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ABSTRACT

OBJECTIVE

To examine county level associations between the
prevalence of medical and recreational cannabis
stores (referred to as dispensaries) and opioid related
mortality rates.
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812 counties in the United States in the 23 states
that allowed legal forms of cannabis dispensaries to
operate by the end of 2017.

PARTICIPANTS

The study used US mortality data from the Centers
for Disease Control and Prevention combined with

US census data and data from Weedmaps.com on
storefront dispensary operations. Data were analyzed
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at the county level by using panel regression methods.

MAIN OUTCOME MEASURE

The main outcome measures were the log
transformed, age adjusted mortality rates
associated with all opioid types combined, and

with subcategories of prescription opioids, heroin,
and synthetic opioids other than methadone. The
associations of medical dispensary and recreational
dispensary counts with age adjusted mortality rates
were also analyzed.

WHAT IS ALREADY KNOWN ON THIS TOPIC

In the United States, opioid related mortality rates have increased sharply in
recent decades, prompting researchers to consider how changes to the overall
supply side of drug markets might help ameliorate the opioid crisis

Several studies have found a negative association between opioid related
mortality rates and medical cannabis and recreational cannabis legalization
events; others have found this to be a spurious or non-significant association
Some studies suggest that the allowance of cannabis stores (dispensaries)
legally authorized to sell cannabis, a key step in increasing access to legal
cannabis, might have a stronger negative association with opioid related
mortality rates at the state level

WHAT THIS STUDY ADDS

This study examined the association between active cannabis dispensary
operations and opioid related mortality rates at the county level for medical and
recreational cannabis dispensaries

Higher storefront cannabis dispensary counts were associated with reduced
opioid related mortality rates

This association holds for medical and recreational cannabis dispensary counts
and appears particularly strong for deaths associated with synthetic (non-
methadone) opioids, including fentanyl and its analogs
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Association between county level cannabis dispensary counts
and opioid related mortality rates in the United States: panel

RESULTS

County level dispensary count (natural logarithm)

is negatively related to the log transformed, age
adjusted mortality rate associated with all opioid
types (B=—0.17, 95% confidence interval -0.23 to
—0.11). According to this estimate, an increase from
one to two storefront dispensaries in a county is
associated with an estimated 17% reduction in all
opioid related mortality rates. Dispensary count has
a particularly strong negative association with deaths
caused by synthetic opioids other than methadone
(B=-0.21, 95% confidence interval —0.27 to -0.14),
with an estimated 21% reduction in mortality

rates associated with an increase from one to two
dispensaries. Similar associations were found for
medical versus recreational storefront dispensary
counts on synthetic (non-methadone) opioid related
mortality rates.

CONCLUSIONS

Higher medical and recreational storefront dispensary
counts are associated with reduced opioid related
death rates, particularly deaths associated with
synthetic opioids such as fentanyl. While the
associations documented cannot be assumed to be
causal, they suggest a potential association between
increased prevalence of medical and recreational
cannabis dispensaries and reduced opioid related
mortality rates. This study highlights the importance
of considering the complex supply side of related drug
markets and how this shapes opioid use and misuse.

Introduction
The epidemic of opioid misuse and drug overdose
deaths in the United States constitutes a grave public
health crisis. Opioid related mortality rates have
increased sharply since 1999, representing over
two thirds of all US drug overdose deaths in 2018."
Researchers have estimated that altering the overall
supply side of drug markets could help ameliorate the
opioid crisis. In the US, this supply side has changed
markedly as an increasing number of individual states
have legalized the production, use, or sale of cannabis,
even as the US government continues to treat cannabis
possession as a federal offense. In 2008, 13 states had
legalized use or sale of medical cannabis, while none
allowed cannabis for recreational use. By the end of
2018, 33 states had legalized medical cannabis and
10 states had legalized recreational cannabis. In this
study we examined whether the availability of legal
cannabis in an increasing number of geographical
areas has any implications for opioid misuse.

Several studies have explored this issue by
investigating how state level medical or recreational
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cannabis legalization events are associated with rates
of opioid related mortality. The evidence so far is mixed.
Some studies found a negative association between
opioid related mortality rates and medical cannabis
legalization® and recreational legalization.? * However,
other studies have found the association between
legalization events and opioid related mortality rates
to be spurious or non-significant.” ® One reason for
these mixed findings could be that focusing on state
level cannabis legalization events paints an incomplete
picture. Several states that legalized medical cannabis
use do not provide legal allowances for stores (referred
to as dispensaries) to sell cannabis. Allowing for
legal sale of cannabis is a key step in increasing its
availability’ 7 because it shifts the cost structure of
supplying cannabis, making cannabis more easily and
widely accessible to customers.® Additionally, in states
that have legalized recreational sale of cannabis, often
a one to two year time lag exists between enactment
of recreational legislation and the start of recreational
dispensary operations.” Investigating this issue at the
state level is also important given that many counties
within legal states have prohibited or limited retail
sale of cannabis or enacted zoning and licensing
laws, leading to considerable heterogeneity in the
availability of legal cannabis within legalized states.’

Our study examines the association between the
count of active dispensary operations (a more direct
measure of legal cannabis availability than legislation
events) and opioid related mortality rates at the county
level over the period 2014-18. We focused on the
county level because counties represent important
units of analysis for population health studies. County
governments provide substantial political, economic,
and social structure to local populations through
the administration of regulations, programmes, and
services.'® More specifically, counties oversee criminal
justice, social service, and health and emergency
service programmes—all vital dimensions of the public
infrastructure related to drug use and markets.*°

We used panel regression methods to examine how
the count of cannabis dispensaries relates to opioid
related mortality rates. Following recent studies that
have explored whether medical versus recreational
legalization has differing associations with opioid
use,''® we distinguished between medical and
recreational cannabis dispensaries in our analyses.
Medical and recreational cannabis dispensaries
have different operational requirements and are
subject to different licensing, regulatory, and taxation
systems.” Medical dispensaries only serve patients
who have a state approved medical card or doctor’s
recommendation, while recreational dispensaries sell
cannabis to adults aged 21 years and older.

We also differentiated between different types of
opioids. Opioids refer to a class of chemically related
drugs that include the illicit drug heroin, prescription
pain relievers such as oxycodone, and synthetic
opioids such as fentanyl. In recent years, the rise in
opioid related mortality rates has been largely driven
by deaths involving fentanyl and its analogs.' '*
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This finding suggests opioid overdose deaths might
be composed of specific subepidemics that follow
different patterns.’® In our analyses, we examined
mortality rates due to all opioid types and those due
to prescription opioids, heroin, and synthetic opioids
other than methadone.

Methods

In our study we used secondary data on dispensary
storefront locations and opioid related mortality rates
over the period 2014-18. We started in 2014 when we
were first able to access systematic data on dispensary
locations. We ended in 2018 because this is the most
recent year county level mortality data are available
through the US Centers for Disease Control and
Prevention. Four main types of data are included in our
analysis: information on cannabis and opioid laws;
dispensary location and operational information;
county level demographic and economic data; and
county level opioid related mortality rates.

Data collection

We collected information on state level cannabis
legislation to determine the restricted set of states that
allowed legal forms of dispensaries and started up
dispensary operations by the end of 2017. Our sources
were the Prescription Drug Abuse Policy System
(PDAPS),'® cross validated with online government
resources, media reports of dispensary openings
by state, and information from existing studies.’
Eight states and the District of Columbia allowed for
recreational dispensaries, while 15 allowed for medical
forms only. In our models we included a control for
whether a state allowed recreational sales. We also
used controls for state level opioid interventions,
including naloxone access, pain management
oversight, and pharmacist patient identification laws
(data source PDAPS).’® Figure 1 presents maps of
the 23 states included in our data. Our main dataset
consists of all 812 counties within these states. We
also conducted supplemental analyses that replicate
our main findings among all 3142 counties across
the US.

In the US, no centralized database exists for
cannabis dispensaries at the federal level. Individual
states that have legalized sale of cannabis maintain
separate licensing databases for dispensaries, and the
dispensary related information that has been made
publicly available has varied across states and over
time. To construct systematic time varying measures
of dispensary counts, we collected dispensary location
and operational information from Weedmaps, a major
US cannabis website where dispensaries list operatio-
nal information such as address, hours of operations,
promotions, and contact information. Weedmaps
has been used as a data source by several studies
to locate cannabis dispensaries.'’?! Previous work
suggested that Weedmaps provides higher coverage
of dispensaries relative to other cannabis focused
websites.” On Weedmaps, each dispensary reports
whether it is a medical or recreational dispensary and
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Fig 1| County level monthly counts of storefront dispensaries listed on Weedmaps.com in 23 states that allowed legal
storefront dispensary operations (plus District of Columbia), averaged over calendar year, 2014-17

a storefront (brick and mortar) or delivery service. Our
measures of dispensary counts focus on storefront
operations, which have specific, known locations that
local consumers can frequent. In contrast, delivery
services do not have known locations. Instead, these
services often span large geographical regions, listing
themselves in several counties, many of which do not
formally allow retail sale of cannabis.’

We collected data on dispensaries operating within
each countyacross the US on a monthly basis from 2014
to December 2017. A subset of dispensaries (around
4%) operated under both medical and recreational
licenses. If a dispensary was listed as both medical
and recreational, then it was included in the county
level count for each type (medical and recreational),
respectively. We only counted storefront dispensaries
that were listed on Weedmaps for longer than three
months with specific street addresses to ensure that
our dispensary measure reflected organizations that
local consumers had a reasonable likelihood of finding
and buying products from. We measured the average
monthly count of storefront dispensaries over the
12 months in the previous calendar year because
we assumed a temporal lag exists between when
a dispensary initially begins operations and when
it begins to sell to a sizable number of consumers.
In supplementary analyses we also estimated the
associations between the average monthly count of
storefront dispensaries and opioid related mortality
rates in the same calendar year. We estimated the
natural logarithm (In) of this count owing to skew in
its distribution. Figure 1 shows changing cannabis
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dispensary counts across the counties in our sample
during this time period.

We retrieved yearly data on prescription opioid
related mortality rates in the 812 counties in our
dataset from the Centers for Disease Control and
Prevention multiple cause of death database; for
2018, the data were released in February 2020.
Mortality rates are represented as the log transfor-
med age adjusted death rate per 100000 population.
We first increased all values of the variable by a
constant value (one) before taking the log; therefore,
counties with no dispensaries have a value of zero for
this log transformed variable. In our main analyses,
we focused on deaths associated with people aged
21 years and older, who are eligible for recreational
cannabis dispensary purchases.

We used ICD-10 (International Classification of
Diseases, 10th revision) external cause of injury
codes (X40-X44, X60-X64, X85, or Y10-14) and drug
identification codes (T40.0-T40.4 and 40.6) to identify
deaths related to opioids.!* > >3 To examine fatalities
associated with more specific opioid types, we restric-
ted drug identification codes to T40.2 (natural opioid
analgesics and semisynthetic opioids) and T40.3
(methadone) to identify prescription opioid related
deaths,' code T40.1 to identify deaths due to heroin,?*
and code T40.4 to identify deaths due to synthetic
opioid analgesics other than methadone. Code T40.4
includes deaths caused by both pharmaceutical and
illicitly sourced fentanyl. Deaths classified as involving
more than one opioid type were included in the counts
for each type. Figure 2 and figure 3 show age adjusted,
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Fig 2 | Age adjusted mortality rates related to all opioid types at county level for 23
states that allowed legal storefront dispensary operations (plus District of Columbia) for
2015. Mortality rates per 100000 residents aged 21 years and older

opioid related mortality rates at the county level in
states under examination in 2015 and 2018.

We obtained demographic, socioeconomic, and
labor market information at the county level from
the American Community Survey. Estimates for less
populated geographical areas were included by using
American Community Survey five year estimates,
which measure the average characteristics for all US
counties over moving five year windows. Measures
included data on the total population aged 21 years or
older, unemployment rate, population aged 18 years or
older with a disability, average per capita income (In),
proportion white (alone), proportion with bachelors
degree, and proportion of men. We also included
yearly gross domestic product data at the county level,
rescaled to 2018, which were obtained from the US
Bureau of Economic Analysis.

Statistical analyses
We used panel regression models to estimate the
county level association of storefront cannabis
dispensary counts with yearly age adjusted, opioid
related mortality rates for 2015-18. Our models specify
random effects at the county level to accommodate
within county dependence in opioid related mortality
outcomes. Firstly, we used models that only included
county population and yearly indicator variables as
control variables. Secondly, we used models will a full
set of controls for county level characteristics, yearly
indicators, and state cannabis and opioid related laws.
Across all models, standard errors were reported to
account for heteroskedasticity and within county serial
correlation of errors.”®

The main covariate of interest was the log transformed
count of storefront dispensaries operating within each
county in the previous year. One set of models estimated
the effect of the log transformed count of storefront
dispensaries (medical and recreational combined)
on the log transformed age adjusted mortality rates
associated with all opioid types combined, prescription

opioids, heroin, and synthetic opioids other than
methadone. A second set of models simultaneously
estimated the effect of the log transformed counts of
medical dispensaries and recreational dispensaries
(separate terms for each) on each of the log transformed
age adjusted opioid related mortality rates listed above.
We also calculated the significance levels of our main
independent variables by using the stepdown procedure
proposed by Romano and Wolf (2005).%¢ This procedure
is designed to adjust the probability of incorrectly
identifying at least one coefficient as significant when
several hypotheses are tested at once. This procedure
improves upon earlier multiple testing procedures such
as the Bonferroni and the Holm methods by taking into
account the dependence structure of individual test
statistics. Statistical analyses were performed with Stata
version 16.1.

Patient and public involvement

We used secondary data and patients were not
involved in setting the research question and outcome
measures, nor in designing and implementing the
research study.

Results
Our main analyses examined county level dynamics
in the 23 states (plus the District of Columbia) that
offered legal protection to dispensaries and started
up dispensary operations by the end of 2017. We
focused on these states because, by definition, legal
dispensaries are only allowed in states that offered
legal protection to dispensaries. This focus on states
with legal allowances for dispensaries also enabled us
to control for broader differences in the political and
legal environments that differentiate states that offer
legal protection to dispensaries versus those that do
not. Supplemental tables 3 and 4 present analyses
of the associations between dispensary counts and
opioid related mortality rates among all counties
in the US. We included county level random effects
specifications and the same set of control variables
as our main models. These supplemental analyses
compared opioid related mortality rates more broadly,
including a large number of counties in states that do
not allow dispensary operations and therefore have a
value of zero for our main measure, dispensary counts.
Table 1 and table 2 show yearly frequencies and
other descriptive information about our main variables
(dispensary counts and opioid related mortality
rates). Table 3 presents estimated effects of average
dispensary storefront count (In) in the previous year on
the current year’s log transformed age adjusted opioid
related mortality rates (see supplemental tables 1 and
2 for full set of estimates). The log transformed count
of storefront dispensaries in a focal county was found
to be negatively related to deaths associated with all
opioid types (B=—0.17, 95% confidence interval —0.23
to -0.11, P=0.002; Romano-Wolf joint test P values are
reported). Because the dependent and independent
variables are log transformed, the estimated coefficient
can be directly interpreted as the expected percentage
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Fig 3 | Age adjusted mortality rates related to all opioid types at county level for 23
states that allowed legal storefront dispensary operations (plus District of Columbia) for
2018. Mortality rates per 100 000 residents aged 21 years and older

change in the dependent variable associated with a
1% change in the independent variable.”” According
to our estimates, increasing the count of storefront
dispensaries from one to two (a 100% change in
dispensary count) is associated with a 17% reduction
(100%x-0.17=-17%) in the age adjusted mortality
rate for all opioid types. An increase from two to
three dispensaries is associated with a further 8.5%
reduction (50%x-0.17=-8.5%) in all opioid related
mortality rates.

We also found negative associations between
storefront dispensary count and deaths associated
with synthetic (non-methadone) opioids (B=-0.21,
95% confidence interval -0.27 to —0.14, P=0.002),
suggesting an estimated 21% reduction in the
mortality rate with an increase from one to two
storefront dispensaries. Negative associations bet-
ween storefront dispensary count and deaths due to
prescription opioids (B=-0.08, -0.13 to -0.03) and
heroin (B=-0.08, —0.13 to -0.02) are significant at the
P less than 0.05 level.

Models that separate the association of medical
versus recreational dispensaries with opioid related
mortality rates show that both types of dispensaries
have a negative association with age adjusted mortality
rates due to all opioid types (medical dispensary
count: B=-0.15, 95% confidence interval -0.21
to -0.09, P=0.002; recreational dispensary count:
B=-0.11, —0.17 to -0.04, P=0.01). These coefficients
can be interpreted as an estimated 15% reduction in
mortality rate with an increase from one to two medical
dispensaries, and an 11% reduction with an increase
from one to two recreational dispensaries. We also
found negative associations with deaths related to
synthetic (non-methadone) opioids. An increase in
medical dispensary count from one to two is associated
with an estimated 14% reduction in mortality rates,
while a similar increase in recreational dispensary
count is associated with an estimated 21% reduction
(medical dispensary count: f=-0.14, -0.21 to -0.07,
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P=0.002; recreational dispensary count: f=-0.21,
-0.29 to -0.13, P=0.002). Medical dispensary
count has a negative association with heroin related
mortality rates (f=-0.12, -0.18 to -0.06, P=0.002),
and to a weaker degree, prescription related mortality
rates (B=-0.06, -0.11 to —0.00, P=0.07). Recreational
dispensary count does not have a significant
association with deaths related to prescription opioids
or heroin (P=0.30).

Supplemental table 5 shows a consistent pattern
of associations between storefront dispensaries
and opioid related mortality rates when we used the
current year’s (rather than the previous year’s) average
counts to represent storefront dispensaries. We also
found similar effects for the associations between
recreational dispensaries and with all opioid related,
heroin, and synthetic (non-methadone) opioid related
mortality rates using contemporaneous measures
(supplemental table 6).

Discussion

Principal findings

Our findings suggest that higher storefront cannabis
dispensary counts are associated with reduced
opioid related mortality rates at the county level. This
association holds for both medical and recreational
dispensaries, and appears particularly strong for
deaths associated with synthetic (non-methadone)
opioids, which include the highly potent synthetic
opioid fentanyl and its analogs. These results were
obtained after controlling for county level population
characteristics, yearly effects, whether recreational
dispensaries were legal or not in the focal county’s
state, and opioid related state policies.

Strengths and weaknesses of the study

Our study focused on the years 2014-18, a period
of considerable change in cannabis legalization
across multiple states. Focusing on this period is a
potential strength because we have provided relevant
information about how recent changes in the cannabis
landscape relate to opioid related overdose deaths; it is
also a limitation in terms of the generalizability of our
findings. Further, while we found a particularly strong
association between the prevalence of storefront
dispensaries and fentanyl related opioid deaths, it is
not clear whether cannabis use and fentanyl mortality
rates are more specifically linked, or if the strength of
the association is owing to the rise in fentanyl use and
mortality rates during the study period.

Another strength of our study is our use of a unique
dataset on dispensary operations across the US over
time to model how the availability of cannabis shapes
opioid related mortality rates. By studying actual
operations and county level dynamics, we were able
to more directly model the availability of legally sold
cannabis to local populations. However, our measures
of storefront dispensary counts should be regarded as
an approximation of all (legal and illegal) cannabis
operations in the US. A previous study found that
Weedmaps provided reasonable coverage of licensed
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Table 1 | Frequencies of different classes of county level cannabis dispensary counts (averaged over 12 months of each

year)

No of counties in each frequency category
Average count 2014 2015 2016 2017 2018
All dispensary types
0 715 679 534 488 449
>0-1 37 60 128 127 123
il=2 13 17 43 39 51
>2-3 13 16 30 35 46
>3-5 8 5 22 37 40
»5-10 7 12 17 30 42
>10 19 23 38 56 61
Mean 0.90 1.30 2.41 3.89 4.21
Median 0 0 0 0 0
Min, max 0, 188.9 0,271.3 0, 372.9 0, 498.58 0,501.8
Medical dispensaries
0 720 687 565 526 491
>0-1 33 58 127 147 148
>1-2 19 17 37 42 55
»2-3 11 15 26 29 43
>3-5 3 6 14 32 30
»5-10 10 7 14 8 18
»10 16 22 29 28 27
Mean 0.83 1.14 1.98 2.47 2.32
Median 0 0 0 0 0
Min, max 0, 188.9 0,271.3 0,372.9 0, 498.6 0,477.7
Recreational dispensaries
0 786 774 722 703 662
»0-1 14 13 33 14 28
>1-2 6 7 23 10 16
S2=3} 2 5 8 17 19
>3-5 3 9 12 14 17
»5-10 0 3 7 28 29
>10 1 1 7 26 41
Mean 0.07 0.16 0.43 1.42 2.03
Median 0 0 0 0 0
Min, max 0,22.7 0, 35 0, 64.9 0,131 0, 149.9

Classes for cannabis dispensaries are derived from averaged monthly counts of storefront dispensaries listed on Weedmaps in each county in 12 month
period corresponding to each calendar year. If a dispensary was listed as both medical and recreational, then it was counted toward county level count for

each type (medical and recreational), respectively.

dispensaries in Colorado over the period 2014-15.°
However, we do not know whether this applies to other
states and for the current study period. Additionally,
a number of unlicensed, illegally operating cannabis
dispensaries appear to have listed themselves on
Weedmaps during our period of investigation.’® Many
of these illegal listings were deliveries, which we do
not include in our cannabis dispensary counts owing
to ambiguity in their actual operational status and
geographical locations. While there appears to be a
moderately high correlation (0.70) between the count
of storefront and delivery based dispensaries operating
within counties during the study period based on
the counties cannabis deliveries claim to cover on
Weedmaps, we cannot determine the extent of use of
storefronts versus delivery services. Overall, our study
should be regarded as a conservative examination
of how the legal availability of cannabis in the US
through storefront dispensaries with specific, known
locations, rather than the total availability through
legal and illicit markets, relates to opioid related
mortality rates. Further investigation into the validity
of Weedmaps and the scope of its coverage for legal
and illicit markets is needed.

We have shown these associations within the subset
of states that have legalized the sale of cannabis and
across the complete set of counties in the US. This
analysis provides a robust look at the associations
between counts of dispensary storefronts and opioid
related mortality rates across different geographical
regions. We controlled for a number of county level
factors that could affect the association between
dispensary prevalence and opioid related mortality
rates (such as county level unemployment rates, gross
domestic product, and proportion of men). However,
there might be other confounding factors that shape
associations between dispensary prevalence and
opioid related mortality rates. Future research is
needed to evaluate how county level characteristics
affect the nature of the association between cannabis
dispensaries and opioid misuse outcomes. Overall,
we stress that our findings are based on the ecological
study of county level associations between our main
variables and must be interpreted with that in mind.

Systematic data on the timing and content of county
level regulations could not be gathered for all the
counties examined. While we have controlled for several
county level demographic and economic variables,
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Table 2 | Frequencies of yearly opioid related, age adjusted mortality rates at county level
No of counties in each frequency category

Age adjusted mortality rate 2015 2016 2017 2018
All opioid types

0 173 148 149 161
»0-5 114 83 96 99
»5-10 184 187 137 171
»10-20 235 227 234 205
»20-30 70 103 107 92
»30-40 25 46 55 44
>40-50 4 11 22 26
»50 7 7 12 14
Mean 10.23 12.33 13.58 12.69
Median 8.44 9.66 10.77 9.08
Min, max 0, 84.47 0, 83.44 0, 105.32 0,91.68
Prescription

0 244 227 223 252
>0-5 275 240 261 280
»5-10 186 221 201 197
»10-20 87 101 106 71
»20-30 11 12 12 11
»30-40 4 9 4 1
>40-50 3 1 3 0

50 2 1 2 0
Mean 4.95 5.37 5.34 4.27
Median 3.47 4.06 3.79 3.46
Min, max 0,72.59 0, 55.96 0,75.27 0,30.79
Heroin

0 335 317 323 314
>0-5 241 247 237 276
»5-10 154 149 151 129
»10-20 74 81 84 66
»20-30 4 11 12 20
»30-40 3 4 3 5
>40-50 0 2 1 1

>50 1 1 1 1
Mean 3.66 4.24 4.15 4.04
Median 1.87 2.14 2.18 2.06
Min, max 0,72.59 0,59.76 0,50.61 0, 58.77
Synthetic (non-methadone)

0 359 320 273 279
»0-5 312 213 187 172
»5-10 90 127 125 140
»10-20 37 105 133 111
»20-30 11 32 60 59
»30-40 2 10 24 35
>40-50 1 4 7 9

»50 0 1 3 7
Mean 2.817 5.28 7.43 8.05
Median 0.794 1.805 3.445 3.509
Min, max 0,42.24 0,57.96 0, 96.84 0,85.111

Classes for opioid related mortality rates are derived from age adjusted mortality rates per 100 000 residents in each year (aged 21 years and older).
Rates are presented for counties in the 23 states with legal, operating storefront dispensaries by end of 2017 plus District of Columbia—812 counties in

total.

and specify random effects at the county level, our
findings cannot rule out the effects that other changes
in cannabis laws and opioid control policies might have
had on opioid related overdose deaths during the study
period at the state and county levels. Additionally, the
substances tested for and the processes for toxicological
testing at the time of death investigations vary by
jurisdiction in the US.' These variations could affect
reporting of substance specific death rates.

Comparisons with other studies
Several previous studies have focused on state
level medical cannabis legalization events,? > ¢ with

thelbmj | BMJ2021;372:m4957 | doi: 10.1136/bmj.m4957

conflicting findings on the association between legali-
zation and opioid related mortality rates. However,
some studies indicate that researchers should
account for legal allowances for cannabis dispensary
operations rather than focusing on the mere passage
of cannabis laws; this provides a better reflection of
the potential availability of legal cannabis and its
association with opioid use within a geographical
area.” > ® These studies, which focus specifically on
medical dispensaries, have found more consistent
evidence of a negative association between statewide
medical dispensary allowances and opioid related
mortality rates. One study has modeled the association

"ybuAdod Aq paroalold 1sanb Aq TzZoz Arenigad T uo jwod fwg mmmy/:diy wolj papeojumoq ‘TZ0g Arenuer /g uo 2Gepw fwa/9sTT 0T Se paysiand 1sii :CINg


http://www.bmj.com/

RESEARCH

Table 3 | Associations between previous year’s dispensary counts (natural logarithm) and log transformed yearly opioid related mortality rates at

county level

Log transformed opioid related
mortality rate

Population control only

Coefficient (95% confidence interval), Romano-Wolf P value

All opioid types

Prescription opioids

Heroin

Synthetic non-methadone

All storefront dispensaries

-0.18 (-0.24 to -0.13), 0.002

-0.10 (-0.15 to —-0.06), 0.004

-0.06 (-0.12 to -0.01), 0.07

-0.26 (-0.32 to -0.20), 0.002

Medical dispensaries only

-0.18 (-0.25 to -0.11), 0.002

-0.10 (=0.16 —0.04), 0.002

-0.11 (-0.17 to -0.05), 0.002

-0.20 (-0.28 t0 -0.13), 0.002

Recreational dispensaries only

-0.08 (-0.15 to -0.02), 0.04

-0.08 (-0.15 to -0.02), 0.27

0.04 (-0.01 t0 0.10), 0.27

-0.21 (-0.28 to -0.13), 0.002

All covariates

All storefront dispensaries

-0.17 (-0.23 t0 -0.11), 0.002

-0.08 (-0.13 to —0.03), 0.03

-0.08 (-0.13 to -0.02), 0.03

-0.21 (-0.27 to -0.14), 0.002

Medical dispensaries only

-0.15 (-0.21 t0 -0.09), 0.002

-0.06 (-0.11 to -0.00), 0.07

-0.12 (-0.18 to -0.06), 0.002

-0.14 (-0.21 to -0.07), 0.002

Recreational dispensaries only

-0.11 (-0.17 to -0.04), 0.01

-0.05 (-0.11 t0 0.02), 0.3

0.03 (=0.03 t0 0.10), 0.30

-0.21 (-0.29 t0 -0.13), 0.002

Regression models specify random effects at county level, with yearly fixed effects. All storefront dispensaries reflects estimated effect of log transformed county level count of all storefront
dispensaries (medical and recreational) on log transformed yearly age adjusted mortality rates among people aged 21 years and older for each type of opioid. Medical and recreational reflect
effects of log transformed county level counts of medical storefront and recreational storefront dispensaries (estimated simultaneously) on log transformed yearly age adjusted mortality rates.
Models under population control only are estimated with total population aged 21 years and older (natural logarithm (In)) as the only control variable. Models under all covariates including
county level time varying covariates for unemployment rate, average per capita income (In), gross domestic product (In), proportion white, total population aged 21 years and older (In),
proportion college educated, proportion men, population with disability (In). State level time varying covariates: naloxone access law, pharmacist patient identification law, pain management
clinic oversight, recreational legal. Models are estimated with robust standard errors on 812 counties in the 23 states with legal, operating storefront dispensaries by end of 2017 and District of

Columbia.

between medical cannabis dispensary presence
and prescription opioid related death rates at the
county level, and also found a negative association.?’
However, these studies do not consider the presence
of recreational cannabis dispensaries, which target
a broader clientele (people aged 21 years or older
rather than patients with medical cards or physicians’
recommendations) and have been increasingly allowed
by states within the US in recent years.

In contrast to studies that focus on a single
dispensary type,” > * ¢ ?° we modeled medical and
recreational storefront dispensary presence separately.
We also distinguished between fatalities associated
with different types of opioids, including fentanyl and
its analogs, which have sharply overtaken other types
of opioids in number of deaths in the US in recent
years.'* Another study examined the association
between medical and recreational dispensaries with
opioid related mortality rates, but at the state level.*
This study found a negative association between the
start of both types of cannabis dispensary operations
within a state and opioid related mortality rates—an
association that appears most pronounced with the
class of opioids that includes fentanyl and its analogs.
We reported consistent findings, but at the more fine
grained county level and by using the prevalence
of active dispensary operations rather than a single
start date. Therefore, our study complements and
extends (to the county level by using active dispensary
operations, and studying medical and recreational
dispensary forms separately) existing studies that have
found evidence of a negative association between the
legal availability of cannabis in a geographical area
with opioid related mortality rates.

Meaning of the study for clinicians and policy
makers

Cannabis is generally thought to be a less addictive
substance than opioids. Cannabis can potentially
be used medically for pain management and has
considerable public support. Our findings suggest

that increasing availability of legal cannabis (modeled
through the presence of medical and recreational
dispensary operations) is associated with a decrease
in deaths associated with the T40.4 class of opioids,
which include the highly potent synthetic opioid
fentanyl. This finding is especially important because
fentanyl related deaths have become the most common
opioid related cause of death, with 46 802 reported in
2018, representing 67% of all opioid related deaths in
2018." If consumers use cannabis and opioids for pain
management, increasing the supply of legal cannabis
might have implications for fentanyl demand and
opioid related mortality rates overall.

However, the potential harms of cannabis, including
the cognitive development of adolescents, medical
conditions such as schizophrenia, and public safety
risks, should not be ignored.>*>? Additionally, given
that the efficacy of cannabis for pain management
has not been well established,>® patients who turn
to cannabis instead of physician prescribed opioids
as a means for pain control might experience poorer
symptom control. Overall, a greater understanding
is needed about the impact of cannabis legalization
on opioid misuse and public health outcomes before
policy makers can weigh the potential benefits against
the harms of promoting cannabis legalization.

Unanswered questions and future research

A Kkey issue when considering cannabis liberaliza-
tion policies is the different associations between
medical and recreational legalization and health
related outcomes. Arguments against recreational
legalization of cannabis are that this gateway drug
could exacerbate negative outcomes overall. However,
evidence remains inconclusive on this key public
health issue. Our research suggests that both medical
and recreational dispensaries are associated with
reduced opioid related mortality rates. Future research
is needed investigating the association with mortality
rates and other important opioid related misuse
outcomes.

doi: 10.1136/bmj.m4957 | BMJ 2021;372:m4957 | thebmj
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Conclusions

We studied county level associations between
cannabis storefront dispensaries and opioid related
mortality rates in the US between 2014 and 2018. Our
study found that increased medical and recreational
storefront dispensary counts are associated with
reduced opioid related mortality rates during the
study period. These associations appear particularly
strong for deaths related to synthetic opioids such as
fentanyl. Given the alarming rise in the fentanyl based
market in the US, and the increase in deaths involving
fentanyl and its analogs in recent years, the question
of how legal cannabis availability relates to opioid
related deaths is particularly pressing. Overall, our
study contributes to understanding the supply side of
related drug markets and how it shapes opioid use and
misuse.
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