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A B S T R A C T

We examine the association between opioid prescription patterns in privately insured adults and changes in state
cannabis laws among five age groups (18–25, 26–35 36–45, 46–55 and 56–64 years). Using the 2016
Clinformatics Data Mart, a nationwide commercial health insurance database, we performed a cross-sectional
analysis of two types of opioid prescribing (> 30-day and> 90-day prescriptions) among all adults aged 18–64
based on the stringency of cannabis laws. We found a significant interaction between age and cannabis law on
opioid prescriptions. Age-stratified multilevel multivariable analyses showed lower opioid prescription rates in
the four younger age groups only in states with medical cannabis laws, when considering both>30 day
and>90 day opioid use [> 30 day adjusted odds ratio (aOR)= 0.56, in 18–25, aOR=0.67 in 26–35,
aOR=0.67 in 36–45, and aOR=0.76 in 46–54 years; > 90 day aOR=0.56, in 18–25, aOR=0.68 in 26–35,
aOR=0.69 in 36–45, and aOR=0.77 in 46–54 years, P < 0.0001 for all]. This association was not significant
in the oldest age group of 55–64 years. There was no significant association between opioid prescriptions and
other categories of cannabis laws (recreational use and decriminalization) in any of the age groups studied.

1. Introduction

The opioid crisis is a growing public health concern, with 29, 406
synthetic opioid overdose deaths in the United States in 2017 (National
Institute on Drug Abuse, n.d.). Primarily considered to be “pain killers”,
prescriptions for opioids have nearly tripled over the past quarter
century (Blum et al., 2017). American adults on long-term prescription
opioid are at high risk of dependence, addiction and opioid-associated
deaths, especially among individuals who obtain opioids from illicit
sources (Seth et al., 2018). As more states enact laws legalizing re-
creational or/and medical use of cannabis, there is growing interest in
cannabis as a potential neuroactive agent to mitigate harmful effects
associated with synthetic opioid use (Hill and Saxon, 2018; Wilkinson
et al., 2016).

Since pain came to the fore as the 5th vital sign nearly twenty years
ago (Finn, 2018; Jones et al., 2018), the medical community has been
interested in a panacea to ease long suffering. Initially, opioids were
seen as a cure and their use became widespread over time, with little
attention paid to possible side effects or the risk of addiction. Now, with

research highlighting both definite and possible harms of this medica-
tion, the desire to de-escalate the use of opioids has given rise to a
search for non-opioid analgesic alternatives.

One such alternative is cannabis. For centuries, civilizations have
used its unique properties as a cure for myriad ailments. The major
psychoactive component of cannabis, 9-tetrahydrocannanol (THC),
when consumed has various effects on the body, one of which is anti-
nociception (Manzanares et al., 2006). While legal access is highly
regulated in many countries, studies examining medical cannabis use
have noted possible public health benefits where medical cannabis use
is allowed (Lucas and Walsh, 2017).

In their 2015 paper, Powell and colleagues reviewed and found a
potential unintended benefit associated with the legalization of can-
nabis: states with legal access to dispensaries experienced a decrease in
opioid-related overdose deaths (Powell et al., 2018). Findings in this
study have limited reach as they are reflective of non-medical use of
cannabis rather than substitution with cannabis in cases of chronic
pain. In 2018, Wen and colleagues reported that implementation of
medical cannabis laws was associated with lower rates of opioid
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prescription in the Medicaid-insured population (Wen and
Hockenberry, 2018). Because age differences exist within the sphere of
cannabis use (Lloyd and Striley, 2018; Azofeifa et al., 2016), the asso-
ciation of medical cannabis with decreased opioid use in prior studies
(which did not report age-specific data) may not be applicable to all age
groups. A longitudinal study of older aged adults (age > 65 years) by
Bradford and colleagues showed that opioid prescriptions in the Med-
icare population decreased in states where medical cannabis laws were
implemented (Bradford et al., 2018). A number of challenges still re-
main in studying the association of cannabis laws and opioid pre-
scribing, especially the current classification of cannabis.

Cannabis remains classified as a Schedule I substance under the
Controlled Substances Act (National Conference of State Legislatures,
n.d.), a schedule for all substances with “high potential for dependency
and no accepted medical use”. While some states may permit medical or
recreational use of cannabis, distribution of cannabis represents a fed-
eral offense. States with laws for cannabis will usually differentiate
recreational from medical use. Broadly, state cannabis use laws may
allow for possession, medical use, and or recreational use. Other
nuances concerning legal cannabis use exist within state-based legis-
lation (National Conference of State Legislatures, n.d.; Wiese and
Wilson-Poe, 2018). Within each category, there are varying degrees of
liberalization. Regardless of the current classification of cannabis, states
with medical cannabis laws had a 25% reduction in overall opioid
overdose associated mortality in addition to a lower rate of opioid
positive testing in fatally injured drivers aged 21–40 years (Kim et al.,
2016).

This may suggest a public health benefit associated with medical
cannabis laws but the association must be carefully examined across the
different subpopulations to prevent unintended downsides of the any
new cannabis legislation. For example, a number of studies have ana-
lyzed data from Medicaid and Medicare enrollees (Wen and
Hockenberry, 2018; Bradford et al., 2018), prescription drug mon-
itoring programs (Hallvik et al., 2018), with findings suggesting a re-
lationship between cannabis laws and lower opioid use. However, to
date, there is no study which exclusively explores whether the pre-
viously published cannabis law-opioid use associations are mirrored
among commercially insured adults. Adults with private health in-
surance are typically employed, though the insurance may also cover
immediate family members of the employees. Individuals who carry
commercial insurance represent an important population which may
exhibit different behaviors from Medicare and Medicaid subpopulations
with regards to cannabis use. Interestingly, a recent report revealed that
in a cohort of privately insured adults, the top 10% of opioid users
represented 76% of all prescription opioid use (Sun and Jena, 2017).
Examining patterns in this population may provide data with regards to
cannabis use habits and opioid usage among employed populations and
their adult family members covered by commercial insurance.

The purpose of this study is therefore twofold: to examine the de-
mographic characteristics associated with prescription opioid use in the
commercially insured population and investigate the relationship be-
tween cannabis law stringency and opioid prescription rates.

2. Methods

2.1. Source of data

We used data from Clinformatics Data Mart (CDM), a database of
one of the nation's largest commercial health insurance providers that is
mainly used for research (Optum Inc., n.d.). The CDM database con-
tains approximately 13% Medicare enrollees and 87% commercial en-
rollees. Of all enrollees, 47% are primary subscribers while the rest are
family members or dependents of the subscriber. The majority of en-
rollees have managed care plans including point of service (43.7%),
health maintenance organization (31.4%), preferred provider organi-
zation (13%), and exclusive provider organization (8.9%). Compared

with US population, CMD includes a higher proportion of enrollees
from the South and a low proportion of enrollees in the Northeast. The
database contains information regarding insurance eligibility, medical
and pharmacy claims, and some demographic information including
state of residence.

2.2. Study population

We created a retrospective cross-sectional cohort consisting of en-
rollees who were aged between 18 and 64 years old in 2016 and con-
tinuously enrolled in a commercial insurance plan in 2015–2016. We
used 2015 as a look-back period to assess comorbidity. The University
of Texas Medical Branch Institutional Review Board approved the study
and waived any informed consent requirement as the research used de-
identified data.

2.3. Study variables

The exposure of interest was the level of legalization of cannabis
laws. Cannabis laws were assessed on January 1, 2016 and were se-
parated into four categories: cannabis use illegal (level 1), cannabis use
decriminalized (level 2), cannabis allowed for medical purposes, in-
cluding states where cannabis is both decriminalized and allowed for
medical purposes (level 3), and cannabis allowed for recreational pur-
poses (level 4) (Marijuana Policy Project, n.d.).

It should be noted that decriminalization indicates that the posses-
sion of small, personal-consumption amounts is civil or local infraction,
but not a state crime; this represents the lowest misdemeanor without
possibility of jail time. Other covariates included in the analyses were:
gender, age grouped by 10 (18–25, 26–35, 36–45, 46–55, 56–64),
previous cancer diagnosis, and Elixhauser comorbidity score
(Elixhauser et al., 1998) excluding cancer diagnoses at the patient level.
At the state level, we included opioid-related regulations – physician
exam, referral to specialist, and pain clinic regulations in 2016 (Center
for Disease Control and Prevention, n.d.). Other state level character-
istics which have been shown to have an effect on opioid use in pub-
lished studies included level of education, median household income
single income household, disability and insurance coverage from the
2011 to 2015 ACS 5-year estimates, and physician supply from the
2016–2017 Area Health Resource Files (Keyes et al., 2014; Goodwin
et al., 2018; Zhou et al., 2018; Area Health Resources Files (AHRF)
2016–2017, n.d.).

2.4. Study outcomes

National Drug Code, product name, therapeutic class description,
and US Drug Enforcement Administration class code from the Red Book
Select database were used to identify opioid prescriptions. We counted
total number of days for which each individual enrollee had an opioid
prescription in 2016. We then determined whether they had>30 days
of opioid prescription during the year, and whether they had ≥90 days
of opioid prescription during the year.

2.5. Statistical analysis

The proportion of enrollees with prescribed opioids categorized by
each of two prescription durations, stratified by the four levels of
cannabis law was calculated. We assessed the association between state
cannabis laws and opioid prescription by unadjusted logistic regression,
and then by multilevel analyses from a generalized linear mixed model
(HGLM) with a binominal distribution and logit link for enrollees
nested within states. The adjusted odds ratio from the HGLM adjusted
for patient characteristics of age, sex, cancer diagnosis, comorbidity,
and state opioid laws is described above. To achieve model parsimony,
we removed state characteristics including education, income, single
household, disability, insurance, and physician supply in the final
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HGLM model. We further tested the interaction between state cannabis
law and age group in HGLM model and conducted a stratified model by
age group. All analyses were preformed using SAS version 9.4 (SAS Inc.,
Cary, NC).

3. Results

Our study population consisted of> 4.3 million individuals and
grouped individual opioid prescriptions based on state cannabis legis-
lation. Most enrollees resided in states where cannabis was not legal for
any use (n= 1,912,375) (Table 1). There were 1, 770, 081 enrollees
from states where medical cannabis is allowed, 377,273 enrollees from
states where cannabis is decriminalized, and 265, 359 from states
where cannabis was fully legal.

States where medical cannabis is allowed were from all US Census
Regions (Midwest, Northeast, South and West). In this category, most
were from the Midwest, followed by the West region, then the
Northeast and finally the South. All subjects from the Northeast region
were from states that allowed cannabis for medical purposes in the year
of interest. Overall, most enrollees had an Elixhauser comorbidity score
of 0. Among states where cannabis is legal (for medical purposes or
recreational use), < 10% of enrollees held the highest comorbidity
score of> 3, as compared to 12.17% in states where cannabis use is not
permitted and 12.65% where cannabis is decriminalized.

In 2016, there were 5 states which fully legalized cannabis, 21 states
which allowed medical use of cannabis, and 21 states which did not
allow any use of cannabis (Table 2). There were 4 states where cannabis
was decriminalized. Among these four groups, the proportion of states
that had pain clinic and pain treatment facilities was greatest in the
group where cannabis is not allowed. In general, the states whose
legislation did not allow any use of cannabis also appeared to have
more restrictive laws regulating opioid prescriptions.

Comparing all four levels of cannabis law stringency, the greatest
proportion (90.7%, standard deviation (SD)= 1.38) of high school
graduates were found in those states where cannabis is fully legal
(compared to 88.75% overall, SD= 2.92). Mean household income
ranged from $48,414.25 (SD=$6004.41) in the states where medical
cannabis is allowed to $63, 359.20 (SD=6893.56) among states where
cannabis is fully legal. Our review found that the greatest physician
supply (as measured in physicians per 100,000 population) was in

states where cannabis was decriminalized (352.88 per 100,000,
SD=157.76). The proportion of the population in states across all le-
vels of cannabis law stringency was unchanged as was the proportion of
single adult households and the proportion those who possessed health
insurance.

Overall, the unadjusted odds ratios for opioid use show higher
opioid prescription rates in level 2 states (cannabis use decriminalized),
for both for> 30 days opioid prescription with uOR 1.12, 95% CI
(1.1–1.14), and chronic opioid prescription>90 days (uOR 1.1
(1.1–1.13). The lowest prescription rates of> 30 days and>90 day
opioid prescriptions were seen in level 3 states (medical use and in-
cludes states with decriminalization and those without) with rates of
3.8 for> 30 days opioid prescription and 2.6 for> 90 day opioid pre-
scription, and uOR of 0.66, 95% CI (0.65–0.66) and 0.65, 95% CI
(0.64–0.65) respectively. After adjusting for patient and state-level
characteristics and opioid related regulations in the multivariate and
multilevel models, there were statistically significant interactions be-
tween age groups and cannabis law for both outcomes (p < 0.0001)
(Table 3).

Age-stratified adjusted analysis showed lower rate of> 30 day
opioid prescription in the four younger age groups (18–25, 26–35, and
36–45, 46–55 years groups) in states which allowed for medical can-
nabis use [aOR of 0.56, 95% CI (0.43–0.74) in 18–25 years; 0.67, 95%
CI (0.5–0.88) in 26–35 years; 0.68, 95% CI (0.54–0.85) in 36–45 years;
and 0.76, 95% CI (0.61–0.95) in 46–55 years (p < 0.0001)]. This
pattern was similarly observed for> 90-day opioid use in those age
groups. In the oldest age group aged 56–64 years, while there was a
lower rate of both>30 days and> 90 days opioid prescription in
states with medical cannabis allowance, this was not statistically sig-
nificant [> 30 day opioid use aOR 0.86 (0.66–1.12) and>90 day
opioid use aOR 0.88 (0.66–1.17)]. Similar results were not found for
any age group with other legislation for cannabis use (decriminalized,
illegal or fully legal). Overall, age-stratified adjusted analysis showed
lowest rate of opioid prescription in states that allowed for medical
cannabis use.

4. Discussion

Analysis of data among privately insured adults aged 18–64 years
found that the overall prescription opioid use increased with age. This

Table 1
Patient characteristics in 2016 stratified by cannabis law stringency.

Cannabis not legal for any use
N=1,912,375

Cannabis decriminalized
N=377,273

Cannabis for medical purposes
N=1,770,081

Cannabis fully legal
N=265,359

Total
n=4,325,088

N % N % N % N % N %

Sex
Female 943,764 49.35 189,967 50.35 884,899 49.99 131,540 49.57 2,150,170 49.71
Male 968,611 50.65 187,306 49.65 885,182 50.01 133,819 50.43 2,174,918 50.29

Age group
≤25 273,314 14.29 50,459 13.37 253,412 14.32 34,035 12.83 611,220 14.13
26–35 340,246 17.79 63,916 16.94 318,979 18.02 48,962 18.45 772,103 17.85
36–45 426,801 22.32 81,476 21.60 392,433 22.17 60,491 22.80 961,198 22.22
46–55 491,726 25.71 98,498 26.11 455,766 25.75 66,239 24.96 1,112,229 25.72
56–64 380,288 19.74 82,927 21.98 349,491 19.74 55,632 20.96 868,388 20.08

US census region
Midwest 366,829 19.18 206,721 54.79 615,331 34.76 0 0.00 1,188,881 27.49
Northeast 0 0.00 0 0.00 428,493 24.21 0 0.00 428,493 9.91
South 1,481,688 77.48 170,552 45.21 124,112 7.01 4074 1.54 1,780,426 41.17
West 63,858 3.34 0 0.00 602,145 34.02 261,285 98.46 927,288 21.44

Cancer diagnosis 2015 42,974 2.25 9051 2.40 40,346 2.28 5834 2.20 98,205 2.27
Elixhauser comorbiditya

0 1,082,335 56.60 207,446 54.99 1,069,172 60.40 160,071 60.32 2,519,024 58.24
1 391,874 20.49 79,978 21.20 352,324 19.90 54,465 20.53 878,641 20.31
2 205,387 10.74 42,118 11.16 172,460 9.74 25,142 9.47 445,107 10.29
3+ 232,779 12.17 47,731 12.65 176,125 9.95 25,681 9.68 482,316 11.15

a Excludes cancer diagnoses.
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was not unexpected, given the concomitant increase in the number of
comorbidities and physician visits with increasing age. When results
were examined within each individual age cohort, opioid prescription
rate varied depending on the stringency of state cannabis laws. In
particular, in states which implemented medical cannabis use laws (but
not other categories of cannabis liberalization laws), lower rates of
opioid prescription were seen in the younger age cohorts (18–25,
26–35, 36–45 and 46–54 years). It is possible that this finding from our
cross-sectional study (which adjusted for opioid law at state level) is a
reflection of not just the cannabis use law but also a reflection of the
increasing number of the new legislation, federal laws and insurance
policies which restrict opioid prescribing and expand oversight of
prescription opioids. Given the growing concern regarding opioid use,
several states have implemented programs which serve to closely
monitor opioid prescriptions (Davis and Pierce, 2014; Kuehn, 2014). By
mid-2012, many states had implemented prescription drug monitoring
programs (PDMP) (Kuo et al., 2016). PDMPs are state-based electronic
repositories which allow physicians to track controlled substance pre-
scriptions (Centers for Disease Control and Prevention, n.d.). A 2016
study (Bao et al., 2016) found a 30% decrease in opioid prescriptions
associated with PDMP implementation in a cohort of ambulatory clinics
in 24 states from 2001 to 2010. Finally, a significant change in opioid
prescription habits and patterns was likely affected by the 2014 Drug
Enforcement Agency (Centers for Disease Control and Prevention, n.d.).
This change up-schedules hydrocodone-containing products (the most
prescribed opioids in the USA) thus imposing quantity limits, restricting
refills and generally make it more onerous to prescribe opioids (United
States Department of Justice, Drug Enforcement Administration,
Diversion Control Division, 2014; United States Drug Department of
Justice, Drug Enforcement Administration, n.d.).

While age-stratified analysis did show a lower rate of opioid pre-
scription associated with states allowing for medical use of cannabis in
the four younger age cohorts examined (18–25, 26–35, 36–45 and
46–55 years), this finding was not observed in the privately insured
cohorts aged 56–64 years. This is in contrast to a 2018 cross-sectional
study reviewing Medicaid enrollees, which found a 5.88% and 6.38%
decline in opioid prescriptions overall, in states after implementation of
medical and recreational cannabis use laws, respectively (Wen and
Hockenberry, 2018). The Medicaid study, unlike our own, did not in-
clude patient-level data; rather, it looked at aggregate data, by year
quarter and by state. Our own study did find a positive association
between opioid prescriptions and implementation of medical cannabis
laws, but not with states permitting use of recreational cannabis. This
finding may be due to significant differences between commercially-
insured population and the Medicaid population.

Our findings also differ from Bradford and colleagues' study
(Bradford et al., 2018) which revealed, in a sample of Medicare en-
rollees, a 14.4% decrease in opioid use associated with increased
number of medical cannabis dispensaries in place. Their study, a
longitudinal analysis of daily doses of all opioids as a group, is different
from our current age-stratified analysis of commercial insurance data.

Furthermore, the Bradford study looked at relationship between
opioid prescription and medical cannabis laws alone and did not con-
tain patient-level analysis (Bradford et al., 2018). While in our study the
unadjusted odds ratio did reveal a significant reduction of opioid pre-
scription in states with medical cannabis use laws, this effect became
non-significant in the adjusted model within the oldest age cohort aged
55–64 years, which is closest in age to most Medicare enrollees. It
should be noted that data in the previous study (Bradford et al., 2018)
was prescriber-based without adjustment for patient-level data.

These findings suggest a difference between the privately insured
versus Medicaid or Medicare insured populations, especially those who
are older adults. Research has shown that Medicaid and Medicare
beneficiaries generally have greater disability than those with com-
mercial insurance, perhaps because a proportion of beneficiaries qualify
for Medicare coverage based on a disability (Musumeci, n.d.). For thisTa
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reason, perhaps more Medicaid patients may have been prescribed
opioids prior to implementation of laws compared to those with private
insurance (i.e. lower rates of opioid use than Medicaid patients) (U.S.
Department of Health and Human Services: Office of Inspector General,
2018). The already low opioid use rate in the privately insured popu-
lation (especially those aged 56–64 years) may thus be associated with
a floor effect, such that we are not able to observe any significant de-
crease in opioid prescription rate in the older privately insured patients
when compared to those with public insurance, in response to cannabis-
related laws.

The lack of significant decrease in opioid prescription in those aged
56–64 years in the face of increased leniency of cannabis use laws raises
the question of whether these patients are more likely to use cannabis
as an adjunct therapeutic agent for pain control. Baby Boomers, who
are now in their mid- 50s and 60s, represent demographic cohort who
experienced illicit drug use, including cannabis, as a societal norm,
resulting from societal pressures and stresses in their youth (Lloyd and
Striley, 2018). While younger adults appear to use cannabis with
greater frequency than older adults (aged 50 and above) (Lloyd and
Striley, 2018; Azofeifa et al., 2016), studies reveal that cannabis use
among older adults may be increasing. In fact, a 2017 study noted past-
year cannabis use among those 50 to 64 years old increased 10.1%
annually, and increased 15.3% annually in those aged 65 and above
(Salas-Wright et al., 2017). Our study does not address this directly.

The findings in our study underscore the need for investigators
working on policy effects to pay attention to how concurrent pre-
scription opioid regulating laws and regulations might affect associa-
tion of any new policy change and opioid-related outcomes, especially
given the rapid rise in cannabis-related laws in the USA and, more re-
cently, in Canada. For example, Illinois, a state with restrictive laws
permitting medical use of cannabis (Illinois General Assembly, n.d.),

recently started a pilot program that expands medical cannabis access
to any adult aged 21 years and older with a condition that might be
treated with opioid medication (McCoppin, 2018). This essentially al-
lows cannabis to be substituted for opioids.

Strengths of our study include the population focus on commercially
insured enrollees, a large sample size and, unlike prior studies, an
analysis of patient-level data. Our study was not designed to determine
a causal relationship between opioid prescription rates and medical
cannabis availability, so we cannot conclude that the findings indicate
that declining opioid prescription is due to more permissive laws re-
lated to cannabis use.

There are some limitations to our findings. As our study is limited to
a specified period, we cannot generalize the effect that cannabis laws
may have had among other populations and at different time periods
than those which we studied. In addition to this, data regarding opioid
use and cannabis laws was obtained for a single year, 2016. Even during
this year, state laws regarding cannabis may have been in flux—with
some cities within states permitting cannabis use while state-based
cannabis law changes were yet to be established. The dataset which was
used contains a higher relative proportion of enrollees from the
Southern states and a low proportion of enrollees from the Northeast.
As a result, our findings may have been influenced by region-specific
cultural behaviors or attitudes related to the use of cannabis or opioids.
This could be an area of future study. Our study was restricted to
measure opioids obtained by prescription; other sources of opioids may
be particularly prevalent in this population. While we made an effort to
identify> 90 day prescriptions, our methodology was unable to dis-
tinguish between appropriate short-term opioid use for pain manage-
ment and abusive opioid prescriptions. Furthermore, given its cross-
sectional nature, our study did not assess the patterns of opioid use
following medical cannabis use to determine whether cannabis

Table 3
Opioid use stratified by level of cannabis law stringency.

>30 days opioid use OR aORa ≥90 days opioid use OR aORa

Overall
Cannabis not legal for any use 5.6 REF REF 4.0 REF
Cannabis decriminalized 6.3 1.12 (1.1–1.14) 1.34 (0.9–1.97) 4.4 1.11 (1.1–1.13) 1.32 (0.85–2.04)
Cannabis for medical purposes 3.8 0.66 (0.65–0.66) 0.77 (0.61–0.97) 2.6 0.65 (0.64–0.65) 0.8 (0.62–1.04)
Cannabis fully legal 5.1 0.9 (0.89–0.92) 0.96 (0.67–1.38) 3.8 0.95 (0.93–0.97) 1.07 (0.71–1.61)

18–25
Cannabis not legal for any use 0.6 REF REF 0.3 REF REF
Cannabis decriminalized 0.7 1.12 (1–1.26) 1.05 (0.68–1.62) 0.3 1.17 (0.98–1.4) 1.11 (0.74–1.68)
Cannabis for medical purposes 0.4 0.7 (0.64–0.75) 0.56 (0.43–0.74) 0.2 0.69 (0.61–0.78) 0.56 (0.43–0.74)
Cannabis fully legal 0.5 0.85 (0.73–1) 0.64 (0.4–1.02) 0.3 1.06 (0.85–1.31) 0.74 (0.46–1.19)

26–35
Cannabis not legal for any use 1.9 REF 1.2 REF REF
Cannabis decriminalized 2.1 1.07 (1.01–1.14) 1.19 (0.75–1.9) 1.2 1.03 (0.96–1.12) 1.17 (0.71–1.94)
Cannabis for medical purposes 1.3 0.67 (0.65–0.7) 0.67 (0.5–0.88) 0.8 0.67 (0.63–0.7) 0.68 (0.5–0.93)
Cannabis fully legal 1.6 0.83 (0.77–0.89) 0.81 (0.52–1.28) 1.0 0.85 (0.77–0.93) 0.86 (0.52–1.41)

36–45
Cannabis not legal for any use 4.1 REF REF 2.7 REF REF
Cannabis decriminalized 4.5 1.1 (1.06–1.14) 1.19 (0.82–1.72) 3.0 1.09 (1.04–1.14) 1.18 (0.78–1.79)
Cannabis for medical purposes 2.6 0.63 (0.62–0.65) 0.68 (0.54–0.85) 1.7 0.63 (0.62–0.65) 0.69 (0.54–0.89)
Cannabis fully legal 3.4 0.82 (0.78–0.86) 0.95 (0.66–1.36) 2.3 0.85 (0.8–0.9) 0.96 (0.64–1.44)

46–55
Cannabis not legal for any use 7.5 REF REF 5.4 REF REF
Cannabis decriminalized 8.3 1.12 (1.09–1.15) 1.3 (0.9–1.88) 6.0 1.12 (1.09–1.15) 1.31 (0.86–1.99)
Cannabis for medical purposes 5.0 0.64 (0.63–0.66) 0.76 (0.61–0.95) 3.5 0.63 (0.62–0.64) 0.77 (0.6–0.99)
Cannabis fully legal 6.7 0.88 (0.85–0.91) 0.97 (0.68–1.39) 4.9 0.91 (0.88–0.95) 1.04 (0.7–1.55)

56–64
Cannabis not legal for any use 11.8 REF REF 8.7 REF REF
Cannabis decriminalized 12.2 1.03 (1.01–1.06) 1.38 (0.89–2.14) 8.9 1.02 (1–1.05) 1.37 (0.84–2.23)
Cannabis for medical purposes 8.2 0.66 (0.65–0.67) 0.86 (0.66–1.12) 5.9 0.65 (0.64–0.66) 0.88 (0.66–1.17)
Cannabis fully legal 11.1 0.93 (0.9–0.95) 1.11 (0.74–1.68) 8.5 0.98 (0.95–1.01) 1.15 (0.73–1.82)

a Adjusted for sex, region, prior cancer diagnosis, Elixhauser comorbidity score, and state opioid laws (physical examination and substance use disorder, referral or
consultation with a specialist, written consent/treatment plan, and pain clinic and pain treatment facilities).
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substitution was actually associated with a decrease in opioid pre-
scriptions in an individual. Lastly, prescription claims reflect what was
dispensed, not whether the medication was in fact consumed.

5. Conclusion

Our study reviewed patterns of opioid and cannabis use in privately
insured adults aged 18–64 years. It is well known that a number of
efforts to decrease opioid prescriptions have emerged in recent years,
including the 2016 CDC guidelines on opioids (Dowell et al., 2016).
These changes have occurred in concurrence with many state- based
and federal changes in legislation concerning cannabis use. The decline
in opioid prescriptions may be occurring in specific populations in-
dependent of reduced strictness of cannabis use laws. Cannabis liber-
alization and decriminalization policies by themselves have positive
and negative consequences in public health and legal arena (Hughes
et al., 2018; National Academies of Sciences, Engineering, and
Medicine, 2017; Hall and Lynskey, 2016); but if the goals of such po-
licies include stemming opioid abuse and overdose, caution must be
exercised by policy makers as current evidence of opioid users replacing
opioids with cannabis is weak and prone to ecological fallacy (Finney
et al., 2011; DiBenedetto et al., 2018). Furthermore, while our findings
reveal an association between decreased opioid prescriptions and im-
plementation of medical use cannabis laws, causation should not be
implied. There are potential dangers related to careless substitution of
cannabis for opioids. Cannabis use is associated with greater risk of
developing schizophrenia and other psychoses, especially in adoles-
cents who may normalize cannabis (National Academies of Sciences,
Engineering, and Medicine, 2017). It is thought that cannabis also may
represent a “reverse gateway”, leading to other addictive substance
abuse (National Academies of Sciences, Engineering, and Medicine,
2017; Humphreys and Saitz, 2019).

In our analysis, opioid prescriptions did not see a statistically sig-
nificant decline in states where recreational cannabis use is legal. This
may be reflective of attitudes toward recreational drug use. Future
studies are needed to investigate patterns of concurrent opioid and
cannabis use. Clearly, this is an evolving area of public health interest.
Future studies are also needed to examine the complex relationships
between different categories of cannabis-related laws, degree of law
enforcements, concurrent opioid-related regulations and patterns of
opioid prescription rates. The findings from such studies and others will
provide actionable data on the most effective state cannabis laws to
guide state legislators and policy makers considering changes to current
cannabis use laws.
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