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ABSTRACT
Objectives

The objectives of this dissertation are: 1) To measure the prevalence of medical marijuana use in
the U.S. and to identify predictors of medical marijuana use; 2) To measure opioid prescribing
patterns among Medicare beneficiaries within states following the implementation of medical
marijuana policies and to compare opioid prescribing patterns among Medicare beneficiaries
residing within these states compared to individuals within states without medical marijuana
policies in place; and 3) To determine if racial disparities exist in the effect of medical marijuana
policy implementation on opioid prescribing patterns among Medicare beneficiaries.

Methods

A retrospective secondary database analysis was conducted utilizing five years of the National
Survey on Drug Use and Health (NSUDH). A multivariable logistic regression model assessed
the association between prescription pain reliever use and medical marijuana in the adult U.S.
population while adjusting for substance use factors, psychiatric factors, and demographic
characteristics. A difference-in-difference fixed effects linear regression model assessed the
impact of medical marijuana policy implementation on opioid prescribing rates among Medicare
enrollees by comparing changes in prescribing levels in the year following a state-level medical
marijuana policy implementation versus states with no medical marijuana laws and states with
existing laws. Lastly, an additional difference-in-difference analysis was conducted, stratified by
race, to determine racial disparities.

Results

Within the U.S. adult population from 2015 to 2019, medical marijuana use prevalence increased
from 1.6% to 2.4%, while appropriate prescription pain reliever use decreased from 33.4% to
27.5%, and misuse decreased from 4.7% to 3.7%. Past-year medical marijuana users were
significantly more likely to use prescription pain relievers appropriately (OR=1.99, p<.001) and
misuse (OR=1.94, p<.001). Among Medicare enrollees in the year following a medical
marijuana policy implementation, opioid prescribing levels per patient increased by 98.3 MME.
However, the increase in opioid prescribing levels observed in the comparator states was
significantly greater, with an increase of 198.2 MME per enrollee among non-medical marijuana
policy states and an increase of 131.1 MME per enrollee among existing medical marijuana
policy states. When stratified by race, the difference-in-difference regression model found no
within-state racial disparities in changes in opioid prescribing levels between minorities and
white individuals within implementation states, nor any between-state racial disparities
compared to enrollees residing in non-medical marijuana states or existing medical marijuana
states.
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Conclusions

The study results show an increase in patients’ willingness to use medical marijuana to treat pain
in place of prescription opioids, along with the need for policy expansions in states with no
medical marijuana availability. Medical marijuana is a potential solution to combating increases
in opioid prescribing rates but should be initiated with other long-term strategies. No racial
disparities were found within states that implement a new medical marijuana policy, nor were
there any racial disparities found when making comparisons between states with new medical
marijuana policies versus states without medical marijuana laws and states with existing laws.
However, government entities must move forward with medical marijuana policies with
mindfulness regarding how previous marijuana policies negatively impacted the minority
population.
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CHAPTERI:

INTRODUCTION TO MARIJUANA, MEDICAL MARIJUANA, AND OPIOIDS



Marijuana

Overview of Marijuana

Cannabis is one of the oldest industrial plants commonly used for manufacturing,
medical, and recreational purposes. The use of cannabis is believed to have originated in Central
Asia and India for its uses to create durable fabric and rope.! Marijuana describes the dried
leaves, flowers, stems, and seeds derived from two species of the Cannabis plant: Cannabis
Sativa and Cannabis Indica.? The burning of the cannabis plant for ceremonial purposes dates
back as early as 3,500 BC to the Proto-Indo-European tribes living in the Pontic-Caspian steppe
during the Chalcolithic period, and the custom eventually spread throughout western Eurasia
during the Indo-European migrations.! Today, marijuana is the second most commonly used
psychotropic drug in the U.S. after alcohol.? In 2018, an estimated 43.5 million Americans over
the age of 12 used marijuana in the past year, reflecting 15.9% of the total U.S. population. This
prevalence of use reflects an increasing trend and the percentage of marijuana use in 2018 is

greater than usage from 2002 to 2017.*

Economic Impact of Marijuana Use

The legalization of marijuana for recreational and medical use has significant
implications for state economies, as well as the national economy. The U.S. cannabis market,
including recreational and medical use, was valued at $10.6 billion in 2018. This market size is

projected to reach over $97 billion by the end of 2026, exhibiting a compound annual growth



rate of 32.9% during the period of 2019 to 2026.> After breaking down this $10.6 billion
evaluation by application, roughly $5.3 billion of the revenue (50%) is from medical marijuana

use, $3.8 billion (36%) from recreational use, and $1.4 billion (14%) from industrial hemp.’

In addition to tax income, the legal marijuana industry also provides employment
opportunities in states with legal marijuana policies. The United States cannabis industry directly
employed approximately 120,000 full-time equivalents (FTEs) in 2017 while also indirectly
employing 170,000 FTEs. By 2022, direct employment within the marijuana industry is
projected to increase to roughly 330,000 FTE by 2022 with indirect employment projected to

increase to more than 467,000 FTEs.°

Effects of Marijuana

Marijuana is typically consumed through hand-rolled cigarettes (referred to as joints),
pipes, emptied cigars (blunts), vaporizers, liquid extract, and food (edibles).” After consumption,
marijuana activates the tetrahydrocannabinol (THC) receptors in the brain, which causes the
“high” experienced by the user. The short-term effects of marijuana include altered senses,
altered sense of time, mood changes, impaired body movement, cognitive decline, and impaired
memory. Other more severe short-term effects, when taken in high doses, include hallucinations,
delusions, and psychosis.” In addition to these short-term effects, previous research has found
that marijuana use can have long-term effects on brain development, especially among teenagers.
For instance, Meier et al. concluded that individuals who started marijuana use heavily during
their teenage years and had an ongoing marijuana use disorder had lost, on average, 8 1.Q. points

between the ages of 13 and 38. Furthermore, this loss of mental abilities did not fully return in



individuals who then quit marijuana use as adults. Yet, those who started marijuana use as adults

did not experience any significant 1.Q. declines.®

Marijuana Legality

The use of marijuana for recreational and medical purposes is prohibited under U.S.
federal law, and marijuana is categorized as a Schedule I illegal substance by the U.S. Food and
Drug Administration (FDA). Contrary to the federal law, as of November 2020, 15 states and the
District of Columbia have passed policies that legalize small amounts of marijuana for
recreational use among adults.” In addition to these 15 states, 12 other states have decriminalized
the possession of small amounts of marijuana for personal consumption, defined as a civil or
local legal infraction instead of a state crime or the lowest misdemeanor with no possibility of
jail sentencing.” While these state policies fall under the same categorization of
“decriminalization,” the legal penalties for possession vary significantly state to state. For
example, the District of Columbia enacted legislation that made the possession and transfer of
one ounce or less of marijuana with no remuneration a civil violation while North Dakota passed
legislation that classifies possession of marijuana up to a half-ounce as an infraction resulting in

a $1000 maximum fine.’

A total of 35 U.S. states, along with the District of Columbia, Guam, Puerto Rico, and the
U.S. Virgin Islands, have approved comprehensive, publicly available medical marijuana and
cannabis programs.'? Another 13 U.S. states have passed legislation allowing the use of low
THC, high cannabidiol (CBD) products for limited medical reasons. As of November 2020, the
only three states with absolutely no medical marijuana or cannabis-related policies in place are

Idaho, Nebraska, and Kansas.'®



These states have the ability to implement marijuana-related policies that contradict U.S.
federal laws due to the Rohrabacher—Farr amendment. First introduced in 2001 and passed in
2014, the amendment prohibits the U.S. Justice Department from spending federal funds to
supersede state laws in states that have legalized marijuana for medical use. However, this
amendment does not change the federal legality status of marijuana and must be renewed each
fiscal year to remain in effect.!! In addition to this amendment, the U.S. Deputy Attorney
General James Cole released a statement in 2013 stating that the federal government has
traditionally relied on local and state authorities to enforce marijuana activities according to their
own narcotics laws and “it is deferring its right to challenge their legalization laws at this
time.”!? In 2018, U.S. Attorney General Jeff Sessions confirmed the administration would
continue to follow this procedure and “directs all U.S. Attorneys to use previously established

prosecutorial principles.”!?

Medical Marijuana

Overview

According to the National Institute on Drug Abuse, medicinal marijuana use is defined as
“using the whole, unprocessed marijuana plant or its basic extracts to treat symptoms of illness
and other conditions.”!* Until 1937, marijuana was commonly prescribed for pain in the U.S.
until Congress proposed federal restrictions, citing reports of adverse public health effects and
increasing crime rates. This legislation was met with opposition from the American Medical

Association, who claimed there was a lack of evidence that marijuana was harmful.'



To this day, the FDA still does not approve or recognize the use of the marijuana plant as
medicine. However, pharmaceutical research of the chemicals contained within the marijuana
plant, named cannabinoids, has led to the FDA approval of two medications containing THC in a
pill form. These approved medications (Dronabinol® and Nabilone®) are prescribed to treat
nausea caused by chemotherapy and to increase appetite levels in patients with extreme weight
loss caused by HIV and AIDS. In 2018, the FDA also approved one CBD oil product,
Epidolex®, for the treatment of two rare and severe forms of epilepsy.'® Continued research is
believed to lead to more FDA approved medications in the near future, with multiple research
organizations funded National Institutes of Health (NIH) exploring the use of THC, CBD, and

other cannabinoids for multiple medical treatments.'*

Issues

Despite the economic benefits of medical marijuana laws, the U.S. federal government
continues to classify marijuana as a Schedule I substance under the Controlled Substances Act.
As aresult, marijuana is federally categorized as a substance with “high potential for dependency
and no accepted medical use, making distribution a federal offense.”!’ The Institute of Medicine
issued a report examining therapeutic uses for marijuana in response to California’s Prop 215.
This report concluded that "scientific data indicate the potential therapeutic value of cannabinoid
drugs, primarily THC, for pain relief, control of nausea and vomiting, and appetite stimulation;
smoked marijuana, however, is a crude THC delivery system that also delivers harmful
substances. The psychological effects of cannabinoids, such as anxiety reduction, sedation, and
euphoria, can influence their potential therapeutic value. Those effects are potentially
undesirable for certain patients and situations and beneficial for others. In addition,

psychological effects can complicate the interpretation of other aspects of the drug's effect."!°
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Contrary to these conclusions, studies have emerged that found marijuana is, in fact, an effective

treatment for multiple illnesses and health issues.

Medical Treatments

Medical marijuana has been found to be an effective treatment for a variety of medical
conditions. However, the FDA does not approve the use of medical marijuana for all of these
medical conditions. In fact, over 40 clinical trials of medical marijuana and cannabinoids have
been published.!” While the qualifying conditions to become a medical marijuana patient vary by
state, state-approved conditions include cancer, chronic pain, epilepsy, glaucoma, irritable bowel
syndrome, multiple sclerosis, post-traumatic stress disorder, and other psychiatric conditions.!®
Yet, the evidence for the effectiveness of medical marijuana for the treatment of these conditions

are limited and required more investigation.'’

The most common indication for medical marijuana is the treatment of pain, and
substantial evidence exists for the use of medical marijuana and cannabinoids as viable therapy
options for chronic pain and neuropathic pain. As of 2015, there were six clinical trials (totaling
325 patients) examining the effectiveness of medical marijuana on chronic pain and six clinical
trials (totaling 396 patients) examining the effectiveness of medical marijuana on neuropathic
pain. According to a review of these trials, multiple trials show significant and positive evidence
suggesting that marijuana may be efficacious for the indication of treating pain.!” As clinical
research continues to examine this area, medical marijuana is emerging as a viable treatment

among patients suffering from pain.



Opioids

Overview of Opioids

Opioids are a class of drugs derived naturally from the opium poppy plant or created
artificially in labs by imitating the same chemical structure as the plant, referred to synthetic
opioids. Substances that fall under the opioid classification include heroin, synthetic opioids such
as fentanyl, and prescription pain relievers. Prescription opioids refer to a class of opioids
available through legal prescriptions used to treat pain, and commonly prescribed opioids include
oxycodone (OxyContin®), hydrocodone (Vicodin®), oxymorphone (Opana®), morphine

(Kadian®, Avinza®), codeine and others.?

Medical Treatments

Prescription opioids have been traditionally prescribed to treat moderate-to-severe pain,
and are typically prescribed following surgical procedures, acute injuries, or for severe health
conditions including cancer and HIV/AIDS.?! However, in recent years, the medical community
has experienced a significant increase in accepting and using prescription opioids for the
treatment of chronic, non-cancer pain despite the current lack of evidence of long-term
effectiveness.?! The U.S. is currently experiencing an opioid epidemic as a result of this
prescribing trend, since opioid use disorder, overdose, and death is significantly associated with

more extended periods of opioid use.??

Epidemiology

The U.S. opioid epidemic began in the early 1990s as a result of a dramatic increase in

the prescribing of opioids to patients with chronic pain, an increase mainly attributed to



pharmaceutical manufacturers falsely marketing opioids as non-addictive.?* Shortly after this,
opioid prescribing rates increased substantially, peaking at 2.7 million new prescription opioid
users in 2002.2* In 2006, opioid prescribing increased to 72.4 prescriptions per 100 persons.?®
However, the U.S. has experienced decreased rates in opioid prescribing after the spike in 2006.
An estimated 233.7 million opioid prescriptions were filled in U.S. retail pharmacies annually
between 2006 and 2017. During this period, the average amount of opioids prescribed decreased
12.8%, high daily dosage decreased 53.1%, short-term prescribing (less than 3 three days)
decreased 43.1%, and the prescribing of extended-release and long-acting formulations
decreased 14.7%.2° From 2006 to 2017, the annual prescribing rate for high dose opioid
prescriptions greater than 90 morphine milligram equivalents (MME) per day decreased from
11.5 to 5 prescriptions per 100 persons.?> Although the U.S. is experiencing a decline in opioid
prescriptions in the past decade, the current opioid prescribing rate still reflects a 3-fold increase

from 1999.2!

Effects

When introduced into the body, opioids bind to and activate the opioid receptors located
in the brain, spinal cord, and other organs. When attached to these receptors, the opioids block
pain signals to the brain and release high levels of dopamine, resulting in pain relief and an
intense euphoric high.?”” When taken as prescribed, the adverse effects of opioids include
drowsiness, confusion, nausea, constipation, and slowed breathing.>” While opioids are generally
safe when taken as prescribed by a medical doctor and taken for a short period of time, the

medication is often misused due to the euphoria it produces.

Misuse, Addiction, and Mortality



Due to the intense euphoric effect, prescription opioids are prone to misuse and can be
misused in various ways including taking the medicine in a way other than prescribed (such as
snorting or injection), taking higher doses than prescribed, taking another individual’s
prescription, or taking the prescription solely for the euphoric high. Prescription opioid misuse
causes slowed breathing, which can lead to a dangerous lack of oxygen to the brain, referred to
as hypoxia. The adverse effects of this include coma, permanent brain damage, or even

mortality.?’

The repeated misuse of prescription opioids can eventually lead to a substance use
disorder (SUD), commonly known as addiction, a serious mental illness defined as “recurrent
use of alcohol and/or drugs causing clinically significant impairment, including health problems,
disability, and failure to meet major responsibilities at work, school, or home.”?® Individuals who
develop a SUD from prescription opioid use can experience withdrawal symptoms as early as a
few hours after last use and these withdraw symptoms include muscle and bone pain, sleep
disturbances, cold flashes, uncontrollable leg spasms, diarrhea, vomiting, severe craving for the

drug, and death.?’

An opioid overdose occurs when the individual consumes enough of the drug that their
breathing slows to a dangerous level and eventually stops, decreasing the amount of oxygen to
the brain and potentially leading to mortality. Since the opioid prescribing spike in the 1990s, the
number of overdoses and deaths related to prescription opioids has also increased. In the U.S.,
232,000 individuals have died from prescription opioid-related overdoses from 1999 to 2018,
and the number of prescription opioid-related deaths in 2018 totaled almost 15,000 deaths,
reflecting a 4-fold increase from 1999.2°0 In fact, the decline in U.S. citizen life expectancy

from 2000 to 2015 is attributed, in part, to premature deaths due to opioid overdose.*!
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Approximately 36% of all opioid-related deaths in the U.S. in 2017 involved prescription
opioids.*> However, the U.S. is experiencing a slightly decreasing trend in prescription opioid
deaths due to the recent trend in lower opioid prescribing rates. From 2017 to 2018, the rate of
prescription opioid-involved deaths decreased by 13.5%. During this period, 17 states
experienced declines in prescription opioid-related deaths, and no states experienced any
significant increases. This decrease in mortality was experienced primarily in the Midwest, West,

and South, while mortality rates in the Northeast remained stable.?’

Policies

In order to combat the opioid epidemic and attempt to reduce the negative impact of
opioid over-prescribing, multiple policies have been implemented at both the state and federal
levels. From 2010 to 2015, multiple states, including Ohio, Kentucky, Florida, New York, and
Tennessee, implemented policies that required clinicians to review prescription drug monitoring
program (PDMP) data to help combat increases in opioid prescribing. After implementing this
policy, Ohio and Kentucky experienced a decrease in MME per capita in 85% and 62% of
counties.* In April 2017, the Department of Health and Human Services (HHS) outlined its five-
point Opioid Strategy, an overarching framework to leverage the federal government’s resources
to combat the opioid crisis. The five points of the strategy were to improve access to prevention,
treatment, and recovery support services, increase availability and distribution of overdose-
reversing drugs, strengthen public health data reporting and collection, support research focused
on pain and addiction, and advance the practice of pain management.>* In September 2019,
President Trump announced $1.8 billion in funding to states for the continuation of combating
the opioid crisis in order to facilitate the expansion of access to treatment and to support real-

time data collection on the overdose crisis.>® In recent years, the legalization of medical
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marijuana for the treatment of chronic pain in replacement of prescription opioids has emerged

as another potential policy solution to the opioid epidemic.

Need for Study

Introduction

There is a current debate in the medical and healthcare research field as to whether
medical marijuana is a safe and effective alternative to prescription opioids. There are multiple
arguments for the legalization of medical marijuana for the treatment of pain that are supported
by previous research. Previous research has found that medical marijuana use is statistically
associated with improvement in pain levels and physical functioning in chronic pain patients.'”-
State medical marijuana policies are also associated with decreased prescription opioid use,
fewer prescription opioid-related hospitalizations, lower rates of opioid-related overdoses, and

reduced national health care expenditures.?”-

Although a plethora of evidence exists surrounding the benefits of medical marijuana for
the treatment of pain in the replacement of prescription opioids, there are some arguments
against the treatment option. In a secondary analysis of the National Epidemiologic Survey on
Alcohol and Related Conditions (NESARC), Cerda et al. concluded that residents within states
with legalized medical marijuana had significantly higher odds of marijuana use, abuse, and
dependence compared to residents in states without medical marijuana laws.>* The decision to
implement medical marijuana laws are also influenced by potential adverse health effects of the

drug, including impaired cognitive abilities, psychosis, pulmonary effects, and interactions with
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other prescription drugs.*® The legalization of medical marijuana also introduces other threats to
public health including increases in intoxicated driving and unintentional ingestion of marijuana

products by children.*’

Previous Medicare Studies

The increasing use of prescription opioids among older patients is a continuing problem
in the U.S., which is believed to be driven by increasing rates of addiction, efforts to improve the
undertreatment of pain, and industry efforts to promote prescription opioid use.*! Therefore, it is
vital to the public health to determine if medical marijuana is being used to a clinically
significant degree as an alternative to prescription opioids among Medicare enrollees. A previous
study by Bradford and Bradford in 2016 found that the use of prescription medications for the
treatment of pain among Medicare Part D enrollees decreased significantly once a medical
marijuana law was implemented. Additionally, the authors estimated a $165.2 million national
overall reduction in Medicare and enrollee spending per year after a state medical marijuana
policy implementation.** In a follow-up study, Bradford et al. found that patients within states
with medical marijuana laws filled fewer daily doses of any opioid compared to patients within

states without medical marijuana laws.*

Issues with Previous Research

While a few previous studies have observed the impact of medical marijuana policy
implementation on opioid prescribing patterns among Medicare enrollees, these studies engage
in the fatal flaw of aggregating patient-level data on a state level. In a letter to the editor in the
Journal of the American Medical Association (JAMA), Finney et al. highlighted the flaws

surrounding Bachhuber et al.’s study that concluded states with medical marijuana laws
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experience lower opioid-related mortality rates.>®* The authors of the letter argue that any study
inferring individual-level relationships from relationships at higher levels of aggregation are
engaging in the well-known ecological fallacy and state “no state-level analysis, no matter how
completely specified, can tell us whether pain patients are more or less likely to die from opioid
medication overdoses if they use medical marijuana. Instead, prospective data on individual pain
patients’ marijuana, opioid pain medication, and other substance use, as well as higher-level data
(e.g., rigor of state medical marijuana regulation, county-level availability of legal medical
marijuana from dispensaries), need to be analyzed with multilevel or “mixed-effects” models to
partition the possible effects of patient and policy variables on subsequent patient-level pain

medication use and mortality risk.”**

Conclusion

Although some healthcare research exits that supports medical marijuana as both an
effective and safe treatment for pain, making it a viable replacement option for opioids, the
current body of literature surrounding this topic is sparse and contains notable limitations. It is
essential from both public policy and public health standpoints to determine if medical marijuana
is a viable option to combat the opioid epidemic, especially within the older population who are
at a higher risk of suffering from conditions in which opioids are used to treat. This goal can be
accomplished by comparing changes in opioid prescribing rates in states after implementing
medical marijuana policies versus states with no such policies in place utilizing administrative
claims data at the patient level. In addition to this goal, it is also vital to determine if racial
disparities exist in the relationship between medical marijuana policy implementation and opioid
prescribing patterns, due to the vast and negative racial history behind marijuana policies in the

U.S.* An assessment of the effects of medical marijuana policy implementation on opioid
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prescribing patterns can be utilized by both federal and state government officials and
policymakers to guide future decisions regarding the legalization of marijuana for the treatment

of pain.

Specific Aims and Objectives

The overall aim of this study is to determine the prevalence of medical marijuana use in
the U.S. and to identify social and demographic predictors of medical marijuana use.
Additionally, this study sets out to determine if medical marijuana policy implementation at the
state government level is a viable solution to reducing the increasing trend of opioid prescribing
among older patients enrolled in Medicare, and to determine if racial disparities influence the
impact medical marijuana policy implementation on opioid prescribing patterns among Medicare

beneficiaries. The specific study objectives are as follows:

1. To measure the prevalence of medical marijuana use in the U.S. and to identify
predictors of medical marijuana use.

2. To measure opioid prescribing patterns among Medicare beneficiaries within states
following the implementation of medical marijuana policies and to compare opioid
prescribing patterns among Medicare beneficiaries residing within these states
compared to individuals within states without medical marijuana policies in place.

3. To determine if racial disparities exist in the effect of medical marijuana policy

implementation on opioid prescribing patterns among Medicare beneficiaries.
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INTRODUCTION

The prevalence of chronic pain has increased dramatically in the past 20 years and affects
a significant proportion of U.S. adults.! In 2016, an estimated 20.4% of U.S. adults (50 million)
suffered from chronic pain, defined as experiencing pain on most days or every day in the past
six months. Roughly 19.6 million individuals (8.6%) experience high-impact chronic pain,
defined as pain that limits life or work activities on most days or every day in the past six
months.? Pain has a severely negative impact on an individual's quality of life and is the most
commonly cited condition among Americans receiving disability benefits, with the societal cost

of chronic pain estimated to be between $560 to $630 billion per year.!

As a result of this trend, opioid prescribing rates in the U.S. have increased substantially,
with an estimated 5 to 8 million individuals using opioids for long-term chronic pain
management.! Because opioids have been clinically proven to treat pain effectively, the
medication is commonly prescribed to patients with chronic pain and is associated with serious
adverse events such as physical dependence, addiction, transition to heroin use, overdose, and
death.’>=> The Centers for Disease Control and Prevention (CDC) has issued strict guidelines for
opioid prescribing to combat these adverse outcomes and has also shifted focus towards the need

to identify other treatment options for chronic pain.’

Healthcare professionals have called for the substitution of opioids with medical

marijuana, mainly due to its lack of fatal overdose.”® However, medical marijuana for pain
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treatment is not a perfect solution to the opioid crisis and has some drawbacks, including
cognitive and motor impairment, adverse events, and no standard product formulations.® The
American Academy of Neurology has endorsed cannabinoids (chemical compounds secreted by
marijuana flowers) to treat multiple sclerosis-related pain and spasticity. However, the
organization acknowledges the current lack of evidence.” In 2015, Whiting et al. conducted a
meta-analysis of 79 randomized clinical trials testing the benefits and adverse events of
cannabinoids in treating chemotherapy-related vomiting and nausea, HIV/AIDS-related appetite
loss, chronic pain, multiple sclerosis spasticity, depression, anxiety disorder, psychosis,
glaucoma, or Tourette syndrome. The results showed that a majority of trials demonstrated
improvement in symptoms after cannabinoid use, but statistical significance was not found in all
trials. Cannabinoids were found to be significantly associated with a decrease in chemotherapy-
related nausea and vomiting (3 trials), lower self-assessed pain levels (8 trials), reduction in
numerical rating scale pain assessments (6 trials), reduction in spasticity (5 trials), improvement
in the visual analog mood scale's anxiety measurement (1 trial), decreases in the sleep apnea-
hypopnea index (1 trial), and improvement in Tourette syndrome tic severity (1 trial). No
significant differences were associated with cannabinoids within the psychosis and glaucoma
trials.!® Despite these positive findings, cannabinoids were associated with a much greater risk of
any adverse event, serious adverse events, withdrawal from the trial due to adverse events, and

the total number of specific adverse events.'”

Despite the need for further evidence establishing efficacy and safety, medical marijuana
for pain management has reached higher levels of public acceptance, as highlighted by the
increasing number of states allowing marijuana use for pain treatment. Even with the U.S.

federal government's prohibition on marijuana use for any purpose, 35 U.S. states and the
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District of Columbia have legalized medical marijuana as of March 2020. A large portion of
these states (15, 43%) passed their medical marijuana legislation during a six-year time period
between 2013 and 2018, including Arkansas, Florida, Illinois, Louisiana, Maryland, Minnesota,
Missouri, New Hampshire, New York, North Dakota, Ohio, Oklahoma, Pennsylvania, Utah, and
West Virginia.!! The passage of such policies in a short period suggests a need for research
detailing national rates of medical marijuana use along with information specifying who is
engaging in medical marijuana use and what clinical, social, and demographic factors make an

individual more likely to use.

Multiple previous studies have utilized large public national datasets, including the
National Survey on Drug Use and Health (NSDUH), to identify outcomes associated with state
medical marijuana policy implementation. Most of these studies observed outcomes associated
with state medical marijuana laws versus states without, with a primary focus on changes in
recreational marijuana use prevalence. Cerda et al. tested the relationship between state-level
legalization of medical marijuana and marijuana use, abuse, and dependence utilizing the 2004
National Epidemiologic Survey on Alcohol and Related Conditions (NESARC). Individuals
residing in states with medical marijuana laws had higher odds of marijuana use (OR=1.92) and
marijuana abuse or dependence (OR=1.81) compared to individuals in other states. However,
abuse and dependence prevalence were no different among marijuana users across state groups,
suggesting that higher rates of marijuana use account for higher abuse and dependence rates.'?
Martins et al. found higher marijuana use rates after the passage of medical marijuana laws
(5.9% vs. 7.2%) using 2004-2013 NSDUH data.!* Focusing on adolescents using 2002-2008
NSDUH data, Wall et al. also reported a higher average marijuana use rate in states with medical

marijuana laws (8.7% vs. 6.9%).'* Similarly, Wen et al. utilized 2004-2012 NSDUH data to
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estimate the effect of medical marijuana laws on adolescent and adult marijuana use. The authors
discovered that medical marijuana law implementation is associated with a 14% increase in the
probability of almost daily or daily marijuana use, a 10% increase in the probability of marijuana
abuse or dependence, and a 5% increase in the probability of marijuana use initiation among
those aged 12-20.'° However, Harper et al. found contradicting results using 2002-2009 NSDUH
data, with a difference-in-difference analysis revealing that medical marijuana laws decreased
past-month marijuana use by 0.53%.'° Other secondary outcomes associated with medical
marijuana law implementations reported in the above studies included increases in perceived
marijuana availability,'* lower perception of marijuana use riskiness,'# and higher frequencies of

binge drinking among those older than 21.13

Previous studies utilizing NSDUH data have documented the relationships between
medical marijuana laws and prescription drug use. First, Compton et al. examined differences
between medical and non-medical marijuana users across all U.S. states utilizing 2013-2014
NSDUH data. Compared to individuals who only use marijuana recreationally, medical
marijuana only users were less likely to misuse prescription stimulants (AOR=0.5) and
prescription pain relievers (AOR=0.7).!” Wen et al. found no significant relationship between
medical marijuana law implementation and non-medical prescription pain reliever use when
utilizing 2004-2012 NSDUH data.'> However, these findings are contradicted by Caputi and
Humphreys when using the 2015 NSDUH data, who found that medical marijuana users were
significantly more likely to report past-year use of any prescription drugs (RR=1.62) and past-
year misuse of any prescription drugs (RR=2.12).! These inconsistent results confirm a gap in
the current literature regarding whether medical marijuana laws increase or decrease prescription

drug use and misuse.
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The results of the studies described above must be interpreted with caution due to
limitations in their methodology. NSDUH did not assess individual-level use of medical
marijuana until the 2013 survey. For this reason, the majority of previous studies were
constrained to creating ecological correlations from state-level medical marijuana laws and
assuming that the relationships between state-level data will be reflected in individual behavior.
Making such inferences of individual-level relationships from aggregated population-level data
runs the risk of committing the ecological fallacy. Illustrated by Robinson more than 70 years
ago, the ecological fallacy states that relationships between population-level and individual-level
variables can differ in magnitude and direction.'” To accurately assess the relationship between
medical marijuana use and prescription drug use, individual-level analyses must be conducted

using survey respondent-reported medical marijuana use.

The ecological fallacy was avoided in only two studies in the current literature assessing
the relationship between medical marijuana laws and prescription drug use by using individual-
level reports of medical marijuana use in the NSDUH data.!”!® Yet, these studies only observed
this relationship from 2013 to 2015. The impact of medical marijuana laws on prescription drug
use has not been studied in the nine states that have passed such laws after 2015 (Arkansas,

Florida, Louisiana, North Dakota, Ohio, Oklahoma, Pennsylvania, Utah, and West Virginia).

Despite the massive increase in the number of states enacting medical marijuana policies,
there is currently a lack of research outlining the role individual-level factors play in determining
medical marijuana use, especially regarding previous use of prescription opioids. This study adds
several contributions to the current literature surrounding medical marijuana policy
implementation. First, this study is the first to observe the predictors of medical marijuana use

utilizing the most current NSDUH data and analyzing all NSDUH data following the addition of
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individual-reported medical marijuana use. Second, the study's timeliness with current U.S.
policy trends increases the study findings' applicability. Fifteen of the 36 states and territories
with medical marijuana laws implemented their policy during the study period. Third, this study
assessed a wide range of individual-level factors that potentially influence medical marijuana use
to provide a more comprehensive depiction of individuals who engage in medical marijuana use.
Lastly, the study results can help policymakers better understand the population that engages in

medical marijuana use to help prepare for future medical marijuana policy implementation.

The overall aim of this study was to determine the prevalence of medical marijuana use
in the U.S. and to identify clinical, social, and demographic predictors of medical marijuana use.
The individual objectives of the study were: 1) to measure the prevalence of past-year medical
marijuana use and the prevalence of past-year prescription pain reliever use among U.S. adults
from 2015 to 2019, 2) to identify significant changes in medical marijuana use and prescription
pain reliever use from 2015 to 2019, and 3) to evaluate the association between past-year

prescription pain reliever use and medical marijuana use.

METHODS

Data Source and Study Design

A retrospective secondary database analysis was conducted utilizing five years (2015-
2019) of the National Survey on Drug Use and Health (NSDUH) data, an annual face-to-face
survey of noninstitutionalized U.S. civilians aged 12 years or older. NSDUH is sponsored by the

Substance Abuse and Mental Health Services Administration (SAMHSA), a federal government
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agency within the U.S. Department of Health and Human Services (HHS), and all aspects of the
study, including data collection, analyses, and reporting, are managed by SAMHSA's Center for
Behavioral Health Statistics and Quality. The NSDUH provides data on tobacco, alcohol,
marijuana, prescription medications (including pain relievers, tranquilizers, stimulants, and
sedatives), illicit substances use, and information on mental health and psychiatric services
utilization. The goal of NSDUH is to provide relevant national drug usage data to drug

prevention, treatment, and research organizations.?

NSDUH employs an independent stratified multistage area probability sampling method
to produce representative results at national and state levels for all 50 states and the District of
Columbia. Each state is stratified into approximately equally populated state sampling regions,
and census tracts within each state sampling region are selected, followed by census block
groups within census tracts and area segments. Dwelling units are then selected within area
segments, and up to two residents over 12 in each dwelling unit are selected for the interview.?!
Lastly, a professional interviewer employed by an independent, nonprofit organization (RTI
International) conducts the in-person interview at the residence. Participation in NSDUH is
voluntary, and the participant receives $30 in cash compensation. Computer-assisted
interviewing is made available to increase participants' willingness to provide sensitive

information.??

Study Sample

The study included respondents from the 2015 to 2019 NSDUH interviews. Despite the
addition of medical marijuana use prevalence in 2013, NSDUH implemented significant changes

in the measurement of pain reliever use and medical marijuana use prevalence beginning in the
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2015 survey and NSDUH states pre-2015 data should not be compared to post-2015 data.?’
Therefore, our study's analysis began using 2015 data. The NSDUH interviewee population
consists of residents of U.S. households, individuals in noninstitutionalized housing (shelters,
boarding homes, college dormitories, migrant worker camps, and halfway houses), and civilians
living within U.S. military bases.?* Due to the NSDUH methodological design, the study
excluded those with no fixed address, active-duty military personnel, and institutionalized
civilians residing in prisons, residential substance abuse treatment facilities, nursing homes,
mental institutions, and long-term care hospitals. This study also excluded individuals under 18
due to differences in NSDUH's definitions and operationalization of substance use and mental
health disorders in minors versus adults. Individuals with missing responses for medical
marijuana use were also excluded from the regression analyses. Due to data limitations,
participants cannot be tracked longitudinally from year to year, and surveys from different years

may contain unidentifiable duplicate respondents.

Study Variables

The key outcome variable measured in this study was any medical marijuana use in the
past year. If respondents indicated that they had used marijuana in the past year, an additional
question is prompted: "Earlier, you reported using marijuana in the past year. Was any of your
marijuana use in the past 12 months recommended by a doctor or other health care
professional?" An NSDUH-created variable indicates whether respondents were living in a state
where a law allowing marijuana use for medical reasons had been passed at the time of the
interview. Individuals can answer "yes" to the medical marijuana use question, regardless of

whether they reside in a state with medical marijuana policies in place.
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The study's primary exposure measure was any past year prescription pain reliever use.
Individuals were split into three exclusive groups for this measure: any past year prescription
pain reliever use but no misuse (appropriate use), any past year prescription pain reliever misuse,
and no past year pain reliever use or misuse. NSDUH defines any use of prescription drugs as
"either the use of one's own prescription medication as directed by a doctor or the misuse of
prescription drugs." Prescription drug misuse is defined as "use in any way not directed by a
doctor, including use without a prescription of one's own medication; use in greater amounts,
more often, or longer than told to take a drug; or use in any other way not directed by a doctor."
During the interview, respondents were shown names and pictures of prescription pain relievers
and were asked, "In the past 12 months, which, if any, of these pain relievers have you used?"
This question is accompanied by the statement, "Remember, do not report your use of "over-the-
counter" pain relievers such as aspirin, Tylenol, Advil, or Aleve." NSDUH then creates an
imputed, dichotomous variable for any pain reliever use in the past year. NSDUH cautions
researchers against using the lifetime use or misuse of prescription drug variables in analyses,
due to potential recall bias. For this reason, the study only used past 12-month use variables for

all analyses.

Demographic, psychiatric, and substance use factors were included in the analysis as
covariates to control for overlapping exposures that may impact medical marijuana use. The
demographic covariates included age, gender, race, employment status, health insurance status,
population density, self-reported health status, and residing in a medical marijuana state. The
psychiatric and substance use covariates were serious mental illness (SMI), major depressive
episode (MDE), heavy alcohol use, cocaine use, heroin use, stimulant misuse, nicotine

dependence, non-marijuana-related substance use disorder, and perceived risk of smoking
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marijuana 1 to 2 times per week. These factors were based on a previous study by Compton et al.
identifying sociodemographic, mental, and physical health characteristics associated with
medical marijuana use utilizing the 2013-2014 NSUDH datasets.!” All covariates were measured
as past-year rates, except for heavy alcohol use and nicotine dependence, which are reported as
past-month usage. Wherever directly reported demographic characteristics were unavailable,

values logically assigned in the editing process or statistically imputed by SAMSHA were used.

Data Analysis

Data from all five years of surveys were combined, and a dummy variable for "year" was
created. Weighted samples adjusting for NSDUH-created sampling weights, clustering, and data
stratification were reported. Descriptive statistics depicted baseline individual demographic
characteristics, medical marijuana use prevalence, and prescription pain reliever use prevalence.
For categorical variables, frequency and percentage distributions were reported. Statistical
comparisons were conducted between medical marijuana users and nonusers using Pearson chi-
square tests to identify significant differences. Means and standard deviations were reported for
continuous variables, and t-tests were used to identify significant differences. An analysis of
variance (ANOVA) was conducted to determine significant changes in medical marijuana use

and prescription pain reliever use across the five years of survey data.

A multivariable logistic regression model was utilized to assess the association between
prescription pain reliever use and medical marijuana use while adjusting for the substance use
factors, psychiatric factors, and demographic characteristics. Since individuals can respond "yes"
to past year medical marijuana use regardless of whether they were living in a medical marijuana

approved state, descriptive statistics were run to assess the number of individuals using medical
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marijuana in states with no medical marijuana policies. An additional multivariable logistic
regression model was conducted exclusively among individuals residing in non-medical
marijuana states to address gaps in access to medical marijuana. An additional weight variable
was created to allow for the multiple-year data analysis. Following NSDUH guidelines, the
additional weight variable was created by dividing the single-year weights by the number of data
years used (five) so that the estimated number of individuals reported is representative of the
national population.?> All results were reported on a per-year basis. Odds ratios with 95%
confidence intervals were reported for all variables in the model. All data management and

analysis were done using SAS Enterprise Guide version 6.1.

RESULTS

The final weighted study sample consisted of an average of 246,733,772 individuals per
year from 2015 to 2019. Past-year medical marijuana use prevalence was reported in 4,771,828
respondents (1.94%), of which 3,080,831 (1.25%) reported only using medical marijuana in the
past year, and 1,682,752 (0.68%) reported using both medical marijuana and recreational
marijuana in the past year. As for prescription pain reliever use, 75,151,310 individuals (30.46%)
used prescription pain relievers appropriately in the past year, and 10,147,676 individuals

(4.11%) misused prescription pain relievers in the past year.

Demographic characteristics of the study population across the medical marijuana use
groups (use vs. no use) are outlined in Table 2.1. Individuals who used medical marijuana in the

past year were significantly more likely to be younger (p<.001), male (p<.001), non-Asian
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Yes 0.61 0.41 0.91 0.016*
Stimulant Misuse (Ref = No)
Yes 0.84 0.69 1.02 0.083
Nicotine Dependence (Ref = No)
Yes 1.54 1.38 1.72 <.001*
Non-Marijuana Substance
Dependence (Ref = No)
Yes 1.05 0.85 1.29 0.644
Perceived Risk of Marijuana Use
(Ref = Great Risk)
No Risk to Moderate Risk 15.80 12.28 20.34 <.001%*
Residing in Medical Marijuana State
(Ref = Nonmedical State)
Medical Marijuana State 4.25 3.79 4.78 <.0001*
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Table 2.4 Adjusted odds ratios predicting past-year medical marijuana use (non-medical

marijuana state residents only)

Variable Odds Ratio 95% UCI 95% LCI p-value
Pain Reliever Use (Ref=No Use)
Appropriate Use 1.80 1.41 2.28 <.001*
Misuse 2.11 1.49 2.99 <.001%*
Age (Ref =18-25)
26-34 0.86 0.72 1.03 0.090
35-49 0.59 0.46 0.74 <.001*
50-64 0.33 0.23 0.47 <.001*
65+ 0.10 0.06 0.19 <.001*
Gender (Ref = Female)
Male 1.47 1.17 1.84 0.002*
Race (Ref = White)
African American 1.20 0.96 1.48 0.102
Asian 0.24 0.09 0.62 0.004*
Hispanic 0.81 0.54 1.20 0.286
Other 1.30 0.90 1.88 0.153
Employment Status (Ref = Full-time)
Part-time 1.16 0.84 1.60 0.358
Unemployed 2.07 1.46 2.93 <.001*
Other 1.88 1.51 2.33 <.001*
Health Insurance Status
(Ref = Insured)
Not Insured 1.04 0.80 1.35 0.745
Population Density
(Ref = Fewer than 1 million)
1 million or more 1.21 0.97 1.49 0.087
Not in a CBSA 0.80 0.56 1.14 0.213
Self-Reported Health Status
(Ref = Excellent)
Very Good 0.84 0.61 1.17 0.303
Good 1.20 0.89 1.61 0.225
Fair/Poor 2.21 1.63 2.99 <.001*
Serious Mental Illness
(Ref = No SMI)
SMI 1.60 0.98 2.59 0.059
Major Depressive Episode
(Ref =No MDE)
MDE 1.12 0.70 1.78 0.636
Heavy Alcohol Use (Ref = No)
Yes 0.92 0.70 1.21 0.535
Cocaine Use (Ref = No)
Yes 2.25 1.53 3.31 <.001*

Heroin Use (Ref = No)
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Yes 1.32 0.68 2.60 0.406
Stimulant Misuse (Ref = No)

Yes 0.99 0.69 1.42 0.951
Nicotine Dependence (Ref = No)

Yes 2.25 1.75 2.89 <.001%*
Non-Marijuana Substance
Dependence (Ref = No)

Yes 1.00 0.69 1.43 0.986
Perceived Risk of Marijuana Use
(Ref = Great Risk)

No Risk to Moderate Risk 7.96 4.63 13.69 <.001%*

* Statistically significant, p<.05
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Figure 2.1 Changes in Pain Reliever Use, Misuse, and Medical Marijuana Use
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CHAPTER III:

THE IMPACT OF MEDICAL MARIJUANA POLICY IMPLEMENTATION ON

OPIOID PRESCRIBING PATTERNS AMONG MEDICARE BENEFICIARIES: A

DIFFERENCE-IN-DIFFERENCE ANALYSIS
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INTRODUCTION

Over the past 15 years, physicians have become more willing to treat chronic and acute
pain with opioid medications. Furthermore, physicians have acknowledged the undertreatment of
pain along with recognizing pain as the “fifth vital sign.”!> As a result of this trend, opioid
prescribing rates have increased significantly over the past two decades. Despite leveling off in
2012, the amount of opioids prescribed in morphine milligram equivalents (MME) per individual
is still three times higher than in 1999.? According to the Centers for Disease Control and
Prevention (CDC)’s 2019 Annual Surveillance Report of Drug-Related Risks and Outcomes,
15.0% of the U.S. population, or 49,515,948 individuals, filled at least one opioid prescription in
2018. Each of these individuals received an average of 3.4 prescriptions per year, and the total
opioid prescription fill rate was 51.4 prescriptions per 100 individuals. In 2018, the total dosage
of opioid prescriptions dispensed was 138,900,570,581 MME, with the average daily dosage per

prescription being 42.9 MME.?

As aresult of these prescribing trends, the origin of the opioid epidemic is primarily
attributed to prescription opioids. In 2018, the CDC reported that 9,948,000 individuals, or 3.6%
of individuals 12 years or older, misused a prescription pain reliever in the past year. In the same
age group, 1,694,000 individuals (0.6%) were found to have a substance use disorder involving
prescription pain reliever misuse in the past year.? These high rates have resulted in a significant
increase in overdose hospitalizations, emergency department visits, and mortality. In 2016, the

CDC estimated that 91,840 hospitalizations occurred due to opioid-related poisonings, reflecting
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an age-adjusted rate of 26.6 hospitalizations per 100,000 individuals. In the same year, an
estimated 197,970 emergency department visits occurred due to opioid-related poisonings,
reflecting an age-adjusted rate of 62.0 visits per 100,000 individuals.? In 2017, 17,029
individuals in the U.S. died due to prescription opioid overdose, an age-adjusted rate of 5.2 per
100,000 individuals. This overdose rate reflects a four-fold increase from 1999 when the opioid
mortality rate was 1.2 per 100,000 individuals.® Despite the recent decrease, prescription opioids
still accounted for roughly 36% of all opioid-related overdoses in 2017.% These statistics
highlight the need for government policies that control the demand for opioids in order to
mitigate the negative impacts on public health and aid in the battle against opioid-related

morbidity and mortality.

State-level policies legalizing marijuana for medical purposes have emerged in recent
years as a potential solution to ameliorating the opioid crisis's harmful effects.*® Since the first
medical marijuana policy implementation by California in 1996, 33 U.S. states and the District
of Columbia have legalized some form of marijuana for medical treatments.” These states outline
approved medical conditions for a patient to qualify for medical marijuana access, and all states
list chronic pain as an approved condition, either directly or indirectly.® The National Academies
of Sciences, Engineering, and Medicine (NASEM) released a report in 2017 that provided an in-
depth and broad review of the current and existing scientific literature surrounding marijuana
use, with nearly 100 research conclusions on its public health impact. There are three research
conclusions made by NASEM that are relevant to this study: 1) chronic pain is the most
commonly cited primary condition for the use of medical marijuana, 2) adults with chronic pain
who are treated with cannabis or cannabinoids within well-controlled clinical trials have a higher

likelihood of clinically significant reductions in pain symptoms, 3) there is evidence that
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individuals are engaging in cannabis use for the replacement of conventional pain medications,
despite the lack of approval by the Food and Drug Administration (FDA) for chronic pain

treatment.’

Chronic pain is one of the most common medical conditions treated among patients 65
years and older.!® According to the CDC, the prevalence of chronic pain is 27.6% among
individuals between 65 and 85, increasing to 33.6% among those over 85. This disproportionate
burden of chronic pain is evident when comparing this prevalence to the total U.S. prevalence of
20.4%.!! Contrary to popular belief, pain is not an attribute of physiological aging. Chronic pain
among older individuals can contribute to functional deterioration, decreased mobility,
depression and anxiety, sleep impairment, increased fall risk, mood disorders, and dependence

on institutional care.!*!3

Due to the high levels of chronic pain in the population, older individuals in the U.S. are
disproportionally affected by the adverse outcomes of the opioid epidemic. According to the
CDC, opioid prescribing levels are significantly higher among older individuals, with 25% of
individuals over the age of 65 filling at least one opioid prescription in the past year.’ Opioid
poisoning-related hospitalizations are significantly more common among this age group, with a
rate of 35 per 100,000 individuals, compared to 26.6 among all age groups.® In a 15-year study
of U.S. opioid mortality from 2001 to 2016, older individuals experienced the largest relative
increase in the proportion of opioid-related deaths, with a 754% increase from 0.2% to 1.7%
among individuals 55 to 64 and a 635% increase from 0.01% to 0.07% among individuals 65 and

older. In 2016, 18.4% of all opioid-related deaths were among individuals aged 55 and older.!*
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Interestingly, previous research has found a growing appeal for medical marijuana as a
potential alternative to prescription opioids among older adults. First, marijuana use among
adults older than 50 has increased dramatically and outpaced the recent growth found across all
other age groups. From 1999 to 2001, the prevalence of past-year marijuana use among
individuals over the age of 50 was 1.0% and projected to reach 2.9% by 2020 due to the aging
baby boomer generation.!> However, the Substance Abuse and Mental Health Administration
(SAMHA) found that past-year marijuana use prevalence among this age group reached 7.8% in
2018, with a past-month use prevalence of 4.9%.'¢ Similar trends have been observed in
individuals over the age of 65, with a prevalence of past-year use increasing from 0.4% in 2006
to 2.9% in 2016.718 This prevalence has been found to continuously increase when observing
more current data, with a 75% relative increase in past-year marijuana use from 2.4% in 2015 to
4.2% in 2018." The U.S. is currently in unique period in which the adult population aged 65
years and older is projected to double by 2030, and the global legal cannabis market is
forecasted to increase four-fold from $17.7 billion in 2019 to $73.6 billion by 2027.2! For this
reason, research surrounding the viability of medical marijuana as an alternative to opioids
among older adults is critical to providing policymakers with evidence to manage this public

health challenge.

Due to the increase in medical marijuana legalization, the need for clinically effective
alternatives to opioids among older patients, and the medical community’s growing acceptance
of marijuana as an opioid alternative, one would assume a significant uptake in marijuana use as
a substitution for existing opioid prescriptions among Medicare enrollees. However, only two
previous studies have investigated the impact of medical marijuana policy implementation on

opioid prescribing among older individuals enrolled in Medicare. First, Bradford and Bradford
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attempted to broadly address this research question by observing changes in physician-level
prescribing patterns for nine conditions in which marijuana could serve as a clinical alternative,
one of which was pain.?? The authors utilized Medicare Part D Prescription Drug Event (PDE)
Standard Analytic Files from 2010 to 2013. Physicians were categorized as either practicing in a
state with or without a medical marijuana policy, and the outcome of interest was total daily
doses per physician per year. The authors then conducted a difference-in-difference analysis for
each of the nine condition categories while adjusting for physician and state-level characteristics.
The results demonstrated a significantly higher level of daily doses in medications used to treat
pain among physicians practicing in states without medical marijuana laws (31,810.07 vs.

28,165.54 daily doses per physician per year, p<.01).2?

The second study by Bradford et al. examined the association between opioid prescribing
patterns in Medicare Part D and the implementation of state medical marijuana laws utilizing the
2010 to 2015 Medicare Part D Prescription Drug Event (PDE) Standard Analytic Files.?* Similar
to the previous study, physicians were categorized as practicing in a medical marijuana state or
not practicing in a medical marijuana state. The key dependent variable was the total number of
daily doses for any opioid medication collected at the physician level and then aggregated to a
state level. Using an adjusted linear regression model and adjusting for state-level covariates, the
authors found no significant association between medical marijuana laws and daily doses filled
for any prescription opioid (OLS Coefficient=-2.211, 95% CI=-4.574-0.152, p=.06). However,
access to medical marijuana via a dispensary was associated with a significant decrease (14.4%)
in opioid prescribing levels when modeled separately (OLS Coefficient=-3.742, 95% CI=-6.289—

-1.194, p=.005).%
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Due to methodological approaches, the results of the two studies outlined above may not
be able to accurately conclude whether medical marijuana policy implementation does or does
not significantly impact opioid prescribing rates. First, the Bradford and Bradford study included
all medications approved by the FDA for pain treatment, including medications associated with
fewer adverse events compared to opioids, such as adrenal cortical steroids, anticonvulsants,
antidepressants, antirheumatics, and muscle relaxants. As a result, the study findings cannot be
generalized to changes in opioid-specific prescribing patterns. Second, and most importantly,
both studies did not use patient-level data in their analysis, with the Bradford and Bradford study
using physician-level data and the Bradford et al. study using state-level aggregated data with
one observation per state per year. Additionally, both analyses were adjusted for state-level
covariates instead of individual-level covariates that may influence opioid prescribing. The flaws
of this methodological approach are detailed in Finney et al.’s commentary published in the
Journal of the American Medical Association®* in response to Bachhuber et al.’s study using the
same state-level data aggregation methodology to determine the association between state
medical marijuana laws and opioid overdose mortality.>> Studies that infer individual-level
relationships from data aggregated at a higher level engage in the “ecological fallacy.”?® The
authors conclude by stating, “no state-level analysis, no matter how completely specified, can tell
us whether pain patients are more or less likely to die from opioid medication overdoses if they
use medical marijuana.”?* Given the identical methodological approaches, the results of the two
studies outlined above cannot be used to conclude that medical marijuana laws decrease opioid

prescribing patterns.

Currently, the literature does not discern whether marijuana is being use in a clinically

meaningful way to replace prescription opioids among older adults enrolled in Medicare. The
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overall aim of this study was to determine the impact of medical marijuana policy
implementation on opioid prescribing patterns among Medicare enrollees using Medicare
administrative claims data from 2012 to 2015. The specific objectives were to: 1) capture opioid
prescribing patterns among Medicare beneficiaries within states following the implementation of
a medical marijuana policy, 2) identify trends in opioid prescribing among Medicare
beneficiaries before and after medical marijuana policy implementation, and 3) determine the
impact of medical marijuana policy implementation on opioid prescribing practices by

comparing states with and without comparable policies.

METHODS

Data Source

The study utilized the 5% national sample of the 2012-2015 Medicare administrative
claims data. Medicare is a federally administered health insurance program that covers U.S.
residents aged 65 years or older and patients with disabilities and end-stage renal disease. Every
claim in the 100% Medicare administrative claims dataset is associated with a Health Insurance
Claim (HIC) number. The Centers for Medicare and Medicaid Services (CMS) creates the 5%
national sample by selecting records with 05, 20, 45, 70, or 95 in positions 8 and 9 of the HIC
number.?” The Medicare data contain healthcare services records, including institutional
(inpatient), non-institutional, outpatient, and pharmacy claims. These records can be linked to
each other and to identifiable beneficiary sociodemographic information using a common
encrypted unique beneficiary identification number. Beneficiaries enrolled in Medicare parts A,
B, and D were considered for inclusion. The Medicare beneficiary master file was utilized to
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collect information on patients’ demographic characteristics, eligibility, and enrollment status.
The Medicare prescription drug events file will be utilized to collect information on patients’
prescription fills. The study has received approval and a HIPAA authorization waiver from the
University of Mississippi’s Institutional Review Board, and the use of the data was covered by a

data use agreement licensed from CMS.

Study Design

A difference-in-difference (DiD) analysis was conducted to determine the impact of
medical marijuana policy implementation on opioid prescribing practices. Causal inference is a
critical measure in public policy health research aiming to assess the real-world impact of policy
implementation. Randomized controlled trials (RCTs) are the gold standard for determining
causal inference by isolating treatment effects and avoiding confounding. However, large-scale
RCTs are rare and often impractical in policy research practice.?® A DiD analysis, also referred
to as comparative interrupted time series design or a nonequivalent control group pretest design,
is a quasi-experimental approach that compares outcomes within groups exposed to different
health policies and environmental factors at different time points.?’ In simple terms, a DiD
analysis focuses on two differences in outcomes: The difference in outcomes before versus after
policy implementation among the group exposed to the policy (B2-B1) and the difference in
outcomes before and after implementation among the unexposed group (A2-Al). The change in
outcomes attributed to the policy change is then estimated as (B2-B1)-(A2-A1). If the policy
implementation has no impact on the outcome, the DiD estimate will equal 0.3° The DiD
methodology is well established in public health research,*® and its utilization dates back to the
19'" century, with John Snow using the approach in his famous study of cholera

communication.’! The statistical analysis has been used in a plethora of previous research
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determining the impact of health policy implementation, including Medicaid eligibility
expansions,’ Medicare Part D,** state syringe exchange programs,* and medical marijuana

laws 36,37

There are two main assumptions of the DiD analysis: the parallel trends assumption and
the strict exogeneity assumption.”® According to the parallel trends assumption, the trends in
opioid prescribing between the medical marijuana policy implementation states and the
comparison states must be similar prior to the policy implementation. This requirement of DiD
analysis assumes that trends in the outcome would continue to be the same in both groups if the
policy was not implemented. In health policy research, the parallel trends assumption is typically
tested using an augmented DiD regression model that allows for group-specific linear time trends
and assesses the significance of the time and policy exposure interaction terms during two pre-
policy implementation periods. If the trends in outcomes significantly differ prior to the policy
implementation, the DiD analysis is biased, and different comparison groups should be
found.?®3° The second assumption of a DiD analysis, strict exogeneity, states that the timing of
the policy implementation must be statistically independent of the opioid prescribing patterns,
conditional on the group-fixed and time-fixed effects.?® In other words, this assumption states
that the treatment exposure that occurs during the follow-up period is not predicted by the
outcome measured during the pre-period. For example, if states implemented their medical
marijuana policies in response to spikes in opioid prescribing, it would bias the DiD estimation.
The strict exogeneity assumption is typically tested in health policy research by utilizing an
augmented DiD regression model during the pre-period with a binary lead exposure variable that
indicates whether that state would implement the policy in the future. Since the strict exogeneity

null states that future policy changes will not be associated with current outcomes, the lead
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variable for implementing a medical marijuana policy in the future should not be associated with

changes in opioid prescribing prior to implementation.?®

Study Sample

The study identified eligible patients enrolled in Medicare parts A, B, and D from 2012 to
2015. The study included patients that resided in, for the four year study period, one of the four
states in which a medical marijuana policy became effective for the first time in 2014 (IL, MD,
MN, and NY), one of the 27 states with no medical marijuana policies in effect from 2012 to
2015 (AL, AR, FL, GA, ID, IN, IA, KS, KY, LA, MO, MS, NE, NC, ND, OH, OK, PA, SC, SD,
TN, TX, UT, VA, WV, WI, and WY), or in one of the 17 states with a medical marijuana policy
in effect before 2012 (AK, AZ, CA, CO, DE, DC, HI, ME, ML, MT, NV, NJ, NM, OR, RI, VT,
and WA). The Medicare beneficiary master file was used to identify patients’ state of residence.
Beneficiaries were excluded from the study if they resided in one of the three states that
implemented medical marijuana laws during the study period (2012-2015) but not in 2014. These
states include CT, MA, and NH. The study's inclusion criteria consisted of individuals over the
age of 65 as of January 1* of the study measurement period (2012), enrolled in Medicare,
receiving both medical and pharmacy benefits, and continuously enrolled in Medicare for four
years (2012-2015). Individuals who resided within a long-term care institution, including hospice
care, for 15 days or more during any month of the study period were excluded during that
measurement period because long-term care residency may affect likelihood of access to and use
of medical marijuana. Additionally, individuals enrolled in Medicare Part C and individuals with

missing sex information were be excluded.

Study Variables
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The primary outcome variable was the total dose of prescription opioids filled per
beneficiary per month, measured as morphine milligram equivalents (MME). According to the
CDC, MME is an opioid medication dosage’s equivalency to morphine, and the MME per day
metric is commonly used to gauge the overdose potential of the number of opioids being
prescribed at a particular time.>® MME was calculated through three steps: 1) determining the
total amount of each opioid the patient was prescribed per month, 2) converting each opioid
prescription to MMEs by multiplying the daily dosage (milligrams per unit dispensed) for each
opioid medication by its conversion factor specific to the drug prescribed, and 3) adding all
MMESs together.*® This measurement occurred a total of 24 times, 12 monthly measurements
during the lookback period (12 months pre-policy implementation for exposure states, July 2013
— June 2014 for comparator states) and 12 monthly measurements during the follow-up period
(12 months post-policy implementation for exposure states, July 2014 — June 2015 for
comparator states). Opioid medication generic and brand names were extracted from the U.S.
Food and Drug Administration Orange Book,*’ categorized into one of the following two
mutually exclusive classes: 1) Long-acting opioids: fentanyl, morphine, oxycodone,
oxymorphone, tapentadol, hydrocodone, hydromorphone, codeine, dihydrocodeine, butorphanol,
nalbuphine, pentazocine, propoxyphene, and tramadol; 2) Short-acting opioids: fentanyl short-
acting, hydromorphone short-acting, levorphanol, meperidine, morphine short-acting,
oxymorphone short-acting, tapentadol short-acting, oxycodone short-acting, and hydrocodone

short-acting.*

The independent variable was an indicator variable for whether the beneficiary resided in
a state with a policy allowing for a comprehensive medical cannabis program that became

effective during the study index year (2014), resided in a state with no such program, or resided
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in a state with such program implemented before the study period. The National Conference of
State Legislature’s (NCSL) definition of a comprehensive medical cannabis program was used to
identify eligible states. The five criteria used by the NCSL to determine if a program is
“comprehensive” is as follows: 1) protection from criminal penalties for using marijuana for a
medical purpose, 2) access to marijuana through home cultivation, dispensaries, or some other
system, 3) allowance of a variety of strains or products, including those with more than "low
THC," defined as less than 5% THC, 4) allowance of either smoking or vaporization of some
kind of marijuana products, plant material or extract, and 5) not a limited trial program.*' The
four states that meet these criteria were Illinois (legislation effective January 1%, 2014),4?
Maryland (legislation effective June 1%, 2014),* Minnesota (legislation effective May 30™,
2014),* and New York (legislation effective July 5®, 2014).* The second study group contained
beneficiaries residing in states with no effective medical marijuana policy throughout the study
period, including AL, AR, FL, GA, ID, IN, IA, KS, KY, LA, MO, MS, NE, NC, ND, OH, OK,
PA, SC, SD, TN, TX, UT, VA, WV, WI, and WY. This group includes states that have never
implemented a medical marijuana policy, have only cannabidiol oil (CBD) or low THC
programs, or passed a medical marijuana law after the study’s follow-up period. The third study
group contained beneficiaries residing in states with a comprehensive medical cannabis program
implemented before the study period (2012), including AK, AZ, CA, CO, DE, DC, HI, ME, MI,

MT, NV, NJ, NM, OR, RI, VT, and WA residents.

Covariates of interest included individual age, sex, race, and comorbidities. Race was
broken down into five mutually exclusive categories: White, African American, Asian, Hispanic,
and other. Comorbidity were assessed during the four-year study period (2012-2015) using the

Deyo adaption of the Charlson Comorbidity Index (CCI).*
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Data Analysis

The administrative claims data from all study years (2012-2015) were combined, and a
dummy variable for “year” was created. All study variables were kept at the individual level to
accurately measure the association between the study’s independent and dependent variables.
Descriptive statistics were used to depict individual demographic and clinical characteristics. For
categorical variables, frequency and percentage distributions were reported, and means and
standard deviations were reported for continuous variables. Pearson’s chi-square and ANOV As
were used to compare the baseline characteristics of individuals residing in states with newly
implemented medical marijuana policies to those residing in states without medical marijuana
policies and those residing in states with existing medical marijuana policies before the study

period.

To address objective 1, descriptive statistics were used to describe the demographic and
clinical characteristics of patients receiving opioids residing in states that implemented medical
marijuana policies during the study index year. Opioid prescribing rates were reported for 12
months pre-policy implementation and 12 months post-policy implementation for all four
medical marijuana policy implementation states. Pearson’s chi-square and t-tests were used to

determine significant differences between patients who received opioids and those who did not.

To address objective 2, a paired samples t-test was conducted to determine if significant
differences exist in the change in the number of opioids prescribed between 12 months pre-
policy implementation and 12 months post-policy implementation for beneficiaries residing in

the medical marijuana policy implementation states.
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To address objective 3, a difference-in-difference (DiD) analysis was conducted using a
fixed-effects linear regression model. First, mean opioid prescribing levels were plotted by state
group and month to visually validate the common trends assumption, an approach commonly
used in health policy research.?®47 In this model, the time-invariant predictors were controlled for
but no estimates for these predictors were reported. The DiD analysis used the following
equation to determine the impact of medical marijuana policy implementation on opioid
prescribing: Yg; = [lo + [11Ts + [2P; + [13(Ts x Py) + &4 In this formula, Tyis a dummy variable
identifying observations on the state group s. P;is a dummy variable indicating observations
from month 7, T, x P;is the year x state interaction term, and &y is the state-month-specific error
term.”® The significance of the year x state interaction coefficient (L13) was used to answer the
study objective and determine if medical marijuana policy implementation significantly
influences opioid prescribing practices. The DiD model was adjusted for covariates influencing
opioid prescribing levels, including age, sex, race, and comorbidities. The DiD analysis approach
was chosen for this study due to its ability to remove potential biases that may result from post-
intervention comparisons between non-randomized treatment and control groups, as well as

biases from comparisons over time that occur due to trends that impact the dependent variable.*®

Two further analyses were performed to test the robustness of the results. First, the DiD
analysis was repeated during the pre-policy implementation period (2012 and 2013), comparing
time trends across all three groups of states. If trends in opioid prescribing were similar between
state groups before policy implementation, the interaction term between state and time would not
be significant. This approach establishes compliance with the common trend assumption and has
been previously used in a health policy study observing the impact of cigarette taxes and youth

smoking.?®* Second, a fixed-effects logistic regression model was created during the pre-policy
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implementation period with a leading exposure indicator variable indicating that states would
implement a medical marijuana policy. This model tested the assumption that the opioid
prescribing rates during the 2-year pre-policy period are unrelated to the leading exposure
indicator. Under the strict exogeneity null, the future policy implementation should not be
significantly associated with pre-period outcome measures. This approach is commonly used to
assess the strict exogeneity assumption of DiD analyses and has been previously used in health
policy studies.?>**3 For all analyses, a p-value of less than .05 was considered statistically
significant. All data management and analysis were done using SAS Enterprise Guide version

6.1.

RESULTS

A total of 1,342,587 individuals enrolled in Medicare Part A, B, and D during the 4-year
study period were identified. A total of 449,336 Medicare beneficiaries met the inclusion criteria
and were included in the final study sample. Figure 3.1 outlines the sample selection criteria for

the study.

Of the 449,336 beneficiaries, 61,199 (13.6%) resided in states that implemented medical
marijuana policies during the study’s index year (2012) (IL, MD, MN, and NY), 264,567
(55.9%) beneficiaries resided in states with no medical marijuana policies in effect at index, and
123,570 (27.5%) beneficiaries resided in states with a medical marijuana policy in effect prior to

the index year.
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Table 3.1 outlines the demographic and clinical characteristics of the beneficiaries
stratified by the state categories. Male beneficiaries accounted for 37.3% of the total sample,
35.5% of individuals in the MML implementation states, 37.1% of the non-MML states, and
38.6% of the existing MML states (2 = 180.12, p <.0001). The mean age of the total sample
was 74.3, and beneficiaries residing in MML implementation states were significantly more
likely to be older when compared to beneficiaries residing in non-MML and existing MML states
(75.0 vs. 74.2 vs. 74.2 respectively, F = 388.43, p <0.001). Of the total study sample, 86.3% of
beneficiaries were white, 6.7% were African American, 2.8% were Asian, 2.2% were Hispanic,
and 2.1% were other races. A higher proportion of beneficiaries residing in non-MML states
were white (89.1%) compared to MML implementation states (83.5%) and existing MML states
(81.6%), while existing MML states had a lower proportion of African Americans (4.0%)
compared to MML implementation states (8.8%) and non-MML states (7.5%). Of the total study
sample, 77.8% of beneficiaries had 0 comorbidities according to the CCI, 14.4% had one
comorbidity, 6.2% had two comorbidities, and 1.6% had three or more. No clinically significant

differences in comorbidities were found between state categories.

Of the entire study sample over the study period, 49.3% of all beneficiaries received at
least one opioid prescription, while the proportion of individuals who received at least one opioid
was significantly less among MML implementation states (42.7%) compared to non-MML states
(51.7%), and existing MML states (47.2%) (x> = 1926.3, p < 0.001). During the study pre-period
(12 months pre-implementation), a significantly smaller proportion of individuals in the MML
implementation states received at least one opioid (23.3%) compared to non-MML states
(31.1%) and existing MML states (27.7%) (¥2 = 1640.82, p < 0.001). A similar trend was

observed during the study post-period (12 months post-implementation), with 25.9% of
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beneficiaries in MML implementation states receiving at least one opioid, compared to 34.7%

among non-MML states and 30.3% among existing MML states (%~ = 2072.42, p < 0.001).

When broken down to the prescription opioid dosage level, beneficiaries within the entire
sample received an average of 90.0 morphine milligram equivalents (MME) per member per
month (PMPM) during the pre-period and 103.8 MME PMPM during the post-period. Compared
to non-MML states and existing MML states, MML implementation states had significantly
lower opioid dosage levels during both the pre-period (61.7 MME PMPM vs. 95.3 and 92.4, F =
84.2, p <0.001) and the post-period (69.9 MME PMPM vs. 111.8 and 103.4, F =124.9,p <
0.001). However, there were no significant differences were found between non-MML and

existing MML states during either period.

The demographic and clinical characteristics of patients receiving opioids residing in
states that implemented medical marijuana policies during the study index year are outlined in
Table 3.2. Among the MML implementation states residents, 26,101 (42.7%) beneficiaries
received an opioid during the study period, with a mean MME PMPM of 144.7 during the pre-
period and 163.9 during the post-period among those who received at least one prescription
opioid. Patients who were prescribed an opioid were significantly more likely to be younger
(74.8 vs. 75.2,t=15.8, p < 0.001), female (66.9% vs. 62.7%, ¥* = 118.2, p < 0.001), white (85.0%
vs. 82.5%, x> = 149.5, p < 0.001), and were less likely to have no comorbidities (74.9% vs.

79.9%, x* = 251.2, p < 0.001).

Within the year following the implementation of a medical marijuana policy, patients
living in the implementation states still experienced a significant increase in opioid prescribing

levels. During the 1-year follow-up period, opioid prescribing levels increased from 61.7 MME
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PMPM to 69.9 MME PMPM, reflecting a significant increase of 8.2 MME PMPM (t=10.83, p

<0.001).

In order to test the assumption of common trends for the difference-in-difference
analysis, patients’ MME levels during the lookback period and the pre-period were tested
visually with time plots. Figure 2 displays the common trends plot by year, and Figure 3.3
displays the common trends plot by month. No gross violations of the common trends

assumption were visually identified.

Figure 3.4 presents the results of the fixed effects linear regression model utilized to
determine significant differences in the increase in total MME among states with no medical
marijuana policies and states with existing medical marijuana policies compared to states that
implemented medical marijuana policies during the study period, adjusted for patients’ race, age,
sex, and comorbidities. Among individuals residing in the four states that implemented a medical
marijuana policy during the study period, the total MME per patient increased from 740.5 MME
in the year before the implementation to 838.8 MME during the year following (D), reflecting a
significant increase of 98.3 MME (t = 8.35, p < 0.001). During the same period, individuals
living in states that do not have a medical marijuana policy in place experienced a significant
increase of 198.2 MME (D), from 1143.8 MME to 1342.0 (t = 34.98, p < 0.001). Lastly,
individuals residing in states with a medical marijuana policy in place before the study period
experienced a significant increase of 131.1 MME (D3), from 1109.4 MME to 1240.5 MME (t =

15.81, p <0.001).

Next, we compared the difference-in-difference in MME changes between medical

marijuana implementation states and non-MML states (D2 — D). Patients in non-MML states
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experienced an increase in MME that was 99.8 MME greater than the MME increase
experienced by patients within the implementation states (t = 7.64, p < 0.001). Additionally, the
difference-in-difference in MME changes between medical marijuana implementation states and
existing medical marijuana states (D3 — D1) were compared. Patients in the existing medical
marijuana states experienced an increase in MME that was 32.7 MME greater than the MME

increase among implementation states patients (t =2.27, p = 0.023).

To test the strict exogeneity assumption of a DiD model, an additional fixed effect
logistic regression was run on the same study sample and using the same control variables as the
main analysis to test if the total MME during the 2-year lookback period was a significant
predictor of whether or not the state would implement a medical marijuana policy in the future.
While the logistic regression results were statistically significant, there was no clinically
significant difference (OR = 1.00, CI = 1.00 — 1.00, p <.001). Therefore, the strict exogeneity
assumption was satisfied. Lastly, the DiD model was repeated during the pre-policy
implementation period (2012 and 2013), comparing time trends across all three groups of states
to assess the common trends assumption further. When comparing opioid prescribing levels in
2013 (1-year pre-implementation) and 2012 (2-year pre-implementation), patients residing in the
medical marijuana implementation states experienced a significant increase of 99.6 MME (t =
8.20, p <.001). Compared to these patients in the implementation states, patients residing in
states with no medical marijuana policies experienced an additional increase of 103.5 MME (t =
7.67, p <0.001) greater than those within implementation states. Lastly, patients residing in
states with existing MML policies experienced an additional increase of 51.3 MME (t=3.45,p <

0.001) greater than patients within implementation states.
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DISCUSSION

The legalization of marijuana for the medical treatment of pain has been cited as a
potential alternative to prescription opioids and evidence supports the claim that medical
marijuana policies significantly decrease opioid use and adverse opioid-related outcomes.
However, there is a lack of robust evidence in the literature supporting the benefit of these policy
implementations among Medicare enrollees, a patient population at higher risk of pain and with a
higher prevalence of prescription opioid use. This study sought to fill the gaps in the current
literature by determining the impact of medical marijuana policy implementation on opioid
prescribing practices among Medicare enrollees by comparing states with and without
comparable policies. Unlike previous studies that analyzed this relationship among Medicare
patients at the state and physician level, this study utilized patient-level data to test this
relationship more accurately and robustly. To our knowledge, this is the first study to
demonstrate the inverse relationship between newly implemented state medical marijuana
policies and opioid prescribing rates among Medicare patients while adjusting for patient-level

demographic and clinical characteristics, while avoiding the ecological fallacy.

Overall, the results suggest that medical marijuana policy implementation has a
significant inverse relationship with opioid prescribing rates. Objective 1 captured opioid
prescribing patterns among Medicare beneficiaries from 2012 to 2015. These results show that
opioid prescribing is still readily prevalent in the Medicare population, with nearly half of
enrollees receiving at least one opioid prescription during the study period. However, opioid
prescribing rates were significantly lower among the implementation states. Within these states,
patients receiving opioids could be characterized as young, white females with comorbidities.

Through objective 2, we measured the effect of medical marijuana policy implementation on
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opioid prescribing patterns by comparing opioid prescribing levels the year before and the year
after. Despite these new policies, opioid prescribing rates still significantly increased. Lastly,
through objective 3, we compared this increase within medical marijuana implementation states
to states with no medical marijuana policies and states with medical marijuana policies
implemented before the study period. Opioid prescribing levels among medical marijuana
implementation states did not increase at the same magnitude as within non-medical marijuana
states, but the increase was comparable to existing medical marijuana states. Therefore, there is
significant evidence that allowing pain patients access to medical marijuana is a viable policy to
address increasing opioid prescribing rates. However, the positive impact of these policies may

only last short-term, as long-term effects may need further research.

The findings of this study add vital evidence to the current body of literature. As
established, there is a lack of literature observing the impact of medical marijuana policies on
opioid prescribing patterns among Medicare patients utilizing administrative claims data.
Therefore, comparing our results to previous studies that utilize the same methodology is
challenging. Our findings are consistent with previous studies using different methodological
approaches. In several previous studies utilizing cross-sectional surveys, medical marijuana
patients have reported substituting marijuana for prescription opioids, decreasing their overall

opioid use, and even reported cessation of prescription opioid use.’! >

Additionally, our results are aligned with previous studies observing the relationship
between medical marijuana and prescription opioid use among commercially insured pain
patients. Neilson ef al. found that initial and longer-term opioid use is less likely among patients
in states with only medical marijuana aces, compared to patients in states with no marijuana

1'54

policy at all.”* Shah ef al. concluded that medical marijuana legalization was associated with
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lower odds of any opioid use, chronic opioid use, and high-risk opioid use.’> However, both of
these study populations consisted of younger, commercially insured patients who are less likely

to receive prescription opioids compared to the Medicare population.

As stated, only two previous studies exist in the literature that observes the relationship
between medical marijuana and prescription opioid prescribing rates among Medicare enrollees.
Bradford and Bradford found that physicians practicing in non-medical marijuana states
prescribe significantly higher dosage levels of medications used to treat pain among Medicare
patients than physicians practicing in states with a medical marijuana policy.?* Bradford et al.
concluded that access to medical marijuana via a dispensary was associated with a significant
decrease in opioid prescribing levels.?® There are two major flaws with these previous studies
that our study methodology ameliorates. First, both studies collected data at the physician level
and Bradford et al. aggregated the data to the state level. Therefore, these analyses were not
adjusted for individual demographic and clinical characteristics that potentially influence the
impact of medical marijuana policy implementation on opioid prescribing rates. Second, both
studies cross-sectionally categorized physicians as either practicing in a state with access to
medical marijuana or no access. Therefore, no temporal relationship could be established
regarding the long-term effect of policy implementation. Our study adds to the findings of these
studies by observing the patient-level changes in opioid prescribing patterns following the
implementation of medical marijuana policies compared to both states with no medical
marijuana policies and states with existing medical marijuana policies, resulting in more accurate
and generalizable results that policy makers can utilize to inform and influence future medical

marijuana policy decisions.
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There are some limitations to this study. First, this study utilized Medicare administrative
claims data. Although the DiD models were adjusted for relevant available confounders, there
may be other unmeasured confounders that may have influenced the magnitude of the
relationship observed. For example, the model could not be adjusted for patients’ pain severity
levels. To help ameliorate the impact of this limitation, a fixed-effects regression model was
used. Through this modeling approach, the unobserved variables are allowed to have any
associations with the observed variables, which is statistically equivalent to treating unobserved
variables as fixed parameters.’® Additionally, the study population contained only individuals
over 65 years old, and the results may not be generalizable to individuals outside the Medicare
enrollee population. However, the study's objective was to specifically focus on the older
population due to their higher risk of adverse prescription opioid-related outcomes. Furthermore,
medical marijuana is still illegal under federal law and is not covered by Medicare Part D. Due to
this, we were unable to measure actual use of medical marijuana and were unable to directly link

medical marijuana consumption to a decrease in prescription opioid use at an individual level.

Second, we utilized a fixed effects regression model for the DiD analysis. There are a few
disadvantages of a fixed-effects approach. The regression model cannot produce any effect
estimates for covariates that stay constant through the study period. In our study, we could not
estimate the effects of age, sex, race, and comorbidities on opioid prescribing levels. Fixed
effects estimates may also have significantly larger standard errors when compared to random

effects models, resulting in higher p-values and larger confidence intervals.>

Third, and most importantly, the DiD model run during the pre-period to further assess
the common trends assumption produced significant results. This indicates that the four states

that passed medical marijuana policies in 2014 were already experiencing a significantly smaller
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increase in prescription opioid prescribing rates before the availability of medical marijuana.
These reductions may be due to policies passed in the four states aiming to combat the opioid
crisis prior to 2014. For example, Maryland’s Prescription Drug Monitoring Program (PDMP)
was established in 2011 and fully operational in 2013. In addition, Maryland implemented their
Opioid Overdose Prevention plan in 2013, which provides clinical guidelines on appropriate
opioid prescribing and dispensing for physicians and pharmacists.’” In 2013, New York
implemented six new features to their PDMP, including a use mandate, proactive reporting, no
prescriber immunity, weekly data update requirements, and delegate access.>® In April of 2013,
the Illinois Department of Healthcare and Family Services created the Pain Management
Program, designed to decrease inappropriate prescribing of narcotic analgesics for chronic, non-
cancer pain.>’ Lastly, Minnesota implemented its PDMP program statewide in 2010.° The
results of this study also indicate the need for more extended follow-up periods when observing

the impact of medical marijuana policies.

The results of our study establish a foundation that future studies may build upon. First,
as medical marijuana becomes a more common state policy, future studies must continuously
monitor the changes in opioid prescribing patterns for new states that implement such policies.
For example, the Mississippi legislature voted on and approved marijuana for medicinal use and
the bill was signed by the governor on February 2™, 2022.#! These future studies will strengthen
the evidence provided by this study by establishing that the impact of such policies is not unique
to only the four states observed in this study. Second, due to conflicting state and federal laws,
health insurance organizations do not offer coverage for medical marijuana. As a result, it is
currently impossible to measure patient-level medical marijuana consumption using insurance

claims data. However, many patient advocacy groups are working to change this. For example,
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in June of 2021, the National Association of Insurance Commissioners Cannabis Insurance
Working Group officially stated their support for the Secure and Fair Enforcement Banking Act
and Clarifying Law Around Insurance of Marijuana Act. This bill would expand insurance
coverage options for medical marijuana and remove federal barriers.®! If health insurance
organizations begin to offer coverage of medical marijuana in the future, studies could utilize the
availability of such data and directly connect medical marijuana consumption and prescription
opioid usage at the patient level, therefore establishing a more robust connection between

medical marijuana policy implementations and changes in opioid prescribing levels.

CONCLUSION

The legalization of medical marijuana is a popular strategy to combat increases in opioid
prescribing rates among state legislators. Nevertheless, policies surrounding medical marijuana
are the subject of continuous debate, and there is still a need for evidence proving the real-world
effectiveness of such policies. The results of this study have direct implications for policymakers
and state legislators by providing real-world evidence surrounding the viability of medical
marijuana policy implementations. Our findings indicate that Medicare patients who are
prescribed prescription opioids or healthcare providers who prescribe prescription opioids may
be open to replacing opioids with medical marijuana following new legislation, therefore adding
evidence to the current body of literature that the Schedule I status of marijuana is outdated and

unsupported.

83



LIST OF REFERENCES

84



1. Rosenblum A, Marsch LA, Joseph H, Portenoy RK. Opioids and the Treatment of Chronic
Pain: Controversies, Current Status, and Future Directions. Exp Clin Psychopharmacol.

2008;16(5):405-416. doi:10.1037/a0013628

2. Zhang K, Bohm MK, Losby J, et al. Vital Signs: Changes in Opioid Prescribing in the
United States, 2006-2015. Morb Mortal Wkly Rep. 2017;66(26):697-704.

doi:10.15585/ mmwr.mm6626a4

3. Center for Disease Control and Prevention. 2019 Annual Surveillance Report of Drug-
Related Risks and Outcomes — United States Surveillance Special Report. U.S. Department of
Health and Human Services; 2019. https://www.cdc.gov/drugoverdose/pdf/pubs/2019-cdc-drug-

surveillance-report.pdf

4. Villani C. Doctors pioneer pot as an opioid substitute. Boston Herald.
https://www.bostonherald.com/2015/10/04/doctors-pioneer-pot-as-an-opioid-substitute/.

Published October 4, 2015. Accessed October 16, 2020.

5. Singer D. Colorado to allow medical marijuana for pain instead of opioids. NBC News.
https://www.nbcnews.com/news/us-news/colorado-looks-medical-marijuana-ease-opioid-crisis-

n1035541. Published August 2, 2019. Accessed October 16, 2020.

6. Frakt A. Can Marijuana Help Cure the Opioid Crisis? The New York Times.
https://www.nytimes.com/2019/06/17/upshot/marijuana-opioids-research-connection.html.
Published June 17, 2019. Accessed October 16, 2020.

85



7. ProCon.org. Legal Medical Marijuana States and DC. Medical Marijuana. Published March
2020. Accessed September 10, 2020. https://medicalmarijuana.procon.org/legal-medical-

marijuana-states-and-dc/

8. Klofas J, Letteney K. The Social and Legal Effects of Medical Marijuana: State Legislation
and Rules. Center for Public Safety Initiatives; 2012. Accessed September 26, 2020.

https://pdfs.semanticscholar.org/83d1/0fc6477bf8c27£302521959873ba4da083¢e2.pdf

9. National Academies of Sciences, Engineering, and Medicine. The Health Effects of Cannabis
and Cannabinoids: The Current State of Evidence and Recommendations for Research. National
Academies Press (US); 2017. Accessed September 26, 2020.

http://www.ncbi.nlm.nih.gov/books/NBK423845/

10. Institute of Medicine (US). Relieving Pain in America: A Blueprint for Transforming
Prevention, Care, Education, and Research. National Academies Press (US); 2011.

doi:10.17226/13172

11. Dahlhamer J, Lucas J, Zelaya C, et al. Prevalence of Chronic Pain and High-Impact Chronic
Pain Among Adults — United States, 2016. Morb Mortal Wkly Rep. 2018;67.

doi:10.15585/mmwr.mm6736a2

12. Abdulla A, Adams N, Bone M, et al. Guidance on the management of pain in older people.

Age Ageing. 2013;42 Suppl 1:11-57. doi:10.1093/ageing/afs200

13. Reid MC, Eccleston C, Pillemer K. Management of chronic pain in older adults. BMJ.

2015;350. doi:10.1136/bmj.h532

86



14. Gomes T, Tadrous M, Mamdani MM, Paterson JM, Juurlink DN. The Burden of Opioid-
Related Mortality in the United States. JAMA Netw Open. 2018;1(2):e180217-e180217.

doi:10.1001/jamanetworkopen.2018.0217

15. Colliver JD, Compton WM, Gfroerer JC, Condon T. Projecting Drug Use Among Aging
Baby Boomers in 2020. Ann Epidemiol. 2006;16(4):257-265.

doi:10.1016/j.annepidem.2005.08.003

16. Substance Abuse and Mental Health Services Administration. Results from the 2018
National Survey on Drug Use and Health: Detailed Tables. Center for Behavioral Health

Statistics and Quality; 2020.

17. Han BH, Sherman S, Mauro PM, Martins SS, Rotenberg J, Palamar JJ. Demographic trends
among older cannabis users in the United States, 2006-13. Addiction. 2017;112(3):516-525.

doi:10.1111/add.13670

18. Han BH, Palamar JJ. Marijuana use by middle-aged and older adults in the United States,

2015-2016. Drug Alcohol Depend. 2018;191:374-381. doi:10.1016/j.drugalcdep.2018.07.006

19. Han BH, Palamar JJ. Trends in Cannabis Use Among Older Adults in the United States,

2015-2018. JAMA Intern Med. 2020;180(4):609-611. doi:10.1001/jamainternmed.2019.7517

20. Center for Disease Control and Prevention. General Information about the Older Adult
Population. Published February 15, 2019. Accessed September 26, 2020.

https://www.cdc.gov/aging/emergency/general.htm

87



21. Grand View Research. Legal Marijuana Market Size, Growth, Industry Report, 2027.; 2020.
Accessed September 26, 2020. https://www.grandviewresearch.com/industry-analysis/legal-

marijuana-market

22. Bradford AC, Bradford WD. Medical Marijuana Laws Reduce Prescription Medication Use
In Medicare Part D. Health Aff (Millwood). 2016;35(7):1230-1236.

doi:10.1377/hlthatf.2015.1661

23. Bradford AC, Bradford WD, Abraham A, Bagwell Adams G. Association Between US State
Medical Cannabis Laws and Opioid Prescribing in the Medicare Part D Population. JAMA Intern

Med. 2018;178(5):667-672. doi:10.1001/jamainternmed.2018.0266

24. Finney JW, Humphreys K, Harris AHS. What Ecologic Analyses Cannot Tell Us About
Medical Marijuana Legalization and Opioid Pain Medication Mortality. JAMA Intern Med.

2015;175(4):655-656. doi:10.1001/jamainternmed.2014.8006

25. Bachhuber MA, Saloner B, Cunningham CO, Barry CL. Medical Cannabis Laws and Opioid
Analgesic Overdose Mortality in the United States, 1999-2010. JAMA Intern Med.

2014;174(10):1668-1673. doi:10.1001/jamainternmed.2014.4005

26. Robinson WS. Ecological Correlations and the Behavior of Individuals. Am Sociol Rev.

1950;15(3):351-357. do1:10.2307/2087176

27. Research Data Assistance Center. Enhanced Medicare 5% Sample Indicator | ResDAC.
Resdac.org. Accessed October 16, 2020. https://www.resdac.org/cms-data/variables/enhanced-

medicare-5-sample-indicator

88



28. Wing C, Simon K, Bello-Gomez RA. Designing Difference in Difference Studies: Best
Practices for Public Health Policy Research. Annu Rev Public Health. 2018;39:453-469.

doi:10.1146/annurev-publhealth-040617-013507

29. Shadish WR, Cook TD, Campbell DT. Experimental and Quasi-Experimental Designs for

Generalized Causal Inference. Houghton, Mifflin and Company; 2002:xxi, 623.

30. Dimick JB, Ryan AM. Methods for Evaluating Changes in Health Care Policy: The

Difference-in-Differences Approach. JAMA. 2014;312(22):2401. doi:10.1001/jama.2014.16153

31. Snow J. On the Mode of Communication of Cholera. John Churchill; 1855.

32. Hamersma S, Kim M. Participation and crowd out: Assessing the effects of parental

Medicaid expansions. J Health Econ. 2013;32(1):160-171. doi:10.1016/j.jhealeco.2012.09.003

33. Ketcham JD, Simon KI. Medicare Part D’s effects on elderly patients’ drug costs and

utilization. Am J Manag Care. 2008;14(11 Suppl):SP14-22.

34. Alpert A. The anticipatory effects of Medicare Part D on drug utilization. J Health Econ.

2016;49:28-45. doi:10.1016/j.jhealeco.2016.06.004

35. Bramson H, Des Jarlais DC, Arasteh K, et al. State laws, syringe exchange, and HIV among
persons who inject drugs in the United States: History and effectiveness. J Public Health Policy.

2015;36(2):212-230. doi:10.1057/jphp.2014.54

36. Anderson M, Hansen B, Rees DI. Medical Marijuana Laws and Teen Marijuana Use. Am

Law Econ Rev. 2015;17(2):495-528. do0i:10.1093/aler/ahv002

89



37. Harper S, Strumpf EC, Kaufman JS. Do Medical Marijuana Laws Increase Marijuana Use?
Replication Study and Extension. Ann Epidemiol. 2012;22(3):207-212.

doi:10.1016/j.annepidem.2011.12.002

38. Center for Disease Control and Prevention. Module 6: Dosing and Titration of Opioids: How
Much, How Long, and How and When to Stop?

https://www.cdc.gov/drugoverdose/training/dosing/accessible/index.html

39. U.S. Food and Drug Administration. Orange Book: Approved Drug Products with
Therapeutic Equivalence Evaluations. FDA.gov.

https://www.accessdata.fda.gov/scripts/cder/ob/index.cfm

40. Shah A. Characteristics of Initial Prescription Episodes and Likelihood of Long-Term Opioid
Use — United States, 2006-2015. MMWR Morb Mortal Wkly Rep. 2017;66.

doi:10.15585/mmwr.mm6610al

41. National Conference of State Legislatures. State Medical Marijuana Laws. Published March
10, 2020. Accessed September 29, 2020. https://www.ncsl.org/research/health/state-medical-

marijuana-laws.aspx

42. Lang L. Medical Cannabis.; 2013. Accessed September 29, 2020.
https://www.ilga.gov/legislation/BillStatus.asp?DocNum=1&GAID=12&DocTypelD=HB&Sess

ionID=85&GA=98

43. Raskin J. Medical Marijuana.; 2014.

http://mgaleg.maryland.gov/2014RS/bills/sb/sb0923T.pdf

90



44. Chapter 311--S.F.No. 2470.

https://www.revisor.mn.gov/laws/2014/0/Session+Law/Chapter/311/

45. Gottfried. 406357.
https://assembly.state.ny.us/leg/?default fld=&bn=A06357&term=2013&Summary=Y &Actions

=Y

46. Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity index for use with ICD-9-
CM administrative databases. J Clin Epidemiol. 1992;45(6):613-619. doi:10.1016/0895-

4356(92)90133-8

47. Antwi Y, Moriya A, Simon K. Effects of Federal Policy to Insure Young Adults: Evidence
from the 2010 Affordable Care Act’s Dependent-Coverage Mandate. Am Econ J Econ Policy.

2013;5(4):1-28. doi:10.1257/pol.5.4.1

48. Columbia Public Health. Difference-in-Difference Estimation. Accessed September 29,
2020. https://www.publichealth.columbia.edu/research/population-health-methods/difference-

difference-estimation

49. Hansen B, Sabia JJ, Rees DI. Have Cigarette Taxes Lost Their Bite? New Estimates of the
Relationship between Cigarette Taxes and Youth Smoking. Am J Health Econ. 2017;3(1):60-75.

doi:10.1162/AJHE a_ 00067

50. Raifman J, Moscoe E, Austin SB, McConnell M. Difference-in-Differences Analysis of the
Association Between State Same-Sex Marriage Policies and Adolescent Suicide Attempts. JAMA

Pediatr. 2017;171(4):350. doi:10.1001/jamapediatrics.2016.4529

91



51. Ishida JH, Wong PO, Cohen BE, Vali M, Steigerwald S, Keyhani S. Substitution of
marijuana for opioids in a national survey of US adults. PLOS ONE. 2019;14(10):e0222577.

doi:10.1371/journal.pone.0222577

52. Boehnke KF, Litinas E, Clauw DJ. Medical Cannabis Use Is Associated With Decreased
Opiate Medication Use in a Retrospective Cross-Sectional Survey of Patients With Chronic Pain.

J Pain Off J Am Pain Soc. 2016;17(6):739-744. doi:10.1016/j.jpain.2016.03.002

53. Zaller N, Topletz A, Frater S, Yates G, Lally M. Profiles of medicinal cannabis patients
attending compassion centers in rhode island. J Psychoactive Drugs. 2015;47(1):18-23.

do0i:10.1080/02791072.2014.999901

54. Neilson LM, Swift C, Swart ECS, et al. Impact of Marijuana Legalization on Opioid
Utilization in Patients Diagnosed with Pain. J Gen Intern Med. 2021;36(11):3417-3422.

doi:10.1007/s11606-020-06530-6

55. Shah A, Hayes CJ, Lakkad M, Martin BC. Impact of Medical Marijuana Legalization on
Opioid Use, Chronic Opioid Use, and High-risk Opioid Use. J Gen Intern Med.

2019;34(8):1419-1426. do1:10.1007/s11606-018-4782-2

56. Allison PD. Fixed Effects Regression Models. 1st edition. SAGE Publications, Inc; 2009.

57. Carrizosa N, Latham K. Prescription Opioids: Prescriber Education and the Maryland
Prescription Drug Monitoring Program. Maryland Office of Legislative Oversight; 2017.
https://www.montgomerycountymd.gov/OLO/Resources/Files/2017%20Reports/OLO%20Repor

t%202017%20-11%20Prescription%200pioids.pdf

92



58. Haffajee RL, Mello MM, Zhang F, Zaslavsky AM, Larochelle MR, Wharam JF. States With
Overall Robust Prescription Drug Monitoring Programs Experienced Reductions In Opioids
Prescribed To Commercially-Insured Individuals. Health Aff Proj Hope. 2018;37(6):964-974.

doi:10.1377/hlthatf.2017.1321

59. Illinois Department of Human Services. The Opioid Crisis in Illinois: Data and the State’s

Response.

https://www.dhs.state.il.us/OneNetLibrary/27896/documents/OpioidCrisisInlllinois_051617.pdf

60. Minnesota Department of Human Services. Minnesota State Substance Abuse Strategy.

https://edocs.dhs.state.mn.us/lfserver/Public/DHS-6543-ENG

61. National Association Of Insurance Commissioners. Cannabis and Insurance. NAIC.org.
Published February 23, 2022. Accessed June 17, 2022. https://content.naic.org/cipr-

topics/cannabis-and-insurance

93



LIST OF APPENDICES

94



Figure 3.1 Sample selection criteria flow chart, N (%) retained

Inclusion / Exclusion Step Total N N Lost % of Total N lost

A,B,D Enrollment 1,342,587

2012 Enrollment 882,298 460,289 34.3%
Patients 65+ of Age 666,586 215,712 16.1%

4 Years Continuous Enrollment 480,279 186,307 13.9%
Same State Resident for 4 years 472,934 7,345 0.5%
Residents of Included States 451,333 21,601 1.6%

No Missing Race 449,336 1,997 0.1%
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Table 3.1 Demographic and Clinical Differences Between States

MML ..
Total Implementation No MML States Existing MML
States
States
n Y% n % n % n % x2/F p-value
Total 449,336 100% 61,199 13.6% 264,567 58.9% 123,570 27.5%
Age (mean/SD) 74.3 7.0 75.0 7.1 74.2 7.0 74.2% 7.0 388.43  <.0001*
Sex 180.12  <.0001*
Male 167,699 37.3% 21,737 35.5% 98,224 37.1% 47,738 38.6%
Race 17889.86  <.0001*
White 387,713 86.3% 51,111 83.5% 235,740 89.1% 100,862 81.6%
African American 30,059 6.7% 5,354 8.8% 19,737 7.5% 4,968 4.0%
Asian 12,564 2.8% 2,106 3.4% 2,402 0.9% 8,056 6.5%
Hispanic 9,686 2.2% 1,274 2.1% 3,792 1.4% 4,620 3.7%
Other 9,314 2.1% 1,354 2.2% 2,896 1.1% 5,064 4.1%
Comorbidities (CCI) 15.68 0.0156*
0 349,552 77.8% 47,589 77.8% 205,510  77.7% 96,453  78.1%
1 64,724 14.4% 8,722 14.3% 38,507 14.6% 17,495  14.2%
2 28,053 6.2% 3,899 6.4% 16,430 6.2% 7,724 6.3%
3+ 7,007 1.6% 989 1.6% 4,120 1.6% 1,898 1.5%
Lookback Period Opioid Prescription® 446.28  <.0001*
Yes 104,632  23.3% 12,708 20.8% 64,368 243% 27,556 22.3%
Pre-Period Opioid Prescription® 1640.82  <.0001*
Yes 130,825  29.1% 14,274  23.3% 82,362 31.1% 34,189  27.7%
Post-Period Opioid Prescription® 207242  <.0001*
Yes 145,160  32.3% 15,848 25.9% 91,839 34.7% 37,473 30.3%
Any Opioid Prescription 19263  <.0001*
Yes 221,365 49.3% 26,101 42.7% 136,898  51.7% 58,366 47.2%
Lookback Period MME PMPM (mean/SD) 75.4 557.4 534 519.0 78.4 544.0 79.9% 602.1 55.46 <.0001%*
Pre-Period MME PMPM (mean/SD) 90.0 583.0 61.7 606.9 95.3 556.0 92.4% 625.5 84.2 <.0001%*
Post-Period MME PMPM (mean/SD) 103.8 591.7 69.9 602.5 111.8 572.0 103.47 626.2 124.9 <.0001%*

*Statistically significant, p<.05

7Not significantly different from no MML states
a = 24-12 months pre-implementation

b = 12 months pre-implementation
¢ = 12 months post-implementation
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Table 3.2 Opioid Prescribing Rates Among Medical Marijuana Implementation States

Opioid Patients Non-Opioid Patients
n % n % ¥2/t  p-value
Total 26,101 42.7% 35,098 57.4%
Age (mean/SD) 74.8 7.0 75.2 7.2 5.8 <.0001*
Sex 118.25 <.0001*
Male 8,634 33.1% 13,103 37.3%
Race 149.46 <.0001*
White 22,174 85.0% 28,937 82.5%
African American 2,290 8.8% 3,064 8.7%
Asian 687 2.6% 1,419 4.0%
Hispanic 492 1.9% 782 2.2%
Other 458 1.8% 896 2.6%
Comorbidities (CCI) 251.19 <.0001*
0 19,538 74.9% 28,051 79.9%
4,071 15.6% 4,651 13.3%
2 1,956 7.5% 1,943 5.5%
3+ 536 2.1% 453 1.3%
Lookback Period MME
PMPM (mean/SD) 1252 789.1 i i
Pre-Period MME PMPM
(mean/SD) 144.7 922.9 - -
Post-Period MME PMPM
(mean/SD) 163.9 914.2 - -

*Statistically significant, p<.05
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Figure 3.2 Common Trends Assumption by Year
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Figure 3.3 Common Trends Assumption by Month
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Figure 3.4 Difference-in-Differences Regression Results
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CHAPTERV:

NOT JUST BLACK AND WHITE: RACIAL DISPARITIES IN OPIOID PRESCRIBING

PATTERNS CHANGES AMONG MEDICARE BENEFICIARIES FOLLOWING

MEDICAL MARIJUANA POLICY IMPLEMENTATION
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INTRODUCTION

Drug criminalization policies in the U.S. have a complicated social history rooted in race
and class discrimination. Dating as far back as the late 1800s and early 1900s, laws surrounding
recreational drug criminalization have been associated with racial minorities. For example, a
widespread addiction to opiates occurred at the turn of the 20™ century as a consequence of the
over-the-counter availability of these medications. However, the drug’s prohibition occurred due
to hysteria over Western male Chinese immigrant workers smoking opium. Fictitious fears
spread throughout the U.S. that these Chinese immigrants were seducing white women with
opium, leading to San Francisco banning opium smoking in the 1870s, and the federal
government followed suit with the 1909 Opium Exclusion Act.! Cocaine criminalization was
initiated due to similar racialized hysteria but in the South. For instance, the Journal of American
Medical Association published an editorial letter in The New York Times in 1900 titled “Negro
Cocaine Fiends Are A New Southern Menace.” The article stated “Negroes in the South are
reported as being addicted to a new form of vice — that of ‘cocaine sniffing’ or the ‘coke habit’.””?
Additional rumors of “black cocaine ‘fiends’ raping white women or going on murderous sprees

while they were high on the drug” that grants superhuman powers led to the passage of the 1914

Harrison Narcotics Act that criminalized cocaine.'

Following the same trend as opiates and cocaine prohibition, U.S. marijuana regulations
have a history of being racially constructed to prevent fabricated public health threats resulting

when individuals of color are using the drug. Negative racial stereotypes surrounding marijuana

102



use have historically included African Americans, Mexican Americans, and Hispanic
immigrants. Immigrant Mexican laborers in the Southwest were commonly demeaned as lazy,
criminal, and nonintellectual, with these false qualities being linked to their consumption of
marijuana.’ The wave of anti-marijuana legislation then began in the early 1900s, with one Texas
Senator stating on the Senate floor: “All Mexicans are crazy, and this [marijuana] is what makes
them crazy.” The New York Times published an article under the pseudonym Eating Marihuana
in 1927 titled “Mexican Family Goes Crazy,” and claimed that “a widow and her four children
have been driven insane by eating the marihuana plant, according to doctors.”” In parallel to
Mexican stereotypes, marijuana use by African Americans in the South, especially in New
Orleans, initiated racial fears of violent crime, and the drug was scapegoated as the cause of
these crimes committed by the black population. Additionally, fears of marijuana use as the

cause of white women’s seduction by African American men also emerged.®

As aresult of this baseless hysteria, California became the first state to prohibit the sale
and possession of marijuana in 1913, and Texas followed in 1914.7 In 1915, the U.S. federal
government passed the first federal decision surrounding marijuana, with the Secretary of
Agriculture citing the 1906 Pure Food and Drug Act to declare the importation of marijuana to
be illegal due to health threats.® In the 1930s, the U.S. experienced a drastic increase in negative
public opinions towards marijuana use, attributable to the production of the infamous anti-
marijuana film, Reefer Madness, in 1936. Originally titled Tell Your Children, the film contained
sensationalized events occurring after white high-school students tried marijuana, including
sexual promiscuity, hit-and-run car accidents, manslaughter, suicide, attempted rape,
hallucinations, addiction, and psychotic episodes. The film also referred to marijuana as a

“ghastly menace” and an “unspeakable scourge more vicious than heroin” that is “destroying the
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youth of America.”!* Hearst Communications, owner of San Francisco Chronicle, the Houston
Chronicle, Cosmopolitan, and Esquire, added to the panic during this period with multiple
hysterical headlines, including “Marihuana Makes Fiends of Boys in 30 Days,” “Hasheesh
Goads Users to Blood Lust,” and “Murders Due to ‘Killer Drug’ Marihuana Sweeping the
United States.”! By 1937, nearly every state enforced the Uniform Narcotic Drug Act, and the
U.S. Congress passed the Marihuana Tax Act, which prohibited the recreational and unlicensed
use of marijuana. However, doctors were still permitted to prescribe marijuana, and others could

grow the plant if a fee were paid to the government.’

The racially motivated prohibition of marijuana did not stop in the 1930s. The 1951
Boggs Act and the 1956 Narcotics Control Act increased and established new federal penalties
for marijuana-related offenses and even forced several states to increase their penalties under
existing state laws. These two laws paved the path for the Nixon Administration to begin the
“War on Drugs” and pass the Comprehensive Drug Abuse Prevention and Control Act of 1970,
commonly known as the Controlled Substances Act. This act established marijuana as a first-tier
Schedule 1 controlled substance.! According to the DEA, Schedule I drugs, substances, or
chemicals are defined as “drugs with no currently accepted medical use and a high potential for
abuse.”!” This scheduling places marijuana in the same tier or above other dangerous substances,
including opiates, lysergic acid diethylamide (LSD), heroin, methylenedioxymethamphetamine
(ecstasy), and peyote. John Ehrlichman, former Nixon aide and Watergate co-conspirator,
connected the Controlled Substances Act directly to racially motivated politics by explaining
“the Nixon White House... had two enemies: the antiwar left and black people... We knew we
couldn’t make it illegal to be either against the war or blacks, but by getting the public to

associate the hippies with marijuana and blacks with heroin, and then criminalizing both heavily,
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we could disrupt those communities. We could arrest their leaders, raid their homes, break up
their meetings, and vilify them night after night on the evening news. Did we know we were
lying about the drugs? Of course we did.”!! After President Reagan’s passage of the Anti-Drug
Abuse Act in 1986, police and government enforcement agencies concentrated their anti-drug
forces primarily within poor neighborhoods of color, resulting in a dramatic increase in

minorities within the prison population, now labeled as “The New Jim Crow.”!?

Although great strides have been made to move beyond the racial discrimination
observed in the early 1900s, the negative impact of these racially motivated marijuana policies
on minorities can still be observed today, especially within the African American population.
According to a 2020 analysis by the American Civil Liberties Union (ACLU), African American
individuals are 3.6 times more likely to be arrested for marijuana possession compared to white
individuals, despite having the same usage rates.!® This disparity rate has not changed since the
ACLU first began measuring this relationship in 2010, and disparities in arrest rates have
increased in 31 states since.'® Racial disparities in marijuana possession arrests vary across
states, with African Americans in Montana, Kentucky, Illinois, West Virginia, and lowa being
seven times more likely to be arrested than white individuals. The ACLU also found that African
Americans are more than 50 times more likely to be arrested in some U.S. counties.'*> However,
states that have implemented policies that legalize or decriminalize marijuana have lower racial

disparities in marijuana possession arrests.'>

A few previous studies have investigated the relationship between race and medical
marijuana use or availability, but the literature surrounding this relationship is sparse and limited
to specific geographic locations. Using data from 1,746 admissions to nine medical marijuana

assessment clinics in California, Reinarman et al. observed patient demographic characteristics
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among medical marijuana seekers. The results demonstrate an underrepresentation of Latinos
(14.4% of patients vs. 32.4% of the California population) and Asian Americans (4.2% vs.
11.2%), while African American individuals were overrepresented (11.8% vs. 6.7%).!* The
authors concluded that Asian Americans might be less likely to seek medical marijuana due to
their lower prevalence of marijuana use in general and their traditional use of other herbal
medicines. Latino individuals may be underrepresented due to many Latinos’ undocumented
status in California, resulting in fear of law enforcement apprehension. However, this
underrepresentation is an essential finding because Latinos are exposed to a higher risk of work-
related injuries and are not at lower risk for conditions treated by medical marijuana. Lastly, the
authors hypothesized that African Americans might be more likely to seek medical marijuana
due to the population being of lower socioeconomic status, less likely to have health insurance,

less likely to be prescribed other pain medications, and more likely to have HIV/AIDS.

Also observed in the literature is the relationship between medical marijuana dispensary
location and area density of minorities. Using exit surveys of patients at four dispensaries in
Long Beach, California, Cooke et al. found that all four dispensaries were located in primarily
white Census tracts but served disproportionally more African American patients, leading to the
conclusion that medical marijuana dispensaries target young African American males but do not
operate within their neighborhoods.!® This conclusion is confirmed by Shi et al.’s findings that
areas with proportionally more racial and ethnic minorities in Colorado are no more likely to
have medical marijuana dispensaries but are more likely to have recreational marijuana

dispensaries.'¢

Racial and ethnic health disparities continue to exist in the U.S. on every level of health

care, from the patient to the provider to the entire healthcare system itself. Healthy People 2020
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defines health disparities as “differences in health outcomes that are closely linked with social,
economic, and environmental disadvantage.”'” Even after the passage of the Patient Protection
and Affordable Care Act in 2010, there is a higher uninsured rate among racial minorities. In
2018, 26.7% of Hispanic and 15.2% of African American adults were uninsured, but only 9% of
white individuals.'® Racial minority groups also face significant barriers to access and utilization
of healthcare. For example, African Americans and Hispanics are more likely to delay care due
to costs, lack a usual source of care, and go without health or dental care in the last year
compared to white individuals.'® Additionally, minority groups are at higher risk for certain
health conditions and suffer from poorer health outcomes. African Americans are more likely to
suffer from a range of health conditions, such as asthma and diabetes, and have an HIV diagnosis
rate eight times higher than white individuals and a ten times higher AIDS diagnosis rate.!” Teen
birth rates among African Americans and Hispanics are more than double that of white
individuals, and African Americans have double the infant mortality rate compared to white
individuals.!” As of 2017, African American males have the lowest life expectancy compared to
any other group, with an expectancy of 71.5 years compared to the national rate of 78.6 years.?’
Health disparities are estimated to cost the U.S. approximately $93 billion in excess medical

costs and $42 billion in lost productivity per year.?!

The effects of racial discrimination in the U.S. healthcare system accelerate the negative
impacts of the opioid crisis. Racial disparities in pain treatment with opioid medications have
been widely reported in the literature. In a systematic review of literature from 1989 to 2011,
Meghani et al. found that African Americans are 29% less likely to receive treatment with
opioids for pain compared to white individuals.?? These biases are not limited to the African

American community, with Hispanic individuals also experiencing disparities in opioid
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prescribing. In an analysis of Medicaid claims from 2013 to 2015, Janakiram et al. discovered
that white individuals were almost twice as likely to receive prescription opioids for pain
management compared to Hispanic individuals (OR=1.88; 95% CI=1.83-1.93).% This disparity
is especially prevalent in the emergency department (ED) environment. In an analysis of 156,729
pain-related ED visits over 13 years, Pletcher et al. found that opioids were more likely to be
prescribed to white patients (31%) compared to African Americans (23%) and Hispanics
(24%).%* Singhal et al. measured opioid prescribing patterns after ED visits for pain-related
“definitive” conditions objectively associated with pain (bone fractures and kidney stones)
versus pain-related “non-definitive” conditions commonly associated with drug-seeking
behaviors (toothaches, back pain, and abdominal pain). African American patients were
significantly less likely to receive opioids for non-definitive conditions compared to white
patients (AOR=0.56-0.67, p<0.05).% This finding reflects continuing racial stereotyping and

discrimination in the healthcare system regarding pain management and opioid prescribing.

This lack of access to prescription opioids within the minority community may be framed
as a positive trend, protecting these communities from the opioid crisis. On the contrary, this
trend reflects misperceptions and biases in the healthcare system toward minorities, resulting in
the undertreatment of pain. Racial minorities are significantly more likely to have
miscommunication or misinterpretation with their medical providers regarding pain.?® For
instance, physicians are almost twice as likely to underestimate pain levels among African
American patients compared to all other races combined (OR=1.92; 95% CI=1.31-2.81,
p<0.05).2” African Americans are also more likely to experience barriers to pain treatment using
opioids, with African Americans being more likely than white patients to have mandatory drug

testing (10.4% vs. 4.1%), required regular office visits (56.4% vs. 39.0%), and restricted early

108



refills (79.4% vs. 72.0%).%® Due to the increased number of barriers and the lack of access,
African Americans are not being protected from the opioid crisis. As a matter of fact, the
opposite is occurring. In 2017, the prescription opioid-related death rate among African
Americans was 3.5 per 100,000 individuals, the third-highest rate by race behind white
individuals and American Indians.? These findings show that minorities, especially African
Americans, are not being protected from the opioid crisis, and this under-prescribing may have

life-threatening outcomes for individuals with pain-related conditions.

As multiple studies have demonstrated, a patient’s race is one factor that may influence a
physician’s decision to prescribe opioid medications. Furthermore, several randomized clinical
trials have provided evidence that medical marijuana is a safe and effective treatment alternative
for pain-related conditions typically treated with opioids, such as neuropathic pain, cancer pain,
diabetic peripheral neuropathy, fibromyalgia, and HIV-related neuropathy.*® However, U.S.
policies for marijuana and the enforcement of these policies have a deep-seated history of racial
prejudice and discrimination. Research devoted to identifying, understanding, and ending racial
disparities in the U.S. healthcare system is urgently needed, especially with a focus on opioid
prescribing. To our knowledge, no study has examined whether racial minorities are more or less
likely to transition from prescription opioids to medical marijuana after a state’s policy

implementation.

The overall aim of this study was to determine if racial disparities exist in the relationship
between state-level medical marijuana policy implementation and changes in opioid prescribing
patterns among Medicare enrollees using administrative claims data from 2012 to 2015. The
specific objectives were: 1) to capture opioid prescribing patterns among Medicare beneficiaries,

stratified by race, within states following the implementation of a medical marijuana policy, 2) to
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identify trends in opioid prescribing among white Medicare beneficiaries compared to ethnic
minority beneficiaries before and after medical marijuana policy implementation, and 3) to
determine if racial disparities exist within changes in opioid prescribing patterns resulting from
medical marijuana policy implementation by comparing states with and without comparable

polices.

METHODS

Data Source and Study Design

This study employed a similar methodology used in study 2-the methodological approach
was described in Chapter 3. A retrospective secondary database analysis was conducted using the
5% national sample of the 2012-2015 Medicare administrative claims data. Medicare is a
federally administered health insurance program covering elderly U.S. residents aged 65 years or
older and patients with disabilities and end-stage renal disease. The Medicare data contain
healthcare services records, including institutional (inpatient) claims, non-institutional claims,
outpatient claims, and pharmacy claims. These records can be linked to each other and to
identifiable beneficiary sociodemographic information using a common encrypted unique
beneficiary identification number. Beneficiaries enrolled in Medicare parts A, B, and D were
considered for inclusion in the proposed studies. The Medicare beneficiary master file were
utilized to collect information on patients’ demographic characteristics, eligibility, and
enrollment status. This beneficiary master file was also utilized to identify patients’ race. The
Medicare Prescription Drug File was utilized to collect information on patients’ prescription

information. The study has received approval and a HIPAA authorization waiver from the
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University of Mississippi’s Institutional Review Board and a data use agreement approval from

CMS.

Study Sample

The study identified eligible patients enrolled in Medicare parts A, B, and D from 2012 to
2015. The study included patients that resided in, for the four-year study period, one of the four
states in which a medical marijuana policy became effective for the first time in 2014, one of the
27 states with no medical marijuana policies in effect from 2012 to 2015, or in one of the 17
states with a medical marijuana policy in effect before 2012. The Medicare beneficiary master
file was used to identify patients’ state of residence. The study’s inclusion criteria consisted of
individuals over the age of 65 as of January 1st of the study measurement period (2012), enrolled
in Medicare, receiving both medical and pharmacy benefits, and continuously enrolled in
Medicare for four years (2012-2015). Due to the study’s focus on the impact of patients’ race on

opioid prescribing patterns, beneficiaries of unknown race were excluded from the study.

Study Variables

The primary outcome variable was the total dose of prescription opioids filled per
beneficiary per year, measured as morphine milligram equivalents (MME). This measurement
occurred a total of 24 times, 12 monthly measurements during the lookback period, and 12
monthly measurements during the follow-up period. A more detailed explanation of how MME

was calculated is outlined in Chapter 3.

The independent variable was an indicator variable for whether the beneficiary resided in

a state with a policy allowing for a comprehensive medical cannabis program that became
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effective during the study index year (2014), resided in a state with no such program as of 2014,
or resided in a state with such program implemented before the study period. The National
Conference of State Legislatures (NCSL)’s definition of a comprehensive medical cannabis
program was used to identify eligible states. The four states that implemented such policies in
2014 were Illinois, Maryland, Minnesota, and New York. The second exposure group contained
beneficiaries residing in states with no effective medical marijuana policy during the study
period, including AL, AR, FL, GA, ID, IN, IA, KS, KY, LA, MO, MS, NE, NC, ND, OH, OK,
PA, SC, SD, TN, TX, UT, VA, WV, WI, and WY residents. This group included states that have
never implemented a medical marijuana policy, have only cannabidiol oil (CBD) or low THC
programs, or passed a medical marijuana law after the study’s follow-up period. The third
exposure group contained beneficiaries residing in states with a comprehensive medical cannabis
program implemented before the study period (2012), including AK, AZ, CA, CO, DE, DC, HI,

ME, ML, MT, NV, NJ, NM, OR, RI, VT, and WA residents.

The beneficiary’s race was included as a potential moderator in the relationship between
the independent variable (residing in a medical marijuana state) and the outcome variable
(prescription opioid use). Race was coded into two exclusive groups: White individuals and
minorities (including African American, Hispanic, Asian, and North American Native
beneficiaries). All analyses used the “White” category as the reference group. As stated,
beneficiaries with race categorized as “Unknown” in the dataset were excluded from the study

analysis.

Baseline covariates included age, sex, and comorbidities. Comorbidities were assessed
during the four-year study period (2012-2015) using the Deyo adaption of the Charlson

Comorbidity Index (CCI) for use within ICD-9 administrative databases.>!
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Data Analysis

The administrative claims data from all study years (2012-2015) were combined, and a
dummy variable for “year” was created. All study variables were kept at the individual level to
accurately measure the association between the study’s independent and dependent variables.
Descriptive statistics depicted individual demographic and clinical characteristics across the two
race categories. For categorical variables, frequency and percentage distributions were reported,

and means and standard deviations were reported for continuous variables.

To address objective 1, descriptive statistics described the demographic and clinical
characteristics of patients receiving opioids. Opioid prescribing rates, stratified by race, were
reported for 12 months pre-policy implementation and 12 months post-policy implementation for

all four medical marijuana policy implementation states.

To address objective 2, two paired samples t-tests (one for each racial group) were
conducted to determine if significant differences exist in the number of opioids prescribed
between 12 months pre-policy implementation and 12 months post-policy implementation for

beneficiaries residing in the medical marijuana policy implementation states.

To address objective 3, a difference-in-difference (DiD) analysis was conducted based on
a fixed effects linear regression analysis. A DiD analysis is a quasi-experimental statistical
approach that utilizes longitudinal data from treatment and control groups to estimate a causal
effect.>? The DiD tested the significance of the dependent variable’s correlation with the time
factor (year), then with the state factor and the year x state interaction. An additional interaction
term was included in the model (year x state x race), and the race group “White” was coded as

the reference group to determine the moderating role of race in this relationship. The significance
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of the year x state x race interaction coefficient was used to answer the study objective and
determine if racial disparities exist within the impact of medical marijuana policy
implementation and opioid prescribing patterns. A more detailed explanation of DiD analysis
and the rationale for choosing this method is outlined in Chapter 3. A p-value of less than .05
was considered statistically significant for all analyses. All data management and analysis were

done using SAS Enterprise Guide version 6.1.

RESULTS

A total of 449,336 beneficiaries were included in the study sample, and a breakdown of
the inclusion and exclusion criteria is reported in the previous chapter. The final sample study
consisted of 387,713 white individuals (86.3%) and 61,623 minority individuals (13.7%). Table
4.1 outlines the demographic and clinical characteristics of the beneficiaries stratified by the
racial categories. White individuals were significantly more likely to be younger (74.2 vs. 74.7, t
=-14.06, p < 0.001) and male (37.7% vs. 35.3%, x*= 127.97, p < 0.001). White individuals were
also significantly more likely to have no comorbidities according to the CCI (78.7% vs. 72.4%,

92 = 1323.78, p < 0.001).

Of the entire study sample over the study period, 49.3% of all beneficiaries received at
least one opioid prescription. White individuals were significantly more likely to receive at least
one opioid prescription compared to minorities (49.7% vs. 46.8%, %> = 170.09, p < 0.001).
Additionally, white individuals were significantly more likely to have received an opioid
prescription during both the 12-month pre-period (29.2% vs. 28.6%, > = 8.57, p < 0.001) and the
12-month post-period (32.5% vs. 31.1%, ¥*=51.86, p < 0.001), but not during the lookback
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period (23.3% vs. 23.3%, x*=0.12, p = 0.731). When breaking down the opioid dosage level,
white individuals were significantly more likely to receive higher MME PMPM compared to
minorities during the lookback period (78.2 vs. 57.9, t = 8.37, p < 0.001), the pre-period (92.8 vs.

72.2,t=28.12, p <0.001), and the post-period (107.1 vs. 82.9,t=9.43, p <0.001).

Table 4.2 outlines the racial differences among implementation state patients receiving
opioids. A total of 26,101 patients were identified who received at least one opioid during the
study period and resided in one of the four implementation states. Of these patients, 85.0% were
white and 15.0% were minorities. Compared to minorities who received at least one opioid,
white individuals who received an opioid were significantly more likely to be older (74.9 vs.
74.4,t=3.97, p <0.001) and male (33.7% vs. 29.3%, x> = 31.71, p < 0.001). White opioid
patients were also significantly more likely to have zero comorbidities according to the CCI
(75.9% vs. 69.2%, x> = 87.82, p < 0.001). However, no significant differences were found

between the racial groups for opioid dosage levels.

Within the year following the implementation of a medical marijuana policy, patients
living in the implementation states still experienced a significant increase in opioid prescribing
levels. During the 1-year follow-up period, opioid prescribing levels increased from 61.7 MME
PMPM to 69.9 MME PMPM, reflecting a significant increase of 8.2 MME PMPM (t=10.83, p
<.001). When broken down by racial groups, opioid prescribing levels among white individuals
increased from 63.4 MME PMPM during the pre-period to 72.3 MME PMPM during the post-
period, reflecting a significant increase of 10.36 MME PMPM (t = 10.36, p < 0.001). However,
minorities experienced a slightly less increase during the same period, from 53.0 MME PMPM

to 57.6 MME PMPM, reflecting a significant increase of 4.6 MME PMPM (t = 3.18, p = 0.002).
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Figure 4.1 presents the results of the fixed effects linear regression model utilized to
determine if racial disparities exist within the impact of medical marijuana policy
implementation and opioid prescribing patterns. First, we observed the individual changes in
opioid prescribing levels broken down by state and racial categories. When comparing opioid
prescribing level changes between the year prior to medical marijuana policy implementation
and the year following, minority individuals in the implementation states experienced a non-
significant increase of 55.5 MME (D), from 635.9 MME to 691.5 MME (t =1.91, p = 0.056).
Within the same state group, white individuals experienced a significant increase of 106.8 total
MME (D), from 761.1 MME to 867.9 MME (t = 8.29, p < 0.001). During the same period,
minority individuals in the non-MML states experienced a significant increase of 212.1 MME
(D3), from 962.9 MME to 1174.9 MME (t = 12.36, p < 0.001). Within the same state group,
white individuals experienced a significant increase of 196.5 MME (D4), from 1166.0 MME to
1362.4 MME (t =32.74, p <0.001). Lastly, minority individuals in the existing MML state
group experienced a significant increase of 53.9 MME (Ds), from 847.7 MME to 901.5 MME (t
=2.79, p = 0.005). Within the same state group, white individuals experienced a significant

increase of 148.5 MME (Dg), from 1168.3 MME to 1316.8 MME (t = 16.18, p < 0.001).

Next, we compared the within-state racial disparities in opioid prescribing levels (MME
change among white individuals vs. MME change among minorities). Among individuals in the
implementation states, the racial disparity in opioid prescribing levels (D—D1) was non-
significant, with a 51.3 MME greater increase in MME observed among white individuals (t =
1.16, p=0.106). Among individuals in the non-MML states, the racial disparity in opioid
prescribing levels (Ds—D3) was also non-significant, with the MME increase among white

individuals being 15.6 MME less than the MME increase observed among minorities (t = -0.86,
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p = 0.391). However, among patients in the existing MML states, the racial disparity in opioid
prescribing levels (Dg—Ds) was significant, with the increase in MME among white individuals

being 94.6 MME greater than the observed increase among minorities (t =4.42, p <0.001)

Lastly, we compared the racial disparities in opioid prescribing levels between state
categories. The racial disparity in opioid prescribing level changes in non-MML states was 66.8
MME less than the racial disparity observed in the implementation states ((D4—D3)—(D>—D1)), but
this difference was not significant (t = -1.83, p = 0.068). Lastly, the racial disparity in opioid
prescribing level changes in existing MML states was 43.3 MME greater than the racial disparity
observed among implementation states ((Ds—Ds)—(D>—D1)), but this difference was also not

significant (t=1.13, p = 0.258).

DISCUSSION

The U.S. is experiencing rapid growth in medical cannabis policy implementation for
treating pain to combat opioid overprescribing and adverse opioid-related outcomes. The
objectives of this study were to capture opioid prescribing patterns among Medicare
beneficiaries, stratified by race, within states following the implementation of a medical
marijuana policy, identify trends in opioid prescribing among white Medicare beneficiaries
compared to ethnic minority beneficiaries before and after medical marijuana policy
implementation, and determine if racial disparities exist within changes in opioid prescribing
patterns resulting from medical marijuana policy implementation by comparing states with and

without comparable polices.
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To our knowledge, this is the first study that measured racial disparities within the
association between medical marijuana policy implementations and changes in prescription
opioid prescribing patterns. Our findings indicated that white individuals were more likely to
receive at least one opioid prescription and were more likely to receive higher doses of
prescription opioids. These findings shed light on an existing racial disparity, as minorities are
not less likely to suffer from pain, nor have greater pain severity levels. When identifying
potential racial disparities within states that recently implemented medical marijuana policies,
our findings show that there were no significant differences in the changes in opioid prescribing
levels when stratified by race. Therefore, there is no apparent immediate effect of these medical
marijuana policies that favor white individuals over minorities. In other words, the potential

benefits of medical marijuana can be observed across racial groups.

Next, we calculated between-state racial disparities by comparing the differences in
opioid prescribing rate changes by racial groups in medical marijuana implementation states
versus non-medical marijuana states and existing medical marijuana states. No significant
difference was found regarding the between-state disparities. Therefore, we can conclude that
there is no apparent racial disparity between minorities and white individuals regarding the

positive impact of medical marijuana policies on opioid prescribing levels.

The results did reveal an interesting racial disparity that was not expected. Within states
with existing medical marijuana policies in place before the study period, white individuals
experienced a significantly greater increase in prescribing levels compared to minorities. This
shows a potential racial gap in the long-term effect of medical marijuana policy implementations

that should be studied further.
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The limitations of this study are discussed in depth in Chapter 3. However, a few minor
limitations presented themselves when breaking down the analysis by race categories. First, we
could not measure the availability of medical marijuana across racial groups. As previous
evidence shows, white individuals are more likely to have access to medical marijuana due to
dispensaries being more likely to operate within white communities. Future studies must
measure and adjust their analysis for medical marijuana availability. Second, the administrative
claims data source did not contain enough minority patients to further break down the minority
racial group. The minority racial group contained African Americans, Asians, Hispanics, North
American Natives, and others. However, research has found that general marijuana usage and
acceptance of medical marijuana differ between these groups. Therefore, combining these racial
groups in the analysis may have impacted the final results. Future studies should keep these
minority groups broken down, if available data permits, to gain a better understanding of racial

disparities.

CONCLUSION

As state policymakers in the U.S. move forward with the implementation of medical
marijuana to treat pain, it is vital to ensure the benefits of such policies are experienced by the
entire US population. To this day, minority communities continue to suffer from the fallout of
harmful US drug laws. Future research must continue to monitor the impact of medical
marijuana implementation on minority communities, focusing on prescribers’ willingness to
prescribe marijuana to minority pain patients and the availability of medical marijuana within

minority communities. If government entities move forward with the legalization of marijuana
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without righting the wrongdoings committed in the past, they are risking the reinforcement of

disproportionate harm communities of color have faced and suffered for decades.
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Table 4.1 Demographic and Clinical Characteristics between Racial Categories

White Minorities
n % n % y2/t  p-value
Total 387,713 86.3% 61,623 13.7%
Age (mean/SD) 74.2 7.0 74.7 7.2 -14.06  <.001*
Sex 127.97 <.001%*
Male 145,962 37.7% 21737 35.3%
Comorbidities (CCI) 1323.78 <.001*
0 304,957 78.7% 44,595 72.4%
1 53,933 13.9% 10,791 17.5%
2 23,297 6.0% 4,756 7.7%
3+ 5,526 1.4% 1,481 2.4%
Lookback Period
Opioid Prescription 0.12 0.731
Yes 90,249 23.3% 14,383 23.3%
Pre-Period %
Opioid Prescription 8.57 <001
Yes 113,190 29.2% 17,635 28.6%
Post-Period %
Opioid Prescription >1.86 <001
Yes 126,029 32.5% 19,131 31.1%
Any Opioid 170.09  <.001*
Prescription
Yes 192,510 49.7% 28,855 46.8%
Lookback Period %
MME PMPM (mean/SD)* 78.2 572.9 57.9 447.4 8.37 <.001
Pre-Period %
MME PMPM (mean/SD)’ 92.8 596.3 72.2 490.8 8.12 <.001
Post-Period 107.1 604.9 82.9 5002 943 <001*

MME PMPM (mean/SD)*

*Statistically significant, p<.05

a = 24-12 months pre-implementation
b = 12 months pre-implementation

¢ = 12 months post-implementation
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Table 4.2 Racial Differences among Patients Receiving Opioids
(Implementation States Only)

All Opioid

Patients White Minorities
n % n % n % y2/t p-value
Total 26,101 42.7% 22,174 85.0% 3,927 15.0%
Age (mean/SD) 74.8 7.0 74.9 7.1 74.4 6.8 397 <.001*
Sex
Male 8,634 33.1% 7,488 33.7% 1,146 29.2% 31.71 <.001*
Comorbidities (CCI) 87.82 <.001*
0 19,538 74.9% 16,822 759% 2,716 69.2%
1 4,071 15.6% 3,357 15.1% 714 18.2%
2 1,956  7.5% 1,574  7.1% 382 9.7%
3+ 536 2.1% 421 1.9% 115 2.9%
Look Back Period
MME PMPM (mean/SD) 1252 789.1 125.9 8024 1214 7093 033 0.740
Pre-Period
MME PMPM (mean/SD) 1447 9229 1462 9440 1361 7932 0.63  0.529
Post-Period
MME PMPM (mean/SD) 1639 9142 1667 9356 148.0 7828 1.18 0.238

Implementation States: Il, MD, MN, NY

*Statistically significant, p<.05
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Figure 4.1 Difference-in-Differences Regression Results
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CHAPTER V:

CONCLUSION
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As the U.S. continues to experience the negative impacts of the opioid crisis, healthcare
professionals and policymakers call for policies that control prescription opioid demands among
pain patients, especially among the elderly population, who experience a higher prevalence of
pain and are at higher risk for adverse opioid-related outcomes. Medical marijuana is one
potential solution to combat mortality and morbidity rates associated with prescription opioids.
Evidence shows that chronic pain is the most commonly cited condition for the use of medical
marijuana, adults with chronic pain who are treated with marijuana have a higher likelihood of
clinically significant reductions in pain, and individuals are engaging in marijuana use for the

replacement of traditional pain medications, despite FDA approval.

The overall aim of this dissertation was to identify social and clinical predictors of
medical marijuana use, to determine if medical marijuana policy implementations are a feasible
solution to reducing opioid prescribing trends among older patients enrolled in Medicare, and to
determine if racial disparities influence the impact of medical marijuana policy implementations

on opioid prescribing patterns.

Through study 1, we determined the prevalence of medical marijuana use and identified
clinical, social, and demographic predictors of medical marijuana use. In the general U.S.
population, medical marijuana use is steadily increasing while prescription opioid use and
misuse are steadily declining. Additionally, prescription opioid appropriate users and misusers
have significantly higher odds of medical marijuana use, even if they reside in states with no

medical marijuana availability. These findings reflect the willingness of patients to use medical
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marijuana to treat pain in place of prescription opioids, along with the need for policy expansions

in states without such laws in place.

Through study 2, we determined the impact of medical marijuana policy implementation
on opioid prescribing patterns among Medicare enrollees. Following the implementation of a
medical marijuana policy, states still experience an increase in opioid prescribing rates, but do
not increase at the same magnitude as states without medical marijuana laws in place. However,
the change in opioid prescribing rates within these implementation states is comparable to the
increase seen among states with medical marijuana laws already in place. These findings show
that medical marijuana is a potential solution to combating increases in opioid prescribing rates,

but should be initiated with other long-term strategies.

Through study 3, we determined if racial disparities exist in the relationship between
medical marijuana policy implementation and changes in opioid prescribing patterns among
Medicare enrollees. White individuals were found to be more likely to receive an opioid
prescription, which is a racial disparity that continues to exist. However, no racial disparities
were found within states that implement a new medical marijuana policy, nor were there any
racial disparities found when making comparisons between states with new medical marijuana

policies versus states without medical marijuana laws and states with existing laws.

The U.S. healthcare system and governmental bodies have called for scientifically proven
treatment options for pain to combat the opioid epidemic. Medical marijuana is a potential tool to
battle this public health crisis. Such policies are experiencing increased public acceptance, as
proven by the large number of state governments legalizing medical marijuana in recent years.

However, there is still a current lack of scientific evidence that measures the real-world impact of
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medical marijuana policy implementations. Additionally, government entities must move
forward with medical marijuana policies with mindfulness regarding how previous marijuana
policies negatively impacted the minority population. When moving forward with medical
marijuana legalization, additional procedures must be implemented to prevent racial disparities.
Only then can the U.S. experience the equable and inclusive benefits of medical marijuana for

the replacement of prescription opioids.
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