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The Cardiovascular Effects of Marijuana:
Are the Potential Adverse Effects Worth the High?
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Three main cardio-vascular
pathologies are associated
with marijuana usage:
peripheral arteritis,
coronary vasospasms, and
platelet aggregation. Many
of the acute and long-term
toxic effects of marijuana
and THC still remain
unknown.
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Abstract

Marijuana is the most
commonly abused illicit drug
in the United States (US) and
much of the Westernized World
with a steadily increasing
prevalence in usage and
abuse over the past decade,
especially among adolescents.
Much of the available data on
9-tetrahydrocannabinol (THC),
the main psychoactive ingredient
in marijuana, relates to its
neurological effects and anti-
emetic properties, with very little
on the cardiovascular (CV) effects
of THC. Available literature
shows that THC has three
major effects on the CV and the
peripheral vasculature in the form
of “cannabis arteritis,” cannabis-
induced vasospasms, and platelet
aggregation, with an unknown
verdict on the relationship
between marijuana use and
atherosclerosis progression. This
manuscript reviews these effects
and possible mechanisms of
action. Moreover, limitations on
current views of marijuana and
indirect causes of CV toxicity
will be investigated, such as
concurrent drug use, lifestyle,
and mental health. The effects of
marijuana on the CV system are
extremely worrisome and likely
need more attention due to the
growing legalization of cannabis
for medicinal and recreational
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use across the US. As a result,
awareness among health care
professionals about potential side
effects and toxicities associated
with acute and chronic exposure
of cannabis will increase in
importance.

Introduction

According to the National
Institute of Drug Abuse, marijuana is
the most commonly used illicit drug
in the US and the third most common
cause of drug-related emergency
department visits between 2004-2011.
Table 1.! A 2014 study by Terry-
Mcelrath et al. demonstrated that
marijuana use has steadily increased
over the past decade among middle
and high school students.” Morcover,
marijuana use will likely increase due
to increasing legalization for medicinal
and recreational use in the US.
Although cannabinoids are the oldest
and most widely used illicit drugs, the
clinical and pharmacological effects of
cannabinoids have only been recently
studied, with much still unknown
about the physiologic and pathologic
effects of marijuana.

Marijuana is derived from the
hemp plant Cannabis sativa, with the
biologically active ingredient being
a group of cannabinoids and the
main psychoactive constituent being
9-tetrahydrocannabinol (THC).”*
The THC ligand binds to multiple
receptors with especially high
selectivity for the Cannabinoid 1 and 2
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Table 1. Weighted annual estimates of drug related emergency department visits for different types of illicit drug overdose according to the National
Institute on Drug Abuse. Cannabinoids are the third most common cause of drug related ED visits in this country.

Weighted Annual Estimates
Estimates Estimates Estimates Esti Esti Estimates Estimates Estimates
2004 2005 2006 2007 2008 2009 2010 2011

Non-alcohol illicits 991,640 922,018 958,866 974,852 994,583 974,392 1,172,276 1,252,500
Cocaine 475,425 483,865 548,608 553,535 482,188 422,902 488,101 505,224
Herion 214,432 187,493 189,787 188,162 200,666 213,118 224,706 258,482
Cannabinoids 281,619 279,668 290,568 308,547 374,443 376,492 461,028 455,668
Stimulants 162,435 137,806 107,586 85,043 91,945 93,564 138,632 159,840
Amphetamine 34,085 35,083 32,251 21,545 31,534 37,431 52,388 70,831
Methamphetamine 132,576 109,655 79,924 67,954 66,308 64,117 94,929 102,961

receptors (CB1 and CB2, respectively). CB1 receptors are
predominantly expressed in the brain and peripheral tissues,
including cardiac muscle, hepatic tissue, the gastrointestinal

tract, and vascular endothelium,* °

while CB2 receptors are
mainly expressed in immune cells. These CB2 receptors
have recently been shown to play a role in inflammatory
cytokine regulation.’

Research on the psychoactive effects of CB1 and CB2
receptor- induced activation by THC has been studied
for decades, but the adverse physiological effects have not

been studied in detail.

Pathological Effects of THC

CB1 receptors are mainly located in the cardiovascular
(CV) system (CVS), the central nervous system (CNS),
and peripheral vasculature. THC causes an acute,
dose-dependent increase in blood pressure (BP) and
heart rate (HR).® Due to a quickly developing tolerance
to the psychoactive effects of THC, higher doses and
increasing usage frequency are commonly observed.
There is evidence to suggest that increased frequency of
marijuana use increases the risk of cardiac arrhythmias
and myocardial infarction (MI).»*!" Furthermore, chronic
THC use has been associated with increased angina
frequency, likely due to a decrease in the angina threshold,
diminished sympathetic and parasympathetic nervous
system signal transduction, serum aldosterone increases,
central and peripheral vasoconstriction, and hypertension
(HTN)."

For example, a study published in 2017 investigated
the association between marijuana use and CV and
cerebrovascular mortality."” The design study was based
on mortality follow up using linked participants aged
20 and above who responded to questions on marijuana

usage during a 2005 US national health and nutrition

examination survey to data from 2011 public use linked
mortality file of the National Center for Health Statistics
and Center for Disease Control and Prevention. Of

the 1,213 participants, 72.5% were alive. Of the dead,
adjusted hazard ratios for death from HTN among
marijuana users Compared to non-marijuana users was
3.42 (95% CI 1.20-9.79). Moreover, for each year of
marijuana use, the hazard ratio for death related to HTN
was 1.04 (95% CI 1-1.07) when comparing marijuana
users to non-marijuana users. In summary, marijuana
users had increased risk of HTN-associated mortality
even if a prior diagnosis of HTN was treated. In addition,
increased duration of marijuana use is associated with
increased risk of death related to HTN.

In the CNS, THC has been shown to increase cerebral
vasculature tone and central BP, which in turn has been
shown to decrease cerebrovascular blood flow. This
decrease in cerebrovascular blood flow has been associated
with an increased risk of cerebral vascular accident (CVA)
and transient ischemic attack (TTIA). This has been
reported in three studies,'* which suggested a correlation
between TIAs and a reversible effect of cannabis on the
cerebrovasculature attributed to transient vasospasm
and/or increase in central BP decreasing cerebral flow.'*
Furthermore, it has been suggested that cannabis use may
increase the risk of CVA among patients with increased
risk of CV disease (CVD) with or without anti-stroke
medications, such as anti-platelet medication." It has also
been reported that cocaine and/or marijuana use in young
adults with an MI, is associated with worse all-cause and
CVD mortality."®

Marijuana has been reported to have inflammatory
effects on the peripheral vascular system. The
pathophysiology is extremely similar to thromboangitis

obliterans (Buerger’s disease), an inflammatory and
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thrombotic disease of the small

and medium arteries and veins of

the hands and feet associated with
tobacco use.'** Additionally, cannabis

usage has also been associated with

Arsenic induced endothelial inflammation

Cannabis Arteritis
A

claudication, Raynaud’s phenomenon,

Direct Cardiovascular Effects of THC

ischemic ulcers, and digital necrosis.
Angiography of chronic cannabis users
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marijuana smoking cessation.!”?! Figure 1.
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The direct effects of marijuana on the cardiovascular system.

With decades of research and an
increase in the amount of marijuana usage among adults,
as well as teenagers, the adverse effects of THC on the
CVS still remains unclear. In this review, the current state
of the literature on marijuana usage and adverse CVD
events will be examined along with clarification on possible

connection between marijuana and CV pathology.

Marijuana and the Cardiovascular System

There is a growing body of evidence that demonstrates
an association between marijuana use and adverse CVD
events. The current literature proposes that marijuana
adversely affects the CVS through three different possible
mechanisms — cannabis-induced arteritis, vasospasms, and

platelet aggregation.zz‘24

Cannabis Arteritis

Cannabis arteritis was first described in the 1960s,
with over 50 cases documented in the literature since
then. Furthermore, numerous studies and case reports
describe a thromboangitis obliterans-like disease that
affects young adults who smoke marijuana.”” In 2013,
Desbois et al. described the different arterial pathologies
associated with cannabis smokers, including CVA, MI,

and lower limb arteritis.®

In these cases, the onset of
CVA and MI was usually within one hour of marijuana
use. Moreover, compared with thromboangitis obliterans,
individuals diagnosed with cannabis arteritis were younger,
more often male, and had more frequent unilateral

limb involvement.?® The mechanism of the vasculitis is
currently not fully understood, but many reports suggest
vasculopathy secondary to an arsenic-containing by-
product, which has been associated with endothelial

inflammation.?®
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In 2005 and 2007, Combermale and Peyrot et al.,
respectively, reported cases of vascular inflammation
among cannabis users."*”” Combermale et al. reported a
38-year old chronic marijuana smoker who presented with
dry necrotic lesions on the left big toe.”” Imaging revealed
proximal arteriopathy of the lower limbs. Furthermore,
the development of the arteritis paralleled the patient’s
cannabis use. The necrotic lesions secondary to arterial
insufficiency were successfully treated with hyperbaric
oxygen therapy.”’ Peyrot et al. reported of a 30-year-old
habitual cannabis smoker without any significant medical
history, including no vasculopathies, who presented with
digital necrosis of the right toe.'® Arteriography revealed
distal segmental arterial lesions that occluded the popliteal
artery. After ruling out other causes, the vasculopathy was

attributed to cannabis use.'® Figure 1.

Cannabis-Induced Vasospasms

Reversible arterial vasospasm is considered the most
common cause of marijuana-induced vascular events.”
While, the underlying mechanisms for this are unclear,
numerous case reports have associated THC with
coronary vasospasm-induced cardiomyopathy.***!

Basnet et al. reported a healthy 17-year-old
adolescent who presented to the emergency room
complaining of burning chest pain radiating to the jaw
that awoke him from sleep.”” He admitted to marijuana
use and denied cocaine use. The Electrocardiogram
(ECG) demonstrated ST-segment elevation in the lateral
leads followed by a blood troponin of 0.23 U/l (normal,
0.00-0.04 U/). Echocardiogram revealed a hypokinetic
apex. Cardiac magnetic resonance imaging was performed,

and it was suggested that symptoms and objective cardiac




findings were secondary to transient myocardial ischemia.
This report was one of the first to describe coronary
vasospasms in an adolescent likely from marijuana abuse.
Another case reported by Gunawardena et al. described

a 29-year-old male who presented with acute coronary
syndrome following consumption of marijuana. He had
dynamic ST-segment elevation in different leads and a
markedly elevated troponin.*® Coronary angiography did
not elucidate any occlusive atherosclerotic disease. There
was evidence of slow flow in the left anterior descending
artery, which improved with intracoronary nitrate therapy.
A diagnosis of coronary vasospasm was made, and it was
inferred that cannabis consumption was the primary cause.
In both reports, coronary angiography did not demonstrate
occlusive atherosclerotic disease.

Mendiabal et al. reported that chronic marijuana use
may result in autonomic nervous system (ANS) dysfunction,
leading to cycles of vasoconstriction and vasodilation
independent of skeletal muscle activity.** It was suggested
that baseline ANS dysfunction coupled with THC-induced
irritation of the vascular endothelium could possibly explain
the increased risk of vasospasm in chronic marijuana

users.>

Cannabis-Induced Platelet Aggregation

While cannabis has been shown to be pro-thrombotic,
little is known on the mechanism of THC-induced platelet
aggregation.”” In 2004, Deusch et al. demonstrated the
presence of CB1 and CB2 receptors on platelet cell
membranes.*® Furthermore, it was also shown that the
expression of glycoprotein IIb-IITa and P-selectin on
platelet membranes increases during CB1 activation in a
dose-dependent manner.”” These results suggest that THC
may act directly on platelets and may activate the clotting
cascade initiating the formation of a thrombus. In fact,
there are many published case reports describing young
adults with non-atherosclerotic dependent thrombi, most
likely secondary to chronic marijuana use.””**** For
example, in 2012, Dahdouh et al. published a report of
a 20-year-old cannabis user with no CVD history who
presented with acute MI.** Coronary angiography revealed
a large, occlusive thrombus in the left anterior descending
artery which was attributed to THC use.”’

Research has shown that CB1 and CB2 receptors
exist on platelet membranes and that high concentrations
of cannabinoids can induce non-reversible platelet

aggregation.’® One possible mechanism for platelet
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aggregation by cannabinoids is an indirect action closely
associated with the vascular wall. Once cannabinoids enter
the bloodstream, an inhibition of parasympathetic activity
possibly induces an inflammatory effect in the arterial wall
which through oxidative stress causes endothelial erosion,
factor VII activation, which ultimately leads to thrombus

formation.** 3740

Cannabis and Atherosclerosis

Stimulation of the CB1 and CB2 receptors has also
been shown to modulate the function of cytoskeletal
elements in the vessel wall, which may elicit an
inflammatory cascade, resulting in atheroma formation.*'
Because pulmonary and CVS are populated with CB1 and
CB2 receptors, marijuana use has been hypothesized to be
involved in the progression of atherosclerotic disease.

Ironically, CB1 and CB2 receptors may play
antagonistic roles to one another in CV atherogenesis.
CB1 has pro-inflammatory effects on macrophages and
monocytes and a pro-atherogenic relationship with
the endothelium. CB2 receptors demonstrate anti-
inflammatory and anti-atherogenic capabilities along with
promoting lipid homeostasis. Interestingly, both play a role
in decreasing the area of necrosis in ischemia-reperfusion
injury to the heart.** This antagonistic interaction between
the CB1 and CB2 receptor is known as the marijuana
paradox-smoking marijuana may decrease the angina
threshold and precipitate coronary artery events, but animal
models suggest marijuana could modulate atherogenesis in

appropriate doses. 2

Marijuana is Not Just THC

Marijuana contains almost 500 compounds, including
70 cannabinoids which provide the psychoactive effect.”**
When a user smokes marijuana, they do not solely ingest
THC but rather a host of other chemicals.* From the
combustion of marijuana, chemicals, such as acetaldehyde,
ammonia, benzene, carbon monoxide, hydrogen cyanide,
and polycyclic hydrocarbons, are inhaled.” For example,
Groternhermen et al. found that there are numerous
adulterants in marijuana, and these compounds could also
contribute to CVD processes.” For instance, during the
marijuana plant cultivation, farmers may spray chemicals
and fertilizers that contain N-nitrosamines compounds
that persist for years.” Moreover, other chemicals, such
as sulfur, copper sulfate, and Ceresan M (a mercury
containing compound), are also present on some forms of

marijuana.” Even arsenic has been found on marijuana,
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in the concentration of 2 mg of arsenic per 100 grams of
marijuana, which is considered “a medical dose.”*’

Marijuana that is grown “naturally” rarely arrives to the
consumer in one step and is generally passed down from
person to person because it is sold on the black market.*
Marijuana that is sold in the black market has been shown
to contain a wide variety of insecticides and fungicides
containing toxins, such as aldicarb, carbaryl, Diazinon,
malathion, maneb, parathion, and zineb.* Moreover, drug
dealers may adulterate marijuana with other psychotropic
substances, such as paraquat, Lysergic acid diethylamide
(LSD), or opium, thus raising the perceptive potency but
increasing the pathologic side effects.*” Bell analyzed a
sample of hashish, a concentrated form of marijuana, which
contained 25% opium and camphor. Lastly, Johnson et
al. analyzed over 8,000 different samples of marijuana and
found adulterants, which included tobacco, phencyclidine,
catnip, heroin, methamphetamine, LSD, peyote, mescaline,
belladonna, and numerous other poisons.*” Also, black
market “drug dealers” might also purposely adulterate
marijuana to increase the weight of the substance therefore
selling less marijuana for the same price.”

Man-made and natural formed toxins are not the
only impurities that exist on the marijuana plant. Because
marijuana is a naturally growing crop, many biologically
active organisms also grow on the plant.* It is well known
and well written that spores of fungi infest cannabis.*>*'~**
One of the main fungal species that exist on marijuana
is the Aspergillus species, more specifically Aspergillus
fumigatus.”® The Aspergillus species is known to produce
aflatoxins, which could have serious acute effects on the
CVS, including vascular erosion and degradation, disruption
of protein synthesis in cardiac myocytes, and mitochondrial
disruption in heart tissue.*® >’ The aflatoxins themselves
can survive for years on the marijuana plant, in marijuana
cigarettes, and more importantly in the water that is used
for smoking marijuana through water pipes (“bongs”).*
These toxins generally do not produce reactions in healthy
young subjects, but can produce life threatening reactions
in older adults and especially in immunocompromised
patients.***

Fungal spores are not the only organisms that can
survive on the marijuana plant; bacteria have also been
shown to grow; survive, and reproduce on marijuana.'
Ungerleider et al. identified contaminants on marijuana
cigarettes supplied by the National Institute of Drugs
Abuse, which included Klebsiella pneumoniae,

Enterobacter cloacae, group D Streptococcus, and
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some Bacillus species.®’ Moreover, Taylor et al. isolated
Salmonella muenchen® and Kurup et al. isolated some
Thermoactinomyces species.®’

Medical marijuana obtained from dispensaries are
similar in form to recreational marijuana which is often
purchased by the patients undergoing chemotherapy to
control nausea/vomiting, to control pain or neuropathy
or to stimulate appetite. Thompson et al. obtained twenty
cannabis samples from different dispensaries in northern
California for microbiome analysis.** Upon analysis, many
of the samples consisted of multiple pathogens that would
probably be attributed to hospital-acquired infection in
addition to gram-negative bacilli and fungal pathogens
which can pose grave risk to immunocompromised
patients.**

These publications illustrate that when a user smokes
marijuana, numerous other chemicals, poisons, and toxin
producing fungi and bacteria enter the bloodstream along
with THC. All of these contaminants in marijuana could
also play a role in the development of life threatening CVD

episodes.

Concomitant Drug Use and Lifestyle

Marijuana has been known as a “gateway drug”
for decades, and its regular use in adolescents is clearly
associated with an increased risk for abuse and dependence
on other illicit drugs.®>*® Cannabis use might be a marker
for illicit behavior which can result in the advancement to
“harder” illicit drugs once available to the user.*> ¢’ Patton
et al, reported that cannabis smokers who used weekly
were eight times more likely to use tobacco and progress to
nicotine dependence.*

In 2017, Jin et al. performed a follow-up study on
712 Danish teenagers aged between 15-19 who smoked
marijuana, and utilized a questionnaire to study changes
in body mass index (BMI), lifestyle, socioeconomic status,
alcohol, and tobacco use among other parameters.®” This
publication reported that cannabis use was associated with
significant increases in cigarette smoking and alcohol intake,
and inversely associated with physical activity levels.*”
However, there was no association between cannabis use
and changes in BMI or long-term weight change into
midlife. Some limitations to this study, however were that
the data was gathered via questionnaire and adolescents
might not have been fully honest with weight history or
dietary intake.

The result of this study is similar to other publications

investigating the direct correlation between marijuana use
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and other illicit drug use. In 2000, Gledhill-Hoyt et al.
released a study that reported that college students who
used marijuana within the past 30 days also had increased
rates of tobacco usage, binge alcohol drinking, and other
illicit drugs, except for LSD.” Moreover, they reported that
out of the students who tried marijuana for the first time,
349% started to use marijuana regularly along with engaging
in increased binge drinking behavior.”

Smit et al. examined dietary intakes and nutritional
status of marijuana users and non-current marijuana uses
in US persons aged 20-59 years of age using date from the
third National Health and Nutrition Examination Studies.”
They found that marijuana users had higher intake of energy
and nutrients compared to their non-current marijuana
counterparts, although there was no significant change in
BMI. Also, the authors found that current marijuana users
smoked more cigarettes and consumed higher amount
of sodas and alcohol, when compared to their counter
cohort. It was also reported that marijuana smokers had
less folate and carotenoids in their blood possibly secondary
to increased oxidation from both marijuana and tobacco
smoke inhalation.

From these studies, it seems reasonable to suggest that
marijuana use does lead to additional drug use, especially
tobacco and alcohol, the latter being a known cardiotoxin.
Moreover, marijuana users have a lifestyle that is low in
healthy nutritional intake and exercise and high in fat and
non-nutritional calories from “junk food” and beer, all of

which can have deleterious effects on the CVS.

For example, a survey by
Thomas et al. reported that
cannabis use and anxiety
were directly associated, and females were more likely
to have an increased level of baseline anxiety after THC
administration.”® Moreover, questionnaires have also shown
that chronic users have increased depressive episodes

in both male and female adolescents and adults without
concurrent usage of other illicit drugs.”” " The current
state of the literature does not propose a mechanism
that connects marijuana administration and anxiety or
depression.” "

Chronic anxiety, panic disorder, and phobic anxiety
have been linked to increased CVD morbidity."”*' In 1994,
Kawachi et al. released two studies which reported that
increased anxiety, whether phobic or acute, have direct
association with coronary heart disease.*”*" Chronic use
of marijuana can cause chronic anxiety and this over time
could be an indirect contributor towards CVD mortality.

Numerous studies have also shown various physiologic
mechanisms linking depression and CVD.* One possible
mechanism uses stress as a possible factor. Patients with
depression are generally under a constant state of stress with
chronic upregulation of the hypothalamic-pituitary-adrenal
(HPA) system and the sympathetic nervous system, leading
to excess adrenergic and serotonergic activity.*> ** Chronic
upregulation of the HPA and sympathetic nervous systems
cause abnormal physiologic responses, such as unregulated
platelet function, autonomic tone, inflammation, and
endothelial function.*” As mentioned previously, abnormal
platelet function, arrhythmia, and endothelial dysfunction
and inflammation are all factors that connect marijuana

usage with increased CVD episodes. Figure 2.
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Conclusion

Marijuana is the most common illicit substance used
in the US and the rate of usage is only increasing. Most of
the research into THC is mainly focused on combating the
side effects of anti-cancer chemotherapeutics. However,
research is starting to focus on the systemic and CVD
adverse effects induced by THC. This brief review has
organized three main pathologies associated with marijuana
usage and the CVS — peripheral arteritis, coronary
vasospasms, and platelet aggregation; however, many of the
acute and, more so, long-term potentially toxic effects of
marijuana and THC still remain unknown. As more and
more states legalize the use of marijuana for recreation and
medicinal use, more research will be needed to explore
the safety and therapeutic profile of THC. Since fewer and
fewer people are users of inhaled combustible marijuana
smoke, and almost all studied risks of cannabis are based on
users of such inhaled combustible smoke, the risks related
to the cannabis use also need to be updated.® In addition,
increased collaboration among cardiologists, drug users, and
addiction experts to further understand the potential health

consequences of increased cannabis use is very important.85
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Editor’s Note
See “Marijuana is More Dangerous Than You Think”

on page 88 of this issue. MM
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