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PREFACE

At the time of this report’s release in January 2017, 28 states and the District of Columbia have
legalized cannabis for the treatment of medical conditions. Eight of these states and the District of
Columbia have also legalized cannabis for recreational use. In addition to the growing availability of
legalized cannabis, there has also been a rapid expansion in the types of available cannabis products,
including edibles, oils, and a variety of inhaled substances. The growing acceptance, accessibility, and
use of cannabis raise important public health concerns and there is a clear need to establish what is
known and what needs to be known about the health effects of cannabis use.

The committee was tasked with conducting a comprehensive review of the current evidence
regarding the health effects of using cannabis and cannabis-derived products. The study was conducted
in a limited time frame in order to respond to a quickly moving landscape, but as described in the
report’s methods section, the amount of work that this report entailed and the volume of literature
reviewed clearly indicates the substantial effort involved and the importance of this issue to the
committee.

In the current report, the committee presents a rigorous and thoughtful summary of the landscape
of cannabis and health and puts forth recommendations to help advance the research field and better
inform public health decisions. I wish to express my deepest gratitude to my fellow committee members
who worked so hard and with good grace to accomplish this task. As with other National Academies of
Sciences, Engineering, and Medicine reports, the work of the committee would have been far more
difficult, if not impossible, without the support of a dedicated, knowledgeable and also very
hardworking National Academies staff.

Marie McCormick, Chair
Committee on the Health Effects of Marijuana: An
Evidence Review and Research Agenda
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SUMMARY

Over the past 20 years there have been substantial changes to the cannabis policy
landscape. To date, 28 states and the District of Columbia have legalized cannabis for the
treatment of medical conditions (NCSL, 2016). Eight of these states and the District of Columbia
have also legalized cannabis for recreational use. These landmark changes in policy have
markedly changed cannabis use patterns and perceived levels of risk. Based on a recent
nationwide survey, 22.2 million Americans (12 years of age and older) reported using cannabis
in the past 30 days and between 2002 and 2015 the percentage of past month cannabis users in
this age range have increased steadily from 6.2 to 8.3 percent (CBHSQ, 2016).

Despite the extensive changes in policy at the state level and the rapid rise in the use of
cannabis both for medical purposes and for recreational use, conclusive evidence regarding the
short- and long-term health effects (harms and benefits) of cannabis use remains elusive. A lack
of scientific research has resulted in a lack of information on the health implications of cannabis
use, which is a significant public health concern for vulnerable populations such as adolescents
and pregnant women. Unlike other substances, such as alcohol or tobacco, whose use may confer
risk, no accepted standards exist to help guide individuals as they make choices regarding the
issues of if, when, where, and how to use cannabis safely and, in regard to therapeutic uses,
effectively.

Within this context, in March of 2016, the Health and Medicine Division (formerly the
Institute of Medicine [IOM] ' of the National Academies of Sciences, Engineering, and Medicine
(the National Academies) was asked to convene a committee of experts to conduct a
comprehensive review of the literature regarding the health effects of using cannabis and/or its
constituents that had appeared since the publication of the IOM 1999 report Marijuana and
Medicine. The resulting Committee on the Health Effects of Marijuana consisted of 16 experts in
the areas of marijuana, addiction, oncology, cardiology, neurodevelopment, respiratory disease,
pediatric and adolescent health, immunology, toxicology, preclinical research, epidemiology,
systematic review, and public health. The sponsors of this report include federal, state,
philanthropic and nongovernmental organizations, including the Alaska Mental Health Trust
Authority; Arizona Department of Health Services; California Department of Public Health;
CDC Foundation; Centers for Disease Control and Prevention (CDC); Mat-Su Health
Foundation; National Highway Traffic Safety Administration; National Institutes of Health/
National Cancer Institute; National Institutes of Health/National Institute on Drug Abuse;
Oregon Health Authority; The Colorado Health Foundation; The Robert W. Woodruff
Foundation; Truth Initiative; U.S. Food and Drug Administration; and Washington State
Department of Health.

' As of March 2016, the Health and Medicine Division continues the consensus studies and convening
activities previously carried out by the Institute of Medicine (IOM).
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S-2 THE HEALTH EFFECTS OF CANNABIS AND CANNABINOIDS

In its statement of task, the committee was asked to make recommendations for a
research agenda that will identify the most critical research questions regarding the association of
cannabis use with health outcomes (both harms and benefits) that can be answered in the short
term (i.e., within a 3-year time frame), as well as steps that should be taken in the short term to
ensure that sufficient data are being gathered to answer long-term questions. Of note, throughout
the report the committee has attempted to highlight research conclusions that affect certain
populations (e.g., pregnant women, adolescents) that may be more vulnerable to potential
harmful effects of cannabis use. The committee’s full statement of task is presented in Box S-1.

BOX S-1
Statement of Task

The National Academies of Sciences, Engineering, and Medicine (the National Academies)
will appoint an ad hoc committee to develop a comprehensive, in-depth review of existing evidence
regarding the health effects of using marijuana and/or its constituents.

The committee will develop a consensus report with two primary sections: (1) a section of the
report will summarize what can be determined about the health effects of marijuana use and, (2) a
section of the report will summarize potential therapeutic uses of marijuana. The report will also
provide a background overview of the cannabinoid/endocannabinoid system, history of use in the
United States and the regulation and policy landscape. In addition, the report will outline and make
recommendations regarding a research agenda identifying the most critical research questions
regarding the association of marijuana use with health outcomes (both risks and therapeutic) that can
be answered in the short term (i.e., within a 3-year time frame) as well as any steps that should be
taken in the short term to ensure that sufficient data are being gathered to answer long-term questions
(e.g., appropriate questions on large population surveillance surveys, clinical data collection or other
data capture, and resolution of barriers to linkage between survey data and death/morbidity registries
to enable population-level morbidity and mortality effects estimates). The committee should focus on
questions and consequences with the potential for the greatest public health impact, while shedding
light on the characteristics of marijuana use that impact both short- and long-term health.

In conducting its work, the committee will conduct a comprehensive review of the evidence,
using accepted approaches of literature search, evidence review, grading and synthesis. Studies
reviewed regarding health risks should be as broad as possible, including but not limited to
epidemiology and clinical studies, and toxicology and animal studies when determined appropriate by
the committee. The committee will provide summary determinations regarding causality based on
strength of evidence. Both U.S. and international studies may be reviewed based upon relevance and
methodological rigor.

STUDY CONTEXT AND APPROACH

Over the past 20 years the IOM published several consensus reports that focused on the
health effects of marijuana or addressed marijuana within the context of other drug or substance
abuse topics.” The two IOM reports that most prominently informed the committee’s work were
Marijuana and Health, published in 1982, and the 1999 report Marijuana and Medicine:
Assessing the Science Base. Although these reports differed in scope, they were useful in
providing a comprehensive body of evidence upon which the current committee could build.

2 See https://www.nap.edu/search/?year=1995&rpp=20& ft=1 &term=marijuana (accessed January 5, 2017).
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SUMMARY S-3

The scientific literature on cannabis use has grown substantially since the 1999
publication of Marijuana and Medicine. The committee conducted an extensive search of
relevant databases, including Medline, Embase, the Cochrane Database of Systematic Reviews,
and PsycINFO and initially retrieved more than 24,000 abstracts that could have potentially been
relevant to this study. These abstracts were reduced by limiting articles to those published in
English and removing case reports, editorials, studies by “anonymous” authors, conference
abstracts, and commentaries. In the end, the committee considered more than 10,700 abstracts
for their relevance to this report.

Given the large scientific literature on cannabis, the breadth of the statement of task, and
the time constraints of the study, the committee developed an approach that resulted in giving
primacy to recently published systematic reviews (since 2011) and high-quality primary research
for eleven groups of health endpoints (see Box S-2). For each health endpoint, systematic
reviews were identified and assessed for quality using published criteria; only fair- and good-
quality reviews were considered by the committee. The committee’s conclusions are based on
the findings from the most recently published systematic review and all relevant fair- and good-
quality primary research published after the systematic review. Where no systematic review
existed, the committee reviewed all relevant primary research published between January 1, 1999
and August 1, 2016. Primary research was assessed using standard approaches (e.g., Cochrane
Quality Assessment, Newcastle-Ontario scale) as a guide.

BOX S-2
Health Topics and Prioritized Health Endpoints
(listed in the order in which they appear in the report)

Therapeutic effects

e  Chronic pain; cancer, chemotherapy-induced nausea/vomiting; appetite and weight loss; irritable
bowel syndrome; epilepsy; spasticity related to multiple sclerosis; Tourette syndrome;
amyotrophic lateral sclerosis; Huntington’s disease; Parkinson’s disease; dystonia; Alzheimer’s
disease/dementia; glaucoma; traumatic brain injury/spinal cord injury; addiction; anxiety;
depression; sleep disorders; posttraumatic stress disorder; schizophrenia

Cancer
e Lung cancer; oral cancer; esophageal cancer; testicular cancer; other cancer

Cardiometabolic risk
e Acute myocardial infarction; stroke; metabolic dysregulation, metabolic syndrome, prediabetes,
and diabetes

Respiratory disease
e Pulmonary function; respiratory symptoms (including chronic bronchitis); chronic obstructive
pulmonary disorder; asthma

Immunity
e Immune Function; infectious disease

Injury and death
e All-cause mortality; occupational injury; motor vehicle crash; overdose injury and death
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Prenatal, perinatal, and postnatal exposure to cannabis
e Pregnancy complications for the mother; fetal growth and development; neonatal conditions; later
outcomes for the infant

Psychosocial
e Cognition (learning, memory, attention, intelligence); academic achievement and educational
outcomes; employment/income; social relationships and other social roles

Mental health
e Schizophrenia other psychotic disorders; bipolar disorders, depression; suicide; anxiety;
posttraumatic stress disorder

Problem cannabis use
e (Cannabis use disorder

Cannabis Use and abuse of other substances
e Abuse of other substances

The search strategies and processes described above were developed and adopted by the
committee in order to adequately address a broad statement of task in a limited timeframe, while
adhering to the National Academies’ high standards for the quality and rigor of committee
reports. Readers of this report should recognize two important points. First, the committee was
not tasked to conduct multiple systematic reviews, which would have required a lengthy and
robust series of processes. The committee did, however, adopt key features of that process: a
comprehensive literature search, assessments by more than one person of the quality (risk of
bias) of key literature and the conclusions, pre-specification of the questions of interest before
conclusions were formulated, standard language to allow comparisons between conclusions, and
declarations of conflict of interest via the National Academies conflict-of-interest policies.
Second, there is a possibility that some literature was missed because of the practical steps taken
to narrow a very large literature to one that was manageable within the timeframe available to the
committee. Furthermore, very good research may not be reflected in this report because it did not
directly address the health endpoint research questions that were prioritized by the committee.

This report is organized into four parts and 16 chapters. Part I: Introduction and
Background, Part II: Therapeutic Effects of Cannabis and Cannabinoid, Part III: Other Health
Effects, and Part IV: Research Barriers and Recommendations. In Part II, most of the evidence
reviewed in this chapter derives from clinical and basic science research conducted for the
specific purpose of answering an a priori question of whether cannabis and/or cannabinoids are
an effective treatment for a specific disease or health condition. The evidence reviewed in Part
III derives from epidemiological research that primarily reviews the effects of smoked cannabis.
It is of note that several of the prioritized health endpoints discussed in Part III are also reviewed
in Part II, albeit from the perspective of effects associated with using cannabis for primarily
recreational, as opposed to therapeutic, purposes.

Several health endpoints are discussed in multiple chapters of the report (e.g., cancer,
schizophrenia); however, it is important to note that the research conclusions regarding potential
harms and benefits discussed in these chapters may differ. This is, in part, due to differences in
the study design of the reviewed evidence, differences in characteristics of cannabis or
cannabinoid exposure (e.g., form, dose, frequency of use), and the populations studied. As such,
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it is important that the reader is aware that this report was not designed to reconcile the proposed
harms and benefits of cannabis or cannabinoid use across the report’s chapters. In drafting the
report’s conclusions, the committee made an effort to be as specific as possible about the type
and/or duration of cannabis or cannabinoid exposure and where relevant, cross-referenced
findings from other report chapters.

REPORT CONCLUSIONS ON THE ASSOCIATION BETWEEN CANNABIS USE AND
HEALTH

From their review, the committee arrived at nearly 100 different research conclusions
related to cannabis or cannabinoid use and health. Informed by the reports of previous IOM
committees,” the committee developed standard language to categorize the weight of evidence
regarding whether cannabis or cannabinoids use (for therapeutic purposes) are an effective or
ineffective treatment for the prioritized health endpoints of interest, or whether cannabis or
cannabinoid use (primarily for recreational purposes) are statistically associated with the
prioritized health endpoints of interest. Box S-3 below describes these categories and the general
parameters for the types of evidence supporting each category. For a full listing of the
committee’s conclusions, please see the chapter’s annex.

Box S-3
Weight-of-Evidence Categories

CONCLUSIVE EVIDENCE
For therapeutic effects: There is strong evidence from randomized controlled trials to support the

conclusion that cannabis or cannabinoids are an effective or ineffective treatment for the health endpoint
of interest.

For other health effects: There is strong evidence from randomized controlled trials to support or refute a
statistical association between cannabis or cannabinoid use and the health endpoint of interest.

For this level of evidence, there are many supportive findings from good-quality studies with no credible
opposing findings. A firm conclusion can be made, and the limitations to the evidence, including chance,
bias, and confounding factors, can be ruled out with reasonable confidence.

SUBSTANTIAL EVIDENCE

For therapeutic effects: There is strong evidence to support the conclusion that cannabis or cannabinoids
are an effective or ineffective treatment for the health endpoint of interest.

For other health effects: There is strong evidence to support or refute a statistical association between
cannabis or cannabinoid use and the health endpoint of interest.

For this level of evidence, there are several supportive findings from good-quality studies with very few

3 Adverse Effects of Vaccines (IOM, 2012); Treatment of Posttraumatic Stress Disorder: An Assessment of
the Evidence, (IOM, 2008); Veterans and Agent Orange: Update 2014 (NASEM, 2016).
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or no credible opposing findings. A firm conclusion can be made, but minor limitations, including
chance, bias, and confounding factors, cannot be ruled out with reasonable confidence.

MODERATE EVIDENCE

For therapeutic effects: There is some evidence to support the conclusion that cannabis or cannabinoids
are an effective or ineffective treatment for the health endpoint of interest.

For other health effects: There is some evidence to support or refute a statistical association between
cannabis or cannabinoid use and the health endpoint of interest.

For this level of evidence, there are several supportive findings from good- to fair-quality studies with
very few or no credible opposing findings. A general conclusion can be made, but limitations, including
chance, bias, and confounding factors, cannot be ruled out with reasonable confidence.

LIMITED EVIDENCE

For therapeutic effects: There is weak evidence to support the conclusion that cannabis or cannabinoids
are an effective or ineffective treatment for the health endpoint of interest.

For other health effects: There is weak evidence to support or refute a statistical association between
cannabis or cannabinoid use and the health endpoint of interest.

For this level of evidence, there are supportive findings from fair-quality studies or mixed findings with
most favoring one conclusion. A conclusion can be made, but there is significant uncertainty due to
chance, bias, and confounding factors.

NO OR INSUFFICIENT EVIDENCE TO SUPPORT THE ASSOCIATION

For therapeutic effects: There is no or insufficient evidence to support the conclusion that cannabis or
cannabinoids are an effective or ineffective treatment for the health endpoint of interest.

For other health effects: There is no or insufficient evidence to support or refute a statistical association
between cannabis or cannabinoid use and the health endpoint of interest.

For this level of evidence, there are mixed findings, a single poor study, or health endpoint has not been
studied at all. No conclusion can be made because of substantial uncertainty due to chance, bias, and
confounding factors.
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REPORT RECOMMENDATIONS

This is a pivotal time in world of cannabis policy and research. Shifting public sentiment,
conflicting and impeded scientific research, and legislative battles have fueled the debate about
what, if any, harms or benefits can be attributed to the use of cannabis or its derivatives. The
committee has put forth a substantial number of research conclusions on the health effects of
cannabis and cannabinoids. Based on their research conclusions, the committee members
formulated four recommendations to address research gaps, improve research quality, improve
surveillance capacity, and address research barriers. The report’s full recommendations are
described below.

Address Research Gaps

Recommendation 1: To develop a comprehensive evidence base on the short- and long-term
health effects of cannabis use (both beneficial and harmful effects), public agencies,4
philanthropic and professional organizations, private companies, and clinical and public
health research groups should provide funding and support for a national cannabis
research agenda that addresses key gaps in the evidence base. Prioritized research streams
and objectives should include, but need not be limited to:

Clinical and Observational Research

o Examine the health effects of cannabis use in at-risk or under-researched populations,
such as children and youth (often described as less than 18 years of age) and older
populations (generally over 50 years of age), pregnant and breastfeeding women, and
heavy cannabis users.

e Investigate the pharmacokinetic and pharmacodynamic properties of cannabis, modes
of delivery, different concentrations, in various populations, including the dose—
response relationships of cannabis and THC or other cannabinoids.

e Determine the benefits and harms associated with understudied cannabis products, such
as edibles, concentrates, and topicals.

e Conduct well-controlled trials on the potential beneficial and harmful health effects of
using different forms of cannabis, such as inhaled (smoked or vaporized) whole
cannabis plant and oral cannabis.

e Characterize the health effects of cannabis on unstudied and understudied health
endpoints, such as epilepsy in pediatric populations; symptoms of posttraumatic stress
disorder; childhood and adult cancers; cannabis-related overdoses and poisonings; and
other high-priority health endpoints.

Health Policy and Health Economics Research
e [dentify models, including existing state cannabis policy models, for sustainable
funding of national, state, and local public health surveillance systems.
¢ Investigate the economic impact of recreational and medical cannabis use on national
and state public health and health care systems, health insurance providers, and
patients.

* Agencies may include the CDC, relevant agencies of the NIH, and the FDA.
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Public Health and Public Safety Research
e [dentify gaps in the cannabis-related knowledge and skills of health care and public
health professionals, and assess the need for, and performance of, continuing education
programs that address these gaps.
e Characterize public safety concerns related to recreational cannabis use and evaluate
existing quality assurance, safety, and packaging standards for recreational cannabis
products.

Improve Research Quality

Recommendation 2: To promote the development of conclusive evidence on the short- and
long-term health effects of cannabis use (both beneficial and harmful effects), agencies of
the United States Department of Health and Human Services, including the National
Institutes of Health and the Centers for Disease Control and Prevention should jointly fund
a workshop to develop a set of research standards and benchmarks to guide and ensure the
production of high-quality cannabis research. Workshop objectives should include, but
need not be limited to:
e The development of a minimum dataset for observational and clinical studies, standards
for research methods and design, and guidelines for data collection methods.
e Adaptation of existing research-reporting standards to the needs of cannabis research.
¢ The development of uniform terminology for clinical and epidemiological cannabis
research.
e The development of standardized and evidence-based question banks for clinical
research and public health surveillance tools.

Improve Surveillance Capacity

Recommendation 3: To ensure that sufficient data are available to inform research on the
short- and long-term health effects of cannabis use (both beneficial and harmful effects),
the Centers for Disease Control and Prevention, the Substance Abuse and Mental Health
Services Administration, the Association of State and Territorial Health Officials, National
Association of County and City Health Officials, the Association of Public Health
Laboratories, and state and local public health departments should fund and support
improvements to federal public health surveillance systems and state-based public health
surveillance efforts. Potential efforts should include, but need not be limited to:

e The development of question banks on the beneficial and harmful health effects of
therapeutic and recreational cannabis use and their incorporation into major public
health surveys, including the National Health and Nutrition Examination Survey,
National Health Interview Survey, Behavioral Risk Factor Surveillance System,
National Survey on Drug Use and Health, Youth Risk Behavior Surveillance System,
National Vital Statistics System, Medical Expenditure Panel Survey, and the National
Survey of Family Growth.

e Determining the capacity to collect and reliably interpret data from diagnostic
classification codes in administrative data (e.g., International Classification of
Diseases-10)
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e The establishment and utilization of state-based testing facilities to analyze the
chemical composition of cannabis and products containing cannabis, cannabinoids, or
THC.

e The development of novel diagnostic technologies that allow for rapid, accurate, and
non-invasive assessment of cannabis exposure and impairment.

e Strategies for surveillance of harmful effects of cannabis for therapeutic use.

Address Research Barriers

Recommendation 4: The Centers for Disease Control and Prevention, National Institutes of
Health, Food and Drug Administration, industry groups, and nongovernmental
organizations should fund the convening of a committee of experts tasked to produce an
objective and evidence-based report that fully characterizes the impacts of regulatory
barriers to cannabis research and that proposes strategies for supporting development of
the resources and infrastructure necessary to conduct a comprehensive cannabis research
agenda. Committee objectives should include, but need not be limited to:
e Proposing strategies for expanding access to research-grade marijuana, through the
creation and approval of new facilities for growing and storing cannabis.
e Identifying nontraditional funding sources and mechanisms to support a comprehensive
national cannabis research agenda.
¢ Investigating strategies for improving the quality, diversity, and external validity of
research-grade cannabis products.
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ANNEX

Report Conclusions’

Chapter 4 Conclusions—Therapeutic Effects

There is conclusive or substantial evidence that cannabis or cannabinoids are effective:
e For the treatment of chronic pain in adults (cannabis) (4-1)
e As anti-emetics in the treatment of chemotherapy-induced nausea and vomiting (oral
cannabinoids) (4-3)
e For improving patient-reported multiple sclerosis spasticity symptoms (oral
cannabinoids) (4-7a)

There is moderate evidence that cannabis or cannabinoids are effective for:
e Improving short-term sleep outcomes in individuals with sleep disturbance associated
with obstructive sleep apnea syndrome, fibromyalgia, chronic pain, and multiple sclerosis
(cannabinoids, primarily nabiximols) (4-19)

There is limited evidence that cannabis or cannabinoids are effective for:

e Increasing appetite and decreasing weight loss associated with HIV/AIDS (cannabis and
oral cannabinoids) (4-4a)

e Improving clinician-measured multiple sclerosis spasticity symptoms (oral cannabinoids)
(4-7a)

e Improving symptoms of Tourette syndrome (THC capsules) (4-8)
Improving anxiety symptoms, as assessed by a public speaking test, in individuals with
social anxiety disorders (cannabidiol) (4-17)
Improving symptoms of posttraumatic stress disorder (nabilone; one single, small fair-
quality trial) (4-20)

There is limited evidence of a statistical association between cannabinoids and:

e Better outcomes (i.e., mortality, disability) after a traumatic brain injury or intracranial
hemorrhage (4-15)

There is limited evidence that cannabis or cannabinoids are ineffective for:
e Improving symptoms associated with dementia (cannabinoids) (4-13)
e Improving intraocular pressure associated with glaucoma (cannabinoids) (4-14)
Reducing depressive symptoms in individuals with chronic pain or multiple sclerosis
(nabiximols, dronabinol, and nabilone) (4-18)

There is no or insufficient evidence to support or refute the conclusion that cannabis or
cannabinoids are an effective treatment for:

e Cancers, including glioma (cannabinoids) (4-2)

e (Cancer-associated anorexia cachexia syndrome and anorexia nervosa (cannabinoids) (4-

> Numbers in parentheses correspond to chapter conclusion numbers.
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4b)
Symptoms of irritable bowel syndrome (dronabinol) (4-5)
Epilepsy (cannabinoids) (4-6)
Spasticity in patients with paralysis due to spinal cord injury (cannabinoids) (4-7b)
Symptoms associated with amyotrophic lateral sclerosis (cannabinoids) (4-9)
Chorea and certain neuropsychiatric symptoms associated with Huntington’s disease
(oral cannabinoids) (4-10)
e Motor system symptoms associated with Parkinson’s disease or the levodopa-induced
dyskinesia (cannabinoids) (4-11)
Dystonia (nabilone and dronabinol) (4-12)
e Achieving abstinence in the use of addictive substances (cannabinoids) (4-16)

Mental health outcomes in individuals with schizophrenia or schizophreniform psychosis
(cannabidiol) (4-21)

Chapter 5 Conclusions—Cancer

There is moderate evidence of no statistical association between cannabis use and:
e Incidence of lung cancer (cannabis smoking) (5-1)
e Incidence of head and neck cancers (5-2)

There is limited evidence of a statistical association between cannabis smoking and:

e Non-seminoma-type testicular germ cell tumors (current, frequent, or chronic cannabis
smoking) (5-3)

There is no or insufficient evidence to support or refute a statistical association between
cannabis use and:
e Incidence of esophageal cancer (cannabis smoking) (5-4)
e Incidence of prostate cancer, cervical cancer, malignant gliomas, non-Hodgkin
lymphoma, penile cancer, anal cancer, Kaposi’s sarcoma, or bladder cancer (5-5)
e Subsequent risk of developing acute myeloid leukemia/acute non-lymphoblastic
leukemia, acute lymphoblastic leukemia, rhabdomyosarcoma, astrocytoma, or
neuroblastoma in offspring (parental cannabis use) (5-6)

Chapter 6 Conclusions—Cardiometabolic Risk

There is limited evidence of a statistical association between cannabis use and:
The triggering of acute myocardial infarction (cannabis smoking) (6-1a)
Ischemic stroke or subarachnoid hemorrhage (6-2)

Decreased risk of metabolic syndrome and diabetes (6-3a)

Increased risk of prediabetes (6-3b)

There is no evidence to support or refute a statistical association between chronic effects of
cannabis use and:
e The increased risk of acute myocardial infarction (6-1b)
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Chapter 7 Conclusions—Respiratory Disease

There is substantial evidence of a statistical association between cannabis smoking and:
e Worse respiratory symptoms and more frequent chronic bronchitis episodes (long-term
cannabis smoking) (7-3a)

There is moderate evidence of a statistical association between cannabis smoking and:
e Improved airway dynamics with acute use, but not with chronic use (7-1a)
e Higher forced vital capacity (FVC) (7-1b)

There is moderate evidence of a statistical association between the cessation of cannabis
smoking and:
e Improvements in respiratory symptoms (7-3b)

There is limited evidence of a statistical association between cannabis smoking and:
e An increased risk of developing chronic obstructive pulmonary disease (COPD) when
controlled for tobacco use (occasional cannabis smoking) (7-2a)

There is no or insufficient evidence to support or refute a statistical association between
cannabis smoking and:

e Hospital admissions for COPD (7-2b)

e Asthma development or asthma exacerbation (7-4)

Chapter 8 Conclusions—Immunity

There is limited evidence of a statistical association between cannabis smoking and:

e A decrease in the production of several inflammatory cytokines in healthy individuals (8-
la)

There is limited evidence of no statistical association between cannabis use and:

e The progression of liver fibrosis or hepatic disease in individuals with viral Hepatitis C
(HCV) (daily cannabis use) (8-3)

There is no or insufficient evidence to support or refute a statistical association between
cannabis use and:
e Other adverse immune cell responses in healthy individuals (cannabis smoking) (8-1b)
e Adverse effects on immune status in individuals with HIV (cannabis or dronabinol use)
(8-2)
e Increased incidence of oral human papilloma virus (HPV) (regular cannabis use) (8-4)
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Chapter 9 Conclusions—Injury and Death

There is substantial evidence of a statistical association between cannabis use and:
e Increased risk of motor vehicle crashes (9-3)

There is moderate evidence of a statistical association between cannabis use and:
e Increased risk of overdose injuries, including respiratory distress, among pediatric
populations in U.S. states where cannabis is legal (9-4b)

There is no or insufficient evidence to support or refute a statistical association between
cannabis use and:

e All-cause mortality (self-reported cannabis use) (9-1)

e Occupational accidents or injuries (general, non-medical cannabis use) (9-2)

e Death due to cannabis overdose (9-4a)

Chapter 10 Conclusions—Prenatal, Perinatal, and Neonatal Exposure

There is substantial evidence of a statistical association between maternal cannabis
smoking and:
e Lower birth weight of the offspring (10-2)

There is limited evidence of a statistical association between maternal cannabis smoking
and:

e Pregnancy complications for the mother (10-1)

e Admission of the infant to the neonatal intensive care unit (NICU) (10-3)

There is insufficient evidence to support or refute a statistical association between maternal
cannabis smoking and:
e Later outcomes in the offspring (e.g., sudden infant death syndrome, cognition/academic
achievement, and later substance use) (10-4)

Chapter 11 Conclusions—Psychosocial

There is moderate evidence of a statistical association between cannabis use and:
e The impairment in the cognitive domains of learning, memory, and attention (acute
cannabis use) (11-1a)

There is limited evidence of a statistical association between cannabis use and:
e Impaired academic achievement and education outcomes (11-2)
e Increased rates of unemployment and/or low income (11-3)

e Impaired social functioning or engagement in developmentally appropriate social roles
(11-4)

There is limited evidence of a statistical association between sustained abstinence from
cannabis use and:

e Impairments in the cognitive domains of learning, memory, and attention (11-1b)
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Chapter 12 Conclusions—Mental Health

There is substantial evidence of a statistical association between cannabis use and:
e The development of schizophrenia or other psychoses, with the highest risk among the
most frequent users (12-1)

There is moderate evidence of a statistical association between cannabis use and:

e Better cognitive performance among individuals with psychotic disorders and a history of
cannabis use (12-2a)

e Increased symptoms of mania and hypomania in individuals diagnosed with bipolar
disorders (regular cannabis use) (12-4)

e A small increased risk for the development of depressive disorders (12-5)

e Increased incidence of suicidal ideation and suicide attempts with a higher incidence
among heavier users (12-7a)

e Increased incidence of suicide completion (12-7b)

e Increased incidence of social anxiety disorder (regular cannabis use) (12-8b)

There is moderate evidence of no statistical association between cannabis use and:
e Worsening of negative symptoms of schizophrenia (e.g., blunted affect) among
individuals with psychotic disorders (12-2c¢)

There is limited evidence of a statistical association between cannabis use and:

e An increase in positive symptoms of schizophrenia (e.g., hallucinations) among
individuals with psychotic disorders (12-2b)
The likelihood of developing bipolar disorder, particularly among regular or daily users
(12-3)
The development of any type of anxiety disorder, except social anxiety disorder (12-8a)
Increased symptoms of anxiety (near daily cannabis use) (12-9)
Increased severity of posttraumatic stress disorder symptoms among individuals with
posttraumatic stress disorder (12-11)

There is no evidence to support or refute a statistical association between cannabis use and:
e Changes in the course or symptoms of depressive disorders (12-6)
e The development of posttraumatic stress disorder (12-10)
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Chapter 13 Conclusions—Problem Cannabis Use

There is substantial evidence that:

Stimulant treatment of attention deficit hyperactivity disorder (ADHD) during
adolescence is not a risk factor for the development of problem cannabis use (13-2¢)
Being male and smoking cigarettes are risk factors for the progression of cannabis use to
problem cannabis use (13-21)

Initiating cannabis use at an earlier age is a risk factor for the development of problem
cannabis use (13-2j)

There is substantial evidence of a statistical association between:

Increases in cannabis use frequency and the progression to developing problem cannabis
use (13-1)

Being male and the severity of problem cannabis use, but the recurrence of problem
cannabis use does not differ between males and females (13-3b)

There is moderate evidence that:

Anxiety, personality disorders, and bipolar disorders are nof risk factors for the
development of problem cannabis use (13-2b)

Major depressive disorder is a risk factor for the development of problem cannabis use
(13-2¢)

Adolescent ADHD is not a risk factor for the development of problem cannabis use (13-
2d)

Being male is a risk factor for the development of problem cannabis use (13-2f)
Exposure to the combined use of abused drugs is a risk factor for the development of
problem cannabis use (13-2g)

Neither alcohol nor nicotine dependence alone are risk factors for the progression from
cannabis use to problem cannabis use (13-2h)

During adolescence the frequency of cannabis use, oppositional behaviors, a younger age
of first alcohol use, nicotine use, parental substance use, poor school performance,
antisocial behaviors, and childhood sexual abuse are risk factors for the development of
problem cannabis use (13-2k)

There is moderate evidence of a statistical association between:

A persistence of problem cannabis use and a history of psychiatric treatment (13-3a)

Problem cannabis use and increased severity of posttraumatic stress disorder symptoms
(13-3¢)

There is limited evidence that:

Childhood anxiety and childhood depression are risk factors for the development of
problem cannabis use (13-2a)
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Chapter 14 Conclusions—Abuse of Other Substances

There is moderate evidence of a statistical association between cannabis use and:
e The development of substance dependence and/or a substance abuse disorder for
substances including, alcohol, tobacco, and other illicit drugs (14-3)

There is limited evidence of a statistical association between cannabis use and:
e The initiation of tobacco use (14-1)
e (Changes in the rates and use patterns of other licit and illicit substances (14-2)

Chapter 15 Conclusions—Challenges and Barriers in Conducting Cannabis and
Cannabinoid Research

There are several challenges and barriers in conducting cannabis and cannabinoid
research, including:

e There are specific regulatory barriers, including the classification of cannabis as a
Schedule I substance, that impede the advancement of cannabis and cannabinoid research
(15-1)

e It is often difficult for researchers to gain access to the quantity, quality, and type of
cannabis product necessary to address specific research questions on the health effects of
cannabis use (15-2)

e A diverse network of funders is needed to support cannabis and cannabinoid research that
explores the beneficial and harmful health effects of cannabis use (15-3)

e To develop conclusive evidence for the effects of cannabis use on short- and long-term
health outcomes, improvements and standardization in research methodology (including
those used in controlled trials and observational studies) are needed (15-4)
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Introduction

Significant changes have taken place in the policy landscape surrounding cannabis
legalization, production, and use. Over the past 20 years there have been substantial changes to
the cannabis policy landscape. To date, 28 states and the District of Columbia have legalized
cannabis for the treatment of medical conditions (NCSL, 2016). Eight of these states and the
District of Columbia have also legalized cannabis for recreational use. These landmark changes
in policy have markedly changed cannabis use patterns and perceived levels of risk. Based on a
recent nationwide survey, 22.2 million Americans (12 years of age and older) reported using
cannabis in the past 30 days and between 2002 and 2015 the percentage of past month cannabis
users in this age range have increased steadily from 6.2 to 8.3 percent (CBHSQ, 2016).

Despite this reported rapid rise in the use of cannabis, both for medical purposes and for
recreational use, conclusive evidence regarding the short- and long-term health effects of
cannabis use remains elusive. While a myriad of studies have examined cannabis use in all its
various forms (Calabria et al., 2010; Whiting et al., 2015, 2016; WHO, 2016), often these
research conclusions are not appropriately synthesized, translated for, or communicated to policy
makers, health care providers, state health officials, or other stakeholders who have been charged
with influencing and enacting policies, procedures, and laws related to cannabis use. Unlike
other substances whose use may confer risk, such as alcohol or tobacco, no accepted standards
for the safe use or appropriate doses are available to help guide individuals as they make choices
regarding the issues of if, when, where, and how to use cannabis safely and, in regard to
therapeutic uses, effectively (Freeman et al., 2014; Marsot et al., 2016). Moreover, studying the
potential health impacts of cannabis presents its own set of unique challenges. Current challenges
include the existence of certain regulations and policies that restrict access to cannabis products
suited for research purposes (e.g., Schedule 1 status; regulatory approvals), the limited
availability of funding for comprehensive cannabis research, and cross-cutting methodological
challenges. Additionally, researchers are often unable to obtain the necessary quantity, quality, or
type of cannabis product to address cutting-edge public health research questions.

STUDY CHARGE

Shifting public sentiment, conflicting and impeded scientific research, and legislative
battles have fueled the debate about what, if any, harms or benefits can be attributed to the use of
cannabis or its derivatives. In March 2016 the Health and Medicine Division' of the National
Academies of Sciences, Engineering, and Medicine (the National Academies) was asked to

! As of March 2016, the Health and Medicine Division continues the consensus studies and convening
activities previously carried out by the Institute of Medicine (IOM).
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convene a committee of experts to conduct a comprehensive review of literature regarding the
health consequences of using cannabis or its constituents that had appeared since the publication
of the 1999 Institute of Medicine (IOM) report Marijuana and Medicine (I0M, 1999). In
addition, the committee was asked to make recommendations for a research agenda that will
identify the most critical research questions regarding the association of cannabis use with health
outcomes (both harms and benefits) that can be answered in the short term (i.e., within a 3-year
time frame), as well as steps that should be taken in the short term to ensure that sufficient data
are being gathered to answer long-term questions. Of note, throughout this report the committee
has attempted to highlight research conclusions that affect certain populations (e.g., pregnant
women, adolescents) that may be at greater risk for potential adverse effects of cannabis use. The
committee’s full statement of task is presented in Box 1-1.

The resulting Committee on the Health Effects of Marijuana included experts in the areas
of marijuana, addiction, oncology, cardiology, neurodevelopment, pulmonary, pediatric and
adolescent health, immunology, toxicology, preclinical research, epidemiology, systematic
review, and public health. (See Appendix E for the biographical sketches of committee
members.)

In conducting its work, the committee met six times from March 2016 through December
2016. In conjunction with two of those meetings, the committee held half-day public
information-gathering sessions which allowed the committee to hear from study sponsors,
experts, and other stakeholders. These discussions helped to inform the committee’s
deliberations.

Sponsors of this report include federal, state, philanthropic and nongovernmental
organizations. These include the Alaska Mental Health Trust Authority; Arizona Department of
Health Services; California Department of Public Health; CDC Foundation; Centers for Disease
Control and Prevention (CDC); Mat-Su Health Foundation; National Highway Traffic Safety
Administration; National Institutes of Health/National Cancer Institute; National Institutes of
Health/National Institute on Drug Abuse; Oregon Health Authority; The Colorado Health
Foundation; The Robert W. Woodruff Foundation; Truth Initiative; U.S. Food and Drug
Administration; and the Washington State Department of Health.

BOX 1-1
Statement of Task

The National Academies of Sciences, Engineering, and Medicine (the National Academies) will
appoint an ad hoc committee to develop a comprehensive, in-depth review of existing evidence
regarding the health effects of using marijuana and/or its constituents.

The committee will develop a consensus report with two primary sections: (1) a section of the
report will summarize what can be determined about the health effects of marijuana use and, (2) a
section of the report will summarize potential therapeutic uses of marijuana. The report will also provide
a background overview of the cannabinoid/endocannabinoid system, history of use in the United States
and the regulation and policy landscape. In addition, the report will outline and make recommendations
regarding a research agenda identifying the most critical research questions regarding the association of
marijuana use with health outcomes (both risks and therapeutic) that can be answered in the short term
(i.e., within a 3-year time frame) as well as any steps that should be taken in the short term to ensure that
sufficient data are being gathered to answer long-term questions (e.g., appropriate questions on large
population surveillance surveys, clinical data collection or other data capture, and resolution of barriers
to linkage between survey data and death/morbidity registries to enable population-level morbidity and
mortality effects estimates). The committee should focus on questions and consequences with the
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potential for the greatest public health impact, while shedding light on the characteristics of marijuana
use that impact both short- and long-term health.

In conducting its work, the committee will conduct a comprehensive review of the evidence,
using accepted approaches of literature search, evidence review, grading and synthesis. Studies reviewed
regarding health risks should be as broad as possible, including but not limited to epidemiology and
clinical studies, and toxicology and animal studies when determined appropriate by the committee. The
committee will provide summary determinations regarding causality based on strength of evidence. Both
U.S. and international studies may be reviewed based upon relevance and methodological rigor.

STUDY CONTEXT AND APPROACH

Over the past 20 years the IOM has published several consensus reports that focused on
the health effects of marijuana or addressed marijuana within the context of other drug or
substance abuse topics.” Two IOM reports that most prominently informed the committee’s work
were Marijuana and Health (IOM, 1982), and the 1999 report Marijuana and Medicine:
Assessing the Science Base (I0M, 1999). Although these reports differed in scope, they were
useful in providing a comprehensive body of evidence upon which the current committee could
build.

Marijuana and Health (I0OM, 1982) was commissioned by the former Secretary of Health
and Human Services and the former director of the National Institutes of Health, Joseph Califano
Jr., and Donald S. Fredrickson, respectively. The study’s committee was appointed to (1) analyze
the potential hazards of marijuana use on user safety and health, (2) analyze data concerning the
therapeutic value of marijuana, (3) assess the federal research programs, (4) identify new
research directions, and (5) draw conclusions that would assist future policy decision making.
The authoring committee concluded that there was evidence indicating that marijuana has a
broad range of psychological and biological effects, some of which under certain conditions are
harmful to human health, but there was a substantial lack of definitive evidence to characterize
the seriousness of harm. The committee’s major conclusion was that “what little we know for
certain about the effects of marijuana on human health—and all that we have reason to suspect—
justifies serious national concern” (IOM, 1982, p. 5). The committee’s major recommendation
called for an intensification and more comprehensive research effort into the effects of marijuana
on the health of the American people.

In 1997 the White House Office of National Drug Control Policy contracted with the
Institute of Medicine to conduct a scientific review of available literature to determine the
potential health benefits and risks of marijuana and its constituent cannabinoids. The resulting
report, Marijuana and Medicine (IOM, 1999), offered several conclusions and recommendations
(see Box 1-2) on the effects of isolated cannabinoids, the efficacy of cannabinoid drugs, the
influence of psychological effects on therapeutic effects, physiological risks, marijuana
dependence and withdrawal, marijuana as a “gateway drug,” and the use of smoked marijuana.

? See https://www.nap.edu/search/?year=1995&rpp=20&ft=1&term=marijuana (Accessed : July, 2016)
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BOX 1-2
Marijuana and Medicine: Assessing the Science Base (1999)
Conclusions and Recommendations

Conclusions:

e At this point, our knowledge about the biology of marijuana and cannabinoids allows us to make
some general conclusions:

o Cannabinoids likely have a natural role in pain modulation, control of movement, and
memory.

o The natural role of cannabinoids in immune systems is likely multi-faceted and remains
unclear.

o The brain develops tolerance to cannabinoids.

o Animal research demonstrates the potential for dependence, but this potential is observed
under a narrower range of conditions than with benzodiazepines, opiates, cocaine, or
nicotine.

o Withdrawal symptoms can be observed in animals but appear to be mild compared to
opiates or benzodiazepines, such as diazepam (Valium).

e The different cannabinoid receptor types found in the body appear to play different roles in
normal human physiology. In addition, some effects of cannabinoids appear to be independent
of those receptors. The variety of mechanisms through which cannabinoids can influence human
physiology underlies the variety of potential therapeutic uses for drugs that might act selectively
on different cannabinoid systems.

e Scientific data indicate the potential therapeutic value of cannabinoid drugs, primarily
tetrahydrocannabinol (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.

e 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.

e Numerous studies suggest that marijuana smoke is an important risk factor in the development
of respiratory disease. A distinctive marijuana withdrawal syndrome has been identified, but it is
mild and short lived. The syndrome includes restlessness, irritability, mild agitation, insomnia,
sleep disturbance, nausea, and cramping.

e Present data on drug use progression neither support nor refute the suggestion that medical
availability would increase drug abuse. However, this question is beyond the issues normally
considered for medical uses of drugs and should not be a factor in evaluating the therapeutic
potential of marijuana or cannabinoids.

Recommendations:

e Research should continue into the physiological effects of synthetic and plant-derived
cannabinoids and the natural function of cannabinoids found in the body. Because different
cannabinoids appear to have different effects, cannabinoid research should include, but not be
restricted to, effects attributable to THC alone.

e Clinical trials of cannabinoid drugs for symptom management should be conducted with the
goal of developing rapid-onset, reliable, and safe delivery systems.

e Psychological effects of cannabinoids such as anxiety reduction and sedation, which can
influence medical benefits, should be evaluated in clinical trials.

e Studies to define the individual health risks of smoking marijuana should be conducted,
particularly among populations in which marijuana use is prevalent.
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e Clinical trials of marijuana use for medical purposes should be conducted under the following
limited circumstances: trials should involve only short-term marijuana use (less than 6 months),
should be conducted in patients with conditions for which there is reasonable expectation of
efficacy, should be approved by institutional review boards, and should collect data about
efficacy.

e Short-term use of smoked marijuana (less than six months) for patients with debilitating
symptoms (such as intractable pain or vomiting) must meet the following conditions:

o failure of all approved medications to provide relief has been documented,

o the symptoms can reasonably be expected to be relieved by rapid-onset cannabinoid drugs,

o such treatment is administered under medical supervision in a manner that allows for
assessment of treatment effectiveness,

o and involves an oversight strategy comparable to an institutional review board process that
could provide guidance within 24 hours of a submission by a physician to provide marijuana
to a patient for a specified use.

SOURCE: IOM, 1999.

The scientific literature on cannabis use has grown substantially since the publication of
Marijuana and Medicine in 1999. The current committee conducted an extensive search of
relevant databases, including Medline, Embase, the Cochrane Database of Systematic Reviews,
and PsycINFO and initially retrieved more than 24,000 abstracts for articles published since the
1999 report that could potentially be relevant to this study. These abstracts were reduced by
limiting articles to those published in English and removing case reports, editorials, studies by
“anonymous” authors, conference abstracts, and commentaries. In the end, the committee
considered more than 10,700 abstracts for their relevance to this report. (See Appendix B for
details.)

The methodological approach taken by the committee to conduct this comprehensive
literature review and meet the objectives outlined in the Statement of Task is detailed in
Appendix B and briefly described here. Given the large scientific literature on cannabis, the
breadth of the statement of task, and the time constraints of the study, the committee developed
an approach that resulted in giving primacy to recently published systematic reviews (since
2011) and high-quality primary research that studied one or more of eleven groups of health
endpoints (see Figure 1-1 and Box 1-3). For each health endpoint, systematic reviews were
identified and assessed for quality using methods adapted from published criteria (Whiting et al.,
2016); only reviews that were assessed by the committee as being of good or fair quality were
considered in this comprehensive review. The committee’s conclusions are based on the findings
from the most recently published systematic review and all relevant primary literature that was
determined to be fair- and good-quality that was published after the most recent systematic
review. Where no systematic review existed, the committee reviewed all relevant primary
research from January 1, 1999 through August 1, 2016. Primary research was evaluated using
global assessments of the quality of available studies guided by standard approaches and
methodologies (Cochrane Quality Assessment [Higgins et al., 2011], Newcastle-Ontario scale
[Wells et al., 2014]). Any deviations from this approach are noted in the relevant chapters. For a
comprehensive description of the committees approach to evaluating the available literature,
please refer to Appendix B.
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Systematic
Review:

- Data Synthesis

and Weight of
Identification,

Quality Review

Evidence
Assessment

FIGURE 1-1 Summary of the committee’s process.

BOX 1-3
Health Topics and Prioritized Health Endpoints
(listed in the order in which they appear in the report)

Therapeutic effects

e Chronic pain; cancer, chemotherapy-induced nausea/vomiting; appetite and weight loss; irritable
bowel syndrome; epilepsy; spasticity related to multiple sclerosis; Tourette syndrome;
amyotrophic lateral sclerosis; Huntington’s disease; Parkinson’s disease; dystonia; Alzheimer’s
disease/dementia; glaucoma; traumatic brain injury/spinal cord injury; addiction; anxiety;
depression; sleep disorders; posttraumatic stress disorder; schizophrenia

Cancer
e Lung cancer; oral cancer; esophageal cancer; testicular cancer; other cancer

Cardiometabolic risk
e Acute myocardial infarction; stroke; metabolic dysregulation, metabolic syndrome, prediabetes,
and diabetes

Respiratory disease
e Pulmonary function; respiratory symptoms (including chronic bronchitis); chronic obstructive
pulmonary disorder; asthma

Immunity
e Immune Function; infectious disease

Injury and death
e All-cause mortality; occupational injury; motor vehicle crash; overdose injury and death

Prenatal, perinatal, and postnatal exposure to cannabis
e Pregnancy complications for the mother; fetal growth and development; neonatal conditions; later
outcomes for the infant

Psychosocial
e Cognition (learning, memory, attention, intelligence); academic achievement and educational
outcomes; employment/income; social relationships and other social roles

Mental health
e Schizophrenia other psychotic disorders; bipolar disorders, depression; suicide; anxiety;
posttraumatic stress disorder

Problem cannabis use
e (Cannabis use disorder
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Cannabis Use and abuse of other substances
e Abuse of other substances

Informed by the reports of previous IOM committees,” the committee developed
standard language to categorize the weight of evidence regarding whether cannabis or
cannabinoids use (for therapeutic purposes) are an effective or ineffective treatment for the
prioritized health endpoints of interest, or whether cannabis or cannabinoid use (primarily for
recreational purposes) are statistically associated with the prioritized health endpoints of interest.
Box 1-4 below describes these categories and the general parameters for the types of evidence
supporting each category. The committee used these weight-of-evidence categories in their
conclusions.

BOX 1-4
Weight-of-Evidence Categories

CONCLUSIVE EVIDENCE
For therapeutic effects: There is strong evidence from randomized controlled trials to support the
conclusion that cannabis or cannabinoids are an effective or ineffective treatment for the health
endpoint of interest.

For other health effects: There is strong evidence from randomized controlled trials to support or refute
a statistical association between cannabis or cannabinoid use and the health endpoint of interest.

For this level of evidence, there are many supportive findings from good-quality studies with no
credible opposing findings. A firm conclusion can be made, and the limitations to the evidence,
including chance, bias, and confounding factors, can be ruled out with reasonable confidence.

SUBSTANTIAL EVIDENCE
For therapeutic effects: There is strong evidence to support the conclusion that cannabis or cannabinoids
are an effective or ineffective treatment for the health endpoint of interest.

For other health effects: There is strong evidence to support or refute a statistical association between
cannabis or cannabinoid use and the health endpoint of interest.

For this level of evidence, there are several supportive findings from good-quality studies with very
few or no credible opposing findings. A firm conclusion can be made, but minor limitations, including
chance, bias, and confounding factors, cannot be ruled out with reasonable confidence.

MODERATE EVIDENCE
For therapeutic effects: There is some evidence to support the conclusion that cannabis or cannabinoids
are an effective or ineffective treatment for the health endpoint of interest.

For other health effects: There is some evidence to support or refute a statistical association between
cannabis or cannabinoid use and the health endpoint of interest.

For this level of evidence, there are several supportive findings from good- to fair-quality studies with

3 Adverse Effects of Vaccines (IOM, 2012); Treatment of Posttraumatic Stress Disorder: An Assessment of
the Evidence, (IOM, 2008); Veterans and Agent Orange: Update 2014 (NASEM, 2016).
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very few or no credible opposing findings. A general conclusion can be made, but limitations, including
chance, bias, and confounding factors, cannot be ruled out with reasonable confidence.

LIMITED EVIDENCE

For therapeutic effects: There is weak evidence to support the conclusion that cannabis or cannabinoids
are an effective or ineffective treatment for the health endpoint of interest.

For other health effects: There is weak evidence to support or refute a statistical association between
cannabis or cannabinoid use and the health endpoint of interest.

For this level of evidence, there are supportive findings from fair-quality studies or mixed findings with
most favoring one conclusion. A conclusion can be made, but there is significant uncertainty due to
chance, bias, and confounding factors.

NO OR INSUFFICIENT EVIDENCE TO SUPPORT THE ASSOCIATION

For therapeutic effects: There is no or insufficient evidence to support the conclusion that cannabis or
cannabinoids are an effective or ineffective treatment for the health endpoint of interest.

For other health effects: There is no or insufficient evidence to support or refute a statistical association
between cannabis or cannabinoid use and the health endpoint of interest.

For this level of evidence, there are mixed findings, a single poor study, or health endpoint has not been
studied at all. No conclusion can be made because of substantial uncertainty due to chance, bias, and
confounding factors.

The search strategies and processes described above were developed and adopted by the
committee in order to adequately address a broad statement of task in a limited timeframe, while
adhering to the National Academies high standards for the quality and rigor of committee
reports.

First, the committee was not tasked with conducting multiple systematic reviews, which
would have implied a lengthy and robust series of processes. The committee, however, adopted
key features of that process: a comprehensive literature search, assessments by more than one
person of the quality (risk of bias) of key literature and the conclusions, pre-specification of the
questions of interest before conclusions were formulated, standard language to allow
comparisons between conclusions, and declarations of conflict of interest via the National
Academies’ conflict-of-interest policies.

Second, there is a possibility that some literature was missed because of the practical
steps taken to narrow a very large literature to one that was manageable within the timeframe
available to the committee. Furthermore, some very good research may not have been reviewed
in this report because it did not directly address the specific health endpoint questions formulated
by the committee.
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Special Considerations for the Report
Biological Plausibility

After careful consideration, the committee chose not to attempt to review basic, non-
human research in order to attempt to bolster evidence for identified health outcomes from
cannabis exposure. This policy was in part dictated by the time constraints available for crafting
this report. Also, while basic research is in the end critical for understanding health outcome
mechanisms and suggesting new and innovative interventions, it often can’t explain the large
number of null findings, the frequent variation among human study outcomes, the adverse
clinical effects seen in some studies, nor the diversity in host susceptibility to cannabis exposure.
Given the methodologic variation in the studies reviewed, as well as potential deficiencies in
study design and execution, the committee focused its attention and energy on identifying high
quality studies with the best information and lowest risk of bias as the way to ensure that report
findings and conclusions were as informative and relevant as possible. In those instances where
cannabis-disease associations seemed relatively secure and evidence-based, the committee
believed that the findings would have clinical and public health importance even in the absence
of supporting basic studies. Similarly, for those experimental studies where causation could be
more explicitly determined, mostly in the area of therapeutics, these findings, if sufficiently
robust and replicable, were deemed to stand on their own whether or not bolstered with
mechanistic or biologically plausible underpinnings.

Considerations of Observational Studies

The vast majority of the systematic reviews, meta-analyses, and primary literature
reviewed in Part II: Other Health Effects consists of observational studies. This is in contrast to
the literature base in other fields such as therapeutics (discussed in Part I: Therapeutic Effects).
As such, it was not possible to restrict the literature reviews to those that synthesized evidence
from randomized clinical trials (RCTs). The methodology used for systematic reviews and meta-
analysis originates in the synthesis of data from RCTs, where methodology is highly
standardized and structured. The synthesis of observational studies presents some challenges that
have not been fully met, arising, in part, out of the greater variety in study design.

Exposure measurement is always an additional concern when evaluating comprehensive
reviews of observational studies. Assessment of cannabis exposure is particularly challenging
because of its illegal status (in most settings) and the reliance on self-report. Inherent difficulties
in accurately assessing the exposure in terms of dose, specific type of cannabis product used,
mode of intake, duration, frequency, and other variables result in the variability in definitions
used to operationalize cannabis exposure. Additionally, observational studies often have to
contend with confounders related to polysubstance use, which obscures the ability to answer
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questions about the effects of “cannabis only” on the health effects. Moreover, in some cases,
samples included different populations (adolescents versus adults), cannabis use history (i.e.,
chronic vs. acute), and patterns of use (i.e., frequency, dose, quantity) all of which provide mixed
or inconsistent evidence as to the effects of cannabis on a specific outcome. Additional
limitations include a lack of longitudinal assessments and small study cohorts.

There is also a concern about the broad reporting standards across cannabis research
fields. For example, several systematic reviews on cognition discussed in the report’s
Psychosocial chapter did not consistently describe the methods for scoring the evidence for each
endpoint. That is, the reviews include scores of the strength and consistency of the evidence for
each outcome, but provided less information about issues such as study design and statistical
analyses. As a result, the committee found that the reviews did not include the conventional data
generally found within quantitatively-based systematic examinations of a topic, or such as would
be found in meta-analytic reviews. Reasons for this may include variations in study
methodologies, instrumentation, populations, or research designs.

Despite these special considerations regarding the use of systematic reviews, meta-
analyses, and primary literature of observational studies, the committee determined that using
recent good- or fair-quality systematic reviews was the most appropriate approach to adequately
address the committee’s broad statement of task and comprehensive, prioritized research
questions while maintaining a high standard for quality and rigor. For additional information on
these considerations, please see Box 11-2 in Chapter 11: Psychosocial and Box 12-2 in Chapter
12: Mental Health.

Comparing Harms and Benefits of Cannabis Use

Several health endpoints are discussed in multiple chapters of the report (e.g., cancer,
schizophrenia); however, it is important to note that the research conclusions regarding potential
harms and benefits discussed in these chapters may differ. This is, in part, due to differences in
the study design of the reviewed evidence, differences in characteristics of cannabis or
cannabinoid exposure (e.g., form, dose, frequency of use), and the populations studied. As such,
it is important that the reader is aware that this report was not designed to reconcile the proposed
harms and benefits of cannabis or cannabinoid use across the report’s chapters. In drafting the
report’s conclusions, the committee made an effort to be as specific as possible about the type
and/or duration of cannabis or cannabinoid exposure and where relevant, cross-referenced
findings from other report chapters.

Key Definitions
The terms “marijuana” and “cannabis” are often used interchangeably, particularly within

the United States; however, these are two separate entities. Cannabis is a broad term that can be
used to describe organic products (e.g., cannabinoids,” marijuana,* hemp’) derived from the

? Cannabinoids are a group of active chemical compounds found in cannabis. Among the more than 100
different types of cannabinoids are tetrahydrocannabinol (THC) and cannabidiol (CBD) (Small, 2015).

*In general, marijuana refers only to parts of the plant or derivative products that contain substantial levels
of tetrahydrocannabinol (THC), the chemical compound that is found in the highest concentrations in the cannabis
plant and which is primarily responsible for the plant’s intoxicative qualities (Small, 2015).

> Under U.S. law, cannabis plants with very low levels of THC (not more than 0.3 percent) are not
considered marijuana but instead “industrial hemp” (Small, 2015).
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Cannabis sativa plant. These products exist in various forms and are used for a number of
different purposes (e.g., medical, industrial, recreational). Given its broad potential, the all-
encompassing word “cannabis” has been adopted as the standard terminology within scientific
and scholarly communities. The committee uses the term ‘“cannabis” rather than “marijuana”
throughout this report.

The committee notes the existence of “cannabimimetic agents” (often referred to as “K2”
or “spice”) which are made up of dried plant matter sprayed with synthetic chemicals that mimic
the effect of THC by interacting with cannabinoid receptors in the brain (King, 2014). At the
request of the study sponsors, non-therapeutic synthetic cannabinoids are not considered in this
study.

REPORT ORGANIZATION

This report is organized into four parts and 16 chapters. Part I: Introduction and
Background (Chapters 1-3) provides an overview of the origin, purpose, and organization of the
report, as well as essential information on cannabis and cannabis-derived medications and
products, and the history and current state of federal and state cannabis policy. In addition to this
Introduction (Chapter 1), Chapter 2 (Cannabis) reviews the biology of cannabis and its
constituent compounds, exploring the biochemistry of the marijuana plant, its derivatives, and
the different routes of administration. Additionally this chapter provides an overview of synthetic
versions of cannabis, including Food and Drug Administration—approved medicinal synthetics
and manufactured cannabis (street drugs such as K2, spice). Chapter 3 (Cannabis: Prevalence of
Use, Regulation, and Current Policy Landscape) provides an overview of cannabis use in the
United States and reviews policy related to cannabis legislation.

Part II: Therapeutic Effects of Cannabis and Cannabinoids (Chapter 4) discusses the
health effects of cannabis and cannabinoids used for therapeutic purposes, in relation to the most
commonly reported conditions for medical cannabis use (in states where usage is legal), as well
as the current qualifying ailments recognized by state medical marijuana programs. Most of the
evidence reviewed in this chapter derives from clinical and basic science research conducted for
the specific purpose of answering an a priori question of whether cannabis and/or cannabinoids
are an effective treatment for a specific disease or health condition. The vast majority of these
studies examined the potential therapeutic effect of cannabinoids (e.g., FDA-approved
synthetics), rather than smoked cannabis.

Part I1I: Other Health Effects (Chapters 5—14) discusses the health effects of cannabis
and/or cannabis-derived products used for primarily recreational and other non-therapeutic
purposes. Most of the evidence reviewed in Part III derives from epidemiological research
primarily focusing on smoked cannabis. It is of note that several of the prioritized health
conditions discussed in Part III are also reviewed in Part II, albeit from the perspective of effects
associated with using cannabis for primarily recreational, as opposed to therapeutic, purposes. A
bulleted list of chapter highlights are included in the introduction of the chapters in Part II and
Part III of the report.

Within Part III, the effects of cannabis use on cancer incidence are discussed in Chapter
5. Chapter 6 addresses cardiometabolic risks of cannabis use, including effects on acute
myocardial infarction, stroke, and metabolic effects—metabolic dysregulation, metabolic
syndrome, prediabetes, and diabetes mellitus. Respiratory disease—pulmonary function, chronic
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obstructive pulmonary disease, respiratory symptoms including chronic bronchitis, and asthma—
are discussed in Chapter 7. Immunity and infection are discussed in Chapter 8. The effects of
cannabis use on overall mortality, overdose death, employment injuries, and motor vehicle
crashes are reviewed in Chapter 9, Injury and Death. Prenatal, neonatal, and perinatal effects are
discussed in Chapter 10. Psychosocial effects, including the effects of cannabis on learning,
memory, attention, academic achievement, employment and income, and social relationships and
social roles are discussed in Chapter 11, and mental health conditions, including schizophrenia
and other psychosis, bipolar disorder, depression, suicide, anxiety, and post-traumatic stress
disorder are discussed in Chapter 12. Chapter 13 discusses problem cannabis use, including
cannabis use disorder, and the abuse of other substances is discussed in Chapter 14.

Part IV: Research Barriers and Recommendations (Chapters 15-16) reviews the
regulatory barriers and methodological challenges that hinder cannabis research, and
recommends the actions necessary to successfully implement a comprehensive cannabis research
agenda. Chapter 15 provides an overview of barriers to studying cannabis, including regulatory,
policy, and financial, as well as of methodological challenges, and Chapter 16 outlines the
committee’s proposed research agenda, detailing both short-term and long term objectives.

Appendixes A—E contain the report glossary, details about the committee’s search
strategy, systematic reviews considered in this report, open session agendas, and biographical
sketches of committee and staff members.
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2
Cannabis

HISTORY OF CANNABIS

Cannabis sativa is one of the world’s oldest cultivated plants (Russo, 2007). Although
the earliest written records of the human use of cannabis date from the sixth century B.C. (ca.
2,600 cal BP), existing evidence suggests that its use in Europe and East Asia started in the early
Holocene (ca. 8,000 cal BP) (Long et al., 2016). Many 19th century practitioners ascribed
medicinal properties to cannabis after the drug found its way to Europe during a period of
colonial expansion into Africa and Asia. For example, in the 19th century William B.
O’Shaughnessy, an Irish physician working at the Medical College and Hospital in Calcutta, first
introduced cannabis (Indian hemp) to Western medicine as a treatment for tetanus and other
convulsive diseases (O’Shaughnessy, 1840). At approximately the same time, French physician
Jean-Jacques Moreau de Tours experimented with the use of cannabis preparations for the
treatment of mental disorders (Moreau de Tours, 1845). Soon after, in 1851, cannabis was
included in the third edition of the Pharmacopoeia of the United States (USP). Subsequent
revisions of the USP described in detail how to prepare extracts and tinctures of dried cannabis
flowers to be used as analgesic, hypnotic, and anticonvulsant (Russo, 2007; U.S. Pharmacopoeial
Convention, 1916). Growing concerns about cannabis resulted in the outlawing of cannabis in
several states in the early 1900s and federal prohibition of the drug in 1937 with the passage of
the Marihuana Tax Act. In response to these concerns, in 1942 the American Medical
Association removed cannabis from the 12th edition of U.S. Pharmacopeia (I0OM, 1999).

THE CANNABIS PLANT

Cannabis cultivars are considered as part of one genus, Cannabis, family Cannabaceae,
order Urticales (Kuddus et al., 2013). Two accepted genera of Cannabaceae are Cannabis and
Humulus (hops). There is, however, an ongoing debate concerning the taxonomic differentiation
within the Cannabis genus (Laursen, 2015). On the basis of genetic variations, a multitypic
genus with at least two putative species, Cannabis sativa and Cannabis indica, has been
proposed by some researchers (Clarke and Merlin, 2015; Hillig, 2005). Other researchers have
suggested a unique species Cannabis sativa with the genetic differences explained by variations
at the subspecies- and variety-levels or at a biotype-level of putative taxa (Small, 2015).
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Chemical Constituents of Cannabis

To date, more than 104 different cannabinoids' have been identified in cannabis (EISohly
et al, 2014). Other compounds identified include terpenoids, flavonoids, nitrogenous compounds,
and more common plant molecules (American Herbal Pharmacopoeia, 2013). Among these, A’-
THC has received the most attention for being responsible for the intoxicated state sought after
by recreational cannabis users, owing to its ability to act as a partial agonist® for type-1
cannabinoid receptors (CB;). Cannabinoids exist mainly in the plant as their carboxylic
precursors (A-THCA and CBDA) and are decarboxylated by light or heat while in storage or
when combusted (Grotenhermen, 2003). A’-THC is synthesized within the glandular trichomes
present in the flowers, leaves, and bracts of the female plant. It shares a common precursor,
olivetoic acid, with another quantitatively important constituent of Cannabis sativa, cannabidiol
(CBD), which is the most abundant cannabinoid in hemp. For this reason, the genetic profile and
relative level of expression of the enzymes responsible for their synthesis (genotype), namely
THCA synthase and CBDA synthase, determine the chemical composition of a particular
cultivar (chemotype).
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Cannabigerolic acid (CBGA)

THCA synthase / \CBDA synthase

7 wo

7 ~o
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FIGURE 2-1 Synthetic pathway of the main cannabinoids, A’~THC and CBD, from the common
precursor, olivetol.

! Cannabinoids are a group of psychoactive chemical compounds found in the cannabis plant.
* Partial agonists are ligands that interact with their receptors to produce a level of response that is less
than the response to full agonists.
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Cannabis plants typically exhibit one of the three main different chemotypes based on the
absolute and relative concentrations of A>-THCA and CBDA (see Table 2-1), which makes it
possible to distinguish among the A’-THC-type, or drug-type; the intermediate type; and the
CBD-type, cannabis plants grown for fiber (industrial hemp) or seed oil in which the content of
A’-THC does not exceed 0.3 percent on a dry-weight basis (Chandra et al., 2013). CBD is,
however, pharmacologically active, and, therefore, classifying cannabis in terms of drug- and
fiber-producing seems inaccurate. Both THC- and CBD-types are considered drug-types, and
both cultivars could theoretically be exploited to produce fiber.

TABLE 2-1 Cannabis Phenotypes

Chemotype | A’-THC ‘ CBD ‘ CBD: A’-THC ratio

THC-type 0.5-15% 0.01-0.16% <0.02
Hybrid 0.5-5% 0.9-7.3% 0.6—4

CBD-type 0.05-0.7% 1.0-13.6% >5

SOURCE: Modified from Galal et al. (2009). THCA-predominant strains can yield more than 25 percent
A’-THC; specifically selected CBDA clones can yield up to 20 percent CBD.

Pharmacological Properties of A°-THC

In a series of studies conducted in the late 1930s and early 1940s, Roger Adams and co-
workers isolated cannabinol and CBD from hemp oil and then isomerized CBD into a mixture of
two tetrahydrocannabinols with “marihuana-like” physiological activity in dogs, proving their
structure except for the final placement of one double bond (Adams et al., 1940a,b). Two years
later, tetrahydrocannabinol was first isolated from cannabis resin (Wollner et al., 1942). In 1964,
thanks to the development of potent analytical techniques such as nuclear magnetic resonance
imaging, Gaoni and Mechoulam were able to identify the position of this elusive double bond,
thus resolving the final structure of A’~THC (Gaoni and Mechoulam, 1964).

In the late 1980s William Devane and Allyn Howlett first postulated the existence of
cannabinoid receptors by showing how synthetic molecules designed to mimic the actions of A’-
THC were able to bind a selective site in brain membranes, thus inhibiting the intracellular
synthesis of cyclic adenosine monophosphate (cAMP) through a G protein—mediated mechanism
(Devane et al., 1988). The mapping of cannabinoid-binding sites in the rat brain (Herkenham et
al., 1990) and the molecular cloning of the first cannabinoid receptor gene (Matsuda et al., 1990)
subsequently corroborated this hypothesis. Three years later, a second G protein—coupled
cannabinoid receptor was cloned from a promyelocytic cell line and termed CB, (Munro et al.,
1993).

Both CB; and CB; signal through the transducing G proteins, Gjand G,, and their
activation by A’-THC or other agonists causes the inhibition of adenylyl cyclase activity, the
closing of voltage-gated calcium channels, the opening of inwardly rectifying potassium
channels, and the stimulation of mitogen-activated protein kinases such as ERK and focal
adhesion kinases (FAKs) (Mackie, 20006).

The expression pattern of CB; receptors in brain structures correlates with the
psychoactive effects of cannabis. In mammals, high concentrations of CB; are found in areas that
regulate appetite, memory, fear extinction, motor responses, and posture such as the
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hippocampus, basal ganglia, basolateral amygdala, hypothalamus, and cerebellum (Mackie,
2006). CB; is also found in a number of non-neural tissues, including the gastrointestinal tract,
adipocytes, liver, and skeletal muscle. In addition to CBy, the brain also contains a small number
of CB; receptors, although this subtype is mainly expressed in macrophages and macrophage-
derived cells such as microglia, osteoclasts, and osteoblasts (Mackie, 2006).

Pharmacological Properties of Cannabidiol (CBD)

Cannabidiol was first isolated from hemp oil in 1940 (Adams et al., 1940a) and its
structure predicted by chemical methods (Adams et al., 1940b); its fine structure was determined
in later studies (Mechoulam and Shvo, 1963). CBD lacks the cannabis-like intoxicating
properties of A>-THC and, for this reason, has been traditionally considered non-psychoactive.
CBD displays very low affinity for CB; and CB, cannabinoid receptors (Thomas et al., 2007),
but might be able to negatively modulate CB; via an allosteric mechanism (Laprairie et al.,
2015)3; however, CBD can interfere with the deactivation of the endocannabinoid molecule
anandamide, either by targeting its uptake or its enzymatic degradation, catalyzed by fatty-acid
amide hydrolase (FAAH) which could indirectly activate CB; (De Petrocellis et al., 2011; Elmes
etal., 2015).

CBD is also a known agonist of serotonin 5-HT1A receptors (Russo et al., 2005) and
transient receptor potential vanilloid type 1 (TRPV1) receptors (Bisogno et al., 2001). It can also
enhance adenosine receptor signaling by inhibiting adenosine inactivation, suggesting a potential
therapeutic role in pain and inflammation (Carrier et al. 2006). The antioxidant and anti-
inflammatory properties of this compound may explain its potential neuroprotective actions
(Scuderi et al., 2009). Irrespective of the mechanism of action, there is evidence that CBD could
potentially be exploited in the treatment and symptom relief of various neurological disorders
such as epilepsy and seizures (Hofmann and Frazier, 2013; Jones et al., 2010), psychosis
(Leweke et al., 2016), anxiety (Bergamaschi et al., 2011), movement disorders (e.g. Huntington’s
disease and amyotrophic lateral sclerosis) (DeLago and Fernandez-Ruiz, 2007; Tuvone et al.,
2009) and multiple sclerosis (Lakhan and Rowland, 2009).

BOX 2-1
Endocannabinoids and Their Signaling Systems

There are two endocannabinoids, 2-archidonoylglycerol (2-AG) and anandamide.
2-AG

2-AG is generated by the enzymatic activity of a membrane-associated diacylglycerol lipase
(DGL), which converts Sn2-arachidonic acid containing diacylglycerols into 2-AG (see Figure 2-2).
Two isoforms of DGL, alpha and beta, have been identified. The alpha isoform generates 2-AG utilized
during neuronal development and for synaptic communication between neurons, while the beta isoform
may contribute to both brain development and inflammation. The activity of DGL-alpha is regulated by
intracellular calcium, glutathione, and cellular localization, and via posttranslational modification.
Once produced, 2-AG can act via both CB; and CB, receptors to exert a range of biological effects in
central and peripheral cells.

? Allosteric modulators are ligands that indirectly influence the effects of an agonist or inverse agonist at a target
receptor. Allosteric modulators bind to a site distinct from that of the orthosteric agonist binding site.
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FIGURE 2-2 Pathways of 2-AG formation and deactivation.

2-AG is primarily degraded by monoacylglycerol lipase (MGL) into free arachidonic acid and
glycerol. In the central nervous system (CNS), the free arachidonic acid generated by MGL-mediated
hydrolysis of 2-AG may serve as a precursor for the generation of prostaglandins by cyclooxygenases.
The activity of MGL can be regulated by posttranslational modification (e.g., sulfenylation). There is
also evidence that 2-AG can be oxygenated by cyclooxygenase-2 to generate prostaglandin glycerols.

Anandamide

The formation of anandamide involves two steps (see Figure. 2-3). The first consists of the
transfer of arachidonic acid from phosphatidylcholine (PC) to phosphatidylethanolamine (PE). This
reaction is catalyzed by the N-acyltransferase PLA2GA4E and yields a diverse group of N-arachidonoyl-
substituted PE species (NAPEs). The second step is the cleavage of NAPEs to produce anandamide and
may be mediated by either NAPE-specific phospholipase D (NAPE-PLD) or alpha/beta-hydrolase
domain-4 (ABHD-4). PLA2G4E may represent the rate-limiting step for anandamide formation,
though additional work is needed to confirm this possibility. After release into the extracellular milieu,
anandamide is captured by neurons and glia through carrier-mediated transport and is subsequently
hydrolyzed to arachidonic acid by fatty acid amide hydrolase (FAAH), a postsynaptic serine hydrolase
expressed throughout the CNS. In microglia, anandamide might be also degraded by the lysosomal
cysteine hydrolase, N-acylethanolamine acid amidase (NAAA).

PREPUBLICATION COPY—UNCORRECTED PROOFS

Copyright © National Academy of Sciences. All rights reserved.




The Health Effects of Cannabis and Cannabinoids: The Current State of Evidence and Recommendations for Research

2-6 THE HEALTH EFFECTS OF CANNABIS AND CANNABINOIDS

1-lyso-2-arachidonoyl-PC

Arachidonic acid
Unknown

1, 2-diarachidonoyl-PC

Phosphatidylethanolamine
Unknown

o — —

o)
M _Bop~N = =
R o’Y\oHd o

R o ABHD-4
PLV o N-arachidonoyl-
m phosphatidylethanolamine -
H — — H
N —_——— lycerol A =
po NAPE- PLDl i

p-ase Ho/\/")k/(\/\v:\/o faay  Arachidonic acid
Anandamlde m

FIGURE 2-3 Pathways of anandamide formation and deactivation.

Endocannabinoid Synaptic Signaling (CB;) (A Central Example)

One of the best-studied forms of endocannabinoid signaling occurs at CNS synapses. There are
several unique features of endocannabinoid signaling relative to amino acid and peptide-based
neurotransmitters. First, endocannabinoid signaling occurs in a retrograde direction, i.e., the signaling
is initiated in postsynaptic neurons and acts upon presynaptic terminals. This is in stark contrast to
traditional anterograde chemical neurotransmission, which is initiated at the axon terminal and conveys
signals to postsynaptic neurons within a connected neuronal circuit or system. A second unique feature
of this system is that, in contrast to classical neurotransmitters, endocannabinoids are not preformed
and stored in vesicles pending release. In contrast, they are produced “on demand” upon stimulation of
postsynaptic cells through a variety of signals.

The role of 2-AG in mediating endocannabinoid synaptic signaling has been well established
during the past decade. Indeed, at excitatory synapses, all key components of 2-AG-mediated signaling
(DGL-alpha, MGL, CB; receptor) are ideally localized to facilitate retrograde control of
neurotransmitter release. Specifically, DGL-alpha is found in postsynaptic spines while MGL and CB;
are located in axon terminals. The activity of DGL-alpha can be increased by stimulation of Gg-
coupled-neurotransmitter receptors (e.g., metabotropic glutamate receptors) or by a calcium influx.
Once active, DGL-alpha generates 2-AG at the cell membrane, which travels in a retrograde direction
to the presynaptic terminal to interact with CB,. The activation of CB, by 2-AG results in a reduction in
presynaptic release probability predominantly via Gi/o-dependent signal transduction cascades. This
synaptic depression can last for seconds to minutes or longer, depending on the duration of receptor
stimulation and the specific types of downstream signaling cascades initiated. After interacting with the
receptor, 2-AG is hydrolyzed primarily by MGL located in the cytosol of the presynaptic axon
terminal. MGL in astrocytes may also contribute to the termination of 2-AG-mediated synaptic
signaling.

There is also evidence that anandamide can act as a retrograde modulator of neurotransmitter
release in a manner similar to 2-AG, but with some distinct differences that are suggestive of a broader
paracrine mode of action.

SOURCE: Piomelli, 2015.
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CANNABIS-DERIVED PRODUCTS

In the United States, cannabis-derived products are consumed for both medical and
recreational purposes in a variety of ways. These include smoking or inhaling from cigarettes
(joints), pipes (bowls), water pipes (bongs, hookahs), and blunts (cigars filled with cannabis);
eating or drinking food products and beverages; or vaporizing the product. These different modes
are used to consume different cannabis products, including cannabis “buds” (dried cannabis
flowers); cannabis resin (hashish, bubble hash); and cannabis oil (butane honey oil, shatter, wax,
crumble). The oil, which may contain up to 75 percent A>-THC—versus 5 to 20 percent in the
herb or resin (Raber et al., 2015)—is extracted from plant material using organic solvents, such
as ethanol, hexane, butane, or supercritical (or subcritical) CO,, and can be either smoked or
vaporized by pressing the extracted oil against the heated surface of an oil rig pipe (dabbing).
Cannabinoids can also be absorbed through the skin and mucosal tissues, so topical creams,
patches, vaginal sprays and rectal suppositories are sometimes employed and used as a form of
administering A’-THC (Brenneisen et al., 1996). A broad selection of cannabis-derived products
are also available in the form of food and snack items, beverages, clothing, and health and beauty
aid products.

Potency of Cannabis

In the 1990s and early 2000s, the bulk of cannabis consumed in the United States was
grown abroad and illicitly imported. The past decade has seen an influx of high-potency cannabis
produced within the United States—for example,, “sinsemilla”—which is grown from clones
rather than from seeds. Data from the Drug Enforcement Administration (DEA) seizures record a
substantial increase in average potency, from 4 percent in 1995 to roughly 12 percent in 2014,
both because high-quality U.S.-grown cannabis has taken market share from Mexican imports
and because cannabis from both sources has grown in potency (EISohly et al., 2016; Kilmer,
2014).

Route of Administration

The route of administration of cannabis can affect the onset, intensity, and duration of the
psychotropic effects, the effects on organ systems, and the addictive potential and negative
consequences associated with its use (Ehrler et al., 2015). The consumption of cannabis causes a
particular combination of relaxation and euphoria, commonly referred to as a “high.” When
cannabis is smoked, A’-THC quickly diffuses to the brain, eliciting a perceived high within
seconds to minutes. Blood levels of A>-THC reach a maximum after about 30 minutes and then
rapidly subside within 1 to 3.5 hours (Fabritius et al., 2013; Huestis et al., 1992). Vaping has a
onset, peak, and duration that are similar to those of smoking and produces a similar high
(Abrams et al., 2007). “Dabbing,” a term for flash-vaporizing butane hash oil-based
concentrates, has been reported to offer a different and stronger intoxicating effect than
smoking/vaping (Loflin, 2014). By contrast, eating does not produce effects for 30 minutes to 2
hours, and the perceived high is relatively prolonged, lasting 5 to 8 hours or even longer. The
slow action of orally ingested cannabis is due to A’-THC being absorbed by the intestine and
transported to the liver (hepatic first pass) where it is converted into 11-OH-THC, an equipotent
and longer-lasting metabolite (Huestis et al., 1992). Edibles make it harder to titrate the
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intoxicating effects due to the delayed and variable onset. Consequently, edibles have been tied
to the ingestion of excessive amounts of cannabis under the misperception that the initial dose
had not produced the desired effect (Ghosh and Basu, 2015; MacCoun and Mello, 2015). The
availability of edibles has also been associated with increased rates of accidental pediatric
ingestion of cannabis (Wang et al., 2014).

Trends in Routes of Administration

There are no high-quality nationally representative data on the prevalence of the non-
herbal forms of cannabis (e.g., edibles, oils, and other concentrates), but evidence suggests that
they are more commonly used by medical cannabis patients in states with recreational or lenient
medical cannabis policies (Daniulaityte et al., 2015; Pacula et al., 2016). Forty percent of 12th-
grade past-year users reported using cannabis in edible form in medical cannabis states, versus
26 percent in states without medical cannabis laws (NIDA, 2014). In Washington State, an
online survey from 2013 found that, among daily and near-daily cannabis users, 27.5 percent had
used edibles, 22.8 percent had used hash resin, and 20.4 percent had “dabbed” in the past week
(Kilmer et al., 2013).

Data from recreational cannabis sales in Washington and Colorado provide a glimpse of
trends that are specific to markets that have legalized cannabis. In Washington State, herbal
cannabis remains dominant, having accounted for two-thirds of all sales revenues in June 2016,
but it is losing market share as “cannabis extracts for inhalation” become more popular, at 21
percent in June 2016 as compared with 12 percent one year prior. The sales of liquid and solid
edibles (9 percent) combined account for most of the remaining sales.! Non-herbal varieties are
even more popular on Colorado’s recreational market, where herbal cannabis accounts for a
narrow majority (56 percent) and sales of solid concentrates (24 percent) and edibles (13 percent)
are on the rise (Castle, 2016).

Partly to provide a guide for the responsible use of non-herbal varieties of cannabis,
states that have legalized the recreational cannabis have defined a standard “dose” of THC.
Washington State and Colorado have set the standard “dose” of THC as 10 mg, while Oregon
chose a lower limit of 5 mg. For perspective, the typical joint size in the United States is .66 g
(Mariani et al., 2011) and the average potency is 8 percent THC (Fabritius et al., 2013), resulting
in an average dose of 8.25 mg THC per joint; higher THC levels ranging from 15-20 percent or
higher would yield a THC dose between 9.9-13.2 mg. Occasional users report feeling “high”
after consuming only 2-3 mg of THC (Hall and Pacula, 2010); however, users who have
developed tolerance to the effects of THC via frequent use may prefer much larger quantities.

CLINICAL FEATURES OF CANNABIS INTOXICATION

During acute cannabis intoxication, the user’s sociability and sensitivity to certain stimuli
(e.g., colors, music) may be enhanced, the perception of time is altered, and the appetite for
sweet and fatty foods is heightened. Some users report feeling relaxed or experiencing a
pleasurable “rush” or buzz” after smoking cannabis (Agrawal et al., 2014). These subjective

* Author’s calculations from Washington State Liquor and Cannabis Board’s publicly available August
2016 “traceability” dataset (“biotrackthc_dispensing.csv”). Data requests available at:
http://Icb.wa.gov/records/public-records (accessed January 5, 2017).
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effects are often associated with decreased short-term memory, dry mouth, and impaired
perception and motor skills. When very high blood levels of A’-THC are attained, the person
may experience panic attacks, paranoid thoughts, and hallucinations (Li et al., 2014).
Furthermore, as legalized medical and recreational cannabis availability increase nationwide, the
impairment of driving abilities during acute intoxication has become a public safety issue.

In addition to A’-THC dosage, two main factors influence the intensity and duration of
acute intoxication: individual differences in the rate of absorption and metabolism of A’-THC,
and the loss of sensitivity to its pharmacological actions. Prolonged CB receptor occupation as a
consequence of the sustained use of cannabis can trigger a process of desensitization, rendering
subjects tolerant to the central and peripheral effects of A’~THC and other cannabinoid agonists
(Gonzalez et al., 2005). Animals exposed repeatedly to A’-THC display decreased CB, receptor
levels as well as impaired coupling between CB; and its transducing G-proteins (Gonzalez et al.,
2005). Similarly, in humans, imaging studies have shown that chronic cannabis use leads to a
down-regulation of CB; receptors in the cortical regions of the brain and that this effect can be
reversed by abstinence (Hirvonen et al., 2012).

CANNABINOID-BASED MEDICATIONS

The U.S. Food and Drug Administration (FDA) has licensed three drugs based on
cannabinoids (see Table 2-2). Dronabinol, the generic name for synthetic A’~THC, is marketed
under the trade name of Marinol® and is clinically indicated to counteract the nausea and
vomiting associated with chemotherapy and to stimulate appetite in AIDS patients affected by
wasting syndrome. A synthetic analog of A’~-THC, nabilone (Cesamet®), is prescribed for similar
indications. Both dronabinol and nabilone are given orally and have a slow onset of action. In
July 2016 the FDA approved Syndros®, a liquid formulation of dronabinol, for the treatment of
patients experiencing chemotherapy-induced nausea and vomiting who have not responded to
conventional antiemetic therapies. The agent is also indicated for treating anorexia associated
with weight loss in patients with AIDS. Two additional cannabinoid-based medications have
been examined by the FDA. Nabiximols (Sativex”) is an ethanol cannabis extract composed of
A’-THC and CBD in a one-to-one ratio. Nabiximols is administered as an oromucosal spray and
is indicated in the symptomatic relief of multiple sclerosis and as an adjunctive analgesic
treatment in cancer patients (Pertwee, 2012). As of September 2016, nabiximols has been
launched in 15 countries including Canada, Germany, Italy, Spain, the United Kingdom and has
been approved in a further 12, but not in the United States.” In response to the urgent need
expressed by parents of children with intractable epilepsy, in 2013 the FDA allowed
investigational new drug studies of Epidiolex”, a concentrated CBD oil (>98 percent CBD), also
developed by GW Pharmaceuticals, as an anti-seizure medication for Dravet and Lennox-Gastaut
syndromes.

> For additional information see: http://www.gwpharm.com (accessed January 5, 2017)
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TABLE 2-2 Cannabinoid-Based Medications

CANNABINOID-BASED MEDICATIONS
Route of .
Substance Administration Description
Cannabidiol (CBD) Oral capsule Cannabl.nmd extracted from
3 Oromucosal spray Cannabis plant
=
3 Cannabis Multiple Multiple active cannabinoids
2.
E °
S Cannador Ol epels THC and CBD from Cannabis
et extract
= Epidiolex® ol Concentrated CBD from
g (FDA Fast Track) Cannabis extract
g Nabiximol (Sativex®) Oromucosal spra THC and CBD extract from two
3 (FDA Fast Track) pray Cannabis plant varieties
S
a9
= Tetrahydrocannabinol Oral capsule Active cannabinoid of Cannabis
g Smoked
2 (THO) plant
<Z° Oromucosal spray
THC/CBD Oral capsule Combination of cannabinoids
Ajulemic acid (AjA) . .
g (FDA PHASE II Oral capsule Synthetic nonpsychoactive
= ; cannabinoid
2 Active)
§ Dronabinol
] .
O (Marinol®; .
2 Syndros®) Oral capsule Synthetic THC
= (FDA approved)
=
o Nabilone (Cesamet®) Oral cansule Synthetic cannabinoid—THC
(FDA approved) P analogue

SYNTHETIC CANNABINOIDS AS RECREATIONAL DRUGS

In addition to nabilone, many other synthetic cannabinoids agonists have been described
and widely tested on experimental animals to investigate the consequences of cannabinoid
receptor activation® (e.g., CP-55940, WIN-55212-2, JWH-018) (Iversen, 2001; Pertwee, 2012).
The therapeutic application of these highly potent molecules is limited by their CB;-mediated
psychotropic side effects, which presumably provide the rationale for the illicit use of some of
them as an alternative to cannabis (Wells and Ott, 2011). Preclinical and clinical data in support
of this claim remain, however, very limited. Internet-marketed products such as Spice, K2, and
Eclipse are a blend of various types of plant material (typically herbs and spices) that have been
sprayed with one of these synthetic cannabinoids (as well as other non-cannabinoid psychoactive
drugs). Since 2009 more than 140 different synthetic cannabinoids have been identified in herbal

% Due to the determined scope of this report, non-therapeutic synthetic cannabinoids will not be discussed
in the forthcoming chapters of the report.
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mixtures consumed as recreational drugs. The synthetic cannabinoids used in “herbal mixtures”
are chemically heterogeneous, most of them being aminoalkylindole derivatives such as
naphthoylindoles (e.g., JWH-018 and JWH-210), cyclopropylindoles (e.g., UR-144, XLR-11), or
quinoline esters (e.g., PB-22). They seem to appeal especially to young cannabis and polydrug
users because they are relatively inexpensive, easily available through the Internet, and difficult
to identify with standard immunoassay drug screenings. In contrast to A>-THC, which is a partial
agonist of the CB; receptor, many of the synthetic cannabinoids bind to CB; receptors with high
affinity and efficacy, which may be also associated with higher potential of toxicity (Hermanns-
Clausen et al. 2016). According to the National Institute on Drug Abuse (NIDA, 2012, p.2),
people using these various blends have been admitted to Poison Control Centers reporting “rapid
heart rate, vomiting, agitation, confusion, and hallucinations”. Synthetic cannabinoids can also
raise blood pressure and cause a reduced blood supply to the heart (myocardial ischemia), and in
a few cases they have been associated with heart attacks. Regular users may experience
withdrawal and symptoms of dependence (Tait et al., 2016).

CANNABIS CONTAMINANTS AND ADULTERANTS

The large economic potential and illicit aspect of cannabis has given rise to numerous
potentially hazardous natural contaminants or artificial adulterants being reported in crude
cannabis and cannabis preparations. Most frequent natural contaminants consist of degradation
products, microbial contamination (e.g., fungi and bacteria), and heavy metals. These
contaminants are usually introduced during cultivation and storage (McLaren et al., 2008;
McPartland 2002). Growth enhancers and pest control chemicals are the most common risks to
both the producer and the consumer. Cannabis can also be contaminated for marketing purposes.
This usually entails adding substances (e.g., tiny glass beads, lead) to increase the weight of the
cannabis product (Busse et al., 2008; Randerson, 2007) or adding psychotropic substances (e.g.,
tobacco, calamus) and cholinergic compounds to either enhance the efficacy of low-quality
cannabis or to alleviate its side effects (McPartland, 2008). Additionally, some extraction and
inhalation methods used for certain dosing formulations (tinctures, butane hash oil, “dabs”) can
result in substantial pesticide and solvent contamination (Thomas and Pollard, 2016).
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Cannabis: Prevalence of Use, Regulation, and Current Policy
Landscape

PREVALENCE OF CANNABIS USE IN THE UNITED STATES (1975-2014)

The popularity of cannabis has ebbed and flowed over the past century. Despite being
outlawed in several states in the early 1900’s and being federally prohibition in 1937, cannabis
remained relatively obscure until the 1960s, when an upsurge in use among adolescents and
young adults brought the drug into the mainstream. Since the early 1970s, two surveys, the
National Survey on Drug Use and Health (NSDUH) and Monitoring the Future, have provided
nationally representative data on self-reported use of cannabis. The NSDUH (called the National
Household Survey on Drug Abuse until 2002) has polled Americans 12 years of age and older
since 1971, and Monitoring the Future has polled high school seniors since 1976, adding 8th-
and 10th-graders in 1991 (ICPSR, 2016; CBHSQ, 2014). Both national surveys include
questions that ask respondents whether they have ever used cannabis and if they have used
cannabis within the past year or within the past 30 days. These data have been used to categorize
users, with those reporting use within the past month often considered to be “active” or “current”
users. Monitoring the Future also asks youth about how easily they could access cannabis,
whether they approve of its use, and how risky they perceive it to be. Other national surveys of
interest include the Centers for Disease Control and Prevention’s (CDC’s) Youth Risk Behavior
Survey, which surveys the health-risk behaviors of 9th- through 12th-grade students on a
biannual basis,' and the CDC’s Behavioral Risk Factor Surveillance System,” which collects
state and local data regarding health-related risk behaviors, chronic health conditions, and the use
of preventive services. It is of note that many surveillance surveys differ in their design and
methodology, which often limits the ability to compare and compile data across studies.

The prevalence of cannabis use peaked in the late 1970s, when over one-third of high
school seniors (37 percent in 1976) and one in eight Americans over 12 years old (12.8 percent
in 1979) reported past-month use (Johnston et al., 2015). Self-reported past-month use declined
throughout the 1980s and by 1992 was just one-third of the 1970s peak, both among high school
seniors (12.1 percent) and the general population (4.4 percent). The recorded decline in use did
not last long. The mid 1990s saw rapid increases, with use by high school seniors nearly
doubling within just the 5 years from 1992 (11.9 percent) to 1997 (23.7 percent). Throughout the
late 1990s and early 2000s, the rates of use largely stagnated, with trends among youth and the
general population moving roughly in parallel (Johnston et al., 2015).

The years since 2007 have seen steady year-over-year increases in general population
past-month use, rising from 5.8 percent to 8.4 percent in 2014 (a 45 percent increase). There is

! For additional information: http://www.cdc.gov/healthyyouth/data/yrbs/results.htm (accessed January 6,
2016).
? For additional information: http://www.cdc.gov/brfss/about/index.htm (accessed January 6, 2016).
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no single clear explanation for the post-2007 increases in use. Hypothesized causes include
declining potency-adjusted prices on the illicit market; the proliferation of medical cannabis
laws, especially those that allow for sale at brick-and-mortar dispensaries; and changing public
perceptions about the harms of cannabis use (Sevigny, 2014).

Today, cannabis is the most popular illicit drug in the United States (in terms of past-
month users), trailed by prescription-type drugs used for non-medical purposes, such as pain
relievers (3.8 million), tranquilizers (1.9m) and stimulants (1.7m), and by prohibited drugs such
as cocaine (1.9m), hallucinogens (1.2m), and heroin (0.3m) (CBHSQ, 2016a). A recent survey
showed that the primary use of cannabis in the United States remains recreational (89.5 percent
of adult cannabis users), with only 10.5 percent reporting use solely for medical purposes, and
36.1 percent reporting a mixed medical/recreational use (Schauer et al., 2016).

In 2015, an estimated 22.2 million of more than 265 million Americans aged 12 years or
age or older, reported having used cannabis in the past month (8.3 percent) (CBHSQ, 2016a).
Cannabis use is most prevalent among young people aged 18 to 25 (19.8 percent using in the past
month) (CBHSQ, 2016a). Interestingly, since 2002 the use of cannabis has decreased among 12-
to 17-years-olds, while markedly increasing in the senior population, i.e., those over 55 years

| (Azofeifa et al., 2016).

Males are nearly twice as likely (10.6 percent) to use cannabis as females (6.2 percent)
(see Table 3-1). Black Americans use cannabis at the highest rate among major ethnic groups
(10.7 percent), followed by whites (8.4 percent) and Hispanics (7.2 percent) (CBHSQ, 2016b).
Use is also more common among lower-income Americans and those without college degrees
(Davenport and Caulkins, 2016).

TABLE 3-1 Past-Month Use Rates by Demographic

Past-Month Use Rate (%)

Ethnicity
White, Non-Hispanic 8.4
African American, Non-
. . 10.7
Hispanic
Hispanic 7.2
Asian Non-Hispanic 3.0
Gender
Male 10.6
Female 6.2
Education
Less Than High School 8.2
High School Graduate 9.1
Some College 10.5
College Grad 59
Family Income®
Less than $10k 13.6
$20k-$29.9k 9.7
$50k-$74.9k 7.8
$75k + 6.6
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Age’
12-17 7.1
18-25 20.1
26-34 13.0
35-49 7.1
50+ 3.9

NOTE: “ Calculated with the Substance Abuse and Mental Health Services Administration (SAMHSA)’s
public online data analysis system (PDAS). Crosstab: IRMJRC x CATAG3 (CBHSQ, 2016b).
SOURCE: Derived from CBHSQ, 2016b.

Different demographics have different rates of cannabis use. For example, dividing the
population by age yields stark differences. Data from the Monitoring the Future survey show that
more than one-fifth (21.3 percent) of high school seniors reported past-month use in 2015
(Johnston et al., 2016). According to NSDUH data, past-month use is highest among 18- to 25-
year-olds (19.8 percent) and lower in older groups. All age groups have shown increases in past
month cannabis use since 2002, with the sole exception of adolescents between 12 and 17, whose
use in 2015 (7.0 percent) was lower than that reported in 2002 (8.2 percent) (CBHSQ, 2016a).

Volume and Intensity of Cannabis Use Today

A different and often overlooked picture of cannabis use is painted when it is measured in
terms of volume or intensity of use rather than the prevalence of current users. The NSDUH
survey asks past-month cannabis users how many days in the past 30 they have used “marijuana
or hashish,” allowing researchers to measure the volume of use by aggregating reported use-days
or by tracking the number of users who report use on more than 20 days in the past 30, termed
heavy or “daily/near-daily” users.

Today, 22.2 million Americans 12 years of age and older report current cannabis use
(defined as “users in the past 30 days”) (CBHSQ, 2016a). As a proportion of past-month users,
heavy users have grown from roughly one in nine in 1992 to more than one in three (35.4
percent) in 2014, indicating an increased intensity of use among current users.’ Furthermore, the
population of heavy users has not only become larger, it has also become older. Burns et al. note
an inversion of the ratio of youth (ages 12—17) to older adults (age 50 and over): in 2002, more
than three times as many youths as older adults were using cannabis on a daily or near-daily
basis; by 2011, 2.5 times as adults as youth were daily or near-daily cannabis users (Burns et al.,
2013).

Generally, the intensity of use correlates with use prevalence: groups with high
prevalence tend to be the same as those with high intensity. But some groups are noticeable
exceptions. For example, Americans with less than a high school education are less likely to
report past-month use than Americans with a high school diploma or with a partial college
education, but in terms of past-month use, those with less than a high school education are most

* Computed by NSDUH cross-tabs for 1992 and 2014. For 1992:
https://www.icpsr.umich.edu/icpsrweb/ICPSR/series/64/studies/6887?archive=ICPSR&sortBy=7 (accessed January
6,2017). Compute “MRIMON” against “MIDAY30A”, recoded as “MJDAY30A(r: 0-20;21-30).” For 2014:
http://www.icpsr.umich.edu/cgi-bin/SDA/NAHDAP/hsda?nahdap+36361-0001 (accessed January 6, 2017).
Compute “IRMJRC” against “MJIDAY30A,” recoded as “MIDAY30A(r: 0-20;21-30).”
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likely to report daily/near-daily use (44.8 percent). Likewise, among age demographics, 26- to
34-year-olds report less past-month use than 18-to-25 year olds but report substantially more
heavy use among current users (42.2 percent). Heavy use among past-month users is lowest
among 12-to-17 year olds (7.4 percent). Younger users tend to have lighter habits. According to
Monitoring the Future data, in 2015, 6 percent of high school seniors who used cannabis in the
past month reported use on a daily basis, as did 3 percent of 10th-graders and 1.1 percent of 8th-
graders (Johnston et al., 2015).

One result of the increased intensity of use among past-month users is that the bulk of
cannabis consumption is increasingly concentrated among a small number of heavy users. By
one estimate, the one-third of current cannabis users that use daily or near daily accounted for
two-thirds of the reported days of past-month use and three-quarters of expenditures (Davenport
and Caulkins, 2016).

CANNABIS REGULATION IN THE UNITED STATES

In the United States at the turn of the 20th century, cannabis was generally used for
medical rather than recreational purposes. As such, the production and use of cannabis was
regulated by consumer safety laws such as the Pure Food and Drug Act of 1906, which required
producers to disclose and label the quantity of cannabis present in any product sold as food or
medicine. Although several U.S. states enacted banns on cannabis between 1911 and 1930, it
escaped early federal prohibitions, such as the Harrison Act of 1914, which regulated opium and
derivatives of the coca plant (Musto, 1999).

Fear of “marihuana,” as cannabis was beginning to be called, grew during the 1920s and
1930s as immigration from Mexico steadily increased in southwestern states. In the mid-1930s,
the federal government, through the Federal Bureau of Narcotics, endorsed state-level actions
and encouraged states to adopt the Marihuana Tax Act as a means to criminalize the unregistered
and untaxed production and use of cannabis. National prohibition did not take shape, however,
until Congress passed the Marijuana Tax Act of 1937, which regulated the production,
distribution, and use of cannabis via Congress’s power to tax commerce. The act required those
dealing with cannabis to register with federal authorities and pay a tax (Booth, 2015; Musto,
1999). The supply and use of the drug was not criminalized, but non-medical supply or use was a
violation and subject to a fine and imprisonment.

Today, cannabis is regulated by local, state, federal, and international law. State laws
often mirror federal law, enshrined in the Comprehensive Drug Abuse Prevention and Control
Act of 1970, which includes the Controlled Substances Act (CSA). The CSA modernized and
consolidated earlier federal drug laws, making them consistent with international drug control
conventions, specifically the United Nations Single Convention on Narcotic Drugs of 1961,
which the United States ratified (Caulkins et al., 2016). The CSA placed cannabis in Schedule I,
the most restrictive category reserved for substances that have no currently accepted medical use,
alongside heroin and lysergic acid diethylamide (LSD). The federal government does not
recognize the medical use of cannabis, citing no evidence of the accepted medical use of herbal
cannabis. It bears mentioning that pharmaceutical-grade cannabinoids have been isolated and are
scheduled apart from cannabis. For example, tetrahydrocannabinol (THC) is sold as Marinol,
available with prescription (a Schedule III drug). That THC, which is the principal active
ingredient in cannabis, in its pure form is listed in Schedule III indicates that the placement of
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botanical or whole cannabis in Schedule 1 may be driven by the lack of recognition of medical
use for the whole plant.

Federal criminal law prohibits the supply and use of cannabis with exceptions for medical
and scientific purposes. The enforcement of cannabis prohibition by federal authorities has
focused on international smuggling and domestic crop eradication as well as violations on
federal lands. The federal government has relied on state and local authorities to enforce criminal
prohibitions on cannabis retail and use. In 2014 there were more than 1.5 million arrests for drug
law violations,* approximately 30,000 of which were made by the Drug Enforcement
Administration (DEA).” However, federal law remains an important factor in regulating
cannabis. While the National Institutes of Health (NIH) have funded cannabis research—$111
million on 281 cannabinoid research projects in 2015 alone (NIH, 2016)—the federal
government has restricted research on cannabis by licensing a single producer under contract
with the National Institute on Drug Abuse (NIDA) and requiring multiple administrative reviews
on research proposals (Caulkins et al., 2016) (see Chapter 15—Challenges and Barriers to
Cannabis Research for additional information).® Federal law also prohibits the importation of and
intra- and interstate trade in cannabis. Tangentially, federal banking and commercial laws
impede the development of commercial cannabis businesses. Though legal at the state level, the
federal prohibition on cannabis prevents businesses from accessing the banking sector,
precluding entrepreneurs from accessing lines of credit, electronic funds transfer, checking
accounts, and other financial goods and services available to contemporary businesses. Federal
tax code also prohibits cannabis businesses from deducting typical costs of business (Caulkins et
al., 2015; Oglesby, 2015). In summary, the legal changes in cannabis policy during the past 50
years have been characterized primarily by three types of policies, each implemented by various
states, beginning with (1) decriminalization throughout the 1970s, which preceded (2) medical
cannabis laws and (3) regulated and licensed recreational cannabis.

Decriminalization of Possession and Use

States and localities perform most of the legwork involved in enforcing the criminal
prohibition on cannabis, as they arrest and convict the vast majority of offenders. Each state
maintains its own set of laws that regulate the supply and use of the drug. In most cases, acts
involving cannabis are subject to criminal prohibition, but sanctions vary considerably by state,
which are constitutionally entitled to establish their own criminal codes and penalties.

The reduction of statutory penalties for use-related acts, including personal possession, is
referred to as decriminalization or depenalization. About a dozen U.S. states are often described
as having decriminalized possession in the 1970s (Pecula et al., 2005), beginning with Oregon in
1973. This move to reduce penalties on cannabis use halted until 2001 when Nevada
decriminalized possession of small amounts of cannabis. Today, 21 states, covering

* As a noteworthy caveat, within the United States there is evidence of racial-, social- and economic
status-based disparities in the enforcement and issued penalties related to cannabis sale and use (Austin and Ressler,
2016). Within this context, it is important to acknowledge the potential impact of these laws on the health outcomes
of disenfranchised communities.

> See https://ucr.fbi.gov/crime-in-the-u.s/2014/crime-in-the-u.s.-2014/tables/table-29 (accessed January 6,
2017) and https://www.dea.gov/resource-center/statistics.shtml#arrests (accessed January 6, 2017).

® In August 2016, NIDA announced a policy change intended to support an increase in the number of DEA-
registered marijuana manufacturers. This change was designed to ensure a larger and more diverse supply of
marijuana for FDA-authorized research purposes (DEA, 2016).
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approximately 40 percent of the national population, have decriminalized possession of small
amounts of cannabis (Caulkins et al., 2016).

During the 1970s, the federal government briefly considered abolishing criminal
sanctions for use-related acts. The 1972 National Commission on Marihuana and Drug Abuse,
appointed by President Nixon, recommended that federal law be amended to decriminalize
cannabis possession, use, and low-level retail (Shafer Commission, 1972). Those
recommendations were rejected by the Nixon Administration. President Carter raised the issue
again in a 1977 speech to Congress, calling for federal decriminalization of cannabis possession,
but his Administration did not succeed in changing policies (Musto, 1999).

Medical Cannabis Laws

The next major shift in state cannabis policy in the United States was the enactment of
medical cannabis laws. Starting in 1996 California passed a popular referendum (Proposition
215) to allow individuals suffering from various illnesses to use herbal, whole plant cannabis,
making California the first jurisdiction in the Western Hemisphere to legalize medical cannabis
in some form. The law generally provides an affirmative defense for individuals using cannabis
for medical purposes. Reforms at the state level continued in the waning years of the 20th
century with a handful of states passing laws to allow doctors to prescribe medical cannabis or
allow for a legal defense for use of medical cannabis. The permission of use of the flower or
products derived from the cannabis flower has now spread to 28 states and the District of
Columbia. Another 16 states allow limited access to low-tetrahydrocannabinol (THC)/high-
cannabidiol (CBD) products (NCSL, 2016). Figure 3-2 demonstrates that low-THC/high-CBD
laws are a recent phenomenon.
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FIGURE 3-2 Passage of state cannabis laws (figure includes Washington DC).
SOURCE: Adapted from NCSL, 2016.

Medical cannabis laws and policies vary greatly in terms of the regulations governing
supply and use. Some are more restrictive than others, limiting the access of the drug to a certain
class of individuals who suffer from certain illnesses or conditions, or establishing stricter limits
on the production and distribution of the substance to at-home cultivation by patients and
caregivers. Some states legally protect and regulate the operation of storefronts known as
dispensaries. In these states, patients with a recommendation can enter stores and obtain a wide
array of cannabis and cannabis products. Some dispensaries openly advertise their wares and
services to patients at point of sale, with others aggressively promoting their business to the
general public.

When it comes to the distribution of medical cannabis, some states, such as New York,
restrict the sale of medical cannabis to non-smokable forms of the drug. Others require that
patients register with the state and identify their source of cannabis. Even within states
regulations may vary. Some states allow for local bans and municipal ordinances to help regulate
additional aspects of the supply of cannabis.

Non-Medical, Adult Recreational Use

In 2010 California voted on legalizing recreational cannabis—in effect, permitting and
regulating the supply and distribution of cannabis for adults to use non-medically. Proposition 19
sought to repeal the state’s criminal prohibitions on cannabis, regulating it for recreational
purposes for those over 21 years of age. The initiative failed, with 54 percent voting against.
Two years later residents of Colorado, Oregon, and Washington went to the polls to vote on
legalizing the adult recreational use of cannabis. Oregon’s initiative failed, with 53 percent of
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voters rejecting the measure;’ however, Colorado and Washington State, after passing ballot
initiatives in November 2012, became the first jurisdictions to legalize the large-scale
commercial production of cannabis for recreational use for adults over 21, with Colorado also
permitting home cultivation. In November 2014 similar initiatives were approved by voters in
Alaska® and Oregon. Washington, DC took a narrower approach by legalizing only possession
and home cultivation. The D.C. City Council subsequently attempted to permit and regulate a
commercial market but was blocked by the U.S. Congress.

The liberalization of cannabis laws has been a gradual process. Early steps included
medical cannabis, including the allowance and, sometimes, legal protection of dispensaries.
Later, Alaska, Colorado, Oregon, and Washington regulated the production and distribution of
recreational cannabis by private, for-profit commercial actors along similar lines. Besides the
general commercial design of these initiatives, the details of the regulations vary. Table 3-2
describes a few of the regulatory differences between Alaska, Colorado, Oregon, Washington,
and the District of Columbia. With the exception of Washington State, all permit at-home
cultivation. The District of Columbia follows a “grow and give” non-commercial model. None
impose potency limits or require users to register.

In November 2016 California, Maine, Massachusetts, and Nevada voted to legalize adult
measures related to recreational cannabis use and possession (NORML, 2016). Arkansas,
Florida, Montana, and North Dakota voted in favor of medical marijuana initiatives.

7 Oregon temporarily allowed sales of recreational cannabis through existing medical dispensaries
beginning in October 2015, though licensed recreational stores are not expected to open until late 2016.
¥ Alaska is expected to allow recreational cannabis sales in licensed stores by late 2016.
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TABLE 3-2 Regulatory Differences Across Four States (and the District of Columbia) That Have Legalized Recreational Cannabis

Alaska

Colorado

Oregon

Washington

Washington, DC

ILegal Process

When Passed

When
Implemented

Regulatory
Authority

Minimum Age

Residency
Requirement

Personal
Possession
Quantity

Home
Cultivation

Interpersonal
Sharing

Retail
Transaction
Limit

Voter initiative, state

statute

November 2014

February 2015:
Personal possession,
consumption,
cultivation

Late 2016 (expected):

Retail sales

Marijuana Control
Board (Alcoholic
Beverage Control
Board)

21

None

285¢g

6 plants, 3 of which can

be flowering
285¢g

285¢g

Voter initiative,
amendment to state
constitution

November 2012

December 2012:
Personal possession,
consumption,
cultivation

January 2014: Retail
sales

Marijuana Enforcement

Division (Department
of Revenue)

21

None

28.5¢

6 plants, 3 of which can

be flowering
285¢g

Residents: 28.5 g
Non-residents: 7 g

Voter initiative, state

statute

November 2014

July 2015: Personal
possession,
consumption,
cultivation

October 1, 2015: Retail
sales via medical
dispensaries

Late-2016 (expected):
retail sales through
licensed retailers

Oregon Liquor Control
Commission

21

None

In public: 28.5 g
At home: 228 g

4 plants in flower

285¢g

Tg

Voter initiative, state

statute

November 2012

December 2012: Personal
possession, consumption

July 2014: Retail sales

Liquor and Cannabis
Board (formerly the
Liquor Control Board)

21

None

285¢g

Not allowed

Not allowed

285¢g
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Voter initiative

November 2014

February 2015: Personal
possession, consumption,
cultivation

Not applicable

21

None

57¢g

6 plants per person 12
plants per household, 3 of
which can be flowering

285¢g

Not applicable
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Retail Pricing ~ Market

Structure

Average Retail  No retail stores currently

Price per Gram

After Tax

Maximum THC None

Content

Registration None

Requirements

Advertising Final advertising
regulations to be
determined by the Alaska
Department of Health and
Social Services Division of
Public Health

Taxation $50 excise tax per ounce
on sales or transfers from
cultivation facility to retail
store or product
manufacturer

Cannabis Clubs Not explicitly allowed or
prohibited; ban on in-store
consumption repealed in
November 2015

Medical 2000: patient registry,

Cannabis possession, home

cultivation

Market

$11.50

None
None

Restricted to media with

no more than 30 percent

of the audience under the
age of 21

15 percent excise tax on
cultivation; 10 percent
retail marijuana sales tax;
2.9 percent state sales
tax; local sales taxes

Not allowed

2000: patient registry,
possession, consumption
2010: commercial
production and sales

THE HEALTH EFFECTS OF CANNABIS AND CANNABINOIDS

Market

$10.00

None
None

Entry sign required on
exterior of dispensaries;
Oregon Liquor Control
Commission has authority
to further regulate or
prohibit advertising

No tax on retail sales from
October—December 2015;
25 percent sales tax after
Jan. 5, 2016

Not allowed

1999: patient registry,
possession, home
cultivation

Market

$10.00

None

None

Limited to one sign for

retailers at business
location

July—June 2014: 25
percent tax at each
stage (production,

processing, retail) July
2015: 37 percent sales

tax
Not allowed

1999: possession

Not applicable

Not applicable

None
None

Not applicable, no
commercial
market

Not applicable, no
commercial
market

Not allowed;
currently under
investigation by
city task force.

2011: patient

2012: home cultivation, registry

no patient registry

SOURCE: Adapted from UNODC World Drug Report 2016 (UNODC, 2016).
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In order to develop and enforce regulations for a recreational cannabis industry, each
state has appointed a regulatory agency. Washington State, Oregon, and Alaska delegated this
responsibility to existing alcohol authorities, while Colorado expanded the responsibilities of the
Medical Marijuana Enforcement Division under the Department of Revenue. To aid in drafting
rules following the passage of their initiatives, state agencies held public hearings and working
groups to solicit public input (Pardo, 2014).

The federal government has not challenged these state laws by invoking the supremacy
clause of the U.S. Constitution. However, under the 10th Amendment, as reaffirmed by U.S.
jurisprudence, the federal government cannot force a state to criminalize an act under state law
(Garvey and Yeh, 2014). When the voters of these states passed initiatives to legalize, regulate,
and tax recreational cannabis, they simultaneously repealed the penal provisions and sanctions
prohibiting and criminalizing unauthorized cultivation, trafficking, and possession of cannabis.
Under the Obama administration, the federal government seems to have opted for a more
pragmatic solution which allows for a rules-based cannabis industry, as dictated by state
regulations, while maintaining the future option to preempt.

POLICY LANDSCAPE

Most researchers recognize that a growing general public acceptance of the drug for
medical and recreational purposes has been encouraging the changes at the state level. It remains
to be seen if cannabis will be legalized at the national level or if such public opinion will
continue. In 2015, according to a Gallup tracker poll, 58 percent of Americans favored legalizing
cannabis, marking the third straight year that cannabis legalization found majority support
(Gallop, 2015). Given that a large percentage of the U.S. population lives in states that permit
some degree of access to THC-containing compounds via either the medical or recreational
market, it is important to examine the current policy landscape, which may shape future state and
federal regulations of cannabis.

State-Level Changes
State Regulated Use

Cannabis policy change has occurred at the state level in large part due to changing
public sentiment. Many states have reformed their cannabis laws not from a deliberative
legislative process, but through popular referendums. As discussed earlier, states have passed
laws to allow qualifying individual’s access to medical cannabis. These laws can be broadly
divided into three distinct categories: loose medical, restricted access, and non-THC.

Some of the earliest laws passed—and the laws generally found in most states west of the
Mississippi River—are referred to as loose medical. In states with these policies, access to
medical cannabis is not strictly limited to provable qualifying ailments, such as terminal cancer,
HIV/AIDS, or glaucoma. A patient may access medical cannabis when his or her physician
deems it necessary, and in some jurisdictions this amounts to little more than de facto
legalization of recreational use. One study that surveyed more than 4,000 individuals seeking
access to medical cannabis in California concluded that the typical patient was a white male in
his early 30s who started using cannabis in his teens with fewer reported disabilities than the
national average (O’Connell and Bou-Matar, 2007). Under restricted access, patients must meet
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certain qualifying criteria (such as a qualifying medical condition) or are restricted to what types
of medical products are available, or both. For example, New York prohibits the use of smokable
herbal cannabis, allowing only tinctures, oils, concentrates, and other forms of products. Non-
THC laws permit the use of no-THC or low-THC/high-CBD products, such as CBD oil, to treat a
short list of qualifying conditions, such as refractory epilepsy. This category is by far the most
restrictive, and states that adopt these non-THC policies generally prohibit the supply and
distribution of such products, granting only a legal defense for their use.

That said, 28 states and the District of Columbia fall in one or the other of the first two
categories and allow for loose or restricted medical use, where patients may access some form of
THC-containing compound. Sixteen states fall in the non-THC category. A total of 44 states and
the District of Columbia have amended their laws to allow for some form of medical cannabis
(see Figure 3-3) (NCSL, 2016).

Of all the jurisdictions that allow for some sort of access to THC-containing compounds,
cancer, HIV/AIDS, multiple sclerosis, and glaucoma are among the most recognized qualifying
ailments (NCSL, 2016). And examination of all jurisdictions shows that most list seizures and
epileptic seizures within their statutes (NCSL, 2016). However, several states are open in their
interpretation, allowing for medical cannabis to be used to treat any illness for which the drug
provides relief. Since few states maintain medical cannabis patient registries, the committee
relied on data on the percentage of patients reporting certain qualifying illness in Oregon and
Colorado (see Figure 3-4). As can be seen in the figure, the overwhelming majority obtained a
recommendation on the basis of a claimed need to treat pain.

Law

Limited Medical Access, Low THC/High CBD
Ml Vedical and Recreational Marijuana
P Medical Marijuana

No Medical Marijuana

Y »

/]

.
L ol

FIGURE 3-3 Cannabis laws by state, November 2016.
SOURCE: Adapted from NCSL, 2016.
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State Research on Therapeutic Effects

In addition to state-level legal changes that regulate cannabis for either medical or
recreational purposes, a few states have sought to expand research into cannabis’s therapeutic
effects. The Center for Medicinal Cannabis Research (CMCR) at the University of California
was created in 2000 to conduct clinical and pre-clinical studies of cannabinoids, including
smoked cannabis, for conditions for which cannabis may be beneficial. With state funding, the
CMCR approved 21 federally approved studies: 13 have been completed, and six have been
discontinued (CMCR, 2016).

Departing from this, Colorado has started to conduct research into the medicinal value of
cannabis that is neither federally funded nor federally approved. In 2014 Colorado passed
legislation to promote research into cannabis’s medical benefits, creating the Medical Marijuana
Scientific Advisory Council and appropriating $9 million in research grants. The advisory
council approves research grants and evaluates research. As of early 2015, nine research grants
have been approved with six studies currently under way.’ Also in 2015, NIH provided $111
million in funding for 281 cannabinoid related research efforts nationwide (NIH, 2015).

? See the Colorado Department of Public Health and Environment’s Medical Marijuana Scientific Advisory
Council: https://www.colorado.gov/pacific/cdphe/approved-medical-marijuana-research-grants (accessed January 6,
2017).
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EXECUTIVE BRANCH POLICIES

Federal Regulated Use

As discussed earlier, the executive branch of the federal government has extensive
influence and impact when it comes to regulating cannabis. Despite the complex domestic
arrangements established by the U.S. Constitution and the current political climate, the executive
branch has not challenged state-level laws that are in violation with federal drug laws. The
Obama Administration has issued a series of federal guidelines for states that are reforming
cannabis laws, granting limited space for such policies.

In 2009 the U.S. Department of Justice issued a policy memo declaring that it was not the
federal government’s intent to prosecute individuals who abide by state medical cannabis laws
(Ogden, 2009). That policy was later updated in August 2013 following the legalization of non-
medical cannabis in Colorado and Washington. The current policy guidelines outline eight
enforcement criteria whereby the federal government may intervene and prosecute an individual
or group for violating the Controlled Substances Act (Cole, 2013). Furthermore, the Department
of Justice stated that it expects states that have legalized cannabis to implement robust systems of
enforcement and regulation to protect public health and safety; however, recent evaluations of
the policy guidelines suggest that the Department of Justice has done little to evaluate how states
comply with federal priorities (GAO, 2016).

Because cannabis is still federally prohibited, laws that govern other aspects of
commerce, namely banking and finance, have prevented businesses that deal in cannabis from
accessing lines of credit or banking (McErlean, 2015). Money laundering laws and the CSA
prevent many banks from interacting with cannabis businesses. In order to ease this conflict the
Department of the Treasury, through the Financial Crimes Enforcement Network (FinCEN), has
issued a directive to financial establishments, allowing them to deal with cannabis businesses
that comply with state laws (FinCEN, 2014).

Federal Research

Despite ongoing federal funding for cannabinoid research ($111 million in 2015 alone),
cannabis researchers have found federal research funds to be restricted and limited. Research
proposals were required to undergo a thorough and rigorous assessment by the DEA, NIDA, the
U.S. Food and Drug Administration, and U.S. Department of Health and Human Services
(HHS). If they were federally approved, researchers were limited in the type and quantity of
cannabis available from the University of Mississippi, which was contracted by NIDA to act as
the only licit supply of the drug for research (see Chapter 15—Challenges and Barriers to
Cannabis Research for additional information). In 2015 the Obama administration, via HHS and
the DEA, relaxed some regulatory restrictions, eliminating duplicative reviews of research
proposals by the HHS as well as increasing the amount of cannabis available for research by
raising the aggregate production quota of cannabis cultivated at University of Mississippi (DEA,
2016).

In August 2016 the DEA denied a petition to reschedule cannabis to Schedule II, citing
that cannabis has no currently accepted medical use in treatment in the United States (DEA,
2016). The administration did, however, adopt a new policy to end the NIDA-contracted
monopoly of research-grade cannabis by the University of Mississippi. Under new rules, the
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DEA will facilitate cannabis research by increasing the number of private entities allowed to
cultivate and distribute research-grade cannabis (DEA, 2016).

CONGRESSIONAL BRANCH POLICIES

Recently the 113th Congress used its regulatory powers to shape cannabis policy at both
the state and subnational levels. In the Consolidated and Further Continuing Appropriations Act
of 2015 (Public Law No. 113-235), lawmakers precluded the U.S. Department of Justice from
using fiscal year 2015 appropriated funds to enforce the Controlled Substances Act to prevent
states from implementing their own laws that authorize the use, distribution, possession, or
cultivation of medical cannabis (Sec 538). In the same piece of legislation, Congress precluded
the District of Columbia from using appropriated funds to regulate, legalize, or otherwise reduce
penalties for the possession, distribution, or use of any schedule I substance, effectively blocking
any citywide effort to regulate the trade in cannabis (Sec 908b) During the same session,
Congress authorized the Secretary of Agriculture to promulgate rules to ensure that medical
cannabis costs are not treated as a deduction in Supplemental Nutrition Assistance Program
(SNAP) benefits as well as allowing universities and state departments of agriculture to cultivate
industrial hemp for research purposes (Garvey et al., 2015).

Members of the current 114th Congress have proposed several pieces of legislation on
cannabis. Some would remove cannabis from the Controlled Substances Act and treat the drug
like alcohol. Others would end the civil asset forfeiture of real property of businesses that
comply with state medical cannabis laws or authorize the U.S. Department of Veterans Affairs to
offer recommendations regarding veterans’ use of cannabis in compliance with state regimes.
One bill in particular, the Medical Marijuana Research Act, has gained bipartisan support from
proponents and opponents of cannabis reform in Congress. The bill would increase cannabis
research by making the drug and plant more accessible to researchers.

PUBLIC OPINION

Public opinion toward cannabis seems to be driving many of the policy changes that have
taken place to date. Cannabis found mainstream market appeal in the late 1960s and early 1970s,
and, as a result, polling agencies started surveying the public opinion about the drug. In 1969 the
Gallup Poll began asking Americans if they thought that the “use of cannabis should be made
legal” and the company has continued to ask Americans the same question for nearly 50 years."

Gallop poll responses showed that support for legal cannabis use increased to 28 percent
in 1977 (the same year President Carter called for national decriminalization). For about 20
years, support declined and then plateaued at around 24 percent, only to inch upward 4 years
after California passed legislation in favor of medical cannabis. By 2000, 31 percent of
respondents favored legal use. Over the past 6 years, support has vacillated, but averaged 48
percent from 2010 through 2012 and has averaged 56 percent since 2013. In 2015, 58 percent of
respondents favored legal use.

11t should be noted that the question is somewhat vague, implying “legalization” but referring to “use” of
cannabis, not the legal production and distribution of the drug. This ambiguity may cloud respondents’ answers.
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Polling shows that the public is overwhelmingly in favor of the use of cannabis for
medical purposes if prescribed by a doctor. No other company has tracked public opinion
concerning medical cannabis over time in the same way as the Gallup Poll, but a collection of
national surveys from ProCon indicate that since 1998, 60 to 85 percent of Americans have been
supportive of the use of medical cannabis (ProCon, 2016). In a recent poll by Quinnipiac, 89
percent of respondents supported medical cannabis (Quinnipiac, 2016). However, it is of note
that states attribute different medicinal value to different forms of the drug, restricting who can
access what part of the plant. National surveys may not capture these distinctions that are made
in state-level law or policy. Yet, the general shift over time suggests that the public is welcoming
some changes in cannabis policy and law. There appears to be greater agreement that cannabis
should be available as a medicine to those with certain qualifying conditions, but it is harder to
find similar political agreement on recreational cannabis. It’s unclear whether the wording of the
Gallup Poll’s public opinion question paints an accurate picture of the current and ongoing
sentiment with respect to states that are legalizing recreational cannabis.

POLICY AND RESEARCH

The political landscape for the commercialization, decriminalization, and use of cannabis
is constantly evolving. As federal and state agencies continue to grapple with these important
public policy issues, it is important to consider that each political decision may have significant
public health implications.

As laws and policies continue to change, research must also. Unfortunately, research on
the health effects and potential therapeutic potential of cannabis use has been limited in this
country, despite enormous changes at the state level. As such, there is currently limited research
evidence to guide policy. This lack of aggregated knowledge is a significant impediment to not
only scientific understanding of cannabis, but also the advancement of public policy and the
nation’s overall public health.
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4
Therapeutic Effects of Cannabis and Cannabinoids

Chapter Highlights

e In adults with chemotherapy induced nausea and vomiting, oral cannabinoids are effective
antiemetics.

e In adults with chronic pain, patients who were treated with cannabis or cannabinoids are
more likely to experience a clinically significant reduction in pain symptoms

e In adults with multiple sclerosis (MS) related spasticity, short-term use of oral cannabinoids
improves patient-reported spasticity symptoms.

e For these conditions the effects of cannabinoids are modest; for all other conditions evaluated
there is inadequate information to assess their effects.

Cannabis sativa has a long history as a medicinal plant dating back likely over two
millennia (Russo et al., 2007). It was available as a licensed medicine in the United States for
about a century before the American Medical Association removed it from the 12th edition of the
U.S. Pharmacopeia (IOM, 1999). In 1985, pharmaceutical companies received approval to begin
developing A-9-tetrahydrocannabinol preparations—dronabinol and nabilone—for therapeutic
use, and as a result, cannabinoids were reintroduced into the armamentarium of willing
healthcare providers (Grotenhermen and Miiller-Vahl, 2012). Efforts are now being put into the
trials of cannabidiol as a treatment for conditions such as epilepsy and schizophrenia,' although
no such preparations have come to market at this time. Nabiximols, an oromucosal spray of a
whole cannabis plant extract with a 1:1 ratio of tetrahydrocannabinol to cannabidiol, was initially
licensed and approved in Europe, the United Kingdom, and Canada for the treatment of pain and
spasticity associated with multiple sclerosis (GW Pharmaceuticals, 2016; Pertwee, 2012), but it
continues to undergo evaluation in Phase III clinical trials in the United States.? Efforts are under
way to develop targeted pharmaceuticals that are agonists or antagonists of the cannabinoid
receptors or that modulate the production and degradation of the endocannabinoids, although
such interventions have not yet demonstrated safety or effectiveness. Nonetheless, therapeutic
agents targeting cannabinoid receptors and endocannabinoids are expected to become available
in the future.

The renewed interest into the therapeutic effects of cannabis emanates from the
movement that began 20 years ago to make cannabis available as a medicine to patients with a
variety of conditions. It was in 1996 that Arizona and California first passed medicinal cannabis
legislation, although Arizona later rescinded the approval, so it would be California that paved
the way. At the time that this report was written, in 2016, 28 states and the District of Columbia

! Clinicaltrials.gov: NCT02447198, NCT02926859.
? Clinicaltrials.gov: NCT01361607.
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had legalized the medical use of cannabis; eight states had legalized both medical and
recreational use of cannabis; and another 16 states had allowed limited access to low-
tetrahydrocannabinol (THC)/high-cannabidiol (CBD) products (i.e., products with low levels of
THC and high levels of CBD) (NCSL, 2016). A recent national survey showed that among
current adult users, 10.5 percent reported using cannabis solely for medical purposes, and 46.6
percent reported a mixed medical/recreational use (Schauer et al., 2016). Of the states that allow
for some access to cannabis compounds, cancer, HIV/AIDS, multiple sclerosis, glaucoma,
seizures/epilepsy, and pain are among the most recognized qualifying ailments (Belendiuk et al.,
2015; NCSL, 2016) There are certain states that provide more flexibility than others and that
allow the use of medical cannabis for the treatment of any illness for which the drug provides
relief for the individual. Given the steady liberalization of cannabis laws, the numbers of these
states are likely to increase and therefore support the efforts to clarify the potential therapeutic
benefits of medical cannabis on various health outcomes.

For example, the most common conditions for which medical cannabis is used in
Colorado and Oregon are pain, spasticity associated with multiple sclerosis, nausea,
posttraumatic stress disorder, cancer, epilepsy, cachexia, glaucoma, HIV/AIDS, and degenerative
neurological conditions (CDPHE, 2016; OHA, 2016). We added to these conditions of interest
by examining lists of qualifying ailments in states where such use is legal under state law. The
resulting therapeutic uses covered by this chapter are: chronic pain, chemotherapy-induced
nausea and vomiting, anorexia and weight loss associated with HIV, cancer, irritable bowel
syndrome, epilepsy, spasticity, Tourette syndrome, Alzheimer’s disease, amyotrophic lateral
sclerosis, Huntington’s disease, Parkinson’s disease, dementia, traumatic brain injury, glaucoma,
addiction, anxiety, depression, sleep disorders, posttraumatic stress disorder, and schizophrenia
and other psychoses. The committee is aware that there may be other conditions for which there
is evidence of efficacy for cannabis or cannabinoids. In this chapter, the committee will discuss
the findings from 16 of the most recent, good- to fair-quality systematic reviews and 21 primary
literature articles that best address the committee’s research questions of interest.

As a reminder to the reader, several of the prioritized health endpoints discussed here in
Part I1I are also reviewed in chapters of Part II; however, the research conclusions within these
chapters may differ. This is, in part, due to differences in the study design of the evidence
reviewed (e.g., randomized controlled trials [RCTs] versus epidemiological studies), differences
in the characteristics of cannabis or cannabinoid exposure (e.g., form, dose, frequency of use),
and the populations studied. As such, it is important that the reader is aware that this report was
not designed to reconcile the proposed harms and benefits of cannabis or cannabinoid use across
chapters.

CHRONIC PAIN

Relief from chronic pain is by far the most common condition cited by patients for the
medical use of cannabis. For example, Light et al. (2014) reported that 94 percent of Colorado
medical marijuana ID cardholders indicated “severe pain” as a medical condition. Likewise,
Ilgen et al. (2013) reported that 87 percent of participants in their study were seeking medical
marijuana for pain relief. In addition, there is evidence that some individuals are replacing the
use of conventional pain medications (e.g., opiates) with cannabis. For example, one recent
study reported survey data from patrons of a Michigan medical marijuana dispensary suggesting
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that medical cannabis use in pain patients was associated with a 64 percent reduction in opioid
use (Boehnke et al., 2016). Similarly, recent analyses of prescription data from Medicare part D
enrollees in states with medical access to cannabis suggest a significant reduction in the
prescription of conventional pain medications (Bradford and Bradford, 2016). Combined with
the survey data suggesting that pain is one of the primary reasons for the use of medical
cannabis, these recent reports suggest that a number of pain patients are replacing the use of
opioidswith cannabis, despite the fact that cannabis has not been approved by the U.S. Food and
Drug Administration (FDA) for chronic pain.

Are Cannabis or Cannabinoids an Effective Treatment for the Reduction of Chronic Pain?
Systematic Reviews

Five good- to fair-quality systematic reviews were identified. Of those five reviews,
Whiting et al. (2015) was the most comprehensive, both in terms of the target medical conditions
and in terms of the cannabinoids tested. Snedecor et al. (2013) was narrowly focused on pain
related to spinal cord injury, did not include any studies that used cannabis, and only identified
one study investigating cannabinoids (dronabinol). Two reviews on pain related to rheumatoid
arthritis did not contribute unique studies or findings (Fitzcharles et al., 2016; Richards et al.,
2012). Finally, one review (Andreae et al., 2015) conducted a Bayesian analysis of five primary
studies of peripheral neuropathy that had tested the efficacy of cannabis in flower form
administered via inhalation. Two of the primary studies in that review were also included in the
Whiting review, while the other three were not. It is worth noting that the conclusions across all
of the reviews were largely consistent in suggesting that cannabinoids demonstrate a modest
effect on pain. For the purposes of this discussion, the primary source of information for the
effect on cannabinoids on chronic pain was the review by Whiting et al. (2015). Whiting et al
included RCTs that compared cannabinoids to usual care, placebo or no treatment 10 conditions.
Where RCTs were unavailable for a condition or outcome, nonrandomized studies including
uncontrolled studies were considered. This information was supplemented by a search of the
primary literature from April 2015 to August 2016 as well as by additional context from Andreae
et al. (2015) that was specific to the effects of inhaled cannabinoids.

The rigorous screening approach used by Whiting et al. (2015) led to the identification of
28 randomized trials in patients with chronic pain (2,454 participants). Twenty-two of these trials
evaluated plant-derived cannabinoids (nabiximols, 13 trials; plant flower that was smoked or
vaporized, 5 trials; THC oramucosal spray, 3 trials; and oral THC, 1 trial) while five trials
evaluated synthetic THC (i.e., nabilone). All but one of the selected primary trials used a placebo
control, while the remaining trial used an active comparator (amitriptyline). The medical
condition underlying the chronic pain was most often related to a neuropathy (17 trials); other
conditions included cancer pain, multiple sclerosis, rheumatoid arthritis, musculoskeletal issues,
and chemotherapy-induced pain. Analyses across seven trials that evaluated nabiximols and one
that evaluated the effects of inhaled cannabis suggested that plant-derived cannabinoids increase
the odds for improvement of pain by approximately 40 percent versus the control condition (odds
ratio [OR] 1.41, 95% confidence interval [CI] = 0.99-2.00; 8 trials). The effects did not differ
significantly across pain conditions, although it was not clear that there was adequate statistical
power to test for such differences.
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Only one trial (n = 50) that examined inhaled cannabis was included in the effect size
estimates from Whiting et al. (2015). This study (Abrams et al., 2007) also indicated that
cannabis reduced pain versus a placebo (OR 3.43, 95% CI = 1.03—11.48). It is worth noting that
the effect size for inhaled cannabis is consistent with a separate recent review of five trials of the
effect of inhaled cannabis on neuropathic pain (Andreae et al., 2015). The pooled odds ratios
(ORs) from these trials contributed to the Bayesian pooled effect estimate of 3.22 for pain relief
versus placebo (95% CI = 1.59-7.24) tested across 9 THC concentrations. There was also some
evidence of a dose-dependent effect in these studies.

Primary Literature

In the addition to the reviews by Whiting et al. (2015) and Andreae et al. (2015), the
committee identified two additional studies on the effect of cannabis flower on acute pain
(Wallace et al., 2015; Wilsey et al., 2016). One of those studies found a dose-dependent effect
of vaporized cannabis flower on spontaneous pain, with the high dose (7 percent THC) showing
the strongest effect size (Wallace et al., 2015). The other study found that vaporized cannabis
flower reduced pain but did not find a significant dose-dependent effect (Wilsey et al., 2016).
These two studies are consistent with the previous reviews by Whiting et al. (2015) and
Andreae et al. (2015), suggesting a reduction in pain after cannabis administration.

Discussion of Findings

The majority of studies on pain cited in Whiting et al. (2015) evaluated nabiximols
outside the United States. In their review, the committee found that only a handful of studies
have evaluated the use of cannabis in the United States and all of them evaluated cannabis in
flower form provided by the National Institute on Drug Abuse that was either vaporized or
smoked. In contrast, many of the cannabis products that are sold in state regulated markets bear
little resemblance to the products that are available for research at the federal level in the United
States. For example, in 2015 between 498,170 and 721,599 units of medical and recreational
cannabis edibles were sold per month in Colorado (Colorado DOR, 2016, p. 12). Pain patients
also use topical forms (e.g., transdermal patches and creams). Thus, while the use of cannabis for
the treatment of pain is supported by well-controlled clinical trials as reviewed above, very little
is known about the efficacy, dose, routes of administration, or side effects of commonly used and
commercially available cannabis products in the United States. Given the ubiquitous availability
of cannabis products in much of the nation, more research is needed on the various forms, routes
of administration, and combination of cannabinoids.

CONCLUSION 4-1 There is substantial evidence that cannabis is an effective treatment for
chronic pain in adults.

CANCER

Cancer is a broad term used to describe a wide-range of related diseases that are
characterized by an abnormal, unregulated division of cells; it is a biological disorder that often
results in tumor growth (NCI, 2015). Cancer is among the leading causes of mortality in the
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United States, and by the close of 2016 there will be an estimated 1.7 million new cancer
diagnoses (NCI, 2016). Relevant to the committee’s interest, there is evidence to suggest that
cannabinoids (and the endocannabinoid system more generally) may play a role in the cancer
regulation processes (Rocha et al., 2014). Therefore, there is interest in determining the efficacy
of cannabis or cannabinoids for the treatment of cancer.

Are Cannabis or Cannabinoids an Effective Treatment for Cancer?
Systematic Reviews

Using the committee’s search strategy only one recent review was found to be of good- to
fair-quality (Rocha et al., 2014).” The review focused exclusively on the anti-tumor effects of
cannabinoids on gliomas.* Of the 2,260 studies identified through December 2012, 35 studies
met the inclusion criteria. With the exception of a small clinical trial, these studies were all pre-
clinical studies. All 16 of the in-vivo studies found an anti-tumor effect of cannabinoids.

Primary Literature

The committee did not identify any good-quality primary literature that reported on
cannabis or cannabinoids for the treatment for cancer that were published subsequent to the data
collection period of the most recently published good- or fair-quality systematic review
addressing the research question.

Discussion of Findings
Clearly, there is insufficient evidence to make any statement about the efficacy of

cannabinoids as a treatment for glioma. However, the signal from the pre-clinical literature
suggests that clinical research with cannabinoids needs to be conducted.

CONCLUSION 4-2 There is insufficient evidence to support or refute the conclusion that
cannabinoids are an effective treatment for cancers, including glioma.

CHEMOTHERAPY-INDUCED NAUSEA AND VOMITING

Nausea and vomiting are common side effects of many cytotoxic chemotherapy agents. A
number of pharmaceutical interventions in various drug classes have been approved for the
treatment of chemotherapy-induced nausea and vomiting. Among the cannabinoid medications,
nabilone and dronabinol were initially approved in 1985 for nausea and vomiting associated with
cancer chemotherapy in patients who failed to respond adequately to conventional antiemetic
treatments (Todaro, 2012, pp. 488, 490).

3 Due to the lack of recent, high-quality reviews, the committee has identified a research gap exists
concerning the effectiveness of cannabis or cannabinoids in treating cancer in general.

*Glioma is a type of tumor that originates in the central nervous system (i.e., the brain or spine) and arises
from glial cells.
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Are Cannabis or Cannabinoids an Effective Treatment for the Reduction of
Chemotherapy-Induced Nausea and Vomiting?

Systematic Reviews

Whiting et al. (2015) summarized 28 trials reporting on nausea and vomiting due to
chemotherapy, most published before 1984, involving 1,772 participants. The cannabinoid
therapies investigated in these trials included nabilone (14), tetrahydrocannabinol (6),
levonantradol (4), dronabinol (3) and nabiximols (1). Eight studies were placebo controlled, and
20 included active comparators (prochlorperazine 15; chlorpromazine 2; dromperidone 2; and
alizapride, hydroxyzine, metoclopramide, and ondansetron, 1 each). Two studies evaluated
combinations of dronabinol with prochlorperazine or ondansetron. The average number of
patients showing a complete nausea and vomiting response was greater with cannabinoids than
placebo (OR 3.82, 95% CI = 1.55-9.42) in three trials of dronabinol and nabiximols that were
considered low quality evidence. Whiting concluded that all trials suggested a greater benefit for
cannabinoids than for both active agents and for placebo, although these did not reach statistical
significance in all trials.

Of the 23 trials summarized in a Cochrane review (Smith et al., 2015), 19 were crossover
design and 4 were parallel-group design. The cannabinoids investigated were nabilone (12) or
dronabinol (11), with 9 placebo-controlled trials (819 participants) and 15 with active
comparators (prochlorperazine, 11; metoclopramide, 2; chlorpromazine, 1; domperidone, 1). In
two trials, a cannabinoid added to a standard anti-emetic was compared to the standard alone.
While two of the placebo-controlled trials showed no significant difference in those reporting
absence of nausea with cannabinoids (relative risk [RR] 2.0, 95% CI = 0.19-21), three showed a
greater chance of having complete absence of vomiting with cannabinoids (RR 5.7, 95% CI =
2.16—13) and three showed a numerically higher chance of complete absence of both nausea and
vomiting (RR 2.9, 95% CI = 1.8-4.7). There was no difference in outcome between patients who
were cannabis-naive and those that were not (P value = 0.4). Two trials found a patient
preference for cannabinoids over the comparator. When compared to prochlorperazine, there was
no significant difference in the control of nausea, vomiting, or both, although in seven of the
trials there was a higher chance of patients reporting a preference for the cannabinoid therapy
(RR 3.2, 95% CI = 2.2-4.7). In their review the investigators state that cannabinoids were highly
effective, being more efficacious than placebo and similar to conventional antiemetics in treating
chemotherapy-induced nausea and vomiting. Despite causing more adverse events such as
dizziness, dysphoria, euphoria, “feeling high,” and sedation, there was weak evidence for a
preference for cannabinoids over placebo and stronger evidence for a preference over other anti-
emetics. However despite these findings, the authors concluded that there was no evidence to
support the use of cannabinoids over current first-line antiemetic therapies and that cannabinoids
should be considered as useful adjunctive treatment “for people on moderately or highly
emetogenic chemotherapy that are refractory to other anti-emetic treatments, when all other
options have been tried” (Smith et al., 2015, p. 23).

Only 3 of the 28 trials in a systematic review of antiemetic therapies in children receiving
chemotherapy involved cannabinoid therapies (nabilone 2; THC 1) (Phillips et al., 2016). The
comparators were prochlorperazine in the first nabilone trial, domperidone in the second, and
prochlorperazine and metoclopramide in two separate randomizations in the THC trial. In one
trial with unclear risk of bias, THC dosed at 10 mg/m” five times on the day of chemotherapy
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was superior to prochlorperazine in the complete control of acute nausea (RR, 20.7; 95% CI =
17.2-36.2) and vomiting (RR 19.0, 95% CI = 13.7-26.3). Another trial reported better nausea
severity scores for nabilone compared to domperidone (1.5 versus 2.5 on a 0 to 3 [none to worst]
scale) (p = 0.01). The largest and most recent trial in this review compared THC to
proclorperzine and found no benefit over the control on emesis (RR 1.0, 95% CI = 0.85-1.17).

Primary Literature

An additional search of the primary literature since the review by Whiting et al. (2015)
did not identify any additional studies. The primary literature was then searched in an effort to
find studies of cannabinoids compared to the more widely used anti-emetics. One trial conducted
in 2007 investigated a cannabinoid therapy compared to the current generation of serotonin
antagonist anti-emetics, as opposed to the dopamine D2 receptor antagonists used in the earlier
trials. This 64-patient study evaluated the frequently used anti-emetic ondansetron versus
dronabinol versus the combination of the two in delayed chemotherapy-induced nausea and
vomiting (Meiri et al., 2007). The two agents appeared similar in their effectiveness, with no
added benefit from the combination. Hence, the cannabinoid again fared as well as the current
standard anti-emetic in this more recent investigation.

Discussion of Findings

The oral THC preparations nabilone and dronabinol have been available for the treatment
of chemotherapy-induced nausea and vomiting for more than 30 years (Grotenhermen and
Miiller-Vahl, 2012). They were both found to be superior to placebo and equivalent to the
available antiemetics at the time that the original trials were conducted. A more recent
investigation suggests that dronabinol is equivalent to ondansetron for delayed nausea and
vomiting, although no comparison to the currently more widely used neurokinin-1 inhibitors has
been conducted. In the earlier trials, patients reported a preference for the cannabinoids over
available agents. Despite an abundance of anecdotal reports of the benefits of plant cannabis,
either inhaled or ingested orally, as an effective treatment for chemotherapy-induced nausea and
vomiting, there are no good-quality randomized trials investigating this option. This is in part
due to the existing obstacles to investigating the potential therapeutic benefit of the cannabis
plant. Nor have any of the reviewed trials investigated the effectiveness of cannabidiol or
cannabidiol-enriched cannabis in chemotherapy-induced nausea and vomiting. Such information
is frequently requested by patients seeking to control chemotherapy-induced nausea and
vomiting without the psychoactive effects of the THC-based preparations. This is an identified
gap in the research evidence, and would benefit as a future research priority.

CONCLUSION 4-3 There is conclusive evidence that oral cannabinoids are effective anti-
emetics in the treatment of chemotherapy-induced nausea and vomiting.

ANOREXIA AND WEIGHT LOSS

Anorexia and weight loss are common side effects of many diseases, especially cancer.
And prior to the availability of highly active antiretroviral therapy, a wasting syndrome was a
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frequent clinical manifestation in patients with human immunodeficiency virus (HIV) infection
and advanced acquired immune deficiency syndrome (AIDS). The labeled indications for
dronabinol were expanded in 1992 to include treatment of anorexia associated with weight loss
in patients with AIDS (IOM, 1999, p. 156).

Are Cannabis or Cannabinoids an Effective Treatment for Anorexia and Weight Loss
Associated with HIV/AIDS, Cancer-Associated Anorexia-Cachexia Syndrome, and
Anorexia Nervosa?

AIDS Wasting Syndrome

Systematic Reviews Two good-quality systematic reviews included trials investigating
cannabinoid therapies in patients with HIV/AIDS. Four randomized controlled trials involving
255 patients were assessed by Whiting et al. (2015) who described all of the trials to be at high
risk of bias (ROB) for reasons not elaborated.” All four studies included dronabinol, with one
investigating inhaled cannabis as well. Three trials were placebo-controlled, and one used the
progestational agent, megestrol acetate, as the comparator. The review authors concluded that
there was some evidence suggesting that cannabinoids were effective in weight gain in HIV. A
second systematic review focused on morbidity and mortality in HIV/AIDS as the primary
outcomes, with changes in appetite and weight as secondary endpoints (Lutge et al., 2013).
Seven RCTs conducted between 1993 and 2009 were included in the qualitative analysis. The
trials compared dronabinol or inhaled cannabis with a placebo or with each other. In one study
the individuals’ weights increased significantly more (p < 0.01) on higher doses of cannabis (3.9
percent THC) and dronabinol (10 mg) than on lower doses. In a second trial, median weight was
increased with inhaled cannabis (3.5 percent) by 3.0 kg (p = 0.021) and dronabinol (2.5 mg) by
3.2 kg (p = 0.004) when compared with a placebo (a 1.1-kg increase over a 21-day exposure). In
a study with 88 evaluable patients, the dronabinol group gained an average of 0.1 kg, while the
placebo recipients lost a mean of 0.4 kg (p = 0.14). The proportion of patients gaining at least 2
kg was the same in both groups. Most of the weight gain was in the body fat compartment when
this was investigated. Changes in appetite, food, and caloric intake were not deemed to be
evaluable in any of the studies. These investigators concluded that the evidence for the efficacy
and safety of cannabis and cannabinoids is lacking to support utility in treating AIDS-associated
anorexia.

Primary Literature The committee did not identify any good-quality primary literature that
reported on cannabis or cannabinoids as effective treatments for AIDS wasting syndrome that
were published subsequently to the data collection period of the most recently published good- or
fair-quality systematic review addressing the research question. This is largely due to the virtual
disappearance of the syndrome since effective antiretroviral therapies became available in the
mid1990’s.

> Key issues that led to high ROB ratings were: high (n = 1) or unclear (n = 3) ROB for allocation
concealment; unclear ROB (n = 3) for blinded outcome assessments; high (n = 1) or unclear (n = 1) ROB for
randomization.
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Cancer-Associated Anorexia/Cachexia Syndrome

Systematic Reviews The committee did not identify a good- or fair-quality systematic review
that reported on cannabis or cannabinoids as effective treatments for cancer-associated anorexia-
cachexia syndrome.

Primary Literature A Phase III multi-center, randomized, double-blind, placebo-controlled
trial was conducted by the Cannabis-In-Cachexia-Study-Group in patients with cancer-related
anorexia/cachexia syndrome (Strasser et al., 2006). Patients with advanced cancer and weight
loss of greater than 5 percent over 6 months were randomized 2:2:1 to receive treatment with a
cannabis extract (standardized to THC 2.5 mg and cannabidiol 1.0 mg), THC 2.5 mg, or a
placebo twice daily for 6 weeks. Appetite, mood, and nausea were monitored daily. Cancer-
related quality of life and cannabinoid-related toxicity were also monitored. Only 164 of the 243
patients who were randomized completed the trial. An intent-to-treat analysis yielded no
difference between the groups in appetite, quality of life, or toxicity. Increased appetite was
reported by 73 percent of the cannabis-extract, 58 percent of the THC group, and 69 percent of
the placebo recipients. Recruitment was terminated early by the data review board because it was
believed to be unlikely that differences would emerge between the treatment arms. The findings
in this study reinforce the results from an earlier trial investigating dronabinol, megestrol acetate
or the combination in 469 advanced cancer patients with a loss of appetite and greater than 5
pounds weight loss over the prior 2 months (Jatoi et al., 2002). Megestrol acetate was superior to
dronabinol for the improvement of both appetite and weight, with the combination therapy
conferring no additional benefit. Seventy-five percent of the megestrol recipients reported an
improvement in appetite compared to 49 percent of those receiving dronabinol (p = 0.0001). Of
those in the combination arm, 66 percent reported improvement. A weight gain greater than or
equal to 10 percent over their baseline at some point during the course of the trial was reported
by 11 percent of those in the megestrol arm, compared with 3 percent of the dronabinol
recipients (p = 0.02). The combination arm reported a weight gain in 8 percent. These findings
confirm a similarly designed trial that was conducted in patients with AIDS wasting syndrome
(Timpone et al., 1997).

Anorexia Nervosa

Systematic Reviews The committee did not identify a good- or fair-quality systematic review
that reported on medical cannabis as an effective treatment for anorexia and nervosa.

Primary Literature Pharmacological interventions in the treatment of anorexia nervosa have
not been promising to date. Andries et al. (2014) conducted a prospective, randomized, double-
blind, controlled crossover trial in 24 women with anorexia nervosa of at least 5 years duration
attending both psychiatric and somatic therapy as inpatients or outpatients. In addition to their
standard psychotherapy and nutritional interventions, the participants received dronabinol 2.5 mg
twice daily for 4 weeks and a matching placebo for 4 weeks, randomly assigned to two treatment
sequences (dronabinol/placebo or placebo/dronabinol). The primary outcome was weight change
assessed weekly. The secondary outcome was change in Eating Disorder Inventory-2 (EDI-2)
scores. The participants had a significant weight gain of 1.00 kg (95% CI = 0.40—1.62) during
dronabinol therapy and 0.34 kg (95% CI = —0.14-0.82) during placebo (p = 0.03). No
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statistically different differences in EDI-2 score changes were seen during treatment with
dronabinol or placebo, suggesting that there was no real effect on the participants’ attitudinal and
behavioral traits related to eating disorders. The authors acknowledged the small sample size and
the short duration of exposure, as well as the potential psychogenic effects, but concluded that
low-dose dronabinol is a safe adjuvant palliative therapy in a highly selected subgroup of
chronically undernourished women with anorexia nervosa.

Discussion of Findings

There is some evidence for oral cannabinoids being able to increase weight in patients
with the HIV-associated wasting syndrome and anorexia nervosa. No benefit has been
demonstrated in cancer-related anorexia/cachexia syndrome. The studies have generally been
small and of short duration and may not have investigated the optimal dose of the cannabinoid.
In one study in HIV patients, both dronabinol and inhaled cannabis increased weight
significantly compared to the placebo dronabinol. Cannabis has long been felt to have an
orexigenic effect, increasing food intake (Abel, 1975). Small residential studies conducted in the
1980’s found that inhaled cannabis increased caloric intake by 40 percent, with most of the
increase occurring as snacks and not during meals (Foltin et al., 1988). Hence the results of the
clinical trials in AIDS wasting and cancer-related anorexia-cachexia syndrome demonstrating
little to no impact on appetite and weight were somewhat unexpected. One could postulate that
perhaps other components of the plant in addition to THC may contribute to the effect of
cannabis on appetite and food intake. There have not been any randomized controlled trials
conducted studying the effect of plant-derived cannabis on appetite and weight with weight as
the primary endpoint. This is in part due to existing obstacles to investigating the potential
therapeutic benefit of the cannabis plant.

CONCLUSION 4-4

4-4(a) There is limited evidence that cannabis and oral cannabinoids are effective in
increasing appetite and decreasing weight loss associated with HIV/AIDS.

4-4(b) There is insufficient evidence to support or refute the conclusion that cannabinoids are
an effective treatment for cancer-associated anorexia cachexia syndrome and anorexia
nervosa.

IRRITABLE BOWEL SYNDROME

Irritable bowel syndrome (IBS) is a common gastrointestinal disorder commonly
associated with symptoms of abdominal cramping and changes in bowel movement patterns.
Irritable bowel syndrome is classified into four types based on the types of bowel movements:
IBS with diarrhea, IBS with constipation, IBS mixed, and IBS unclassified (NIDDK, 2015).
Approximately 11 percent of the world’s population suffers from at least one type of this
disorder (Canavan et al., 2014).
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Cannabinoid type 1 (CB1) receptors are present in the mucosa and neuromuscular layers
of the colon and are also expressed in plasma cells and influence mucosal inflammation (Wright
et al., 2005). In animal models, endocannabinoids acting on CB1 receptors inhibit gastric and
small intestinal transit and colonic propulsion (Pinto et al., 2002). Studies in healthy volunteers
have shown effects on gastric motility and colonic motility (Esfandyari et al., 2006). Thus,
cannabinoids have the potential for therapeutic effect in patients with IBS (Wong et al., 2012).

Are Cannabis or Cannabinoids an Effective Treatment for the Symptoms of Irritable
Bowel Syndrome?

Systematic Reviews

The committee did not identify a good- or fair-quality systematic review that reported on
medical cannabis as an effective treatment for symptoms of irritable bowel syndrome.

Primary Literature

We identified a single relevant trial (Wong et al., 2012) evaluating dronabinol in patients
with irritable bowel syndrome with diarrhea (IBS-D). This low-risk-of-bias trial enrolled 36
patients between the ages of 18 and 69 with IBS-D. Patients were randomized to dronabinol 2.5
mg BID® (n = 10), dronabinol 5 mg BID (n = 13), or placebo (n = 13) for 2 days. No overall
treatment effects of dronabinol on gastric, small bowel, or colonic transit, as measured by
radioscintigraphy, were detected.

Discussion of Findings

A single, small trial found no effect of two doses of dronabinol on gastrointestinal transit.
The quality of evidence for the finding of no effect for irritable bowel syndrome is insufficient
based on the short treatment duration, small sample size, short-term follow-up, and lack of
patient-reported outcomes. Trials that evaluate the effects of cannabinoids on patient-reported
outcomes are needed to further understand the clinical effects in patients with IBS.

CONCLUSION 4-5 There is insufficient evidence to support or refute the conclusion that
dronabinol is an effective treatment for the symptoms of irritable bowel syndrome.

EPILEPSY

Epilepsy refers to a spectrum of chronic neurological disorders in which clusters of
neurons in the brain sometimes signal abnormally and cause seizures (NINDS, 2016b). Epilepsy
disorder affects an estimated 2.75 million Americans, across all age ranges and ethnicities
(NINDS, 2016b). Although there are many anti-epileptic medications currently on the market,
about one-third of persons with epilepsy will continue to have seizures even when treated

% BID is an abbreviation for the Latin phrase “bis in die” which means twice per day.
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(Mohanraj and Brodie, 2006). Both THC and CBD can present seizures in animal models
(Devinsky et al., 2014).

Are Cannabis or Cannabinoids an Effective Treatment for the Symptoms of Epilepsy?
Systematic Reviews

We identified two systematic reviews of randomized trials assessing the efficacy of
cannabis or cannabinoids, used either as monotherapy or in addition to other therapies, in
reducing seizure frequency in persons with epilepsy. Gloss and Vickrey (2014) published a
systematic review of randomized controlled trials. They identified four reports (including one
conference abstract and one letter to the editor) of cannabinoid trials, all of which they
considered to be of low quality. Combined, the trials included a total of 48 patients. The
systematic review’s primary pre-specified outcome was freedom from seizures for either 12
months or three times the longest previous seizure-free interval. None of the four trials assessed
this endpoint. Accordingly, Gloss and Vickrey asserted that no reliable conclusions could be
drawn regarding the efficacy of cannabinoids for epilepsy.

Koppel et al. (2014) published a fair-quality systematic review. They identified no high-
quality randomized trials, and concluded that the existing data were insufficient to support or
refute the efficacy of cannabinoids for reducing seizure frequency.

Primary Literature

We identified two case series that reported on the experience of patients treated with
cannabidiol for epilepsy that were published subsequent to the systematic reviews described
above. The first of these was an open-label, expanded-access program of oral cannabidiol with
no concurrent control group in patients with severe, intractable, childhood-onset epilepsy that
was conducted at 11 U.S. epilepsy centers and reported by Devinsky et al. (2016) and by
Rosenberg et al. (2015). Devinsky et al. reported on 162 patients age 1-30 years; Rosenberg et
al. reported on 137 of these patients. The median monthly frequency of motor seizures was 30.0
(interquartile range [IQR] 11.0-96.0) at baseline and 15.8 (IQR 5.6-57.6) over the 12-week
treatment period. The median reduction in motor seizures while receiving cannabidiol in this
uncontrolled case series was 36.5 percent (IQR 0-64.7).

Tzadok et al. (2016) reported on the unblinded experience of Israeli pediatric epilepsy
clinics treating 74 children and adolescents with intractable epilepsy with an oral formulation of
cannabidiol and tetrahydrocannabinol at a 20:1 ratio for an average of 6 months. There was no
concurrent control goup. Compared with baseline, 18 percent of children experienced a 75-100
percent reduction in seizure frequency, 34 percent experienced a 50-75 percent reduction, 12
percent reported a 25-50 percent reduction, 26 percent reported a reduction of less than 25
percent, and 7 percent reported aggravation of seizures that led to a discontinuation of the
cannabinoid treatment.

The lack of a concurrent placebo control group and the resulting potential for regression
to the mean and other sources of bias greatly reduce the strength of conclusions that can be
drawn from the experiences reported by Devinsky et al. (2016), Rosenberg et al. (2015), and
Tzadok et al. (2016) about the efficacy of cannabinoids for epilepsy. Randomized trials of the
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efficacy of cannabidiol for different forms of epilepsy have been completed’ but their results
have not been published at the time of this report.

Discussion of Findings

Recent systematic reviews were unable to identify any randomized controlled trials
evaluating the efficacy of cannabinoids for the treatment of epilepsy. Currently available clinical
data therefore consist solely of uncontrolled case series, which do not provide high-quality
evidence of efficacy. Randomized trials of the efficacy of cannabidiol for different forms of
epilepsy have been completed and await publication.

CONCLUSION 4-6 There is insufficient evidence to support or refute the conclusion that
cannabinoids are an effective treatment for epilepsy.

SPASTICITY ASSOCIATED WITH MULTIPLE SCLEROSIS OR SPINAL CORD
INJURY

Spasticity is defined as disordered sensorimotor control resulting from an upper motor
neuron lesion, presenting as intermittent or sustained involuntary activation of muscles (Pandyan
et al., 2005). It occurs in some patients with chronic neurological conditions such as multiple
sclerosis (MS) and paraplegia due to spinal cord injury. Recent studies have shown that some
individuals with MS are seeking alternative therapies, including cannabis, to treat symptoms
associated with MS (Zajicek et al., 2012).

Are Cannabis or Cannabinoids an Effective Treatment for Spasticity Associated with
Multiple Sclerosis or Spinal Cord Injury?

Systematic Reviews

We identified two recent systematic reviews that assessed the efficacy of cannabis or
cannabinoids in treating muscle spasticity in patients with MS or paraplegia due to spinal cord
injury—the systematic review by Whiting et al. (2015) that examined evidence for a broad range
of medical uses of cannabis or cannabinoids and the systematic review by Koppel et al. (2014)
that focused more narrowly on neurologic conditions. Both systematic reviews examined only
randomized, placebo-controlled trials. Whiting et al. excluded from their primary analysis trials
that did not use a parallel group design (i.e., they excluded crossover trials) and performed a
quantitative pooling of results. In contrast, Koppel et al. included crossover trials but did not
perform a quantitative pooling of results.

Whiting et al. searched for studies examining the efficacy of cannabinoids for spasticity
due to MS or paraplegia. They identified 11 studies that included patients with MS and 3 that
included patients with paraplegia caused by spinal cord injury. None of the studies in patients
with paraplegia caused by spinal cord injury were reported as full papers or included sufficient
data to allow them to be included in pooled estimates. Whiting et al. reported that in their pooled

7 Clinicaltrials.gov: NCT02224560, NCT02224690, NCT02091375, NCT02324673.
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analysis of three trials in patients with M, nabiximols and nabilone were associated with an
average change (i.e., improvement) in spasticity rating assessed by a patient-reported numeric
rating scale of —0.76 (95% CI=—-1.38 to —0.14) on a 0 to 10 scale that was statistically greater
than for placebo. They further reported finding no evidence for a difference according to type of
cannabinoid (i.e., nabiximols versus nabilone). Whiting et al. also reported that the pooled odds
of patient-reported improvement on a global impression-of-change score was greater with
nabiximols than with placebo (OR 1.44, 95% CI =1.07-1.94).

The review by Koppel et al. restricted its focus on spasticity to that due to MS. Their
conclusions were broadly in agreement with corresponding conclusions from the review by
Whiting et al. In particular, Koppel et al. concluded that in patients with MS, nabiximols and
orally administered THC are “probably effective” for reducing patient-reported spasticity scores
and that oral cannabis extract is “established as effective for reducing patient-reported scores”
for spasticity (Koppel et al., 2014, p. 1558).

A commonly used scale for rating spasticity is the Ashworth scale (Ashworth, 1964).
However, this scale has been criticized as unreliable, insensitive to therapeutic benefit, and
reflective only of passive resistance to movement and not of other features of spasticity (Pandyan
et al., 1999; Wade et al., 2010). Furthermore, no minimally important difference in the Ashworth
scale has been established. Whiting et al. calculated a pooled measure of improvement on the
Ashworth scale versus placebo based on five parallel-group-design trials. They reported that
nabiximols, dronabinol, and oral THC/CBD were associated with a numerically greater average
improvement on the Ashworth scale than placebo but that this difference was not statistically
significant. This conclusion is in broad agreement with corresponding conclusions reached by
Koppel et al. In particular, Koppel et al. concluded that nabiximols, oral cannabis extract and
orally administered THC are “probably ineffective” for reducing objective measures of spasticity
in the short term (6—15 weeks), although oral cannabis extract and orally administered THC are
“possibly effective” for objective measures at 1 year.

Primary Literature

An additional placebo-controlled crossover trial of nabiximols for the treatment of
spasticity in patients with MS was published after the period covered by the Whiting and Koppel
systematic reviews (Leocani et al., 2015). This study randomized 44 patients but analyzed only
34 because of post-randomization exclusions and drop-outs. Such post-randomization exclusions
and drop-outs reduce the strength of the evidence that is provided by this study. Patient-reported
measures of spasticity were not assessed. After 4 weeks of treatment, response on the modified
Ashworth scale (defined as improvement of at least 20 percent) was more common in the
THC/CBD group (50 percent) than in the placebo group (23.5 percent), p = 0.041.

Discussion of Findings

Based on evidence from randomized controlled trials included in systematic reviews, an
oral cannabis extract, nabiximols, and orally administered THC are probably effective for
reducing patient-reported spasticity scores in patients with MS. The effect appears to be modest,
as reflected by an average reduction of 0.76 units on a 0 to 10 scale. These agents have not
consistently demonstrated a benefit on clinician-measured spasticity indices such as the modified
Ashworth scale in patients with MS. Given the lack of published papers reporting the results of
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trials conducted in patients with spasticity due to spinal cord injury, there is insufficient evidence
to conclude that cannabinoids are effective for treating spasticity in this population.

CONCLUSION 4-7

4-7(a) There is substantial evidence that oral cannabinoids are an effective treatment for
improving patient-reported multiple sclerosis spasticity symptoms, but limited evidence
for an effect on clinician-measured spasticity.

4-7(b) There is insufficient evidence to support or refute the conclusion that cannabinoids are an
effective treatment for spasticity in patients with paralysis due to spinal cord injury.

TOURETTE SYNDROME

Tourette syndrome is a neurological disorder characterized by sporadic movements or
vocalizations commonly called “tics” (NINDS, 2014). While there is currently no cure for
Tourette syndrome, recent efforts have explored whether cannabis may be effective in reducing
symptoms commonly associated with the disorder (Koppel et al., 2014).

Are Cannabis or Cannabinoids an Effective Treatment for the Symptoms Associated with
Tourette Syndrome?

Systematic Reviews

We identified two good-quality systematic reviews (Koppel et al., 2014; Whiting et al.,
2015) that evaluated medical cannabis for Tourette syndrome. Both good-quality reviews
identified the same trials, and we focus on the more recent review by Whiting et al. The two
RCTs (4 reports), conducted by the same research group (Miiller-Vahl et al., 2001, 2002,
2003a,b), compared THC capsules (maximum dose 10 mg daily) to placebo in 36 patients with
Tourette syndrome. Tic severity, assessed by multiple measures, and global clinical outcomes
were improved with THC capsules. On a 0—6 severity scale, symptoms were improved by less
than 1 point. These outcomes were assessed at 2 days (unclear-risk-of-bias trial) and 6 weeks
(high-risk-of-bias trial). Neither trial described randomization or allocation concealment
adequately and the 6-week trial was rated high risk-of-bias for incomplete outcome data.

Primary Literature

The committee did not identify any good-quality primary literature that reported on
medical cannabis as an effective treatment for Tourette syndrome, and that were published
subsequent to the data collection period of the most recently published good- or fair-quality
systematic review addressing the research question.

PREPUBLICATION COPY—UNCORRECTED PROOFS

Copyright © National Academy of Sciences. All rights reserved.



The Health Effects of Cannabis and Cannabinoids: The Current State of Evidence and Recommendations for Research

4-16 THE HEALTH EFFECTS OF CANNABIS AND CANNABINOIDS

Discussion of Findings

No clear link has been established between symptoms of Tourette syndrome and
cannabinoid sites or mechanism of action. However, case reports have suggested that cannabis
can reduce tics and that the therapeutic effects of cannabis might be due to the anxiety-reducing
properties of marijuana rather than to a specific anti-tic effect (Hemming and Yellowlees, 1993;
Sandyk and Awerbuch, 1988). Two small trials (assessed as being of fair- to poor-quality)
provide limited evidence for the therapeutic effects of THC capsules on tic severity and global
clinical outcomes.

CONCLUSION 4-8 There is limited evidence that THC capsules are an effective treatment
for improving symptoms of Tourette syndrome.

AMYOTROPHIC LATERAL SCLEROSIS

Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease affecting the motor
neurons in the spinal cord, brain stem, and motor cortex, ultimately leading to complete paralysis
(Rossi et al., 2010). The pathogenesis of ALS remains unclear, but the disease is thought to result
from the interplay of a number of mechanisms including neurofilament accumulation,
excitotoxicity, oxidative stress, and neuroinflammation (Redler and Dokholyan, 2012), all of
which may be amenable to manipulation of the endocannabinoid system and cannabinoid
receptors.

Are Cannabis or Cannabinoids an Effective Treatment for the Symptoms Associated with
Amyotrophic Lateral Sclerosis?

Systematic Reviews

The committee did not identify a good- or fair-quality systematic review that reported on
medical cannabis as an effective treatment for symptoms associated with amyotrophic lateral
sclerosis.

Primary Literature

On the basis of proposed pathogenesis and anecdotal reports of symptomatic benefit from
the use of cannabis in patients with ALS, two small trials of dronabinol have been conducted. In
a randomized, double-blind crossover study, 19 patients with ALS were treated with dronabinol
doses of 2.5 to 10 mg daily for 4 weeks (Gelinas et al., 2002). Participants noted improvement in
appetite and sleep but not in cramps or fasiculations (involuntary muscle twitches). The second
study enrolled 27 patients with ALS who had moderate to severe cramps (greater than 4 on a 0—
10 visual analogue scale) in a randomized, double-blind trial of dronabinol 5 mg twice daily or
placebo, each given for 2 weeks with an intervening 2-week washout period (Weber et al., 2010).
The primary endpoint was a change in cramp intensity with secondary endpoints of change in
cramp number, intensity of fasciculations, quality of life, sleep, appetite, and depression. There
was no difference between dronabinol and placebo seen in any of the endpoints. The
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investigators reported that the dronabinol was very well tolerated and postulated that the
dronabinol dose may have been too low as well as suggesting that a carryover effect in the
crossover design may have obfuscated any differences in the treatment arms. The sample size
was too small to discern anything but a large effect.

Discussion of Findings

Two small studies investigated the effect of dronabinol on symptoms associated with
ALS. Although there were no differences from placebo in either trial, the sample sizes were
small, the duration of the studies was short, and the dose of dronabinol may have been too small
to ascertain any activity. The effect of cannabis was not investigated.

CONCLUSION 4-9 There is insufficient evidence that cannabinoids are an effective
treatment for symptoms associated with amyotrophic lateral sclerosis.

HUNTINGTON’S DISEASE

Huntington’s disease is characterized by chorea (abnormal, involuntary movement) along
with cognitive decline and psychiatric impairment (Armstrong and Miyasaki, 2012). Worsening
chorea significantly impacts patient quality of life. The pathophysiology and neurochemical basis
of Huntington’s disease are incompletely understood. Neuroprotective trials often investigate
agents that may decrease oxidative stress or glutamatergic changes related to excitotoxic stress.
There is some preclinical evidence and limited clinical evidence that suggest that changes in the
endocannabinoid system may be linked to the pathophysiology of Huntington’s disease (Pazos et
al., 2008; van Laere et al., 2010).

Are Cannabis or Cannabinoids an Effective Treatment for the Motor Function and
Cognitive Performance Associated with Huntington’s Disease?

Systematic Reviews

The systematic review from the American Academy of Neurology includes two studies
on Huntington’s disease (Koppel et al., 2014). A randomized, double-blind, placebo-controlled
crossover pilot trial investigated nabilone 1 or 2 mg daily for 5 weeks followed by placebo in 22
patients with symptomatic Huntington’s disease (Curtis et al., 2009). An additional 22 patients
were randomized to placebo followed by nabilone. The primary endpoint was the total motor
score of the Unified Huntington’s Disease Rating Scale (UHDRS). Secondary endpoints
included the chorea, cognitive performance, and psychiatric changes measured with the same
instrument. No significant difference in the total motor score was seen in the 37 evaluable
patients (treatment difference 0.86, 95% CI =—1.8-3.52), with a 1-point change considered
clinically significant. There was evidence of an improvement in the chorea subscore with
nabilone (treatment difference 1.68, 95% CI = 0.44-2.92). There was no difference between
treatments for cognition, but there was evidence of an improvement in the two neuropsychiatric
outcome measures in the nabilone arm—UHDRS behavioral assessment (4.01, 95% CI =—-0.11-
8.13) and neuropsychiatric inventory (6.43, 95% CI = 0.2—12.66). The small estimated treatment
effect with wide confidence intervals reduces the level of evidence for nabilone’s effectiveness
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from this pilot study. However, based on this trial, the American Academy of Neurology
guideline concluded that “nabilone possibly modestly improves Huntington’s disease chorea”
(Armstrong and Miyasaki, 2012, p. 601). The second study included in the systematic review
was a lower-quality, 15-patient randomized, double-blind, placebo-controlled trial investigating
the effect of cannabidiol capsules at a dose of 10 mg/kg/day in two divided doses (Consroe et al.,
1991). The endpoints in this study involving patients with Huntington’s disease who were not on
neuroleptics were chorea severity, functional limitations, and side effects. There were no
statistically significant differences between cannabidiol and placebo in any outcomes, although
the American Academy of Neurology considered the study to be underpowered.

Primary Literature

The committee did not identify any good-quality primary literature that reported on
medical cannabis as an effective treatment for the declines in motor function and cognitive
performance associated with Huntington’s disease, that were published subsequent to the data
collection period of the most recently published good- or fair-quality systematic review
addressing the research question.

Discussion of Findings

Two small studies have investigated the potential benefit of cannabinoids in patients with
Huntington’s disease. Although nabilone appeared to have some potential benefit on chorea,
cannabidiol appeared to be equal to placebo in ameliorating symptoms. Both studies were of
short duration and likely underpowered because of their small sample sizes. Cannabis has not
been investigated in Huntington’s disease.

CONCLUSION 4-10 There is insufficient evidence to support or refute the conclusion that
oral cannabinoids are an effective treatment for chorea and certain neuropsychiatric symptoms
associated with Huntington’s disease.

PARKINSON’S DISEASE

Parkinson’s disease is a motor system disorder attributed to the loss of dopamine-
producing brain cells. It is characterized clinically by tremor, rigidity, bradykinesia (slowness of
movement), and impaired balance and coordination (PDF, 2016a). An estimated 60,000
Americans are diagnosed with this disorder each year (PDF, 2016b).

Although the disease is progressive and without cure, there are medications that can
ameliorate some of the associated symptoms. Although levodopa has demonstrated efficacy for
treating symptoms of Parkinson’s disease, long-term use of levodopa is associated with the
development of side effects, especially dyskinesias (involuntary movements) (NINDS, 2015).
Evidence suggests that the endocannabinoid system plays a meaningful role in certain
neurodegenerative processes (Krishnan et al., 2009), thus it may be useful to determine the
efficacy of cannabinoids in treating the symptoms of neurodegenerative diseases.
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Are Cannabis or Cannabinoids an Effective Treatment for the Motor System Symptoms
Associated with Parkinson’s Disease or the Levodopa-Induced Dyskinesia?

Systematic Reviews

The systematic review of cannabis in selected neurologic disorders (Koppel et al., 2014)
identified two trials of cannabinoid therapies in patients with levodopa-induced dyskinesias.
Nineteen patients with levodopa-induced dyskinesia greater than or equal to 2 as determined by
questions 32—34 of the Unified Parkinson’s Disease Rating Scale (UPDRS) were randomized in
a double-blind, placebo-controlled crossover trial to receive Cannador capsules (containing THC
2.5 mg and CBD 1.25 mg) to a maximum dose of 0.25 mg/kg of THC daily or placebo (Carroll
et al., 2004). The primary endpoint was the effect of treatment on the dyskinesia score of the
UPDRS. Secondary endpoints included the impact of dyskinesia on function, pathophysiologic
indicators of dyskinesia, duration of dyskinesia, quality of life, sleep, pain, and overall severity
of Parkinson’s disease. The overall treatment effect was +0.52, which indicated a worsening with
Cannador, although this worsening was not statistically significant (p = 0.09). No effects were
seen on the secondary outcomes. Although there were more adverse events on the drug than on
the placebo, the investigators felt that the treatment was well tolerated. The study had limited
statistical power to detect anything but a large treatment effect due to its small sample size. The
second study included in the systematic review was an even smaller low-quality randomized,
double-blind, placebo-controlled crossover trial involving seven patients with Parkinson’s
disease who had stable levodopa-induced dyskinesia present for 25—50 percent of the day
(Sieradzan et al., 2001). Nabilone dosed at 0.03 mg/kg or a placebo was administered 12 hours
and 1 hour before levodopa at a dose of 200 mg. The primary endpoint was total dyskinesia
disability as measured using the Rush Dyskinesia Disability Scale.” The median total dyskinesia
score after treatment with levodopa and nabilone was 17 (range 11-25) compared to 22 (range
16-26) after levodopa and placebo (p < 0.05). The anti-Parkinsonian actions of levodopa were
not reduced by nabilone pretreatment. Although the authors stated that “nabilone significantly
reduced total levodopa-induced dyskinesia compared with placebo” (Sieradzan et al., 2001, p.
2109) the fact that the results were generated by only seven patients receiving only two doses
clearly reduces the ability to draw such an enthusiastic conclusion. Koppel concludes that oral
cannabis extract “is probably ineffective for treating levodopa-induced dyskinesias” (Koppel et
al., 2014, p. 1560).

Primary Literature

Cannabidiol capsules were evaluated in a randomized, double-blind, placebo-controlled
trial conducted in 21 patients with Parkinson’s disease (Chagas et al., 2014). The study was an
exploratory trial to assess the effect of CBD in Parkinson’s disease globally with the UPDRS and
the Parkinson’s Disease Questionnaire-39 (PDQ-39) used to assess overall functioning and well-
being. Possible CBD adverse events were evaluated by a side effect rating scale. Baseline data
were collected 1 week before commencing treatment with CBD at 75 mg/day or 300 mg/day or
with a placebo, and the same assessments were repeated during the sixth and final week of the
trial. No statistically significant differences were seen in the UPDRS between the three study

¥ The Dyskinesia Disability Scale is a 0—4 scale (absent to most severe) measuring the severity of
dyskinesia (Goetz et al., 1994).
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arms. There was a statistically significant difference in the variation between baseline and final
assessment in the overall PDQ-39 score between placebo (6.50 £ 8.48) and CBD 300 mg/day
(25.57 £ 16.30) (p = 0.034), which suggests that there might be a possible effect of CBD on
improving quality of life.

An open-label observational study of 22 patients with Parkinson’s disease attending a
motor disorder clinic at a tertiary medical center collected data before and 30 minutes after
patients smoked 0.5 grams of cannabis (Lotan et al., 2014). The instruments utilized included the
UPDRS, the McGill Pain Scale, and a survey of subjective efficacy and adverse effects of
cannabis. In addition, the effect of cannabis on motor symptoms was evaluated by two raters.
The investigators found that the total motor symptoms score on the UPDRS improved from 33.1
(£ 13.8) t0 23.2 (£ 10.5) (p < 0.001). Subcategories of the UPDRS that showed statistically
significant improvement included tremor, rigidity, and bradykinesia. Pain and sleep were also
reported to be improved after smoking cannabis. The results from this low-quality observational
study prompted the investigators to propose that their findings should be confirmed in a larger,
longer, randomized, double-blind, placebo-controlled trial.

Discussion of Findings

Small trials of oral cannabinoid preparations have demonstrated no benefit compared to a
placebo in ameliorating the side effects of Parkinson’s disease. A seven patient trial of nabilone
suggested that it improved the dyskinesia associated with levodopa therapy, but the sample size
limits the interpretation of the data. An observational study of inhaled cannabis demonstrated
improved outcomes, but the lack of a control group and the small sample size are limitations.

CONCLUSION 4-11 There is insufficient evidence that cannabinoids are an effective
treatment for the motor system symptoms associated with Parkinson’s disease or the
levodopa-induced dyskinesia.

DYSTONIA

Dystonia is a disorder characterized by sustained or repetitive muscle contractions which
result in abnormal fixed postures or twisting, repetitive movements (NINDS, 2016a). Idiopathic
cervical dystonia is the most common cause of focal dystonia. Oral pharmacological agents are
generally ineffective, with repeated injections of botulinum toxin being the most effective
current therapy. The pathophysiologic mechanisms of dystonia are poorly understood, but, as in
other hyperkinetic movement disorders, underactivity of the output regions of the basal ganglia
may be involved. Stimulation of the cannabinoid receptors has been postulated as a way to
reduce dystonia (Zadikoff et al., 2011). Anecdotal reports have suggested that cannabis may
alleviate symptoms associated with dystonia (Uribe Roca et al., 2005). In a 1986 preliminary
open pilot study in which five patients with dystonic movement disorders received cannabidiol,
dose-related improvements were observed in all five patients (Consroe et al., 1986).
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Are Cannabis or Cannabinoids an Effective Treatment for Dystonia?
Systematic Reviews

The American Academy of Neurology systematic review (Koppel et al., 2014) identified
one study that examined the effect of dronabinol on cervical dystonia. The review described the
study as being underpowered to detect any differences between dronabinol and the placebo.
Overall, nine patients with cervical dystonia were randomized to receive dronabinol 15 mg daily
or a placebo in an 8-week crossover trial (Zadikoff et al., 2011). The primary outcome measure
was the change in the Toronto Western Spasmodic Torticollis Rating Scale (TWSTRS) part A
subscore at the beginning and end the of each 3-week treatment phase. There was no statistically
significant effect of dronabinol on the dystonia compared with placebo as measured by the
TWSTRS-A (p =0.24).

Primary Literature

Fifteen patients with a clinical diagnosis of primary dystonia received a single dose of
nabilone or placebo (0.03 mg/kg to the nearest whole milligram) on the study day (Fox et al.,
2002). The primary outcome measure was the dystonia-movement scale portion of the Burke-
Fahn-Marsden dystonia scale. Treatment with nabilone produced no significant reduction in the
total dystonia movement scale score when compared with placebo (p > 0.05).

Discussion of Findings
Two small trials of dronabinol and nabilone failed to demonstrate a significant benefit of

the cannabinoids in improving dystonia compared with placebo. Cannabis has not been studied
in treatment of dystonia.

CONCLUSION 4-12 There is insufficient evidence to support or refute the conclusion that
nabilone and dronabinol are an effective treatment for dystonia.

DEMENTIA

Dementia is characterized by a decline in cognition that typically affects multiple
cognitive domains such as memory, language, executive function, and perceptual motor function
(NIH, 2013). Alzheimer disease, vascular dementia, and Parkinson’s disease with dementia are
three prominent dementing disorders (NIA, n.d.). Behavioral and psychological symptoms,
including agitation, aggression, and food refusal, are common in the more advanced stages of
dementia. These symptoms cause distress to the patient and caregivers, and may precipitate the
patient being placed in institutional care. Current treatments for dementia (e.g., cholinesterase
inhibitors) have only modest effects, and treatments for behavioral disturbances such as
antipsychotic medications, have both modest benefits and substantial adverse effects (Krishnan
et al., 2009).

CBI1 receptors are found throughout the central nervous system, and the endogenous
cannabinoid system is thought to be important in the regulation of synaptic transmission (Baker

PREPUBLICATION COPY—UNCORRECTED PROOFS

Copyright © National Academy of Sciences. All rights reserved.



The Health Effects of Cannabis and Cannabinoids: The Current State of Evidence and Recommendations for Research

4-22 THE HEALTH EFFECTS OF CANNABIS AND CANNABINOIDS

et al., 2003), a process that is disordered in patients with dementia. Accumulating evidence
suggest that cannabinoids have the potential for neuroprotective effects (Grundy, 2002; Hampson
et al., 1998; Shen and Thayer, 1998). This developing understanding of the endogenous
cannabinoid system along with cannabinoids anxiolytic and appetite- stimulating effects provides
a rationale for its study in patients with dementia.

Are Cannabis or Cannabinoids an Effective Treatment for the Symptoms Associated with
Dementia?

Systematic Reviews

We identified two good-quality systematic reviews (Krishnan et al., 2009; van den Elsen
et al., 2014) that evaluated cannabis for dementia. Both reviews identified the same two RCTs,
which were synthesized qualitatively. A small randomized crossover trial (Volicer et al., 1997)
evaluated dronabinol in 15 hospitalized patients with probable Alzheimer’s disease who had
behavior changes and were refusing food. Patients were randomized to dronabinol (2.5 mg twice
daily) for 6 weeks and to placebo for 6 weeks. Data in this trial with a high risk of bias were
presented in such a way that they could not be abstracted for analysis by systematic review
authors. The primary study authors reported: increased weight during the 12 weeks regardless of
order of treatment (dronabinol, 7.0 [SD 1.5] pounds, and placebo, 4.6 [SD 1.3] pounds, during
the first 6 weeks); decreased disturbed behavior during dronabinol treatment, an effect that
persisted in patients treated first with dronabinol, then placebo; decreased negative affect scores
in both groups during the 12 weeks, more so when taking dronabinol than placebo; and no
serious adverse events attributed to dronabinol, although one patient suffered a seizure following
the first dose. One other open-label pilot study (Walther et al., 2006), which evaluated six
patients with severe dementia for the effects of dronabinol on nighttime agitation did not meet
eligibility criteria for the review by Krishnan et al.

Primary Literature

We identified one good-quality RCT that evaluated THC in 50 patients with Alzheimer
disease, vascular or mixed dementia, and neuropsychiatric symptoms (van den Elsen et al.,
2015). THC 1.5 mg given three times daily for 3 weeks did not improve overall neuropsychiatric
symptoms, agitation, quality of life, or activities of daily living versus a placebo. Although the
study recruited less than one-half of the planned sample, the authors estimated that there was
only a 5 percent chance that enrolling more participants would have shown a clinically important
effect on neuropsychiatric symptoms.

Discussion of Findings

The authors of the good-quality Cochrane systematic review, concluded that the “review
finds no evidence that cannabinoids are effective in the improvement of disturbed behavior in
dementia or treatment of other symptoms of dementia” (Krishnan et al., 2009, p. 8).

Subsequently, a larger good-quality RCT found no benefit from low-dose THC. We agree that
the evidence is limited due to the small number of patients enrolled, limits in the study design
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and reporting, and inconsistent effects. The current limited evidence does not support a
therapeutic effect of cannabinoids.

CONCLUSION 4-13 There is limited evidence that cannabinoids are ineffective treatments
for improving the symptoms associated with dementia.

GLAUCOMA

Glaucoma is one of the leading causes of blindness within the United States (Mayo
Clinic, 2015). This disorder is characterized as a group of eye conditions that can produce
damage to the optic nerve and result in a loss of vision. This damage is often caused by
abnormally high intraocular pressure (NEI, n.d.). Because high intraocular pressure is a known
major risk factor that can be controlled (Prum et al., 2016, p. 52), most treatments have been
designed to reduce it. Research suggests that cannabinoids may have potential as an effective
treatment for reducing pressure in the eye (Tomida et al., 2007).

Are Cannabis or Cannabinoids an Effective Treatment for Glaucoma?
Systematic Reviews

We identified one good-quality systematic review (Whiting et al., 2015) that evaluated
medical cannabis for the treatment of glaucoma. This review identified a single randomized
crossover trial (six participants) in patients with glaucoma. The trial compared THC (5 mg
oromucosal spray), cannabidiol (20 mg oromucosal spray), cannabidiol spray (40 mg oromucosal
spray) and a placebo, examining intraocular pressure intermittently up until12 hours after
treatment. Elevated intraocular pressure is one of the diagnostic criteria for glaucoma, and
lowering intraocular pressure is a goal of glaucoma treatments (Prum et al., 2016). The trial was
evaluated as “unclear” risk of bias. No differences in intraocular pressure were found between
placebo and cannabinoids.

Primary Literature

The committee did not identify any good-quality primary literature that reported on the
medical cannabis as an effective treatment for the symptoms of glaucoma and that were
published subsequent to the data collection period of the most recently published good- or fair-
quality systematic review addressing the research question.

Discussion of Findings

Lower intraocular pressure is a key target for glaucoma treatments. Non-randomized
studies in healthy volunteers and glaucoma patients have shown short-term reductions in
intraocular pressure with oral, topical eye drops, and intravenous cannabinoids, suggesting the
potential for therapeutic benefit (IOM, 1999, pp. 174—175). A good-quality systemic review
identified a single small trial that found no effect of two cannabinoids, given as an oromucosal
spray, on intraocular pressure (Whiting et al., 2015). The quality of evidence for the finding of
no effect is limited. However, to be effective, treatments targeting lower intraocular pressure
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must provide continual, rather than transient, reductions in intraocular pressure. To date, those
studies showing positive effects have shown only short-term benefit on intraocular pressure
(hours) suggesting a limited potential for cannabinoids in the treatment of glaucoma.

CONCLUSION 4-14 There is limited evidence that cannabinoids are an ineffective
treatment for improving intraocular pressure associated with glaucoma.

TRAUMATIC BRAIN INJURY/INTRACRANIAL HEMORRHAGE

Traumatic brain injury (TBI) is an acquired brain injury that can result from a sudden or
violent hit to the head (NINDS, 2016c¢). TBI accounts for about 30 percent of all injury deaths in
the United States (CDC, 2016). Intracranial hemorrhage (ICH), bleeding that occurs inside the
skull, is a common complication of TBI which is associated with a worse prognosis of the injury
(Bullock, 2000; CDC, 2015). There is small body of literature reporting the neuroprotective
effects of cannabinoid analogs in pre-clinical studies of head injuries (Mechoulam et al., 2002) as
well as in observational studies in humans (Di Napoli et al., 2016; Nguyen et al., 2014).

Are Cannabis or Cannabinoids an Effective Treatment or Prevention for Traumatic Brain
Injury or Intracranial Hemorrhage?

Systematic Reviews

The committee did not identify a good- or fair-quality systematic review that evaluated
the efficacy of cannabinoids as a treatment or prevention for traumatic brain injury or intracranial
hemorrhage.

Primary Literature

There were two fair- to high-quality observational studies found in the literature. One
study (n = 446) examined the TBI presentation and outcomes among patients with and without a
positive THC blood test (Nguyen et al., 2014). Patients who were positive for THC were more
likely to survive the TBI than those who were negative for THC (OR 0.224, 95% CI=0.051-
0.991). The authors used regression analysis to account for confounding variables (e.g., age,
alcohol, Abbreviated Injury Score, Injury Severity Score, mechanism of injury, gender, and
ethnicity). In the only other observational study that examined the association between cannabis
use and brain outcomes, a study of intracranial hemorrhage patients (n = 725) found that
individuals with a positive test of cannabis use demonstrated better primary outcome scores on
the modified Rankin Scale’ (adjusted common OR 0.544, 95% CI = 0.330-0.895) (Di Napoli et
al., 2016). In their analysis, the authors adjusted for confounding variables that are known to be
associated with worse ICH outcomes, including age, sex, Glasgow Coma Scale as continuous
variables, and anticoagulant use.

? The modified Rankin Scale is a clinical assessment tool commonly used to measure the degree of
disability following a stroke. Outcome scores from the scale range from 0 (no symptoms) to 6 (death) (Di Napoli et
al., 2016, p. 249).
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Discussion of Findings

The two studies discussed above (Di Napoli et al., 2016; Nguyen et al., 2014) provide
very modest evidence that cannabis use may improve outcomes after TBI or ICH. However,
more conclusive observational studies or randomized controlled trials will be necessary before
any conclusions can be drawn about the neuroprotective effect of cannabinoids in clinical
populations.

CONCLUSION 4-15 There is limited evidence of a statistical association between
cannabinoids and better outcomes (i.e., mortality, disability) after a traumatic brain injury or
intracranial hemorrhage.

ADDICTION

Drug addiction has been defined as a chronically relapsing disorder that is characterized
by the compulsive desire to seek and use drugs with impaired control over substance use despite
negative consequences (Prud’homme et al., 2015). The endocannabinoid system has been found
to influence the acquisition and maintenance of drug-seeking behaviors, possibly through its role
in reward and brain plasticity (Gardner, 2005; Heifets and Castillo, 2009). Furthermore, in
laboratory settings orally administered dronabinol has been found to reduce cannabis withdrawal
symptoms in cannabis users who were not seeking treatment to reduce cannabis use (Budney et
al., 2007; Haney et al., 2004), and therefore may be expected to be useful as a substitute to assist
to achieve and maintain abstinence of cannabis.

Are Cannabis or Cannabinoids an Effective Treatment for Achieving Abstinence from
Addictive Substances?

Systematic Reviews

We identified two recent published reviews that examined randomized trials evaluating
the effects of cannabis or cannabinoids on the use of addictive drugs including cannabis: one
systeme}‘([)ic review by Marshall et al. (2014) and one comprehensive review by Prud’homme et al.
(2015).

The review by Marshall et al. is a high-quality systematic review of randomized and
quasi-randomized trials assessing the efficacy of drug therapies specifically for cannabis
dependence. They identified two trials examining THC: one published by Levin et al. (2011)
examining dronabinol and one published by Allsop et al. (2014) examining nabiximols.

The trial by Levin et al. (2011) was a randomized, placebo-controlled, double-blind trial,
which assigned cannabis-dependent adults to receive dronabinol (n = 79) or placebo (n = 77) for

1 Prud’homme (2015) is often categorized as a systematic review; however, the committee determined that
the review lacks certain key elements of a systematic review, including a clearly stated research question,
independent and duplicate data abstraction efforts, an assessment of the research quality and risk-of-bias, and a
quantitative summary.

PREPUBLICATION COPY—UNCORRECTED PROOFS

Copyright © National Academy of Sciences. All rights reserved.



The Health Effects of Cannabis and Cannabinoids: The Current State of Evidence and Recommendations for Research

4-26 THE HEALTH EFFECTS OF CANNABIS AND CANNABINOIDS

8 weeks, followed by a 2-week taper. Both groups received weekly individual therapy plus
motivational enhancement therapy. Retention in the treatment program at the end of the
maintenance phase was 77 percent in the dronabinol group and 61 percent in the placebo group
(p-value for difference between groups = 0.02). Withdrawal symptoms declined more quickly in
the dronabinol group than in the placebo group (p = 0.02). However, the primary outcome, the
proportion of participants who achieved 2 consecutive weeks of abstinence at weeks 78, was
17.7 percent in the dronabinol group and 15.6 percent in the placebo group, which were not
statistically significantly different from one another (p = 0.69).

The trial by Allsop et al. was randomized, placebo-controlled, and double-blind, and it
enrolled adults seeking treatment for cannabis dependence. Subjects were patients who were
hospitalized for 9 days and who received a 6-day regimen of nabiximols oromucosal spray (n =
27) or matching placebo (n = 24) together with standardized psychosocial interventions. The
primary outcome was a change in the Cannabis Withdrawal Scale, which is a 19-item scale that
measures withdrawal symptom severity on an 11-point Likert scale for the previous 24 hours.
Over the 6-day treatment period, subjects in the nabiximols group reported a mean 66 percent
reduction from baseline in the cannabis withdrawal scale, while patients in the placebo group
reported a mean increase in the cannabis withdrawal scale of 52 percent (p-value for between-
group difference = 0.01). The median time between hospital discharge and relapse to cannabis
use was 15 days (95% CI = 3.55-26.45) in the nabiximols group and 6 days (95% CI = 0-27.12)
in the placebo group. The difference between these times was not statistically significant (p-
value for between-group difference = 0.81).

Based on the Levin et al. and Allsop et al. trials, Marshall et al. concluded that there was
“moderate”-quality evidence that users of THC preparations were more likely to complete
treatment than those given a placebo (RR 1.29, 95% CI = 1.08-1.55). However, the systematic
review further concluded that, based on these two trials, the studied THC preparations were not
associated with an increased likelihood of abstinence or a greater reduction in cannabis use than
a placebo.

The review by Prud’homme et al. (2015) is a comprehensive review that broadly
examined evidence on the effects of cannabidiol on addictive behaviors. The only randomized
trial assessing the role of cannabis in reducing the use of an addictive substance was published
by Morgan et al. (2013). That study was a pilot placebo-controlled trial that randomized cigarette
smokers who wished to quit smoking to receive 400 pg inhaled cannabidiol (n = 12) or inhaled
placebo (n = 12) for 1 week. Participants were instructed to use the inhaler when they felt the
urge to smoke. The reduction in the number of cigarettes smoked per week was higher in the
cannabidiol group than in the placebo group, although the difference was not statistically
significant (p = 0.054). Rates of abstinence were not reported.

Primary Literature
The committee did not identify any good-quality primary literature that reported on
medical cannabis as an effective treatment for the reduction in use ofaddictive substances and

that were published subsequent to the data collection period of the most recently published good-
or fair-quality systematic review addressing the research question.
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Discussion of Findings

Based on the systematic reviews, neither of the two trials evaluating the efficacy of a
cannabinoid in achieving or sustaining abstinence from cannabis showed a statistically
significant effect. However, given the limited number of studies and their small size, their
findings do not definitively rule out the existence of an effect. The only study examining the
efficacy of a cannabinoid in cigarette smoking cessation was a pilot study that did not examine
rates of abstinence. Thus, its efficacy for smoking cessation has not been thoroughly evaluated.

CONCLUSION 4-16 There is no evidence to support or refute the conclusion that
cannabinoids are an effective treatment for achieving abstinence in the use of addictive
substances.

ANXIETY

Anxiety disorders share features of excessive fear and anxiety which induce
psychological and physical symptoms that can cause significant distress or interfere with social,
occupational, and other areas of functioning (APA, 2013). In a given year, an estimated 18
percent of the United States adult population will suffer from symptoms associated with an
anxiety disorder (NIMH, n.d.). Given the role of the endocannabinoid system in mood
regulation, the committee decided to explore the relationship between anxiety and cannabis.

Are Cannabis or Cannabinoids an Effective Treatment for the Improvement of Anxiety
Symptoms?

Systematic Reviews

The review by Whiting et al. (2015) was the most recent good quality review. This
review identified one randomized trial with a high risk of bias that compared a single 600 mg
dose of cannabidiol to a placebo in 24 participants with generalized social anxiety disorder.
Cannabidiol was associated with a greater improvement on the anxiety factor of a 100-point
visual analogue mood scale (mean difference from baseline —16.52, p = 0.01) compared with a
placebo during a simulated public speaking test. Four other randomized controlled trials (232
participants) enrolled patients with chronic pain and reported on anxiety symptoms. The
cannabinoids studied were: dronabinol, 10-20 mg daily; nabilone, maximum dose of 2 mg daily;
and nabiximols, maximum dose of 448 sprays/day. Outcomes were assessed from 8 hours to 6
weeks after randomization; three of the four trials were judged to have a high risk of bias. These
trials suggested greater short-term benefit with cannabinoids than placebo on self-reported
anxiety symptoms.

Primary Literature

The committee did not identify any good-quality primary literature that reported on
medical cannabis as an effective treatment for the improvement of anxiety symptoms and that
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were published subsequent to the data collection period of the most recently published good- or
fair-quality systematic review addressing the research question.

Discussion of Findings

There is limited evidence that cannabidiol improves anxiety symptoms, as assessed by a
public speaking test, in patients with social anxiety disorder. These positive findings are limited
by weaknesses in the study design (e.g., an inadequate description of randomization and
allocation concealment), a single dose of CBD, and uncertain applicability to patients with other
anxiety disorders. Limited evidence also suggests short-term benefits in patients with chronic
pain and associated anxiety symptoms. In contrast, evidence from observational studies found
moderate evidence that daily cannabis use is associated with increased anxiety symptoms and
heavy cannabis use is associated with social phobia disorder (see Chapter 12).

CONCLUSION 4-17 There is limited evidence that cannabidiol is an effective treatment for
the improvement of anxiety symptoms, as assessed by a public speaking test, in individuals
with social anxiety disorders.

DEPRESSION

Depression is one of the nation’s most common mental health disorders (ADAA, 2016).
Across the many depressive disorders that exist (e.g., persistent depressive disorder, major
depressive disorder, pre-menstrual dysphoric disorder) there are common symptomatic features
of feelings of sadness, emptiness, or irritable mood, accompanied by somatic and cognitive
changes that affect the individual’s capacity to function (APA, 2013, p. 155). The
endocannabinoid system is known to play a role in mood regulation (NIDA, 2015, p. 9); and
therefore, the committee decided to explore the association between cannabis use and depressive
disorders or symptoms.

Are Cannabis or Cannabinoids an Effective Treatment to Reduce Depressive Symptoms?
Systematic Reviews

The review by Whiting et al. (2015) was the most recent good-quality review. No RCTs
were identified that specifically evaluated cannabis in patients with a depressive disorder. Five
RCTs (634 participants) enrolled patients for other conditions (chronic pain or multiple sclerosis
with spasticity) and reported on depressive symptoms. Only one study reported depressive
symptoms at baseline; symptoms were mild. Nabiximols (n = 3; maximum dose ranged from 4 to
48 doses/day), dronabinol (10 mg and 20 mg daily) and nabilone capsules (maximum of eight
mg) were compared to placebo; nabilone was also compared to dihydrocodeine. Outcomes were
assessed from 8 hours to 9 weeks following randomization. Three of the five trials were judged
to have a high risk of bias and the other two as unclear risk. Three studies (nabiximols,
dronabinol) showed no effect using validated symptom scales. One study that evaluated three
doses of nabiximols found increased depressive symptoms at the highest dose (11-14
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sprays/day), but no difference compared to placebo at lower doses. The comparison of nabilone
to dihydrocodone showed no difference in depressive symptoms.

Primary Literature

The committee did not identify any good-quality primary literature that reported on
medical cannabis as an effective treatment to reduce depressive symptoms and that were
published subsequent to the data collection period of the most recently published good- or fair-
quality systematic review addressing the research question.

Discussion of Findings

Although patients report using cannabinoids for depression, our search and a good quality
systematic review did not identify any RCTs evaluating the effects of medical cannabis in
patients with depressive disorders. Trials in patients with chronic pain or multiple sclerosis with
uncertain baseline depressive symptoms did not show an effect. There is no trial data addressing
the effects of cannabinoids for major depressive disorder.

In Chapter 12: Mental Health, the committee reviews epidemiological evidence to
examine the association between cannabis use and the development of depressive disorders, as
well as the impact of cannabis use on the disorder’s course or symptoms.

CONCLUSION 4-18 There is limited evidence that nabiximols, dronabinol, and nabilone
are ineffective treatments for the reduction of depressive symptoms in individuals with
chronic pain or multiple sclerosis.

SLEEP DISORDERS

Sleep disorders can be classified into major groups that include insomnia, sleep-related
breathing disorders, parasomnias, sleep-related movement disorders, and circadian rhythm sleep—
wake disorders (Sateia, 2014). Fifty million to 70 million adults in the United States report
having some type of sleep disorder (ASA, 2016). In 2010, insomnia generated 5.5 million offices
visits in the United States (Ford et al., 2014). There is some evidence to suggest that the
endocannabinoid system may have a role in sleep. THC is associated in a dose-dependent
manner with changes in slow-wave sleep, which is critical for learning and memory
consolidation. Cannabis may also have effects on sleep latency, decreasing time to sleep onset at
low doses and increasing time to sleep onset at higher doses (Garcia and Salloum, 2015). Thus,
cannabinoids could have a role in treating sleep disorders.

Are Cannabis or Cannabinoids an Effective Treatment for Improving Sleep Outcomes?
Systematic Reviews
The review by Whiting et al. was the most recent good-quality review. Two RCTs (54

participants) evaluated cannabinoids (nabilone, dronabinol) for the treatment of sleep problems.
A trial deemed to have a high risk of bias conducted in 22 patients with obstructive sleep apnea
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showed a greater benefit of dronabinol (maximum dose of 10mg daily) than with a placebo on
sleep apnea/hypopnea index (mean difference from baseline —19.64, p = 0.02) at 3 weeks follow-
up. A crossover trial deemed to have a low risk of bias in 32 patients with fibromyalgia found
improvements for nabilone 0.5 mg daily compared with 10 mg amitriptyline in insomnia (mean
difference from baseline —3.25, 95% CI = —5.26 to —1.24) and greater sleep restfulness (mean
difference from baseline 0.48, 95% CI = 0.01-0.95) at 2-week follow-up. Although the
antidepressant amitriptyline is an established treatment for fibromyalgia, it is not FDA approved
for insomnia and its use is limited by adverse effects.

Nineteen trials (3,231 participants) enrolled patients with other conditions (chronic pain
or multiple sclerosis) and reported on sleep outcomes. Nabiximols (13 studies), THC/CBD
capsules (2 studies), smoked THC (2 studies), and dronabinol or nabilone were compared to a
placebo. Sleep outcomes were assessed at 2—15 weeks after randomization. Eleven of the 19
trials were judged to have a high risk of bias, 6 had an uncertain risk of bias and the other 2 were
judged to have a low risk of bias. The meta-analysis found greater improvements with
cannabinoids in sleep quality among 8 trials (weighted mean difference [WMD] —0.58, 95% CI
=—0.87 to —0.29) and sleep disturbance among 3 trials (WMD —0.26, 95% CI = —0.52 to 0.00).
These improvements in sleep quality and sleep disturbance were rated on a 10-point scale and
would be considered small improvements. The summary estimate showing benefit was based
primarily on studies of nabiximols.

Primary Literature

The committee did not identify any good-quality primary literature that reported on
medical cannabis as an effective treatment to improve sleep outcomes and that were published
subsequent to the data collection period of the most recently published good- or fair-quality
systematic review addressing the research question.

Discussion of Findings

A high-quality systematic review found moderate evidence suggesting that cannabinoids
(primarily nabiximols) improve short-term sleep outcomes in patients with sleep disturbance
associated with obstructive sleep apnea, fibromyalgia, chronic pain, or multiple sclerosis.
However, the single study using an active comparator used a drug (amitriptyline) that is
considered second-line treatment due to the availability of newer, more effective treatments that
have fewer adverse effects. The committee did not identify any clinical trials that evaluated the
effects of cannabinoids in patients with primary chronic insomnia.

CONCLUSION 4-19 There is moderate evidence that cannabinoids, primarily nabiximols,
are an effective treatment to improve short-term sleep outcomes in individuals with sleep
disturbance associated with obstructive sleep apnea syndrome, fibromyalgia, chronic pain,
and multiole sclerosis.
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POSTTRAUMATIC STRESS DISORDER (PTSD)

Posttraumatic stress disorder (PTSD) falls within the broader trauma- and stressor-related
disorders categorized by the Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition (DSM-V). The diagnostic criteria of PTSD include an exposure to a traumatic event
(e.g., the threat of death, serious injury, or sexual violence) and exhibiting psychological distress
symptoms that occur as a result of that exposure (e.g., intrusion symptoms, such as distressing
memories; avoidance of stimuli that are associated with the traumatic event; negative alterations
in mood and cognition; alterations in arousal and reactivity associated with the traumatic event;
functional impairment) (APA, 2013, pp. 271-272). Given the known psychoactive effects of
cannabis, the committee decided to explore the association between PTSD and cannabis use.

Are Cannabis or Cannabinoids an Effective Treatment for PTSD Symptoms?

Systematic Reviews

The committee did not identify a good- or fair-quality systematic review that reported on
medical cannabis as an effective treatment for PTSD symptoms.

Primary Literature

We identified a fair-quality double-blind randomized crossover trial (Jetly et al., 2015)
conducted in Canadian male military personnel with trauma-related nightmares despite standard
treatments for PTSD. Ten participants were randomized to nabilone 0.5 mg that was titrated to a
daily maximum of 3.0 mg or else to a placebo for 7 weeks. Following a 2-week washout period,
subjects were then treated with the other study treatment and followed for an additional 7 weeks.
Effects on sleep, nightmares, and global clinical state were assessed by the investigators; sleep
time and general well-being were self-reported. Nightmares, global clinical state, and general
well-being were improved more with nabilone treatment than placebo treatment (p < 0.05).
There was no effect on sleep quality and quantity. Global clinical state was rated as very much
improved or much improved for 7 of 10 subjects in the nabilone treatment period and 2 of 10
subjects in the placebo treatment periods.

Discussion of Findings

A single small crossover trial suggests potential benefit from the pharmaceutical
cannabinoid nabilone. This limited evidence is most applicable to male veterans and contrasts
with non-randomized studies showing limited evidence of a statistical association between
cannabis use (plant derived forms) and increased severity of posttraumatic stress disorder
symptoms among individuals with posttraumatic stress disorder (see Chapter 12). A search of the
grey literature identified several recently initiated randomized controlled trials examining the
benefits and harms of marijuana for PTSD."" One trial, examines the effects of four different
types of cannabis with varying THC and CBD content on PTSD symptoms in 76 veterans (Bonn-
Miller, 2016). Another trial is a Canadian study that evaluates different formulations of THC and
CBD in 42 adults with PTSD (Eades, 2016). If these trials are successfully completely, they will

' Clinicaltrials.gov: NCT02102230, NCT02874898, NCT02517424, NCT02759185.
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add substantially to the knowledge base, expanding the range of cannabinoids evaluated and the
opportunity to examine the consistency of effects across studies.

CONCLUSION 4-20 There is limited evidence (one single, small fair-quality trial) that
nabilone is effective for improving symptoms of posttraumatic stress disorder.

SCHIZOPHRENIA AND OTHER PSYCHOSES

Schizophrenia spectrum disorders and other psychotic disorders are mental health
disorders characterized by three different classes of symptoms: positive symptoms (e.g.,
delusions, hallucinations, or disorganized or abnormal motor behavior), negative symptoms (e.g.,
diminished emotional expression, lack of interest or motivation to engage in social settings,
speech disturbance, or anhedonia), and impaired cognition (e.g., disorganized thinking) (APA,
2013, p. 87; NIMH, 2015). Evidence suggests that the prevalence of cannabis use among people
with schizophrenia is generally higher among the general population (McLoughlin et al., 2014).
In most of the studies reviewed below, schizophrenia, schizophreniform disorder, schizoaffective
disorder, and psychotic disorders are used as aggregate endpoints.

Are Cannabis or Cannabinoids an Effective Treatment for the Mental Health Outcomes of
Patients with Schizophrenia or Other Psychoses?

Systematic Reviews

Two good-quality reviews (McLoughlin et al., 2014; Whiting et al., 2015) evaluated
cannabinoids for the treatment of psychosis. We focus on the good-quality review by Whiting et
al. as it is more current. Two RCTS with high-risks-of-bias (71 total participants with
schizophrenia or schizophreniform psychosis) compared cannabidiol to the atypical
antipsychotic amisulpride or a placebo. One trial reported no difference on mental health
between CBD (maximum dose 800 mg/day) and amisulpride (maximum dose 800 mg/day) at 4
weeks (brief psychiatric rating scale mean difference —0.10, 95% CI = —9.20-8.90) or on mood
(positive and negative syndrome scale mean difference 1.0; 95% CI =—12.6-14.6). A crossover
trial showed no difference in effect on mood between CBD (maximum dose 600 mg/day) and
placebo (positive and negative symptom scale mean difference 1, 95% CI = —12.60-14.60; Scale
range 30-210).

Primary Literature

The committee did not identify any good-quality primary literature that reported on
medical cannabis as an effective treatment for the mental health outcomes of patients with
schizophrenia or other psychoses and that were published subsequent to the data collection

period of the most recently published good- or fair-quality systematic review addressing the
research question.
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Discussion of Findings

Good-quality systematic reviews identified only two, small, unclear- to high-risk-of-bias
trials evaluating cannabinoids for the treatment of schizophrenia. These studies provide only
limited evidence due to the risk of bias, the short-term follow-up, and the evaluation of a single
cannabinoid. Furthermore, the larger trial was designed to detect a moderate benefit of
cannabidiol compared to the antipsychotic amisulpride, but it enrolled only 60 percent of the
planned sample. Thus, it did not have the statistical power to detect small or moderate
differences between CBD and amisulpride. Overall, the evidence is insufficient to determine if
cannabidiol is an effective treatment for individuals with schizophrenia or schiophreniform
psychosis.

In Chapter 12, the committee reviews epidemiological evidence to examine the
association between cannabis use and the development of schizophrenia and other psychoses, as
well as the impact of cannabis use on the disorder’s course or symptoms.

CONCLUSION 4-21 There is insufficient evidence to support or refute the conclusion that
cannabidiol is an effective treatment for the mental health outcomes in individuals with
schizophrenia or schizophreniform psychosis.

RESESARCH GAPS

In reviewing the research evidence described above, the committee has identified the
following research gaps exist concerning the effectiveness of cannabidiol or cannabidiol-
enriched cannabis in treating:

spasticity due to paraplegia from spinal cord injury

cancer in general

treating chemotherapy-induced nausea and vomiting

symptoms of irritable bowel syndrome

epilepsy

symptoms associated with amyotrophic lateral sclerosis

motor function and cognitive performance associated with Huntington’s Disease

motor system symptoms associated with Parkinson’s disease or the levodopa-induced

dyskinesia

e achieving abstinence or reduction in the use of addictive substances, including
cannabis itself
sleep outcomes in individuals with primary chronic insomnia

e posttraumatic stress disorder symptoms
mental health outcomes in individuals with schizophrenia or schizophreniform
psychosis

e cannabidiol short-term relief from anxiety symptoms
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SUMMARY

This chapter outlines the committee’s efforts to review the current evidence base for the
potential efficacy of cannabis or cannabinoids on prioritized health conditions. The health
conditions reviewed in this chapter include chronic pain, chemotherapy-induced nausea and
vomiting; anorexia and weight loss associated with HIV; cancer; irritable bowel syndrome;
epilepsy, spasticity, Tourette syndrome, Alzheimer’s disease, amyotrophic lateral sclerosis,
Huntington’s disease, Parkinson’s disease, dementia, traumatic brain injury, glaucoma,
addiction, anxiety, depression, sleep disorders, posttraumatic stress disorder, and schizophrenia
and other psychoses. The committee has formed a number of research conclusions related to
these health endpoints; however, it is important that the chapter conclusions are interpreted
within the context of the limitations discussed in the Discussion of Findings sections above. See
Box 4-1 for a summary list of the chapter’s conclusions.

We found conclusive or substantial evidence (ranging in modest to moderate effect) for
benefit from cannabis or cannabinoids for chronic pain, chemotherapy-induced nausea and
vomiting, and patient-reported symptoms of spasticity associated with multiple sclerosis. For
chemotherapy-induced nausea and vomiting and spasticity associated with multiple sclerosis, the
primary route of administration examined was the oral route. For chronic pain, most studies
examined oral cannabis extract, although some examined smoked or vaporized cannabis. It is
unknown whether and to what degree the results of these studies can be generalized to other
products and routes of administration. For many of the other conditions discussed above, there is
insufficient or no evidence upon which to base conclusions about therapeutic effects. The
potential efficacy of cannabinoids for several of these conditions such as posttraumatic stress
disorder and epilepsy should be prioritized given the substantial number of persons using
cannabis for those conditions (Cougle et al., 2011; Massot-Tarris and McLachlan, 2016). As
identified in the chapter’s Discussion of Findings sections, there are common themes in the type
of study limitations found in this evidence base. The most common are limitations in the study
design (e.g., a lack of appropriate control groups, a lack of long-term follow-ups), small sample
sizes, and research gaps in examining the potential therapeutic benefits of different forms of
cannabis (e.g., cannabis plant). These limitations highlight the need for substantial research to
provide comprehensive and conclusive evidence on the therapeutic effects of cannabis and
cannabinoids.

BOX 4-1
Summary of Chapter Conclusions*

There is conclusive or substantial evidence that cannabis or cannabinoids are effective:
e For the treatment of chronic pain in adults (cannabis) (4-1)
e As anti-emetics in the treatment of chemotherapy-induced nausea and vomiting (oral
cannabinoids) (4-3)
e For improving patient-reported multiple sclerosis spasticity symptoms (oral cannabinoids) (4-
7a)

There is moderate evidence that cannabis or cannabinoids are effective for:
e Improving short-term sleep outcomes in individuals with sleep disturbance associated with
obstructive sleep apnea syndrome, fibromyalgia, chronic pain, and multiple sclerosis
(cannabinoids, primarily nabiximols) (4-19)
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There is limited evidence that cannabis or cannabinoids are effective for:

e Increasing appetite and decreasing weight loss associated with HIV/AIDS (cannabis and oral
cannabinoids) (4-4a)

e Improving clinician-measured multiple sclerosis spasticity symptoms (oral cannabinoids) (4-
7a)

e Improving symptoms of Tourette syndrome (THC capsules) (4-8)

e Improving anxiety symptoms, as assessed by a public speaking test, in individuals with social
anxiety disorders (cannabidiol) (4-17)
Improving symptoms of posttraumatic stress disorder (nabilone; one single, small fair-quality
trial) (4-20)

There is limited evidence of a statistical association between cannabinoids and:
e Better outcomes (i.e., mortality, disability) after a traumatic brain injury or intracranial
hemorrhage (4-15)

There is limited evidence that cannabis or cannabinoids are ineffective for:
e Improving symptoms associated with dementia (cannabinoids) (4-13)
e Improving intraocular pressure associated with glaucoma (cannabinoids) (4-14)
Reducing depressive symptoms in individuals with chronic pain or multiple sclerosis
(nabiximols, dronabinol, and nabilone) (4-18)

There is no or insufficient evidence to support or refute the conclusion that cannabis or
cannabinoids are an effective treatment for:
e Cancers, including glioma (cannabinoids) (4-2)
Cancer-associated anorexia cachexia syndrome and anorexia nervosa (cannabinoids) (4-4b)
Symptoms of irritable bowel syndrome (dronabinol) (4-5)
Epilepsy (cannabinoids) (4-6)
Spasticity in patients with paralysis due to spinal cord injury (cannabinoids) (4-7b)
Symptoms associated with amyotrophic lateral sclerosis (cannabinoids) (4-9)
Chorea and certain neuropsychiatric symptoms associated with Huntington’s disease (oral
cannabinoids) (4-10)
e Motor system symptoms associated with Parkinson’s disease or the levodopa-induced
dyskinesia (cannabinoids) (4-11)
e Dystonia (nabilone and dronabinol) (4-12)
e Achieving abstinence in the use of addictive substances (cannabinoids) (4-16)

e Mental health outcomes in individuals with schizophrenia or schizophreniform psychosis
(cannabidiol) (4-21)

*Numbers in parentheses corresponds with chapter conclusion number.
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5
Cancer

Chapter Highlights

e The evidence suggests that smoking cannabis does not increase the risk for certain cancers
(i.e., lung, head and neck) in adults.

e There is modest evidence that cannabis use is associated with one sub-type of testicular
cancer.

e There is minimal evidence that parental cannabis use during pregnancy is associated with
greater cancer risk in offspring.

Cancer is a major public health problem in the United States. With 1,685,210 new cancer
cases and 595,690 cancer-related deaths expected to occur in 2016, it is a leading cause of
disease and death among Americans (NCI, 2016). Cannabis use has been associated with
cigarette smoking—to which 28.6 percent of all cancer deaths in the United States in 2014 have
been attributed—and, like tobacco smoke, cannabis smoke contains carcinogens (Lortet-Tieulent
et al., 2016; Tashkin, 2013). These potential risk factors for cancer have prompted
epidemiological research examining the association between cannabis use and the risk of
developing several types of cancer, including lung, head and neck, testicular, esophageal, and
other cancers that occur in adults, as well as cancers that occur in children. The present chapter
reviews the findings of three recent, good- to fair-quality systematic reviews, including one
pooled analysis, as well as three primary literature articles that best address the committee’s
research questions of interest. Study limitations and research gaps are noted, and the strength of
the available evidence is weighed in six formal conclusions.

CANCER
Is There an Association Between Cannabis Use and the Incidence of Lung Cancer?
Systematic Reviews

Zhang et al. (2015) pooled data on 2,159 lung cancer cases and 2,985 controls from six
case-control studies, four of which were unpublished. The impact of key characteristics of
cannabis smoking (e.g., intensity and duration of cannabis smoking, cumulative exposure, age at
start of smoking) on lung cancer incidence was evaluated for all study participants and for a sub-
group who were not tobacco smokers. Among all study participants, there was no statistically
significant difference in the risk of lung cancer for habitual cannabis smokers as compared to
non-habitual smokers (odds ratio [OR] 0.96, 95% confidence interval [CI] = 0.66—1.38);
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similarly, among participants who did not smoke tobacco, the risk of lung cancer was not
significantly higher or lower for habitual cannabis smokers than for non-habitual cannabis
smokers (OR 1.03, 95% CI = 0.51-2.08).' When only adenocarcinoma cases were compared to
controls, Zhang et al. (2015, p.898) observed a “suggestive,” but still statistically non-significant,
association between lung cancer incidence and either smoking more than 1 joint/day (OR 1.73,
95% CI =0.75-4.00) or having a cumulative exposure of more than 10 joint-years (OR 1.74,
95% CI = 0.85-3.56).

Primary Literature

Huang et al. (2015) conducted an epidemiologic review on the association between
cannabis use and the incidence of several cancers, including lung cancer. They evaluated six
studies on lung cancer, including Zhang et al. (2015) and two studies included in that review. Of
the three remaining studies, two were described by Zhang et al. (2015) as having several
limitations, including an inability to adequately control for tobacco use and potential reporting
bias, and are not discussed here. The third study evaluated lung cancer risk among 49,321
Swedish male military conscripts over a 40-year period and found that, compared with
participants who had reported never using cannabis, those who reported using cannabis more
than 50 times at baseline had a statistically significant risk of developing lung cancer (hazard
ration [HR] 2.12, 95% CI = 1.08-4.14) after adjusting for tobacco and alcohol use and other
confounders (Callaghan et al., 2013).

Discussion of Findings

Zhang et al. (2015) found no statistically significant association between smoking
cannabis and lung cancer incidence; this was true for all study participants as well as for the sub-
group of study participants who were not tobacco smokers. Although the risk of lung cancer
increased as the duration and intensity of cannabis use increased, even participants who smoked
most often and for the longest periods of time were not at significantly greater risk than non-
habitual smokers. Huang et al. (2015) did not perform a meta-analysis of the lung cancer studies;
studies included in that review but not in Zhang et al. (2015) indicate an increased risk for lung
cancer associated with smoking cannabis.

Both studies noted several limitations. Zhang et al. (2015) were unable to account for
potential effect measure modifiers, including those related to variations in cannabis smoking
techniques and in the characteristics of the cannabis smoked. The authors also noted that the
small number of participants who were heavy and chronic cannabis users rendered effect
estimates for these subgroups imprecise. Finally, the study relied on self-report without
biological validation to assess patterns of cannabis, making it impossible to verify the accuracy
of cannabis use data. Regarding Callaghan et al. (2013), detailed information on cannabis and
tobacco use before and after baseline was lacking, the study did not adjust or account for tobacco

! Non-habitual cannabis smokers were defined as those with cumulative cannabis consumption of less than
1 joint-year, including never users. Subjects who did not smoke tobacco were those who reported smoking less than
100 cigarettes over their lifetime, or who fit the cut-offs used in the pooled studies.

? There were 49,321 participants at the start of the study, and 44,257 participants involved in the
assessment of cannabis risk. Hazard ratio (HR) includes adjustments for tobacco smoking, alcohol consumption,
respiratory conditions, and socioeconomic status at time of conscription.
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or cannabis during the 40-year follow-up period, the authors were unaware whether study
participants mixed tobacco and cannabis, and the self-reporting process was not anonymized.

CONCLUSION 5-1 There is moderate evidence of no statistical association between
cannabis smoking and the incidence of lung cancer.

Is There an Association Between Cannabis Use and the Incidence of Head and Neck
Cancers?

Systematic Reviews

De Carvalho et al. (2015) conducted a systematic review and meta-analysis of nine case-
control studies derived from 6 articles and totaling 13,931 study participants (5,732 cases and
8,199 controls) in order to evaluate the association between cannabis use and the incidence of
head and neck cancers, including upper aerodigestive tract, oral cavity, and nasopharyngeal
cancers as well as on head and neck squamous cell carcinoma. After adjusting for tobacco use,
age, gender, and race, the meta-analysis found no significant association between cannabis use
and head and neck cancers (OR 1.021, 95% CI = 0.912-1.143). The authors concluded that there
was “insufficient epidemiological evidence to support a positive or negative association of
marijuana use and the development of [head and neck cancers]” (de Carvalho et al., 2015, p.
1755).

Primary Literature

The committee did not identify any good-quality primary literature that reported on the
association between cannabis use and head and neck cancers and were published subsequent to
the data collection period of the most recently published good- or fair-quality systematic review
addressing the research question.

Discussion of Findings

In their review, de Carvalho et al. (2015) noted several limitations particular to individual
studies. First, although a non-significant association was observed for head and neck cancers as a
group, this finding does not preclude the existence of a significant positive or negative
association between cannabis use and the incidence of specific types of head and neck cancer.
The systematic review also relied on cohort studies, which may not detect less pronounced risks
or risks that emerge over longer periods. Finally, differences in the methods employed in these
studies prevented an analysis of how the characteristics of cannabis use (e.g., frequency,
duration, method) affect the risk of head and neck cancers.

CONCLUSION 5-2 There is moderate evidence of no statistical association between
cannabis use and the incidence of head and neck cancers.

PREPUBLICATION COPY—UNCORRECTED PROOFS

Copyright © National Academy of Sciences. All rights reserved.



The Health Effects of Cannabis and Cannabinoids: The Current State of Evidence and Recommendations for Research

5—4 THE HEALTH EFFECTS OF CANNABIS AND CANNABINOIDS

Is There an Association Between Cannabis Use and the Incidence of Testicular Cancer?
Systematic Reviews

Gurney et al. (2015) conducted a systematic review and meta-analysis on the association
between cannabis use and testicular germ cell tumors. The authors identified three case-control
studies totaling 2,138 study participants (719 cases and 1,419 controls). Compared to participants
who never smoked cannabis, participants who reported ever smoking cannabis had a statistically
non-significant increased risk of developing testicular germ cell tumors (OR 1.19, 95% CI =
0.72—-1.95). By comparison, statistically significant associations between cannabis use and the
risk of developing testicular germ cell tumors were seen for the subgroups of participants who
were current smokers (OR 1.62, 95% CI = 1.13-2.31) or who reported smoking cannabis at least
once a week (OR 1.92, 95% CI = 1.35-2.72) or for 10 years or longer (OR 1.50, 95% CI = 1.08—
2.09). Among current users, including the subgroups of those who used cannabis at least once
weekly or for at least 10 years, the risk of developing non-seminoma tumors was higher than the
risk of developing seminoma tumors. For example, compared to never smokers, participants who
smoked at least once per week had a statistically significant risk of developing non-seminoma
tumors (OR 2.59, 95% CI = 1.60-4.19), while the risk for developing seminoma tumors was not
statistically significant (OR 1.27, 95% CI =0.77-2.11). Gurney et al. (2015) observed that,
because non-seminoma tumors are frequently diagnosed at a younger age than seminoma tumors,
the stronger association between cannabis use and non-seminoma tumors suggests “puberty
(rather than later in life) as the key point of exposure” (Gurney et al., 2015, p. 8).

Primary Literature

Huang et al. (2015) conducted a review and meta-analysis of the same three studies
reviewed by Gurney et al. (2015) and found no association between participants who had ever
smoked cannabis and the risk of developing testicular cancer. However, compared to participants
who had never smoked cannabis, heavy users who had smoked one or more times per day or
week (OR 1.56, 95% CI = 1.09-2.23) and chronic users who had smoked for 10 years or longer
(OR 1.50, 95% CI = 1.08-2.09) had a statistically significant risk of developing testicular cancer.

Discussion of Findings

Gurney et al. (2015) found a statistically significant association between current,
frequent, or chronic cannabis use and the incidence of non-seminoma-type testicular germ cell
tumors. By comparison, cannabis use was not associated with a statistically significant risk of
developing seminoma-type testicular germ cell tumors. Lacking further evidence, an
extrapolation of this association to other types of testicular cancer is unwarranted. Huang et al.
(2015) found an association between the incidence of testicular cancer (without further
specification) and cannabis use that was frequent or of long duration.

Gurney et al. (2015) highlighted several limitations of their review. First, each of the
three case-control studies informing the review relied on self-report without biological
validation, and the two studies that utilized interviews to collect this data did not indicate
whether the interviewers were blinded to the case-control status of the participants. Self-report
data cannot be verified and unblended interviewers are a potential source of bias. Second, two of
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the studies reported responses rates that were both low and unequal: 67.5 percent to 38.2 percent
response rate for cases and 73.3 percent to 43.3 percent response rate for controls. Differences in
the prevalence of cannabis use among participants who did and did not respond could bias the
odds ratios calculated in these studies. Third, the high and growing prevalence of cannabis use in
the general population may render the category “ever-smoker” uninformative, since it will
encompass not only frequent and chronic users but also individuals who have only minimal
exposure to the drug. A final limitation is that the studies informing the review did not all control
for the same, potentially relevant confounders: three studies controlled for age and a history of
cryptorchidism, two controlled for alcohol and drug use, and only one controlled for other
substance use.

As noted in Gurney et al. (2015), Huang et al. (2015) did not distinguish between
seminoma and non-seminoma-type tumors and also failed to assess the quality of the reviewed
studies. Additionally, the review included limited information on the methods used to conduct
the meta-analysis.

CONCLUSION 5-3 There is limited evidence of a statistical association between current,
frequent, or chronic cannabis smoking and non-seminoma-type testicular germ cell tumors.

Is There an Association Between Cannabis Use and the Incidence of Esophageal Cancers?
Systematic Reviews

The committee did not identify a good- or fair-quality systematic review that reported on the
association between cannabis use and esophageal cancer.

Primary Literature

The committee identified one primary research study that addressed a potential association
with esophageal cancer. To assess the association between cannabis use and the incidence of
lung and upper aerodigestive tract cancers, Hashibe et al. (2006) conducted a large population-
based case-control study involving 1,040 controls and 1,212 cases, 108 of which were diagnosed
with esophageal cancer. Investigators collected data on the use of cannabis, tobacco, and alcohol
as well as relevant medical, environmental, and socioeconomic information. After adjustments
were made for demographic factors and alcohol and tobacco use, study participants with
cumulative cannabis exposure equal to 1 to 10 joint-years were found to have a statistically non-
significant decreased risk of developing esophageal cancer compared to participants who never
used cannabis (OR 0.77, 95% CI = 0.36—1.6). The risk was further depressed, but still not
statistically significant, for participants whose cumulative cannabis exposure was equal to 30 or
more joint-years (OR 0.53, 95% CI = 0.22—1.3). Among participants who never smoked
cigarettes, the risk of esophageal cancer was not statistically different between those who had
ever smoked cannabis and those who had never smoked cannabis (OR 0.79, 95% CI =0.30-2.1).
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Discussion of Findings

In conducting their investigation, Hashibe et al. (2006) addressed several methodological
issues of previous studies of the association between cannabis use and cancer incidence. These
issues included accounting for tobacco use and other confounders, avoiding measurement errors,
and protecting the anonymity of participants. On account of these efforts to preemptively address
methodological issues, few limitations were identified that could account for the lower risk of
esophageal cancer among cannabis smokers as compared to non-smokers—an unexpected,
though not statistically significant, result. The participation rate among esophageal cases was low
at 35 percent, creating a potential source of bias if the prevalence of cannabis use was much
higher or lower among non-participants with esophageal cancer than among participants with
esophageal cancer. The subgroup of participants with esophageal cancer and high levels of
cumulative cannabis exposure (i.e., >30 joint-years) was relatively small (n = 9), thereby limiting
the ability to detect an association between cannabis use and cancer incidence in this group. As
with other studies, confounders may not have been entirely controlled for, and measurement
errors may have persisted. The authors note these potential limitations, but also speculate that “it
is possible that such inverse associations may reflect a protective effect of marijuana” (Hashibe
et al., 2006, p. 1833).

CONCLUSION 5-4 There is insufficient evidence to support or refute a statistical association
between cannabis smoking and the incidence of esophageal cancer.

Is There an Association Between Cannabis Use and the Incidence of Other Cancers in
Adults?

Systematic Reviews

The committee identified no systematic reviews on the association between cannabis
exposures and the incidence of other cancers.

Primary Literature

In an epidemiologic review, Huang et al. (2015) reported on the association between
cannabis use and the risk of several types of cancer. A cohort study involving 27,920 men and
36,935 women age 15-49 years found that, compared to participants who did not smoke
cannabis, self-reported current or former use of cannabis on more than 6 occasions was
associated with prostrate cancer in men that never smoked cigarettes (relative risk [RR] 3.1, 95%
CI =1.0-9.5) and with cervical cancer in women that never smoked cigarettes (RR 1.6, 95% CI
= 1.2-2.2), after adjusting for age, race, education, and alcohol use (Sidney et al., 1997).
However, when compared to participants who did not smoke cannabis or who had smoked
cannabis on only 1-6 occasions, those who were current or former cannabis smokers were not at
statistically significant risk of developing prostate or cervical cancer, after adjusting for tobacco
and alcohol use and other potential confounders.

Another large cohort study involving 133,881 participants aged 25 years and older found
that, compared to non-use of cannabis, self-reported cannabis use at least once a month was
associated with a statistically significant risk of malignant adult-onset glioma compared to non-
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use of cannabis, after controlling for potential confounders, including demographic and
socioeconomic factors and alcohol and tobacco use (RR 2.8, 95% CI = 1.3-6.2) (Efird et al.,
2004). Compared to participants who did not use cannabis, there was statistically signficant risk
of developing brain tumor among those participants who reported using cannabis weekly (RR
3.2,95% CI = 1.1-9.2) or monthly (RR 3.6, 95% CI = 1.3-10.2).

Huang et al. (2015) also reviewed two studies on non-Hodgkin lymphoma risk. Holly et
al. (1999) conducted a population-based case-control study involving 3,376 women and
heterosexual men to determine risk factors for non-Hodgkin lymphoma. Compared to
participants who never used cannabis, those who reported using cannabis less than 40 times had
a statistically significant decreased risk of developing non-Hodgkin lymphoma, after adjusting
for age, sex, and education (OR 0.68, 95% CI = 0.55-0.84). Among participants who used
cannabis on 40 or more occasions, the risk of non-Hodgkin lymphoma was further depressed
(OR 0.57, 95% CI = 0.44—0.74). In another population-based case-control study, 378 HIV-
negative men and women diagnosed with non-Hodgkin lymphoma were matched by age,
biological sex, race, language of interview, and neighborhood of residence at time of diagnosis to
HIV-negative controls (Nelson et al., 1997). There was no statistically significant difference in
the risk of developing non-Hodgkin lymphoma among participants who reported using cannabis
at any time, as compared to those who reported never using cannabis (OR 0.86, 95% CI = 0.50—
1.48). The lack of a statistical difference in non-Hodgkin lymphoma risk between cannabis users
and non-users was true whether participants reported using cannabis only 1-5 times (OR 0.68,
95% CI = 0.34—1.38) or on more than 900 occasions (OR 1.09, 95% CI = 0.48-2.48).

Other studies reviewed by Huang et al. (2015) examined the association between
cannabis use and the risk of Kaposi’s sarcoma, and penile and anal cancer. Maden et al. (1993)
conducted a case-control study involving 110 cases and 355 age matched controls to identify risk
factors for penile cancer. After adjusting for alcohol and cigarette use, age, and number of sexual
partners, there was no statistically significant difference in the risk of developing penile cancer
among participants who reported ever using cannabis as compared to those who never used
cannabis (OR 1.5, 95 % CI = 0.7-3.2). In a case-control study on risk factors for anal cancer, 148
men and women diagnosed with anal cancer were matched by age, biological sex, year of
diagnosis, and area of residence to 166 male and female controls diagnosed with colon cancer
(Daling et al., 1987). There was no statistically significant difference in the risk of anal cancer
among participants who had ever used cannabis, as compared to those who had never used
cannabis, after adjsuting for age, residence, and cigarette use (RR 0.8, 95% CI = 0.2-4.0). Chao
et al. (2009) conducted a cohort study to determine the association between use of cannabis and
other recreational drugs and the risk of Kaposi’s sarcoma in homosexual men coinfected with
HIV and human herpes virus 8 (HHV-8). Among 1,335 participants, those who used cannabis in
the 6 months preceding data collection were not significantly more likely to develop Kaposi’s
sarcoma than participants who did not use cannabis during that period (HR 1.00, 95% CI = 0.79—
1.28), after adjusting for potential confounders including alcohol use, tobacco smoking, and
characteristics of sexual activity.

To assess the association between cannabis use and bladder cancer risk, Thomas et al.
(2015) reviewed data from 84,170 men aged 45-69 years old who were participants in the
California Men’s Health Study. After adjusting for age, race, and body mass index, the risk of
developing bladder cancer was significantly reduced for participants who used cannabis but not
tobacco, compared to those who used neither cannabis nor tobacco (HR 0.55, 95% CI=0.31—
1.00). After stratifying cannabis use by levels of cumulative cannabis exposure, the authors
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found that the depression in bladder cancer risk was statistically significant only for participants
who reporting smoking cannabis on 3—10 occasions (HR 0.57, 95% CI = 0.34-0.96). Similarly,
stratification by participant age revealed that, among participants who smoked cannabis but not
tobacco, the risk of bladder cancer was significantly decreased only for those were age 45-54
years (HR 0.26, 95% CI = 0.07-0.92). In a case-control study involving 52 Veterans Affairs
patients younger than 61 years old and age-matched to 104 controls, Chacko et al. (2006) found
that a significantly higher proportion of cases as compared to controls reported ever using
cannabis (88.5 percent versus 69.2 percent, p = 0.008). The mean number of joint-years of
cannabis smoked was also signficantly higher among cases than controls (48.0 joint-years versus
28.5 joint-years, p = 0.022). After adjusting for potential confounders, including tobacco use, a
statistically significant association between increasing joint-years of cannabis and the risk of
transitional cell carcinoma remained (p trend = 0.01).

Discussion of Findings

Huang et al. (2015, p.26) reviewed eight studies that reported on the association between
cannabis use and prostate, cervical, anal, bladder, and penile cancer, as well as glioma, non-
Hodgkin lymphoma, and Kaposi’s sarcoma, and concluded that “there are still insufficient data
to make any conclusions on an association with marijuana”. Separately, Thomas et al. (2015)
found no statistically significant difference in the risk of developing bladder cancer among
participants who used cannabis but not tobacco as compared to those who used neither. These
studies have several limitations.

In the study on cervical and prostate cancers, Sidney et al. (1997, p.727) relied on self-
report to determine patterns of cannabis use and did not assess for changes in those patterns
during follow-up. The study cohort included no participants older than 49 years old age at
baseline, and participants were followed for a mean of 8.6 years; consequently, the study was
unable to ascertain whether there is an association between cannabis use and the incidence of
cancer in older populations. The authors stated that they “do not consider any of the findings to
be conclusive”.

In the study on malignant adult-onset glioma, investigators did not assess for changes in
patterns of cannabis use after baseline, only a small number of cases (n = 8) reported using
cannabis at least once a month, and more than 1 in 4 cases (26 percent) did not provide data on
cannabis use (Efird et al., 2004). Holly et al. (1999) note that responses to questions concerning
events that occurred many years previously (e.g., lifetime cannabis use) or addressing sensitive
topics (e.g., illegal drug use) can be affected by recall and response biases, respectively. Nelson
et al. (1997) also list recall bias as a potential limitation. Of these two studies, Huang et al.
(2015) note that the association between cannabis use and risk of non-Hodgkin lymphoma may
be the result of confounding cause by the observed protective association of sexual behavior and
cocaine use. For a discussion on the effectiveness of cannabis and cannabinoids as a treatment
for glioma and other cancers, see chapter 4.

Maden et al. (1993) assert that the low rate of participation among cases (50.2 percent)
and controls (70.3 percent) was a major limitation of their study on penile cancer. In the study on
anal cancer, Daling et al. (1987) note that all control participants were diagnosed with colon
cancer. Other investigators have noted that this control group may not be appropriate for
assessing the association between cannabis use and anal cancer incidence, as cannabis smoking
is a potential risk factors for colorectal cancer (Hashibe et al., 2005). Limitations of the study on
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Kaposi’s sarcoma include the lack of consistent HHV-8 testing for all participants, the use of
non-continuous categories for describing frequency of cannabis use and the resultant potential
for ambiguous reporting, and the use of self-report to collect data on patterns of cannabis use
(Chao et al., 2009).

Thomas et al. (2015) note that the observational design of their study creates the potential
for participation and response biases. Other limitations of the study include the failure to
differentiate the risks for bladder cancer associated with current as opposed to former cannabis
use, the lack of an evaluation of other potential risk factors for bladder cancer, and the fact that
the study findings apply only to men. Findings from Chacko et al. (2006) are limited by a high
proportion of ever tobacco smokers among both cases (94.2 percent) and controls (93.3 percent).
According to Huang et al. (2015), the limitations of this study also include its small size, the use
of self-report to collect data on cannabis use, and failing to adjust for tobacco smoking—an
acknowledged bladder cancer risk factor.

Further research is needed to better characterize whether and how cannabis use is
associated with the risk of developing these cancers. Additionally, since important biological
distinctions exist among cancers that occur in a given organ, including histological and
molecular sub-types, such research will need to separately investigate and identify the risk
factors associated with each.

CONCLUSION 5-5 There is insufficient evidence to support or refute a statistical association
between cannabis use and the incidence of prostate cancer, cervical cancer, malignant gliomas,
non-Hodgkin lymphoma, penile cancer, anal cancer, Kaposi’s sarcoma, or bladder cancer.

Is There an Association Between Parental Cannabis Use and
the Incidence of Cancer in Offspring?

Systematic Reviews

The committee did not identify a good- or fair-quality systematic review that reported on
the association between parental cannabis use and subsequent cancer incidence in offspring.

Primary Literature

Huang et al. (2015) reviewed 3 studies on the association between parental cannabis use
and the risk of leukemia. Robison et al. (1989) conducted a case-control study involving 204
cases diagnosed with acute non-lymphoblastic leukemia (ANLL) by 17 years of age that were
matched to controls by age, race, and residential location. Maternal use of cannabis during, and
in the year preceding, pregnancy was associated with a statistically significant risk of ANLL (RR
10, p = 0.005). By comparison, the risk of ANLL associated with paternal use of cannabis during
the same period was not statistically significant (RR 1.47, p = 0.32). Children whose mothers
used cannabis during, or in the year preceding, pregnancy, were significantly younger in the age
at diagnosis of ANLL than children whose mothers did not use cannabis during this period (37.7
months [mean] versus 96.1 months [mean], p = 0.007). There was also a statistically significant
difference in the distribution of morphological types of ANLL cases between cases and controls
(p =0.02). For example, M1/M2 and M4/M5 morphologic types respectively comprised 10
percent and 70 percent of ANLL cases among children whose mothers used cannabis, while they
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comprised respectively 58 percent and 31 percent of cases among children whose mothers did
not use cannabis. Logistic regression to identify independent risk factors for ANLL found that
“maternal marijuana use was the single most predictive factor” identified in the study (Robison
et al., 1989, p. 1907).

In contrast to these findings, Trivers et al. (2006) conducted a case-control study
involving 517 case diagnosed with acute myeloid leukemia (AML) by 17 years of age and
matched to 610 controls by age, race, and residential location, and found that children whose
mothers used cannabis during, or in the 3 months preceding, pregnancy were at significantly
lower risk of developing AML than children whose mothers did not use cannabis during that
period, after adjusting for household income and parental age and education (OR 0.43, 95% CI =
0.23-0.80).> Among children whose mothers reported using cannabis in the 3 months before
pregnancy, those whose mothers used cannabis at least once weekly had a lower risk of
developing AML than those whose mothers used cannabis less than once weekly (OR 0.19, 95%
CI=0.06-0.59 versus OR 0.57, 95% CI = 0.26-1.29). Although overall paternal use of cannabis
was significantly associated with the risk of AML (OR 1.37, 95% CI = 1.02—1.83), there was no
statistically significant association between paternal use of cannabis during, and in the three
months preceding, pregnancy and the risk of AML (OR 1.02, 95% CI = 0.67—1.53). The authors
concluded that “[p]arental marijuana use is unlikely as a strong risk factor for childhood AML”
(Trivers et al., 2006, p. 117).

Finally, Wen et al. (2000) conducted a case-control study to evaluate the association
between exposures related to paternal military service, such as cannabis use, and the incidence of
AML or acute lymphoblastic leukemia (ALL) in their children. Among 2,343 cases diagnosed
with AML or ALL and matched by age, race, biological sex, and residential location to 2,723
controls, participants whose fathers had ever used cannabis had a statistically significant risk of
developing ALL or AML compared to those whose fathers had never used cannabis (OR 1.5, p<
0.01).

Huang et al. (2015) also reviewed studies on the association between parental cannabis
use and the incidence of rhabdomyosarcoma, neuroblastoma, and astrocytoma in pediatric
populations. A case-control study of 322 children younger than 21 years of age and diagnosed
with rhabdomysarcoma matched by age, race, and biological sex to 322 controls found that
children whose mothers used cannabis in the 12 months before their child’s birth were
significantly more likely to develop the disease than children whose mothers had not used
cannabis during this period (OR 3.0, 95% CI = 1.4-6.5), after adjusting for complications during
pregnancy and other potential confounders (Grufferman et al., 1993). Similarly, children whose
fathers used cannabis in the year prior to their child’s birth were at significantly greater risk of
developing rhabdomyosarcoma than children whose fathers did not use cannabis at this time (OR
2.0, 95% CI = 1.3-3.3). However, use of cannabis and cocaine were highly correlated, as was
maternal and paternal use of cannabis, making it impossible to isolate the effects of maternal and
paternal cannabis use from each other or from the effects of parental cocaine use.

Kuijten et al. (1990) conducted a case-control study involving 163 cases diagnosed by 14
years of age with astrocytoma or related tumors and matched to controls by age, race, and
residential location, and found a borderline statistically significant association between maternal
use of cannabis in the 10 months preceding their child’s birth and the risk of astrocytoma (OR

? Acute myeloid leukemia and acute non-lymphoblastic leukemia refer to the same type of cancer.
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2.8,95% CI=0.9-99,p= 0.07).* By comparison, maternal use in the 9 months preceding their
child’s birth was not associated with the risk of astrocytoma (OR 4.0, p=0.11).

Bluhm et al. (2006) examined the association between maternal cannabis use and the risk
of neuroblastoma in their offspring. Among 538 cases diagnosed with neuroblastoma by 19 years
of age age-matched to 504 controls, maternal use of cannabis during pregnancy, as compared to
non-use of cannabis during any measured time period, was significantly associated with greater
risk of neuroblastoma in their offspring, after adjusting for use of other recreational drugs (OR
2.51,95% CI = 1.18-5.83). After stratifying maternal use of cannabis by time period, the authors
found a statistically significant association between the incidence of neuroblastoma and maternal
use of cannabis during the first trimester (OR 4.75, 95% CI = 1.55-16.48), but not between
neuroblastoma incidence and maternal cannabis use in the second or third trimester, in the month
preceding conception, or in the period between birth and diagnosis. Age at diagnosis, but not
frequency of maternal cannabis use, had large effects on neuroblastoma risk. For example,
among children diagnosed with neuroblastoma before 12 months of age, maternal cannabis use
was significantly associated with risk of neuroblastoma (OR 15.61, 95% CI = 3.07-285.89),
while the risk was similar for children whose mothers used either less than one or more than one
pipeful of cannabis during the first trimester (OR 4.16, 95% CI = 1.52—-14.61 and OR 4.42, 95%
CI =1.09-29.58).

Discussion of Findings

Findings on the association between parental cannabis use and risk of pediatric leukemia
were mixed: maternal cannabis use in the months preceding birth was determined to be at once a
risk factor for, and protective against, the development of ANLL/AML in children (Robison et
al., 1989; Trivers et al., 2006). Differences in the design of questionnaires employed in these
studies, including the extent to which questions on recreational drug use were distinguished from
other exposure questions, may have affected participant reporting and contributed to these
contradictory results. Limitations of Robison et al. (1989) include findings based on small
sample sizes (9 cases), wide confidence intervals for risk estimates, and the possibility that, as a
consequence of the large number of parameters analyzed in the study, the association between
ANLL incidence and maternal cannabis use was a chance finding. Although the reported
frequency of maternal cannabis use was considerably lower in Robison et al. (1989) than in other
studies, there was no evidence of difference in reporting between cases and controls. In Trivers
et al. (2006), reported rates of maternal cannabis use were lower among cases and higher among
controls than in other studies, suggesting the potential for differences in reporting by cases and
controls.

While Robison et al. (1989) and Trivers et al. (2006) found that paternal cannabis use
during and in the months preceding pregnancy was not associated with ANLL/AML incidence in
their offspring, Wen et al. (2000) found that any paternal cannabis use was significantly
associated with the incidence of AML or ALL in their offspring. Limitations in Wen et al. (2000)
included the potential for selection bias due to a lower participation rate among controls than
cases, and potential for residual confounding due to the lack of data on the duration and
frequency of exposure to cigarette smoking. A similar lack of data on patterns of cannabis use

* Cases were diagnosed with astrocytoma, glioblastoma multiforme, mixed glioma with astrocytic
elements, or brainstem glioma.
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(e.g., duration, frequency, cumulative exposure) prevented investigation of a dose-response
relationship between paternal cannabis use and risk of ALL in their offspring.

Grufferman et al. (1993) found that parental cannabis use was significantly associated
with the incidence of rhabdomyosarcoma in their offspring, and Bluhm et al. (2006) found that
maternal cannabis use during the first trimester was significantly associated with neuroblastoma.
In the latter study, very few mothers reported using cannabis more than once per day during any
of the measured time periods, suggesting the potential for underreporting the frequency of
cannabis use. Additionally, there was insufficient data to assess dose-response relationships,
findings on paternal cannabis use were limited due to low response rates, and confidence
intervals were wide due to the small number of women reporting cannabis use during and just
before pregnancy. In Grufferman et al. (1993), 25 percent of cannabis users were also cocaine
users. As a result of this correlation, any association between parental cannabis use and risk of
rhabdomyosarcoma is confounded by polysubstance use. In addition, the authors did not collect
data on frequency and duration of cannabis use, and were therefore unable to assess for a dose-
response relationship.

CONCLUSION 5-6 There is insufficient evidence to support or refute a statistical
association between parental cannabis use and a subsequent risk of developing acute myeloid
leukemia/acute non-lymphoblastic leukemia, acute lymphoblastic leukemia,
rhabdomyosarcoma, astrocytoma, or neuroblastoma in offspring.

RESEARCH GAPS
To address the research gaps relevant to cancer incidence, the committee suggests the following:

e There is need for robust epidemiological studies to investigate the association
between cannabis exposure and several types of cancers, including but not limited to
lung, head and neck, testicular, and esophageal cancers.

e Further investigation is needed to resolve any contradictory findings on, and to
characterize the nature and strength of, any potential associations between parental
cannabis use and the risk of cancer in their offspring.

e To promote the development of a body of high-quality evidence on the association
between cannabis exposure and cancer incidence, researchers need to prioritize
rigorous study designs and implement data collection protocols and methods that
allow them to control for key confounders and to precisely measure cannabis
exposure.

e Because of changing exposures to cannabis and the fact that many associations are
based on single studies, replication of existing studies in targeted areas is needed.

SUMMARY

The committee identified good or fair quality systematic reviews on the association
between cannabis use and the risk of lung, testicular, and head and neck cancers. Good quality
primary literature on the association between cannabis use and lung, testicular, esophageal,

PREPUBLICATION COPY—UNCORRECTED PROOFS

Copyright © National Academy of Sciences. All rights reserved.



The Health Effects of Cannabis and Cannabinoids: The Current State of Evidence and Recommendations for Research

CANCER 5-13

childhood, and several other cancers was also identified. Due to a paucity of research, mixed
findings, and numerous methodological limitations, the committee judged the evidence from the
studies on childhood cancers, esophageal cancer, and various other cancers in adults to be
insufficient to support or refute a statistically significant association between cannabis use and
the incidence of these cancers. More conclusive findings and less extensive methodological
limitations in the literature on lung, testicular, and head and neck cancers allowed the committee
to conclude that there is moderate evidence that there is no statistically significant association
between cannabis use and the incidence of lung or head and neck cancer, and limited evidence
that there is a statistically significant association between current, frequent, or chronic cannabis
use and the incidence of non-seminoma-type testicular germ cells tumors. Below, Box 5-1
summarizes the chapter conclusions.

Epidemiological studies that investigate the association between cannabis use and the risk
of various cancers risk face methodological challenges similar to those found in studies of other
clinical outcomes. These challenges include but are not limited to small sample sizes and low
participation rates, the inability to verify cannabis use data based on self-report alone, and
difficulties in controlling for potential confounders and accounting for potential effect modifiers.
Additionally, some special—if not unique—methodological challenges pertain to cancer studies.
For example, cancer is a diverse set of diseases that occur in different organs and organ systems,
and have different histopathological characteristics and risk factors. Some of these risk factors,
such as family cancer history, occupational exposures, and diet, are difficult to measure and were
often not accounted for by the studies review in this chapter. Additionally, the long incubation
period of many cancers requires a similarly extended observation period, and makes it difficult to
fully characterize the relevant cannabis exposure and to control for other relevant exposures.

Future research will need to address the limited scope and quality of epidemiological
studies on the association between cannabis use and cancer incidence. Investigators will need to
confirm existing evidence on lung and head and neck cancers, and to expand the evidence base
on testicular, esophageal, and childhood cancers, as well as other cancers in adults. To address
the methodological limitations described above, future studies will also need to be well-designed
and to employ rigorous methods of data collection and measurement.
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BOX 5-1
Summary of Chapter Conclusions*

There is moderate evidence of no statistical association between cannabis use and:
e Incidence of lung cancer (cannabis smoking) (5-1)
e Incidence of head and neck cancers (5-2)

There is limited evidence of a statistical association between cannabis smoking and:

¢ Non-seminoma-type testicular germ cell tumors (current, frequent, or chronic cannabis smoking)
(5-3)

There is no or insufficient evidence to support or refute a statistical association between cannabis
use and:
¢ Incidence of esophageal cancer (cannabis smoking) (5-4)
e Incidence of prostate cancer, cervical cancer, malignant gliomas, non-Hodgkin lymphoma, penile
cancer, anal cancer, Kaposi’s sarcoma, or bladder cancer (5-5)
e Subsequent risk of developing acute myeloid leukemia/acute non-lymphoblastic leukemia, acute
lymphoblastic leukemia, rhabdomyosarcoma, astrocytoma, or neuroblastoma in offspring
(parental cannabis use) (5-6)

*Numbers in parentheses correspond to chapter conclusion numbers.
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6
Cardiometabolic Risk

Chapter Highlights

e The evidence is unclear as to whether and how cannabis use is associated with heart attack,
stroke, and diabetes.

An estimated 85.6 million American adults have at least one cardiovascular disease such
as heart disease, stroke, heart failure, or hypertension (Mozaffarian et al., 2016). Each year
cardiovascular diseases account for more than 800,000 deaths (i.e., is the underlying cause listed
on the death certificate), or 30 percent of all deaths in the United States (Mozaffarian et al.,
2016).

Heart disease is the leading cause of mortality in the United States, accounting for more
than 600,000 deaths per year (Kochanek et al., 2016). Within subcategories of heart disease,
coronary heart disease (CHD) is by far the largest, with 364,000 deaths annually (Kochanek et
al., 2016). CHD is a disease in which a waxy substance called plaque builds up inside the blood
vessels supplying the heart (i.e., the coronary arteries). Over the course of years or decades, the
plaque can harden or rupture, resulting in an inadequate supply of blood to the heart which may,
in some instances, result in death of heart muscle (myocardial infarction).

Both coronary heart disease and stroke are associated with aging, with nearly 93 percent
of CHD deaths and 94 percent of stroke deaths occurring in individuals 55 years and older
(Kochanek et al., 2016). More than one-third (about 36 percent) of CHD deaths occur in
individuals of ages 85 years and older, while 43 percent of stroke deaths occur in this age group
(Kochanek et al., 2016).

Current (past-month) cannabis use is fairly low in the older populations most likely to
experience cardiovascular diseases—in particular, about 2 percent past-month prevalence in
those aged 50 years and older. In younger adults, by contrast, the prevalence of cannabis use has
been estimated to be as high as 19.6 percent for past-month use among those aged 18-25 years
(Azofeifa et al., 2016), but these rates decline dramatically with aging. In contrast, tobacco
smoking, a known risk factor for heart disease and stroke, has a much higher prevalence among
older adults; 18 percent in those of ages 4564 years and 8.5 percent older than 65 years of age
smoke (Jamal et al., 2015).

Cardiometabolic disorders result in a substantial economic burden on the United States.
From 2011 to 2012 the estimated annual cost of cardiovascular diseases, including heart disease,
stroke, hypertensive disease, and other circulatory conditions, was $316.6 billion ($207.3 billion
for heart disease, $33.0 billion for stroke). The total estimated cost of diagnosed diabetes in 2012
was $245 billion (Mozaffarian et al., 2016).

The objective of the review of cannabis and cardiometabolic conditions was to assess the
independent association of cannabis with these conditions in studies in which the association has
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been quantified. The justification for examining cannabis use in relation to cardiometabolic
conditions is that these conditions are among the leading causes of death, are highly prevalent in
the United States, account for high levels of medical care utilization and cost, and are caused, in
significant part, by modifiable lifestyle risk factors, including diet, physical activity, and
cigarette smoking. The high prevalence of these conditions means that a behavior that is
associated with a small degree of increased risk for heart disease, stroke, or diabetes can be
associated with a high level of attributable risk, that is, the number of cases of disease that result
from that behavior. While the prevalence of cardiometabolic conditions is concentrated in the
older-adult age groups which have low rates of cannabis use, it is expected that the expanding
legalization of cannabis use will cause the rates of use to increase.

The discussion in this review is limited to acute myocardial infarction, stroke, metabolic
dysregulation and metabolic syndrome, and diabetes. Sudden death and arrhythmias such as
atrial fibrillation were other topics of interest for which no data were available to quantify the
association with cannabis use. The 1999 IOM report Marijuana and Medicine: Assessing the
Science Base (IOM, 1999) reviewed the cardiovascular system; however, no conclusions or
recommendations related to cannabis use and cardiometabolic outcomes were included in that
report. The literature search conducted by the current committee did not identify any systematic
reviews that were rated as “good” or “fair” for cannabis use and acute myocardial infarction,
stroke, dyslipidemia or metabolic syndrome, or diabetes, so all the available primary literature
for these outcomes dating back to 1999 was reviewed and the 12 primary articles rated as “good”
or “fair” by the committee have been included in this chapter.

ACUTE MYOCARDIAL INFARCTION

Each year, an estimated approximately 550,000 Americans have an incident (i.e., first-
time) heart attack (acute myocardial infarction, or AMI) and about 200,000 have a recurrent
attack (Mozaffarian et al., 2016). Of those who have a heart attack each year, about 116,000 die
as a result of their coronary event (Mozaffarian et al., 2016). The committee responsible for the
IOM report Marijuana and Medicine: Assessing the Science Base (I0M, 1999) did not make any
conclusions or recommendations regarding cannabis use and acute myocardial infarctions.

The acute cardiovascular effects of cannabis include increases in heart rate and supine
blood pressure, and postural hypotension (Beaconsfield et al., 1972; Benowitz and Jones, 1981).
Smoking cannabis decreases exercise test duration on maximal exercise tests and increases the
heart rate at submaximal levels of exercise (Renaud and Cormier, 1986). These acute effects
provide a physiological basis for cardiac ischemia to develop in cannabis users. In fact, the time
from exercise to the onset of angina pectoris is decreased by smoking one cannabis cigarette
(Aronow and Cassidy, 1974). Tolerance develops to the acute effects of tetrahydrocannabinol
(THC) over several days to a few weeks (Gorelick et al., 2013). Reported cardiovascular effects
that may increase the risk of AMI include irregular heart rate (Khiabani et al., 2008) and
impaired vascular endothelial function (demonstrated in rates from exposure to second-hand
cannabis smoke) (Wang et al., 2016). Additionally, carbon dioxide production from smoked
cannabis decreases the oxygen-carrying capacity of the blood and may contribute to the
development of cardiac ischemia.
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There have been numerous case reports suggesting that cannabis use is associated with
the occurrence of AMI. The two primary studies that have quantified the risk of AMI associated
with cannabis use and that were rated as good or fair are reviewed below.

Is There an Association Between Cannabis Use and Acute Myocardial Infarction?
Systematic Reviews

The committee did not identify a good- or fair-quality systematic review that reported on
the association between cannabis and AMI. Three descriptive review articles provided useful
background: Sidney (2002), Thomas et al. (2014), and Franz and Frishman (2016).

Primary Studies

A retrospective cohort study (Sidney, 1997, 2002) assessed the risk of hospitalization for
AMI associated with cannabis use in a cohort of 62,012 men and women of ages 15 through 49
years who had, from mid-1979 through 1985, completed self-administered research questions on
their cannabis, tobacco, and alcohol use. AMI was assessed by linkage to electronically
maintained records of all overnight hospitalizations in Kaiser Permanente Northern California.
Follow-up was conducted for up to 12 years. Current use of cannabis was reported by 22 percent
and former use by 20 percent of the cohort. There were 209 incident AMIs, 173 in men and 36 in
women. The relative risk associated with cannabis use was assessed by a Cox proportional
hazards model with adjustments for age, race, education, body mass index, history of
hypertension, smoking, and alcohol use. The relative risk for AMI in current users was 1.1 (95
percent confidence interval [CI] = 0.7—1.7) for men and 1.8 (95% CI = 0.5-6.3 for women) for
women and in former users was 0.9 (95% CI = 0.6—1.5) for men and 1.0 (0.2—4.5) for women.
Both current and former cannabis use were unassociated with an increased risk of AMI.

Study limitations included a reliance of self-report of cannabis use which may result in
misclassification of this exposure, the lack of availability of longitudinal data on cannabis use,
and the relatively young age (mean age 33 years), which meant that the AMIs occurred in a
relatively young age range that is not representative of the older age range in which the vast
majority of AMIs occur. Cannabis use was assessed at only one point in time.

A case crossover study design was used to examine the role of cannabis use as a possible
trigger for myocardial infarction in 3,882 AMI patients in an inception cohort study identified
between August 1989 and September 1996 from 64 community and tertiary medical centers in
the United States that were part of the Determinants of Myocardial Onset Study (Mittleman et
al., 2001). The mean ages of cannabis users and abstainers were 43.7 and 62.0 years,
respectively, while 68 percent of cannabis users and 32 percent of abstainers were current
tobacco smokers. Nine patients (0.2 percent) interviewed soon after admission for AMI reported
cannabis use during the hour preceding the symptoms of AMI. The risk for AMI associated with
cannabis use during the hour preceding symptoms of AMI was 4.8 (95% CI =2.9-9.5) as
assessed by a case-crossover analysis. The exclusion of three of the nine patients who reported
other triggering behaviors during the hour prior to the AMI (cocaine use and/or sexual
intercourse) resulted in a relative risk of 3.2 (95% CI = 1.4-7.3).

The major limitations of this study were its small size and its reliance on self-report for
cannabis use status which meant that any misclassification could have had a significant effect on
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the results. While the case-crossover design controls for confounding by traditional risk factors
for cardiovascular disease, it does not control for interaction of these factors, and one cannot
determine whether cannabis acts as a trigger in low-risk individuals or those who are nonsmokers
of tobacco.

Discussion of Findings

While there are a number of reports of an association between cannabis use and AMI,
only the two studies described above quantify risk, with the Sidney (2002) study demonstrating
no association with an increased or decreased risk of AMI and the Mittleman et al. (2001) study
finding that cannabis use may act as a trigger for AMI. The limitations of these studies were
described. More generally, with the Mittleman study as an exception, most reports of adverse
cardiovascular effects of cannabis including AMI have been conducted in a relatively young age
range, while major cardiovascular events are concentrated in older adults, and the findings may
not be generalizable to this age group. Other general limitations beyond those already mentioned
in the description of the studies include the absence of the impact of the route of consumption
(e.g, smoked, edible, etc.); dose, including accounting for the content of THC and other
cannabinoids and potential additives or contaminants; and total lifetime duration/dose of
cannabis use. Overall, the articles were judged to be of fair quality for assessing the risk of acute
myocardial infarction associated with cannabis use.

The role of cannabis as a trigger of AMI is plausible, given its cardiostimulatory effects,
which may cause ischemia in susceptible hearts. Carboxyhemoglobinemia from combustion of
cannabis resulting in a decreased oxygen-carrying capacity of blood may also contribute to
ischemia. Given the physiologic plausibility for a trigger effect, smoking cannabis may put
individuals, particularly those at high risk for cardiovascular disease, at increased risk for AMI.

CONCLUSION 6-1

6-1(a) There is limited evidence of a statistical association between cannabis smoking and
the triggering of acute myocardial infarction.

6-1(b) There is no evidence to support or refute a statistical association between chronic
effects of cannabis use and the risk of acute myocardial infarction.

STROKE

Stroke is the fifth leading cause of death in the United States, accounting for 133,000
deaths annually (Kochanek et al., 2016). A stroke is the death of a portion of brain tissue due to a
disruption of the blood supply. Strokes may be ischemic (inadequate blood/oxygen supply) or
hemorrhagic (bleeding into the brain) in origin. Each year, approximately 795,000 people
experience a new or recurrent stroke. Approximately 610,000 of these are first stoke occurrences
and 185,000 are recurrent stroke events (Mozaffarian et al., 2016). The committee responsible
for the IOM report Marijuana and Medicine: Assessing the Science Base (I0M, 1999) did not
make any conclusions or recommendations regarding cannabis use and stroke.
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Numerous reports have suggested that smoking cannabis increases the risk of stroke,
including case series (Phillips et al., 2011), and studies describing cannabis-associated vascular
changes that may be associated with stroke (Herning et al., 2001; Wolff et al., 2011, 2015).
Several reports have indicated a close temporal relationship between cannabis smoking and
stroke (Wolff et al., 2013). The cardiovascular effects of cannabis that have been proposed as
possible mechanism in the etiology of stroke include orthostatic hypotension with secondary
impairment of the autoregulation of cerebral blood flow, altered cerebral vasomotor function,
supine hypertension and swings in blood pressure, cardioembolism with atrial fibrillation, other
arrhythmias, vasculopathy, vasospasm, reversible cerebral vasoconstriction syndrome, and
multifocal intracranial stenosis (Wolff et al., 2015).

Is There an Association Between Cannabis Use and Stroke?
Systematic Reviews

The committee did not identify a good- or fair-quality systematic review that reported on
the association between cannabis use and stroke.

Primary Studies

A large reported study on the association of cannabis and stroke by Rumalla et al.
(20164a) used the Nationwide Inpatient Sample, which provides admission data from a 20 percent
sample of all U.S. hospitalizations, to examine the cross-sectional association between cannabis
use and hospitalization for acute ischemic stroke (AIS) among patients aged 15 to 54 years
during the time period 2004-2011. The primary International Classification of Diseases (ICD)-
9-CM discharge code was used to identify AIS, and current cannabis use was identified using the
ICD-9-CM code 340.30, which includes both cannabis dependence and non-dependent cannabis
abuse. Current cannabis use was identified in 11,320 of 478,649 AIS events (2.4 percent).
Tobacco use prevalence was higher in current cannabis users than in nonusers (64.4 percent
versus 31.5 percent) as was cocaine use (26.7 percent versus 3.1 percent). The odds ratio
associated with current cannabis use and hospitalization for AIS was 1.17 (95% CI = 1.15-1.20)
as calculated with multivariable logistic regression adjusted for age, gender, race, substance use,
payer status, Charlson’s comorbidity index, and other comorbid risk factors. Analyses stratified
on tobacco use status were not available. The limitations of this study include the cross-sectional
design, the probable under-ascertainment of current cannabis use (2.4 percent is low for this age
range), the absence of data on duration of tobacco use, and the absence of analyses that are
performed stratified by tobacco and by cocaine use to determine the odds ratio in non-tobacco
use and non-cocaine users, given the high prevalence of these known risk factors for ischemic
stroke.

In a case-control study conducted in a New Zealand hospital (Barber et al., 2013), 160 of
218 (73 percent) of ischemic stroke/transient ischemic attack (TIA) patients, aged 18 to 55 years,
had urine drug screens between January 2009 and April 2012 (150 ischemic stroke, 10 TIA).
Control urine samples were obtained from 160 patients matched for age, sex, and ethnicity.
Twenty-five (15.6 percent) of the stroke/TIA patients and 13 (8.1 percent) of the control patients
had positive cannabis drug screens. Eighty-eight percent of cannabis-positive patients were
current tobacco smokers versus 28 percent of cannabis-negative patients. The odds ratio
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associated with current cannabis use was 2.30 (95% CI = 1.08-5.08), but was no longer
statistically significant when an additional adjustment was made for tobacco use (1.59, 95% CI =
0.71-3.70). The strength of evidence for this study was determined to be fair.

In a cross-sectional analysis by Westover et al. (2007) of all ischemic (N = 998) and
hemorrhagic strokes (N = 937) identified in 2003 by ICD-9 codes from an administrative
database maintained by the State of Texas in young adults, ages 18—44 years, the odds ratios of
cannabis and other illicit drugs being associated with ischemic and hemorrhagic stroke were
estimated using a multivariable logistic regression adjusting for alcohol, tobacco, amphetamines,
cocaine, opioids, cardiovascular risk factors, and other medical conditions associated with
increased risk of these outcomes. The prevalence of cannabis use, identified by ICD-9 codes,
was approximately 1 percent. Cannabis was associated with an increased risk of ischemic stroke
(OR, 1.76; 95% CI = 1.15-2.71) but was not associated with a risk of hemorrhagic stroke (OR,
1.36; 95% CI = 0.90-2.06). The prevalence rate of tobacco use was not reported, and analyses
stratified by category of tobacco use were not performed.

A retrospective cohort study (Sidney, 1997, 2002) assessed the risk of hospitalization for
stroke associated with cannabis use in a cohort of 62,012 men and women of ages 15 through 49
years who had, from mid-1979 through 1985, completed self-administered research questions on
cannabis, tobacco, and alcohol use. Stroke was assessed by linkage to electronically maintained
records of all overnight hospitalizations in Kaiser Permanente Northern California. Follow-up
was conducted for up to 12 years. Current use of cannabis was reported by 22 percent and former
use by 20 percent of the cohort. There were 130 incident strokes, 68 in men and 62 women. The
relative risk associated with cannabis use was assessed by Cox proportional hazards model with
adjustments for age, race, education, body mass index, history of hypertension, smoking, and
alcohol use. The relative risk for stroke in current users was 1.0 (95% CI = 0.5-1.9) for men and
0.7 (95% CI = 0.3-2.2) for women and in former users was 0.8 (95% CI = 0.4-1.8) for men and
1.5 (07-3.5) for women. Both current cannabis use and former cannabis use were not associated
with increased risk of stroke.

The study’s limitations included its reliance on self-report of cannabis use, which may
result in misclassification of this exposure; the lack of availability of longitudinal data on
cannabis use; and the relatively young age of subjects (mean age 33 years) so that the strokes
occurred in a relatively young age range that is not representative of the older age range in which
the vast majority of strokes occur. Cannabis use was assessed at only one point in time.

Rumalla et al. (2016b) used the Nationwide Inpatient Sample, which provides admission
data from a 20 percent sample of all U.S. hospitalizations, to examine the cross-sectional
association between cannabis use and hospitalization for aneurysmal subarachnoid hemorrhage
(SAH) among patients 15 to 54 years of age during the time period 2004—2011. The primary
ICD-9-CM discharge code was used to identify SAH, and current cannabis use was identified
using the ICD-9-CM code 340.30, which includes both cannabis dependence and nondependent
cannabis abuse. Current cannabis use was identified in 2,104 of the 94,052 (2.2 percent) SAH
events. Tobacco use prevalence was higher in current cannabis users than in nonusers (59.3
percent versus 25.4 percent). The odds ratio associated with current cannabis use was 1.18 (95%
CI=1.12-1.24) according to a multivariate logistic regression adjusted for age, gender, race,
substance use, primary payer status, Charlson’s comorbidity index, and other SAH risk factors.
The limitations of this study include its cross-sectional design, the probable under-ascertainment
of current cannabis use (2.2 percent is low for this age range), the absence of data on duration of
cannabis use, and the absence of analyses that are performed stratified by tobacco to determine
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the odds ratio in non-tobacco use, given the high prevalence of this known risk factor for
ischemic stroke.

Discussion of Findings

The studies by Rumalla et al. (2016a,b) and Westover et al. (2007) were cross-sectional
studies using administrative data consisting of ICD-9 codes. Cross-sectional studies do not allow
one to assess temporality between exposure and outcome. The miscoding of strokes does occur,
although the reliability is probably reasonable for epidemiological studies. The classification of
exposure status using ICD-9 is particularly concerning, given the likelihood that the percentage
of cannabis users appears to be low compared to population norms in each of these studies, most
notably the Westover et al. (2007) study.

With the exception of the Sidney (2002) study, none of the studies have data on the
temporal relation between the cannabis or tobacco use and the stroke. A general problem was the
analytic treatment of tobacco use. Given the much longer duration and frequency of tobacco
smoking than of cannabis smoking for most people and the very common co-use of both
substances, it is not appropriate to assume that an adjustment for tobacco use in a multivariable
model will provide an accurate assessment of the risk associated with cannabis use. Additional
analytic approaches, when feasible, may include testing the interaction between cannabis and
tobacco use and performing stratified analyses to test the association of cannabis use with
clinical endpoints in nonusers of tobacco. Other general limitations beyond those already
mentioned in the description of the studies include the absence of the impact of the route of
consumption (e.g., smoked, edible, etc.); the absence of information on dose, including
accounting for the content of THC and other cannabinoids and potential additives or
contaminants; and the lack of information on the total lifetime duration/dose of cannabis use.

All the articles were judged to be of fair quality for assessing the risk of stroke associated
with cannabis use. With the exception of Sidney (2002) and Barber et al. (2013), all showed an
increased risk of stroke associated with cannabis use but had significant limitations. For ischemic
stroke, two of the studies indicated an increased risk while one showed a nonsignificant finding
in the direction of increased risk. For subarachnoid hemorrhage, the single study found an
increased risk. For the combined hemorrhagic stroke endpoint assessed by Westover et al.
(2007), the study showed no association of cannabis use with the risk of this endpoint.

CONCLUSION 6-2 There is limited evidence of a statistical association between cannabis
use and ischemic stroke or subarachnoid hemorrhage.

METABOLIC DYSREGULATION, METABOLIC SYNDROME, PREDIABETES,
AND DIABETES MELLITUS

Ranked as the seventh-leading cause of death in the United States, diabetes accounts for
more than 76,000 deaths annually (Kochanek et al., 2016). An estimated 29 million adults in the
United States have diabetes (CDC, 2014a), which is a group of conditions characterized by high
blood glucose (sugar) levels due to the inability to metabolize glucose effectively. The number of
new (incident) cases of diabetes diagnosed annually is more than 1.4 million (CDC, 2015).
Similar to the case with cardiovascular diseases, the prevalence of diabetes increases with age,
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from 4.4 percent among those 20 to 44 years old, to 16.2 percent at ages 45 to 64, and 25.9
percent at ages 65 years and older (CDC, 2014a). A major risk factor for the development of the
most common type of diabetes (type 2) is obesity, which results in resistance to the effect of the
glucose regulating hormone, insulin. An epidemic of obesity has resulted in the prevalence of
obesity increasing from 22.9 percent in 1988—1994 to 34.9 percent in 2011-2012 (Flegal et al.,
2002; Ogden et al., 2014), contributing to a near tripling of the prevalence of diabetes since 1990
to its current level of 9.3 percent (CDC, 2014b). The committee responsible for the IOM report
Marijuana and Medicine: Assessing the Science Base (I0OM, 1999) did not make any conclusions
or recommendations regarding cannabis use and metabolic dysregulation, metabolic syndrome,
prediabetes, or diabetes mellitus.

Obesity, most notably central adiposity, is the dominant risk factor for the development
of type 2 diabetes (Klil-Drori et al., 2016). Stimulation of the endogenous cannabinoid receptor
system (the CB1 receptor and, to a lesser extent, the CB2 receptor) by A’~THC, the major
psychoactive component of cannabis, and by endogenous cannabinoids increases appetite and
promotes adipogenesis, the production of body fat (Di Marzo et al., 2011). This physiological
pathway suggests that cannabinoids such as A’~THC may promote weight gain, which would
increase the risk of an individual developing diabetes.

As noted earlier, the approximately 30-year epidemic of increasing obesity rates in the
United States has been associated increasing rates of diabetes. A number of studies have
examined the association of cannabis use with body mass index (BMI) and obesity.
Counterintuitively, the majority of the reviewed studies showed that cannabis was associated
with a lower BMI or a lower prevalence of obesity, or both (Hayatbakhsh et al., 2010; Le Strat
and Le Foll, 2011; Smit and Crespo, 2001; Warren et al., 2005) or to have no association with
BMI or obesity (Rodondi et al., 2006).

Because of the significance of diabetes as a highly prevalent disease, as a risk factor for
cardiovascular diseases, and as a significant economic burden in our society, the question of
whether cannabis use is associated with increased risk of diabetes is important. Included in this
review are the assessments of three studies of cannabis use and metabolic
dysregulation/metabolic syndrome, one study of cannabis use and prediabetes, and three studies
of cannabis use and diabetes.

Is There an Association Between Cannabis Use and Metabolic Dysregulation, Metabolic
Syndrome, Prediabetes, or Diabetes Mellitus?
Systematic Reviews
The committee did not identify a good- or fair-quality systematic review that reported on
the association between cannabis and metabolic dysregulation, metabolic syndrome, prediabetes,
or diabetes mellitus. A review by Sidney (2016), published after the cutoff date for literature
considered in this report, informed the discussion regarding the studies described in this section.

Primary Studies

Metabolic Dysregulation and Metabolic Syndrome Three cross-sectional studies were
conducted using data from the National Health and Nutrition Examination Survey (NHANES) to
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examine the associations between cannabis use and glucose, insulin, and insulin resistance
(Penner et al., 2013); cannabis use and the metabolic syndrome (Vidot et al., 2016); and cannabis
use and tobacco cigarette smoking with metabolic syndrome (Yankey et al., 2016).

The study by Penner et al. (2013) included 4,657 NHANES participants from three
exams conducted from 2005 to 2010 who were categorized as current, former, or never users of
cannabis. The fasting mean glucose levels were not found to be significantly different in current
users than in never users according to multivariable analyses that adjusted for age, sex,
race/ethnicity, income, marital status, tobacco use, alcohol use, BMI, and physical activity.
Hemoglobin Alc did not vary by cannabis use status, while fasting insulin and homeostasis
models of insulin resistance (HOMA-IR) were about 12 percent lower in current cannabis users
than in never users. A study by Vidot et al. (2016) of 8,478 NHANES participants from three
exams conducted from 2005 to 2010 found that the odds of metabolic syndrome were lower in
current users than in never users, with an odds ratio of 0.69 (95% CI = 0.47-1.00), according to a
multivariable analysis that adjusted for age, sex, race/ethnicity, poverty-to-income ratio, tobacco
smoking, and exam cycle year. Yankey et al. (2016) studied the association between cannabis
and cigarette smoking with the prevalence of metabolic syndrome, using data from 3,051 2011—
2012 NHANES participants. Compared with findings from respondents who reported never
having used cannabis, regular use of cannabis (defined as smoking cannabis or hashish at least
once a month for more than one year) was associated with reduced odds for metabolic syndrome
(OR, 0.23; 95% CI = 0.06—0.90). The multivariable analysis controlled for age, education,
family-income-to-poverty ratio, sex, medical insurance, marital status, tobacco smoking,
physical activity, other drug use, and rehabilitation.

Prediabetes Bancks et al. (2015) examined the association of self-reported cannabis use with
both the prevalence and incidence of prediabetes in the Coronary Artery Risk Development in
Young Adults (CARDIA) study. A cross-sectional analysis for diabetes was conducted in 3,024
participants at the Year 25 exam. Cannabis use was assessed by self-administered questions.
Prediabetes was defined according to American Diabetes Association criteria and was present in
45 percent of participants. Relative to never use, the current use of cannabis was associated with
an odds ratios for prediabetes was of.65 (95% CI = 1.15-1.65), and lifetime cannabis use of at
least 100 times was associated with an odds ratio of 1.49 (95% CI =1.06-2.11). The
multivariable analysis adjusted for age, sex, race, tobacco smoking, alcohol use, education, field
center, systolic blood pressure, C-reactive protein (CRP), physical activity, and the use of other
illicit drugs. The CARDIA longitudinal analysis examined the association of self-reported
cannabis use at the Year 7 follow-up exam to incident prediabetes (51 percent of participants) at
the four subsequent follow-up examinations, with an average of 13.8 years of follow-up. The
adjusted OR for prediabetes associated with lifetime use of at least 100 times relative to never
use of cannabis was 1.40 (95% CI =1.13-1.72).

Diabetes  Bancks et al. (2015) also examined the association of self-reported cannabis use and
diabetes in both cross-sectional and longitudinal analyses conducted in the CARDIA study. The
study population was the same for the cross-sectional analysis, and the adjustment variables were
the same as described for the prediabetes analysis. Diabetes was present in 11.8 percent of Year
25 exam participants. The odds ratios for diabetes were 1.18 (95% CI = 0.67-2.10) for current
use and 1.42 (95% CI = 0.85-2.38) for lifetime use of at least 100 times relative to never use of
cannabis. The longitudinal analysis examined the association between Year 7 exam and self-
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reported cannabis use to incident diabetes (11.1 percent of participants) at the four subsequent
follow-up examinations (years 10, 15, 20, and 25). Relative to never use, the OR associated with
diabetes for lifetime use of at least 100 times was 1.10 (95% CI = 0.74-1.64), adjusted for the
same variables as the longitudinal analysis of prediabetes.

Two cross-sectional studies were conducted using data from the NHANES to examine
the association of cannabis use with diabetes (Alshaarawy and Anthony, 2015; Rajavashisth et
al., 2012). The first study (Rajavashisth et al., 2012) used interviewer-administered data
regarding cannabis use and diabetes collected from 10,896 adults, ages 20-29 years, during
NHANES III, conducted from 1988 to 1994. Relative to non-users, the OR for diabetes
associated with current and past cannabis use was 0.36 (95% CI = 0.24-0.55), adjusted for
race/ethnicity, physical activity, alcohol use, alcohol x cannabis use interaction, BMI, total
cholesterol, triglyceride, CRP, and hypertension.

In the second study, Alshaarawy and Anthony (2015) examined the association of
cannabis use with diabetes in eight different replication samples and in a meta-analysis. The
samples were obtained from 4 NHANES surveys (2005-2006, 2007-2008, 2009-2010, 2011—
2012) and from a survey performed for the National Survey on Drug Use and Health (NSDUH)
during the same time periods. A composite indicator of diabetes from the NHANES data
combined interview reports of diabetes, current use of insulin and/or oral hypoglycemic
medication, and lab-derived glycohemoglobin. Self-report of cannabis was assessed from the
NSDUH surveys. Compared to non-users, the adjusted odds ratios (ORs) for diabetes associated
with current cannabis use ranged from 0.4 to 0.9, with a meta-analytic OR summary of 0.7 (95%
CI = 0.6-0.8). Meta-analytic summary analyses performed within cigarette smoking strata found
adjusted ORs were 0.8 (95% CI = 0.5-1.2) in respondents who reported never having smoked
cigarettes and 0.8 (95% CI = 0.6—1.0) in current smokers.

Discussion of Findings

Overall, the articles reviewed by the committee were judged to be of good to fair quality
for assessing the risk of metabolic dysregulation, metabolic syndrome, prediabetes, or diabetes
mellitus associated with cannabis use. In their review of the evidence, the committee found that
cannabis use had either an inverse association or no association with BMI, an inverse association
with metabolic dysregulation and metabolic syndrome, and an inverse association or no
association with diabetes mellitus. The only study showing an increased risk was the prediabetes
portion of the CARDIA study analysis.

As noted earlier, these are counterintuitive findings since THC tends to stimulate
appetite, promote fat deposition, and promote adipogenesis. Potential explanations include the
following:

e (Cross-sectional studies do not allow one to assess temporality between exposure and
outcome. With the exception of the longitudinal findings reported in the CARDIA
study, all the reported findings were from cross-sectional analyses.

e Dose estimates of cannabis exposure were generally imprecise and lacking
information on cannabis strength, dose, frequency of use, and duration of use,
although this may be because the cumulative dose for most cannabis users is not high
enough to affect fat and glucose-insulin metabolism. Statistical confounders may
exist in these studies which are not adequately controlled for by standard
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multivariable modeling. For example, in general, high levels of cannabis use are
strongly associated with younger age, which is inversely associated with the
incidence and prevalence of diabetes. They are also associated with tobacco cigarette
smoking, a known risk factor for diabetes (Willi et al., 2007). Cannabis use was
associated with increases in physical activity in the CARDIA study (Bancks et al.,
2015) and in one of the NHANES studies (Rajavashisth et al., 2012). Physical activity
is protective against obesity and diabetes.

e Reverse causality might result in a chronic illness such as diabetes leading to the
cessation of potentially unhealthy habits, including cannabis use. This might help to
explain why cannabis use is associated with prediabetes but not with diabetes.

CONCLUSION 6-3

6-3(a) There is limited evidence of a statistical association between cannabis use and
decreased risk of metabolic syndrome and diabetes.

6-3(b) There is limited evidence of a statistical association between cannabis use and
increased risk of prediabetes.

RESEARCH GAPS

The major gaps and opportunities relate to the paucity of longitudinal data for all of the
cardiometabolic disorders and to the lack of data on the impact of cannabis use on risk in the
older-adults age groups in which the majority of cardiovascular endpoints (e.g., acute myocardial
infarction, stroke) occur. To address research gaps the committee suggests the following:

e Establishing a population cohort(s) in which cannabis use is regularly evaluated with
standardized questionnaires accounting for the type of preparation, THC/other
cannabinoid strength, the amount smoked or consumed, assessment of frequency and
duration of use, and other cardiovascular disease (CVD) risk data, and in which
researchers collect medical record and toxicology data or other biological marker data
for cannabis use on incident CVD events.

e The cohort(s) need to be large enough that the association of cannabis with CVD
events in the presence of potential statistical confounding variables (e.g., tobacco use,
physical activity) can be validly assessed.

e Promote the collection of cannabis use data in electronic health records.

An additional suggestion is that basic research needs to be carried out to better understand the
mechanisms for the role of cannabis as a possible trigger of AMI.
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SUMMARY

This chapter summarizes the good and fair cardiometabolic literature published since
1999. The committee found limited evidence of an association between acute cannabis use, but
not chronic cannabis use, and AMI risk. The committee also determined that there is limited
evidence of an association between cannabis use and an increased risk of ischemic stroke or
subarachnoid hemorrhage and also prediabetes and an association between cannabis and a
decreased risk of metabolic dysregulation, metabolic syndrome, and diabetes. The limitations of
the reviewed studies include a lack of information on different routes of cannabis administration
(e.g, smoked, edible, etc.), a lack of adequate dose information, insufficient information on
potential additives or contaminants, and inadequate data on total lifetime duration/dose of
cannabis use. The committee has formed a number of research conclusions related to these health
endpoints; however, it is important that each of these conclusions be interpreted within the
context of the limitations discussed in the Discussion of Findings sections. Box 6-1 contains a
summary of the conclusions for this chapter.

BOX 6-1
Summary of Chapter Conclusions*

There is limited evidence of a statistical association between cannabis use and:
e The triggering of acute myocardial infarction (cannabis smoking) (6-1a)
e Ischemic stroke or subarachnoid hemorrhage (6-2)
e Decreased risk of metabolic syndrome and diabetes (6-3a)
e Increased risk of prediabetes (6-3b)

There is no evidence to support or refute a statistical association between chronic effects of
cannabis use and:

e The increased risk of acute myocardial infarction (6-1b)

*Numbers in parentheses correspond with Chapter conclusion number
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7
Respiratory Disease

Chapter Highlights

e Smoking cannabis on a regular basis is associated with chronic cough and phlegm
production.

e Quitting cannabis smoking is likely to reduce chronic cough and phlegm production.
It is unclear whether cannabis use is associated with COPD, asthma, or worsened lung
function.

Environmental exposures are the leading causes of respiratory disease worldwide.
Exposures to tobacco smoke and household air pollution consistently rank among the top risk
factors not only for respiratory disease burden but also for the global burden of disease (Lim et
al., 2010). Less is known, however, about the attributable effects of cannabis use on respiratory
disease despite shared similarities with that of cigarette use and the fact that cannabis is the most
commonly used inhaled drug in the United States after tobacco, with an estimated 22.2 million
people aged 12 years and older reporting current use (CBHSQ, 2015). Moreover, it is estimated
that over 40 percent of current users smoke cannabis on a daily or near daily basis (Douglas et
al., 2015). Given the known relationships between tobacco smoking and multiple respiratory
conditions, one could hypothesize that long-term cannabis smoking leads to similar deleterious
effects on respiratory health, and some investigators argue that cannabis smoking may be even
more harmful than that of tobacco smoking. Indeed, data collected from 15 volunteers suggest
that smoking one cannabis joint can lead to four times the exposure to carbon monoxide and
three to five times more tar deposition than smoking a single cigarette (Wu et al., 1988). This
may be in part because cannabis smokers generally inhale more deeply and hold their breath for
longer than do cigarette smokers (Wu et al., 1988) and because cannabis cigarettes do not
commonly have filters as tobacco cigarettes often do. On the other hand, cannabis cigarettes are
not as densely packed as tobacco cigarettes (Aldington et al., 2008), and cannabis users usually
smoke fewer cannabis cigarettes per day than tobacco users smoke tobacco cigarettes per day.

The committee responsible for the 1999 Institute of Medicine (IOM) report Marijuana
and Medicine: Assessing the Science Base (I0M, 1999, p.6) concluded that cannabis smoking
was an important risk factor in the development of respiratory disease and recommended that
“studies to define the individual health risks of smoking marijuana should be conducted,
particularly among populations in which marijuana use is prevalent”. The literature search
conducted by the current committee did not identify any “fair” or “good” systematic reviews for
cannabis use and respiratory disease published since 2011 (the cut-off established by the current
committee); however, the committee identified—and elected to include—a systematic review by
Tetrault et al. (2007) that provides a detailed synthesis of the available literature through 2005. A
review by Tashkin (2013) and a position statement by Douglas et al. (2015), which summarized
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current evidence of the link between cannabis smoking and respiratory disease, were also
considered by the committee. Thirteen primary articles published since 1999 that were not
included in the systematic review from Tetrault et al. (2007) provided additional evidence on the
association between smoking cannabis and respiratory diseases (Aldington et al., 2007; Bechtold
et al., 2015; Hancox et al., 2015; Kempker et al., 2015; Macleod et al., 2015; Papatheodorou et
al., 2016; Pletcher et al., 2012; Tan et al., 2009; Tashkin et al., 2012; Van Dam and Earleywine,
2010; Walden and Earleywine, 2008; Weekes et al., 2011; Yadavilli et al., 2014).

PULMONARY FUNCTION

Pulmonary function refers to lung size and function. Common measures of pulmonary
function include forced expiratory volumes, lung volumes, airways resistance and conductance,
and the diffusion capacity of the lung for carbon monoxide (DLCO). Spirometry values include
the measurements of forced expiratory volumes, including forced expiratory volumes at 1 second
(FEV)), forced vital capacity (FVC), and FEV,/FVC. The latter is a measure of airflow
obstruction and, when combined with bronchodilator therapy, is used in the diagnosis of chronic
obstructive pulmonary disorder (COPD).

Is There an Association Between Cannabis Use and Pulmonary Function?
Systematic Reviews

Tetrault et al. (2007) systematically reviewed the evidence found in 34 publications, of
which 12 reported on the effects of airway response and 14 reported on the effects of pulmonary
function. The authors found that short-term exposure to cannabis smoking resulted in
bronchodilation. Specifically, acute cannabis smoking was consistently associated with
improvements in specific airway conductance, peak flow measurements, and forced expiratory
volume in 1 second (FEV)) and reversed bronchospasm from challenges by either methacholine
or exercise. Any short-term benefits, however, were offset by the effects of long-term cannabis
smoking. Specifically, regular cannabis smoking was associated with a lower specific airway
conductance on average by 16 percent and also with a lower FEV. There was also a dose—
response effect between average daily quantity of cannabis and a lower specific airway
conductance. However, the clinical significance of the association between regular cannabis
smoking and a lower specific airways conductance is not known. Other studies that examined the
association between long-term cannabis smoke exposure and pulmonary function have
inconsistently found lower or no change in FEV,, FVC, FEV,/FVC, DLCO, and airway hyper-
responsiveness (Tetrault et al., 2007).

Primary Studies

Aldington et al. (2007) examined the cross-sectional relationship between long-term
cannabis smoking and pulmonary function in a convenience sample of 339 participants in the
Wellington Research Study. The inclusion criteria for cannabis and tobacco smokers were a

lifetime exposure of at least 5 joint-years of cannabis (defined as smoking 1 joint per day for 1
year) or at least 1 pack-year of tobacco, respectively. Cannabis smoking was based on self-
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report. The researchers did not find an association between long-term cannabis smoking and
pulmonary function variables. However, when cannabis smoking was analyzed in terms of joint-
years, Aldington et al. (2007) found a significantly lower FEV/FVC, lower specific airways
conductance, and a higher total lung capacity per joint-year smoked in cannabis smokers
compared to non-smokers. Based on their analyses, the authors estimated that the negative
association between each cannabis joint and a lower FEV/FVC was similar to that of 2.5 to 5
tobacco cigarettes. The committee identified a couple of problems with the analyses and the
presentation of the results in the paper by Aldington et al. (2007). First, the authors reported
main effects only from their analysis of covariance. A more conservative analysis would have
considered the examination of interaction effects between cannabis smoke (or joint-years) and
tobacco smoke (or pack-years) in a regression model to better dissect the contribution of
cannabis smoke (or joint-years) versus tobacco smoke (or pack-years). Second, the authors
incorrectly labeled the association with continuous measures of pulmonary function with
cannabis smoke (or joint-years) as odds ratios in tables 3 and 4; however, their methods correctly
state that a multivariable analysis of covariance methods was used for continuous data.

Papatherodoru et al. (2016) analyzed cross-sectional data from 10,327 adults who
participated in the National Health and Nutrition Examination Survey (NHANES) between 2007
and 2012. Cannabis smoking was based on self-report, but the researchers could not quantify
joint-years. Cannabis smokers were categorized as never smokers (n = 4,794), past cannabis
smokers (n =4,084), cannabis smokers in the past 5-30 days (n = 555), and cannabis smokers in
the past 0—4 days (n = 891). Current cannabis smokers were heavier tobacco smokers than were
past and never smokers of cannabis, as measured by mean pack-years. In multivariable analyses,
the investigators found that current smokers had a smaller FEV/FVC than never smokers (—0.01
and —0.02, respectively), and they observed moderate to large increases in FEV, (49 mL and 89
mL, respectively) and FVC (159 mL and 204 mL, respectively) when comparing current
smokers to never smokers. There was also an important decrease in exhaled nitric oxide among
current smokers when compared to never smokers (—7 percent versus —14 percent), but it is
unclear if this effect was confounded by the high prevalence of tobacco smoking in current
cannabis users or if it represented a true decrease in exhaled nitric oxide due to cannabis
smoking. The study by Papatherodoru et al. (2016) has some shortcomings. First, the
researchers’ analyses were based on cross-sectional data. Second, cannabis use was obtained by
self-report and there may have been a bias of under-reporting. Finally, there was a lack of data
on the method of smoke inhalation and the frequency of cannabis smoking, thus not allowing for
an analysis of the relationship between the frequency of cannabis use and pulmonary function.

Pletcher et al. (2012) analyzed longitudinal data from 5,115 adults in the Coronary Artery
Risk Development in Young Adults (CARDIA) study and concluded that occasional and low
cumulative cannabis smoking was not associated with adverse effects on pulmonary function.
The investigators noted that there was a trend toward decreases in FEV, over 20 years only in the
heaviest cannabis smokers (>20 joint-years). Similar to the findings of Papatherodoru et al.
(2016), CARDIA investigators found a higher-than-expected FVC among all categories of
cannabis smoking intensity. Despite the large sample size, the study by Pletcher et al. (2012) had
a small number of heavy cannabis smokers. Other limitations include the risk of bias due to the
self-reporting of cannabis use, a lack of data on the method of cannabis smoke inhalation, and
bias due to unmeasured confounders as cannabis smoking was not the main objective of this
study.
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The study by Hancox et al. (2010) analyzed data of a cohort of 1,037 adult participants in
Dunedin, New Zealand, followed longitudinally since childhood, and asked about cannabis and
tobacco use at ages 18, 21, 26, and 32 years. Cumulative exposure to cannabis was quantified as
joint-years since age 17 years. Spirometry was conducted at 32 years. Cumulative cannabis use
was associated with higher FVC, total lung capacity, functional residual capacity and residual
volume, but not with lower FEV,; or FEV/FVC.

A small feasibility study by Van Dam and Earleywine (2010) found that the use of a
cannabis vaporizer instead of smoking cannabis in 12 adult participants who did not develop a
respiratory illness was associated with improvements in forced expiratory volumes at
approximately 1 month after the introduction of the vaporizer; however, this study did not have a
control group.

Discussion of Findings

Overall, acute cannabis smoking was associated with bronchodilation, but many of the
authors agreed that any benefits may be offset when cannabis is smoked regularly. The current
findings are inconclusive on a variety of pulmonary function measurements, and the findings
may be affected by the quality of the studies, a failure to adjust for important confounders
including tobacco and other inhaled drugs, and other occupational and environmental exposures.
The committee’s findings are consistent with those reported in another recent review (Tashkin,
2013) and a position statement (Douglas et al., 2015).

The majority of studies, including those evaluated in the systematic review, relied on
self-report for cannabis smoking. Many studies failed to control for tobacco smoking and
occupational and other environmental exposures; did not control for the dose or duration of
cannabis smoking; and did not use joint-years and instead based heavy cannabis smoking on
having exceeded a specific threshold of joints. Even among studies that used joint-years, it is
unclear how generalizable their findings are, given the potential high variability in lung-toxic
content from joint to joint. Prior studies have inconsistently documented decreases or no change
in FEV,, FEV/FVC, DLCO, and airway hyper-responsiveness. Moreover, neither the
mechanism nor the clinical significance of the association between cannabis smoking and
pulmonary function deficits is known, beyond the possible impact of a high FVC in lowering the
FEV/FVC ratio. While elevated lung volumes could be indicators of lung pathology, an elevated
FVC by itself has not been associated with any lung pathology.

CONCLUSION 7-1

7-1(a) There is moderate evidence of a statistical association between cannabis smoking and
improved airway dynamics with acute use, but not with chronic use.

7-1(b) There is moderate evidence of a statistical association between cannabis smoking and
higher forced vital capacity (FVC).
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CHRONIC OBSTRUCTIVE PULMONARY DISEASE

COPD is a clinical syndrome that consists of lower airway inflammation and damage that
impairs airflow. Ranked as the fourth-leading causes of death worldwide by the World Health
Organization, COPD has been estimated to cause more than 3 million deaths worldwide annually
and has an estimated global prevalence of 10 percent in adults (Buist et al., 2007; Diaz-Guzman
and Mannino, 2014). COPD is diagnosed with spirometry and is defined by a post-
bronchodilator forced expiratory volume at 1 second divided by forced vital capacity
(FEV1/FVC) <70 percent (fixed cutoff) or as a post-bronchodilator FEV/FVC below the 5th
percentile of a reference population (lower limit of normal). The committee responsible for
Marijuana and Medicine: Assessing the Science Base (I0M, 1999) suspected, but did not
conclude, that chronic cannabis smoking causes COPD.

Is There an Association Between Cannabis Use and COPD?
Systematic Reviews

There is no discussion about the association between cannabis and COPD in the
systematic review by Tetrault et al. (2007). In the position statement of the American Thoracic
Society (Douglas et al., 2015), workshop members concluded that there was minimal impairment
in occasional cannabis smokers when controlling for tobacco use. In contrast, there was a trend
towards higher prevalence in heavier users based on studies of lung function decline (Pletcher et
al., 2012; Tashkin et al., 1987); however, workshop members determined that this association
was incompletely quantified.

Primary Studies

The study by Aldington et al. (2007) examined high-resolution computed tomography
scans among the subgroups of participants with cannabis smoking only, cannabis and tobacco
smoking, tobacco smoking only, and never smokers. They found inconsistent results: a decreased
mean lung density, which is suggestive of emphysematous changes (mean percent of area below
—950 Hounsfield units in three slices at 2.4 percent [95% confidence interval (CI) = 1.0%—3.8%]
for cannabis smokers, but —0.6 percent [-2.0%—0.8%] for tobacco smokers when compared to
non-smokers) but almost no evidence of macroscopic emphysema (1.3% versus 16.5% versus
18.5% versus 0% in cannabis-only smokers versus cannabis and tobacco smokers versus
tobacco-only smokers versus non-smokers, respectively).

Tan et al. (2009) analyzed cross-sectional data collected in 878 adults aged >40 years
from Vancouver, Canada, who participated in the Burden of Obstructive Lung Disease study on
COPD prevalence. Current smoking of either tobacco or cannabis was defined as any smoking
within the past year. Participants who had smoked at least 50 marijuana cigarettes but had no
history of tobacco smoking were not at significantly greater risk of having COPD or more
respiratory symptoms. There was inconsistent evidence for whether synergy from combined
cannabis and tobacco smoking might affect the odds of having COPD or worse respiratory
symptoms.

Specifically, the mean estimates for the tobacco and cannabis smoking versus tobacco-
only smoking groups do not appear to be different and the 95% CI for the tobacco and cannabis
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smoking group appears to overlap significantly with the tobacco-only smoking groups when
evaluating either COPD or respiratory symptoms as the outcome.

Yadavilli et al. (2014) examined data from 709 participants over a 33-month period for
hospital readmissions of COPD in illicit drug users and tobacco smokers. These investigators
found that cannabis users had similar readmission rates to ex-tobacco or current tobacco users
(mean readmissions at 0.22 versus 0.26) and much lower readmissions rates than other illicit
drug users (mean readmissions at 1.0). The unit for mean readmissions was not specified in
either the tables or methods of this paper. The limitations of the study by Yadavilli et al. (2014)
include a lack of spirometry data on all patients to confirm diagnosis of COPD, the self-report of
tobacco use, the risk for potential underreporting of illicit drug use, and the lack of outpatient
visit frequency.

The study by Macleod et al. (2015) examined data from 500 adult participants, all of
whom reported either tobacco smoking of >20 cigarettes per day for at least 5 years or cannabis
of >1 joint per day for at least 1 year. There was no difference in the percent with COPD
(FEV/FVC <0.7) between tobacco-only users and tobacco and cannabis users (24.3 percent
versus 25.2 percent; p = 0.90) for all ages or at any age group. Tobacco and cannabis users had
more respiratory symptoms than did tobacco-only users (cough, phlegm, wheeze), but the
investigators do not seem to report multivariable adjusted differences in the paper. The
limitations of the study by Macleod et al. (2015) are that its cross-sectional design does not allow
one to assess temporality between exposure and outcome, the lack of a non-smoking group, the
fact that its use of as convenience sample may have oversample unwell participants, and the use
of self-report for tobacco and cannabis.

Kempker et al. (2015) analyzed data from the 2007—-2010 National Health and Nutrition
Examination Survey (NHANES) cohorts, similar to the work done by Papatherodoru et al.
(2016). Kempker et al. (2015), however, also examined the information on cumulative lifetime
use of cannabis available in the 2009-2010 NHANES cohort. Main findings were that 59 percent
reported using cannabis at least once during their lifetime, and 12 percent reported use during the
last month. When evaluating cumulative lifetime cannabis use, those with >20 joint-years had a
two times higher odds (OR, 2.1; 95% CI = 1.1-3.9) of having a pre-bronchodilator FEV,/FVC
<70 percent than those with no cannabis exposure. However, as noted by others, cannabis use
was associated with a higher FVC and no association with FEV, which would spuriously reduce
the ratio FEV/FVC. Beyond the limitations noted above for the paper by Papatherodoru et al.
(2016) who also used NHANES data, the authors were limited to use pre-bronchodilator
spirometry instead of using post-bronchodilator spirometry as commonly done in COPD studies.

Discussion of Findings

It is unclear whether regular cannabis use is associated with the risk of developing COPD
or exacerbating COPD. Current studies may be confounded by tobacco smoking and the use of
other inhaled drugs as well as by and occupational and environmental exposures, and these
studies have failed to quantify the effect of daily or near daily cannabis smoking on COPD risk
and exacerbation. There is no evidence of physiological or imaging changes consistent with
emphysema. The committee’s findings are consistent with those of a recent position statement
from the American Thoracic Society Marijuana Workgroup which concluded that there was
minimal impairment in light and occasional cannabis smokers when controlled for tobacco use
and that the effects of heavy cannabis smokers remains poorly quantified (Douglas et al., 2015).
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The review by Tashkin et al. (2013) concluded that the lack of evidence between cannabis use
and longitudinal lung function decline (Pletcher et al., 2012) argues against the idea that smoking
cannabis by itself is a risk factor for the development of COPD. This is further supported by the
findings of Kempker et al. (2015), who concluded that smoking cannabis was not associated with
lower FEV after adjusting for tobacco smoking. However, smoking cannabis was associated
with a higher FVC, which may have led to a spuriously lower FEV/FVC. Therefore, their
analyses also do not support an association between heavy cannabis use (>20 lifetime joint-
years) and obstruction on spirometry. The position statement by Douglas et al. (2015) concluded
that the lack of solid epidemiologic association suggests the regular cannabis smoking may be a
less significant risk factor for the development of COPD than tobacco smoking.

Cross-sectional studies are inadequate to establish temporality, and cohort studies of
regular or daily cannabis users are a better design to help establish COPD risk over time. Better
studies are needed to clearly separate the effects of cannabis smoking from those of tobacco
smoking on COPD risk and COPD exacerbations, and better evidence is needed for heavy
cannabis users.

CONCLUSION 7-2

7-2(a) There is limited evidence of a statistical association between occasional cannabis
smoking and an increased risk of developing chronic obstructive pulmonary
disease (COPD) when controlled for tobacco use.

7-2(b) There is insufficient evidence to support or refute a statistical association between
cannabis smoking and hospital admissions for COPD.

RESPIRATORY SYMPTOMS, INCLUDING CHRONIC BRONCHITIS

Respiratory symptoms include cough, phlegm, and wheeze. Chronic bronchitis is defined
as chronic phlegm production or productive cough for 3 consecutive months per year for at least
2 consecutive years (Medical Research Council, 1965). Chronic bronchitis is a clinical diagnosis
and does not require confirmation by spirometry or evidence of airflow obstruction. The
committee responsible for Marijuana and Medicine: Assessing the Science Base (I0M, 1999)
concluded that acute and chronic bronchitis may occur as a result of chronic cannabis use.

Is There an Association Between Cannabis Use and Respiratory Symptoms,
Including Chronic Bronchitis?

Systematic Reviews

The systematic review by Tetrault et al. (2007) summarized information from 14 studies
that assessed the association between long-term cannabis smoking and respiratory symptoms.
Nine of these studies were cross-sectional, three were case series, one was a case-control study,
and one was a longitudinal cohort study. Data were relatively consistent in both cross-sectional
and cohort studies in indicating that long-term cannabis smoking worsens respiratory symptoms
including cough (odds ratio (OR), 1.7-2.0), increased sputum production (OR, 1.5-1.9), and
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wheeze (OR, 2.0-3.0). Other studies have reported effects on more episodes of acute bronchitis
and pharyngitis, dyspnea, hoarse voice, worse cystic fibrosis symptoms, and chest tightness.

Primary Studies

Aldington et al. (2007) reported higher prevalence of wheeze (27 percent versus 11
percent), cough (29 percent versus 5 percent), chest tightness (49 percent versus 35 percent), and
chronic bronchitis symptoms (19 percent versus 3 percent) among cannabis smokers than non-
smokers. There were no clear additive effects observed in the combined cannabis and tobacco
smoking groups on respiratory symptoms.

Hancox et al. (2015) conducted a study in a cohort of 1,037 adults (52 percent male) in
the Dunedin Multidisciplinary Health and Development Study. Cannabis and tobacco smoking
histories were obtained at the ages of 18, 21, 26, 32, and 38 years. At each assessment
participants were asked how many times they had used cannabis in the previous year. Frequent
cannabis users were defined as those who reported using marijuana >52 times over the previous
year. Quitters were defined as a frequent cannabis user at the previous assessment but less than
frequent at the current assessment. Because it was possible to quit frequent cannabis use more
than once during the follow-up from 18 to 38 years of age, only the first recorded episode of
quitting was used in analyses. In this study, the investigators found that frequent cannabis use
was associated with morning cough (OR =1.97, p <0.001), sputum production (OR = 2.31, p
<0.001), and wheeze (OR = 1.55, p <0.001), but not dyspnea (p = 0.09) (see Figure 7-1). Quitters
(open triangles) also had fewer respiratory symptoms than those who did not quit (solid squares).
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FIGURE 7-1 Prevalence of symptoms before and after quitting regular cannabis use (open triangles) and
among those who used cannabis for two consecutive phases (solid squares). Vertical bars show 95% CI.
SOURCE: Hancox et al., 2015.

Limitations of the study by Hancox et al. (2015) include its reliance on self-reported data
of cannabis use without objective confirmation, the classification of non-users as those with <52
times of cannabis use, and a lack of data as to whether cannabis use was specifically from
smoking.

Walden and Earleywine (2008) conducted a cross-sectional Internet survey of 5,987
adults worldwide who used cannabis at least once a month. They quantified frequency, amount,
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and degree of usual and maximal intoxication, and they also asked about respiratory symptoms
using a composite score produced from the answers to six standard questions about cough,
morning phlegm, dyspnea, chest wheezing other than during colds, and night-time awakenings
because of chest-tightness. They found that the frequency of use, the amount used (in quarter
bags per month), and the degree of usual intoxication were all positively associated with more
respiratory symptoms. Limitations for this study include its recruitment of participants from
organizations that advocate drug policy reform, its reliance on self-reported data of cannabis or
tobacco use without objective confirmation, and the lack of data about cannabis use for medical
versus recreational purposes.

Tashkin et al. (2012) followed 299 participants from a longitudinal cohort study for at
least two visits over 9.8 years and examined the relationship between symptoms for chronic
bronchitis and cannabis use. They found that current cannabis users were more likely to have
cough (OR = 1.7), sputum (OR = 2.1), increased bronchitis episodes (OR = 2.3), and wheeze
(OR = 3.4) when compared to never users. They also found that current cannabis users were
more likely to have cough (OR = 3.3), sputum (OR = 4.2), or wheeze (OR = 2.1) than former
users. Similar to the studies by Hancox et al. (2015) and Walden and Earleywine (2008), these
findings demonstrated the benefit of cannabis smoking cessation in resolving pre-existing
symptoms of chronic bronchitis. The limitations of this study include its reliance on self-reported
data of cannabis or tobacco use without objective confirmation and high rates of loss to follow-
up or variable follow-up periods.

A small feasibility study by Van Dam and Earleywine (2010) of 12 adult participants
who did not develop a respiratory illness during the trial found that the use of a cannabis
vaporizer instead of smoking cannabis was correlated with the resolution of cannabis-related
respiratory symptoms at approximately one month after the introduction of the vaporizer;
however, this study did not have a control group.

Discussion of Findings

Regular cannabis use was associated with airway injury, worsening respiratory symptoms
and more frequent chronic bronchitis episodes. There were no clear additive effects on
respiratory symptoms observed from smoking both cannabis and tobacco. Cannabis smoking
cessation was temporally associated with the resolution of chronic bronchitis symptoms, and a
small feasibility study suggests that use of a vaporizer instead of smoking cannabis may lead to
the resolution of respiratory symptoms. The committee’s findings are consistent with those
reported in a recent review (Tashkin, 2013) and position statement (Douglas et al., 2015).

The majority of studies relied on self-report for cannabis smoking. Many studies failed to
control for tobacco, occupational, and other environmental exposures; did not control for the
dose or duration of the cannabis smoke exposure; and did not use joint-years and instead based
heavy cannabis exposure on exceeding a specific threshold of cigarettes. Even among studies
that used joint-years, it is unclear how generalizable the findings are, given the potential high
variability in tetrahydrocannabinol (THC) content from joint to joint and from year to year.
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CONCLUSION 7-3

7-3(a) There is substantial evidence of a statistical association between long-term
cannabis smoking and worse respiratory symptoms and more frequent chronic
bronchitis episodes.

7-3(b) There is moderate evidence of a statistical association between cessation of
cannabis smoking and improvements in respiratory symptoms.

ASTHMA

Asthma is a clinical syndrome that is associated with airways inflammation, airflow
limitation, bronchial hyper-responsiveness, and symptoms of episodic wheeze and cough. It is
predominantly an allergic disease. Worldwide, asthma is thought to affect 300 million people,
and it is responsible for more disability-adjusted life-years lost than diabetes mellitus. Asthma
was not specifically addressed in Marijuana and Medicine: Assessing the Science Base (10M,
1999).

Is There an Association Between Cannabis Use and Asthma?
Systematic Reviews

The systematic review by Tetrault et al. (2007) referred to only one study that described
the association between cannabis use and asthma exacerbations. Upon retrieving this study, the
committee found that this was a letter to the editor which reported findings of a case-control
study of 100 participants aged 18-55 years with and without asthma admitted to the emergency
department. In this study, the authors found no association between THC and asthma (Gaeta et
al., 1996).

Primary Studies

Bechtold et al. (2015) reported on a follow-up of a cohort of boys who participated in the
Pittsburgh Youth Study. A total of 506 boys were followed longitudinally, 257 who scored >70th
percentile of a multi-informant conduct problem score and 249 who scored below the 70th
percentile. This study found no link between cannabis use and self-reported asthma symptoms.
The limitations of this study include a lack of generalizability to the general population given the
selection criteria for conduct problems, a lack of inclusion of women in their study, and the fact
that health outcomes were based on self-report and biased to those who had sought care for
health problems.

Weekes et al. (2011) studied a cohort of 110 black urban adolescents with asthma. In this
study, the investigators found that 16 percent of the adolescents smoked cannabis, but there was
no association between cannabis use and asthma concern or asthma severity or asthma
symptoms. The limitations of this study include the use of self-report of cannabis use, which the
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study authors speculated may be under-reported in black adolescents when compared to whites,
and a lack of data on asthma medication adherence.

Discussion of Findings

The committee did not find evidence for an association between cannabis use and either
asthma risk or asthma exacerbations, and current studies failed to control for other important
confounders, including adherence to asthma medications.

The evidence linking cannabis use with asthma risk or exacerbation is limited by the
scope and sample size of available studies and by the use of more standardized approaches to
measure asthma prevalence or exacerbations of asthma. Few studies have examined the link
between cannabis and asthma, and no clear evidence exists of a link between asthma or asthma
exacerbation and cannabis use. However, asthma symptoms such as wheeze appear to be
common among cannabis users.

CONCLUSION 7-4 There is no or insufficient evidence to support or refute a statistical
association between cannabis smoking and asthma development or asthma exacerbation.

RESEARCH GAPS

The effects of cannabis smoke on respiratory health remain poorly quantified. Further
research is needed to better elucidate the influence of exposure levels to cannabis smoke on
respiratory outcomes, the chronicity of cannabis smoking, the effects of an underlying
predisposition to respiratory disease, and possible interaction effects with tobacco smoke to
promote airway inflammation, worsen respiratory symptoms, accelerate lung function decline, or
increase exacerbation of COPD and asthma. Previous studies have not been able to adequately
separate cannabis smoke effects from tobacco smoke effects, and this has meant that some
important questions remain unanswered. It is unknown whether or not:

e Long-term cannabis smoking, above and beyond that of tobacco smoking, leads to a
more rapid decline in lung function and to the development of chronic bronchitis or
COPD.

e Cannabis smoking increases the risk of allergic disease or asthma.

e Alternative inhaled delivery methods of cannabis result in fewer respiratory
symptoms.

To address the research gaps relevant to respiratory disease, the committee suggests the
following:

e Design better observational studies with both self-reported and quantitative measures
of cannabis smoking and systematic approaches to measure the duration and dose to
determine if long-term exposure to cannabis smoke, above and beyond exposure to
tobacco smoke, leads to the development of chronic bronchitis or COPD or to a
higher rate of COPD exacerbation.
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e Design longitudinal studies to determine if long-term cannabis smoking is associated
with the development of allergic disease and risk of asthma.

e Conduct clinical trials of alternative inhaled delivery methods versus cannabis
smoking to determine if they reduce respiratory symptoms.

SUMMARY

This chapter summarizes all of the respiratory disease literature that has been published
since 1999 and deemed to be good or fair by the committee. Overall, the risks of respiratory
complications of cannabis smoking appear to be relatively small and to be far lower than those of
tobacco smoking. While heavy cannabis users may be at a higher risk for developing chronic
bronchitis and COPD or at an increased risk of exacerbating COPD and asthma, current studies
do not provide sufficient evidence for a link. Limitations of reviewed studies are that it is
difficult to separate the effects of cannabis smoking from those of tobacco smoking from current
available data, that exposures have generally been measured by self-report of cannabis smoking,
and that there is a lack of cohort studies of regular or daily cannabis users, of adequate controls
for environmental factors, and of generalizability of findings. The committee has formed a
number of research conclusions related to these health endpoints (see Box 7-1); however, it is
important that each of these conclusions be interpreted within the context of the limitations
discussed in the Discussion of Findings sections.

BOX 7-1
Summary of Chapter Conclusions*

There is substantial evidence of a statistical association between cannabis smoking and:

e  Worse respiratory symptoms and more frequent chronic bronchitis episodes (long-term cannabis
smoking) (7-3a)

There is moderate evidence of a statistical association between cannabis smoking and:
e Improved airway dynamics with acute use, but not with chronic use (7-1a)
e Higher forced vital capacity (FVC) (7-1b)

There is moderate evidence of a statistical association between the cessation of cannabis smoking
and:
e Improvements in respiratory symptoms (7-3b)

There is limited evidence of a statistical association between cannabis smoking and:
e An increased risk of developing chronic obstructive pulmonary disease (COPD) when controlled
for tobacco use (occasional cannabis smoking) (7-2a)

There is no or insufficient evidence to support or refute a statistical association between cannabis
smoking and:

e Hospital admissions for COPD (7-2b)

e Asthma development or asthma exacerbation (7-4)

*Numbers in parentheses correspond with chapter conclusion number
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Immunity

Chapter Highlights

e There exists a paucity of data on the effects of cannabis or cannabinoid-based therapeutics on
the human immune system.

e There is insufficient data to draw overarching conclusions concerning the effects of cannabis
smoke or cannabinoids on immune competence.

e There is limited evidence to suggest that regular exposure to cannabis smoke may have anti-
inflammatory activity.

e There is insufficient evidence to support or refute a statistical association between cannabis
or cannabinoid use and adverse effects on immune status in individuals with HIV.

The immune system is composed of many different cells that perform a wide variety of
functions in order to provide immunity against pathogens and other foreign bodies. Many assays
and methods exist to evaluate specific components of the immune system and to assess changes
in immune function and status. Toward this end, there is a sizable literature reporting on
investigations into the effects of plant-derived, synthetic, and endogenous cannabinoids on
various aspects of immune competence in experimental animals and in cell-based assays. The
scientific literature is full of studies that used these animal- and cell-based immunological
approaches to show that cannabinoids modulate (either suppressing or enhancing) the functions
of most of the type of immune cells that have been evaluated. By contrast, the investigations into
the effects of cannabis or cannabinoid-based therapeutics on immunity in human subjects are
quite limited.

The majority of studies investigating the association between cannabis or cannabinoid
use and effects on human immunity have assessed one or more immunological parameters in
patients infected with human immunodeficiency virus (HIV) or viral hepatitis C (HCV). For
example, in the case of HIV patients, who are extensively studied within the context of cannabis
exposure, these investigations have evaluated only a small number of immunological endpoints,
the most common being the number of certain types of T cells (i.e., CD4" and CD8" T cells) in
circulation and also the viral load. The limited measurements provide little information about the
effect of cannabis use on overall immune status among individuals with HIV. Other studies have
evaluated the effects of cannabis on immune endpoints in healthy individuals or on their
susceptibility to infectious agents. In healthy individuals, these evaluations have focused
primarily on the effects of cannabis use on circulating cytokines concentrations, principally
inflammatory cytokines. Again, these examples emphasize the very limited and extremely
narrow scope of assessments that have been conducted to examine the effects of cannabis on
immune competence in humans to date.
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This chapter reviews the current evidence on the association between cannabis use and
immune competence in healthy populations and in individuals with infectious disease. Because
the immune system plays a primary role in fighting and protecting against disease, the chapter
will review evidence on the potential association between cannabis use and indicators of immune
functioning as well as the potential association between cannabis use and susceptibility to, and
progression of, infectious disease and cancer. Due to the paucity of human studies evaluating the
effects of cannabis on the immune system, the committee identified no good- or fair-quality
systematic reviews reporting on the health endpoints addressed in this chapter. Consequently,
this chapter’s conclusions are based on a review of 14 primary literature articles that best address
the committee’s research questions of interest. Study limitations and research gaps are noted, and
the strength of the available evidence is weighed in five formal conclusions.

IMMUNE COMPETENCE

In several of the studies reviewed below, the effects of cannabis use on immune
competence were assessed via direct measurement of specific immune effector functions in
healthy individuals. The primary advantage of evaluating specific immune responses is that the
immune system is composed of many different cell types, each of which performs several
distinct functions. Assessing specific immune responses provides more information on whether,
how, and to what extent an agent such as cannabis affects particular cells in the immune system.
Although the perturbations in immune competence discussed in this section are not health effects
in the sense used throughout this report, they may alter a person’s susceptibility to infection or
have broad effects on immune competence, and they are reviewed for that reason.

The challenge with this type of information is that it is difficult to ascertain whether a
deficit in a specific immune function, unless extreme, necessarily results in greater susceptibility
to infection by a pathogen. Conversely, it is difficult to extrapolate results showing enhanced
immune responsiveness due to exposure to an agent and determine whether that exposure may
lead to an increased incidence of hypersensitivity or autoimmune disease. Therefore, the
evaluation of immune competence requires a comprehensive assessment of a broad range of
different cell types and their functions, which to date has not been conducted in cannabis users.

Is There an Association Between Cannabis Use and Immune Competence in Individuals
Without an Infectious Disease?

Systematic Reviews

The committee did not identify a good- or fair- quality systematic review that reported on
the association between cannabis use and immune competence in individuals without an
infectious disease.
Primary Literature

Keen and Turner (2015) evaluated the serum levels of two inflammatory cytokines,

interleukin-1 alpha (IL-1a) and tumor necrosis factor (TNF), in a total of 168 African American
study participants of whom 46 were lifetime cannabis users and 77 did not use any illicit drugs.
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After adjusting for demographic and physiological variables, study participants who did not use
illicit drugs were not significantly more likely to have higher background serum IL-1a levels
than lifetime cannabis users (odds ratio [OR] 0.77, 95% confidence interval [CI] = 0.34—1.74).
By contrast, study participants who did not use illicit drugs were significantly more likely to
have higher serum TNF levels than lifetime cannabis users (OR 2.73, 95% CI = 1.18-6.31).

In another study, several immune parameters were evaluated in adult Egyptians (Abo-
Elnazar et al., 2014). The study included 20 cannabis users and 10 controls with no history of
drug abuse. CD4" peripheral blood T cells from cannabis users showed a statistically significant
decrease in proliferative response to mitogenic stimulation (phytohemagglutinin) in culture as
measured by the methyl thiazolyl tetrazolium (MTT) Stimulation Index when compared to CD4"
T cells from controls (mean = 1.14 + 0.28 versus mean = 1.47 + 0.35, p = 0.001). Supernatants
from these cultures were quantified for T cell cytokines; interleukin-10 (IL-10), which is an anti-
inflammatory cytokine; and interleukin-17 (IL-17), which is a proinflammatory cytokine. When
compared to CD4" T cells from non-drug-using controls, CD4" T cells from cannabis users
showed an approximately 50 percent decrease in proinflammatory IL-17 (129.05 pg/ml + 44.24
pg/ml versus 206.30 pg/ml + 51.05 pg/ml, p <0.001) and a two-fold increase in anti-
inflammatory IL-10 (mean = 258.10 pg/ml £+ 79.91 pg/ml versus mean = 138.70 pg/ml + 38.11
pg/ml, p =0.002). A major limitation of Abo-Elnazar et al. (2014) is the very small number of
study participants.

Pacifici et al. (2007) conducted a longitudinal study which included an evaluation of total
leukocytes as well as the number of CD4" T cells, CD8" T cells, B cells, and natural killer (NK)
cells at the beginning of the study and 12 months later in 34 healthy controls who had not used
illicit drugs in the previous 12 months and 23 study participants who were occasional or regular
users of cannabis. There was a statistically significant difference between controls and cannabis-
using study participants with respect to the number of NK cells at the initiation of the study
(mean = 205.1 cells/pul = 83.4 cells/ul versus 126.1 cells/ul + 80.0 cells/ul) or when evaluated at
12 months (mean = 196.8 cells/pul + 79.3 cells/ul versus mean = 101.7 cells/ul = 48.5 cells/pl).
By contrast, differences between controls and cannabis-using study participants in the number of
CD4+ T cells, CD8+ T cells, and CD19 B cells were not statistically significant at the initiation
of the study or 12 months later. In addition, phytohemagglutinin (PHA)-induced proliferation,
supernatant interleukin-2 (IL-2) (a measure of T cell function), and transforming growth factor
betal (TGF-B1) (a proinflammatory cytokine) were assessed at the initiation of the study.
Statistically significant differences were observed between controls and cannabis users in terms
of PHA-induced proliferation (mean = 96.9% = 15.6% versus mean = 72.3% =+ 32.1%) and the
activity units per ml of IL-2 (mean = 10.7 U/ml + 3.8 U/ml versus mean = 6.3 U/ml + 4.4 U/ml),
whereas the difference between controls and cannabis-users in the activity units per ml of TGF-
Blwas not statistically significant.

Jatoi et al. (2002) conducted a study involving 85 study participants with advanced
cancer and weight loss to compare the effect of megestrol acetate (800 mg/day) and oral
dronabinol tablets (2.5 mg twice daily), separately and in combination, on levels of serum
interleukin-6 (IL-6), a cytokine associated with anorexia and weight loss. There was no
statistically significant change in serum IL-6 levels 1 month after study initiation among study
participants receiving dronabinol alone (mean difference = —0.62 pg/ml + 3.5pg/ml) or in
combination with megestrol acetate (mean difference = —0.2 pg/ml + 3.1 pg/ml).

A longitudinal study followed study participants from birth to 38 years of age in order to
investigate potential associations between cannabis use occurring between 18 and 38 years of
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age and physical health problems at age 38, including systemic inflammation as measured by C-
reactive protein levels (Meier et al., 2016). Among 947 study participants, there was no
statistically significant association between joint-years of cannabis use and systemic
inflammation after controlling for biological sex and tobacco use (§ 0.00, 95% CI =—0.07-0.08).
After controlling for biological sex, systemic inflammation at 26 years of age, and tobacco use,
the association between joint-years of cannabis use and changes in systemic inflammation
between 26 and 38 years of age was not statistically significant (f 0.05, 95% CI =—0.03-0.13).

Discussion of Findings

One trend that appeared to be supported by several studies was the observation that
regular exposure to cannabis smoke decreased several regulatory factors that are secreted by
leukocytes and that are well established in mediating inflammation. Consistent with the premise
that cannabinoids may possess anti-inflammatory activity, one study showed an enhanced
production of an anti-inflammatory mediator, which could be indicative of a decline in immune
competence (Abo-Elnazar et al., 2014). By contrast, anti-inflammatory activity of cannabis,
under certain conditions, could be beneficial as inflammation is a key event in many diseases
processes. For example, chronic inflammation is believed to be central in HIV-associated
neurocognitive disorders and anti-inflammatory activity of cannabis could potential be beneficial
in decreasing the progression neurocognitive decline (Gill and Kolson, 2014). The finding that
cannabinoids may possess anti-inflammatory activity is consistent with findings in studies
conducted in experimental animal and in cell culture experiments (Klein, 2005).

The limitations of the studies conducted to date are numerous, with the most significant
being the absence of a comprehensive evaluation of the effects of cannabis smoke on immune
competence. In addition, several of the studies used a small number of study participants with
very limited information on the study participants’ level of exposure to cannabis. Based on the
very limited evaluations of only a few immune parameters, it is not possible to draw overarching
conclusions concerning the effects of cannabis smoke or cannabinoids on immune competence.

CONCLUSION 8-1

8-1(a) There is limited evidence of a statistical association between cannabis smoking and a
decrease in the production of several inflammatory cytokines in healthy individuals.

8-1(b) There is insufficient evidence to support or refute a statistical association between
cannabis smoking and other adverse immune cell responses in healthy individuals.

SUSCEPTIBILITY TO AND PROGRESSION OF
INFECTIOUS DISEASE

The primary role of the immune system is to protect against infectious agents (e.g.,
bacteria, viruses, parasites). The immune system confers this protection by its ability to
recognize what is foreign, often termed as “non-self,” which it then seeks to destroy using a
broad repertoire of different cell types and mechanisms. Significant changes in immune
competence can result in serious adverse health effects. For example, inappropriate or
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exaggerated immune responses can result in autoimmunity or allergy. Conversely, the
suppression of immune function can lead to an increased susceptibility to infectious agents, an
increased duration of infection, or a reduced ability to recognize and destroy cancer cells. A large
body of literature using animal models and cell cultures has described the immunosuppressive
properties of cannabinoids. Reduced immune competence due to cannabis smoke or cannabinoid
treatment would be especially relevant in cases when immunocompromised HIV patients used
the cannabis to stimulate their appetite or cancer patients used it to relieve the nausea associated
with cancer chemotherapeutic drugs. Very few studies have investigated the effects of cannabis
smoke or cannabinoids on the susceptibility to, or clearance of, infectious agents or on
progression of cancer in human subjects. This section discusses findings from the few studies
that have evaluated the association between cannabis use and immune status, in terms of an
individual’s susceptibility to infection and the health status of individuals with HIV, viral
hepatitis C, and other infectious diseases.

Is There an Association Between Cannabis Use and Immune Status in
Individuals with HIV?

Systematic Reviews

The committee did not identify a good- or fair-quality systematic review that reported on
the association between cannabis use and immune status in individuals with HIV.'

Primary Literature

Several studies have been conducted with the specific objective of determining whether
cannabis smoking or therapeutic dronabinol produces adverse effects on immune competence in
HIV patients. In a prospective randomized controlled trial (RCT), 62 study participants aged 18
years and older who were infected with HIV were randomized to receive cannabis (up to 3
cigarettes daily), dronabinol (2.5 mg oral tablet three times daily), or oral placebo, over a 21-day
period (Bredt et al., 2002). The change in absolute lymphocyte concentration among study
participants receiving cannabis was statistically significantly greater than among study
participants receiving placebo (median change = 300 cells/ul versus 0.00 cells/ul, p=0.1). As
compared to study participants receiving placebo, those receiving dronabinol experienced
significantly greater changes in %CD8+CD38+HLA-DR+ cells (median change —3.50 versus
0.05, p=0.001) and in %CD8+CD69+ cells (median change —0.30 versus 0.05, p = 0.04) during
the study period. Bredt et al. (2002) state that these statistically significant changes “do not
constitute meaningful pattern of changes in immune phenotype of function” (Bredt et al. 2002, p.
87S).

By contrast, study participants in neither of the cannabinoid study arms experienced
statistically significantly greater changes in lymphoproliferative responses to various mitogenic
stimuli than did study participants in the placebo arm. No cannabis- or dronabinol-related
changes were observed. Likewise, changes in cytokine (i.e., [FNy, IL-2, TNFa) production
among study participants in the cannabinoid study arms, and in NK activity among study

! Chapter 4 discusses Lutge et al. (2013), a systematic review that investigates the medical use of cannabis
by patients with HIV/AIDS, but does not specifically address the association between cannabis use and immune
competence in this population.
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participants in the dronabinol arm, were not significantly greater than among study participants
receiving placebo. No cannabis- or dronabinol-associated adverse effects were observed over the
21-day exposure period on the percentage of circulating CD4" or CD8" cells or on disease
progression, as measured by viral load (Abrams et al., 2003). Overall, there were no “clear
discernible negative changes” (p. 87S) among study participants who received dronabinol or
cannabis as compared to those who received placebo. Significant limitations of this study were
the very short time period of cannabinoid exposure and the small number of study participants
included in the study.

A longitudinal study evaluated the effects of recreational cannabis use on CD4 " and
CDS" T cell populations and disease progression in men infected with HIV (3,236 participants,
of which 59 percent used cannabis) and men not infected with HIV (481 participants, of which
61 percent used cannabis) (Chao et al., 2008). HIV-negative and HIV-positive study participants
were followed for a maximum of 18 and 11 years, respectively. After controlling for health risk
behaviors and other potential confounders, any cannabis use and monthly or less frequent
cannabis use were both associated with a statistically significant 1 percent decrease in CD4" cell
count among men not infected with HIV, while weekly or more frequent cannabis use was
associated with a 5 percent decrease in CD8" cell count among men infected with HIV.
However, Chao et al. (2008, p. 5) state that there were no “clinically meaningful associations,
adverse or otherwise, between use of marijuana .... and T cell counts and percentages in either
HIV-uninfected or HIV-infected men.”. A major shortcoming of this study was the absence of
information concerning the frequency and level of exposure to cannabis.

Thames et al. (2016) examined the independent and combined effects of HIV and
cannabis smoking on neurocognitive function in 55 HIV positive and 34 HIV negative study
participants who reported previously using cannabis for 12 months or more. As part of this study,
the percentage of CD4" T cells was monitored. Differences in the frequency of cannabis use
were not associated with statistically significant differences in the nadir count of CD4" T cells. A
modest but statistically significant increase in the percentage of circulating CD4" T cells (p =
0.04) and a statistically significant decrease in viral load (p = 0.03) were associated with light
(i.e., 2—14 times per week) and moderate to heavy (i.e., 18-90 times per week) cannabis use as
compared to nonusers. A shortcoming of this study was the small number of study participants.

Discussion of Findings

Collectively, the studies suggest that cannabis smoke and/or cannabinoids do not
adversely affect the immune status of HIV patients. However, each of the four studies possessed
major shortcomings in experimental design which could have contributed to the absence of
adverse effects being observed in HIV patients who used cannabis or cannabinoids; these
shortcomings include study durations that where insufficient to observe adverse effects in the
endpoints being measured, small numbers of study participants, and poorly defined and variable
levels of cannabinoid exposure.

CONCLUSION 8-2 There is insufficient evidence to support or refute a statistical association
between cannabis or dronabinol use and adverse effects on immune status in individuals with
HIV.
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Is There an Association Between Cannabis Use and the Immune Status of Individuals
Infected with Viral Hepatitis C?

Systematic Reviews

The committee did not identify a good- or fair-quality systematic review that reported on
the association between cannabis use and the immune status of individuals infected with viral
hepatitis C.

Primary Literature

Viral hepatitis C (HCV) is a chronic disorder of the liver which can lead to fibrosis and
progress to cirrhosis and ultimately to end-stage liver disease or hepatocellular carcinoma. Liver
fibrosis is mediated, in part, through a chronic immune-mediated inflammatory response. A
study of liver biopsies from 270 untreated patients with chronic hepatitis C was conducted in
which patients were categorized as either non-users, occasional cannabis users, or daily cannabis
users (Hezode et al., 2005). A significantly higher proportion of daily cannabis users (68.5
percent) as compared occasional cannabis users (42.5 percent) or non-users (39.7 percent) had a
fibrosis progression rate faster than the median fibrosis progression rate for the cohort as a
whole. There was a statistically significant association between daily cannabis use an