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Abstract

Cannabis use in the US is rising with increased legalization. It has been noted that there is a five-
fold increase risk of Myocardial Infarctions (MI) in the first hour after cannabis use. Traditional
risk factors for Ml include diabetes, hypertension and dyslipidemia. The rising use of cannabis
may have ushered in an additional Ml risk factor to be added to the list; that is cannabis. In this
review, we discuss the growing use of cannabis and potential link with MI, highlighting the
common pathogenic hypotheses linking these risk factors.
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Introduction

As of January 1, 2017, the use of both recreational and medical cannabis has been legalized
in 8 states (Alaska, California, Colorado, Maine, Massachusetts, Nevada, Oregon and
Washington) and the District of Columbia in the United States [1]. With the increasing
legalization of the drug, the use of cannabis has also been on the rise. Additionally, a recent
study has suggested that longer-term moderate/heavy cannabis use during early and late 20s
is associated with negative health outcomes by age 50 [2]. It is important to understand the
possible negative health effects of cannabis use, because the youth population carries on a
large portion of recreational use of the drug. With the rising use and demand for cannabis,
commercial preparations containing synthetic cannabinoids have also rapidly emerged.
Although synthetic alternatives are often assumed to be safe and legal alternative to
cannabis, their enhanced metabolic effects and potential toxicity warrant further
investigation into their safety [3]. Moreover, current evidence on the effect of cannabis use
on health outcomes is limited. Given the rapid progressive movement towards legalization of
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cannabis recently and paucity of data on potential harms of cannabis use, it remains an
active area of research.

Cardiovascular disease (CVD) is the number one cause of death in the United States with 1
in every 4 deaths attributed to CVD [4]. It includes Coronary Artery Disease (CAD),
including Myocardial Infarction (MI), hypertension, Congestive Heart Failure (CHF),
arrhythmias, Peripheral Vascular Disease (PVD) and strokes. A majority (70%) of CVD risk
is attributable to modifiable risk factors, such as smoking [5]. It is also interesting to note
that cannabis use was significantly higher amongst black Caribbean adolescents, compared
to other ethnicities in a study conducted in an urban setting in UK [6]. The effect of cannabis
use on CVD and as potential risk factor for Ml is largely unknown.

In this review, we will explore the potential mechanisms that lead to myocardial infarctions
associated with cannabis use.

Derangement

Endocannabinoids and their endogenous receptors (CB1R and CB,R) play an important role
in regulating the body’s energy balance, insulin sensitivity and lipid metabolism [7, 8]. It is
known that the effect of D9-Tetrahydrocannabinol (THC), the primary psychoactive
component of Cannabis sativa, acts on its receptors is associated with an acute increase in
appetite and high caloric intake [9]. High caloric intake and polyphagia associated with
cannabinoid consumption or inhalation can lead to obesity and its metabolic consequences,
such as diabetes mellitus, cardiovascular diseases, sleep disorders and chronic kidney
disease. In addition to the metabolic derangement precipitated by obesity, cannabinoids
activate CB receptors in peripheral tissues causing lipogenesis, reduced insulin
responsiveness and impaired secretion of insulin in adipose tissues, liver, skeletal muscles
and pancreas [10]. The culmination of such derangements is known to accelerate endothelial
dysfunction. Multiple studies have shown that acute, short-term activation of CB1 is
associated with rapid rise in appetite, food intake and body weight as well as glucose
intolerance in young, healthy males [10-12]. Whether these metabolic effects have causal
relationship or are independent from each other is still not well understood. Nonetheless,
there have been animal studies that have shown chronic CB; stimulation by
endocannabinoids leads to adiposity independent of its effects on appetite provocation [10].
It is important to recognize and understand the association between the use of THC and its
metabolic consequences, because obesity, along with diabetes mellitus are considered as a
major risk factor and risk factor equivalent for CVD.

Chronicity of cannabis use also appears to have its effects on lipid and carbohydrate
metabolism in human body. In the Coronary Artery Risk Development in Young Adults
(CARDIA) study, subjects with more extensive use of cannabis was associated with higher
caloric intake [13]. Moreover, the increase in caloric intake was hypothesized to be closely
linked with the concomitant increase in alcohol consumption [13]. Activation of CB1 is
widely thought to be the culprit for such polyphagic behavior through the stimulation of
plasma ghrelin and leptin [14, 15]. It is interesting to note that prevalence of obesity was
lower in chronic cannabis users compared to non-users [16]. Furthermore, higher frequency
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of cannabis use was significantly associated with lower abdominal fat content and BMI,
from the NHANES |11 study [16]. Effect of chronic cannabis use on insulin secretion was
investigated by Muniyappa et al using C-peptide deconvolution and oral glucose tolerance
test modeling, total insulin secretion, p-cell glucose sensitivity, rate sensitivity, and
potentiation of insulin secretion. From the study results, chronic cannabis smoking does not
appear to affect glucose sensitivity in peripheral tissues and pancreatic 3-cell function,
leading to normal glucose tolerance in long-term heavy users [10]. These findings are
consistent with the results of the aforementioned CARDIA and NHANES I11 studies. It is
important to note that the hypotheses proposed by past, historical studies regarding short-
term activation of CB; causing glucose intolerance are quite contrary to these new findings
[10, 12]. It is thus possible to deduce that the effect of cannabinoids on its CB receptors
differ with chronicity. Similarly, a case-crossover study conducted also suggests potential
danger of short-term activation of CB4 receptor from cannabis smoking in patients with
acute myocardial infraction (MI) as opposed to chronic use, as the risk of MI was elevated
almost 5-folds in the hour after smoking and subsequently declined rapidly after the initial
hour [17].

Results from CARDIA and NHANES I11 studies suggesting the association between
cannabis use and lower BMI with lower abdominal fat content are interesting to note, as it is
counterintuitive to believe that higher caloric intake would result in such reduction in body
mass and fat deposition, or the lack there of [13, 16]. However, upon further investigation of
relative amount of abdominal fat distribution, a study conducted by Muniyappa et al. has
found that cannabis smokers had significantly higher visceral fat content, as opposed to
subcutaneous fat, when compared with non-users [10]. This finding is significant because
the ratio between visceral adipose tissue and subcutaneous adipose tissue is an independent
predictor of cardiovascular events, irrespective of presence of risk factors [18]. Higher
visceral adipose tissue content leads to higher incidence of obesity-associated metabolic
dysregulation, involving multiple endocrine, metabolic and immunologic functions, when
compared to subcutaneous adipose tissues [19]. Visceral adiposity is also strongly associated
with long term alteration of cardiac structures in hypertensive and ischemic cardiomyopathy
[20]. From the data suggested by recent studies, both body fat distribution and adipocyte
phenotype are stronger determinants for fatal cardiovascular outcomes in obese patients than
increased general adiposity. Higher visceral adiposity can be a significant link that leads
cannabis users to multiple metabolic derangement and ultimately into fatal cardiovascular
events.

Inflammation

The cannabinoid receptors are part of the G-protein coupled receptor family that propagate
downstream signaling at the cellular level upon their activation by respective ligands [17].
Based on pre-clinical studies, CB4 receptor activation leads to inflammation and
atherosclerotic effect, while CB, receptors mediate anti-inflammation and immuno
suppression [21-23]. Consequence of such immunomodulation by cannabinoid is an area of
ongoing research. However, extensive reviews have outlined some of the downstream effects
of CB receptor activation that potentially leads to systemic pro-inflammatory state as well
[24]. 1t has been suggested that cannabinoid-induced activation of G-protein coupled
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receptor 55 (GPR55) results in increased IL-12 and TNF-a., which in turn raises endocytic
activity in monocytes, potentially leading to foam cell formation and atherosclerosis [24].

It is interesting to note that cannabidiol (CBD), an analog of THC has quite the contrasting
effect on the body, compared to its counterpart. In a mouse model from recent study, it has
shown that CBD inhibited macrophage’s production of TNF-a from lipopolysaccharide
chains [25]. In addition, CBD has shown its effectiveness in reducing other pro-
inflammatory cytokines, such as NO and IL-p in another mouse model with Alzheimer’s
disease related neuroinflammation [26]. These antagonistic properties of CBD on
inflammation has made it an ideal target for pharmaceutical a agent, especially given that it
has less psychoactive profile compared to THC. It is likely that these anti-inflammatory
actions of CBD are modulated by the CB> receptor as opposed to CBqreceptors, however the
complete biochemical pathway still needs to be elucidated.

Although multiple studies have shown the potential anti-inflammatory role for one
cannabinoid analog, others have suggested cannabinoid’s action on promoting the release of
pro-inflammatory cytokines, leading to contrasting hypotheses. A recent NIH study used C-
reactive protein (CRP) as a marker for inflammation, showing decreased CRP levels in
cannabinoid users [27]. The Justification for the Use of Statins in Prevention: an Intervention
Trial Evaluating Rosuvastatin (JUPITER) trial highlighted the importance of CRP reduction
with statin use in patients with normal metabolic profiles. Statin use in those with elevated
CRP, but normal LDL, showed reduction in fatal and non-fatal Mls. Further, those on a statin
also had reduced need for coronary interventions. Therefore, it remains to be seen whether
those with CRP elevation resulting from cannabis use can benefit similarly from statin use
[28, 29].

It has also suggested that these immunomodulation and reduced cytokine production can
lead to altered immune response, higher susceptibility for infections and overall less
favorable outcome amongst cannabis users [27]. With further investigation, understanding
the complexity of cannabinoid’s inflammatory effect on the body can provide additional risk
factor for cardiovascular diseases and future screening tools in serum markers for population
of ever-increasing cannabis users in our society.

Effects of THC on Cardiovascular System

While Metabolic and Inflammatory effects accrue over time with cannabis use,
cardiovascular effects from cannabis use can precipitate to a Ml much more acutely.
Myocardial effects result from alterations in coronary blood flow and heart rate promoting
myocardial ischemia and potential infarction [30]. Several studies have reported that acute
THC use may be involved in reducing coronary blood flow. Additionally, intravascular
ultrasounds on patients experiencing THC associated myocardial infarction usually find no
evidence of atherosclerotic CAD. Coronary angiography usually confirms coronary
vasospasm and platelet thrombus formation without underlying atherosclerosis [31].
Moreover, myocardial oxygen supply is further restricted by an increased concentration of
carboxyhemoglobin leading to a reduction in oxygen carrying capacity of red blood cells
[17]. Further exacerbating the myocardial oxygen supply are elevations in both heart rate
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and blood pressure, resulting in reduction of diastolic coronary filling and elevated diastolic
coronary pressures. Therefore, the reduction in coronary blood flow in combination with
reduced oxygen carrying capacity and potential systemic and coronary vasoconstriction lead
to an increase in myocardial oxygen supply-demand mismatch, resulting in ischemia [17].
Patients suffering from preexisting cardiac conditions such as stable angina are especially
prone to develop symptoms. Decreased exercise time to angina was reported in volunteers
who use THC [32]. Other studies have proposed that the hemodynamic response caused by
THC interrupts perfusion in susceptible atherosclerotic plaques. The role of beta blockers in
reducing the myocardial oxygen supply-demand mismatch in cannabis users warrants
further investigation.

The effects of THC on the peripheral vasculature results from two main effects namely:
vasoactive effects and inflammatory effects. Vasoactive alterations resulting in changes in
blood pressure are use dependent basis. Furthermore, in certain situations vasoactive
changes can overlap with inflammatory changes and may be indistinguishable as is the case
in thromboangiitis obliterans induced by THC, also known as cannabis arteritis [30]. It was
demonstrated that THC binds the PPARy receptor leading to short term increase in
superoxide dismutase activity and bioavailability of nitric oxide, a potent vasodilator [33].
Conversely, long term THC use has been associated with increased peripheral vascular
resistance [34]. The proposed mechanism resulting in vasoconstriction with chronic THC
exposure is related closely to increase in vasoconstrictive prostanoids and antagoinism of
endogenous vasorelaxing endocannabinoid anandamide [33-36]. Vasoconstriction may also
be affected by the properties of the vessel itself. In vessels where the predominant
vasodilating factor is Endothelium-derived Hyperpolarizing Factor, THC inhibits
vasodilation and promotes vasoconstriction. Further, it should be noted that alterations in
sympathetic tone may play a role in variable vasoactive effects of THC [37]. THC mediated
vasoconstriction was inhibited in the rabbit ear artery with denervation and alpha adrenergic
blockade, underscoring the potential sympathetic effects of THC. Chronic use leading to
vasoconstriction along with prolonged inflammation can manifest as claudication,
Raynaud’s phenomenon and ischemic digital ulcers. This disease can be difficult to
distinguish from effects of smoking tobacco given the fact that the both substances are often
used simultaneously. However, studies have shown that THC exposure led to an earlier
presentation of thromboangiitis obliterans in individuals who abused both [30]. The role of
calcium channel blockers in reducing peripheral vasculature burden in cannabis user needs
further exploration.

Effects of THC on Platelets

Presence of CB4 and CB,, receptors on platelet surface has been identified as a potential
target for activation of platelet aggregation. Cannabinoids have been found to induce
significant amount of arachidonic acid production in human platelets [38]. In ram and sheep
models, THC potentiates cyclooxygenase 1 and 2 (COX-1, COX-2) leading to thromboxane
A2 and subsequent prostaglandin production [39]. These findings are significant as both
arachidonic acid and COX are proinflammatory molecules that can lead to endothelial
injury, platelet activation, vasoconstriction and subsequent rise in the risk of cardiovascular
event.
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THC also induces CB1 and CB»activation that has been shown to activate platelet
aggregation via increased platelet Glycoprotein Ila/lllb and P-selectin expression [40, 41].
Additionally, THC associated increase in inflammation leads to production of 2-
Arachidonoylglycerol (2-AG) that serves as a precursor Arachidonic Acid [40]. Initial
effects of 2-AG on platelet aggregation begin with Phosphotidylinositol 3 Kinase/AKT
pathway leading to myosin light chain kinase phosphorylation and subsequent actin
polymerization that result in conformational changes in platelet structure. Additionally, the
conformation changes result in ATP secretion and 2-AG mediated platelet aggregation [42].
One study investigating 2-AG mediated platelet aggregation showed retardation in platelet
aggregation in subjects being treated with aspirin and/or Plavix. The same study also showed
subjects on Aspirin and/or Plavix had minimal THC induced platelet aggregation,
highlighting the potential clinical benefits of antiplatelet therapy in potentially preventing
THC induced myocardial ischemia and infarction [43]. Despite this, the current mechanism
of 2-AG mediated platelet aggregation remains under investigation as its effects on platelets
remain variable, depending on platelet preparation, model under investigation.

In conclusion, there is rising clinical evidence that there are THC dependent effects on
myocardial ischemia and infarction. With rising legalization of THC around the US and
increasing clinical use it is important to understand the effects of THC exposure. Further
studies are needed to understand the interaction between THC, metabolic derangements,
inflammation, vasoreactivity, platelet aggregation that result in myocardial ischemia and
infarction. Efforts to meticulously characterize patients at risk of suffering from myocardial
infarction associated with THC are needed. Additionally, understanding the biochemical
pathways involved can help guide therapies. The role of antiplatelets, statins, beta-blockers,
calcium channel blockers, antiotensin converting enzyme inhibitor in primary and secondary
prevention remains to be seen. Such measure will allow better understanding of the
pathophysiology and potential prevention strategies of THC associated myocardial
infarction.
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Figurel.
Effect of tetrahydrocannbinoid (THC) from marijuana use and its downstream activation of

arachidonyl-ethanolamide (AEA) and 2-Arachidonoylglycerol (2AG) on inflammation and
platelet activation at the tissue level. Therapeutic strategies involving aspirin and P2Y12
inhibitor, such as clopidogrel have shown retardation of platelet aggregation in target
subjects

Abbreviations. GP — Glycoprotein, Pl 3 kinase — Phosphoinositol-3-kinase, AKT — protein
kinase B, MLC — Myosin Light Chain, ATP — Adenosine triphosphate, CXCL —CXC motif
chemokine (aka stromal cell-derived factor)”
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