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Medical Marijuana, Recreational Cannabis,

and Cardiovascular Health

A Scientific Statement From the American Heart Association

ABSTRACT: Cannabis, or marijuana, has potential therapeutic and
medicinal properties related to multiple compounds, particularly A-9-
tetrahydrocannabinol and cannabidiol. Over the past 25 years, attitudes
toward cannabis have evolved rapidly, with expanding legalization of
medical and recreational use at the state level in the United States and
recreational use nationally in Canada and Uruguay. As a result, the
consumption of cannabis products is increasing considerably, particularly
among youth. Our understanding of the safety and efficacy of cannabis
has been limited by decades of worldwide illegality and continues to be
limited in the United States by the ongoing classification of cannabis as
a Schedule 1 controlled substance. These shifts in cannabis use require
clinicians to understand conflicting laws, health implications, and
therapeutic possibilities. Cannabis may have therapeutic benefits, but
few are cardiovascular in nature. Conversely, many of the concerning
health implications of cannabis include cardiovascular diseases, although
they may be mediated by mechanisms of delivery. This statement
critically reviews the use of medicinal and recreational cannabis from a
clinical but also a policy and public health perspective by evaluating its
safety and efficacy profile, particularly in relationship to cardiovascular
health.

tic and medicinal properties from its multiple compounds, particularly A-9-

tetrahydrocannabinol (THC) and cannabidiol (CBD). Over the past 25 years,
attitudes toward the recreational and medicinal use of cannabis have rapidly evolved
in the United States from illicit to decriminalized to legalized at the state level (Fig-
ure 1A and 1B)." In addition to national legalization in Uruguay and Canada, other
countries have followed suit. In 2019, Thailand became the first nation in Southeast
Asia to legalize medical cannabis and removed low-level cannabis and hemp ex-
tracts from its list of banned narcotic substances. Mexico has drafted legislation for
cannabis legalization currently under review. Other countries that are considering
legal changes to cannabis include Colombia, Argentina, Peru, Ecuador, Thailand, the
United States, Australia, New Zealand, and Chile (Figure 1A). By 2025, legal cannabis
sales are projected to generate $23 billion in the United States. In the United States,
cannabis use has risen particularly among those 18 to 25 years of age (Figure 2).!
This massive shift in policy and use has forced clinicians to critically evaluate the
safety and efficacy of cannabis. However, our understanding of the health effects
of cannabis has been limited by decades of worldwide illegality and continues to

Cannabis has been used since as early as 100 ce for its potential therapeu-
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A Pure Food and Drug Act, Marihuana Tax Act in 1937, imposed || Boggs Act gives Controlled Substances California's
ﬂ included cannabis among federal restrictions on cannabis use stiff mandatory Act of 1970 establishes Compassionate Use
= the substances companies and sale; similar to the Harrison sentences for ‘schedules’. Marijuana Act recognizes the
= were required to list on Narcotic Act of 1914, Congress offenses involving | | categorized as therapeutic
(T their labels in order that deemed an act taxing and regulating a variety of drugs, Schedule 1: no valid potential of
E waorried customers could drugs, rather than prohibiting them, including medical uses and high medicinal -
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Figure 1. Summary of the evolution of cannabis policy (A) and by state (B).*

THC indicates A-9-tetrahydrocannabinol. *As of November 2019. Data derived from Adrian,? Haffajee et al,> and DISA Global Solutions.*

be limited in the United States by restrictions of federal
law because cannabis remains a Schedule 1 controlled
substance, deeming no accepted medical use, a high po-
tential for abuse, and an unacceptable safety profile.?3 In
this document, we critically review the use of medicinal
and recreational cannabis from a clinical but also a policy
and public health perspective by evaluating its safety and
efficacy profile as it pertains to cardiovascular health.

DEFINITIONS AND CANNABIS
FORMULATIONS

Marijuana and hemp plants are cultivars of the genus
Cannabis. The physiological effects of cannabis are

e132 September 8, 2020

derived primarily from its cannabinoids. To date, CBD
and tetrahydrocannabinolic acid, which is hepatically
decarboxylated to THC, have been the best studied can-
nabinoids. More than 100 different phytocannabinoids
have been identified, including minor cannabinoids such
as cannabigerol, cannabichromene, cannabinol, and
tetrahydrocannabivarin. Three commonly recognized
strains of cannabis used recreationally and medicinally
are Cannabis sativa, Cannabis indica, and Cannabis ru-
deralis. Cannabis vendors often characterize these plants
as sativa, a high-THC-containing plant; indica, or a mixed
THC-CBD plant; and ruderalis, a high-CBD-containing
plant. Sativa appears to provide more stimulating, up-
lifting, and energizing effects, whereas indica is more

Circulation. 2020;142:¢131-e152. DOI: 10.1161/CIR.0000000000000883
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Marijuana

Psychotherapeutic Drugs*

5.52 Million

Cocaine

5.60 Million

Hallucinogens**

1.87 Million

Methamphetamines

2.0 Million

Inhalants***

Heroin

IBOS Thousand

0.00% 2.00% 4.00% 6.00%

16.9 Million

43.5 Million
0 2018
2017
2016
8.00% 10.00% 12.00% 14.00% 16.00%

Figure 2. 2016-2018 trends in cannabis use compared with other substances in the United States.

*Psychotherapeutic drugs: barbiturates, benzodiazepines and nonbenzodiazepine sedatives (ie, zolpidem, eszopiclone, zaleplon), opiates, muscle relaxants, and
stimulants. **Hallucinogens: dimethyltryptamine, ecstasy, ketamine, lysergic acid diethylamide, mescaline, peyote, phencyclidine, psilocybin, and Salvia divinorum.
***|nhalants: amyl nitrate; correction fluid, degreaser, or cleaning fluid; gasoline or lighter fluid; glue, shoe polish, or toluene; halothane, ether, or other anes-
thetics; lacquer thinner or paint solvents; lighter gases such as butane or propane; nitrous oxides; magic markers; spray paints; and computer keyboard cleaner.

Adapted from the National Survey on Drug Use and Health.'

relaxing, sedating, and pain reducing. However, these
terminologies are rudimentary and often inaccurate.>®
Cannabis plants are also classified on the basis of their
ratio of THC to CBD, consisting of chemotype | or drug-
type plants, which have a high THC/CBD ratio (>>1.0);
chemotype Il or intermediate-type plants, which have a
balanced THC/CBD ratio close to 1.0; and chemotype |ll
or hemp-type plants, which have a low THC/CBD ratio
(<<1.0) in which the THC percentage is <0.30%, which
is below the level of detectability.®

From a US policy perspective, cannabis is considered
either medical or recreational. With the legalization of
recreational cannabis and the advent of cannabis dis-
pensaries, many formulations have entered onto the
US and Canadian markets that are consumed orally,
sublingually, or rectally; are vaporized; or are smoked
(Figure 3).”'? These products lack federal regulation in
the United States, resulting in a lack of standardization
in dose, concentrations of cannabinoids, packaging,
and labeling. Compared with first-generation cannabis
products (eg, black market before 1996), these newer
commercial products (eg, state-permitted/nonprosecut-
ed products) have a significantly higher average THC
content: 3.8% in the 1990s versus 12.2% in 2014.131

Synthetic cannabinoids are a class of molecules that
can be arbitrarily divided into prescription and illicit. Initially
developed to serve as pharmacological probes of the en-
dogenous cannabinoid system, these synthetic illicit canna-
binoids are now classified as new psychoactive drugs. On
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the black market, many of these compounds have been
developed and marketed under various brand names
such as K2 and Spice and may be adulterated.' Four syn-
thetic prescription cannabinoids are currently marketed as
Marinol (dronabinol) and Cesamet (nabilone) in the United
States and Canada, Epidiolex (CBD) in the United States,
and Sativex (CBD+THC) in Canada (Table 1).>#

PHARMACOLOGY,
PHARMACOKINETICS, AND
PHARMACODYNAMICS

The endogenous endocannabinoid system s
extensive and complex, consisting of 2 naturally
produced, on-demand cannabinoids (anandamide
and 2-arachidonoylglycerol) and 2 CBD receptors (CB,
and CB,; Figure 4).>”# These receptors are G protein
coupled to affect the conversion of AMP to cCAMP. The
distribution of CB, receptors is primarily within the
central nervous system along presynaptic neurons in the
brain and spinal cord, as well as within the peripheral
nervous system. CB, receptors are concentrated mainly
in immune cells and tissues. Through interaction with
these receptors, the endocannabinoid system regulates
overall homeostasis (Figure 4).57#

Exogenous cannabinoids demonstrate variable affin-
ity to CB, and CB, receptors. Tetrahydrocannabinol is a
partial agonist with equal affinity for both CB receptors;
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Common Formulations**

Resins, Plant-based cannabis, Hashish,

Extract, Concentrate, Wax, Shatter,
Badder/Budder, Crumble, Distillate,
Crystalline, Rosin

Synthetic Rx Cannabinoids*:
Epidiolex (CBD)
Marinol (dronabinol)
Cesamet (nabilone)
Sativex (CBD+THC)
Synthetic lllicit Cannabinoids:
K2, Spice

— Inhalation (smoking, vaporization)
Kief

Edibles, Tinctures
Lozenges, Lollipops, Sublingual or Oro-mucosal

Modes of Administration

Topical, rectal

Inhalation (smoking, vaporization)
Topical, rectal

Oral

' Sublingual or Oro-mucosal
Inhalation (smoking, vaporization)

Figure 3. Summary of common formulations and modes of administration of cannabinoids.

CBD indicates cannabidiol; and THC, A-9-tetrahydrocannabinol. *Synthetic prescription cannabinoids: Epidiolex (CBD): Available in the United States; marketed by
Greenwich Biosciences as an oral solution. Epidiolex is the first and only purified plant-derived CBD prescription drug approved for the treatment of seizures associ-
ated with Lennox-Gastaut syndrome or Dravet syndrome in patients >2 years of age. Marinol (dronabinol): Available in the United States and Canada; marketed
by AbbVie Pharmaceuticals and as a generic capsule; and labeled as a Schedule Il controlled substance in the United States. Marinol (dronabinol) mimics THC

and is indicated for anorexia associated with weight loss in adults patients with AIDS and nausea and vomiting associated with chemotherapy in adults who have
failed conventional therapy. Cesamet (nabilone): Available in the United States and Canada; marketed by Valeant Pharmaceuticals as a capsule; and is a Schedule

Il controlled substance in the United States. Cesamet (nabilone) mimics THC and is indicated for the management of severe nausea and vomiting associated with
cancer chemotherapy in adults 218 years of age. Sativex (CBD +THC): Available in Canada; marketed by GW Pharmaceuticals as an oromucosal spray. Sativex is a
1:1 ratio of CBD to THC and is a formulated extract from Cannabis sativa. It is approved for spasticity resulting from multiple sclerosis. **Terminology: Badder/bud-
der: cannabis concentrate whipped under heat to create a cake-like batter. Concentrate: products made from the cannabis plant that have been processed to keep
only the most desirable plant compounds (primarily the cannabinoids and terpenes) while removing excess plant material and other impurities. Crumble: dried
cannabis oil with a honeycomb-like consistency. Concentrates made without the use of solvents are produced with mechanical or physical means to remove and
gather trichomes. Crystalline: isolated cannabinoids in their pure crystal structure. Distillate: refined cannabinoid oil that is typically free of taste, smell, and flavor.
It is the base of most edibles and vaporization cartridges. Edibles: also known as a cannabis-containing food product, varying in concentrations of THC, CBD, or
both. Examples include baked goods, powders, candies, popcorn, and drinks. Extract: a cannabis concentrate created from solvents (alcohol, carbon dioxide, etc)
that essentially wash the trichomes off the cannabis plant. Hash or hashish: the dried flower and buds from Cannabis sativa that is filtered and crushed into a
power and molded into a sticky ball or brick. Kief: the most basic of the THC concentrate that is a powder-like substance found on cannabis flowers. Resins: the
trichomes from the cannabis flower or plant used to create hash. Rosin: end product of the cannabis flower that is squeezed under heat and pressure. Shatter: a
translucent, brittle, and often golden to amber concentrate used to make a solvent. Tinctures (also known as green or golden dragon): alcohol-based cannabis
extracts used to make edibles. Data derived Health Canada,® VanDolah et al,” Ebbert et al,® Grotenhermen,® Foster et al,’ and Millar et al.™

the synthetic cannabinoids are highly selective agonists
or antagonists to either receptor types. CBD does not
appear to bind to either CB, or CB, receptors at physi-
ologically meaningful concentrations but may act as a
modulator of CB, receptors, thus affecting the affinity
of endogenous cannabinoids at the receptor level.>’
The pharmacokinetics of cannabis and its compounds
are greatly dependent on the route of administration,
the specific cannabinoid, and the physical characteristics
of the cannabis user. Table 1 summarizes the mechanism
of action and pharmacokinetics for both THC and CBD,
as well as the synthetic prescription cannabinoids.>”"!

FORMULATIONS

Cannabis products can contain pure THC or CBD or their
combination. Products can vary in formulation and ad-
ministration (Figure 3).> Products can be purchased in a
dispensary for medical and recreational use, depending

e134 September 8, 2020

on state law. With the passage of the Farm Bill, topi-
cal pure CBD products can be marketed and bought
over the counter in pharmacies.'® However, these topi-
cal products cannot claim to prevent, diagnose, treat, or
cure diseases; thus, they are not subject to the US Food
and Drug Administration drug approval process like oth-
er over-the-counter products. The US Food and Drug Ad-
ministration has tested the CBD content in some of these
topical products, and many were found not to contain
the CBD concentrations that they claim on the label.'®

DOSING

For smoked/vaporized cannabis, the dose required to
achieve therapeutic effects and to avoid adverse ef-
fects is influenced by the potency of the product, its
processing, and the different smoking and vaporizing
techniques.> Dosing should begin at the lowest pos-
sible dose, be increased gradually with caution (with

Circulation. 2020;142:¢131-e152. DOI: 10.1161/CIR.0000000000000883
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Cannabis and Cardiovascular Health

glucuronidation

Cannabinoid Mechanism of Action Absorption Metabolism Distribution Elimination
Phytocannabinoids (plant derived)

CBD Anandamide uptake inhibitor; Inhalation: Hepatic, via Time Feces and urine;
TRPV1, TRPV2, TRPA1, GPR55, Onset: 3-5 mi CYP1A1, 1A2, dependent, dependent on
5-HT,,, and PPARYy receptor nset: 3-> min 2C8, 2C9, fatty tissues and | administration
activation ) I 2C19, 3A4, and highly perfused

. 0/._AE0, 14 -
Bioavailability: 11%-45% 2D6; UGT1A9 organs such as t¥%: 18-32 h
Duration: 2-3 h and UGT2B7, brain, heart, Preclinical and
i undergoes lung, and liver animal data

Inhibits adenosine uptake Oral: hydroxylation suggest CBD may
Inhibits FAAH and release Onset: hours :r?cfirswfi)gittrca):eof
of proinflammatory . N .
cytokines and expression of Bioavailability:6%-33% P-glycoprotein
transcription factors (IL-16, Duration: 12-24 h
IL-2, IL-6, IL-8, TNF-a, IFN-y, - K
CCL3, CCL4, NF-xB) Transdermal: not known
Allosterically modulates other Transrectal: not known
receptors: a.1-adrenoceptors,
dopamine D2, GABA,, p- and
d-opioid receptors
Inhibits calcium, potassium,
and sodium channels by
noncompetitive antagonism
Free radical scavenger

THC Binds to CB, receptors Inhalation: Hepatic, via Time Renal: 20%

] . CYP2C9, 2C19, dependent, o
Onset: seconds—minutes 2D6, and fatty tissues and Feces: 65%
Bioavailability: 2%-56% 3A4; UGTTA9 highly perfused | t14: 20-30 h

- and UGT2B7; organs such as
Duration: 2-3 h undergoes brain, heart, THC may be a

lung, and liver

substrate and

inhibitor of the

Oral: Protein binding: | cell membrane
79 i
Onset: 30 min-2 h 7% protein, .
P-glycoprotein
Bioavailability: 4%-20%
Duration: 5-8 h
Transmucosal:
Onset: 15-40 min
Bioavailability: not known
Duration: 45 min-2 h
Transdermal: not known
Transrectal: not known
Synthetic cannabinoids (laboratory derived)
Cesamet (nabilone) Chemically similar to THC, Oral: Hepatic, via Similar to THC Renal: 20%-24%
binds to CB, receptor ) ok N CYP1A2, 2A6, e N
rn%,?caatr;gnﬂzzsere Bioavailability: 95%-100% 2C8, 2C9, 2C19, Feces: 60%-65%
: - Onset: 1-1.5 h 2E1, 3A4 tY4: 35 h
nausea and vomiting
associated with. cancer Peak: 3-4 h Enzymatic
chemotherapy in pathways:
adults 218 y of age Duration: 8-12 h direct enzymatic
oxidation and
stereo-specific
reduction
Epidiolex (CBD) Unknown but thought to act Oral: Hepatic, via Similar to CBD Renal: minor
o like CBD CYP1A2, 2C8, L .
FDA indication: e Onset: not known 209 219 Protein binding: | Feces: major
i iated . L ' ! 94%
selzures assocate Bioavailability: not known 3A4, and ° t%: 56-61 h
with Lennox-Gastaut '
d D t - 2D6; UGT1A9
Syndrome FJF rsvet Duration: 12-24 h and UGT2B7: 7.—COQH—CBD .
Szyzn rofme In patients undergoes Qnamve metabolite)
y ot age hydroxylation is a substrate of

P-glycoprotein
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Table 1. Continued

Cannabis and Cardiovascular Health

Cannabinoid Mechanism of Action Absorption Metabolism Distribution Elimination
Marinol (dronabinol) Chemically similar to THC, Oral: Hepatic via Similar to THC Renal: 10%-20%
i B YP2C9, 3A4;
FDA indication: binds to CB, receptor Onset: 0.5-1 h ¢ d €9, ! Protein binding: | Feces: 50%
anorexia associated undergoes 97%
. : . Bioavailability: 10%-20% hydroxylation Bile: >50%
with weight loss in
adults patients with Peak: 2-4 h tV4: 25-36 h
AIDS and nausea and -
vomiting associated Duration: 4-6 h
with chemotherapy in
adults who have failed
conventional therapy
Sativex (CBD+THC) Similar to CBD and THC Oral: Similar to CBD Similar to THC Renal and feces
HPFB indication: Onset: 5-30 min and THC and CBD t¥: 24-36 h
spast.mty causeq by Bioavailability: not known
multiple sclerosis
Duration: 12-24 h

CB, indicates cannabinoid receptor subtype 1; CBD, cannabinoid; CCL, chemokine ligand; CYP, cytochrome P450; FAAH, fatty acid amide hydrolase; FDA,
US Food and Drug Administration; GABA, y-aminobutyric acid; GPR55, G-protein coupled receptor 55; HPFB, Health Products and Food Branch of Health
Canada; 5-HT, 5-hydroxytryptamine; IL, interleukin; IFN, interferon; NF-kB, nuclear factor-kB; PPARy, peroxisome proliferator-activated receptor-y; THC, A-
9-tetrahydrocannabinol; TNF, tumor necrosis factor; TRPA, transient receptor potential ankyrin; TRPV, transient receptor potential vanilloid; and UGT, uridine

5’-diphospho-glucuronosyltransferase.
See Figures 4 and 5 for clinical effects of the cannabinoids.

Data derived from Health Canada,® VanDolah et al,” Ebbert et al,® Grotenhermen,® Foster et al,’® and Millar et al.™

sufficient time between puffs/inhalations to gauge ef-
fects, ~30 minutes), and cease with the onset of any of
the following effects: disorientation, dizziness, ataxia,
agitation, anxiety, tachycardia and orthostatic hypo-
tension, depression, hallucinations, or psychosis.>’:8
Oral administration of cannabis is less well character-
ized; however, a dose of 0.15 to 0.30 mg/kg THC (e,
an individual oral dose of 10-20 mg THC) appears to

be sufficient to achieve psychotropic effects, and a dose
of 0.45 to 0.6 mg/kg of THC (ie, an individual oral dose
of 30-40 mg of THC) should produce marked intoxica-
tion.> Patients must be made aware that the onset of
effects begins within 30 minutes to >1 hour after inges-
tion with a peak effect within 3 to 4 hours; thus, they
should be particularly careful about stacking oral doses.
Consumption of edibles should proceed slowly and in

CNS
Increased Appetite
Increased Cerebral Dilation

Decrease Core body Temperature

Cardiovascular System

Decreased Heart Rate

Decreased Blood Pressure
Decreased Myocardial Contractility
Increased Coronary Dilation

Skin

Increased Antioxidant Enzymes
Decreased Lipid Peroxidation
Decreased Keratinocyte Proliferation

Liver/Adipose Tissue/Skeletal Muscle
Increased Lipogenesis

Increased insulin and leptin resistance
Decreased Apdiponectin

Decreased HDL Cholesterol

Decreased Glucose Tolerance

Endogenous Cannabinoids

Anandamide

'V):bﬁ

o
P

g

CB2R
€ Activation

[

——

Gastrointestinal Tract
Decreased LES Relaxation
Decreased Gastric Acid Secretion
Decreased Gastric Motility
Decreased Visceral Pain

2-arachidonoylglycerol

. . Leukocytes and Immune Cells
Peripheral Immune Tissues Decreased Activity of Mast Cells

Increased Hematopoiesis _ Increased/Decreased Activity of Macrophages, Neutrophils
Increased Hematopoietic Stem Cell Mobilization  §acreased Thl cytokines (IL-2, IFN, TNFa)

Increased Immune modulation Increased Th2 cytokines (IL-5, IL-10)

Figure 4. Effects of the endogenous cannabinoids.
CB,R indicates cannabinoid receptor subtype 1; CB,R, cannabinoid receptor subtype 2; CNS, central nervous system; HDL, high-density lipoprotein; IL, interleukin;
IFN, interferon; LES, lower esophageal sphincter; Th, type; and TNFa, tumor necrosis factor-a.. Data derived from Health Canada,® VanDolah et al,” and Ebbert et al.?
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Table 2. Known, Purported, and Possible Medical Benefits Associated With Cannabis Use

Known (conclusive or substantial evidence)

Pain

Improvements in neuropathic pain with smoked cannabis, dronabinol, and cannabis-based medicine vs
placebo.

Improvements in fibromyalgia pain with nabilone vs placebo.

The limited available clinical evidence with certain cannabinoids (dronabinol) suggests a modest analgesic
effect of dronabinol on cancer pain.

Cachexia

The anorexia/cachexia syndrome is the result of weight loss (caused by changes in taste, lack of hunger)
and increased energy metabolism; cannabis use has been associated with an increase in appetite and
weight gain, leading to examination of its therapeutic effect on cancer and HIV-associated anorexia/
cachexia.

Results from systematic review indicate low efficacy for the use of cannabis for enhancing appetite and
weight gain in HIV and cancer.

Nausea and vomiting

Results from a systematic review indicate that in the setting of chemotherapy-induced nausea and
vomiting, oral cannabinoids (nabilone and dronabinol) are effective antiemetics.

Long-term (=67 y) daily and weekly cannabis use has been associated with hyperemesis (ie, cannabis
hyperemesis syndrome). Mechanisms may include downregulation of CB, receptors and a decrease in
gastric emptying.

Multiple sclerosis spasticity

Improvements in central pain with cannabis-based medicine and dronabinol vs placebo.

Reductions in spasticity with cannabis-based medicines vs placebo.

Epilepsy (Dravet syndrome and Lennox-
Gastaut syndrome

Improvements in monthly motor seizures in an open-label, multicenter expanded-access program in
subjects with severe childhood-onset, drug-resistant epilepsy.

Double-blind, placebo-controlled RCT showed significant reduction in the frequency of convulsive seizures in
the CBD group vs placebo in pediatric and young adult subjects with treatment-resistant Dravet syndrome.

Double-blind, placebo-controlled RCT showed a significant reduction in the frequency of drop seizures in
pediatric and adult subjects with treatment-resistant Lennox-Gastaut syndrome randomized to CBD as add-
on therapy vs placebo.

Meta-analysis of observational clinical studies on the treatment of refractory epilepsy with reported
improvement in the frequency of seizures in subjects treated with CBD-rich extracts and purified CBD.

Possible (moderate evidence)

Reduction in long-term use of opioids and
opiate withdrawal

Although preclinical and case studies suggest an opioid-sparing effect of certain cannabinoids,
epidemiological and clinical studies with oral THC are mixed.

Observational studies suggest an association between US states with laws permitting access to cannabis (for
medical and nonmedical purposes) and lowered rates of prescribed opioids and opioid-associated mortality.

Evidence from observational studies suggests that cannabis use could help alleviate opioid withdrawal
symptoms, but there is insufficient clinical evidence from which to draw any reliable conclusions.

Dystonia

Evidence from limited preclinical studies suggests that a synthetic CB, and CB, receptor agonist may
alleviate dystonia-like symptoms and that CBD delays dystonia progression.

Evidence from a limited number of case studies and small placebo-controlled or open-label clinical trials suggests
improvement in symptoms of dystonia with inhaled cannabis, mixed effects of oral THC, improvement in
symptoms of dystonia with oral CBD, and lack of effect of nabilone on symptoms of dystonia.

Glaucoma

Limited evidence from small clinical studies suggests that oral administration of THC reduces intraocular
pressure and that oral administration of CBD may, in contrast, cause an increase in intraocular pressure.

The American Glaucoma Society does not recommend.

Inconclusive evidence (no RCTs)

Alzheimer disease

Preclinical studies suggest that THC and CBD may protect against excitotoxicity, oxidative stress, and
inflammation in animal models of Alzheimer disease.

Limited case, clinical, and observational studies suggest that oral THC and nabilone are associated with
improvement in a number of symptoms associated with Alzheimer disease (eg, nocturnal motor activity,
disturbed behavior, sleep, agitation, and restiveness).

Anxiety and depression

A systematic review and meta-analysis of patient-reported medical cannabis use indicated that ~50% of
patients report anxiety as a reason for using medical cannabis and 35% report depression as the reason.

Small studies with adjunct functional neuroimaging in healthy individuals have demonstrated that CBD and
dronabinol reduce anxiety related to its effects on activity in limbic and paralimbic brain areas.

In data from a nationally representative sample of US adults (age =18 y), cannabis use (ie, some use but
less than once per month over the last 12 mo) was not significantly associated with the new occurrence of
social anxiety disorder. However, more frequent use (=1 times per month) was associated with significantly
increased odds of incident social anxiety disorder.

(Continued)
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Table 2. Continued

Cannabis and Cardiovascular Health

Inconclusive evidence (no RCTs) Continued

Antitumor effect

Preclinical studies suggest that certain cannabinoids (THC, CBD, CBG, CBC) often, but not always, block
the growth of cancer cells in vitro and display a variety of antineoplastic effects in vivo, but typically at very
high doses that would not be seen clinically.

Although limited evidence from 1 observational study suggests that patients with cancer use cannabis to
alleviate symptoms associated with cancer (eg, chemosensory alterations, weight loss, depression, pain),
there has been only 1 limited clinical study in patients with glioblastoma multiforme, which reported
that intratumor injection of high doses of THC did not improve patient survival beyond that seen with
conventional chemotherapeutic agents.

Inflammatory bowel diseases (Crohn disease,
ulcerative colitis)

Preclinical studies in animal models of inflammatory bowel disease suggest that certain cannabinoids
(synthetic CB, and CB, receptor agonists, THC, CBD, CBG, CBC, whole-plant cannabis extract) may limit
intestinal inflammation and disease severity to varying degrees.

A very limited number of small clinical studies of patients with inflammatory bowel disease who failed
conventional treatments reported improvement in a number of inflammatory bowel disease—associated
symptoms with smoked cannabis.

Heart failure

In retrospective propensity-matched analysis of 161000 patients with heart failure, cannabis use was
associated with a lower risk for death while the patient was hospitalized with acute heart failure (OR,
0.197 [95% Cl, 0.046-0.833]), shorter mean hospital stay (4.2 vs 4.8 d, respectively; P=0.004), and lower
mean hospital costs ($43,800 vs $50,900, respectively; P=0.039) compared with nonusers. However, these
data are retrospective and observational and have not been peer reviewed.

Hepatitis C

Preclinical studies suggest that CB, receptor activation is detrimental in liver diseases (eg, promotes
steatosis, fibrosis), whereas CB, receptor activation appears to have some beneficial effects.

In patients with ongoing chronic hepatitis C, daily cannabis use has been shown to be a predictor of
steatosis severity.

Survey and case reports suggest improvement in symptoms of nausea and reduced weight loss.

Ischemia/reperfusion injury

Preclinical studies suggest that CBD, THCV, and ultralow doses of THC may have some protective effects
against ischemia/reperfusion injury related to the anti-inflammatory properties mediated by the CB,
receptor.

Huntington disease

Preclinical studies report mixed results with THC on Huntington disease—like symptoms.

Limited evidence from case studies and small clinical trials is mixed and suggests a lack of effect with CBD
and a limited improvement in Huntington disease symptoms with smoked cannabis.

Metabolic syndrome, obesity, diabetes mellitus

Preclinical studies suggest that acute CB, receptor activation results in increased fat synthesis and
storage, whereas chronic CB, receptor activation (or CB, receptor antagonism) results in weight loss and
improvement in a variety of metabolic indicators.

Observational studies suggest an association between long-term cannabis use and an improved metabolic
profile, and preclinical and very limited clinical evidence suggests a potential beneficial effect of THCV on
glycemic control (in patients with type 2 diabetes mellitus).

Parkinson disease

Limited preclinical, case, clinical, and observational studies of certain cannabinoids for symptoms of
Parkinson disease are mixed.

One observational study suggests improvement in symptoms with smoked cannabis; another clinical study
of an oral cannabis extract (THC/CBD) and a clinical study of CBD suggest no improvement in symptoms.

Sleep

Human experimental data suggest that cannabis and THC have a dose-dependent effect on sleep: Low
doses appear to decrease sleep-onset latency and increase slow-wave sleep and total sleep time, whereas
high doses appear to cause sleep disturbances.

Clinical studies suggest that cannabis, nabilone, and dronabinol may improve sleep in patients with
disturbances in sleep associated with certain chronic disease states.

CB indicates cannabinoid; CB,, cannabinoid receptor subtype 1; CB,, cannabinoid receptor subtype 2; CBC, cannabichromene; CBD, cannabidiol; CBG,
cannabigerol; OR, odds ratio; RCT, randomized controlled trial; THC, A-9-tetrahydrocannabinol; and THCV, tetrahydrocannabivarin.
Data derived from Health Canada,® National Academies of Sciences, Engineering, and Medicine,'? Volko et al,” Segura et al,'”” and Wu et al.™

small quantities at a time with sufficient time between
doses. Administration with a high-fat meal significantly
increases the absorption of oral cannabinoid and may
exacerbate these effects.>”#

POTENTIAL AND KNOWN BENEFITS

Table 2 summarizes the potential and known effects
of cannabis use, which include modulation of the

e138 September 8, 2020

processes of pain, cachexia, nausea/vomiting, and
spasticity. There are no well-documented cardiovascular
benefits of cannabis.>1213.17.18

SAFETY CONSIDERATIONS

Acute Effects

In the short term, cannabis consumption has been as-
sociated with euphoria, as well as cardiovascular (eg,

Circulation. 2020;142:¢131-e152. DOI: 10.1161/CIR.0000000000000883
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Figure 5. Effects of exogenous cannabinoids on the cardiovascular system.
CB,Rindicates cannabinoid receptor subtype 1; CB,R, cannabinoid receptor subtype 2; CBD, cannabinoid; ERK, extracellular signal-regulated kinases; JNK, c-Jun N-
terminal kinase; MAPK, mitogen-activated protein kinases; THC, A-9-tetrahydrocannabinol; TNFa, tumor necrosis factor-a; and ?, questionable. Data derived from
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DefFilippis et al,? Pacher et al,?' and Rezkalla and Kloner.??

tachycardia, premature ventricular contractions, atrial
fibrillation, and ventricular arrhythmia), bronchopulmo-
nary (bronchitis), ocular (blurred vision), psychological
(altered judgment, dysphoria, and anxiety; paranoia
and psychosis with higher doses), and psychomotor
(impaired motor coordination) effects.>'#'31% Because
of the increased systemic absorption, slower time to
onset, and peak effect compared with smoked canna-
bis, edible consumption appears more likely to result in
adverse effects, particularly psychiatric and cardiovas-
cular, prompting acute medical care.’

Cardiac- and Vascular-Specific Effects

Cannabis has multiple effects on the cardiovascular sys-
tem (Figure 5).222 Tetrahydrocannabinol stimulates the
sympathetic nervous system while inhibiting the parasym-
pathetic nervous system; increases heart rate, myocardial
oxygen demand, supine blood pressure, and platelet ac-
tivation; and is associated with endothelial dysfunction
and oxidative stress. In contrast, CBD may reduce heart
rate and blood pressure, improves vasodilation in mod-
els of endothelial dysfunction, and reduces inflammation
and vascular hyperpermeability in diabetic models.?%-22
Compared with smoking tobacco, smoking and inhaling
cannabis regardless of THC content has been shown to
increase the concentrations of blood carboxyhemoglobin
5-fold with a 3-fold increase in tar.?*> Carbon monoxide
intoxication, which varies depending on the mode of

Circulation. 2020;142:¢131-e152. DOI: 10.1161/CIR.0000000000000883

administration, depth of inspiration, and length of breath
holding, has been associated with endothelial dysfunc-
tion, increased oxidation of lipoproteins, and impaired
oxygen binding, as well as various cardiac clinical presen-
tations such as cardiomyopathy, angina, acute myocardial
infarction (AMI), arrhythmia, cardiac failure, pulmonary
edema, cardiogenic shock, and sudden death.?*

A key concern is whether cannabis triggers or poten-
tiates major adverse cardiovascular events such as AMI
and arrhythmias, as well as its impact on cardiovascular
risk factors.?® Unfortunately, most of the available data
are short term, observational, and retrospective in nature;
lack exposure determination; exhibit recall bias; include
minimal cannabis exposure with no dose or product stan-
dardization; and typically evaluate low-risk cohorts. In ad-
dition, many epidemiological studies may be confounded
by factors associated with access to health care and other
adverse health behaviors such as tobacco use.?® Finally,
because the concentration of THC in cannabis has been
increasing over the past several years, earlier studies may
not be relevant to the present experience.?®

In the current literature, summarized in Table 3, few
data from rigorous prospective cohort studies have
been published.*?6-4° |n the CARDIA study (Coronary
Risk Development in Young Adults), which includ-
ed adults 18 to 30 years of age followed up for >25
years, 84% reported history of cannabis use.?* Cumu-
lative lifetime and recent cannabis use did not show
an association with incidence of cardiovascular disease,
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coronary heart disease, or cardiac mortality. However,
several studies have shown signals for adverse cardiac
outcomes, mostly for hospitalized patients with inher-
ent selection bias.?831-36:4041434543 |n the case of studies
including only participants who were hospitalized, only
a fraction of the overall population who experienced a
health outcome were analyzed. Of note, when hospi-
talized patients with cannabis use serve as cases and
those without cannabis use serve as controls, a high
probability of selection bias exists. Thus, uncertainty ex-
ists for cannabis use as a cause for hospitalization.

In states where cannabis has been legalized, an in-
crease in hospitalizations and emergency department
visits for AMI and cannabis-associated adverse effects
has been observed.?®*® Case reports and observational
studies also support a temporal relationship between
cannabis use and atrial fibrillation, although conflicting,
as well as AMI occurring mostly in young men without
ischemic disease.?%?23 |n a recent analysis of the Na-
tional Inpatient Sample database from 2010 to 2014,
Desai et al*® identified 2459856 hospitalized cannabis
users, of whom 66179 (2.7%) experienced arrhyth-
mias, mostly commonly atrial fibrillation. There is also
the matter of concomitant use of tobacco or other
drugs among marijuana users, which is inadequately
accounted for in data collection and statistical adjust-
ment. Among ever tobacco users, cannabis use was as-
sociated with an increase in abdominal and coronary
artery calcification.*

Cannabis exposure has been associated with an
increased risk for cerebrovascular accidents.?® In an
retrospective evaluation of the Personality and Total
Health Through Life study, which included partici-
pants 20 to 24 years of age (n=2404), 40 to 44 years
of age (n=2530), and 60 to 64 years of age (n=2551)
in 1999 to 2000, 2000 to 2001, and 2001 to 2002,
respectively, Hemachandra et al® found a 3.3-fold
risk of stroke/transient ischemic attack in cannabis us-
ers within the past year. However, this elevated risk
was specific only to participants who used cannabis
weekly or more often, not those who used cannabis
less often.

Although controversial, smoking cannabis has also
been associated with peripheral arteriopathy or canna-
bis arteritis resembling thromboangiitis obliterans (eg,
Buerger disease). More than 20% of lower extremity
arteriopathy in young adults may be caused by such
vasculitis; however, these estimates may be confound-
ed because 97% of those who smoke cannabis also
smoke tobacco.®® Although the pathogenesis is poorly
understood, a synergistic interaction between tobacco
smoke and cannabis may exist, contributing to some
patients developing a peripheral nonatheromatous ar-
teriopathy.>®>" Nonetheless, cannabis arteritis should be
considered in young adults <50 years of age presenting
with peripheral vascular disease.

e140 September 8, 2020
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Overall, evidence is still inconclusive for cannabis
use and adverse cardiovascular outcomes, resulting
in an urgent need for carefully designed, prospective
short- and long-term studies. Ideally, controlled trials of
various forms and routes of administration would be
tested, but rigorous study of recreational drugs remains
a challenge.

Smoking and Vaping Administration
Concerns

Cannabis smoke contains many of the same carcinogens
and mutagens as tobacco smoke.>'>?° |n addition, canna-
bis smoking is associated with a variety of histopathologi-
cal changes in respiratory tissues, similar to those in to-
bacco smokers. However, limited and conflicting evidence
from epidemiological studies has not shown a robust and
consistent association between cannabis use and various
types of cancer.>? Low-strength evidence suggests that
smoking marijuana long term may be associated with
the development of testicular cancer. Findings for lung
cancer are mixed and confounded by few marijuana-only
smokers, poor exposure assessment, and inadequate ad-
justment within studies.> The association between long-
term heavy cannabis smoking (without tobacco) and
chronic obstructive pulmonary disease remains unclear;
however, chronic bronchitis has been reported.>'?

Finally, with the worldwide pandemic of coronavirus
disease 2019 (COVID-19) caused by the novel coronavi-
rus severe acute respiratory syndrome coronavirus 2, to-
bacco smokers appear to be more likely than nonsmok-
ers to have severe symptoms of COVID-19 (relative risk,
1.4 [95% Cl, 0.98-2.00]) and much more likely to be
admitted to an intensive care unit, to need mechanical
ventilation, or to die (relative risk, 2.4 [95% Cl, 1.43-
4.04]).>2 Whether this risk also extends to smoking or
vaping cannabis is not known.

Impurities

In June 2018, the US Food and Drug Administration is-
sued a warning about health emergencies associated with
the consumption of synthetic illicit products laced with
brodifacoum, an anticoagulant compound found in rat
poison.> As of February 18, 2020, a total of 2807 hospi-
talized patients with e-cigarette or vaping use—associated
lung injuries or deaths have been reported to the Centers
for Disease Control and Prevention from all 50 states, the
District of Columbia, and 2 US territories (Puerto Rico and
US Virgin Islands). Sixty-eight deaths have been confirmed
in 29 states and the District of Columbia.>> Most patients
attest to a history of using THC-containing products. On
the basis of national and state findings, the Centers for
Disease Control and Prevention suggests that products
containing THC, particularly those on the black market or
from other informal sources (eg, friends, family members,

Circulation. 2020;142:¢131-e152. DOI: 10.1161/CIR.0000000000000883
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Table 3. Seminal Studies on the Impact of Cannabis on Cardiovascular Health

Cannabis and Cardiovascular Health

Study, National Death Index

Author Year Type of Study No. of Patients Results
Abouk and Adams?® 2018 US National Vital Statistics Millions Cardiac death rates increased 2.3% in men
System for 1990-2014 and 1.3% in women since legalization of
medical cannabis.
Adegbala et al?’ 2018 Healthcare Cost and Utilization =4 million patients with Cannabis users were less likely to have atrial
Project-National Inpatient heart failure fibrillation (19% vs 21%) compared with
Sample nonusers.

Alshaarawy et al*® 2016 US National Health and 12426 Cannabis use was associated with an
Nutrition Examination Surveys increase in systolic but not diastolic blood
(2005-2012) pressure (3=1.6 [95% Cl, 0.6-2.7]).

Auer et al*® 2018 US-based CARDIA 3498 Among ever tobacco smokers, marijuana
exposure increased AAC and CAC scores,
whereas among those who never smoked
tobacco, marijuana exposure was not
associated with changes in AAC or CAC
scores.

Bancks et al* 2015 CARDIA >3000 Cannabis use in young adults is associated
with increased risk of prediabetes (but not
diabetes mellitus) by middle adulthood.

Chami and Kim?' 2019 Aggregate multi-institutional 292770 patients with history | 3-y cumulative incidence of AMI was higher

database (Explorys, Inc) of cannabis use; >10 million in cannabis abuse group vs controls (1.37%

2011-2016 control subjects vs 0.54%; RR, 2.53[95% Cl, 2.45-2.61]).

DefFilippis et al* 2018 Young adults with MI from 2097 Adjusted HR for all-cause mortality was

2 academic hospitals (2000 1.99 and 2.22 for cardiovascular mortality

2016) among cocaine and marijuana users. Patients
using cocaine or marijuana had lower rates
of diabetes mellitus and hyperglycemia
compared with nonusers but higher tobacco
use.

Desai et al*® 2019 National Inpatient Sample >52 million hospitalizations Frequency of admissions in young adults

(2007-2014) including cannabis (but not for AMI was greater in cannabis users vs
other substance abuse) users | nonusers (0.23% vs 0.14%); frequency
of arrhythmia and stroke was greater in
cannabis users; and frequency of venous
thromboembolic events was lower in
cannabis users.
Desai et al** 2017 National Inpatient Sample >2.4 million patients with 35771 patients had a history of cannabis
(2010-2014) in patients with AMI use. Patients with AMI using cannabis
AMI tended to be younger, male, and black and
had lower mortality rates. Cannabis use was
a significant independent risk factor for AMI
(adjusted OR, 1.079 [95% Cl, 1.065-1.093]).
Increase in AMI prevalence and mortality was
seen in marijuana users from 2010-2014.
Desai et al*® 2018 National Inpatient Sample 465959 patients hospitalized |  Among hospitalizations of patients with
(2010-2014) with history of recreational history of cannabis use, 1.2% were for AMI,
cannabis use 1% were for congestive heart failure, and
0.8% were for arrhythmias. Independent
predictors of death included coagulopathy,
AMI, coronary atherosclerosis, peripheral
vascular disease, and others. Increasing
rates of cardiovascular and cerebrovascular
events from 2010-2014 included AMI
(1.4%-1.8%), congestive heart failure, and
arrhythmia.
Desai et al*® 2018 National Inpatient Sample 2459856 hospitalized 2.7% of recreational marijuana users
(2010-2014) marijuana users developed arrhythmia with a steadily
increasing trend from 2010 through 2014;
all-cause in-hospital mortality in marijuana
users with arrhythmias increased from 3.7%
in 2010 to 4.4% in 2014.
Frost et al*” 2013 Determinants of Ml Onset 3886 patients with M Compared with nonusers, the mortality rate

was 29% higher among cannabis users,
but this did not reach statistical significance
(95% Cl, 0.81-2.05; P=0.28).

Circulation. 2020;142:¢131-e152. DOI: 10.1161/CIR.0000000000000883

(Continued)

September 8,2020 e141

(]
—
==
S8
o
S w
(=
S
Cm
—

oo
Co—
|
(7]




AND GUIDELINES

(22
—
—
Ll
=
=
=
[7,)
—
<t
=
=
—
o

Gzoz ‘sz AInc uo Aq Bio'seusnofeye//:dny wouy papeojumoq

Page et al

Table 3. Continued

Cannabis and Cardiovascular Health

Author

Year

Type of Study

No. of Patients

Results

Hemachandra et al*®

2016

Population survey from the
PATH Through Life study
(1999-2002)

20-24y (n=2383), 40-44
y (n=2525), and 60-64 y
(n=2547)

Cannabis users (n=1043) with use in the past
year had 3.3 times the rate of stroke/TIA (95%
Cl, 1.8-6.3; P<0.001); after adjustment for
covariates related to stroke, including tobacco
smoking, the IRR dropped to 2.3 (95% Cl,
1.1-4.5); stroke/TIA was found in those who
used cannabis weekly or more often (IRR, 4.7
[95% Cl, 2.1-10.7]) with no elevation among
participants who used cannabis less often.

Jouanjus et al*®

2014

French Addictovigilance
Network (2006-2010)

1979 adverse reports related
to cannabis use

35 adverse reports were cardiovascular. The
percent of cannabis-related cardiovascular
events rose from 1.1% in 2006 to 3.6% in
2010 of all cannabis-related reports.

Johnson-Sasso et al*®

2018

Hospital records from 8 states
(1994-2013)

>1.2 million patients with
AMI

3854 patients with AMI reported cannabis use
(=0.3%). Incidence of AMI was higher in the
cannabis group <50y old vs nonusers (54% vs
20%; P<0.001). Primary outcome (death, intra-
aortic balloon pump placement, mechanical
ventilation, cardiac arrest, shock) was not
associated with cannabis use. Lower mortality
rate was seen among cannabis users (OR, 0.79).

Kalla et al*!

2018

National Inpatient Sample
(2009-2010)

>316000, 18-55 y of age

With multivariate regression analysis, cannabis
use was an independent predictor of heart
failure (OR, 1.1) and stroke (OR, 1.24).

Lorenz et al*?

2017

Multicenter AIDS Cohort Study
(1990-2010)

558 HIV-positive men

Long-term heavy cannabis use was
independently associated with increased
cardiovascular events in men 40-60 y of age.

Mittleman et al*

2001

Determinants of Myocardial
Infarction Onset Study (case-
crossover study design)

3882 patients with AMI

Risk of Ml onset was increased 4.8 times
over baseline in the 60 min after use of
cannabis. Cannabis users more likely to be
men, cigarette smokers, and obese.

Monte et al™

2019

Large urban academic hospital
in Colorado (2012-2016)

9973 adult ED visits for
cannabis use

Patients using edible cannabis who visited the
ED were more likely to show cardiovascular
symptoms (8%) vs those who inhaled
cannabis (3%). Edibles also more likely to be
associated with acute psychiatric symptoms
and intoxication. Inhaled cannabis was more
frequently associated with cannabinoid
hyperemesis syndrome. Cannabis-related
visits increased from 2012-2016.

Patel et al**

2019

Systematic review of case
reports, case series

62 patients with AMI and
cannabis use

Mean age of 28 y. Male predominance.
Onset of AMI within 5 h of last use. Normal
coronary angiograms in 37% of cases. Left
anterior descending coronary was occluded
in 42% of angiograms.

Patel et al*

2018

Nationwide Inpatient Sample
(2010-2014)

379843 patients with
primary diagnosis of AMI

3.3% of patients had a codiagnosis of
cannabis-use disorder. Admissions for

AMI among cannabis users increased by
32% (P=0.001) over 5'y. Average age of
cannabis users with AMI was 41 y. AMI was
predominant in male cannabis users, but

a 38% increase in prevalence was seen in
female users from 2010-2014.

Reis et al*

2017

CARDIA study, 1985-1986
baseline

5113 adults 18-30 y of age
followed up for >25y

84% reported history of cannabis use.
Cumulative lifetime and recent cannabis use
did not show an association with incidence
of cardiovascular disease, stroke or TIA,
coronary heart disease, or cardiac mortality.

Richards et al*’

2019

Systematic review of 85 studies,
case reports, case series

541581 adults

Of 33 studies evaluated, 28 suggested

an increased risk of both acute coronary
syndrome and chronic cardiovascular disease
from cannabis use; of the 51 case series/
reports with 62 subjects, 21 cases (34%) had
concomitant cardiomyopathy and 14 deaths
(23%) were attributed to acute coronary
syndrome associated with cannabis use.
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Table 3. Continued

Cannabis and Cardiovascular Health

Author Year Type of Study

No. of Patients Results

Rodondi et al*® 2006 CARDIA study

3617 with 15y of
longitudinal data

38% reported ever using cannabis. Cannabis
use was associated with male sex, tobacco
use, illicit drug use, higher caloric intake,
alcohol intake, systolic blood pressure
(113-117 mmHg), and higher triglyceride
levels. Cannabis use was not associated

with higher BMI or lipid or glucose levels.
However, in multivariate analysis, cannabis
use was not associated with higher systolic
blood pressure or triglycerides.

Wang et al* 2017 Colorado Hospital Association
hospitalizations and ED visits
(2000-2015) and regional
Poison Center data (2000

2015)

0.3% of hospitalizations had cannabis-
related billing codes. Billing codes for
cannabis-related hospitalizations increased
from 274/100000 hospitalizations in 2000
t0 593/100000 in 2015 (2 y after cannabis
legalization); ED visits for cannabis increased
from 313/100000 in 2011 to 478/100000
in 2015. Calls to Poison Centers increased
after medical and recreational cannabis
legalization.

>7 million

AAC indicates abdominal aortic calcium; AMI, acute myocardial infarction; BMI, body mass index; CAC, Coronary Artery Calcium; CARDIA, Coronary Risk
Development in Young Adults; ED, emergency department; HR, hazard ratio; IRR, incidence rate ratio; MI, myocardial infarction; OR, odds ratio; PATH, Personality

and Total Health; RR, relative risk; and TIA, transient ischemic attack.

illicit dealers), are linked to most of the cases and play a
major role; however, the role of nicotine-containing prod-
ucts cannot be excluded.>® Recently, the Centers for Dis-
ease Control and Prevention identified vitamin E acetate,
often used as an oil-based solvent in THC and other vap-
ing products, as a possible cause for e-cigarette, or vap-
ing, product use—associated lung injury.>® However, these
findings are based on a relatively small number of tissue
samples. Nonetheless, on the basis of these findings, can-
nabis vaping should be avoided.

In addition, over-the-counter topical CBD products
sold in pharmacies do not fall under the US Food and
Drug Administration regulatory oversight guidance, re-
view, and inspection and, within that, the Good Manu-
facturing Practice regulations. Thus, the potential exists
for these products to contain impurities such as heavy
metals, herbicides, pesticides, and fungicides.>®

Chronic Side Effects

With continued long-term use, tolerance will develop
as a result of reduced availability of the cannabinoid
receptors, principally the CB, receptor.?® Long-term us-
ers may experience a withdrawal syndrome when can-
nabis is suddenly stopped, the dose is decreased, or the
formulation is changed. Signs and symptoms consist of
anger, anxiety, restlessness, irritability, depressed mood,
disturbed sleep, strange dreams, decreased appetite,
weight loss, headache, and night sweats. These symp-
toms typically begin a few days after cannabis cessation
or a reduction in use or dose, with symptoms peak-
ing after =10 days and ending after 30 days.>'? Long-
term, heavy (THC-predominant) cannabis use is associ-
ated with an increased risk of hyperemesis syndrome
characterized by prodromal symptoms of abdominal

Circulation. 2020;142:¢131-e152. DOI: 10.1161/CIR.0000000000000883

discomfort and nausea leading to intractable vomiting.
Significant evidence from preclinical, clinical, and epi-
demiological studies supports an association between
cannabis (especially THC-predominant cannabis) and
an increased risk of psychosis and schizophrenia, par-
ticularly in individuals with a predisposition to such dis-
orders and those with initial use early in adolescence >

Addiction Considerations

Cannabis use has addictive potential and is associ-
ated with the development of cannabis use disorder
(CUD).>"*® Addiction to cannabis has been reported in
~9% of users, 17% of those who begin use in ado-
lescence, and 25% to 50% of those who are daily us-
ers. Similar to other substance use disorders, individuals
with CUD display symptoms related to impaired con-
trol over consumption and physical dependence. Using
data from the National Epidemiological Survey on Alco-
hol and Related Conditions, Hasin et al*® reported that
3 of 10 past-year cannabis users met the criteria for
CUD and that the 30% prevalence of CUD was greater
than that for alcohol use disorder (17.5%). According
to epidemiological studies, risk factors for CUD include
higher rates of edible consumption and vaping, higher
THC potency and lower CBD content, and younger age
at initiation.>>®® However, the prevalence of CUD may
be higher because the current estimates are based on
self-reported survey and interview data and may use
the older Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition criteria. Hence, the CUD defi-
nition used may not include cravings or cannabis with-
drawal.®® Although limited data exist, regular cannabis
use, especially in adolescence, may serve as a gateway
to the use of illicit drugs, harmful alcohol consumption,
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and nicotine dependence in young adulthood.®'-%3 Fur-
thermore, this relationship may be bidirectional, par-
ticularly in adolescents and young adults.®?

Drug-Drug Interactions

Drug interactions with cannabis can be expected to vary
considerably in clinical significance given the wide vari-
ability in products, potencies, ratios of THC and CBD,
doses, routes of administration, and populations using
cannabinoids. However, many interactions can be pred-
icated by the pharmacokinetics of the cannabinoid and
potential concomitant drug (Table 1).529646> |n vitro ex-
periments suggest that THC has the potential to inhibit
CYP (cytochrome P450) 3A4/4, CYP2C9, CYP2C19,
and CYP2D6, whereas CBD also has the potential to
inhibit CYP3A4/5, CYP2C19, CP2D6, and CYP1A2°
Tetrahydrocannabinol can induce CYP1A2, particularly
with smoked cannabis. Preclinical and animal data sug-
gest that cannabinoids can inhibit systemic transport
proteins such as BCRP (breast cancer-resistant protein)
and p-glycoprotein activity, decrease protein expression
of P-glycoprotein, and increase protein expression of
BCRP>%455 However, the concentrations used greatly
exceeded systemic concentrations likely observed in hu-
mans, suggesting that systemic transporter-mediated
drug interaction with cannabinoids is unlikely.> Phar-
macokinetic studies with Epidiolex suggest that CBD is
not a substrate or inhibitor of P-glycoprotein or OATPs
(organic anion transport proteins) such as OATP1B1 or
OATP1B2 but is an inhibitor of UDP-glucuronosyltrans-
ferase1A9 and 2B7.° Table 4 summarizes known and
potential drug-drug interactions with both phytocan-
nabinoids and synthetic cannabinoids.>20:646>

CONSIDERATIONS IN SPECIAL
POPULATIONS

Young Adults

Excluding nicotine, cannabis is the most commonly used
drug of abuse by adolescents worldwide. Early-onset use,
typically defined as use starting before 16 to 18 years of
age, has been associated with reports of poorer sustained
attention, reduced overall or verbal intelligence quotient,
and worse executive functioning.>'>3 Multiple studies
using neuroimaging suggest that regular cannabis use
during adolescence may lead to structural changes such
as altered cortical gray matter development and reduced
white matter myelination.>'>'* Although small observa-
tional studies in older adults have reported improvement
in affective symptoms such as depression and anxiety
with cannabis use, the effects in adolescents and young
adults are less clear. A recent meta-analysis of 11 studies
including 23317 individuals assessed cannabis use and
depression at different time points from adolescence to
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young adulthood.®® The odds of developing depression
(odds ratio [OR], 1.37 [95% Cl, 1.16-1.62]), suicidal ide-
ation (OR, 1.5[95% Cl, 1.11-2.03]), and suicide attempt
(OR, 3.46 [95% Cl, 1.53-7.84]) were higher for cannabis
users compared with nonusers. In a European case-con-
trol study, daily cannabis use has been associated with in-
creased odds of psychotic disorder compared with never
users (adjusted OR, 3.2 [95% Cl, 2.2-4.1]), increasing to
nearly 5 times increased odds for daily use of high-poten-
¢y types of cannabis (THC >=10%) compared with low-
potency cannabis (THC <10%; adjusted OR, 3.2 [95%
Cl, 3.0-16.1]). However, this study did not account for
genetic and environmental factors.®” Finally, in an analy-
sis from the Behavioral Risk Factor Surveillance System,
Parekh et al®® found a significantly higher odds of stroke
in young marijuana users (age, 18-44 years; adjusted OR,
1.82 [95% Cl, 1.08-3.10]) compared with nonusers, with
even greater odds among frequent users (>10 d/mo; ad-
justed OR, 2.45[95% Cl, 1.31-4.60]).

Pregnant Women

Tetrahydrocannabinol can enter the fetal brain through
the maternal blood flow, leading to disruption in the
endogenous endocannabinoid system in both the fe-
tus and the mother.®® A study that evaluated state-level
prevalence estimates of prenatal and early postnatal
cannabis use in a state with legalized medical and rec-
reational cannabis showed that the self-reported prev-
alence of cannabis use at any time during pregnancy
was 5.7£0.5% and the prevalence of early postnatal
cannabis use among women who breastfed was 5.0%
(95% Cl, 4.1-6.2). Prenatal cannabis use was associat-
ed with a 50% increased likelihood of low birth weight
independently of maternal age, race/ethnicity, level of
education, and tobacco use during pregnancy (OR, 1.5
[95% Cl, 1.1-2.1]; P=0.02).7° A systematic review and
meta-analysis of prenatal exposure to cannabis and
maternal and child health outcomes demonstrated
that women who used cannabis during pregnancy
had an increased odds of anemia (OR, 1.36 [95% ClI,
1.10-1.69]) compared with women who did not use
cannabis during pregnancy. Similarly, compared with
infants whose mothers did not use cannabis during
pregnancy, infants exposed to cannabis in utero had
a higher risk for low birth weight (OR,1.77 [95% CI,
1.04-3.01]; pooled mean difference for birth weight,
109.42 g [95% Cl, 38.72-180.12, respectively]).”" Tet-
rahydrocannabinol has also been found in breast milk
for up to 6 days after the last recorded use, potentially
affecting the newborn’s brain development and result-
ing in hyperactivity, poor cognitive function, and other
long-term consequences.®®

According to a National Academies of Science report,
a lack of definitive evidence has resulted in insufficient
information on the health implications of cannabis use,
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Table 4. Summary of Potential Drug-Drug Interactions With Cannabis

Cannabis and Cardiovascular Health

CBD Effects

THC Effects

Clinical Intervention

Examples of Potentially
Interacting Drugs/Substrates

Phase 1 metabolism

CYP1A2
Substrate 1 Substrate concentration | Substrate concentration Monitor for signs of either Chlorpromazine, clozapine,
therapeutic failure or adverse cyclobenzaprine, duloxetine,
effects; consider modifying haloperidol naproxen, olanzapine,
substrate dose on the basis of propafenone,* theophylline,
cannabis preparation tricyclic antidepressants
CYP2C9
Substrates 1 Substrate concentration Conflicting data Consider decreasing dose of Burprenorphine, fluvastatin,*
($ Substrate concentration) substrate; monitor INR for celecoxib, losartan,* naproxen,
warfarin within 3 d; monitor phenobarbital, montelukast,
free phenytoin levels phenytoin, rosiglitazone,
rosuvastatin,* sulfonylureas,
valsartan,* warfarin*
CYP2D6
Substrates 1 Substrate concentration 1 Substrate concentration Consider decreasing dose Antidepressants (eg, amitriptyline,
of substrate; monitor for citalopram, nortriptyline),
adverse reactions; monitor antipsychotics (eg, clozapine,
QTc for antidepressants and haloperidol, risperidone),
antiarrhythmics; monitor free antiarrhythmic* (eg, amiodarone, *
valproate levels dronedarone,* flecainide,*
propafenone*), B-blockers* (eg,
carvedilol,* metoprolol*), opioids
(eg, codeine, morphine, tramadol),
valproatet
Inhibitors 1 CBD concentration 1 THC concentration Consider decreasing dose of Desipramine, paroxetine,
cannabis product quinidine, * ritonavir, sertraline
CYP3A4
Substrates 1 Substrate concentration | 1 Substrate concentration Consider decreasing dose of Benzodiazepines, dihydropyridine
substrate calcium channel blockers* (eg,
amlodipine,* felodipine*), CNIs*
(eg, cyclosporine,*t tacrolimus*t),
PDES inhibitors* (eg, sildenafil*),
propafenone,* statins* (except
pravastatin* and rosuvastatin*),
zaleplon, zopiclone, zolpidem
Inhibitors 1 CBD concentration 1 THC concentration Consider decreasing dose of Antiarrhythmic* (eg, amiodarone,*
cannabis product dronedarone,* quinidine*), azole
antifungals (eg, ketoconazole,
itraconazole, posaconazole),
nondihydropyridine* (eg,
diltiazem,* verapamil*), macrolides
(eg, clarithromycin, erythromycin),
protease inhibitors (eg, ritonavir,
indinavir, nelfinavir, saquinavir,
telaprevir, atazanavir, boceprevir,
lopinavir), tyrosine kinase
inhibitors, valproate#
Inducers | CBD concentration | THC concentration Consider increasing dose of Carbamazepine, cimetidine,
cannabis product phenytoin, phenobarbital,
pioglitazone, rifampin, St. John’s
wort, topiramate
CYP2C19
Substrates 1 Substrate concentration 1 Substrate concentration Consider decreasing dose of Antidepressants (eg, amitriptyline,

substrate; monitor for adverse
effects; for clopidogrel, consider
using alternative antiplatelet;
monitor free phenytoin levels

citalopram, bupropion), antiseizure
(eg, clobazam,# diazepam,
phenytoin, phenobarbital,
clopidogrel*), proton pump
inhibitors (eg, omeprazole,
pantoprazole)
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Table 4. Continued

Cannabis and Cardiovascular Health

CBD Effects THC Effects

Clinical Intervention

Examples of Potentially
Interacting Drugs/Substrates

(CYP2C19 Continued)

Inhibitors 1 CBD concentration 1 THC concentration Consider decreasing dose of Chloramphenicol, felbamate,
cannabis product; monitor for fluoxetine, fluvoxamine, isoniazid,
adverse effects protease inhibitors (eg, ritonavir,

indinavir, nelfinavir, saquinavir,
telaprevir, atazanavir, boceprevir,
lopinavir)

Inducers | CBD concentration 1 THC concentration Consider increasing dose of Carbamazepine, ketoconazole,

cannabis product; monitor for
adverse effects

phenytoin, phenobarbital,
rifampin, rifampicin, St. John's
wort

Phase 2 metabolism

UGT1A9
Substrates 1 Substrate concentration No data Consider decreasing dose of Acetaminophen, canagliflozin,*
substrate; monitor for adverse dabigatran,* dapagliflozin,*
effects haloperidol, ibuprofen, irinotecan,
mycophenolate mofetil,* propofol,
regorafenib, sorafenib, valproic
acid+
UGT2B7
Substrates 1 Substrate concentration No data Consider decreasing dose of Carbamazepine, hydromorphone,

substrate; monitor for adverse
effects

ezetimibe, * ibuprofen,
losartan, * lovastatin,* naproxen,

simvastatin,*
valproatet

CBD indicates cannabidiol; CNI, calcineurin inhibitor; CYP, cytochrome P450; INR, international normalized ratio; PDE5, phosphodiesterase type 5; THC, A-9-

tetrahydrocannabinol; and UGT, uridine 5'diphospho-glucoronosyltransferase.
*Cardiovascular medications.
tBased on observation studies or case reports.
$Based on clinical studies or in vivo data.

Data derived from Health Canada,’® DeFilippis et al,?® Weinberger et al,®? and Kristman-Valente et al.®

especially in vulnerable populations such as pregnant
women.'? The American College of Obstetricians and
Gynecologists holds that women who are pregnant or
contemplating pregnancy should be encouraged to dis-
continue marijuana use. WWomen reporting marijuana use
should be counseled about concerns for potential adverse
health consequences of continued use during pregnan-
cy.”? In 2018, the American Academy of Pediatrics rec-
ommended advising all adolescents and young women
that if they become pregnant, marijuana should not be
used during pregnancy.”® In addition, because data are
insufficient to assess the effects of exposure of infants
to maternal cannabis use during breastfeeding, maternal
cannabis use while breastfeeding is discouraged.

Geriatric Population

Cannabis use has been suggested to be safe and effec-
tive for older populations seeking a reduction in neu-
ropathic pain, improved quality of life, and decreased
prescription drug use (including opioids)."”7* In addition,
benefits for patients with age-related diseases, includ-
ing Parkinson and Alzheimer disease, have been report-
ed (Table 2). However, there is a paucity of longitudinal
data specific to the effects in an elderly/geriatric patient
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population.”7¢ Cross-sectional analysis of national data
from the 2012 to 2013 National Epidemiological Survey
on Alcohol and Related Conditions indicates that adults
>65 years of age had significantly lower rates of can-
nabis use compared with younger age groups. However,
individuals in the group =50 years of age who had used
cannabis in the past year had the greatest rates of mental
disorders (33.2%), including anxiety, manic-depressive
disorder, posttraumatic stress disorder, and bipolar disor-
der, compared with past users (26.5%) and never users
(19.4%).”” These findings may be driven by the strong
positive association between major depressive episodes
and self-medication in the general population.’®7°
Interindividual variation exists for THC pharmacoki-
netics, but time to reach maximal concentration in old-
er adults is similar to that in young adults.®® However,
pharmacodynamics in an older cohort may be altered,
with smaller observed effects from a given dose com-
pared with a younger cohort resulting from age-related
impairments in G proteins and signaling pathways.®’
Administration route (eg, oral versus inhalation) may af-
fect response to a given dose; the first-pass effect and
hepatic blood flow/clearance in an older cohort may
affect cannabinoid efficacy greatly.®? Given the perva-
siveness of polypharmacy in an aging population, the

Circulation. 2020;142:¢131-e152. DOI: 10.1161/CIR.0000000000000883
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potential for drug-drug interactions could be high, par-
ticularly with regard to anticoagulants, antidepressants,
antipsychotics, antiarrhythmics, and statins (Table 4).2°

Transplantation Patients

Traditionally, most solid organ transplantation pro-
grams have recommended that patients with active
drug or alcohol abuse not undergo transplantation.
However, legislation has passed in at least 7 US states
(California, Washington, lllinois, Arizona, Delaware,
New Hampshire, and Maine) that explicitly forbids de-
nial of transplantation listing on the basis of a patient’s
use of medical cannabis.®8 Data from a web-based
survey designed to examine practice patterns of and
attitudes of heart transplantation providers in 26 coun-
tries toward cannabis use revealed that the majority of
respondents (64.4%) supported transplantation listing
for patients who use legal medical cannabis.® Howev-
er, 68.3% of providers require a documented period of
abstinence before the patient is eligible for transplan-
tation, including respondents from those states with
laws prohibiting cannabis-using patients from being
denied transplantation. Significantly fewer respondents
(27.5%) supported transplantation listing for patients
using legal recreational cannabis. There are unique risks
in an immunocompromised patient because inhaled
smoked or vaporized cannabis can expose the user to
life-threatening pulmonary infections (most commonly
Asperqillosis).®> In addition, significant drug-drug in-
teraction of exogenous cannabinoids with calcineurin
inhibitors may exist, potentially leading to increased cal-
cineurin inhibitor concentrations and toxicity (Table 4).

Comorbid Cardiovascular Disease

Because cannabis consumption increases myocardial oxy-
gen demand and decreases myocardial oxygen supply,
patients with underlying ischemic disease could see an
increase in angina, particularly when cannabis is smoked.
Using data from the National Health and Nutrition Ex-
amination Survey from 2005 to 2016, DefFilippis et al*®
estimated that 2 million (2.3%) of the 89.6 million adults
who reported marijuana use had cardiovascular disease.
Observational studies have suggested that cannabis may
be a trigger for AMI.8#” Recent data suggest that canna-
bis use is present in 6% of patients <50 years of age who
present with AMI and is associated with worse all-cause
and cardiovascular mortality.3? This risk may be temporally
related to the timing of cannabis use. In 3882 patients
with AMI, Mittleman et al** found that 3% of patients
smoked cannabis in the prior year. Of these patients, 37
had smoked within the previous 24 hours and 9 within 1
hour of AMI presentation. Smaller studies have shown a
signal toward increased mortality in patients with coro-
nary artery disease who use cannabis, although many of

Circulation. 2020;142:¢131-e152. DOI: 10.1161/CIR.0000000000000883
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these findings failed to reach statistical significance.3#” In
patients with chronic stable angina, smoking a single can-
nabis cigarette decreased exercise time to angina by 48%
compared with placebo.® However, in a study in patients
with coronary artery disease and angina, cannabis use
was associated with a decreased end-diastolic volume,
stroke index, and ejection fraction without causing any
change in end-systolic volume or cardiac index.®® Other
studies have linked cannabis use to a higher risk of cere-
brovascular accident and heart failure. However, not all
of those included had known cardiovascular disease.*':°

Patients With Cardiac Risk Factors

Cross-sectional data indicate long-term (eg, years), con-
tinual cannabis use to be associated with an increased
risk of metabolic syndrome compared with no use.”’
However, conflicting studies have suggested that com-
pared with nonusers, those who use cannabis had a
similar or reduced incidence of hyperglycemia, elevated
fasting blood glucose, and diabetes mellitus, as well as a
lower body mass index, total cholesterol, and low-density
lipoprotein.®>8 In young adults (18-44 years of age),
compared with nonusers, the risk of stroke was higher
among frequent marijuana users with concomitant com-
bustible cigarette use (adjusted OR, 3.12 [95% Cl, 1.40-
6.97]) and e-cigarette use (adjusted OR, 2.63 [95% CI,
1.07-6.46]).% The limited longitudinal data and nature
of recall bias in cross-sectional studies highlight the need
for additional research; the present evidence for a link
between health outcomes and the use of cannabis, es-
pecially in patients with cardiac risk factors, is insufficient.

PATIENT EDUCATION AND
CONSIDERATIONS

The decision to use cannabis, whether medicinal or recre-
ational, should involve shared decision-making between
provider and patient, highlighting state and federal laws,
possible risks and benefits for various forms of adminis-
tration, and adverse effects.®® Because of the risk of con-
tamination and adulteration, all cannabis products on
the black or gray market, especially synthetic illicit can-
nabinoids, should be avoided. As with tobacco and nico-
tine products, smoked or vaporized cannabis is generally
not recommended, especially in patients with respiratory
diseases such as asthma or chronic obstructive pulmo-
nary disease, and should be avoided in patients with
severe liver disease because of the potential risk of fibro-
sis or steatorrhea.> Driving a car or operating heavy ma-
chinery should be avoided because blood THC concen-
trations of 2 to 5 ng/mL are associated with substantial
driving impairment.'® Likewise, when cannabis is used in
combination with opioids, alcohol, or sedative/hypnotics,
cross-tolerance and potentiated central nervous system
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Table 5. Future Needs and Specific Actions

Cannabis and Cardiovascular Health

Need

Specific Action

Legal Harmonize international, national, and regional laws; in the United States, this should start with removal of cannabis
from Schedule 1 of the US Controlled Substances Act at the federal level to allow a more nuanced approach to
marijuana legislation and regulation.

Remove legal barriers to research funding and clinical trials.

Create a supportive, robust public health infrastructure to address critical aspects of public health response, including
surveillance, prevention, countermarketing, and public safety.

Integrate marijuana into comprehensive tobacco control and prevention policy.

Support laws and regulation that prevent cannabis use in minors.

Integrate equity considerations into policy development of marijuana-related laws to ensure that racial and ethnic
disparities are not further exacerbated. Jurisdictions will need to consider the removal or expungement of criminal
records of existing offenders, age restrictions, juvenile offenses, and other legal implications and processes that may
result from legalization or decriminalization of marijuana.

Support comprehensive FDA regulation of CBD products. Standardize manufacturing and labeling to quantify THC
and CBD content; this should include over-the-counter topical CBD products.

Require packaging to convey a meaningful unit of consumption (following alcohol ABV example), as well as clear
differentiation of cannabis products from food.

Regulate retail sales, marketing, and promotion through national guidelines paired with local control.

Apply taxes in ways that moderate use and fund appropriate law enforcement, education, and research.

Education, clinicians

Bolster comprehensive cannabis education in existing training on substance use and abuse.

Create knowledge and automated warnings around drug-drug interactions.

Standardize the way cannabis use is considered in medical decision-making, including transplantation eligibility, to
destigmatize use but also to recognize health consequences; apply fair and equitable testing through algorithms.

Education, public

Educate the public about different cannabis products, the various active substances they may contain, and the
known health consequences of smoking and vaping.

syndrome).

Expand information sources about impairment, abuse, and its consequences (eg, cannabis use disorder, hyperemesis

Dispel myths about cannabis, particularly concerning the lack of risk and overly exuberant claims of health benefits.

Research
cardiovascular health.

Support basic and clinical research into the purported and health benefits of cannabis products, including

Support basic and clinical research into the potential short- and long-term health consequences of cannabis
products, including vascular disease and myocardial injury.

consumption.

Construct a standardized dose similar to that for alcohol (the standard drink), tobacco (a cigarette), or opioids
(morphine milligram equivalents) for researchers to use in analyzing use and for users to understand their

Establish standards for measuring cannabis intoxication and impairment, including ED and roadside testing.

Understand the epidemiology and trends in cannabis use, particularly among youth and higher-risk populations.

Understand cannabis use disorder and its effect on health and healthcare use.

ABV indicates alcohol by volume; CBD, cannabidiol; ED, emergency department; FDA, US Food and Drug Administration; and THC, A-9-tetrahydrocannabinol.

depressant effects with cannabis may develop. The de-
layed onset of effect when edible cannabis is consumed
should be explained to minimize potential adverse ef-
fects. Patients who are long-term, heavy cannabis users
should be advised not to suddenly stop their cannabis
because of the risk of cannabis withdrawal syndrome.
Patients should contact their provider immediately if
signs and symptoms of cannabis withdrawal and hyper-
emesis syndrome should arise. In addition, cannabis con-
taining primarily THC (with little if any CBD), especially
higher levels of THC, should not be used in patients with
a personal history of psychiatric disorders (eg, psychosis,
schizophrenia, anxiety, and mood disorders); history of
substance abuse, including alcohol or concomitant psy-
choactive drugs; or a family history of schizophrenia be-
cause of the risk of exacerbation. Because of variations
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in state laws, patients using cannabis should understand
that although >30 states may have legalized cannabis
for medicinal purposes, fewer than half protect patients
from being fired or rejected for a job as a result of a
positive cannabis test. Finally, interstate transportation of
cannabis is a federal crime, even if the patient has an ap-
proved medical indication.

POLICY CONSIDERATIONS AND
FUTURE DIRECTIONS

Because of the rapidly changing landscape of cannabis
laws and marijuana use, there is a pressing need for re-
fined policy, education of clinicians and the public, and
new research. Laws should be harmonized in ways that

Circulation. 2020;142:¢131-e152. DOI: 10.1161/CIR.0000000000000883
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limit confusion and better reflect the existing science be-
hind cannabis, starting in the United States at the federal
level with removal of cannabis from Schedule 1 of the
US Controlled Substances Act, followed by a proactive
approach to labeling that standardizes concentrations of
THC and CBD content. Meanwhile, the negative health
implications of cannabis should be formally and consis-
tently emphasized in policy, including a doubling down
on the American Heart Association’s commitment to lim-
iting the smoking and vaping of any products and ban-
ning cannabis use for youth. All clinicians (physicians,
advanced practice providers, nurses, pharmacists, and
others) need greater exposure to and education on the
various cannabis products and their health implications
during their initial training and continuing education, and
they must be alert to the possibility that the use of can-
nabis or its potent synthetic analogs might be the under-
lying cause of severe cardiovascular events and patholo-
gies. The public needs high-quality information about
cannabis, which can help counterbalance the prolifera-
tion of rumor and false claims about the health effects of
cannabis products. Furthermore, research funding must
be increased proportionally to match the expansion of
cannabis use, not only to clarify the potential therapeutic
properties but also to better understand the cardiovascu-
lar and public health implications that now follow the de-
criminalization of cannabis. Table 5 summarizes the needs
and specific actions that should be considered.

Cannabis and Cardiovascular Health

ARTICLE INFORMATION

The American Heart Association makes every effort to avoid any actual or po-
tential conflicts of interest that may arise as a result of an outside relationship or
a personal, professional, or business interest of a member of the writing panel.
Specifically, all members of the writing group are required to complete and
submit a Disclosure Questionnaire showing all such relationships that might be
perceived as real or potential conflicts of interest.

This statement was approved by the American Heart Association Science
Advisory and Coordinating Committee on May 18, 2020, and the American
Heart Association Executive Committee on June 22, 2020. A copy of the docu-
ment is available at https:/professional.heart.org/statements by using either
“Search for Guidelines & Statements” or the “Browse by Topic” area. To pur-
chase additional reprints, call 215-356-2721 or email Meredith.Edelman@wolt-
erskluwer.com.

The American Heart Association requests that this document be cited as
follows: Page RL 2nd, Allen LA, Kloner RA, Carriker CR, Martel C, Morris AA,
Piano MR, Rana JS, Saucedo JF; on behalf of the American Heart Association
Clinical Pharmacology Committee and Heart Failure and Transplantation Com-
mittee of the Council on Clinical Cardiology; Council on Basic Cardiovascular
Sciences; Council on Cardiovascular and Stroke Nursing; Council on Epidemi-
ology and Prevention; Council on Lifestyle and Cardiometabolic Health; and
Council on Quality of Care and Outcomes Research. Medical marijuana, rec-
reational cannabis, and cardiovascular health: a scientific statement from the
American Heart Association. Circulation. 2020;142:e131-e152. doi: 10.1161/
CIR.0000000000000883

The expert peer review of AHA-commissioned documents (eg, scientific
statements, clinical practice guidelines, systematic reviews) is conducted by
the AHA Office of Science Operations. For more on AHA statements and
guidelines development, visit https:./professional.heart.org/statements. Se-
lect the “Guidelines & Statements” drop-down menu, then click “Publication
Development.”

Permissions: Multiple copies, modification, alteration, enhancement, and/
or distribution of this document are not permitted without the express permis-
sion of the American Heart Association. Instructions for obtaining permission
are located at https:/Awww.heart.org/permissions. A link to the “Copyright Per-
missions Request Form” appears in the second paragraph (https:/Awww.heart.
org/en/about-us/statements-and-policies/copyright-request-form).

Disclosures
Writing Group Disclosures
Other Speakers’ Consultant/
Writing Group Research Research Bureau/ Expert Ownership | Advisory
Member Employment Grant Support Honoraria Witness Interest Board Other
Robert L. Page Il University of Colorado Skaggs None None None None None None None
School of Pharmacy and
Pharmaceutical Sciences
Larry A. Allen University of Colorado School None None None None None None None
of Medicine
Colin R. Carriker High Point University None None None None None None None
Robert A. Kloner Huntington Medical Research None None None None None None None
Institutes Cardiovascular
Research Institute
Catherine Martel Montreal Heart Institute None None None None None None None
Research Center, Université de
Montréal
Alanna A. Morris Emory University School of None None None None None None None
Medicine
Mariann R. Piano Vanderbilt University School of None None None None None None None
Nursing
Jamal S. Rana Kaiser Permanente Northern None None None None None None None
California
Jorge F. Saucedo Medical College of Wisconsin None None None None None None None

This table represents the relationships of writing group members that may be perceived as actual or reasonably perceived conflicts of interest as reported on
the Disclosure Questionnaire, which all members of the writing group are required to complete and submit. A relationship is considered to be “significant” if
(a) the person receives $10000 or more during any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the
voting stock or share of the entity, or owns $10000 or more of the fair market value of the entity. A relationship is considered to be “modest” if it is less than

“significant” under the preceding definition.

Circulation. 2020;142:¢131-e152. DOI: 10.1161/CIR.0000000000000883

September 8,2020 e149

o
=
E=
=0
>
o
S w
(=
=E
Cm
—
= o
=
—
(7]




AND GUIDELINES

(22
—
—
Ll
=
=
=
[7,)
—
<t
=
=
—
o

Gzoz ‘sz AInc uo Aq Bio'seusnofeye//:dny wouy papeojumoq

Page et al

Reviewer Disclosures

Cannabis and Cardiovascular Health

Other Speakers’ Consultant/
Research Research Bureau/ Expert Ownership Advisory
Reviewer Employment Grant Support Honoraria Witness Interest Board Other
Keith Churchwell Yale-New Haven Hospital None None None None None None None
Elena Kaschina Charité- None None None None None None None
Universitidtsmedizin

Berlin (Germany)

Michelle Kittleson | Cedars Sinai Smidt Heart None None None None None None None
Institute

Thomas J. Payne University of Mississippi None None None None None None None

Medical Center

This table represents the relationships of reviewers that may be perceived as actual or reasonably perceived conflicts of interest as reported on the Disclosure
Questionnaire, which all reviewers are required to complete and submit. A relationship is considered to be “significant” if (a) the person receives $10000 or
more during any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the voting stock or share of the entity,
or owns $10000 or more of the fair market value of the entity. A relationship is considered to be “modest” if it is less than “significant” under the preceding
definition.

REFERENCES

1.

. VanDolah HJ,

Substance Abuse and Mental Health Services Administration. The Nation-
al Survey on Drug Use and Health. 2018. https:/Avww.samhsa.gov/data/
sites/default/files/cbhsg-reports/Assistant-Secretary-nsduh2018_presenta-
tion.pdf. Accessed December 20, 2019.

. Adrian M. What the history of drugs can teach us about the current

cannabis legalization process: unfinished business. Subst Use Misuse.
2015;50:990-1004. doi: 10.3109/10826084.2015.1013725

. Haffajee RL, MacCoun RJ, Mello MM. Behind schedule: reconciling fed-

eral and state marijuana policy. N Engl J Med. 2018;379:501-504. doi:
10.1056/NEJMp 1804408

. DISA Global Solutions. Map of marijuana legality by state. https:/disa.

com/map-of-marijuana-legality-by-state. Accessed December 20, 2019.

. Health Canada. Information for health care professionals: cannabis (mari-

huana, marijuana) and the cannabinoids. 2018. https:/Awww.canada.ca/
en/health-canada/services/drugs-medication/cannabis/information-medical-
practitioners/information-health-care-professionals-cannabis-cannabinoids.
html. Accessed December 20, 2019.

. Hillig KW, Mahlberg PG. A chemotaxonomic analysis of cannabinoid

variation in cannabis (Cannabaceae). Am J Bot. 2004;91:966-975. doi:
10.3732/ajb.91.6.966

Bauer BA, Mauck KF Clinicians’ guide to canna-
bidiol and hemp oils. Mayo Clin Proc. 2019;94:1840-1851. doi:
10.1016/.mayocp.2019.01.003

. Ebbert JO, Scharf EL, Hurt RT. Medical cannabis. Mayo Clin Proc.

2018;93:1842-1847. doi: 10.1016/j.mayocp.2018.09.005

. Grotenhermen F. Pharmacokinetics and pharmacodynamics of cannabi-

noids. Clin Pharmacokinet. 2003;42:327-360. doi: 10.2165/00003088-
200342040-00003

. Foster BC, Abramovici H, Harris CS. Cannabis and cannabinoids: ki-

netics and interactions. Am J Med. 2019;132:1266-1270. doi:
10.1016/j.amjmed.2019.05.017

. Millar SA, Stone NL, Yates AS, O'Sullivan SE. A systematic review on

the pharmacokinetics of cannabidiol in humans. Front Pharmacol.
2018;9:1365. doi: 10.3389/fphar.2018.01365

. National Academies of Sciences, Engineering, and Medicine. The Health

Effects of Cannabis and Cannabinoids: The Current State of Evidence and
Recommendations For Research. Washington, DC: National Academies
Press; 2017.

. Volkow ND, Baler RD, Compton WM, Weiss SR. Adverse health ef-

fects of marijuana use. N Engl J Med. 2014,;370:2219-2227. doi:
10.1056/NEJMra1402309

. Klein RFX. Analysis of “marijuana edibles”—food products containing mar-

jjuana or marijuana extracts: an overview, review, and literature survey.
Microgram J. 2017;14:9-32.

. Le Boisselier R, Alexandre J, Lelong-Boulouard V, Debruyne D. Focus

on cannabinoids and synthetic cannabinoids. Clin Pharmacol Ther.
2017;101:220-229. doi: 10.1002/cpt.563

. Food and Drug Administration. FDA regulation of cannabis and

cannabis-derived  products, including cannabidiol (CBD). https:/
www.fda.gov/news-events/public-health-focus/fda-regulation-

e150 September 8, 2020

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

cannabis-and-cannabis-derived-products-including-cannabidiol-cbd.
Accessed December 20, 2019.

. Segura LE, Mauro CM, Levy NS, Khauli N, Philbin MM, Mauro PM,

Martins SS. Association of US medical marijuana laws with nonmedical
prescription opioid use and prescription opioid use disorder. JAMA Netw
Open. 2019;2:197216. doi: 10.1001/jamanetworkopen.2019.7216

. Wu L, Narasimhan B, Ho KS, Li P. Marijuana use is associated with better

hospital outcome in patients with acute heart failure: a propensity match
analysis from National Inpatient Database. J Card Fail. 2019;25:5158.

. Monte AA, Shelton SK, Mills E, Saben J, Hopkinson A, Sonn B,

Devivo M, Chang T, Fox J, Brevik C, et al. Acute illness associated with
cannabis use, by route of exposure: an observational study. Ann Intern
Med. 2019;170:531-537. doi: 10.7326/M18-2809

DeFilippis  EM, Baja NS, Singh A, Malloy R, Givertz MM,
Blankstein R, Bhatt DL, Vaduganathan M. Marijuana use in patients
with cardiovascular disease. J Am Coll Cardiol. 2020;75: 320-332. doi:
10.1016/j.jacc.2019.11.025.

Pacher P, Steffens S, Haské G, Schindler TH, Kunos G. Cardiovascular ef-
fects of marijuana and synthetic cannabinoids: the good, the bad, and the
ugly. Nat Rev Cardiol. 2018;15:151-166. doi: 10.1038/nrcardio.2017.130
Rezkalla S, Kloner RA. Cardiovascular effects of marijuana. Trends Cardio-
vasc Med. 2019;29:403-407. doi: 10.1016/j.tcm.2018.11.004

Wu TC, Tashkin DP, Djahed B, Rose JE. Pulmonary hazards of smoking
marijuana as compared to tobacco. N Engl J Med. 1988; 318:347-351.
Kaya H, Coskun A, Beton O, Zorlu A, Kurt R, Yucel H, Gunes H,
Yilmaz MB. COHgb levels predict long-term development of acute myo-
cardial infarction in CO poisoning. Am J Emerg Med. 2016;34:840-844.
doi: 10.1016/j.ajem.2016.01.036

National Institute on Drug Abuse. Is marijuana addictive? 2019. https:/
www.drugabuse.gov/publications/research-reports/marijuana/marijuana-
addictive. Accessed December 20, 2019.

Abouk R, Adams S. Examining the relationship between medical cannabis
laws and cardiovascular deaths in the US. Int J Drug Policy. 2018;53:1-7.
doi: 10.1016/.drugpo.2017.11.022

Adegbala O, Adejumo AC, Olakanmi O, Akinjero A, Akintoye E,
Alliu S, Edo-Osagie E, Chatterjee A. Relation of cannabis use and atrial
fibrillation among patients hospitalized for heart failure. Am J Cardiol.
2018;122:129-134. doi: 10.1016/j.amjcard.2018.03.015

Alshaarawy O, Elbaz HA. Cannabis use and blood pressure levels: United
States National Health and Nutrition Examination Survey, 2005-2012. J
Hypertens. 2016;34:1507-1512. doi: 10.1097/HJH.0000000000000990
Auer R, Sidney S, Goff D, Vittinghoff E, Pletcher MJ, Allen NB, Reis JP,
Lewis CE, Carr J, Rana JS. Lifetime marijuana use and subclinical athero-
sclerosis: the Coronary Artery Risk Development in Young Adults (CAR-
DIA) study. Addiction. 2018;113:845-856. doi: 10.1111/add.14110
Bancks MP, Pletcher MJ, Kertesz SG, Sidney S, Rana JS, Schreiner PJ. Mari-
juana use and risk of prediabetes and diabetes by middle adulthood: the
Coronary Artery Risk Development in Young Adults (CARDIA) study. Dia-
betologia. 2015;58:2736-2744. doi: 10.1007/s00125-015-3740-3
Chami T, Kim CH. Cannabis abuse and elevated risk of myocardial in-
farction in the young: a population-based study. Mayo Clin Proc.
2019;94:1647-1649. doi: 10.1016/j.mayocp.2019.05.008

Circulation. 2020;142:¢131-e152. DOI: 10.1161/CIR.0000000000000883



Gzoz ‘sz Ainc uo Aq Bio'sjeusnofeye//:dny wouy papeojumoq

Page et al

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

DefFilippis EM, Singh A, Divakaran S, Gupta A, Collins BL, Biery D,
Qamar A, Fatima A, Ramsis M, Pipilas D, et al. Cocaine and marijuana
use among young adults with myocardial infarction. J Am Coll Cardiol.
2018;71:2540-2551. doi: 10.1016/j.jacc.2018.02.047

Desai R, Fong HK, Shah K, Kaur VP, Savani S, Gangani K, Damarlpally N,
Goval H. Rising trends in hospitalizations for cardiovascular events among
young cannabis users (18-39 years) without other substance abuse. Me-
dicina (Kaunas). 2019;55:438. doi: 10.3390/medicina55080438

Desai R, Patel U, Sharma S, Amin P, Bhuva R, Patel MS, Sharma N, Shah M,
Patel S, Savani S, et al. Recreational marijuana use and acute myocar-
dial infarction: insights from Nationwide Inpatient Sample in the United
States. Cureus. 2017;9:e1816. doi: 10.7759/cureus.1816

Desai R, Shamim S, Patel K, Sadolikar A, Kaur VP, Bhivandkar S, Patel S,
Savani S, Mansuri Z, Mahuwala Z. Primary causes of hospitalizations and
procedures, predictors of in-hospital mortality, and trends in cardiovas-
cular and cerebrovascular events among recreational marijuana users: a
five-year nationwide inpatient assessment in the United States. Cureus.
2018;10:e3195. doi: 10.7759/cureus.3195

Desai R, Patel U, Deshmukh A, Sachdeva R, Kumar G. Burden of arrhyth-
mia in recreational marijuana users. Int J Cardiol. 2018;264:91-92. doi:
10.1016/}.ijcard.2018.03.113

Frost L, Mostofsky E, Rosenbloom JI, Mukamal KJ, Mittleman MA. Mari-
juana use and long-term mortality among survivors of acute myocardial in-
farction. Am Heart J. 2013;165:170-175. doi: 10.1016/j.ah}.2012.11.007
Hemachandra D, McKetin R, Cherbuin N, Anstey KJ. Heavy cannabis users
at elevated risk of stroke: evidence from a general population survey. Aust
N Z J Public Health. 2016;40:226-230. doi: 10.1111/1753-6405.12477
Jouanjus E, Lapeyre-Mestre M, Micallef J; French Association of the Re-
gional Abuse and Dependence Monitoring Centres (CEIP-A) Working
Group on Cannabis Complications. Cannabis use: signal of increasing risk
of serious cardiovascular disorders. J Am Heart Assoc. 2014;3:e000638.
doi: 10.1161/JAHA.113.000638

Johnson-Sasso CP, Tompkins C, Kao DP, Walker LA. Marijuana use and
short-term outcomes in patients hospitalized for acute myocardial infarc-
tion. PLoS One. 2018;13:e0199705. doi: 10.1371/journal.pone.0199705
Kalla A, Krishnamoorthy PM, Gopalakrishnan A, Figueredo VM. Cannabis
use predicts risks of heart failure and cerebrovascular accidents: results
from the National Inpatient Sample. J Cardiovasc Med (Hagerstown).
2018;19:480-484. doi: 10.2459/JCM.0000000000000681

Lorenz DR, Dutta A, Mukerji SS, Holman A, Uno H, Gabuzda D. Marijuana
use impacts midlife cardiovascular events in HIV-infected men. Clin Infect
Dis. 2017;65:626-635. doi: 10.1093/cid/cix391

Mittleman MA, Lewis RA, Maclure M, Sherwood JB, Muller JE. Triggering
myocardial infarction by marijuana. Circulation. 2001;103:2805-2809.
doi: 10.1161/01.cir.103.23.2805

Patel RS, Kamil SH, Bachu R, Adikey A, Ravat V, Kaur M, Tankersley WE,
Goval H. Marijuana use and acute myocardial infarction: a systematic review
of published cases in the literature. Trends Cardiovasc Med. 2020;30:298-
307. doi: 10.1016/j.tcm.2019.08.003

Patel RS, Katta SR, Patel R, Ravat V, Gudipalli R, Patel V, Patel J. Can-
nabis use disorder in young adults with acute myocardial infarction:
trend inpatient study from 2010 to 2014 in the United States. Cureus.
2018;10:e3241. doi: 10.7759/cureus.3241

Reis JP, Auer R, Bancks MP, Goff DC Jr, Lewis CE, Pletcher MJ, Rana JS,
Shikany JM, Sidney S. Cumulative lifetime marijuana use and incident car-
diovascular disease in middle age: the Coronary Artery Risk Development
in Young Adults (CARDIA) Study. Am J Public Health. 2017;107:601-606.
doi: 10.2105/AJPH.2017.303654

Richards JR, Bing ML, Moulin AK, Elder JW, Rominski RT, Summers PJ,
Laurin EG. Cannabis use and acute coronary syndrome. Clin Toxicol (Phila).
2019;57:831-841. doi: 10.1080/15563650.2019.1601735

Rodondi N, Pletcher MJ, Liu K, Hulley SB, Sidney S; Coronary Artery Risk
Development in Young Adults (CARDIA) Study. Marijuana use, diet, body
mass index, and cardiovascular risk factors (from the CARDIA study). Am
J Cardiol. 2006;98:478-484. doi: 10.1016/j.amjcard.2006.03.024

Wang GS, Hall K, Vigil D, Banerji S, Monte A, VanDyke M. Marijuana and
acute health care contacts in Colorado. Prev Med. 2017;104:24-30. doi:
10.1016/.ypmed.2017.03.022

Cottencin O, Karila L, Lambert M, Arveiller C, Benyamina A, Boissonas A,
Goudemand M, Reynaud M. Cannabis arteritis: review of the literature. J
Addict Med. 2010;4:191-196. doi: 10.1097/ADM.0b013e3181beb022
Santos RP, Resende CIP, Vieira AP, Brito C. Cannabis arteritis: ever more
important to consider. BMJ Case Rep. 2017;2017:bcr2016219111. doi:
10.1136/bcr-2016-219111

Circulation. 2020;142:¢131-e152. DOI: 10.1161/CIR.0000000000000883

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Cannabis and Cardiovascular Health

Ghasemiesfe M, Barrow B, Leonard S, Keyhani S, Korenstein D.
Association between marijuana use and risk of cancer: a systematic
review and meta-analysis. JAMA Netw Open. 2019;2:e1916318. doi:
10.1001/jamanetworkopen.2019.16318

Vardavas Cl, Nikitara K. COVID-19 and smoking: a systematic review of
the evidence. Tob Induc Dis. 2020;18:20. doi: 10.18332/tid/119324
Moritz E, Austin C, Wahl M, DeslLauriers C, Navon L, Walblay K,
Hendrickson M, Phillips A, Kerins J, Pennington AF, et al. Notes from
the field: outbreak of severe illness linked to the vitamin K antago-
nist brodifacoum and use of synthetic cannabinoids—lllinois, March—
April 2018. MMWR Morb Mortal Wkly Rep. 2018;67:607-608. doi:
10.15585/mmwr.mm6721a4

Centers for Disease Control and Prevention. CDC, states update number
of hospitalized EVALI cases and EVALI deaths. https:/Avww.cdc.gov/to-
bacco/basic_information/e-cigarettes/severe-lung-disease.html. Accessed
March 10, 2020.

Blount BC, Karwowski MP, Morel-Espinosa M, Rees J, Sosnoff C, Cowan E,
Gardner M, Wang L, Valentin-Blasini L, Silva L, et al. Evaluation of bron-
choalvelolar lavage fluid from patients in an outbreak of e-cigarette,
or vaping, product-use-associated lung injury-10 states, August-Octo-
ber 2019. MMWR Morb Mortal Wkly Rep. 2019;68:1040-1041. doi:
10.15585/mmwr.mm6845e2

Budney AJ, Sofis MJ, Borodovsky JT. An update on cannabis use disorder
with comment on the impact of policy related to therapeutic and recre-
ational cannabis use. Eur Arch Psychiatry Clin Neurosci. 2019;269:73-86.
doi: 10.1007/500406-018-0976-1

Hasin DS, Kerridge BT, Saha TD, Huang B, Pickering R, Smith SM, Jung J,
Zhang H, Grant BF. Prevalence and correlates of DSM-5 cannabis use dis-
order, 2012-2013: findings from the National Epidemiologic Survey on
Alcohol and Related Conditions-Ill. Am J Psychiatry. 2016;173:588-599.
doi: 10.1176/appi.ajp.2015.15070907

Taylor M, Cousijn J, Fibey F. Determining risk for cannabis use disorder in
the face of changing legal policies. Curr Addict Rep. 2019;6:466-477.
Cerda M, Mauro C, Hamilton A, Levy NS, Santaella-Tenorio J, Hasin D,
Wall MM, Keyes KM, Martins SS. Association between recreational mari-
juana legalization in the United States and changes in marijuana use and
cannabis use disorder from 2008-2016. JAMA Psychiatry. 2019;77:165-
171. doi: 10.1001/jamapsychiatry.2019.3254

Taylor M, Collin SM, Munafd MR, Macleod J, Hickman M, Heron J. Pat-
terns of cannabis use during adolescence and their association with harm-
ful substance use behaviour: findings from a UK birth cohort. J Epidemiol
Community Health. 2017;71:764-770. doi: 10.1136/jech-2016-208503
Weinberger AH, Platt J, Copeland J, Goodwin RD. Is cannabis use associat-
ed with increased risk of cigarette smoking initiation, persistence, and re-
lapse? Clin Psychiatry. 2018;79:17m11522. doi: 10.4088/JCP.17m11522
Kristman-Valente AN, Hill KG, Epstein M, Kosterman R, Bailey JA,
Steeger CM, Jones TM, Abbott RD, Johnson RM, Walker D, et al. The rela-
tionship between marijuana and conventional cigarette smoking behavior
from early adolescence to adulthood. Prev Sci. 2017;18:428-438. doi:
10.1007/511121-017-0774-4

Brown JD, Winterstein AG. Potential adverse drug events and drug-drug
interactions with medicinal and consumer cannabidiol (CBD) use. J Clin
Med. 2019;8:€989. doi: 10.3390/jcm8070989

Alsherbiny MA, Li CG. Medicinal cannabis: potential drug interactions.
Medicines (Basel). 2018;6;3. doi: 10.3390/medicines6010003

Gobbi G, Atkin T, Zytynski T, Wang S, Askari S, Boruff J, Ware M,
Marmorstein N, Cipriani A, Dendukuri N, et al. Association of cannabis
use in adolescence and risk of depression, anxiety, and suicidality in young
adulthood: a systematic review and meta-analysis. JAMA Psychiatry.
2019;76:426-434. doi: 10.1001/jamapsychiatry.2018.4500

DiForti M, Quattrone D, Freeman TP, Tripoli G, Gayer-Anderson C, Quigley H,
Rodriguez V, Jongsma HE, Ferraro L, La Cascia C, et al; EU-GEI WP2 Group.
The contribution of cannabis use to variation in the incidence of psychotic
disorder across Europe (EU-GEI): a multicentre case-control study. Lancet
Psychiatry. 2019;6:427-436. doi: 10.1016/52215-0366(19)30048-3
Parekh T, Pemmasani S, Desai R. marijuana use among young adults
(18-44 years of age) and risk of stroke: a Behavioral Risk Factor Sur-
veillance System Survey Analysis. Stroke. 2020;51:308-310. doi:
10.1161/STROKEAHA.119.027828

Health and Human Services, Office of the Surgeon General. US Surgeon
General’s advisory: marijuana use and the developing brain. 2019. https://
www.hhs.gov/surgeongeneral/reports-and-publications/addiction-and-
substance-misuse/advisory-on-marijuana-use-and-developing-brain/in-
dex.html#footnote1_xljj641. Accessed March 1, 2020.

September 8,2020 e151

(]
—
==
S8
o
S w
(=
S
Cm
—

oo
Co—
|
(7]




AND GUIDELINES

(22
—
—
Ll
=
=
=
[7,)
—
<t
=
=
—
o

Gzoz ‘sz Ainc uo Aq Bio'sjeusnofeye//:dny wouy papeojumoq

Page et al

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Crume TL, Juhl AL, Brooks-Russell A, Hall KE, Wymore E, Borgelt LM. Can-
nabis use during the perinatal period in a state with legalized recreational
and medical marijuana: the association between maternal characteristics,
breastfeeding patterns, and neonatal outcomes. J Pediatr. 2018;197:90-
96. doi: 10.1016/j.jpeds.2018.02.005

Gunn JK, Rosales CB, Center KE, Nunez A, Gibson SJ, Christ C, Ehiri JE.
Prenatal exposure to cannabis and maternal and child health outcomes:
a systematic review and meta-analysis. BMJ Open. 2016,6:e009986. doi:
10.1136/bmjopen-2015-009986

Committee on Obstetric Practice. Committee Opinion No. 722: marijuana
use during pregnancy and lactation. Obstet Gynecol. 2017;130:205-
€209. doi: 10.1097/A0G.0000000000002354

Ryan SA, Ammerman SD, O’Connor ME; Committee on Substance Use
and Prevention; Section on Breastfeeding. Marijuana use during pregnan-
cy and breastfeeding: implications for neonatal and childhood outcomes.
Pediatrics. 2018;142:e20181889. doi: 10.1542/peds.2018-1889
Abuhasira R, Schleider LB, Mechoulam R, Novack V. Epidemiological char-
acteristics, safety and efficacy of medical cannabis in the elderly. Eur J
Intern Med. 2018;49:44-50. doi: 10.1016/.€jim.2018.01.019

Lloyd SL, Striley CW. Marijuana use among adults 50 years or older in the
21st century. Gerontol Geriatr Med. 2018;4:2333721418781668. doi:
10.1177/2333721418781668

van den Elsen GA, Ahmed Al, Lammers M, Kramers C, Verkes RJ,
van der Marck MA, Rikkert MG. Efficacy and safety of medical cannabi-
noids in older subjects: a systematic review. Ageing Res Rev. 2014;14:56—
64. doi: 10.1016/}.arr.2014.01.007

Choi NG, DiNitto DM, Marti CN. Older-adult marijuana users and ex-
users: comparisons of sociodemographic characteristics and mental and
substance use disorders. Drug Alcohol Depend. 2016;165:94-102. doi:
10.1016/).drugalcdep.2016.05.023

Osborn LA, Lauritsen KJ, Cross N, Davis AK, Rosenberg H,
Bonadio F, Lang B. Self-medication of somatic and psychiatric conditions
using botanical marijuana. J Psychoactive Drugs. 2015;47:345-350. doi:
10.1080/02791072.2015.1096433

Pacek LR, Martins SS, Crum RM. The bidirectional relationships between
alcohol, cannabis, co-occurring alcohol and cannabis use disorders with
major depressive disorder: results from a national sample. J Affect Disord.
2013;148:188-195. doi: 10.1016/j.jad.2012.11.059

Ahmed Al, van den Elsen GA, Colbers A, van der Marck MA, Burger DM,
Feuth TB, Rikkert MG, Kramers C. Safety and pharmacokinetics of oral
delta-9-tetrahydrocannabinol in healthy older subjects: a randomized
controlled trial. Eur Neuropsychopharmacol. 2014;24:1475-1482. doi:
10.1016/j.euroneuro.2014.06.007

Bosier B, Muccioli GG, Hermans E, Lambert DM. Functionally selective
cannabinoid receptor signalling: therapeutic implications and opportuni-
ties. Biochem Pharmacol. 2010;80:1-12. doi: 10.1016/j.bcp.2010.02.013
Mangoni AA, Jackson SH. Age-related changes in pharmacokinetics and
pharmacodynamics: basic principles and practical applications. Br J Clin
Pharmacol. 2004;57:6-14. doi: 10.1046/j.1365-2125.2003.02007 .x
Howard J. A “catch-22" of medical marijuana and organ transplants.
https://www.cnn.com/2017/03/31/health/medical-marijuana-organ-
transplants-explainer/index.html. Accessed December 20, 2019.

e152 September 8, 2020

84.

85.

86.

87.

88.

89.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Cannabis and Cardiovascular Health

Neyer J, Uberoi A, Hamilton M, Kobashigawa JA. Marijuana and
listing for heart transplant. Circ Heart Fail. 2016;9:e002851. doi:
10.1161/CIRCHEARTFAILURE.115.002851

Verweij PE, Kerremans JJ, Voss A, Meis JF. Fungal contamination of tobacco
and marijuana. JAMA. 2000;284:2875. doi: 10.1001/jama.284.22.2875
Nawrot TS, Perez L, Kinzli N, Munters E, Nemery B. Public health impor-
tance of triggers of myocardial infarction: a comparative risk assessment.
Lancet. 2011;377:732-740. doi: 10.1016/S0140-6736(10)62296-9
Mukamal KJ, Maclure M, Muller JE, Mittleman MA. An exploratory prospec-
tive study of marijuana use and mortality following acute myocardial in-
farction. Am Heart J. 2008;155:465-470. doi: 10.1016/j.ahj.2007.10.049
Aronow WS, Cassidy J. Effect of marihuana and placebo-marihuana
smoking on angina pectoris. N Engl J Med. 1974,291:65-67. doi:
10.1056/NEJM197407112910203

Prakash R, Aronow WS, Warren M, Laverty W, Gottschalk LA. Effects of
marihuana and placebo marihuana smoking on hemodynamics in coronary
disease. Clin Pharmacol Ther. 1975;18:90-95. doi: 10.1002/cpt197518190

. MalhotraK, Rumalla K, Mittal MK. Association and clinical outcomes of mar-

ijuana in patients with intracerebral hemorrhage. J Stroke. Cerebrovasc Dis.
2018;27:3479-3486. doi: 10.1016/j.jstrokecerebrovasdis.2018.08.011
Yankey BN, Strasser S, Okosun IS. A cross-sectional analysis of the associa-
tion between marijuana and cigarette smoking with metabolic syndrome
among adults in the United States. Diabetes Metab Syndr. 2016;10(suppl!
1):589-595. doi: 10.1016/).dsx.2016.03.001

Le Strat Y, Le Foll B. Obesity and cannabis use: results from 2 repre-
sentative national surveys. Am J Epidemiol. 2011;174:929-933. doi:
10.1093/aje/kwr200

Penner EA, Buettner H, Mittleman MA. The impact of marijuana use
on glucose, insulin, and insulin resistance among US adults. Am J Med.
2013;126:583-589. doi: 10.1016/j.amjmed.2013.03.002

Meier MH, Pardini D, Beardslee J, Matthews KA. Associations between can-
nabis use and cardiometabolic risk factors: a longitudinal study of men. Psy-
chosom Med. 2019;81:281-288. doi: 10.1097/PSY.0000000000000665
Sidney S. Marijuana use and type 2 diabetes mellitus: a review. Curr Diab
Rep. 2016;16:117. doi: 10.1007/511892-016-0795-6

Alshaarawy O, Anthony JC. Cannabis smoking and diabetes mellitus: re-
sults from meta-analysis with eight independent replication samples. Epi-
demiology. 2015;26:597-600. doi: 10.1097/EDE.0000000000000314
Rajavashisth TB, Shaheen M, Norris KC, Pan D, Sinha SK, Ortega J,
Friedman TC. Decreased prevalence of diabetes in marijuana us-
ers: cross-sectional data from the National Health and Nutrition Ex-
amination Survey (NHANES) Illl. BMJ Open. 2012;2:e000494. doi:
10.1136/bmjopen-2011-000494

Vézquez-Bourgon J, Setién-Suero E, Pilar-Cuéllar F, Romero-Jiménez R,
Ortiz-Garcia de la Foz V, Castro E, Crespo-Facorro B. Effect of cannabis
on weight and metabolism in first-episode non-affective psychosis: results
from a three-year longitudinal study. J Psychopharmacol. 2019;33:284—
294. doi: 10.1177/0269881118822173

Incze MA, Slawek D, Cunningham C. What should | know about cannabis?
JAMA Intern Med.2020;180:624.doi: 10.1001/jamainternmed.2020.0018
Hartman RL, Huestis MA. Cannabis effects on driving skills. Clin Chem.
2013;59:478-492. doi: 10.1373/clinchem.2012.194381

Circulation. 2020;142:¢131-e152. DOI: 10.1161/CIR.0000000000000883





