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THE PROHIBITION OF MARIJUANA

« CANNABIS went from having “No
Medical Value” to a “CURE for just
about everything”!

* No reliable method to characterize
Impairment

@ Bloomberg.com

HHS Calls for Moving Marijuana to Lower-Risk US Drug

Category

US health officials are recommending easing restrictions on marijuana, a move tha
sets the stage for potentially expanding the cannabis..
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RIDE ON LEGAL MARIJUANA AMID
OPIOID CRISIS s mym—"—

Number Among All Ages, by Gender, 1999-2021

= Total
Female
Male

OVERDOSE DEATH RATES IN AMERICA

I Opioid Pain Relievers [l Heroin [l Cocaine [l Marijuana

@

All underlying causes of death*
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Figure 1. National Drug-Involved Overdose Deaths*,
10k Number Among All Ages, by Gender, 1999-2021

120,000 == Total

Female 106,699
Male

100,000 91,799

80,000

‘99 '00 '01 ‘02 '03 '04 ‘05 ‘06 ‘07 ‘08 '09 10 11 12 13 14 60,000
*Includes deaths from unintentional drug polsening, suicide drug paisening, homicide drug poisoning or drug poisoning of undetermined intent. 40,000

20,000
SOURCE: Wonder.cdc.gov; drugabuse.gov




® Medicine by “Popular-vote” vs. Evidence-
based and the State-based Cannabis
Initiatives: Follow the Money

® Review the History of Botanical/Medicinal
Cannabis

® Mention the Components of the Human
Endocannabinoid System and Promising
Pharmacologic Applications of
Phytocannabinoids

® Review the Recent Evidence-based
Research of Cannabinoid Compounds

® Discuss the Use and Potential Abuse of
Cannabinoids

\adical Marjuana |dent
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NO DISCLOSURES TO REPORT
ONLY FDA APPROVED INDICATIONS




Medical-Use Update

As of Apr. 24, 2023, 38 states, three territories and the District of Columbia allow the medical use of cannabis products. See Table 1 below for
additional information.

Non-Medical/Adult-Use Update
As of june 1, 2023, 23 states, two territories and the District of Columbia have enacted measures to regulate cannabis for adult non medical use.

Low-THC Update

Approved measures in 9 states allow the use of “low THC, high cannabidiol (CBD)" products for medical reasons in limited situations or as a legal
defense. (See Table 2 below for more information]. Low-THC programs are not counted as comprehensive medical cannabis programs. NCSL
uses criteria similar to other organizations tracking this issue to determine if a program is “comprehensive":

1. Protection from criminal penalties for using cannabis for a medical purpose.
2. Access to cannabis through home cultivation, dispensaries or some other system that is likely to be implemented.
3. It allows a variety of strains or products, including those with more than "low THC."

4, It allows either smoking or vaporization of some kind of cannabis products, plant material or extract.

5.Is not alimited trial program. (Nebraska has a trial program that is not open to the public.)

MAP: State Regulated Cannabis Programs

Notes: The District of Columbia allows limited adult possession and growing, no regulated production or sales.

WASHINGTON D.C

LEOAL FOR ADULY
RECREATIONAL USE

LEGAL FOR
MEDICAL USE ONLY

ONLY LOW THC
MEDICALLY LEGAL

NO FROCRAM
FOR LEOAL THC



® Cannabis safiva/lndica

® 400 chemical compounds

® 66 different cannabinoids

® 104 Unigue to Cannabis Plant

® Phytocannabinoids: delta?-
THC: Cannabidiol (CBD)

® Tetrahydrocannabivarin
(THCV), Cannabichromene
(CBC), Cannabigerol (CBG)

® All are lipophilic

® Amounts vary in growing
conditions

leaves and

Dried leaves seeds

Marijuana , e
plant Marijuana cigaretie
(hemp)

| AP-Tetrahydrocannabinol (THC) l Cannabidiol (CBD)
- OH e OH

Cannabichromene (CBC)

=




TERPENES

« Aromatic compounds produced in
the glandular flower bud

« Not phytocannabinoids
* Limonene, pinene, myrcene, etc

» Responsible for aromatic/odorous
character

« May involve modulating effects of
THC and CBD

« Content ¢ Related to distinction of
sativa vs indica



CANNABINOID BIOLOGY

® Cannabinoid receptors characterized in
1980-90’'s (CB1 and CB2)

® Likely have a natural role in pain
modulation, movement control, and
memory

® Role in iImmune systems is likely multi-
faceted and remains unclear

® Brain develops tolerance

® Animal research demonstrates potential
for dependence

® Withdrawal symptoms can be observed
in animals but appear to be mild
compared to opiates and benzos

The cannabinoid receptors are further divided into 2 main subtypes, known.as cbi/and cb2.

C B 2 receptors are mostly foun?\ |

withifl theimmune system.

C B,;I is found mostly in £ brain.
// X

Endocannabinoid Receptors

.

« CB1: Brain, spinal cord, connective tissue, reproductive
organs, glands, internal organs

» CB2: Spleen, tonsils, Gl, thymus gland. White blood
cells: T-cells, B-cells, macrophages

+ GPR55, GPR18: Regulator of neuroimmune function

+ GPR3, GPR6 and GPR12 orphan receptors
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The Endocannabinoid System

Brain cells (neurons)
communicate with each
other by sending
chemical messages.
The chemicals
(neurotransmitters)
<ross a gap

between

neighboring

neurons before
attaching to their
specific receptors. \

The neuron sending

a message by
releasing a chemical
when signaled to do so

| Postsynaptic: RT3
neuron receiving the
message when its receptors are
activated by specific chemicals
(neurotransmitters)

LTI Iey The chemical
messengers that travel from one
brain cell to another

ST Activated by
neurotransmitters, receptors
trigger a set of events that allows

Al a message to be passed along to

FAAH

GPR55?
GPR1192

[ETETINTIETH Natural chemicals
(anandamide and 2-AG) that bind to
cannabinoid receptors in the brain and
the body

33 The main active ingredient in
marijuana; THC, also a cannabinoid,
interferes with the normal functioning
of the endocannabinoid system

EMT |— vDM11

A

Synthesizing o

enzymes Transporters Receptors

Degrading
enzymes

Endocannabinoids

receptors

Novel cannabinoid

Phytocannabinocids

Expert Rev. Clin. Pharmacol. ® Future Science Group {2010)
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NOT NEW!

There’s certainly room for debate on this, but the researchers said that the timeline started
about 5,000 years ago in China. The so-called “father” of Chinese agriculture, emperor Chen
Nung, included the plant in the first Chinese pharmacopeia. That text said cannabis was
prescribed for “fatigue, rheumatism and malaria.”
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1937:
Congress passes
Marijuana Tax Act

of 1937

1944:
LaGuardia
Commission
challenges claims
that cannabis causes
social depravity
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The Legalization of Marijuana

1970: 1984: 2001: 2013: 2016:
Congress passes Sentencing Reform Act Portugal Cole Memo creates California, the 6th
Controlled creates mandatory decriminalizes all hands-off policy for largest economy in the
Substances Act minimum sentences drugs, including legal medical world, legalizes
for marijuana crimes cannabis marijuana states recreational marijuana

2012: 2014:
Colorado and Rohrabacher-Farr
Prop. 215, becoming Washington become Amendment blocks
recommendation first legal medical first states to legalize Department of Justice
marijuana not be marijuana state recreational marijuana from prosecuting state
scheduled in Controlled legal cannabis
Substances Act businesses

1. California's Proposition 215 (1996). With this ballot initiative, California
became the first state to legalize medical marijuana. California was the first
domino to fall and gave organizers outside the state the confidence to push

for the legalization of medical marijuana in their states.

2. Colorado's Amendment 64 (2012). Colorado became one of the first two
states to legalize recreational marijuana through a ballot initiative. The state
also set the standard for others in how to regulate recreational marijuana,

with sz f both medical and i cannabi billion in

3. Washington's Initiative 502 (2012). Washington state residents voted to
legalize recreational marijuana at the same time Colorado did. While
Washington's recreational cannabis market hasn't been quite as large as in its
fellow pioneer state, total marijuana spending last year in the state was $934

million.

4. California's Proposition 64 (2016). California's passage of a ballot initiative
to legalize recreational marijuana is important because of the state's size. The
medical marijuana market in California was nearly $3 billion last year, roughly
twice the size of Colorado's total marijuana market. By 2022, Californ
marijuana market could be in the ballpark of 5 illion, according to

projections from Arcview Market Research and BDS Analytics.




When Gallup first asked about legalizing marijuana in 1969, 12% of Americans were in
favor. Support grew from there, reaching 31% in 2000 and surpassing the majority level
in 2013. Since 2016, at least six in 10 have been in favor,

aw i,

Ne

latest results are based on an Oct. 3-20 Gallup poll.

Just one-in-ten U.S. adults say marijuana should not
be legal at all
Americans' Support for Legal Marijuana

Just one-in-ten U.S. adults say marijuana
Do you think the use of marijuana should be legal, or not? y ]

should not be legal at all
— %Yes, lega % of U.S. adults who say marijjuana...
100 Should NOT Refused 1

be legal BN ‘
\
.. NET Should be legal
) 88

30
For medical 59
use ONLY For medical .
AND recreational
use :

2020

GALLUP

PEW RESEARCH CENTER
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EDITORS' PICK

Study Shows Most Physicians

Lack Knowledge Of Medical
Cannabis

A.J. Herrington Contributor C

What Americans Think
About Medical Cannabis

% of respondents agreeing with the following
statements on medical cannabis/CBD

I have already used
medical cannabis/CBD

The use of cannabis

‘ CAN NACEUTICA"‘ should be legal for everyone
Medical cannabis/CBD is a good
‘ Cannabis With Evidence alternative to traditional medical products

I would prefer medical cannabis/
CBD over chemical medication

| can imagine using
medical cannabis/CBD

| am worried about the risks
of using medical cannabis/CBD L

oy “Em

U
| don't want cannabis to be legal 13% _1‘ <

e

Based on an online survey of 2,049 U.S. adults conducted
between July 26 and August 10, 2021

Quelle: Statista Global Consumer Survey




There's No Stopping the Cannabis
Revolution

We are in the midst of a cannabis revolution.

* =z ; : Twenty-dhree states have leqalized the use of cannabis for responsible adults, and nearly 70 percent of
2023 OFFICIAL MEMBER / g 4 Americans now support tis common-sense policy.

Earlier this month, Marylanders experienced theirfirsttaste of cannabis freedom. In a few wegks,

Minnesotans wil join them.

Who wil be the next?



L Y SO S R SR DU N S ——
~




.S, DEA DRUG SCHEDULING

Schedule Definition Examples

How risky is recreational marijuana
use? No one really knows.

Less than two miles from Ryan McLaughlin's cannabis research lab at Washington State University

(WSU) in Pullman, there are dispensaries that legally sell cannabis products many times stronger than : . : 5 5
As more states legalize recreational cannabis, physicians and

scientists still know very little about its risks and benefits. That's
largely due to federal restrictions on research.

what his lab can obtain through the federal government for research.

It's very frustrating for me in a state that has legal recreational cannabis,” says McLaughlin, PhD, an

——
associate professor of integrative physiology and neuroscience and part of WSU's Center for Cannabis
Policy, Research, and Qutreach. “l could go to a cannabis store and ... [find] everything under the sun and

different ways of consuming it. But for me, as a researcher, my hands are tied."

McLaughlin uses animal models to study the effects of cannabis use on the brain and behavior. But
because cannabis is labeled a Schedule 1 drug by federal law, meaning it is considered to have high
potential for abuse and no accepted medical benefits, McLaughlin can only obtain his product from the
University of Mississippi, the sole grower authorized by the U.S. Drug Enforcement Agency.




Legalized recreational and medical marijuana . Legalized medical marijuana




— Higher times

Cannabis plants, resins, and oils have gotten
far more potent over the past quarter-century,
according to an analysis of illegal samples
seized by the U.S. Drug Enforcement
Administration. Concentrations of
tetrahydrocannabinol (THC), the main
psychoactive ingredient, have risen as states
have legalized cannabis use.

20%

15.34

1996

California

becomes the
10 - first state to
legalize medical
cannabis. 2012
Washington
and Colorado
become the first
states to legalize
cannabis for
3.96 recreational use.

Average THC concentration

I 1 I
1995 2000 2005 2010 2015 2020

cannabis and cannabinoids

Cannabis is widely used worldwide, with an estimated
200 million people reporting past year use. However,
our knowledge about the health effects of cannabis use
is limited, in part due to the absence of standardised
measures for quantifying and reporting delta-9
tetrahydrocannabinol (THC), the primary psychoactive
cannabinoid in cannabis products. Current reporting
practice often includes frequency of use but lacks a
suitable measure of dose (ie, how much is consumed).
Common measures of dose (eg, weight of cannabis
in grams, number of joints smoked) have important
limitations. First, these measures are unable to capture
the increasingly diverse range of cannabis products
and methods of use (eg, edibles, drinks, vaping,
and dabbing).® Second, concentrations of THC have
increased internationally and vary substantially across
different cannabis products,” which limits the precision

Vaping oil: “Filthy Laboratory”

@ ® A standard THC unit for reporting of health research on

of these measures (eg, grams of cannabis or number of
joints smoked) for estimating the dose of THC. Third,
inconsistencies in methodology and reporting practice
hinder our understanding of the health effects of THC,
both in terms of adverse outcomes (eg, psychotic
disorders, neuroanatomical alterations)® and potential
benefits (eg, treatment of chronic pain).

In 2018, the need to establish a standardised dose
for cannabis was identified as the top priority of the
US Mational Institute on Drug Abuse Cannabis Policy
Research Workgroup,* on the premise that standardised
measures had proved useful for alcohol and other drugs.
Yet, because of the range of different cannabis products
and formulations, there was no similar concept or
measure for cannabis available.* In 2019, we proposed
the standard THC unit: a dose of 5 mg of THC® Similar
to standard alcohol units, which are measured in

wwnw.thelancet. com/piychistry Vol 8 November 2021

e

oax Q. . o2x o.23%x jCD
THC CBD CTIN e




June 23/30, 2015

Cannabinoid Dose and Label Accuracy in Edible
Medical Cannabis Products

Ryan Vandrey, PhD!; Jeffrey C. Raber, PhD2; Mark E. Raber?; ot al
ons | Article Information

JAMA. 2015;313(24):2491-2493. doi:10.1001/jama.2015.6613

Restlts

0 75 products purchased (47 different brands), 17% were accurately labeled, 23% were underlabeled, and
60% were overlabeled with respect to THC content (Table 1). The greatest likelihood of obtaining Under-
Jabeled products was in Los Angeles and overlabeled productsin Seattle (y2=12.94, P=01),

Non-THC content was generally low (Table 2). Forty-four products (59%) had detectable levels of CBD; only
13 had CBD content (abeled. Four products were underlabeled and 9 were overlabeled for CBD. The median

THC:CBD ratio of products with detectable CBD was 36:1, 7 had ratios of less than 10:1, and only 1 had a

ratio,
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'f - - . Retalil cann;;;sales in the U.S. are on pace to surpass $33 billion by the\\
Desplte Some Stuml)_]'es? TOta’]‘ end of 2022 and more than $52 billion by the end of 2026. (MJBiz
Sales In U.S. Cannabis Market Factbook)
. “ « U.S. medical and recreational cannabis sales saw noticeable jumps in
Could Soar To $50.7 Billion By t B

2028, Says Top Researcher

2021 by approximately 34% and 43%, respectively, compared to 2020

sales. (MJBiz Factbook)
» 46% of consumers get their cannabis products from a dispensary. (Leafly

™ o el £ M - -
-_— aare AT F Ranag
SEEUS U5 LTallE

-

. -

« 20% of dispensary shoppers say that mood-specific labeling influences
their purchase decision. (Cannabis Products)
* Female consumers account for less than one-third of total U.S. cannabis

sales. But their sales are growing faster than those of male consumers.
(Headset)

» Marijuana sales soared during the first year of the pandemic. Americans
spent more than $18 billion on cannabis in 2020 - a 71% increase over
2019 sales. (Leafly)

» In 2021, U.S. cannabis sales for 4/20 reached $175.6 million. (Statista)

» After 4/20, occasions with the highest cannabis sales during 2021 were:
Green Wednesday, Memorial Day weekend, Valentine’'s Day, and New
Year's Eve. (Eaze)

» Almost half (45%) of current consumers purchase cannabis at least once

o

per week. (New Frontier Data - Cannabis Consumers in America)

« Consumer spending, on average, is highest for flower ($98) and vapes
($92) and lowest for topicals ($57) and pre-rolls ($38). (New Frontier

. =T | — —

At = 1 Ta ) J Mammabhic Damort
pata - sUss Uo. Lannabls Repol J
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Approximately 52 million U.S. adults will consume cannabis at least once
in 2022 in both legal and unregulated markets. (New Frontier Data -

AN 1] C Pammabie Damerd
U2 Uo., Lannabls keport

The number of cannabis consumers in the U.S. is expected to grow by
about 4% every year for the next eight years, reaching an estimated 71
million consumers by 2030. (New Frontier Data = 2022 U.S. Cannabis

Report)

The United Nations estimated that 192 million people globally used

cannabis in 2018, making it the most used substance worldwide. (United
Nations Office on Drugs and Crime)

In 2021, nearly half of U.S. adults (49%) said they have tried marijuana,
up from 45% in 2019. (Gallup)

Generation Z is the age demographic to keep an eye on - the U.S. market

share of this age group has more than doubled in the last two years,
rising from 8.3% in Q1 2020 to 15% in Q4 2021. (Headset)

When asked why they use cannabis, more people cited stress (21.9%)
and mental health (21.5%) management than any other reason. (Eaze)
37% of consumers use cannabis with workout routines. (Eaze)

55% of current consumers are dual-use consumers, meaning their
cannabis use is both medical and recreational. (New Frontier Data -

i gy R B J— - 2 A . —
Lannaols Lonsumers in Ame '-_--:.‘J

For many consumers, cannahis has become part of their regular routine -

47% of consumers use cannabis daily, and 67% consume it more than
once a week. (New Frontier Data - Cannabi

v e st Aare 1 A oy
nabis L.onsumers in Amei -;'.-‘J

» The cannabis industry could add nearly $100 billion to the American
economy by the end of 2022 and around $155 billion by 2026.

—
r. A 1Bi=NAailv)
vl _-'| L0 | Y.!

o In 2020, North America had the largest share of legal cannabis sales
worldwide, accounting for nearly the entire market. (Statista)

o California is the single largest cannabis market in the world - larger e
than all of Canada. (Statista)

o North American cannabis companies raised more than $1.6 billion in
January 2021 alone. (MJBizDaily)




- Cannabis Industry Statistics on Product

Flower is still the most purchased cannabis product, but its market share
is declining. Flower sales in the U.S. increased from $4.92 billion in 2020

to $5.49 billion in 2021, but its overall market share dropped. (A

V)
Vapes came in second for product revenue in 2021 in the U.S., with
nearly $2.6 billion in retail sales and 28% year-over-year growth.
(Heac
Marijuana-infused beverages are gaining popularity, with a 45% jump in
year-over-year growth in 2021. (He )
Pre-roll sales went from $1.02 billion in 2020 to $1.42 billion in 2021, a

» increase. (Hea t)

o of U.S. consumers say that taste/flavor is the most important factor

in deciding what cannabis products to buy, followed by high THC content

(3 and low price (2 . (D
% of the cannabis market by 2025.

Y

M v%]‘!‘“l’lvf'*!'f i

Around half (51%) of all consumers - and 61% of those under 35 - say

they are interested in trying new cannabis products. (P

"

[
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e POLITICS SCIENCE & HEALTH CULTURE BUSINESS VIDED NEWSLETTER - BILL TRACKING - ABOUT MARLJUANA MOMENT ~

States Have Generated Over $15 Billion In
Marijuana Tax Revenue Since 2014, Though
rnings Declined Last Year, Report Finds

The right way to
do drugs

e As of April 2022, 77% of the U.S. population live in a state with some
form of legalized cannabis. (MJBiz Factbook)

e 91% of Americans favor some type of marijuana legalization. 60% say it
should be legal for medical and recreational use, while 31% think it
should only be made legal for medical reasons. Just 8% of Americans
don’t support any legalization. (Pew Research Center)

e 77% of consumers think there should be public spaces (like cafes) where
cannabis use is allowed. (New Frontier Data — Cannabis C '

» Every state without legalization shares at least one border with a state

Legalising
cannabis safely

that has legalized cannabis. (MJBiz Factbook)

Combined Totals By Year (AII Stutes)

« Texas accounts for more than one-third of the population without legal

access to cannabis. (MJBiz Factbook)

« The transition between medical and recreational markets has

accelerated. California took 7,308 days between the legalization of $4.000,000,000

medical marijuana to the first recreational sale. In 2020, South Dakota

became the first state to have medical and recreational use approved at $3,000,000,000

the same time. (MJBizDaily and MJBiz Factbook)

» Eighteen more states are poised to legalize medical or recreational

$2,000,000,000

cannabis over the next decade. (New Frontier Data — 2022 U.S
Report)

« If all 18 potential states pass legalization measures, 96% of Americans
will live in a state with some form of legal cannabis access. (New Frontie

Data — 2022 U.S. Cannabis Report)

$1,000,000,000

2014 2015 2016 2007 2018 2019 2020 2021 2022
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The Highly Divisive,
Curiously Underfunded
and Strangely Promising

World of Pot Science
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INSTITUTE OF MEDICINE: 1997 &
2003

E— 00

SUMMARY OF RESEARCH

® More than 30 yrs of clinicalresearch  @Indicate: reduction in neuropathic

® Only small number of randomized, pain
controlled trials of "smoked ® Improves appetite and caloric
cannabis" intake

o Short term with a total of about 300  @Spasticity relief in MS

patients ® Better alternatives are available to

Rx glaucoma and chemo-induced
N &V

ALISON MACK « JANET QY



CANNABINOI

DS FOR ME

USE: 23 JUNE 2015
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DICAL

« Systemic Review and Meta-Analysis
« 79 Trials: (6462 participants)

« Study Selection: “Randomized clinical
trials of cannabinoids for the following
indications:

« 1. Nausea and vomiting associated with
ChemoRX

Appetite Stimulation in HIV/SIDS

Chronic Pain

Spasticity due to MS/paraplegia

Anxiety/Depression: Sleep Disorder

Psychosis: glaucoma, Tourette Syndrome



DS FOR MEDICAL USE
(CONT)

« Most trials showed improvement in

“SYMPTOMS"...Did NOT meet statically
significance in all trials

« N&V: greater than average showing

response comp. with placebo

« Pain: greater than average reduction in

numerical pain scale rafing

« Spascity: Average reduction



CONCLUSIONS AND RELEVANCE

 Moderate-quality evidence to Support
cannabinoid use for Chronic Pain and
Spascity

« Low-Quality evidence: Suggesting that
Cannabinoids were associated with
Improvemen’rs IN N&V due to ChemoRyx,
Weight gain in HIV, Sleep Disorders, and
Tourettes

« Cannabinoids were associated with an
Increase risk of short term AE
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The Notonl Auadomis of
JCIENCES ENGINEERING  MEDICINE

12 JANUARY 2017
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B
The Health Effects
of Cannabis and

——

Review more than 10,700 Abstracts

Close to 100 different research
conclusions

 Health Effects

Potential Therapeutic Uses
Risks: Mental Health, CA, Immunity

¢ Therapeutic Use of Cannabis and
Cannabinoids

Chronic Pain, CA, HIV-related
anorexia, HD, PD




The National Academies of
SCIENCES « ENGINEERING - MEDICINE

« “Conclusive or Substantial”: Can treat chronic pain in adults
Nausea and vomiting in ChemoRx

Improve reported MS spasticity

“Substantial Evidence” Smoking: worse respiratory S/S
Increase bronchitis
Risk MVC
Low Birth weight pregnancy
Increase psychosis/frequent use
Use at “earlier age” problematic
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The National Academies of
SCIENCES * ENGINEERING * MEDICINE

 “No Evidence”: In Rx Depressive Disorders and
PTSD
« “Limited Evidence": Associated impaired academic

performance and social functioning: nor increased rates
of unemployment and low income

Research Barriers: Schedule |

Difficulty “to gain access to
quantity, quality, and type of cannabis product necessary
to address specific research questions on health effects”
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TRIAL OF CBD FOR DRUG-RESISTENT
SEIZURES IN DRAVET SYNDROME

« 31 May 2017
« Complex childhood epilepsy disorder
* Double blind placebo controlled

« 120 parficipants: 20mg/kg

* 14 weeks

« With CBD decreased seizures/month12.5to 9
New England + Placebo 14.9 to 14.1

Journal of ;_\"}‘(“ff{)c « AE: CBD diarrhea, vomiting, fatigue, pyrexia, somnolence, LFT

* More withdrawals in CBD

« Greater reduction in seizure frequency

 Funded by GW Pharm
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Abstract

In 2017, a National Academies of Sciences, Engineering, and
Medicine (NASEM) repart comprehensively evaluated the
body of evidence regarding cannabis health effects through
the year 2016. The objectives of this study are to identify and
map the most recently (2016-2019) published literature
across approved conditions for medical cannabis and to
evaluate the quality of identified recent systematic reviews,
published following the NASEM report. Following the litera
ture search from 5 databases and consultation with experts,
11 conditions were identified for evidence compilation and
evaluation: amyotrophic lateral sclerosis, autism, cancer,
chronic noncancer pain, Crohn's disease, epilepsy, glaucoe
ma, human i"n"nuﬁodeficiencyvi rus/AIDS, multiple sclerosis
(M3}, Parkinson's disease, and posttraumatic stress disorder.
Atotal of 198 studies were included after screening for con
dition-specific relevance and after imposing the following

exclusion criteria; preclinical focus, non-English language,
abstracts only, editorials/commentary, case studies/series,
and non-U 5. study setting. Data extracted from studies in
cluded: study design type, outcome definition, intervention
definition, sample size, study setting, and reported effect
size. Few completed randomized controlled trials (RCTs)
were identified. Studies classified as systematic reviews were
graded using the Assessing the Methodological Quality of
Systematic Reviews-2 tool to evaluate the quality of ev

dence. Few high-quality systematic reviews were available
for mast conditions, with the exceptions of M5 (9 of 9 graded
maderate/high quality; evidence for 2/9indicating cannabis
improved outcomes; evidence for 7/9 indicating cannabis
inconclusive), epilepsy (3 of 4 graded moderate/high quality;
3 indicating cannabis improved outcomes; 1 indicating can:

nabis incondlusive), and chronic noncancer pain (12 of 13
graded moderateshigh quality; evidence for 7/13 indicating
cannabis improved outcomes; evidence from &/7 indicating
cannabis incondusive). Amaong RCTs, we identified few stud

ies of substantial rigor and quality to contribute to the ev

dence base. However, there are some conditions for which
significant evidence suggests that select dosage forms and
routes of administration likely have favorable risk-benefit ra-
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Medical Cannabis Efficacy, Effectiveness, and Safety Outcomes Reported

in Systematic Reviews

. Cancer

O Crohn's Disease

O Multiple Sclerosis

Number of Included Studies
in Systematic Review

&

* Meta-analysis

() wiviains
. ALS

Chronic non-cancer
pain

O Glaucoma
. Epilepsy
. PTSD

Fig. 1. Quality of evidence among systematic reviews assessing medical cannabis efficacy, effectiveness, and safe-
ty outcomes in selected conditions. MS, multiple sclerosis; ALS, amyotrophic lateral sclerosis; PTSD, posttrau-
matic stress disorder; HIV, human immunodeficiency virus.
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Limitations and Strengths

QOur review has several limitations that should be con-
sidered in the interpretation of the findings, First, we re-
stricted our search strategy to studies published between
July 2016 and October 2019 and for our rapid review to
studies published between 2000 and October 2019, There-
fore, we assessed only a narrow period of the most recent-
lyavailable literature. Second, we excluded articles report-
ing primary research conducted exclusively outside the
USA, in order to account for differences in cannabis prod-
uct availability internationally as well as differences in reg-
ulatory barriers and access. We, therefore, have excluded
potentially relevant recent literature conducted in coun-
tries with robust scientific and clinical research programs
evaluating cannabis efficacy and safety. However, studies
originating from the USA accounted for almost 2/3 of all
publications between 2000 and 2017 [219). Third, even
though we conducted pilot runs and training with review-
ers on the use of the data extraction tool, the data extrac-
tion step was only conducted by one reviewer with review
by a second reviewer in cases of uncertainty. In addition,
the screening process for each topic area was only con-
ducted by a second reviewer for those articles categorized
as “uncertain”; thus, selection bias might have been intro-
duced during both stages. However, weekly meetings
throughout the review process were used to clarify any
questions and uncertainties throughout the screening and
extraction process. Fourth, systematic reviews and meta-
analyses were not excluded if they partially included stud-
ies that were not matching our criteria (e.g., a systematic
review consisting of studies that were conducted between
2016 and 2019 but also prior to 2016 was still considered
as eligible, since it was not feasible to disentangle the evi-
dence synthesis without examining the underlying prima-
ry study). Therefore, our findings based on systematic re-

There are also several strengths of this review to con-
sider, including the broad scope of assessed medical con-
ditions, comprehensive search strategy that extended be-
yond RCTs, and adherence to the PRISMA statement for
gathering and reporting findings. Furthermore, this re-
view highlights recent research efforts by medical condi-
tion, and directions of findings, thus creating a compre-
hensive picture of the scientific landscape of clinical stud-
ies about cannabis. Moreover, we also identified several
literature gaps that could be addressed in future research,
and we assessed the quality of evidence available, which
is essential information for policymaking, Additionally,
input from an external expert panel ensured a wide range
in scope of the literature covered, and this review gives an
up-to-date overview about the current state of evidence
quality in a readily interpretable map.

Conclusion

The large body of the literature recently published re-
garding medical cannabis masks a paucity of evidence re-
lated to efficacy and safety as treatment options for sev-
eral conditions for which it is commonly prescribed.
Across 11 conditions, we identified few studies of sub-
stantial rigor and quality to contribute to the evidence
base. However, there are some conditions for which sig-
nificant evidence suggests that certain dosage forms and
routes of medical cannabis products likely have favorable
risk-benefit ratios (i.., epilepsy and chronic noncancer
pain). Gaps in the evidence remain significant for most
examined conditions, but the identification of several
registered forthcoming RCT' suggests that improved ev-
idence will be available in the coming years.
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Balancing risks and benefits of cannabis use: umbrella review of
meta-analyses of randomised controlled trials and observational

studies

Marco Solmi," " Marco De '_-:_rro..' Jong Yeob Ki'ﬂ.’: Min Je Choi,” Brendon Stubbs, ™"
Trewor Thompson, - Joseph Firth, ™" Alessandre Miola,”” Giovanni Croatto, ™
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Bjorm Gerdle,** Francesco Monaco,'®"

Pierluigi Simonato.”' Paolo Scocco,”? Valda Ricca,™ Giovanni Castellir

Michele Fomara,** Andrea Murru,*® Eduard Vieta,”® Paolo Fusar-Poli,*** Corrado Barbui,*”
John P A loannidis,”***° André F Carvalho,*’ Joaquim Radua,™ Christoph U Correll,”
Samuele Cort P50 Robin M Murmray,™ David Castle,”" Jae Il Shin,™ "

Elena Dragit

ABSTRACT

OBJECTIVE

To systematically assess credibility and certainty of
assoclations between cannabis, cannabinalds, and
cannabis based medicines and human health, from
observational studies and randomised contralled
triaks (RCTs).

DESIGN

Umbredla review.

DATA SOURCES

PubMed, Psychinfa, Embase, up to @ February 2022,
ELIGIBILITY CRITER|A FOR SELECTING STUDIES
Systematic reviews with meta-analyses of
observational studies and RCTs that have reported

on the efficacy and safaty of cannabls, cannabinolds,
or cannabis based medicines were included.
Credibility was graded according to convincing, highly
suggestive, suggestive, weak, or not significant
(observational evidence), and by GRADE (Grading

of Recommendations, Assessment, Development
and Evaluations) (RCTs). Quality was assessed with
AMSTAR 2 (A Measurement Tool to Assess Systematic
Reviews 2). Sensitivity analyses were conducted.
RESULTS

101 metz-analyses were included (observational=50,

WHAT IS ALREADY KNOWN ON THIS TOPIC

RCTs=51) (AMSTAR 2 high 33, moderate 31, low
32, or critically low 5). From RCTs supported by high
to moderate certainty, cannabis based medicines
ncreased adverse events related to the central
nervous system (equivalent edds ratio 2.84 (95%
confidence interval 2.16 to 3.73)). psychological
effects (3.07 (1.79 to 5.26)), and vision (3.00 (1.79 to
5.03)) in people with mixed conditions (GRADE=high),
mproved nausea/vomit, pain, spasticity, but
ncreased psychiatric, gastrointestinal adverse event,
and somnolence among athers (GRADE=moderate).
Cannabidiol improved 50% reduction of selzures
{(0.59 (038 to 0.92]) and seizure events (0.59 (0,36
to 0.96)) (GRADE=high). but increased pneumania,
gastrointestinal adverse events, and somnolence
(GRADE=moderate). Fer chronic pain, cannabis based
medicines or cannabinaids reduced pain by 30%
(0.59 (037 to 0.93), GRADE=high), acmss different
conditions (n=7), but increased psychological
distrass. For epllepsy, cannabidiol increased risk
of diarrhoea (2.25 (1.33 to 3.81)), had no effect on
sleep disruption (GRADE=high), reduced selzures
across different populations and measures (n=7,
mpreved global impression (n=2). quality of life, and
ncreasad risk of somnolence (GRADE=moderate). In
the genaral population, cannabls worsened positive
psychotic symptoms (5.21 (336 to B.01)) and
tofal psychiatric symptoms (7.49 (5.31 to 10.42))
(GEADE=high). negative psychotic symptoms. and
cognition (n=11) (GRADE=maderate). In healthy
people, cannabinoids improved pain threshold

.59 to 0.91]), unpleasantness (060 (061

GRADE=high). For inflammatory bowel

disease, cannabinolds improved quality of life (D34
(0.22 to 0.53) (GRADE=high). For multiple sclerasis,
cannabinoids improved spasticity, pain, but increased
risk of dizziness, dry mouth, nausea, somnolence
(GEADE=moderate). Fer cancer, cannabinoids
mproved sleep disnuption, but had gastrointestinal
adverse events (n=2) (GRADE=moderate). Cannahis
based medicines, cannabis, and cannabinoids
resulted in poor tolerability across various conditions
(GRADE=moderate). Evidence was convincing from
abservational studies imain and sensitivity analyses);
n pregnant wemen, small for gestational age (1.61
(1.41 to 1.83)), low birth weight (1.43 (1.27 o 1.63));

1
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median Newcastle-Ottawa score of case-control and
cohort studies was 7 (interquartile range 7-9).

Among the 187 randomised controlled trials, 64
reparted on tetrahydrocannabinol, 32 on nabilone, 26
on nabiximols, 22 on cannabis, 18 on cannabidiol, and
the remaining on various combinations of cannabis-
based medicines, or other individual cannabis based
medicines. Of these, 186 focused on medical use of
cannabinoids, and one on recreational use; the route of
administration was oralin 121, oral spray in 29, inhaled
in 21, intravenous in six, intramuscular in four, oral
and inhaled in three, and transdermal in two studies.
The risk of bias was high in 79 randomised controlled
trials, unclear in 55, low in 48, and moderate in five.

Discussion

Principal findings

This umbrella review grades the credibility and
certainty of evidence on the effect of cannabinoid
use, encompassing observational and interventional
evidence.

Regarding harmful outcomes, among all meta-
analytical associations supported by at  least
suggestive evidence in observational studies and
moderate certainty in randomised controlled trials,
converging evidence supports an increased sk
of psychosis associated with cannabinoids in the
general population. Specifically, cannabis use was
associated with psychosis in adolescents (highly
suggestive credibility, convincing in main sensitivity
analyses) and adults (suggestive credibility, suggestive
certainty), and with psychosis relapse in people with
a psychotic disorder (weak credibility, suggestive
certainty). Use of cannabinoids in adult non-clinical
and clinical populations was associated with positive
(high certainty) and negative (moderate certainty)
psychotic symptoms in randomised controlled trials.

Evidence from observational studies (weak
credibility, suggestive certainty) and randomised
controlled trials (high credibility, moderate certainty)
show an association between cannabis and general
psychiatric symptoms, including depression and
mania, as well as detrimental effects on prospective
memory, verbal delayed recall, verbal learning, and
visual immediate recall (weak credibility, highly
suggestive in  observational evidence, moderate
certainty in randomised controlled trials). Across
different clinical and non-clinical populations,
observational evidence suggests an  association
between cannabis use and motor vehicle accidents
(weak credibility, convincing certainty). Additionally,
evidence from randomised controlled trials shows an
association with somnolence (cannabinoids (moderate
certainty) and cannabidiol (high certainty)),'"" and
cannahis based medicines and wvisual impairment
(high certainty), disorientation, dizziness, sedation,
and vertigo (moderate certainty), among others.

These associations are of particular concern given
the epidemiology and age pattern of cannabis use
disorders, and the population attributable fraction of
cannabis for schizophrenia, which is almost 1086, 5

According to the Global Burden of Disease 2019,
cannabis use disorders are associated with 690000
(95%  uncertainty interval  421000-1080000)
disability adjusted life years per 100000 individuals
globally.” Prevalence and disability related to cannabis
start to be measurable at ages 10-14 years (11900
disability adjusted life years), peak at ages 20-24 years
(163 000 disability adjusted life years), then gradually
decrease.” 2 7 The age pattern of cannabis use
disorders coincide with the peak age at onset of mental
health disorders. According to the largest meta-analysis
on the age at onset of mental disorders published
to date, which pooled 192 studies and 708561
individuals, around 34.6% of mental health disorders
have onset by age 14 years, 48.4% by 18 years, and
62.5% by 25 vears; the age that any mental health
disorder anset peaks is at 14.5 years.'™ For cannabis
use disorders, 66% of people will have onset by age 25
years, with age of peak onset 20.5 years. Of note, age
at peak onset of schizophrenia spectrum disorders is
also in the early 205, with a slightly lower proportion
of people with onset by 25 years (47.8%). In addition
to the association between cannabis and psychosis,
cannabis is also associated with a worse outcome after
onset, including poarer eognition,™ lower adherence to
antipsychotics,*® and higher risk of elapse.® In other
words, use of cannabis when no psychotic disorder
has already occurred increases the risk of its onset,
and using cannabis after its onset, worsens clinical
outeomes. Mood disorders also have their peak of onset
close to that for cannabis wse, which s of concern
given the associations shown in this work between
cannabis and depression, mania, and suicide attempt.
Moreover, high tetrahydrocannabinol content cannabis
could serve as a so-called gateway to other substances,
particularly in younger people: this effect has been
shown in humanss'®® and animal models,'™ 17
strengthening the recommendation to aveid cannabis
use in adolescents and young adulthood.

Evidence suggests detrimental effects oncognition, an
association with motor vehicle accidents, together with
the age pattern of cannahbis use (disorder), and related
burden, which raise two additional matters. Firstly,
given the adverse effects of cannabis on verbal delayed
recall, verbal leaming, visual immediate recall, and
mental health, negativeeffectson scholastic oracademic
performance are reasonably expected, particularly
in people who heavily use. Secondly, psychiatric
symptoms such as suicide ideation and attempt,
mania, and poor cognition, among other adverse events
{eg, somnolence, disorientation, dizziness, sedation,
vertign, and wvisual impairment) might mediate the
association between cannabis and increased risk
of motor vehicle accidents. According to the DRUID
project (driving under the influence of drugs, alcohol,
and medicines in Europe), tetrabydrocannabinal ((0.5-
2.2), measured as tetrahydrocannabinol or carboxy-
tetrahydrocannabinol, in oral fluid or blood) is the
second most frequent compound detected in seriously
injured  drivers, after alcohol (14.1-30.2%), then
cocaine and amphetamines.'*#
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(cannnbldiol) 10? mg/mL, 1
Oral Solution
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NATURAL EXTRACT FROM PLANT

SOURCE

THC and CBD (nabiximols)
Qraomucosal spray

2.7mgTHC/2.5mg CBD: 2.5-120mg in
divided doses

Neuropathic pain/spasticity of MS
Analgesia: advanced CA-mod/severe

UK, Canada 2010: First Cannabis based
med

US: Phase lll trials in CA pain inifial results
in 2014

GW Pharm/ Otsuka
New Drug app: 2013 spasticity of MS

Cannabis Medications Currently in Use

Agent

" Epidiolex (CBD)

oral solution

Marinol (dronabinol)
oral capsule

Cesamet (nabilone)
oral capsule

"~ Sativex (THC and CBD)

oromucosal spray

CRD:

Sou

Cannabis Element
CBD

Synthetic THC

Synthetic cannabinoid
similar to THC

THC + CBD

Intended Indication(s)

FDA-approved for treating
seizures associated with
Lennox-Gastaut syndrome or
Dravet syndrome in patients
aged =2 years

FDA-approved for treating
anorexia ciated with
weight loss in AIDS patients
and for treatment-resistant
N/V associated with cancer
chemotherapy

FDA-approved for treatment
of treatment-resistant N/V
associated with cancer
chemotherapy

Approved in other countries
for symptom improvement
in adults with treatment-
refractory MS spasticity

Impertant Information

Classified as a Schedule V
substance®

Classified as a Schedule Il
substance®

Not approved for use in the U.S;;
also called nabiximols in the

the only cannabis-based
medication intended for use in
pain management
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Main Outcomes and Measures Survey data were linked to EHR data in the year before screening. EHR measures included
May 23, 2022

Comparison of Medical Cannabis Use Reported on a
Confidential Survey vs Documented in the Electronic
Health Record Among Primary Care Patients

Gwen T. Lapham, PhD, MPH, M S"."v"'zi Theresa E. Matson, [\-'1PH1*2; David S. Carrell, Ph D'l; etal

documentation of explicit and/or implicit medical cannabis use. Analyses estimated the primary care prevalence of cannabis
use and compared EHR-documented with patient-reported medical cannabis use, accounting for stratified sampling and
nonresponse.

Results Overall, 1688 patients responded to the survey (34% response rate; mean [SD] age, 50.7 [17.5] years; 861 female
[56%], 1184 White [74%], 1514 non-Hispanic [97%], and 1059 commercially insured [65%]). The primary care prevalence of
any past-year patient-reported cannabis use on the survey was 38.8% (95% Cl, 31.9%-46.1%), whereas the prevalence of ex-
plicit and implicit medical use were 26.5% (95% (I, 21.6%-31.3%) and 35.1% (95% (I, 29.3%-40.8%), respectively. The
prevalence of EHR-documented medical cannabis use was 4.8% (95% Cl, 3.45%-6.2%). Compared with patient-reported ex-

% Author Affiliations | Article Information

JAMA Netw Open. 2022;5(5):e2211677. doi:10.1001/jamanetworkopen.2022.11677

¢ Related
s RE
&7 Articles

plicit medical use, the sensitivity and specificity of EHR-documented medical cannabis use were 10.0% (95% C,

Key Points 4.4%-15.6%) and 97.1% (95% Cl, 94.4%-99.8%), respectively.

Question What is the prevalence of patient-reported explicit (ie, medical use) and implicit (ie, health reasons for use) medi- , . ) . . . ) .
cal cannabis use, and how does electronic health record documentation compare with patient report of medical use? Conclusions and Relevance These ﬁndmgs suggest that medical cannabis use is common among primary care patientsin 3

state with legal use, and most use is not documented in the EHR. Patient report of health reasons for cannabis use identifies

Findings In this survey study, among 1688 primary care patients, 26.5% reported explicit and 35.1% reported implicit medi-
cal use of cannabis. The prevalence of medical use documented in the electronic health record was 4.8%, missing most medi- more medical use compared with explicit questions about medical use.

cal cannabis use reported by patients.
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Prevalence of Cannabis Use Disorder and Reasons for Use
Among Adults in a US State Where Recreational Cannabis
Use Is Legal

Gwen T. Lapham, PhD, MPH, ‘.’S"."u"'z; Theresa E. Matson, PhD, MPHH; Jennifer F. Bobb, P|1D1; etal
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JAMA Netw Open. 2023;6(8):e2328934. doi:10.1001/jamanetworkopen.2023.28934
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Cannabis use is prevalent and increasing in the US.1* As of June 2023, 38 states have legalized medical cannabis use; among
these, 23 have Legalized recreational use.* Cannabis use is most prevalent in states with legal recreational use, where now
more than half of US adults have legal access to cannabis.”8 Medical use of cannabis is also growing,® although prevalence
varies depending on state law, clinician recommendation, and patient viewpoints.'®"> Among primary care patients who
used cannabis in a state with legal recreational use, where provider recommendation is unnecessary for medical use, the

prevalence of patient-reported medical cannabis use was 67%."

Greater cannabis use is associated with an increase in risk of cannabis use disorder (CUD),"*-'7 and legalization has contrib-
uted to increases,'®-2% with 17% of individuals who use cannabis having CUD.Z' Among veteran outpatients who used
cannabis in a state with [egal medical use, the prevalence of CUD varied by reasons for use and was lowest among those who
reported medical use only."? This study assessed whether CUD prevalence varied for patients by self-reported reason for
cannabis use in a state with legal recreational use. We estimated the prevalence of CUD based on a diagnostic questionnaire
on a confidential cannabis survey among patients who used cannabis, overall and by 3 categories of patient-reported reasons

for use: medical use only, nonmedical use only, and both.

Main Outcomes and Meastres Patient responss to the Composite Internationl Diagnostc nterview-Substance Abuse

Module for CUD, comesponding to Diagnostic and Statistical Manual of Mental Disorders,Fifth Editon CUD severity (0H1
symptoms) were cateqorized as any CUD (22 symptoms) and moderate to severe CUD (24 symptoms). Adjusted analyses
Were weighted for survey stratfication and nonrespanse for primary care papulation estimates and compared prevalence of

CUD across raasons for cannabis Use.

Results (f 1463 included primary care patients (weighted mean [S0] age, 474 [16.8] years; 748 [weighted proportion,
61.9%) fomale) who s 42.4% (95% 1, 31.2%-54.3%) reported medical use only, 25.% (95% C1, 178%-14.2%)
nonmedical use anly, and 32.5% (95% C1, 25.3%-40.8%) both reasans for se. The prevalence of CUD was 21.3% (95% |
19.4%-28.5%) and did not vary acrass qroups. The prevalence of moderate to severe CUD was 6.3% (35% C1, 5.0%-8.6%)
and difered across groups: 1.3% (95% €1, 0.0%-L.8%) for mecical use, 72% (95% 1, 39%-10:4%) fo nonmedical se, an
T [95%[|,5.7%-9.4%)f0rh threasons for use (P=,01)

sed cannabis, 42

Conclusions and Relevance: [n £his cross-sectional study of primary care patfents ina state with legal recraational cannas

1se, CUD was common amang patients who used cannabis, Moderate to severe CUD was more prevalent among patients wh
reported any nonmedical use, These restls underscore the importance of assessing patient cannabis use and CUD symptoms

inmedical settings



What Is Cannabis Use Disorder? DSM-5 Definition. According to the
Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
(DSM-5), cannabis use disorder is characterized by “a problematic

efits, its use in excess by some individuals
ind occupational functioning. Published in
distress.” nov7 2022 1d Statistical Manual of Mental Disorders
wamg) muuusu argnvan whianyes w slbstance-related and addictive disorders.
DSM-5 combined the previously separate categories of substance abuse and
dependence into a single disorder of substance use, specific to the substance (eg,
Alcohol Use Disorder, Cannabis Use Disorder). The Text Revision of the DSM-5was

published in 2022. It recognizes the following 5 cannabis-associated disorders; ['%

e Pattern of cannabis use leading to clinically significant impairment or

+ Cannabis Use Disorder

Cannabis Intoxication

AMERICAN PSYCHIATRIC ASSOCIATION Cannabis Withdrawal

DSM-5 Criteria for
Cannabis Use Disorder

Cannabis-Induced Mental Disorders

Unspecified Cannabis-Related Disorder

October 11-14
Tampa ¢ Hybrid



Cannabis/Marijuana
Use Disorder

KEYWORDS: CANNABIS/MARIJUANA USE DISORDER
SUBSTANCE USE DISORDER

The continued use of cannabis despite
significant negative impact on one's life
and health

About 10 percent of people who begin
smoking cannabis will become addicted

Treatment includes motivational
interviews, contingency management
and cognitive behavioral therapy
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Nondisordered Cannabis Use Among US Adolescents
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Key Points

Question |s nondisordered cannabis use (NDCLU) among US adolescents associated with adverse psychaosocial events?

Findings In this cross-sectional study of 68 263 adolescents, NDCU was approximately 4 times more common than canna
use disorder (CUD). NDCU and CUD were both significantly associated with adverse psychosocial events in a stepwise grad

ent manner.
Meaning These findings suggest that adolescents with NDCU or CUD had increased odds of adverse psychosocial events.

Objective To describe the prevalence and demographics of MDCU and to compare associations of cannabis use with adverse
psychosocial events among adolescents with no cannabis use, NDCU, and CUD.

Design, Setting, and Participants This cross-sectional study used a nationally representative sample derived from the 2015
to 2019 National Survey on Drug Use and Health. Participants were adolescents aged 12 to 17 years, separated into 3 distinct
groups: nonuse (no recent cannabis use), NDCU (recent cannabis use below diagnostic threshold), and CUD. Analysis was
conducted from January to May 2022.

Exposures CUD, NDCU, or cannabis nonuse. NDCU was defined as endorsing recent cannabis use but not meeting the
Diagnostic and Statistical Manual of Mental Disorders (Fifth Edition) (DSM-5) CUD criteria. CUD was defined using DSM-5
criteria.

Main Outcomes and Measures The main outcomes were prevalence of adolescents meeting criteria for NDCIU and associa-
tions between adverse psychosocial events and NDCU, adjusted for sociodemographic characteristics.

Results The 68263 respondents (mean [SD] age, 14.5 [1.7] years; 34773 [50.9%] males) included in the analysis repre-
sented an estimated yearly mean of 25 million US adolescents during 2015 to 2019. Among respondents, 1675 adolescents
(2.5%6) had CUD, 6971 adolescents (10.2%9%) had NDCU, and 59617 adolescents (87.3%6) reported nonuse. Compared with
nonusers, individuals with NDCU had approximately 2 to 4 times greater odds of all adverse psychosocial events examined,
including major depression (adjusted odds ratio [aOR], 1.86; 95%: Cl, 1.67-2.08), suicidal ideation (aOR, 2.08; 95% Cl, 1.88-
2.29), slower thoughts (aOR, 1.76; 95% Cl, 1.58-1.96), difficulty concentrating (aOR, 1.81; 959 ClI, 1.65-2.00), truancy (aOR,
1.90; 95% CI, 1.67-2.16), low grade point average (aOR, 1.80; 95%: Cl, 1.62-2.00), arrest (a0OR, 4.15; 95% Cl, 317-5.43), ight-
ing (a0OR, 2.04; 95% CI, 1.80-2.31), and aggression (a0OR, 216; 95%: Cl, 1.79-2.62). Prevalence of adwverse psychosocial events
was greatest for adolescents with CUD (range, 12.6% to 41.9%%), followed by NDCU (range, 5.2% to 30.4%%), then nonuse
(range, 0.8% to 17.3%).

Conclusions and Relevance In this cross-sectional study of US adolescents, past-year NDCU was approximately 4 times as
prevalent as past-year CUD. A stepwise gradient association was observed for odds of adverse psychosocial events between

adolescent NDCU and CUD. In the context of US normalization of cannabis use, prospective research into NDCU is necessary.
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Abstract

Cannabis use disorder (CUD) is an underappreciated risk of using cannabis that affects -10%
of the 193 million cannabis users worldwide. The individual and public health burdens are less
than those of other forms of drug use, but CUD accounts for a substantial proportion of
persons seeking treatment for drug use disorders owing to the high global prevalence of
cannabis use. Cognitive behavioural therapy, motivational enhancement therapy and

. contingency management can substantially reduce cannabis use and cannabis-related
Using more

to maintain
desired effects

Spendi ng problems, but enduring abstinence is not a common outcome. No pharmacotherapies have
excessive amounts been approved for cannabis use or CUD, although a number of drug classes (such as
Failing to of time searchi ng cannabinoid agonists) have shown promise and require more rigorous evaluation. Treatment
stop using for, using, or of cannabis use and CUD is often complicated by comorbid mental health and other

recovering substance use disorders. The legalization of non-medical cannabis use in some high-income

!
| \‘ \ from use countries may increase the prevalence of CUD by making more potent cannabis products
\ ; more readily available at a lower price. States that legalize medical and non-medical cannabis
m f use should inform users about the risks of CUD and provide information on how to obtain

assistance if they develop cannabis-related mental and/or physical health problems.
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Fig. 2 |. CB1 receptor signalling. The endocannabinoid neurotransmitters anandamide (AEA)

and 2-arachidonoylglycerol (2-AG) activate cannabinoid CB1 and CB2 receptors. 2-AG and AEA Mild
are synthesized from diacylglycerol (DAG) and N-arachidonoyl phosphatidylethanolamine

(NAPE), respectively. Plant-derived exogenous cannabinoids such as A%-tetrahydrocannabinol

Cannabis use and cannabis use disorder

Jason P. Connor & Daniel Stiepanovic, Bemard Le Foll, Eva Hoch, Alan J. Budney & Wayne D. Ha

Nature Reviews Disease Primers 7, Article number: 16 (2021) | Cite this article

Vulnerability Exposure

Biological Cannabis use

* Heritability (50-70%) * Cannabinoid profile

* Family aggregation (THC:CBD ratio)

* Dopamine inactivation * Dose

* Polymorphism in cannabis * Frequency of use
genes * Route of

* Epigenetic modification administration
of DNA ¢ Availability

* Age, gender * Price

Psychological

* Traits and temperament
* Mental disorders

» Personality

Social

Shared environment
(family, neighbourhood,
peers, network,
socioeconomic

background, violence
and/or delinquency)

Modifying factors

Stressors

* Negative life events

» Lack of social support

* Mental disorders

* Exposure to and/or
effects of stressors

Protective

* Resources

» Coping skills

* Family

* Socioeconomic
background

» Resilience

* Personality

* Temperament

]

6‘56»\- y
X/

e

&
(6\0‘3 o~
Ry

Childhood Adolescence

Trajectories — Transitions

Lifespan

See this image and copyright information in PMC

» Turning points

onsequences
acute/long term

Brain

* Functional and/or
structural changes

» CB1 receptor
downregulation

* Addiction memory

Physical problems

* Problems during pregnancy
and/or fetal development

» Testicular cancer

* Respiratory and/or lung
problems

* Tolerance

* Withdrawal

* Craving

/" Mental problems

* Abuse and/or dependence
* Symptoms and diagnoses of
mood disorders, psychoses
and schizophrenia
* Other substance use

disorders

Social problems

* Schooling and/or education

* Family problems

* Employment

* Financial difficulties

* Delinquency and/or
criminality

Adulthood

Fig. 5 |. A multifactorial model for cannabis use disorders. A range of biological factors,
psychological factors and social factors shape an individual's vulnerability. Repeated exposure to
sufficiently high doses of A°-tetrahydrocannabinol (THC) for an extended period (months to
years) can result in adverse acute and long-term mental, physical and social consequences.
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Fig. 4 |. PET imaging of CBI receptors and FAAH.
a | PET imaging of CBI receptors using ['SF]JFMPEP-d,. Statistical parametric mapping
(SPM) analysis showed lx?\\'clr)distributimll \'0:umc Vr (a measure ot't’cccptor dcnsilr;l) n Non‘User
chronic daily cannabis smokers (2= 30) than in control subjects (7= 28) at bascline as
a large single cluster that includes cortical regions. Bar represents values in each voxel
within the significant cluster. b | PET imaging of fatty acid amide hydrolase (FAAH) using
['!C]CURB in transaxial (top) and coronal (bottom) views of an individual used as control
(left) and a subject with cannabis use disorder (CUD) (right) following overnight abstinence.
The subject with CUD had lower uptake of PET tracer in striatum, thalamus and cortical
regions. Panel a reprinted from REF.”?, Springer Nature Limited. Panel b reprinted with
permission from REF.??3, American Chemical Society. A See this image and COpyLight information in PMC

Fig. 6 |. The hierarchy of substance use disorders across diagnostic systems. Cannabis use
Cannabis use and cannabis use disorder and misuse form a spectrum of severity. Most individuals do not use cannabis. Individuals who

do use cannabis typically use infrequently. However, in a smaller percentage of cannabis users
Jason P. Connor &, Daniel Stjepanovié, Bernard Le Foll, Eva Hoch, Alan J. Budney & Wayne D. Hall typ y eq y ! p g !

frequent use increases risk of harm (that is, hazardous cannabis use according to the

Nature Reviews Disease Primers 7, Article number: 16 (2021) | Cite this article
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Cannabis News

UNREGULATED DELTA-8 THC PRODUCTS FACE NEW SCRUTINY IN NEW JERSEY
- AND FROM THE FDA AND FIC

duly 6, 2023

There is growing concern over hemp-derived THC and CBD products that can be commonly bought at gas
stations, convenience sfores, and smoke shops

> READ MORE

NEW STUDY FINDS THAT CANNABIS LEGALIZATION FOR ADULT-USE MAY CAUSE
TOBACCO-RELATED HEALTH BENEFITS

June 15,2023

February
January ‘ - . ‘

’ Astudy that is scheduled to be published in the July 2023 issue of the Journal of Health Economics
AN found that cannabis legalization is associated with a lagged reduction in adult tobacco use that
o includes cigarettes, cigars, pipe tobacco, and e-cigarettes.

D READ MORE
Projects

Publications

PENNSYLVANIA COURT RULES THAT EMPLOYERS MUST REIMBURSE QUT-OF-
POCKET COSTS FOR MEDICAL CANNABIS IN WORKERS COMPENSATION CASE
May 10, 2023

A Pennsylvania Court recently ruled that ine mandate from the Workers' Compensation Act that employers
must reimburse workers for reasonable and necessary out-o-pocket costs of treatment from a workplace
njury includes costs associated with the use of medical cannabis according to a ruling by the Commonwealth
Court of Pennsylvania in the case of Fegley v. Firestone Tire & Rubber.

> READ MORE

THC Use During Pregnancy Linked to
Changes in Fetal Development

July 6, 2023 — Researchers showed that con-
suming THC while pregnant could potentially af-
fect development of the fetus and lead to Iife-
long health impacts for ..

Cannabinoids Give Worms the Munchies,
Too

-

Apr. 20, 2023 — Marijuana (cannabis) is well
known for giving people the 'munchies.' Not only
does it make people want to eat more, but it also
makes them crave the tastiest, most high-calorie
foods. Now a new study shows that well-studied
nematode worms (C

Researchers Analyze THC in Breath of
Cannabis Smokers

IMay 22, 2023 — Researchers analyzed THC
levels in the breath of people who use cannabis
regularly, both before and after they smoked
marijuana. The researchers found that THC lev-
els spanned a similar range across pre- and
post-use samples. 'In many cases, we would ..

Marijuana for Medical Use May Result in
Rapid Onset of Cannabis Use Disorder

Mar. 18, 2022 — A new study shows that using
cannabis products to treat pain, anxiety and de-
pression failed to improve these symptoms while
doubling the risk of developing the addictive
symptoms of cannabis use ...

Driving high? Chemists make strides toward a marijuana
breath analyzer

By oxidizing THC to create an electric current, a team's fuel cell sensor can re-
veal the presence of the drug

October 4, 2022

University of California - Los Angeles

Chemists have developed a fuel cell sensor that they hope to develop into a handheld
analyzer to detect THC on a person's breath. When THC is introduced into their labora-
tory-scale device it oxidizes, creating an electric current whose strength indicates how
much of the psychoactive compound is present.
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Medicalization of Botanical Cannabis: Is the “Cart
Before the Horse”?
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