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BACKGROUND: Given efforts to reduce opioid use, and
becausemarijuana potentially offers a lower-risk alterna-
tive for treating chronic pain, there is interest in under-
standing the public health impact of marijuana legaliza-
tion on opioid-related outcomes.
OBJECTIVE: Assess the impact of recreational and med-
ical marijuana legalization on opioid utilization among
patients receiving pharmacotherapy for pain.
DESIGN: Retrospective claims-based study of commer-
cially insured patients continuously eligible for pharmacy
and medical benefits from July 8, 2014 to June 30, 2017.
Index pain prescription period was defined between Jan-
uary 8, 2015 and June 30, 2015, and longer-term opioid
use examined during 2-year follow-up. Marijuana state
policy on July 1, 2015, was assigned: none; medical only;
or medical and recreational.
PARTICIPANTS: Patients aged 18–62 without cancer
diagnosis.
MAIN MEASURES: Patient receiving (1) opioid at index;
(2) > 7 days’ supply of index opioid; (3) opioid during
follow-up; and (4) ≥ 90 days’ opioid supply during fol-
low-up. Multivariable regression assessed associations
between opioid utilization and state marijuana policy,
adjusting for age, gender, overall disease burden, mental
health treatment, concomitant use of benzodiazepine or
muscle relaxant, and previous pain prescription.
KEY RESULTS: Of 141,711 patients, 80,955 (57.1%) re-
sided in states with no policy; 56,494 (39.9%) with
medical-only; and 4262 (3.0%) with medical and recrea-
tional. Patients in states with both policies were more
likely to receive an index opioid (aOR = 1.72, 95% CI =
1.61–1.85; aOR = 1.90, 95% CI = 1.77–2.03; P < 0.001)
but less likely to receive > 7 days’ index supply (aOR =
0.84, 95% CI = 0.77–0.91; aOR = 0.76, 95% CI = 0.70–
0.83; P < 0.001) than patients in states with no policy or
medical-only, respectively. Those in states with both pol-
icies were more likely to receive a follow-up opioid (aOR =
1.87, 95% CI = 1.71–2.05; aOR = 2.20, 95% CI = 2.01–
2.42; P < 0.001) than those in states with no policy or
medical-only, respectively, and more likely to receive ≥

90 cumulative follow-up opioid days’ supply (aOR =
1.18, 95% CI = 1.07–1.29; P < 0.001) than those in states
with no policy.
CONCLUSIONS: Our analysis does not support the sup-
position that access to marijuana lowers use of chronic
opioids for pain.

KEY WORDS: pain; opioids; marijuana; policy.

J Gen Intern Med

DOI: 10.1007/s11606-020-06530-6

© Society of General Internal Medicine 2021

INTRODUCTION

The alarming rates of opioid use and opioid-related deaths
over the past several decades in the USA have resulted in a
nationwide public health crisis.1,2 The annual number of over-
dose deaths involving opioids has risen sharply, from 18,515
deaths in 2007 to 67,367 deaths in 2018.3 In addition to
overdose mortality, opioid misuse and abuse has been associ-
ated with a surge in emergency room visits2,4 and inpatient
admissions.5,6 Concurrently over the past several decades,
many states have legalized marijuana, either recreationally,
medically, or both. At the time of publication, comprehensive
medical marijuana programs have been legally approved in 33
states and Washington, DC, and adult-use recreational mari-
juana has been legalized in 11 states and Washington, DC.7–9

Given the ongoing efforts to reduce opioid prescribing and
use, and because marijuana potentially offers a non-opioid
alternative for the treatment of chronic pain10 with a potential-
ly lower risk of addiction and essentially no risk of overdose,
there has been increased interest in understanding the public
health impact of marijuana legalization on opioid-related
outcomes.
It should be noted that there are many potential indications

for medical marijuana, which vary from state to state. For
example, the state of Pennsylvania lists 23 qualifying condi-
tions for its medical marijuana program, including “severe
chronic or intractable pain of neuropathic origin or severe
chronic or intractable pain.”11 Despite widespread use of
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marijuana for chronic pain, there is insufficient evidence that
marijuana is safe and effective for this indication.12

Studies exploring the relationship between marijuana
and opioid use have shown mixed results. While some
studies suggest that medical and recreational marijuana
legalization can reduce risk of opioid overdose mortali-
ty,13,14 others suggest that marijuana use may be a
“gateway drug”15 and is associated with increased opi-
oid use and development of opioid use disorder.16,17

Furthermore, while studies suggest that marijuana legal-
ization can lead to reduced opioid prescribing,18–20 hos-
pitalizations for opioid overdoses,21 and utilization of
certain other prescription drugs,22 the impact of marijua-
na legalization on opioid utilization patterns is unclear,
especially as it relates to factors at the patient level.
Unlike previous studies, the current analysis focused

on initial prescription and long-term opioid utilization in
patients with pain diagnoses who reside in states with
no marijuana policy, medical marijuana only policy, or
medical and recreational marijuana policies, and adjusts
for patient-level factors including age, gender, overall
disease burden, mental health treatment, concomitant
use of benzodiazepine or muscle relaxant, and previous
pain prescription. The goal of this study was to assess
the impact of recreational and medical marijuana legal-
ization on opioid utilization among patients receiving
treatment for pain.

METHODS

Study Population

This study used prescription claims from a commercially
insured population whose pharmacy benefits were man-
aged by a large national pharmacy benefit management
company. Inclusion was limited to patients who were
continuously eligible for pharmacy and medical benefits
from July 8, 2014 to June 30, 2017, who were aged 18–
62 as of their index pain prescription, and who had no
cancer diagnosis over the study period. Index pain med-
ication was identified as a pain prescription within the
index period between January 8, 2015 and June 30,
2015. All pharmacy pain claims within 96 h of the first
recorded index pain prescription were counted as index
pain medications, and this 96-h window allowed for
identifying the pain-related medical claim associated
with the index pain prescription. We excluded patients
with invalid or incomplete data for morphine equivalent
dose, medical or pharmacy claims, or geographic region.

Study Variables

The primary outcomes were measured at the patient
level and included whether the patient’s index pain
prescription contained an opioid, whether the patient

ever received an opioid during the 2-year follow-up
period, whether the patient received > 7 days’ supply
of opioid medication at index, and/or whether they
received ≥ 90 days’ supply of opioids during the 2-
year follow-up period. Secondary outcomes included
index prescription mean days’ supply of opioid medica-
tion and index prescription mean daily morphine equiv-
alent dose (MED). Morphine equivalent dose was de-
fined as the sum of milligram morphine equivalent
(MME), calculated as a daily amount based on prescrib-
ing information.23 State policy was assigned to the pa-
tient based on their address on the index claim; states
were categorized based on the state marijuana policy
status on July 1, 2015, where 1, no marijuana policy;
2, medical marijuana policy; and 3, medical and recre-
ational marijuana policy. The index period and July 1,
2015, policy date were chosen due to the limited num-
ber of state marijuana policy changes enacted during
this time frame. Age was documented as the patient’s
age on the date of index prescription claim. Region was
defined as the US Census region associated with the
patient’s zip code on the date of index prescription
claim. Newly prescribed pain treatment was defined as
having no prescription claim in the 180 days prior to
the index pain prescription for gamma-aminobutyric acid
(GABA) analogues, opioids, NSAIDs, acetaminophen, or
combination therapy using these types of medications
(e.g., hydrocodone with acetaminophen). Out-of-state
pharmacy and out-of-state prescriber variables indicate
whether the patient filled the prescription in a pharmacy
outside the patient’s state of residence or the prescriber
was licensed outside the patient’s state of residence.
Indicator variables for index period benzodiazepine and
muscle relaxant were defined as the patient having at
least one prescription claim for a benzodiazepine or
muscle relaxant in the index period. Overall disease
burden was defined as the count of unique 2-digit ge-
neric product identifiers (GPIs), which indicated the
number of disease conditions for which patient was
being treated during the 2-year follow-up period.24 Men-
tal health treatment indicator variable was defined as
patients having at least one prescription claim or medi-
cal claim with a diagnosis code for depression, anxiety,
substance abuse, or alcohol treatment in the 2-year fol-
low-up period.

Statistical Analysis

We conducted a retrospective study of claims data,
using multivariable logistic regression models to assess
associations between opioid utilization and state mari-
juana policy, adjusting for age, gender, overall disease
burden, mental health treatment, concomitant medication
use in the index period for benzodiazepine or muscle
relaxant, and previous pain treatment. Descriptive
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statistics were estimated and bivariate relationships were
tested using Kruskal-Wallis (non-parametric) with post
hoc analyses using Bonferroni Dunn T tests for contin-
uous variables and chi-square tests for categorical vari-
ables. All analyses were conducted using SAS Enter-
prise Guide version 9.4 (SAS Institute, Cary, NC).

RESULTS

From a population of more than 31 million commercial-
ly insured members, we identified 305,054 patients that
filled an index pain medication prescription. Figure 1
presents the sample selection criteria for the study,
which resulted in 141,711 being selected for the final
analytical sample.
Of the 141,711 patients in the study, 80,955 (57.1%)

resided in states with no marijuana policy at the time of
index prescription; 56,494 (39.9%) resided in states with
only a medical marijuana policy at index; and 4262
(3.0%) resided in states with both a medical and recre-
ational marijuana policy at index (Table 1). Female
patients accounted for 56.6%, 55.6%, and 57.5% of each
group, respectively, and patients aged 45–62 years
accounted for 59.5%, 59.5%, and 59.2% of each group,
respectively. Geographically, the largest representation
by region varied by policy: 98.9% of patients with both
medical and recreational policies at the time of their
index pain claim resided in the West, whereas 59.2%
of patients who resided in states with no marijuana
policies were from the South.
Among all policy groups, patient’s disease burden ranged

from 9 to 10.1, indicating that on average patients had medi-
cations to treat between 9 and 10 various conditions. Patients

residing in states with no marijuana policy at index had the
highest number of comorbidities and a slightly higher propor-
tion of being prescribed a medication for a mental health
condition. All of the assessed variables in Table 1 varied
significantly by marijuana policy type, except in a few cases
where indicated.
Table 2 presents the unadjusted rates that prescribing pat-

terns differ between those residing in states with medical and
recreational marijuana policies, those residing in states with
only a medical marijuana policy, and those residing in states
with no policy. Patients in the medical and recreational policy
states had higher rates of opioids prescribed as index medica-
tion (70% vs. 59.2% and 57.2%, P < 0.001) and higher rates of
opioids prescribed in the follow-up period (86.4% vs. 80.1%
and 75.7%, P < 0.001). Among patients that received an
opioid at the time of index (n = 83,252), those in states with
both medical and recreational marijuana policies were less
likely to be prescribed more than 7 days’ supply at index
(33.4% vs. 37.6% and 37.7%, P < 0.001) but had a larger
mean dailyMED for indexmedication (59.5 vs. 48.7 and 51.9,
P < 0.001). There was no significant difference in the mean
index opioid days’ supply filled by marijuana policy.
Table 3 shows the multivariable analysis findings that

tested the effect of different marijuana policies and other
covariates on opioid prescribing and utilization outcomes.
Consistent with univariate analyses, patients living in
states with medical and recreational policies were signif-
icantly more likely to be prescribed an opioid as one of
the index medications (aOR = 1.72, 95% CI = 1.61–1.85;
aOR = 1.90, 95% CI = 1.77–2.03; P < 0.001) but less
likely to be prescribed more than a 7 days’ supply of
opioids for their index medication (aOR = 0.84, 95% CI
= 0.77–0.91; aOR = 0.76, 95% CI = 0.70–0.83; P <
0.001) compared to patients living in states with no mar-
ijuana policy or a medical marijuana only policy, respec-
tively. Those living in states with medical and recreational
policies were also more likely to receive an opioid pre-
scription in the 2-year period following their index claim
(aOR = 1.87, 95% CI = 1.71–2.05; aOR = 2.20, 95% CI =
2.01–2.42; P < 0.001) compared to those living in states
with no marijuana policy or a medical marijuana only
policy, respectively, and more likely to be prescribed ≥
90 cumulative days’ supply of opioids in the follow-up
period (aOR = 1.18, 95% CI = 1.07–1.29; P < 0.001) than
those living in states with no marijuana policy. Patients
living in states with a medical marijuana only policy were
less likely to be prescribed an opioid as one of the index
medications (aOR 0.91, 95% CI = 0.89–0.93; P < 0.001)
or in the follow-up period (aOR = 0.85, 95% CI = 0.83–
0.87; P < 0.001), but more likely to be prescribed > 7
days’ supply at index (aOR = 1.10, 95% CI = 1.07–1.14;
P < 0.001) and ≥ 90 cumulative days’ supply of opioids in
the follow-up period (aOR = 1.16, 95% CI = 1.12–1.21; P
< 0.001) compared to those residing in states with no
marijuana policy.

Figure 1 Sample selection criteria flow chart, N (%) retained.
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Table 1 Population Characteristics, n = 141,711*

n (%) or mean (SD) P value

No marijuana policy
at index, n = 80,955
(57.1%)

Medical marijuana policy
only at index, n = 56,494
(39.9%)

Medical and recreational
marijuana policy at index,
n = 4,262 (3.0%)

Demographic information
Gender
Female 45,851 (56.6%) 31,422 (55.6%) 2451 (57.5%) < 0.001

Mean age (years) (SD) 45.8 (12.2) 45.5 (12.1) 45.8 (12.3)† < 0.001
Age group (%) < 0.001
18–24 years 6669 (8.2%) 4795 (8.5%) 340 (8.0%)
25–34 years 9544 (11.8%) 6504 (11.5%) 545 (12.8%)
35–44 years 16,528 (20.4%) 11,671 (20.7%) 854 (20.0%)
45–54 years 23,340 (28.8%) 17,486 (31.1%) 1190 (27.9%)
55–62 years 24,874 (30.7%) 16,028 (28.4%) 1333 (31.3%)

Region < 0.001
Northeast 4170 (5.2%) 23,025 (40.8%) 0 (0.0%)
Midwest 27,255 (33.7%) 9574 (17.0%) 0 (0.0%)
South 47,920 (59.2%) 3200 (5.7%) 48 (1.1%)
West 1610 (2.0%) 20,695 (36.6%) 4214 (98.9%)

New prescription pain treatment 48,217 (59.6%) 36,188 (64.1%) 2580 (60.5%) < 0.001
Index pain prescription pharmacy information
Pharmacy out of state 10,056 (12.4%) 5622 (10.0%) 728 (17.1%) < 0.001
Prescriber out of state 11,215 (13.9%) 7639 (13.5%) 749 (17.6%) < 0.001
Benzodiazepine: index period 1188 (1.5%) 794 (1.4%) 91 (2.1%) < 0.001
Benzodiazepine: post period 9210 (11.4%) 5977 (10.6%) 598 (14.0%) < 0.001
Muscle relaxant: index period 8430 (10.4%) 5306 (9.4%) 387 (9.1%) < 0.001
Muscle relaxant: post period 28,135 (34.8%) 16,513 (29.2%) 1410 (33.1%) < 0.001

Disease burden—unique GPI-2 count
Mean disease burden (SD) 10.1 (5.4) 9.0 (5.0)‡ 9.1 (5.2)§ < 0.001
Mental health treatment

indicator
31,922 (39.4%) 19,889 (35.2%) 1671 (39.2%) < 0.001

*All data were statistically significant at the P < 0.001 across groups, except for cells marked with a note indicating otherwise. Region is based on US
Census regions. Disease burden was defined as a unique count of 2-digit GPIs used by the patient, indicating the number of unique drug groups for
which the patient had a prescription claim in the study period. Mental health treatment indicator was defined as having a prescription claim for a
mental health medication or medical claim with a diagnosis code for any mental health condition in the follow-up period
†Not significantly different from no marijuana policy or from medical marijuana policy only at index
‡Not significantly different from medical and recreational marijuana policy at index
§Not significantly different from medical marijuana policy only at index
GPI generic product identifier, OOP out-of-pocket, SD standard deviation

Table 2 Descriptive Opioid Utilization Patterns by State Policy Status*

n (%) or mean (SD) P value

State policy status No marijuana policy
at index

Medical marijuana policy
only at index

Medical and recreational
marijuana policy at index

Among entire sample (n = 141,711) n = 80,955 n = 56,494 n = 4262
Opioid index prescription 47,946 (59.2%) 32,323 (57.2%) 2983 (70.0%) < 0.001
Follow-up opioid prescription 64,865 (80.1%) 42,755 (75.7%) 3683 (86.4%) < 0.001

Among those with new pain
prescriptions (n = 86,985)

n = 48,217 n = 36,188 n = 2580

Opioid index prescription 29,455 (61.1%) 20,646 (57.1%) 1868 (72.4%) < 0.001
Among those prescribed opioids at
index (n = 83,252)

n = 47,946 n = 32,323 n = 2983

Index opioid days’ supply > 7 18,044 (37.6%) 12,171 (37.7%) 995 (33.4%) < 0.001
Cumulative days’ supply ≥ 90 1935 (4.0%) 1269 (2.5%) 102 (4.0%) < 0.001
Mean daily index MED (SD) 48.7 (70.2) 51.9 (90.5) 59.5 (89.5) < 0.001
Mean index opioid days’ supply

(SD)
11.3 (14.1)† 11.3 (13.9)† 10.9 (15.1)† NS

*All data were statistically significant at the P < 0.001 across groups, except for cells marked with a note indicating otherwise
†Not significantly different across groups
Follow-up opioid defined as any opioid prescription within the 2-year follow-up period. SD standard deviation, MED morphine equivalent dose, NS not
significant

Neilson et al.: Marijuana Legalization and Opioids for Pain JGIM3420



DISCUSSION

This study seeks to fill gaps in the current literature surround-
ing the association of marijuana policy presence on opioid
utilization patterns at the patient level. Unlike previous
population-based studies18,19, this analysis focused on initial
prescription and long-term opioid utilization in patients with
pain diagnoses. Overall, our analysis suggests that marijuana
policies have a complex relationship with opioid utilization.
Among patients receiving pharmacotherapy after presenting
with pain, we found that those residing in states with access to
recreational and medical marijuana have higher rates of both
initial and longer-term opioid use. However, among patients in
states with only medical marijuana access, both initial and
longer-term opioid use is less likely than for those residing
in states with medical and recreational laws or no marijuana
policy at all. Because initial use of opioids in our study may
potentially reflect prescribing for acute pain, which we are
unable to distinguish from initial opioid use for the treatment
of chronic pain in our analyses, and for which there is no
indication that marijuana is an effective alternative treatment,
perhaps the most relevant measures of the influence of mari-
juana policies on opioid use are measures within the 2-year
follow-up period. Notably, patients living in states with med-
ical and recreational marijuana policies were more likely to
receive ≥ 90 cumulative days’ supply of opioids in the follow-
up period than those living in states with no marijuana policy.
In general, our findings are not consistent with previous

studies that were performed at a population level, which
largely demonstrate an inverse relationship between enacted
state marijuana policies and rates of opioid prescribing and

use.18,19 For example, a study ofMedicaid enrollees found that
implementation of medical and/or recreational marijuana laws
between 2011 and 2016 resulted in a lower rate of opioid
prescribing.18 However, this analysis examined the overall
number of state-level opioid prescriptions and did not adjust
for patient-level variables known to influence opioid prescrib-
ing patterns, or take into account variations in dosage. Simi-
larly, an aggregate study was conducted in a Medicare Part D
population, which concluded that medical marijuana legaliza-
tion was associated with a lower odds of opioid use as mea-
sured by the total number of state-wide daily doses prescribed
per year.19 One study that was more closely related to ours
examined the impact of medical marijuana legalization on
opioid prescribing in a commercially insured population,
adjusting for patient-level factors such as age, gender, and
pain diagnosis.20 This report concluded that opioid prescribing
was modestly lower in states with a medical marijuana policy
enacted by December 2014, but did not take into account
recreational marijuana policies.20 The differences in our find-
ings may be due to the distinct and divergent way in which
states were categorized into comparison groups within each
study, as well as the differing timeframes examined and po-
tentially differences in patient populations.
Our study has some limitations. Most importantly, our

results are observational and utilize claims data only. Al-
though we attempted to adjust for all relevant confounders
available in our models, it is possible that other important
unmeasured confounders were not addressed. Second, as men-
tioned above, we were unable to delineate whether index
opioid was prescribed to treat acute or chronic pain. Third,

Table 3 Multivariable Analysis of Opioid Utilization by State Marijuana Policy

Opioid index Rx,
n = 83,252

Follow-up opioid Rx,
n = 111,303

Index opioid prescription
days’ supply > 7, n = 31,210

Follow-up cumulative opioid
days’ supply ≥ 90, n = 3306

Parameter Adjusted odds ratio
estimate (95% Wald
CI)

Adjusted odds ratio
estimate (95% Wald
CI)

Adjusted odds ratio
estimate (95% Wald CI)

Adjusted odds ratio estimate
(95% Wald CI)

Marijuana policy at index
Medical+recreational vs.

medical
1.90 (1.77–2.03) * 2.20 (2.01–2.42) * 0.76 (0.70–0.83) * 1.01 (0.92–1.12)

Medical+recreational vs.
none

1.72 (1.61–1.85) * 1.87 (1.71–2.05) * 0.84 (0.77–0.91) * 1.18 (1.07–1.29) *

Medical vs. none 0.91 (0.89–0.93) * 0.85 (0.83–0.87) * 1.10 (1.07–1.14) * 1.16 (1.12–1.21) *
Age 0.99 (0.99–0.99) * 0.99 (0.99–0.99) * 1.03 (1.03–1.03) * 1.03 (1.02–1.03) *
Female gender 0.89 (0.87–0.91) * 0.82 (0.80–0.84) * 0.83 (0.80–0.85) * 0.74 (0.71–0.76) *
No previous pain Rx before
index

1.04 (1.02–1.07) * 0.87 (0.84–0.89) * 0.20 (0.19–0.21) * 0.09 (0.08–0.09) *

Out-of-state pharmacy at
index

0.29 (0.28–0.30) * 0.42 (0.40–0.43) * 1.69 (1.57–1.81) * 0.82 (0.78–0.87) *

Out-of-state prescriber at
index

1.96 (1.89–2.03) * 1.67 (1.60–1.75) * 0.64 (0.61–0.68) * 0.87 (0.82–0.92) *

Benzodiazepine: index
period

1.43 (1.30–1.57) * 1.26 (1.19–1.32) * 1.76 (1.56–1.99) * 1.63 (1.56–1.71) *

Muscle relaxant: index
period

0.73 (0.71–0.76) * 1.11 (1.07–1.14) * 1.72 (1.63–1.81) * 2.16 (2.09–2.24) *

Disease burden-unique
GPI-2 count

1.02 (1.02–1.02) * 1.14 (1.14–1.15) * 1.03 (1.02–1.03) * 1.04 (1.03–1.04) *

Mental health treatment
indicator

1.24 (1.21–1.27) * 1.15 (1.12–1.19) * 1.30 (1.26–1.35) * 1.90 (1.84–1.98) *

*P < 0.001. Rx prescription, GPI generic product identifier, CI confidence interval

Neilson et al.: Marijuana Legalization and Opioids for PainJGIM 3421



during the 2-year follow-up period, some states had changes in
marijuana policies, and we were not able to adjust for those
changes given the nature of our patient-level analysis. It is
possible that members and/or prescribers in states with recre-
ational and/or medical marijuana laws had more permissive
attitudes towards use of prescription opioids during the time of
study. Fourth, use of over-the-counter pain medications that
were not processed through the patient’s pharmacy or medical
benefits were not captured in this study. Furthermore, as is the
case in other studies examining state marijuana policies and
subsequent opioid prescribing, we do not know if patients in
our study used recreational or medical marijuana to manage
either acute or chronic pain. Finally, it is important to note that
even though our study period is recent, there have been rapid
changes in attitudes and practices for prescribing opioids for
acute and chronic pain. Further analyses are needed to assess
the interaction of changing policies and prescribing patterns
for opioids, especially as they relate to opioid days’ supply and
dose limits, prescription drug monitoring programs, and pri-
vate benefit policies that may influence opioid utilization over
time.
Our study adds to the literature on the association of state

marijuana laws and use of prescription opioids for the treat-
ment of pain. Our study casts doubt that at the patient level,
recreational access to marijuana is associated with reduced
opioid utilization. Perhaps most importantly, our study does
not support the supposition that access tomarijuana (medically
or for recreation) lowers use of chronic opioids for pain.
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