 1623 (3.6) 8783 (18.2)
No 74,773 (89.5) 40,005 (96.4) 34,768 (81.8)

Prescription-opioid
past-year misuse

Yes 4556 (4.2) 772 (1.6) 3784 (7.1)
No 80,623 (95.8) 40,856 (98.4) 39,767 (92.9)

Prescription-opioid
past-month misuse

Yes 1314 (1.2) 157 (0.4) 1157 (2.2)
No 83,865 (98.8) 41,471 (99.6) 42,394 (97.8)

All descriptive statistics were presented in unweighted counts and weighted column percentage except for the Total
column in which we used the row percentage. Rao-Scott Chi-Square tests were used for comparing characteristics
and all test results were significant (p < 0.0001). Numbers may not sum to totals because of missing data.

Figure 1 presents trends of marijuana and prescription-opioid use from 2007 to 2017. Across the
study period, the prevalence of marijuana use increased significantly. Ever marijuana use (40.5% to
45.1%), past-year marijuana use (10.2% to 15.0%), and past-month marijuana use (5.8% to 9.5%) all
increased from 2007 to 2017 (z = 1424.8, p < 0.0001; z = 2298.8, p < 0.0001; and z = 2174.6, p < 0.0001,
respectively). In contrast, prescription-opioid misuse displayed the reverse trend from 2007 to 2017.
Prescription misuse declined between 2007 (13.4%) and 2017 (9.9%) for ever misuse, past-year misuse
(4.8% to 3.9%), and past-month misuse (2.0% to 1.2%) (z = 1127.1, p < 0.0001; z = 649.2, p < 0.0001;
and z = 2152.5, p < 0.0001, respectively).



Int. J. Environ. Res. Public Health 2019, 16, 4585 6 of 11

Figure 1. Prevalence of marijuana use and prescription-opioid misuse in the United States, 2007–2017.
Cochran–Armitage tests were used to assess the statistical significance of changes over time (p < 0.001).

Figure 2 presents the trend of prescription-opioid use stratified by marijuana use status. Across
the study period, the percentages of all prescription-opioid misuse categories declined among all
subgroups. Among marijuana past-month users, prevalence of ever prescription-opioid misuse
(19.1% change), past-year misuse (12.7% change), and past-month misuse (7.9% change) declined
across the study period (2007 to 2017) (z = 1324.1, p < 0.0001; z = 1454.4, p < 0.0001; and z = 2161.8,
p < 0.0001, respectively). Smaller reductions in prescription-opioid misuse occurred among those who
were not past-month marijuana users, with the prevalence of ever prescription-opioid misuse (3.4%
change), past-year misuse (0.7% change), and past-month misuse (0.6% change) decreasing across
the study period (z = 876.8, p < 0.0001; z = 444.2, p < 0.0001; and z = 2085.3, p < 0.0001, respectively).
The trends were similar in other groups characterized by marijuana use status: percentage declines of
prescription-opioid misuse were larger among those that indicated marijuana ever-use and marijuana
past-year use compared to those in the reference categories.
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Figure 2. Prevalence of prescription-opioid misuse in the United States stratified by marijuana use
status, 2007–2017.

Table 2 presents results from the multivariable analysis of the association between marijuana
use and prescription-opioid misuse. After adjusting for sociodemographic characteristics as well as
other substance use, marijuana ever-users had higher odds of opioid ever-misuse (OR: 3.04; 95% CI,
2.68–3.43), past-year misuse (OR: 3.44; 95% CI, 3.00–3.94), and past-month misuse (OR: 4.50; 95% CI,
3.35–6.05). Similar associations were found between past-year marijuana use and opioid ever-misuse
(OR: 3.67; 95% CI, 3.23–4.16), misuse in the past year (OR: 2.89; 95% CI, 2.48–3.36), and misuse in the past
month (OR: 3.12; 95% CI, 2.07–4.72) and between past-month marijuana use and opioid ever-misuse
(OR: 3.04; 95% CI, 2.67–3.46), past-year misuse (OR: 3.24; 95% CI, 2.85–3.68), and past-month misuse
(OR: 4.27; 95% CI, 3.34–5.44).
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Table 2. Association between prescription-opioid misuse and marijuana past-month use status.

Marijuana Use
Prescription-Opioid

Ever Misuse
OR (95% CI)

Prescription-Opioid
Past-Year Misuse

OR (95% CI)

Prescription-Opioid
Past-Month Misuse

OR (95% CI)

Ever use
Yes 3.04 (2.68–3.43) 3.44 (3.00–3.94) 4.50 (3.35–6.05)
No Ref ref Ref

Past-year use
Yes 3.67 (3.23–4.16) 2.89 (2.48–3.36) 3.12 (2.07–4.72)
No Ref ref Ref

Past-month use
Yes 3.04 (2.67–3.46) 3.24 (2.85–3.68) 4.27 (3.34–5.44)
No Ref ref Ref

Ref = reference category and significant odds ratios are presented in bold. Multivariable logistic regression was used
in examining the association between prescription-opioid and marijuana use adjusting for age, sex, race, overall
health, education, employment status, family income, survey year, past-year serious psychological distress, and
substance use, including cigarettes and alcohol.

4. Discussion

The primary objective of the current study was to examine national trends in prescription-opioid
misuse in the last decade among adult marijuana users and non-users in the United States. We found
that trends of marijuana use increased throughout the study period, which is consistent with prior
research [6,26]. This increase could be partially attributed to the decline in perceived risks of marijuana
use and the increased prevalence of legalized marijuana [5,6,9]. In 2017, medical marijuana was legal
in 30 states including the District of Colombia (D.C.) and recreational marijuana was legal in nine
states, including D.C. [27].

Conversely, we found that misuse of prescription opioids declined during the same period.
This finding could, in part, be a result of efforts to reduce opioid prescriptions and use. Prescribing
rates peaked in 2010, and decreased by 33% from 2013 to 2018 [28–30]. It remains unclear how much of
this progress is attributable to enhanced care provider education, improved public awareness, state
prescribing policy, and the use of prescription drug monitoring programs [28,31–33]. Our finding that
marijuana users had greater declines in prescription-opioid misuse compared to non-marijuana users
may be due to substitution effects. Patients who would have been prescribed opioids to manage chronic
pain may be utilizing medical and recreational marijuana as a pain reliever instead. The implementation
of medical marijuana laws has been associated with a 5.88% lower rate of Medicaid-covered opioid
prescriptions [34].

Additionally, we found that past-month marijuana users had significantly higher odds of all
prescription-opioid use outcomes, although ever-users did not. These odds indicate that more frequent
or recent marijuana users are at an increased risk of misusing opioids. Prior studies suggest that a large
proportion of marijuana users go on to use other illicit drugs [21]. Distribution of marijuana and other
drugs often intersects, providing marijuana users opportunities to obtain other illicit drugs [35,36].
Individuals who are addicted to marijuana are also three times more likely than non-users to be
addicted to heroin, and almost 80% of heroin users started with prescription opioids [37–39].

We note some limitations. First, the survey relies on self-reported information, which may
be subject to inaccurate recall. Second, the cross-sectional nature of the study does not allow us
to draw a conclusion about the temporality of association; therefore, we do not claim causation.
Despite these limitations, this study fills an important gap in the literature by examining national
trends and associations of marijuana use and prescription-opioid misuse in an evolving U.S. state
legal environment.
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5. Conclusions

Throughout the study period, trends of marijuana use increased while prescription-opioid use
declined. When stratified by past-month or ever marijuana use, larger declines in prescription-opioid
misuse were found among those who indicated marijuana use compared to those who did not.
Past-month marijuana users had significantly higher odds of ever, past-month, and past-year
prescription opioid use, suggesting a possible link between the two substances. This study provides
important insights on trends and associations given the changing social environment of drug use in
the United States. These findings underscore the importance of future research to assess whether there
is a causal relationship between marijuana use and prescription-opioid misuse.
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