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Abstract

Cannabis is currently the most consumed illicit substance in
the world, and gradual legalization in the USA makes it im-
portant to understand the health consequences of the use
of this substance. With growing body of evidence that some
cannabis ingredients may be beneficial in various aspects of
hemostasis, additional research is clearly needed in various
clinical areas. In addition to understanding the efficacy, re-
search efforts should also include studies that address any
harmful effects of the compounds or administration meth-
ods that may result in adverse effects. This review is focused
on the cardiometabolic effects of cannabis use. Cardiometa-
bolic diseases are among the leading causes of death in the
USA and around the world. The purpose of this review was
to provide an overview of the known medicinal benefits of
selected cannabis cannabinoids and the known side effects
or contraindications. More importantly, we have proposed
new questions and signposts in cannabis research to uncov-
er additional medicinal benefits and identify the health haz-
ards with focus on cardiovascular disease.
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Introduction

The legalization of medical and recreational cannabis
in the world has coincided with increases in various meth-
ods of cannabis consumption which makes it important
to understand the health consequences. The global legal
cannabis market size is expected to reach USD 84B by the
end of 2028, according to a report by Grand View Re-
search [1]. The cannabis market is expected to expand at
a compound annual growth rate of 14% from 2021 to
2028 according to the report. Gallup poll indicates that
Americans’ support for legalizing marijuana has been
around 66% in 2018, after rising 30% points between 2005
and 2018 [2]. In a 2019 Gallup poll, 13% of US adults re-
ported smoking cannabis, a percentage which was almost
double the percentage reported 3 years earlier [3]. About
43% of adults in the USA reported having tried cannabis
in 2019, 44% in 2018, 38% in 2013, and 4% in 1969 [3].

Cannabis is the most complex plant known to humans
with many active ingredients, most of which have largely
unknown health effects. In this review, we have provided
an overview of the known medicinal benefits of selected
cannabis cannabinoids and the known side effects or con-
traindications. More importantly, we have proposed new
questions and signposts in cannabis research to uncover
additional medicinal benefits and identify the health haz-
ards with focus on cardiovascular disease (CVD).
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National Academies of Science Report

A committee on the health effects of cannabis con-
sumption was formed at the National Academies of Sci-
ences, Engineering and Medicine, to extensively review
the scientific literature and identify the research gap rec-
ommendations. The committee was formed by 16 experts
in the areas of cannabis addiction, oncology, cardiology,
neurodevelopment, respiratory disease, pediatric and ad-
olescent health, immunology, toxicology, preclinical re-
search, epidemiology, systematic review, and public
health. Given the large amount of scientific literature on
cannabis, the committee developed an approach that re-
sulted in giving primacy to published systematic reviews
(since 2011) and high-quality primary research for 11
groups of health endpoints, including cardiovascular
conditions. The report was published in January 2017 [4].

The objective of the review of cannabis and cardio-
metabolic conditions was to assess the independent rela-
tionship of cannabis use with these conditions in studies
where the relationship has been quantified. The reason
for examining cannabis use in relation to cardiometabol-
ic conditions is that these conditions are among the lead-
ing causes of mortality; are highly widespread in the USA;
account for high level of medical care and cost; and are
mainly caused, by changing lifestyle, including poor diet,
lack of physical activity, and cigarette smoking. It is an-
ticipated that legalization expansion of cannabis will
cause the rates of consumption to increase [4].

The committee summarized the cardiometabolic lit-
erature published since 1999 [4]. The committee found
little evidence of a relationship between acute cannabis
consumption - but not chronic cannabis consumption —
and acute myocardial infarction (MI) risk. The commit-
tee also established that there is limited evidence of a re-
lationship between cannabis consumption and an in-
creased risk of ischemic stroke or subarachnoid
hemorrhage. The committee also found no data on sud-
den mortality and arrhythmias such as atrial fibrillation
to quantify the relationship with cannabis consumption.
The limitations of the reviewed studies included lack of
data on different methods of cannabis consumption (e.g.,
smoke and edible ), inadequate dose information, little
information on potential additives or contaminants, and
lack of adequate data on total lifetime duration/dose of
cannabis consumption [4].

The committee identified major gaps and opportuni-
ties that relate to the insufficient amount of longitudinal
data for all the cardiometabolic disorders and lack of data
on the impact of cannabis use on risk in the older age
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groups where most of the CVD occur (e.g., acute MI
[AMI] and stroke). The committee suggested the follow-
ing to address the current gaps: (1) establish population
cohort(s) in which cannabis consumption is regularly
evaluated with standardized questionnaires accounting
for the type of cannabis preparation, cannabis strength,
the amount of consumption, frequency and duration of
consumption, and CVD risk data and collect medical and
toxicology data on incident of CVD events; (2) the
cohort(s) need to be large enough such that the relation-
ship of cannabis consumption with CVD events can be
statistically significant; and (3) categorize the events in
electronic health records [4].

Methods to Consume Cannabis

Cannabis is consumed in several ways which involve
heating decarboxylate tetrahydrocannabinol acid in the
plant into tetrahydrocannabinol (THC) [5]. THC is oil
and slightly water soluble. The following are some meth-
ods of consumption: (1) smoking involves inhaling va-
porized cannabinoids from small pipes, bongs (portable
versions of hookahs with a water chamber), paper-
wrapped joints or tobacco-leaf-wrapped blunts; (2) va-
porizer, where any form of cannabis can be heated to
165-190°C, which causes the active ingredients to evapo-
rate; (3) cannabis tea which contains small amount of
THC. It is prepared by adding a saturated fat to hot water
(e.g., cream or any milk except skim) with a small amount
of cannabis; (4) edibles, containing cannabis which is
mixed with one of a variety of foods; (5) capsules where
THC and other dietary supplement products are mixed.

Legalization of medical and recreational cannabis has
incentivized consumers to develop novel forms of canna-
bis consumption. Meacham et al. [6] researched these
emerging and traditional forms of consumption in an on-
line social media discussion forum. They reported smok-
ing was the most common form of cannabis consumption
(about 18% of 2.26 million posts). They found that, from
2010 to 2016, additional post volume per year increased
for posts noting dabbing (3.63/1,000), butane hash oil
(3.16/1,000), and edible (2.84/1,000).

Mechanism of Action for Cannabis
The endocannabinoid system consists of the endoge-

nous cannabinoids, cannabinoid receptors, and the en-
zymes that synthesize and degrade cannabinoids. Many
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of the effects of cannabinoids are mediated by 2 G pro-
tein-coupled receptors, CB; and CB,, although addition-
al receptors may be involved [7]. CB; receptors are pres-
ent in high levels in several brain regions and in lower
amounts in a more widespread distribution. These recep-
tors mediate many of the psychoactive effects of cannabi-
noids. CB, receptors have a more restricted distribution,
being found in several immune cells and in a few neurons.
Both CB; and CB, coupled primarily to G proteins and
are subject to the same pharmacological influences as
other G protein-coupled receptors. Thus, partial ago-
nism, inverse agonism, and functional selectivity all play
important roles in determining the cellular response to
specific cannabinoid receptor ligands [7]. These recep-
tors are crucial to utilizing the active components in can-
nabis that influence homeostasis. The identification of
cannabinoid receptors stemmed from the desire to un-
derstand the psychoactive effects of THC, the principal
psychoactive component of cannabis. THC is the main
activator of CB; through allosteric modulators, which can
potentially allow the therapeutic effects of THC without
the intoxicating effects. CNR; gene produces the CB, pro-
tein. Since each individual carries a different version of
the CNR; gene, many people have a different experience
with the use of compounds, like THC and cannabidiol
(CBD).

Various cannabinoids have different effects on the re-
ceptors, functioning as agonists, antagonists, or partial
antagonists, as well as affecting the vanilloid receptor.
Many known effects of cannabis consumption can be ex-
plained based on this mechanism of action in various
conditions including multiple sclerosis, Parkinson’s dis-
ease, glaucoma, nausea, vomiting, and rheumatoid ar-
thritis [7]. There are many other receptors working with
cannabinoids.

Rationale for Studies of Cardiovascular Disease

Although cannabis use may impact numerous organ
systems (brain and pulmonary, skeletal), we focus on the
cardiovascular (CV) system. An estimated 86 M Ameri-
can adults have at least one CVD, such as heart disease,
stroke, heart failure, or hypertension [8]. Heart disease is
the leading cause of mortality in the USA, accounting for
>600K deaths per year in 2014, or 23% of all death in the
USA [9]. Within subcategories of heart disease, coronary
heart disease (CHD) is by far the largest [9]. CHD is a dis-
ease where plaque builds up inside the blood vessels (i.e.,
the coronary arteries) supplying the heart. Over the

Effects of Cannabis on the Cardiovascular
System

course of years or decades, the plaque can harden or rup-
ture, resulting in an inadequate supply of blood to the
heart which may result in death of the heart muscle, like
MI. Each year, an estimated 550K Americans have an in-
cident (i.e., first time) heart attack (AMI) and about 200K
have a recurrent attack [8]. Of those who have a heart at-
tack each year, about 116K die as a result [8]. Cardiomet-
abolic disorders result in a substantial economic burden
on the USA. The annual total cost of CVD, including
heart disease, stroke, hypertensive disease, and other cir-
culatory conditions in the USA was estimated at USD
351Bin 2014-2015, with USD 214B in direct cost, includ-
ing 46% for inpatient care [10]. Given the epidemics of
CVD, the effects of cannabis on cardiometabolic disor-
ders are obviously important.

Benefits Associated with Cannabis

The US Food and Drug Administration (FDA) does
not regulate CBD for most medical conditions. There-
fore, dosages recommended are open to question and it is
important to be on the safe side. Under the Controlled
Substances Act (CSA), CBD is currently a schedule I sub-
stance because it is a natural chemical component of the
cannabis plant. The FDA has approved 3 drugs based on
cannabinoids. Dronabinol, the generic name for synthet-
ic THC, is marketed under the trade name of Marinol®
and is clinically indicated to counteract the nausea and
vomiting associated with chemotherapy and to stimulate
appetite in AIDS patients affected by wasting syndrome.
A synthetic analog of THC and nabilone (Cesamet®), is
prescribed for similar indications. Both dronabinol and
nabilone are given orally and have a slow onset of action.
In July 2016, the FDA-approved Syndros®, a liquid for-
mulation of dronabinol, for the treatment of patients ex-
periencing chemotherapy-induced nausea and vomiting
who have not responded to conventional antiemetic ther-
apies. The agent is also indicated for treating anorexia as-
sociated with weight loss in patients with AIDS. Two ad-
ditional cannabinoid-based medications have been ex-
amined by the FDA. Nabiximols (Sativex®) is an ethanol
cannabis extract composed of THC and CBD as active
components. Nabiximols are administered as an oromu-
cosal spray and indicated in the symptomatic relief of
multiple sclerosis and as an adjunctive analgesic treat-
ment in cancer patients [11]. As of 2018, nabiximols have
been launched in several countries, including the USA,
Canada, Germany, Italy, Spain, the UK. In response to the
urgent need expressed by parents of children with intrac-
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table epilepsy, FDA-approved Epidiolex (brand name)
CBD oral solution for the treatment of seizures associated
with 2 rare and severe forms of epilepsy, Lennox-Gastaut
syndrome and Dravet syndrome, in patients 2 years of age
and older [12]. This is the first FDA-approved drug that
contains a purified drug substance derived from canna-
bis, CBD. Itis also the first FDA approval of a drug for the
treatment of patients with Dravet syndrome. The patient
information leaflet for Epidiolex cautions that there is a
risk of liver damage, lethargy, and possibly depression
and thoughts of suicide, but these are also true of other
treatments for epilepsy. Stanley et al. [13] reviewed the
effects of CBD in the cardiovascular system.

In isolated arteries, direct application of CBD causes
both acute and time-dependent vasorelaxation of pre-
constricted arteries and enhances endothelium-depen-
dent vasorelaxation in models of endothelial dysfunction.
In vivo, CBD treatment does not appear to have any effect
on resting blood pressure or heart rate but does reduce
the cardiovascular response to various types of stress. In
vivo, CBD treatment has a protective role in reducing the
effects of cardiac ischemia and reperfusion, or in reducing
cardiac dysfunction associated with diabetes. Similarly,
CBD has a protective role in reducing the ischemic dam-
age in models of stroke, partly due to maintaining cere-
bral blood flow. In models of altered vascular permeabil-
ity, CBD reduces the hyperpermeability of the blood reti-
nal barrier in diabetes and blood-brain barrier
hyperpermeability after lipopolysaccharide injection.
Similarly, CBD ameliorates the negative effects of a high
glucose environment on cell adhesion molecules and bar-
rier function. Together, these data suggest that the cardio-
vascular system is indeed a valid therapeutic target for
CBD. The target sites of action for CBD, however, remain
to be established for most of these responses. Whether
these responses to CBD will translate into the human car-
diovascular system remain to be seen. For example,
Jadoon et al. [14] investigated if CBD reduces blood pres-
sure in 9 healthy male volunteers given 600 mg of CBD or
placebo in a randomized, placebo-controlled, double-
blind, crossover study. Cardiovascular parameters were
monitored using a finometer and laser Doppler. They
concluded that acute administration of CBD reduces rest-
ing blood pressure. Although the results were promising,
further research is required to establish whether CBD has
arole in the treatment of cardiovascular disorders.

There are other promising applications for CBD-like
smoking cessation [15], drug withdrawal treatment [16],
treating seizures and epilepsy [17], anxiety treatment
[18], reducing some of the effects of Alzheimer’s [19], and
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antipsychotic effects on patients with schizophrenia [20].
Future applications include combating type I diabetes
[21] and cancer treatment [22, 23]. Anecdotal evidence
suggests that this is a promising and versatile treatment,
although more research is needed. Applications outside
of CV area will not be discussed here.

Problems Associated with Cannabis and/or Synthetic
Cannabinoids

The large market of cannabis has given rise to numer-
ous potentially hazardous natural contaminants or artifi-
cial adulterants being reported in crude cannabis and
preparations. Most frequent natural contaminants con-
sist of microbial contamination (e.g., fungi and bacteria),
pesticides, and heavy metals [24]. These contaminants
are usually introduced during cultivation and storage
[24]. Growth enhancers and pest control chemicals are
the most common risks to both producer and consumer
[24]. Cannabis can also be contaminated for profit pur-
poses which entails adding substances (e.g., tiny glass
beads and lead) to increase the weight of the cannabis
product [25, 26]. In some case, psychotropic substances
(e.g., tobacco and calamus) and cholinergic compounds
are added to either enhance the efficacy of low-quality
cannabis or to alleviate its side effects [27]. Additionally,
some extraction methods can result in pesticide and sol-
vent contamination [28]. Furthermore, certain methods
used for inhalation (e.g., vaporizing and “dabbing”) can
cause the formation of potentially harmful byproducts of
combustion (e.g., formaldehyde and acrylamide), of
which the long-term effects of inhalation are unknown
[28]. Hence, rigorous and standardized testing of canna-
bis content is critical to mitigate potential preventable
toxicity [28].

In contrast to THC, which is a partial agonist of the
CB, receptor, many of the synthetic cannabinoids bind to
CB, receptors with high affinity and efficacy, which may
also be associated with higher potential of toxicity [29].
These agents have become popular as black-market alter-
natives to cannabis because they were previously legal in
many locals and have been undetectable in urine drug
screens where THC metabolites may remain for weeks
[30]. Routine users may experience withdrawal and
symptoms of dependence [31]. According to the Nation-
al Institute on Drug Abuse [32], people using these vari-
ous blends have been admitted to Poison Control Centers
reporting “rapid heart rate, vomiting, agitation, confu-
sion, and hallucinations.” Synthetic cannabinoids can
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also raise blood pressure and cause a reduced blood sup-
ply to the heart (myocardial ischemia), and in some cases,
they have been associated with heart attacks. Routine us-
ers may experience withdrawal and symptoms of depen-
dence [32].

Use of synthetic cannabinoids is gradually increasing
in the world due to ease of accessibility, relatively low
cost, and inability to show usage by routine toxicological
screening methods [33]. The CV side effect related to use
of synthetic cannabinoids “bonzai” has been reported for
2 cases [33]. With presentation of these cases, the re-
searchers [33] aimed to emphasize that synthetic canna-
binoids “bonzai” addicts the number of whom increases
gradually may present with different CV system findings.
Clearly more studies related with the effects of use of syn-
thetic cannabinoids “bonzai” on the CV system are need-
ed. An in-depth review [34] has examined the CV effects
of synthetic cannabinoids to conclude that further re-
search is needed to document the regulatory measures
that are needed to curb the spread of synthetic cannabi-
noids. It is essential to keep the risk/benefit ratio of the
medicinal use of cannabis as low as possible.

Unknowns Associated with Cannabis Consumption

It is imperative that cannabis legalization which will
likely increase cannabis use, does not cause significant
adverse effect, like tobacco smoking. Public policy needs
to be formed around a rigorous study to investigate any
adverse health effect of cannabis smoking. Discussion
about whether smoke-free legislations should also in-
clude cannabis is becoming increasingly widespread
while the industry is growing.

There are several mechanisms by which cannabis con-
sumption can contribute to the development of chronic
CVD or acutely trigger CV events [35]: (1) pro-arrhyth-
mic effects of catecholamines, the production of which is
stimulated by THGC; (2) increase of heart rate that can re-
sult in cardiac ischemia in susceptible individuals; (3) an-
algesic properties of THC that may lead to treatment de-
lay for chest pain; (4) increased blood carboxy-hemoglo-
bin levels resulting in decreased oxygen supply for the
heart, which results in increase of heart rate; and (5) labil-
ity in blood pressure that can increase risk of transient
ischemic attack) or stroke in individuals with CVD [35].
In addition, cannabis smoking produces oxidant gases
that contribute to cellular stress and may contribute to
CV risk by activating platelets, promoting formation of
oxidized low-density lipoprotein, and inducing an in-

Effects of Cannabis on the Cardiovascular
System

flammatory response [36]. Cannabis consumption may
be related to the incidence of CVD through associations
with traditional CV risk factors, including blood pressure
level and lipids. Data regarding the association of canna-
bis consumption with chronic levels of these risk factors,
however, are not available. Consideration of the canna-
bis-tobacco consumption relationship is critical in any
analysis of the association of cannabis use to tobacco-re-
lated diseases, including many of the CVD [35].

Cannabis is also related to less well-known correlates
including impaired pulmonary function leukocyte count
and hostility [37]. Lung function abnormalities, includ-
ing decrements in several lung function parameters, can
occur with chronic consumption of cannabis [37, 38].
Pulmonary function is inversely related to the incidence
of CHD and congestive heart failure, although it is not
known whether this relationship is causal in nature [39].
The circulating leukocyte count is related to the incidence
of MI [40], while hostility is related to CHD mortality and
coronary artery calcification, an early indicator of coro-
nary atherosclerosis [41, 42]. The leukocyte count was re-
lated to cannabis consumption in the CARDIA study,
conducted in a biracial study population of >5,000 young
adults [43]. High hostility level (as determined by the
Cook-Medley Hostility Scale, a self-administered ques-
tionnaire) was strongly related to cannabis consumption
in the CARDIA study [43].

One of the very first studies to investigate the effect of
smoking cannabis on MI was conducted in 2000 [44].
Smoking cannabis is known to have hemodynamic con-
sequences, including a dose-dependent increase in the
heart rate, supine hypertension, and postural hypoten-
sion. Whether it can trigger the onset of MI was unknown.
In this investigation, 3,882 patients (1,258 women) were
interviewed with AMI on an average of 4 days after infarc-
tion onset. They used the case-crossover study design to
compare the reported consumption of cannabis in the
hour preceding symptoms of MI onset to its expected fre-
quency using self-matched control data. Of the 3,882 pa-
tients, 124 (3.2%) reported smoking cannabis in the prior
year, 37 within 24 h and 9 within 1 h of MI symptoms.
The risk of MI onset was elevated 4.8 times over nonusers
(95% confidence interval) in 1 h after cannabis consump-
tion. The elevated risk rapidly decreased thereafter. They
concluded that smoking cannabis was a rare trigger of
AMI and may pose a health risk to patients with estab-
lished coronary artery disease and perhaps to individuals
with multiple coronary risk factors. The study had sev-
eral limitations including some misclassification of expo-
sure likely to have occurred since the data were based on
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patient self-report. For example, patients may be reluc-
tant to report that they had consumed cannabis before
their MI. There was also a possibility of bias caused by
differential survival of cases that had their MI triggered
by different mechanisms. For example, if patients whose
infarctions were triggered by cannabis were more likely
to die than those whose infarctions were unrelated to can-
nabis, then the apparent relative risk may be underesti-
mated.

Gleerup et al. [45] investigated the risk factor of the
tobacco-smoking habits in younger patients with ST-seg-
ment elevation myocardial infarction (STEMI). The
study demonstrated that 3 out of 4 younger patients with
STEMI were current smokers and only 16% of the pa-
tients had never smoked. Smoking was the most prevalent
modifiable risk factor in younger patients with STEMI,
and notably was most frequent among women. The study
indicated that despite efforts to reduce the prevalence of
smoking, it remains the most dominating risk factor in
these patients. Furthermore, the youngest patients may
benefit the most from avoiding STEMI, which has major
consequences at both patient and society level. Cannabis
is often smoked in combination with tobacco which
makes it difficult to imply the association of only cannabis
smoking with MI and ischemic stroke. This argument is
also relevant for cannabis second-hand smoking. There is
clearly a gap in knowledge to distinguish between effects
related to tobacco smoking and those related to cannabis
intake.

An additional study suggested a link between cannabis
consumption and the development of MI in patients with
coronary artery disease [46-48]. Mukamal et al. [49]
studied cannabis consumption and mortality following
AMI. The preliminary results indicated possible hazards
of cannabis for patients who survive AMI. They also in-
dicated that although cannabis use had not been related
to mortality in other populations, it may pose particular
risk for susceptible individuals with coronary heart dis-
ease. Frost et al. [50] studied cannabis consumption and
long-term mortality among survivors of AMI. They con-
cluded that habitual cannabis consumption among pa-
tients presenting with AMI was related to an apparent
increased mortality rate over the following 18 years that
did not reach statistical significance. They recommended
that larger investigations with repeated measures of can-
nabis consumption are needed to definitively instigate
whether there are adverse CV outcomes of smoking can-
nabis among patients with coronary heart disease.

A study was conducted in France from 2006 to 2010 to
investigate the CV complications related to cannabis and
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their extreme seriousness in 1979 cannabis-related cases
[51]. The percentage of cannabis-related CV complica-
tions increased from 1.1% in 2006 to 3.6% in 2010 of all
cannabis-related reports with a death rate of 25.6%. They
were all serious and included cardiac and extracardiac
complications, mainly acute coronary syndromes and pe-
ripheral arteriopathies. The results indicated that canna-
bis as a possible risk factor for CVD in young adults was
in agreement with previous results. The authors conclud-
ed that clinicians should be aware that cannabis con-
sumption in young people can be a potential triggering
factor for CV complications and the data concerning
their danger must be widely distributed.

In another study [52], the investigators showed that
cannabis cigarettes cause increases in heart rate, supine
systolic and diastolic blood pressures compared with pla-
cebo. These actions increase myocardial oxygen demand
to a degree that they can decrease the time to exercise-
induced angina in patients with a history of stable angina.
In addition, cannabis has been related to triggering MIs
in young male patients. Smoking cannabis has been
shown to increase the risk of MI onset by a factor of 4.8
for 60 min after cannabis use, and to increase the annual
risk of MI in the daily cannabis user from 1.5 to 3% per
year. Human and animal models suggest that this effect
may be due to coronary arterial vasospasm. Longitudinal
studies, however, have indicated that cannabis consump-
tion may not have a significant effect on long-term mor-
tality. Researchers concluded that further work is re-
quired to definitively establish the impact of cannabis on
CVD, and it is reasonable to recommend against recre-
ational cannabis consumption, especially in individuals
with a history of coronary artery disorders.

Marchetti et al. [53] attempted to find evidence of MI
due to coronary thrombosis in an autopsy of an occasion-
al cannabis smoker. They performed a narrative review of
the literature to establish when postmortem toxicological
tests may support a temporal association between canna-
bissmokingand CVD. Toxicological examination showed
the presence of D9-tetrahydrocannabinol, its main me-
tabolite, and cannabinol in blood and urine. Semi-quan-
titative analysis revealed that D9-THC was taken within
2 h of the onset of CV symptoms, according to circum-
stantial data. For any conclusion to be made about the
specific CV-triggering effect of D9-THC intake, however,
they realized that cannabinoid analysis in blood samples
must be considered an essential requirement to estimate
the time of last intake to avoid incomplete documenta-
tion. The investigators highlighted a relationship between
cannabis consumption and negative CV events; although
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few authors did support their findings with toxicological
results and therefore concluded further research is need-
ed [53].

Rumalla et al. [54] sought a correlation between can-
nabis consumption and hospitalization for acute isch-
emic stroke (AIS) using data from the largest inpatient
database in the USA. Cannabis consumption (N =
2,496,165) and noncannabis consumption (N =
116,163,453) cohorts were identified (age 15-54) in the
Nationwide Inpatient Sample (NIS) from 2004 to 2011.
Incidence of AIS was significantly greater in the cannabis
cohort than the noncannabis cohort in all age groups. The
incidence of AIS hospitalization in cannabis consumers
and noncannabis consumers was established. They uti-
lized multivariable logistic regression analyses to study
the independent relationship between cannabis con-
sumption and AIS. Overall, the incidence of AIS was sig-
nificantly greater among cannabis consumers than non-
consumers and had the greatest difference in the 25-34
age group. Cannabis consumption was more prevalent
among younger patients, males, African-Americans, and
Medicaid enrollees. Cannabis consumers were more like-
ly to use other illicit substances but had less overall med-
ical comorbidity. They concluded that recreational can-
nabis consumption is independently related to 17% in-
creased likelihood of AIS hospitalization among younger
adults.

There is lack of concrete evidence for cannabis second-
hand smoking (CSHS) causing acute CV harm. There
have been some investigations in rats [55] whether expo-
sure to cannabis CSHS can cause acute vascular endothe-
lial dysfunction. The results indicated that 1 min of expo-
sure to CSHS impaired flow-mediated dilation to the
same extent as impairment from equal exposure of to-
bacco CSHS. There were several limitations to this study.
For example, ambient concentration of cannabis CSHS
have not been systematically measured in real conditions,
opposite to tobacco CSHS. Another limitation is thatin a
rodent model, parameters such as the exposure times and
durations of impairment may not completely translate to
exposure in humans. It should be noticed that rats and
humans show similar responses comparable to tobacco
smoke exposure conditions. The report [55] concludes
that a prospective-controlled rodent experiment can fill a
gap in understanding of the consequences of cannabis
CSHS exposure that can be extrapolated to humans since
understanding of human CV consequences of cannabis
use has been limited to retrospective studies. Addition-
ally, other forms of noncombusted, inhaled cannabis
products also can be investigated (vaporized dried can-
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nabis and vaporized cannabis extracts), to evaluate any
potential CSHS exposure risks of alternate forms of can-
nabis and exposure to tobacco will be used as a control for
comparison. In summary, the findings indicate that in
rats, flow-mediated dilation is damaged by some constit-
uents of smoke not related to cannabis or tobacco. It
could be either the products of combustion or other plant
chemicals that exist after combustion. Therefore, the
mechanism by which tobacco and cannabis smoke dam-
age endothelial function is not fully understood.

Finally, investigators studied the National Inpatient
Sample, the largest publicly accessible database in the
USA, to survey the number of hospital admissions in pa-
tients with a history of heart attack, percutaneous coro-
nary intervention and/or coronary artery bypass graft,
and self-identified cannabis consumers and nonconsum-
ers from 2007 to 2014 [56]. The database includes about
8M hospital stays each year and does not include infor-
mation about forms of cannabis usage. Many states in the
USA legalized medical/recreational cannabis use during
the study’s period. The findings were as follows: (1) larg-
er numbers of cannabis consumers had a subsequent
heart attack (67% vs. 41% of nonconsumers). This is also
true with rates of hospitalizations for recurrent percuta-
neous coronary intervention and coronary artery bypass
graft; (2) cannabis consumers were likely to be middle-
aged (median age 52 compared to median age 72 for non-
consumers); black Americans (34% vs. 10% of noncon-
sumers); and male (77% vs. 62% of nonconsumers). Can-
nabis consumers had lower rates of high blood pressure,
diabetes, and high cholesterol, although it is unclear why
these risk factors were low; (3) there was a concerning in-
crease in the trend of cannabis consumption among pa-
tients who had already had a heart attack or coronary re-
vascularization procedure; (4) another alarming finding
was that the frequency of recurrent heart attacks and car-
diac interventions was higher among cannabis consum-
ers, although they had fewer risk factors for heart disease
and younger.

Genetic Links

As with many other drug/chemical compounds, re-
sponse to cannabis use has been shown to have a genetic
component, as evidenced by studies showing links to either
a specific single-nucleotide polymorphism, or insertion/
deletion sequence that cause changes to number of differ-
ent types of genes, including receptors, metabolic pathway
enzymes, and activators/repressors of signaling pathways
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[57]. Some of these altered genes themselves have been re-
lated to changes in substance abuse or addiction [58] and
potentially cannabis-induced schizophrenia [59]. In hu-
mans, cannabis consumption was also related to signifi-
cantly lower sperm concentration [60]. Findings point to
possible pre-conception paternal reproductive risks asso-
ciated with cannabis consumption [50]. Diseases affecting
specific endocannabinoid receptors are also known [61,
62]. Thus, investigating the role of genetics on cannabis
responses to various systems and identifying any potential
markers that overlap other disease indications could be of
benefit to understanding the future of cannabis as a medi-
cine. Identification of certain types of predisposition to
cannabis-induced responses, especially in situations where
individuals may not be consuming it knowingly would be
of great benefit to developing future medical treatments or
diagnosis would be of significant benefit. Thus, these stud-
ies also provide a basis for understanding how CSHS, may
affect different segment of the population.

Effect of Cannabis on Appetite

Although existing data suggest that cannabis use influ-
ences food intake, appetite, and metabolism, human data
in this regard are limited [63]. Farokhnia et al. [63] inves-
tigated the effects of cannabis use on peripheral concen-
trations of appetitive and metabolic hormones in a sam-
ple of cannabis users. The study was performed in a ran-
domized, crossover,double-blind,and placebo-controlled
manner. Twenty participants underwent 4 sessions dur-
ing which oral cannabis, smoked cannabis, vaporized
cannabis, or placebo was administered. Active com-
pounds contained about 50 mg of THC. Repeated blood
samples were recorded measuring endocrine markers,
like total ghrelin (hunger hormone), acyl-ghrelin, leptin,
glucagon-like peptide-1 (GLP-1; satiety hormone), and
insulin. Results showed a significant drug main effect, as
well as a significant drug x time-point interaction effect
on insulin. The spike in blood insulin concentrations ob-
served under the placebo condition (likely due to intake
of brownie) was blunted by cannabis administration. A
significant drug main effect and trend-level drug x time-
point interaction effect was also detected for GLP-1, sug-
gesting that GLP-1 concentrations were lower under can-
nabis than the placebo condition. Finally, a significant
drug main effect was found for total ghrelin, suggesting
that total ghrelin concentrations during the oral cannabis
session were higher than the smoked and vaporized can-
nabis sessions. The study concluded that cannabis ad-
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ministration modulated blood concentrations of some
appetitive and metabolic hormones, mainly insulin, in
cannabis users.

The mechanism of these phenomena may be explained
by ghrelin which is an endogenous regulator of energy
homeostasis synthesized by the stomach to stimulate ap-
petite and positive energy balance. Similarly, the endo-
cannabinoid system is part of internal machinery control-
ling food intake and energy expenditure [64]. Alen et al.
[64] investigated brain ghrelin actions on food intake in
rats with different metabolic status (negative or equili-
brate energy balance). They also tested a sub-anxiogenic
ultra-low dose of the CB; antagonist SR141716A
(rimonabant) and the peripheral-acting CB, antagonist
LH-21 on ghrelin orexigenic actions. They make the fol-
lowing observations: (1) central administration of ghrelin
promotes food intake in free-feeding animals but not in
24 h food-deprived or chronically food-restricted ani-
mals; (2) an ultra-low dose of SR141716A completely
counteracts the orexigenic actions of central ghrelin in
free-feeding animals; (3) the peripheral-restricted CB;
antagonist LH-21 blocks ghrelin-induced hyperphagia in
free-feeding animals. The study highlights the impor-
tance of the animal’s metabolic status for the effectiveness
of ghrelin in promoting feeding and suggests that the pe-
ripheral endocannabinoid system may interact with
ghrelin signal in the control of food intake under equili-
brate energy balance conditions. Since weight gain may
lead to obesity which is central to metabolic syndrome
(type II diabetes, hypercholesteremia, and hypertension),
it is prudent to be vigilant about the societal use of recre-
ational cannabis.

Overview

Cannabis is presently the most consumed illicit sub-
stance in the world. With the present trend of legalization
of cannabis in the USA, healthcare providers will encoun-
ter more users consuming cannabis recreationally over a
wide range of ages and health states. Early indications
suggest that many compounds found in cannabis have
potential therapeutic benefit, either alone or in conjunc-
tion with other cannabinoid or terpene compounds [65].
Additionally, recent research shows patients with both
type 1 and type 2 diabetes had positive response to the use
of certain types of cannabis [66, 67]. Thus, cannabis can
potentially be used in the treatment of at least some CVD.
We should not put too much emphasis on the potential
benefits of cannabis smoking among patients with diabe-
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tes when these studies did not include/assess the risk of
MI in a high-risk population.

With increasing evidence that cannabis may interact
with systems involved in various aspects of hemostasis,
additional research into the potential benefits of various
cannabis chemovars and their potential differences with
respect to treatment efficacy of many disease types is
needed to fill the gap in our knowledge. Included in that
is the need for additional research that addresses any po-
tential hazards of the compounds themselves or methods
of using cannabis that could potentially trigger a down-
stream reaction.

The justification for examining cannabis consumption
in relation to cardiometabolic conditions is that cardio-
metabolic conditions are among the leading causes of
mortality and are highly prevalent in the USA. A litera-
ture search indicates that relatively little is known about
the relationship of cannabis use to CVD outcomes. There
is clearly a great deal to learn about CV effects of canna-
bis. Understanding the mechanism through which can-
nabis causes infarction may provide insight into the trig-
gering of ML It is important to find a safe window of ap-
plications (i.e., dose limit) whereby positive medical
aspect of the cannabis can be realized. Studies that spe-
cificallylook at CV effects of cannabis when administered
by nonsmoking routes may be interesting. For example,
does cannabis administered without smoking affect heart
rate, blood pressure, and thrombocyte aggregation mea-
sures? The effect of cannabis on CV should be extended
to adolescence since there is dearth of data in the popula-
tion.

It is likely that growing trend toward legalization of
cannabis may encourage physicians and patients to talk
more comfortably about the use which could allow great-
er data base and thus increase the insights into health ef-
fects. Research directions may include more studies of
CVD outcomes and association of cannabis with risk fac-
tors, studies of metabolic and physiological effects of
chronic cannabis consumption that may affect CVD risk,
and increased understanding of the role of the cannabi-
noid receptor system in CV regulation since there are an-
ecdotal evidence that there might not be significant CV
adverse effects in medicinal use. Cooperation between the
physicians and patients in terms of precise diagnosis of
the CV and other conditions of the patient, and appropri-
ate selection of cannabis could potentially eliminate the
adverse effects of the product.

Research that identifies any potential effects of CSHS
on not only respiratory and/or endothelial function, but
also on potential changes in cognitive function, is crucial
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to understanding the potential effect of CSHS on the gen-
eral populace, if consumption in public/general access ar-
eas is being considered. Any potential health effects of
CSHS on the population should be investigated to pro-
vide policy makers the data upon which to make sound
policy decisions when considering allowance of con-
sumption of cannabis in public and exempting cannabis
from smoke-free laws. The main goals should be to: (1)
determine if CSHS caused any measurable changes in (a)
respiratory function, (b) endothelial function, and (c)
cognitive function; (2) determine the doses at which any
potential changes occur; (3) determine the maximum ac-
ceptable dose for CSHS, if any, with respect to each func-
tional category (e.g., 1[a], [b], or [c]); (4) identify genetic
markers associated with predisposition toward or against
cardiac adverse reaction to the use of cannabis; and (5)
determine if the levels detected in research goals 1 (a-c),
2, and 3, are different between the genetic groups identi-
fied in research goal mentioned above. These suggestions
require longitudinal multivariable investigation to study
the association of cannabis with CV events. The studies
should be focused on individuals who do not smoke to-
bacco to isolate the effect of CSHS.

Spreading awareness regarding the potential risk of re-
current heart attacks in middle-aged, African-American,
and male cannabis consumers and screening them at an
earlier age for potential risk factors of future heart attacks
should be encouraged among physicians. Clearly, further
research is needed to look at the CV effects of synthetic
cannabinoids to inform the regulatory measures that are
necessary to curb the spread of synthetic cannabinoids
and to keep the risk/benefit ratio of the medicinal use of
cannabis and related cannabinoids as low as possible. In
addition, the role of medicinal cannabis including bene-
fits and potential risks with regards to CV management
need to be validated in large blinded, randomized studies.

Existing data suggest that cannabis use influences food
intake which could result in weight gain and eventually
obesity. It is well-known that obesity is an independent
risk factor for CVD and one of the main causes of the in-
creased risk of diseases such as dyslipidemia, insulin re-
sistance, hypertension, and atherosclerosis in both adults
and children [68].

Conclusions
Early indications suggest that many compounds

found in cannabis have potential therapeutic benefit ei-
ther alone or in conjunction with other cannabinoid or
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terpene compounds which are largely unexplored. With
increasing evidence that cannabis could interact with
systems involved in various aspects of hemostasis, ad-
ditional research into the potential benefits of various
cannabis and their potential differences with respect to
treatment efficacy of many disease types is needed to fill
the gap in our knowledge. Increased awareness regard-
ing the potential risk of recurrent heart attacks in mid-
dle-aged, African-American, and male cannabis con-
sumers and screening them at an earlier age for potential
risk factors of future heart attacks should be encouraged
among physicians and public. The role of medicinal can-
nabis including benefits and potential adverse effects,
such as weight gain with regards to CV management,
need to be validated in large blinded, randomized ex-
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