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Abstract

Purpose of Review: This review summarizes studies examining impacts of medical and
recreational cannabis laws on opioid prescribing, opioid use, opioid use disorder, opioid-related
service utilization, and opioid-involved mortality. We also discuss research challenges and
recommendations for future work.

Recent Findings: Twenty-one U.S. based studies published between 2014-2021 that assessed
state cannabis laws’ association with opioid-related outcomes were reviewed. Study results were
largely inconclusive. We identified six challenges of existing work: 1) inability to directly measure
cannabis/opioid substitution; 2) use of general population samples and lack of individual-level
longitudinal studies; 3) challenges disentangling effects of cannabis laws from other state laws;

4) methodological challenges with staggered policy implementation; 5) limited consideration of
cannabis law provisions; 6) lack of triangulation across data sources.

Summary: While existing research suggests the potential for cannabis laws to reduce high-risk
opioid prescribing and other opioid-related adverse outcomes, studies should be interpreted in
light of limitations.
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Background

Unintentional drug overdose continues to be the leading cause of injury death in the United
States [1]. In 2019, there were over 70,000 overdose deaths in the United States and
preliminary data suggests that the number deaths due to overdose was closer to 90,000

in 2020, approximately a 29% increase from November 2019 to November 2020 [2].

The majority of overdose deaths involve an opioid; in 2019 72.9% of overdose deaths
were opioid-related [3,4]. Overprescribing of opioids was and continues to play a key role
in the U.S. opioid crisis. Today, approximately 30% of opioid overdose deaths involve

a prescription opioid [5], and while opioid prescribing rates began to decline in 2012,
today’s prescribing rates continue to exceed those in the late 1990s [6]. In addition

to increased opioid prescribing rates, evidence also suggests that prescribing practices
including increased duration and dosage of opioid prescriptions are associated with a higher
risk of opioid overdose [7,8].

Intertwined with the opioid crisis is the high prevalence of chronic non-cancer pain among
U.S. adults, defined as pain occurring on at least half of days for six months or longer [9].
Twenty percent of U.S. adults at least 18 years old and 31% of those aged 65 or older

have a chronic non-cancer pain condition [10]. Beginning in the late 1990s up until 2016,
opioids were considered first-line treatment for chronic non-cancer pain [7], and a 2013
study found that over 50% of all adults prescribed an opioid had arthritis, a common chronic
pain condition [11]. In 2016, the Centers for Disease Control and Prevention released a new
guideline for the treatment of chronic non-cancer pain indicating that non-opioid treatment
should be considered prior to opioid prescribing because of the risk-benefit ratio of opioid
treatment for chronic pain [7].

Cannabis is a possible effective treatment for chronic non-cancer pain. In 2017, the National
Academies of Science, Engineering and Medicine (NASEM) released a report supporting
the effectiveness of using cannabis to treat chronic non-cancer pain among adults [12]. Some
self-report data from patients also suggests that persons find pain relief by using cannabis
[13]. However, according to a recent Cochrane review that examined results of clinical trials
assessing efficacy, tolerability and safety of cannabis treatment for chronic neuropathic pain,
the quality of evidence is low due to issues such as small sample sizes and participant
exclusion criteria (i.e., history of substance use disorders and other comorbidities). This
review concluded that the potential harms could outweigh the benefits of cannabis for
treatment of chronic non-cancer pain [14].

The U.S. cannabis policy landscape has evolved dramatically throughout the last decade.
Thirty-six states and the District of Columbia (DC) have approved medical cannabis
programs; seventeen of these states and DC also have recreational cannabis laws that allow
adults aged 21 years or older to use cannabis [15,16]. All states with an existing medical
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cannabis law have deemed chronic non-cancer pain as an eligible condition for the use of
cannabis. Among existing state medical and recreational cannabis laws, there is considerable
variation in provisions and implementation. Examples of law provisions, specifically for
medical cannabis laws, include qualifying conditions (e.g., non-specific chronic pain), type
of cannabis allowed (e.g., dry leaf cannabis vs. tinctures), as well as requirements regarding
cannabidiol (CBD) and tetrahydrocannabinol (THC) levels [17,18]. Particularly relevant to
opioid treatment for chronic pain, some states have provisions that allow for the use of
medical cannabis in place of an opioid prescription [19,20]. Four states (NJ, NM, NY,

and PA) also include opioid use disorder as a qualifying condition for the state’s medical
cannabis program, despite lack of evidence for the use of cannabis for the treatment of
opioid use disorder [20,21].

Implementation of cannabis laws has also shifted within and across states over time.

From 2009 to 2011, the U.S. Department of Justice (DOJ) published guidance asserting
that the DOJ would not enforce the federal cannabis prohibition, which makes the use,
sale, and possession of cannabis illegal, if state cannabis laws incorporated regulatory
schemes that achieve public health and safety goals [22,23]. This guidance led to increased
“medicalization” of state medical cannabis laws, with provisions gradually becoming more
aligned with medical practice standards (e.g., by imposing 30-day supply limits on medical
cannabis) [24]. In addition, the 2009-2011 DOJ guidance led to proliferation of cannabis
dispensaries. While only five states had operational medical cannabis dispensaries in 2010
[25], today all states with medical cannabis laws have operational dispensaries [16]. The
volume of dispensaries selling cannabis for recreational use in states with recreational
cannabis laws has also increased rapidly over the past decade [15]. Research shows that

a higher degree of medicalization is associated with lower medical cannabis use and

that higher volume of dispensaries is associated with greater cannabis access, making it
important to account for variation in these factors across states and over time [17]. In
addition, other specific provisions that vary considerably across states, such as whether
cannabis can be grown at home, have been shown to impact the degree to which state
cannabis laws influence cannabis use [17-20,25-29].

An important public health question is whether legal access to cannabis granted by state
cannabis laws leads people with chronic non-cancer pain to substitute cannabis in place

of opioids for pain management. This type of substitution has the potential to reduce
opioid-related morbidity and mortality, but is not without potential adverse consequences.
Twenty to thirty percent of people who use cannabis also have a cannabis use disorder, as
indicated by a sample of adults with chronic pain treated with medical cannabis [30] and
another among a national sample of adults in the US who reported past year cannabis use
[31]. Heavy cannabis use can also lead to cannabis poisoning [32,33] and cannabis use
may be associated with increased risk of psychosis [34]. The extant research examining the
effects of state cannabis laws on opioid-related problems has shown mixed results and is
subject to several important methodological limitations. The purpose of this review is to first
present a brief overview of findings of existing studies exploring the association between
state cannabis laws and opioid-related outcomes. We then describe research challenges in
detail and consider how they might be overcome in future research.
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Overview of findings from existing studies

In this section, we provide an overview of findings from existing studies examining

the association between state cannabis laws and opioid-related outcomes. The section is
organized by type of opioid-related measures: 1) opioid prescribing; 2) opioid use and
opioid use disorder; 3) opioid-related healthcare utilization; 4) opioid-involved mortality.
The studies summarized below were identified through searches conducted in April 2021,
using PubMed, PsycINFO, and Embase with the following search terms: medical cannabis/
marijuana; recreational cannabis/marijuana policy and/or law; dispensary AND opioids;
opioid use; opioid use disorder; opioid/opiate overdose; opioid prescribing/prescriber.

We also reviewed the reference lists of studies identified through the search to ensure
completeness. We included quantitative studies conducted in the U.S. that estimated

the effect of state cannabis laws on opioid-related outcomes by examining changes in
outcomes before and after the implementation of the law of interest. We excluded non
peer-reviewed publications, qualitative studies, and studies that did not explicitly examine
state cannabis laws (e.g., studies examining the association between use of cannabis and
opioid-related outcomes) and/or did not use methods to evaluate differences before and after
law implementation. Following the summary of findings, we discuss multiple overarching
limitations to the studies included in this review; findings of extant studies should be
interpreted with caution.

1. Opioid prescribing

Two studies examined both medical cannabis laws (MCL) and recreational cannabis laws
(RCL) and the association with opioid prescribing outcomes, six studies examined MCLs
only and two studies examined the association between RCLs and these outcomes. Common
outcomes included total number of opioids prescribed by a provider and/or received by

a patient, days’ supply of opioids, morphine milligram equivalents (MME), and costs
associated with opioid prescriptions.

Medical cannabis laws.—Among studies examining medical cannabis laws, all found
reductions in prescribed opioids among a general population of adults associated with

MCL implementation [35-42]. Examples include reduction in daily doses of all opioids
prescribed, as well as decreased dosage of opioids among states with medical cannabis laws
compared to those without. Most of these studies examined laws implemented after the
2009-2011 DOJ guidance [35-40], with the exception of two studies that examined MCL
implementation between 2006 and 2014 [41,42]. Although not explicitly assessed in any of
the referenced studies, timing of law implementation is important to consider because of the
changes in “medicalization” of laws and access to medical dispensaries following the DOJ
guidance. It is possible that these changes impacted opioid prescribing outcomes.

Recreational cannabis laws.—Because all states that have recreational cannabis laws
also have a medical cannabis law in place, existing studies used methods to isolate the
effect of RCLs or explore the combined effect of an MCL and RCL. Results for RCLs

are inconsistent, with some studies showing no significant association between RCLs and
opioid prescribing outcomes [43,44], while others observed reductions in opioid prescribing
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[35,38]. For example, Shi and colleagues observed no significant difference in Schedule Il
opioid prescribing among states with RCL+MCL compared to states with MCL only during
2010-2017 [44]. However, Wen and colleagues concluded that in states with both a MCL
and RCL, the implementation of a RCL between 2011 and 2016 was associated with a
reduction in Medicaid-covered opioid prescribing rates compared to states with a MCL but
without a RCL [38]. McMichael et al., assessed both MCLs and RCLs among 33 states with
a MCL or MCL + RCL by 2018 and found that relative to only MCL, RCLs were associated
with an 11.8% reduction of number of morphine milligram equivalents prescribed in a year
[35].

2. Opioid use and opioid use disorder

Four studies have examined the association between medical cannabis laws and opioid use
and opioid use disorder outcomes, and no studies have examined the association between
recreational cannabis laws and these outcomes. Common outcomes included ever and past
year use of opioid medications, both prescribed and not prescribed by a provider, and past
year opioid use disorder.

Medical cannabis laws.—All studies were repeated cross-sectional and used data from
the National Survey on Drug Use and Health (NSDUH). Despite using the same data
source, the studies are distinct from each other in multiple ways, including their conclusions.
Powell and colleagues used NSDUH data from 2002 to 2012 to examine the association
between medical cannabis laws with operational dispensaries and self-reported past-year
nonmedical prescription opioid use, and found no meaningful relationship between the two
[45]. In another study, Ali and colleagues compared NSDUH data from female respondents
living in states without MCLs and those with MCLs but no RCL from 2002-2014. Results
suggested no significant difference in opioid misuse, opioid misuse initiation or opioid use
disorder among women living in states that enacted a MCL, compared to states that did

not implement a MCL in this period [46]. Segura and colleagues used data from 2004

to 2014 and explored differences in self-reported nonmedical prescription opioid use and
prescription opioid use disorder before and after the passage of a MCL; the researchers
found a slight increase in use of prescription opioids following the passage of MCL but no
difference in prescription opioid use disorder [47]. Lastly, Flexon and colleagues conducted
a study using NSDUH data from 2015 and 2017 exploring the difference in prescription
opioid misuse between persons living in a state with a MCL compared to those who lived
in a state without a MCL. These researchers did not find a significant association between
MCLs and reports of opioid misuse [48].

3. Opioid-related healthcare utilization

Two studies have examined the association between medical cannabis laws and opioid-
related healthcare utilization outcomes. One study examined the association between having
medical cannabis and/or recreational cannabis laws and these outcomes. Common outcomes
included opioid-related hospitalizations and emergency department utilization, and treatment
admissions for opioid use disorder.
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Medical cannabis laws.—One study using state-level hospitalization records found that
compared to states that did not implement a MCL between 1997-2014, enacting a MCL
(with or without specifying operational dispensaries) was associated with a 23% reduction in
the average annual hospitalization rate related to opioid use disorder and a 13% decrease

in the rate of hospitalizations involving prescription opioid overdose [49]. Powell and
colleagues utilized data from the Treatment Episode Data Set (TEDS) from 1999-2012 and
found that MCLs, overall, were not associated with treatment admissions for prescription
opioids or heroin, but that the existence of legal and active dispensaries was associated with
declines in treatment admissions for both prescription opioids and heroin [45].

Lastly, comparing states with and without MCLs, another study found that MCL
implementation between 2005 and 2016 was associated with reductions in opioid-related
hospitalizations, but had no significant effects on opioid-related emergency department
visits. This study also found that home cultivation of cannabis was associated with increased
hospitalizations and emergency department encounters [50]. Additionally, the same study
found that states with both a MCL and RCL had a larger number of opioid-related
hospitalizations compared to states with a MCL alone [50].

4. Opioid-related mortality

Two studies have examined the association between medical cannabis laws and fatal opioid
overdose outcomes and two studies have examined the association between recreational
cannabis laws and this outcome. Another two examined the relationship between both
medical and recreational laws and fatal opioid overdose.

Medical cannabis laws.—All studies utilized aggregated state-level data of deaths
related to opioids. Two studies found that states that adopted MCLs between 1999 and

2010 had a 21% and 25% decline in opioid-related mortality rate compared to states without
medical cannabis laws [45,51]. However, when subsequent studies added data beyond 2010,
this association was shown to diminish [45] or reverse direction [52]. Shover and colleagues
extended this analysis through 2017 and found a decrease in opioid mortality from 1999—
2010 among states with a MCL compared to those without, but concluded that when
extending through 2017, MCLs were associated with a 23% increase in opioid overdose
mortality and a 28% increase when considering only “comprehensive” MCLs that included
operational medical dispensaries [52]. However, a study using data from 1999-2013 found
the combined effect of having both a MCL and active dispensaries was associated with a
25% reduction in opioid overdose deaths [45]. These differences support the idea that there
are possible distinctions in impacts for different “generations” of medical cannabis laws
enacted before and after the 2009-2011 DOJ memos. Another study explored county-level
associations between the volume of medical and recreational cannabis dispensaries and
opioid-related death between 2014 and 2018, and observed a reduction in opioid-related
mortality associated with an increased number of medical cannabis dispensaries within a
county [53].

Recreational cannabis laws.—Results of studies examining the relationship between
recreational cannabis laws and opioid-related mortality are inconsistent. Two of the four
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existing studies explored this question with Colorado’s recreational cannabis law. Livingston
and colleagues used data from 2000 to 2015 to compare changes in opioid-related deaths
before and after the RCL implementation, defined by the start of retail sales of cannabis, and
observed a reduction in opioid-related deaths in the first two years of recreational cannabis
with active retail dispensaries, after accounting for comparison state (Utah and Nevada)
trends in opioid-related deaths [54]. However, another study that used aggregated state-level
data from 1999 to 2017 found no significant effect of the policy change on overdose death
rates in Colorado compared to a synthetic control or weighted combination of comparison
states designed to mirror pre-law trends in outcomes of interest in the state that changes

its recreational cannabis laws. The synthetic control was created from a pool of all states
with a medical cannabis law [55,56]. Using U.S. state-aggregated overdose death data, not
limited to Colorado, Shover and colleagues found no significant association between state
implementation of a RCL and opioid overdose mortality [52].

Research Challenges

Among existing studies that examine the relationship between state cannabis laws and
opioid-related outcomes, conflicting results are apparent in several outcome areas. Even in
outcome areas with consistent findings, design quality and methodological challenges stand
in the way of drawing robust conclusions about the question of interest. In this section,

we discuss limitations and challenges present in existing research and consider how future
research can improve and/or overcome these challenges to enhance our ability to obtain
robust conclusions.

1. Inability to directly measure cannabis/opioid substitution

No existing studies used data sources that allow measurement of individual-level cannabis
and opioid use. Additionally, there are no existing randomized controlled trials assessing
cannabis substitution for opioid prescriptions among chronic non-cancer pain patients.
Unlike other prescription medications, such as opioid prescriptions, that can be measured
using data sources such as insurance claims or electronic health records, there is no
comparable data source that allows for the measurement of individual-level medical and/or
recreational cannabis use longitudinally. To directly examine the question of potential
substitution of cannabis in place of opioid treatment for pain management, we would ideally
have data that links opioid prescription information, overdose data, and data capturing
cannabis use among individuals over time. Even with data linkage, not all substitution is
observable (e.g., a provider decides to recommend cannabis to a new patient when they
would, pre-cannabis law, have recommended opioids), but nonetheless, the lack of data
linking cannabis use with opioid-related outcomes at the individual level is a significant
gap. There are some states that incorporate (or are considering incorporating) medical
cannabis in the state prescription drug monitoring program (PDMP). For example, Ohio
requires providers to check the Ohio Automated Rx Reporting System (OARRS) before
recommending medical cannabis to a patient. The OARRS system includes information on
cannabis formation (e.g., oil or tincture) and maximum dose [57]. PDMPs could play a
potential role in future research, although many states impose limits on using PDMP data
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for research and additional challenges could limit states’ ability to incorporate cannabis into
their PDMPs, such as federal scheduling of cannabis [58].

2. Use of general population samples and lack of individual-level longitudinal studies

As just mentioned, the primary proposed mechanism of a potential association between
cannabis access laws and reductions in opioid use is the substitution of cannabis for
opioid prescriptions, particularly for chronic non-cancer pain [36-39,41,45,51]. However,
no existing studies, apart from one subgroup analysis [42], have analyzed cannabis laws’
effects on outcomes in a sample of persons with chronic non-cancer pain. Future research
examining laws’ effects on this specific population is needed.

Another related limitation is lack of individual-level longitudinal studies, as most of the
prior work uses aggregate state-level data. This challenge is persistent across all opioid-
related outcomes with the use of state-level aggregate data (e.g., CDC mortality data) and
repeated cross-sectional panel studies (e.g., NSDUH, Medicaid prescription data). This lack
of individual-level longitudinal studies leads to the inability to measure and account for
individual characteristics and to observe within-individual changes in outcomes over time.
The lack of individual-level longitudinal data also precludes analysis of consistent cohorts of
persons over time, making it unclear whether observed effects are due to the law change of
interest or the changing composition of the sample.

3. Challenges disentangling the effects of state medical cannabis laws with other state

laws

Another challenge is the potential for policy endogeneity, or the idea that many states

have enacted medical cannabis laws at or around the same time as laws or other initiatives
designed to reduce opioid overprescribing (e.g., state prescription drug monitoring program
laws, pill mill laws, and laws limiting the dose/duration of opioid prescriptions for acute
pain) [59-68]; increase access to opioid use disorder treatment; and/or decrease opioid
overdose (e.g., naloxone access laws) [69,70]. These types of laws have proliferated since
2010; this timing demonstrating the overlap between the implementation of these laws and
cannabis laws. To isolate the effects of state medical laws on opioid-related outcomes,
studies need to be carefully designed to ensure that they are isolating the effects of cannabis
laws on opioid-related outcomes from other types of policies.

4. Methodological challenges with staggered law implementation

Many of the studies discussed above used a difference-in-differences design, which
compares changes in outcomes pre- and post- policy implementation in the treatment group
to changes over the same time frame in the control group. This is a stronger design for
causal inference than studies that simply examine changes in outcomes pre/post law in a
single state or do simple time-point comparisons of outcomes. However, recent work has
suggested that commonly used difference-in-differences models with two-way fixed effects
are problematic when variation in policy implementation timing exists and can lead to
challenges with the interpretation of the overall effect because the length of the pre- and
post-periods varies by state and the composition of the treatment and comparison pools
differs across the study period [71]. This is salient for cannabis laws, as states have adopted
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laws at different points in time. The large majority of existing studies summarized above
are subject to potential biases resulting from this methodological issue. Originating from
comparative effectiveness research, a stacked difference-in-differences approach or “policy
emulation”[72] could be an alternative to canonical two-way fixed-effects difference-in-
differences approaches and an important innovation for cannabis laws research.

5. Limited consideration of cannabis law provisions

State cannabis laws are unique because cannabis use continues to be illegal at the federal
level. Because of this, the consideration of law provisions is especially important because
states have had to carefully navigate how to implement these laws (e.g., level of provider
involvement, allowed use of revenue from programs). Cannabis laws vary considerably
across states because of specific provisions and details of implementation. Extant evidence
shows that provisions and implementation factors have considerable influence on access to
cannabis under medical cannabis laws (e.g., operating dispensaries, changes in perception

of harm, costs) [25]. Different provisions and/or implementation factors could modify the
effects of medical cannabis laws on opioid-related outcomes — in other words, some state’s
medical cannabis laws might have different effects on outcomes than others because of
variation in provisions and/or implementation. However, prior studies have largely not
addressed this, with some exceptions. Of studies that do, the existence of dispensaries and/or
the quantity of them are mostly commonly explored [35-37,40,41,45,47,49,50,52-55]. As
depicted in a previous section and by other prior work [25], is it plausible that the existence
of operational dispensaries impacts access to both medical and recreational cannabis and in
turn impacts opioid-related outcomes, but more research is needed to rigorously evaluate this
potential association.

6. Lack of triangulation with multiple sources of data collection

Quantitative policy evaluations are inadequate, on their own, to understand the effects

of state medical cannabis laws on opioid-related outcomes. This is especially true given
distinctions in law provisions across states, as already mentioned above. Other types of
research are needed to characterize law implementation, and understand whether and how
providers, patients, and persons who use recreational cannabis are changing opioid-related
behaviors in response to medical cannabis access. Triangulation of quantitative policy
evaluation methods with qualitative and survey-based research is necessary to assess the
plausibility of effects of medical and recreational cannabis laws on opioid-related outcomes
presented in the existing literature.

Conclusions

Current research examining cannabis access laws’ effects on opioid-related outcomes
suggests that cannabis policies could have positive impacts on opioid prescribing
practices and related adverse outcomes, but extant studies face important methodological
challenges. With significant variation in medical and recreational cannabis law design and
implementation across states and over time, careful study design and the use of innovative
statistical methods are needed as we move forward with this area of research.
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