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Abstract: Cannabis is the most widely trafficked and abused illicit drug due to its calm-
ing  psychoactive  properties.  It  has  been  increasingly  recognized  as  having  potential
health  benefits  and  relatively  less  adverse  health  effects  as  compared  to  other  illicit
drugs; however, growing evidence clearly indicates that cannabis is associated with con-
siderable adverse cardiovascular events. Recent studies have linked cannabis use to myo-
cardial infarction (MI); yet, very little is known about the underlying mechanisms. A MI
is a cardiovascular disease characterized by a mismatch in the oxygen supply and de-
mand of  the  heart,  resulting  in  ischemia  and subsequent  necrosis  of  the  myocardium.
Since cannabis is increasingly being considered a risk factor for MI, there is a growing
need for better appreciating its potential health benefits and consequences. Here, we dis-
cuss the cellular mechanisms of cannabis that lead to an increased risk of MI. We pro-
vide a thorough and critical analysis of cannabinoids’ actions, which include modulation
of adipocyte biology, regional fat distribution, and atherosclerosis, as well as precipita-
tion of hemodynamic stressors relevant in the setting of a MI. By critically dissecting the
modulation of signaling pathways in multiple cell types, this paper highlights the mech-
anisms through which cannabis may trigger life-threatening cardiovascular events. This
then provides a framework for future pharmacological studies which can identify targets
or develop drugs that modulate cannabis’ effects on the cardiovascular system as well as
other organ systems. Cannabis’ impact on the autonomic outflow, vascular smooth mus-
cle cells, myocardium, cortisol levels and other hemodynamic changes are also mechanis-
tically reviewed.

Keywords: Cannabis, myocardial infarction, endocannabinoid system, atherosclerosis, tetrahydrocannabinol, car-

diovascular disease.

1. INTRODUCTION
Cardiovascular disease (CVD) is the leading cause

of death worldwide. It claims close to 18 million lives
per year, which  is  about  31%  of  global  deaths  and
contributes  to 14.6% of  the global disease burden [1].
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CVD includes coronary artery diseases (CADs), cere-
brovascular  diseases,  peripheral  arterial  diseases  and
congenital  heart  diseases  [2-6].  Among  these,  CADs
are the leading cause of mortality and morbidity world-
wide  [7],  with  myocardial  infarction  (MI)  being  the
main type.

MI,  colloquially  known  as  “heart  attack”,  occurs
when  oxygen  supply  to  the  muscle  of  the  heart  is
abruptly compromised, leading to ischemia and subse-
quent necrosis of the myocardium [8]. It has numerous
etiologies, the most common of which is the rupture of
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an atherosclerotic plaque in a coronary artery and the
subsequent formation of a clot (thrombus) [8]. Depend-
ing on its size and location, this thrombus can cause a
partial or total blockage of coronary arteries supplying
the myocardium, thus leading to ischemia. Other caus-
es include coronary artery embolism, coronary artery
dissection and coronary artery vasospasm [9]. Epidemi-
ologically,  MI is  the primary cause of  death of  more
than  140,000 Americans  annually  [10].  The  majority
of deaths occur before arriving at the hospital, and at
least 5-10% of the initial survivors die within the first
year.  Of  those  who survive  the  event,  up  to  50% re-
quire future hospitalization for a number of MI compli-
cations, such as heart failure, ventricular septal defect,
or recurrent MI [8, 10].

While the exact causes of CVD have yet to be deter-
mined, they usually occur in association with a number
of risk factors, such as hypertension (HTN), smoking,
diabetes, obesity, regional fat distribution and dyslipi-
demia [11-14]. However, a growing number of studies
now associate cannabis with considerable adverse ef-
fects involving a number of organ systems, particularly
the  cardiovascular  system [15].  This  makes  cannabis
use a contender on the list of risk factors for CVD.

Cannabis  is  a  psychoactive  drug  that  comes  from
the  Cannabis  sativa  plant,  and  it  is  by  far  the  most
abused and widely trafficked illicit drug, with estimat-
ed  users  being  around  2.5%  of  the  world  population
[16]. It has calming and relaxing effects, and thus has
historically been consumed for recreational purposes.
In recent years, however, there has been a surge of in-
terest  in  its  potential  therapeutic  use  in  the  manage-
ment of many conditions, such as cancer, Alzheimer’s
disease, inflammatory bowel disease, glaucoma, multi-
ple sclerosis, and many others [16].

Cannabis has more than 120 chemical constituents
known as cannabinoids, detailed knowledge of most of
which still remains unknown. However, two cannabi-
noids, cannabidiol (CBD) and Δ-9-tetrahydrocannabi-
nol (THC), have been studied more extensively, with
each  component  having  its  own  set  of  effects.  CBD
has been indicated as an anti-inflammatory agent with
potential therapeutic action, while THC is recognized
as  a  psychoactive  compound,  which  produces  the
“high” psychological state recreational users seek out
[17].

Cannabinoids  act  on  numerous  receptors  and  en-
dogenous  enzyme  targets,  which  are  part  of  what  is
known as the endocannabinoid system (ECS). This sys-
tem is scattered throughout the body in the nervous sys-
tem, internal organs, connective tissues, glands and im-
mune cells [16]. There are two general types of cann-

abinoid  receptors,  CB1  and  CB2,  that  are  associated
with G proteins of the Gi/o family [18]. The modulation

of the ECS by endogenous cannabinoids (endocannabi-
noids), such as anandamide (AEA) and 2-arachidonylg-
lycerol (2-AG), or by exogenous cannabinoids, such as
THC and CBD, is implicated in a number of physiolog-
ical and pathological conditions. Specifically, there is
evidence suggesting that increased frequency of cann-
abis use augments the risk of a number of CVDs, par-
ticularly MI [19].

The association between an MI event and cannabis
use  has  been  recognized  as  problematic,  but  still  re-
quires extensive research in order to be completely un-
derstood [20]. Additionally, over the past years, there
has been a marked increase in the number of countries
permitting the use of cannabis, both for medicinal and
recreational  purposes.  This  spread  in  the  legalization
of cannabis and the ensuing increase in the number of
its consumers emphasize the importance of researching
the  potential  health  benefits  and  consequences  of  its
use.

The purpose of this paper is to explore the relation-
ship between the effects of cannabis use and the cellu-
lar  mechanisms  that  lead  to  an  increased  risk  of  MI.
Firstly, we review some of the chronic changes that oc-
cur with cannabis use in relation to metabolism, with a
focus  on  body  mass  index  (BMI)  and  lipid  profile,
adipocyte biology, regional fat distribution. Additional-
ly,  we  will  be  exploring  how cannabis  can  modulate
atherosclerotic plaques. Afterward, we will explore the
acute effects  of  smoking cannabis  and THC on heart
rate and blood pressure and their impact on the auto-
nomic  outflow,  vascular  smooth  muscle  cells,  myo-
cardium,  cortisol  levels  and  other  hemodynamic
changes.

2. CANNABIS AND MI
Cannabis use has been linked to an increased risk

of  MI  [21-23].  In  a  case-crossover  study  involving
3,882 patients with acute MI,  it  was found that  there
was a 4.8-fold increase in the risk of MI in the 60 min-
utes following cannabis use as compared with the base-
line;  a  risk  that  significantly  decreased  subsequently
[24].  Moreover,  the  prognosis  among  patients  with
CADs was  observed  to  be  less  favorable  in  previous
cannabis users compared with non-users [25]. An in-
ception cohort study involving 1,913 patients with MI
showed that  there was a 4.2-fold increase in post-MI
mortality in patients who consumed cannabis at  least
once per week when compared with those who never
consumed  the  drug  [25].  In  spite  of  the  aforemen-
tioned, current evidence on the specific adverse cardio-
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vascular effects of cannabis use and as a potential risk
factor for MI is still  lacking [21]. As research in this
area gains further momentum, cannabis is increasingly
being  recognized  as  a  risk  factor  for  MI  in  its  own
right. Thus, better insight into its short-term and long-
term effects on the cardiovascular system is of signifi-
cant interest.

3. CHRONIC EFFECTS OF CANNABIS

3.1. Metabolism
The ECS is known to regulate metabolic functions

and energy balance in the body. Given that the onset of
the pathogenesis of MI is affected by obesity, dyslipi-
demia, regional body fat distribution and lack of exer-
cise [21, 26], the investigation of how cannabis use af-
fects metabolism imbalance and CVD is imperative. In
this context, we explore the cellular effects of THC on
BMI, lipid profile, adipocyte biology, and regional fat
distribution in the body. Furthermore, we examine the
ways  in  which  cannabis  use  can  perpetuate  an  un-
healthy lifestyle and modulate atherosclerosis, one of
the leading causes of MI.

3.1.1. Effect of THC on BMI and Lipid Profile
Appetite stimulation and polyphagia commonly re-

ferred to as “the munchies”, are well-documented tran-
sient effects of cannabis. It is believed that stimulation
of CB1 receptors located in the hypothalamus and mod-
ulation of the reward pathway for food by acting at spe-
cific mesolimbic areas in the brain cause this enhanced
feeding behavior [26]. Indeed, administration of cann-
abinoid  receptor  agonists  stimulates  food  intake  in
both  animals  and  humans,  while  chronic  treatment
with rimonabant, a CB1-selective antagonist,  inhibits
food intake and subsequently results in weight loss in
rodents and humans [27]. Considering this fact, it may
seem reasonable that chronic cannabis use would ulti-
mately lead to weight gain from increased caloric in-
take. However, the relationship between cannabis use
and body weight is not without ambiguity.

In  the  15-year  longitudinal  Coronary  Artery  Risk
Development  in  Young  Adults  (CARDIA)  study  in-
volving a total of 3,617 participants, it was shown that
those  who  reported  cannabis  use  for  18,000  days  or
more  over  a  15-year  period  were  associated  with  a
higher  caloric  intake (average of  3,365 kcal  per  day)
when  compared  with  non-cannabis  users  (average  of
2,746 kcal per day) [28]. However, no change in body
mass index (BMI) was noted between the two groups
[28]. Similar results were observed in the Third Nation-
al  Health  and  Nutrition  Examination  Survey  (N-
HANES III) [29], in which cannabis users were shown

to  have  higher  caloric  intake  but  slightly  lower  BMI
than non-users. Findings from CARDIA and NHANES
III studies are counterintuitive, as higher calorie intake
is commonly believed to result in higher body weight.
Several factors are proposed to explain these results, in-
cluding  the  increased  tendency  of  cannabis  users  to
abuse  other  narcotic  substances,  which  can  result  in
weight  loss,  as  well  as  a  relatively  higher  metabolic
rate  in  cannabis  users  compared  with  non-users  [30,
31]. The higher metabolic rate in cannabis users can be
explained by the long-lasting CB1 receptor downregu-
lation resulting from chronic exposure. Decreased CB1
activity in between episodes of cannabis ingestion then
favors an increase in metabolic rate and a decrease in
energy  assimilation  by  metabolically  active  tissues
[32].  Contextually,  studies  show  that  mice  lacking
CB1 receptors in the forebrain and sympathetic ganglia
were  resistant  to  diet-induced  obesity  due  to  an  en-
hanced  sympathetic  tone  resulting  in  increased  lipid
oxidation  and  thermogenesis  [33].  Indeed,  cannabis
users were found to have a lower total fat mass in the
abdomen than non-users [34]. Moreover, it is possible
that cannabis consumption is tied to variation in lean
body mass.  In  fact,  a  study  that  followed up  data  on
712  participants  from  adolescence  to  midlife  found
that cannabis use is correlated with lower physical ac-
tivity,  which  might  have  a  negative  consequence  on
muscle  growth  [35].  Also,  cannabinoids  have  been
shown to affect the metabolic integrity of skeletal mus-
cles.  Effects  of  CB1  receptor  activation  on  skeletal
muscles  include a  decrease  in  insulin-dependent  glu-
cose uptake, a decrease in insulin-induced signaling, as
well  as  impairment  of  oxidative  metabolism  due  to
downregulation of mitochondrial biogenesis [36, 37].
Additionally,  it  was  found  that  CB1 knockdown and
pharmacological antagonism favors skeletal muscle dif-
ferentiation  from  myoblasts  to  myotubes,  leading  to
bigger fibers [38, 39]. These mechanisms suggest that
cannabis  consumption  could  result  in  lower  muscle
mass  due to  direct  CB1 stimulation,  although,  to  our
knowledge, no study directly assessed this correlation
in humans. Hence, whether or not cannabis can affect
the relationship between fat mass and lean body mass,
which is normally linear [40], remains to be elucidat-
ed.

Another  longitudinal  study  was  conducted  to  test
for  long-term associations  between  cannabis  use  and
cardiometabolic risk factors that underlie the develop-
ment of CVD [41]. It  was found that cannabis users’
mean levels on cardiometabolic risk factors, which in-
clude  a  waist-to-hip  ratio  (WHR),  HDL  and  LDL
cholesterol, triglycerides, fasting glucose, blood pres-
sure, interleukin 6 and C-reactive protein, were general-
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ly below the clinical cutoffs for high risk [41]. Howev-
er, these associations were no longer present after ad-
justing for BMI, which was found to be lower in cann-
abis users as compared with non-users, suggesting that
cannabis users’ lower BMI might explain their lower
levels of risk on cardiometabolic risk factors [41]. In-
deed, recently reviewed findings from several studies
regarding  the  absolute  effect  of  cannabis  on  lipopro-
teins show that evidence remains sparse and inconsis-
tent,  emphasizing  the  need  for  rigorous  controlled
prospective studies in order to resolve this matter [42].

3.1.2. Effect of THC on Adipocyte Biology
THC is known to accumulate in the adipose tissue

of heavy cannabis users for long periods of time due to
its  lipophilic  nature  [34].  Moreover,  it  is  recognized
that  endocannabinoids  have  the  ability  to  modulate
adipocyte biology [43]. In this regard, in-vitro studies
demonstrated that THC promotes the accumulation of
intracellular lipid droplets in adipocytes [43], and that
plenty  of  molecular  mechanisms  are  likely  to  be  in-
volved in this modulation.

CB1  receptors  are  found  on  adipocytes,  among
other cells. Stimulation of these receptors leads to G-
protein coupled adenylyl cyclase inhibition and the sub-
sequent  downregulation  of  the  cyclic  adenosine
monophosphate (cAMP)/protein kinase A (PKA) path-
way, thus reversing their activity [18].  cAMP signal-
ing,  through PKA or  Epac,  plays  critical  roles  in  the
cardiovasculature [5, 44-50]. In adipocytes, PKA phos-
phorylates  hormone-sensitive  lipase  (HSL),  resulting
in an increase in its hydrolytic activity and in the facili-
tation  of  its  translocation  to  lipid  droplets  [51].  HSL
then catalyzes the hydrolysis of fatty acids from triacyl-
glycerol (TAG) [52]. PKA also activates liver kinase
B1  (LKB1),  which  in  turn  activates  5'  adenosine
monophosphate-activated protein kinase (AMPK) [53,
54]. AMPK activation has been shown to inhibit fatty
acid synthesis by phosphorylating acetyl-CoA carboxy-
lase 1 (ACC-1),  and to stimulate fatty acid oxidation
by  phosphorylating  acetyl-CoA  carboxylase  2  (AC-
C-2)  [55].  In  addition,  it  has  been  demonstrated  that
AMPK  can  directly  interact  with  and  phosphorylate
sterol  regulatory  element-binding  protein  1c  (S-
REBP-1c), suppressing SREBP-1c proteolytic process-
ing  and  nuclear  translocation,  and  repressing
SREBP-1c target gene expression in adipocytes [56].
SREBP-1c is a lipogenic transcription factor, promot-
ing the transcription of several lipogenic genes, includ-
ing fatty acid synthase (FAS), lipoprotein lipase (LPL),
ACC-1,  stearoyl-CoA  desaturase  1  (SCD-1),  peroxi-
some proliferator-activated receptor gamma (PPAR-γ)
and SREBP-1c itself [56]. The protein products of th-

ese lipogenic genes’ expression then contribute to the
synthesis  and  intracellular  accumulation  of  lipids  in
adipocytes.

Additionally, cannabinoids have been proposed to
directly bind to and activate PPAR-γ [43]. One way by
which this interaction can occur is via the active trans-
port  of  cannabinoids  into  the  nucleus  by  fatty  acid-
binding  proteins  (FABPs)  [57].  PPAR-γ  possesses  a
large hydrophobic cavity for ligand binding [58], so it
is conceivable for THC, which is lipophilic in nature,
to be able to directly bind and activate PPAR-γ, espe-
cially at high concentrations [43, 59]. Another poten-
tial  mechanism  by  which  cannabinoids  may  interact
with PPAR-γ is through stimulation of CB1 receptors
leading to intracellular signaling cascades that indirect-
ly activate PPAR-γ [34]. PPAR-γ is a nuclear hormone
receptor that forms a heterodimer with the retinoid X
receptor (RXR) and binds to DNA sequences to alter
the transcription of a variety of target genes [43, 57].
Thus, PPAR-γ can mediate some of the biological ef-
fects of cannabinoids, including regulation of satiety,
feeding and lipolytic axis in adipocytes [43, 60]. One
function of PPAR-γ is to induce the gene expression of
adiponectin, which is the most abundant adipokine in
the  circulation  and  is  exclusively  secreted  by  adipo-
cytes  [61-63].  Adiponectin  is  known  to  directly  en-
hance fatty acid oxidation and to have an insulin-sensi-
tizing effect, and therefore plays an important role in
the  regulation  of  lipid  and  glucose  metabolism  [64].
There  is  a  discrepancy,  however,  between  different
studies  regarding  the  effects  of  cannabinoids  on
adiponectin  levels.  A  study  demonstrated  that  THC
treatment increases adiponectin transcription in adipo-
cytes [43], while other studies demonstrated that CB1
receptor stimulation reduces adiponectin transcription
[65],  and  that  CB1  receptor  antagonism  stimulates
adiponectin  transcription  [66].  This  inconsistency
might  be  explained by the  use  of  different  types  and
concentrations of CB1 agonists between studies [43].

Furthermore,  there  is  increasing  evidence  to
suggest that CB1 stimulation enhances both insulin-de-
pendent  and  insulin-independent  glucose  uptake  in
adipocytes via promotion of GLUT4 redistribution to
the peripheral membrane, leading to increased availa-
bility of precursors for de novo fatty acid synthesis and
of glycerol for TAG synthesis [67-70].

In conclusion,  cannabinoids may modulate adipo-
cyte biology independent of their effect on appetite sti-
mulation,  mainly  by  promoting  lipogenesis  and  sup-
pressing lipolysis through a number of molecular mech-
anisms such as downregulating the cAMP/PKA path-
way, suppressing AMPK activity and promoting glu-
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cose uptake by adipocytes. Notably, a study demons-
trated  that  CB1  receptor  antagonism  in  diet-induced
obese  mice  results  in  the  reversal  of  phenotype  of
obese adipocytes at both macroscopic and genomic lev-
els, leading to restoration of white adipocyte morpholo-
gy similar to lean animals [71]. In this context, it was
shown that CB1 receptor antagonism mostly reverses
the major gene alterations induced by obesity in white
adipose  tissue  [71].  Additionally,  adipocytes  derived
from obese  animals  were  found to  have significantly
higher CB1 receptor expression than adipocytes from
lean controls [72]. There is growing evidence indicat-

ing  that  diseases  of  the  cardiovasculature,  including
MI, are the “collateral damage” of obesity-driven adi-
pose tissue dysfunction [73], cannabis-induced modula-
tion of adipocyte biology may constitute a risk for MI.
Nonetheless, it is important to recognize that cannabi-
noids are still regarded as potential therapeutic agents,
partly due to their positive effect on PPAR-γ activity,
which has been shown to have beneficial effects in cer-
tain  chronic  conditions  such  as  hyperlipidemia,
metabolic syndrome and cancer [43, 74]. A summary
of the cannabinoid-induced molecular mechanisms me-
diating  lipid  metabolism in  adipocytes  is  depicted  in
Fig. (1).

Fig. (1). Schematic representation of the effects of cannabinoids on intracellular signaling cascades involved in lipogene-
sis and lipolysis in adipocytes. CB1 receptor activation leads to the stimulation of Gi/o proteins, which in turn inhibit the adeny-

late cyclase-mediated conversion of ATP to cAMP. cAMP molecules bind to and activate protein kinase A (PKA). Activated
PKA phosphorylates and activates both hormone-sensitive lipase (HSL) and liver kinase B1 (LKB1). Phosphorylated LKB1
(pLKB1) in turn phosphorylates and activates 5' adenosine monophosphate-activated protein kinase (AMPK). Phosphorylated
AMPK (pAMPK) phosphorylates and inhibits acetyl-CoA carboxylase 1 (ACC-1), as well as phosphorylates and activates
acetyl-CoA carboxylase 2 (ACC-2). pAMPK also phosphorylates sterol regulatory element binding protein 1c (SREBP-1c), ul-
timately  repressing  SREBP-1c-mediated  promotion  of  transcription  of  lipogenic  genes,  which  include  fatty  acid  synthase
(FAS), lipoprotein lipase (LPL), ACC-1, stearoyl-CoA desaturase 1 (SCD-1), peroxisome proliferator-activated receptor gam-
ma (PPAR-γ) and SREBP-1c. THC can cross the peripheral membrane and bind to fatty acid-binding proteins (FABP), which
actively transport THC into the nucleus, where THC can then bind and activate PPAR-γ. CB1 receptor activation also indirect-
ly activates PPAR-γ via a signaling transduction cascade (STC). PPAR-γ binds to the retinoid X receptor (RXR), and promotes
the transcription of adiponectin. CB1 receptor activation via another STC, enhances both insulin-dependent and insulin-inde-
pendent glucose uptake via promotion of GLUT4 redistribution to the peripheral membrane. Insulin (INS) binds to INS-recep-
tor, ultimately promoting glucose uptake. (A higher resolution / colour version of this figure is available in the electronic copy
of the article).
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3.1.3. Effect of THC on Regional Fat Distribution
In obese individuals, it was found that endocannabi-

noid levels are relatively higher in visceral adipose tis-
sue  (VAT)  [65,  75],  and  relatively  lower  in  subcuta-
neous  adipose  tissue  (SAT)  [76,  77].  These  findings
suggest that states of caloric excess are associated with
visceral-specific  upregulation  of  endocannabinoids
leading to preferential deposition of lipids in visceral
depots  and  away  from  subcutaneous  fat  depots  [34,
67]. Moreover, in a cross-sectional case-control study
where participants had matched total body fat (subcuta-
neous  and  visceral  fat  combined),  the  researchers
found that chronic cannabis users have a significantly
higher  abdominal  visceral  adiposity  than  non-users
[34].  Interestingly,  it  has  been  shown  that  THC-in-
duced reduction in AMPK activity occurs in both VAT
and SAT, but that this effect is greater in visceral adipo-
cytes [78]. This finding suggests that THC may lead to
regional fat distribution secondary to depot-specific ac-
tions [34].  Importantly,  it  has been established that  a
high VAT to SAT ratio is an independent predictor of
cardiac  events  and  subsequent  death,  irrespective  of
cardiovascular risk factors [79].

3.2. Modulation of Atherosclerosis Plaque Rupture
and Erosion

One of the ways by which cannabis modulates the
cardiovascular system is through the modulation of a
coronary atherosclerotic plaque, which can lead to an
MI if it ruptures or erodes. Through complex cellular
mechanisms  which  have  yet  to  be  fully  elucidated,
cannabinoids differentially act on CB1 and CB2 recep-
tors to modulate the different components of atherogen-
esis. These components include immune cells, endothe-
lial cells, lipid metabolism and vascular smooth mus-
cle cells (VSMCs) [80]. The available evidence high-
lights the opposing effects the stimulation of the cann-
abinoid receptors has on atherogenesis. Whereas CB1
receptor  agonism exhibits  pro-atherosclerotic  proper-
ties, CB2 receptor agonism or CB1 receptor antagon-
ism elicits athero-protective effects [80].

Regarding its effects on immune cells, a study de-
monstrated that the administration of low-dose THC ac-
tivates CB2 receptors on monocytes, reducing their ad-
hesive and infiltrative properties and ultimately lead-
ing to a hindrance in the progression of an atheroscle-
rotic  plaque [81].  Additionally,  they found that  THC
lowers the levels of IFN-gamma, concluding that cann-
abinoids induce athero-protective effects by downregu-
lating Th1 immune cells, which are the predominant T-
cells  in  this  atherogenesis  [81].  On  the  other  hand,
studies showed that there was an increased expression
of CB1 receptors in patients with advanced atheroma

and unstable angina in comparison to patients with sta-
ble angina [82]. The expression of CB1 receptors was
shown  to  increase  in  macrophages  by  macrophage
colony-stimulating  factor  and  oxidized  LDL  (ox-
LDL). Conversely, CB1 blockage showed anti-atheros-
clerotic effects and a decrease in the matrix metallopro-
tease-9 and inflammatory cytokines [82]. Furthermore,
CB1 receptor upregulation was detected during the key
processes of atherosclerotic plaque formation, namely
monocytes  migration  and  differentiation  into
macrophages. The elevated expression of CB1 recep-
tors was shown to increase the production of reactive
oxygen species (ROS), which are known to perpetuate
the  formation  of  an  atherosclerotic  plaque  [83].  As
aforementioned,  these  studies  were  conducted  using
low-dose THC. Thus, it is important to note that these
anti-atherosclerotic properties only hold true in doses
of  THC  that  are  much  lower  than  what  is  needed  to
achieve the psychoactive effect that recreational users
seek out. Therefore, smoking cannabis may not actual-
ize  the  athero-protective  effects  demonstrated  above
[80].

Exploring  studies  deploying  endothelial  cells,  it
was shown that activation of CB1 receptors on endothe-
lial cells leads to stimulation of the intracellular mito-
gen-activated  protein  kinase  (MAPK)  pathway,  in-
creased ROS concentration, and endothelial cell injury,
all of which are central components in atherosclerotic
pathogenesis [84, 85]. On the other hand, it was report-
ed that CB2 activation on endothelial cells is associat-
ed  with  a  decrease  in  adhesion  and  trans-endothelial
migration of monocytes [85].

As for lipid metabolism, it was shown that CBD in-
hibits 15-lipoxygenase [86], an enzyme necessary for
the formation of ox-LDL, a key player in atherogenesis
[87]. Notably, ox-LDL upregulates the receptors and li-
gands of the ECS and increases the lipid content within
macrophages [88]. However, when these macrophages
were exposed to an exogenous synthetic cannabinoid,
WIN 55122-2, a CB2 agonist and a partial CB1 agon-
ist,  the  lipid  profile  of  the  cells  increased.  Neverthe-
less, when superimposed with a selective CB1 antagon-
ist, these effects were reversed. Thus, it was concluded
that a lower lipid profile is simultaneously associated
with  CB2  agonism  and  CB1  antagonism  [88].  The
aforementioned results were consistently translated in-
to clinical trials,  which showed that CB1 antagonism
in  obese  patients  with  dyslipidemia  produces  an  im-
proved  lipid  profile,  with  a  decrease  in  triglycerides
and an increase in high density lipoprotein (HDL) [89].

The opposing effects of the cannabinoid receptors
are also manifested in VSMCs, another important com-



1996   Current Medicinal Chemistry, 2022, Vol. 29, No. 11 El Dahan et al.

ponent in the formation of an atherosclerotic plaque. It
was shown that there is a decrease in VSMCs migra-
tion with CB2 agonism and CB1 antagonism, with the
latter also having an additional athero-protective prop-
erty evinced by decreased ROS production [90, 91].

Coronary thrombosis leading to a MI most often fol-
lows the rupture of a lipid-rich atherosclerotic plaque
with  a  thin  fibrous  cap  [92].  However,  perhaps  with
the  advent  of  lipid-lowering  therapy  targeting  these
plaques, there has been an increased incidence of acute
coronary  syndrome  following  plaque  erosion  as  op-
posed to plaque rupture [93]. Indeed, a study demons-
trated  that  44% of  cases  of  ACS were  due  to  plaque
erosion,  and  the  demographics  of  these  patients  dif-
fered as well. These cases often occurred in younger in-
dividuals and in women with less inflammation, lumi-
nal  narrowing,  and  calcification  of  the  plaque  [92].
Another study showed that of the 20 patients who had
died of a MI, 8 had features of plaque erosion as op-
posed to rupture [94]. The recreational use of cannabis
has  been  shown  to  modulate  atherosclerosis  and  in-
crease the risk of a MI. And while plaque rupture re-
mains the predominant mechanism precipitating a MI,
there have been case reports of younger patients pre-
senting with MI resulting from plaque erosion follow-
ing cannabis use, as was seen in a 27-year-old man pre-
senting  with  ST-elevation  MI  [95].  Additionally,
another  study  depicted  a  31-year-old  man  who  died
suddenly following cannabis and cocaine use, with the
precipitating mechanism being plaque erosion [96].

While the mechanisms of plaque rupture are more
clearly  understood,  the  mechanisms  surrounding
plaque erosion still remain elusive [97]. Nevertheless,
some of the developing hypotheses with regards to the
erosion of the plaque involve toll-like receptor 2 (TL-
R2) and disturbed flow [93]. The working hypothesis
is  that  the  pairing  of  disturbed  blood  flow with  high
TLR2 expression and high glycosaminoglycan content
are the precursors for endothelial cell dysfunction and
erosion  [93].  This  is  supported  by  experiments  per-
formed  on  cultured  human  endothelial  cells  and
atherosclerotic mice, showing that relative expressions
of TLR2 were higher in regions of disturbed flow [93].
Activation  and  modulation  of  these  receptors  by  en-
dogenous and exogenous ligands appear to play impor-
tant  roles  in  the  underlying  pathology.  It  was  shown
that  low-molecular-weight  hyaluronic  acid  (LMW-
HA), via its association with certain components of the
extracellular  matrix  such  as  CD44  or  versican,  was
found in eroded lesions [93, 98]. Additionally, TLR2
agonists, lipoteichoic acid (LTA), or Pam3CSK4, a TL-
R2/TLR1 ligand, produced activation and disruption of

endothelial  cells  with  increased  expression  of  E-se-
lectin, VCAM-1, ER stress, ROS production, and apop-
tosis, all of which predispose to plaque erosion [93].

Another interesting observation is that neutrophils
and neutrophil extracellular traps (NETs), a composi-
tion  used  to  entrap  and  kill  pathogens,  seem  to  con-
tribute  more greatly  to  thrombi formed as  a  result  of
plaque  erosion  than  rupture  [93].  Neutrophils  and
NETs  have  been  seen  in  atherosclerotic  plaques  and
have been shown to induce endothelial cell disruption,
contributing to erosion through multiple  mechanisms
[99]. Myeloperoxidase (MPO), which is expressed in
granules within neutrophils, was shown to be at higher
levels in patients with plaque erosion as opposed to rup-
ture [100]. This can induce the formation of ROS and
hypochlorous acid (HOCl), which could precipitate en-
dothelial  cell  disruption  and  apoptosis  [93,  101].  In-
deed, studies show apoptotic endothelial cells with TL-
R2, neutrophils, and markers of NETs all localized to
plaques  which  are  characterized  by  erosion,  as  op-
posed  to  plaques  that  are  rupture-prone  [102].  NETs
have also been shown to predispose to thrombosis by
acting  as  a  scaffold  for  thrombi  and  attaching  to
platelets, coagulation factors, and von Willebrand Fac-
tor [93].  Moreover,  proteinases and extracellular  his-
tones from neutrophils activate and accelerate throm-
bin formation [103]. All in all, mechanisms involving
plaque erosion are likely to be an amalgam of many dif-
ferent pathways and mechanisms, with multiple defec-
tive mechanisms working synergistically to the final ef-
fect. And while there have been case reports of MIs oc-
curring due to plaque erosion following cannabis use,
the literature behind the mechanism is still very scant.

Taken together, these findings clearly illustrate the
complexity of the effects of cannabinoids on atheroscle-
rosis. Though some studies recognize cannabinoids as
being a  potential  option for  the prevention and treat-
ment of atherosclerosis, the final verdict on the matter
is yet to be reached [104]. For instance, cannabinoids
possess a concomitant prothrombotic effect, which is
known to be favorable for atherosclerosis progression
[105]. Moreover, the observations of most experiments
highlighting the athero-protective effects  of  THC are
not reflective of what happens in the clinical setting, as
cannabis users tend to consume the drug in much larg-
er doses. Thus, it may be the case that in a recreational
setting,  the  ingested  dose  would  favor  the  CB1  pro-
atherosclerotic  pathways  and  increase  the  risk  of  an
MI. Accordingly, more research needs to be done in or-
der to unravel the full picture. Fig. (2) depicts a sum-
mary of the cellular effects of cannabis on atherosclero-
sis.
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Fig. (2). Schematic representation of the cellular effect of cannabinoids on the atherosclerosis events. The activation of
CB1 and CB2 receptors modulates different components of atherogenesis. CB1 receptor agonism is shown to have pro-atheros-
clerotic properties, whereas CB2 agonism has atheroprotective effects. CB2 receptor activation leads to a reduction in the adhe-
sive and infiltrative properties of monocytes, an attenuation of interferon-gamma (IFN-gamma) production from macrophages
and a decrease of lipid accumulation in macrophages. The relative expression of CB1 receptors and ROS concentration in-
crease following monocytes migration and differentiation to macrophages. Activation of CB1 receptors on macrophages in-
creases the lipid content of macrophages. CBD inhibits 15-lipoxygenase-produced ox-LDL, thus altering the lipid profile and
expression of ECS components. In endothelial cells, CB1 activation leads to mitogen-activated protein kinase (MAPK) path-
way activation, ROS production and endothelial cell injury. VSMC migration is prohibited by CB2 agonism and CB1 antagon-
ism, with the latter additionally inhibiting ROS production. (A higher resolution / colour version of this figure is available in
the electronic copy of the article).

4. ACUTE EFFECTS OF CANNABIS
As previously mentioned, cannabis use is associat-

ed with long-term deleterious consequences, compris-
ing metabolic derangement, increased tendency for an
unhealthy lifestyle, and modulation of atherosclerosis,
all of which can potentially precipitate cardiac events.
Complimentarily, much more acute MI onsets follow-
ing cannabis use have been documented. Coronary an-
giography of acute MI patients following cannabis use
frequently reveals coronary vasospasm and thrombus
formation without evidence of underlying atherosclerot-
ic CAD [106]. Such findings had effectively motivated
our  attempts  to  uncover  the  pathophysiology  behind
cannabis-induced acute MI.

While the mechanisms are multifold, THC-induced
increases  in  heart  rate  (HR) and blood pressure  (BP)
seem to  be  the  main  contributions  [20].  Through  the
modulation of a number of cellular processes affecting
VSMCs, myocardium, autonomic nervous system, cor-
tisol levels, as well as other hemodynamic stressors, an
oxygen supply-demand imbalance is created, thus in-
creasing the risk of an acute MI.

4.1. Effects of THC on HR and BP
The relationship between cannabis use and systolic

and diastolic  blood pressure (SBP and DBP) was as-
sessed in  one epidemiological  study.  Results  showed
that recent cannabis users have higher SBP and unaf-
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fected  DBP  compared  with  non-users.  In  addition,
there  was  no  relationship  between  former  cannabis
users and SBP. These findings confirm that  cannabis
has acute effects on SBP, but not DBP, of recent cann-
abis  users  [107].  In  another  study,  the  mortality  se-
condary to cardiovascular toxic effects of cannabis was
followed  up  using  the  National  Health  and  Nutrition
Examination  Survey  linked  mortality  file.  The  data
showed  that  the  chance  of  dying  from  HTN  among
cannabis  users  is  three  times  higher  compared  with
non-cannabis users even after controlling previously di-
agnosed  HTN.  Moreover,  it  was  documented  that
longer years of cannabis use are associated with a high-
er risk of mortality from HTN [108].

Several studies have investigated the effect of cann-
abis on HR. There appears to be a sex-dependent in-
crease in HR following cannabis use, such that women
have a higher increase in HR [109]. In a crossover, dou-
ble-blinded trial, the short-term effects of smoked and
vaporized cannabis were studied in healthy adults who
do not frequently use cannabis, and who have not yet
developed a cannabis tolerance [110]. Results showed
a  dose-dependent  increase  in  HR  following  both
smoked and vaporized cannabis, with a higher increase
in  HR  when  the  vaporized  form  was  used.  The  ob-
served HR changes occurred after 10 min of drug inha-
lation and returned to baseline levels 3 hours later. A
recent  randomized  control  trial  study  published  in
2019  investigated  the  physiological  effects  of  per  se
and combined doses of THC and CBD in frequent and
infrequent  cannabis  smokers  [111].  The  highest  in-
crease in HR was seen with the use of THC alone and
THC  mixed  with  low  dose  of  CBD.  The  effect  was
stronger  in  infrequent  cannabis  users  compared  with
frequent users. Interestingly, it was shown that mixing
THC with a high dose of CBD leads to a decrease in
HR when compared with THC mixed with a low dose
of  CBD.  Effects  on  HR  were  dampened  in  frequent
cannabis users, suggestive of the development of physi-
ological  tolerance  when  compared  with  infrequent
cannabis users. In conclusion, high doses of CBD used
with  THC  can  counteract  or  decrease  the  effects  of
THC  alone,  whereas  low  doses  of  CBD  mixed  with
THC enhance the effects in infrequent cannabis users
[111]. Notably, an increased HR results in a decreased
diastolic  coronary  filling  and  an  increased  diastolic
coronary pressure [112]. This amplifies the risk of MI
cardiovascular mortality occurrence in predisposed pa-
tients with or without comorbidities, due to the resul-
tant  decreased  blood  supply  and  unmet  oxygen  de-
mand [113-115]. In fact, as mentioned earlier, the risk
of MI is 4.8 higher following the first hour of cannabis

consumption;  afterwards  the  risk  falls  dramatically,
consistent with the timeline of cannabis effects on HR
[24].

The  protective  effects  of  CBD  span  beyond  con-
trolling  HR  increase  and  exert  anti-inflammatory  ef-
fects  in  multiple  CVDs  including  ischemia-reperfu-
sion,  atherosclerosis  and  HTN.  For  instance,  CBD
blocks early inflammatory cells migration and infiltra-
tion following myocardial ischemia reperfusion injury
and  subsequently  improves  the  repairing  outcomes
[116]. CBD was also shown useful in treating atheros-
clerosis  by  blocking  15-lipooxygenase  involved  in
atheroma  formation  [116].

4.1.1. Effect on Vascular Cells and Myocardium
The  cardiovascular  effects  of  THC  and  cannabi-

noids  are  mediated  through  CB1 and  CB2 receptors.
CB1  receptors  are  present  in  the  peripheral  tissues,
mainly within the cardiac myocytes, coronary endothe-
lial  cells  and  VSMCs  [117].  CB2  receptors,  on  the
other hand, are mainly expressed in immune and hema-
topoietic cells. Activated CB1 receptors of the endothe-
lium  might  cause  endothelial  cell  dysfunction  and
death by activating the MAPK pathway and the release
of mediators,  which impair  vasodilation and provoke
ROS release [118]. This, in turn, depletes levels of ni-
tric oxide (NO), which is normally released from the
endothelium and known to initiate the process of va-
sodilation through acting on VSCMs [119]. Endothe-
lial  CB1  receptor  desensitization  follows  via  uncou-
pling of CB1 receptor/MAPK signal transduction and
decay of phosphorylation of MAPK. This might occur
by G-receptor protein kinase 3 (GRK3) phosphoryla-
tion of CB1 receptor with subsequent β-arrestin 2 bind-
ing. CB1 receptor-β-arrestin 2 complex reduces the re-
ceptor  affinity  to  G-proteins,  which  inhibits  further
phosphorylation  of  MAPK  [120,  121].  On  the  other
hand, activated CB1 receptors of VSCMs might cause
vascular  relaxation  by  blocking  L-type  voltage-gated

Ca
2+

 channels  and activating K
+
 channels  [122,  123].

Another mechanism by which THC can cause VSMCs
relaxation is by binding to transient receptor potential
ankyrin 1 (TRPA1) receptors on the sensory nerves in
the adventitia in a CB1-independent manner [124]. Th-
ese paradoxical  actions of  THC on VSMCs could be
part of the compensatory mechanism against the tran-
sient elevation of BP following acute cannabis use. In
fact, inhibition of NO-mediated relaxation leads to va-
soconstriction and acute rise of BP [125]. A summary
of  the  effect  of  THC on  blood  vessels  is  depicted  in
Fig. (3).
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Fig. (3). Schematic representation of the effects of THC on blood vessels leading to modulation of vascular relaxation.
THC activates CB1 receptors on endothelial cells, resulting in activation of the MAPK pathway. The MAPK pathway leads to
the release of ROS, which, in turn, deplete NO levels. NO is normally released from the endothelium and promotes vasodila-
tion by inhibiting vascular smooth muscle cells (VSMCs) contraction. G-Receptor protein Kinase 3 (GRK3) can phosphorylate
CB1 receptors, leading to the binding of β-arrestin 2 to CB1 receptors. CB1 receptor-β-arrestin 2 complex can in turn reduce
MAPK pathway activation. THC activates CB1 receptors on VSMCs, promoting vascular relaxation through blockage of L--

type voltage-gated Ca
2+

 channels and activation of K
+
 channels. THC also promotes vascular relaxation by activating transient

receptor potential ankyrin 1 (TRPA1) on the sensory nerves in the adventitia. (A higher resolution / colour version of this fig-
ure is available in the electronic copy of the article).

At  the  level  of  the  myocardium,  THC  binding  to
the myocardial CB1 receptor increases HR and cardiac
workload.  These  effects  were  confirmed  by  a  ran-
domized  control  trial,  double-blinded  study,  which
showed that surinabant, a CB1 antagonist, dampens the
THC-induced increase in HR [126].

Collectively, we postulate that the effects of THC
on vascular cells and on the myocardium can partly ex-
plain  the  acute  THC-evoked  rise  in  HR and  BP,  and
hence may increase the risk of acute MI.

4.1.2. Effect on Autonomic Nervous System
The effect of THC on the autonomic nervous sys-

tem (ANS) remains poorly understood and highly con-
troversial among species. Studies on animals, such as
rats and pigs, have shown that THC inhibits the sympa-
thetic nervous system (SNS) drive, hence causing a de-

crease in HR [127]. In humans, however, THC is asso-
ciated with parasympathetic nervous system (PNS) in-
hibition and SNS domination, leading to an acute in-
crease in HR [127]. Mechanistically, the THC-induced
tachycardia is likely due to presynaptic CB1 receptor
activation  of  cardiac  vagal  efferent  nerve,  which  in-
hibits acetylcholine release [127]. A study performed
in India on Indian paddy field workers investigated the
regulation  of  the  ANS  after  Bhang  (Substance-like
Cannabis)  consumption [128].  Heart  Rate Variability
(HRV) parameters were used for ANS measurements.
HRV refers to the measurement of the variation of the
HR  in  the  time  interval  between  consecutive  heart-
beats. All parameters of HRV were lower in the Bhang
group compared with the control group. These low val-
ues suggest a dampened parasympathetic tone and dom-
inance  of  the  SNS [128].  A clinical  manifestation  of
the  altered  ANS  activity  following  cannabis  use  is
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cannabinoid hyperemesis syndrome (CHS). CHS is a
condition  in  which  patients  who  chronically  smoke
cannabis experience episodic severe nausea and vomit-
ing,  usually  relieved by a  hot  shower  and not  by an-
tiemetics use.  The fact  that  hyperemesis could be re-
lieved by a hot shower reinforces the hypothesis that
CHS is due to ANS dysfunction [129]. In fact, warm
water hydrotherapy proved to increase the PNS activi-
ty, subsequently lowering HR and BP [130]. We postu-
late  that  the acute  rise  in  HR following cannabis  use
can be partly explained by the THC-mediated PNS in-
hibition and SNS activation, ultimately increasing the
risk of acute MI.

4.1.3. Acute Rise in Cortisol
Endocannabinoids (AEA and 2-AG) are known to

affect  the  endocrine  system  and  specifically  the  hy-
pothalamic-pituitary-adrenal (HPA) axis [131]. Gener-
ally, stressors can be interpreted by higher limbic brain
structures such as the prefrontal cortex (PFC), amyg-
dala  and  hippocampus  or  by  mid  hindbrain  regions
known to be the major source of norepinephrine (NE)
and serotonin (5-HT). After integrating the relayed sig-
nal and processing the stressors from both regions, the
signal reaches the parvocellular neurons of the paraven-
tricular nucleus (PVN) of the hypothalamus which trig-
gers  the  release  of  corticotropin-releasing  hormone
(CRH). The latter stimulates the release of adrenocorti-
cotropic hormone (ACTH) from the anterior pituitary.
ACTH then acts on the zona fasciculata of the adrenal
glands to stimulate the release of glucocorticoids, espe-
cially cortisol, into the bloodstream, and this is known
as the physiological response to stress [132].

Endocannabinoids  (ECs)  act  on  the  HPA  axis
through CB1 receptors present on several brain regions
involved  in  this  axis,  such  as  limbic  brain  regions,
PVN and mid hindbrain regions. To further elucidate
the effects of endocannabinoids on the stress response,
the modulatory role of 2-AG and AEA on the expres-
sion of auditory-cued fear memory in male mice was
investigated.  CB1  receptor-deficient  mutant  experi-
ment showed that CB1 receptors on glutamatergic neu-
rons decrease fear expression, whereas CB1 receptors
on GABAergic neurons increase it, both by inhibiting
the release of these neurotransmitters upon CB1 recep-
tor stimulation [133]. This occurs through blocking vol-

tage-gated  Ca
2+

 channels  and  activating  K
+
 channels,

thus facilitating K
+
 influx into the cell, which induces

hyperpolarization [134]. Moreover, AEA degradation
inhibition  by  URB597  reduces  freezing  reaction,
whereas  2-AG degradation  inhibition  by  JZL184  en-
hances it  [133].  In conclusion,  AEA-related decrease
in  fear  response  involves  CB1  receptor  signaling  in

presynaptic  glutamatergic  neurons  through inhibiting
glutamate release and eliminating its excitatory effect
on the stress response. In parallel, an enhanced 2-AG-
related fear response involves CB1 receptor signaling
in  presynaptic  GABAergic  neurons.  When  activated,
CB1 receptors inhibit GABA release, eliminating its in-
hibitory effect on the stress response [133].

On the other hand, the role of endocannabinoids in
modulating  CRH-induced  anxiety  was  shown  to  in-
volve other mechanisms. By binding to CRH receptor
1  (CRHR1),  CRH  promotes  the  expression  of  fatty
acid amide hydrolase (FAAH), an enzyme responsible
for  the  degradation  of  AEA.  This,  in  turn,  reduces
AEA levels in the amygdala, thus, decreasing its inhibi-
tory effect on the pyramidal glutaminergic neurons and
promoting  stress  and  anxiety  [135].  In  addition,  by
binding to CRHR1 in the PFC, CRH leads to increased
2-AG levels, an effect that is abolished by CRHR1 an-
tagonist administration [136]. Alternatively, the AEA’s
modulatory role in the stress response was demonstrat-
ed to involve the activation of transient receptor poten-
tial cation channel subfamily V member 1 (TRPV1) on
adrenal glands and subsequent suppression of cortisol
release  in  rats  [137].  Consistently,  it  was  shown that
stress significantly increases the hypothalamic mRNA
levels of CB1 receptors and the adrenal mRNA levels
of TRPV1 [137]. In conclusion, under stressful condi-
tions, CRH acts on CRH1R in the amygdala, increas-
ing FAAH activity. This causes a decrease in AEA and
an increase in cortisol blood levels, which in turn acts
as negative feedback in the amygdala, causing a rise in
AEA and thus a diminished stress state [136].

Like endocannabinoids, THC also acts on the HPA
axis. Several studies suggested that cannabis consump-
tion  in  non-dependent  cannabis  smokers  leads  to  an
acute increase in cortisol levels [138, 139]. Moreover,
the use of vaporized THC results in elevated cortisol
levels associated with decreased subjective aggression
following  aggression  exposure  [140].  In  contrast,  no
significant changes in cortisol levels were reported af-
ter THC use by non-cannabis users. These discrepan-
cies could be due to several reasons, such as sampling
salivary cortisol instead of serum cortisol and assess-
ing  cortisol  levels  after  a  great  amount  of  time  has
passed [141].

Unlike occasional cannabis administration, a blunt-
ed  cortisol  response  was  observed  following  chronic
cannabis  use  [142,  143].  The  dampened  response
would impair one’s ability to cope with daily life stres-
sors; hence chronic cannabis users might develop an in-
ability to deal or cope with problems leading to mental
health issues [142].



Cannabis Use and Myocardial Infarction Current Medicinal Chemistry, 2022, Vol. 29, No. 11   2001

In fact, the acute rise in cortisol following cannabis
use occurs via the binding of THC to CB1 receptors on
glutamatergic and GABAergic neurons. At the level of
higher brain regions, THC acts as a partial agonist on
glutamatergic neurons due to low CB1 receptor density
in these neurons. Notably, partial agonist activity oc-
curs when receptors’ reservoir is low. Hence, THC act-
ing  on  CB1  receptors  of  glutamatergic  neurons  does

not fully inhibit glutamate release [144]. On the other
hand, THC acts as a full agonist on CB1 receptors on
GABAergic neurons, thus, completely inhibiting GA-
BA release [144]. The presence of glutamate in the sy-
napse and the absence of  GABA enhance the excita-
tion of efferent neurons to the hypothalamus and acti-
vate the HPA axis.

 

Fig. (4). Schematic representation of the effects of cannabinoids on the hypothalamic-pituitary-adrenal (HPA) axis lead-
ing to modulation of cortisol release. The higher brain regions (PFC and amygdala) and mid hindbrain regions signal the pres-
ence of stressors to the hypothalamus. The mid hindbrain regions do so by releasing NE and 5-HT to the hypothalamus. As a re-
sult, the hypothalamus releases CRH, which acts on the anterior pituitary to stimulate the release of ACTH. ACTH acts on adre-
nal glands to stimulate the release of cortisol. CRH activates CRHR1. CRHR1 activation promotes the expression of FAAH,
leading to reduction in AEA levels in the amygdala. CRHR1 activation also promotes an increase in the levels of 2-AG in the
PFC. AEA activates CB1 receptors on presynaptic glutamatergic neurons, leading to inhibition of glutamate release and hence
eliminating its excitatory effect on stress response. AEA also acts on the transient receptor potential cation channel subfamily
V member 1 (TRPV1) on adrenal glands, inhibiting cortisol release. Cortisol acts as a negative feedback by causing a rise in
AEA in the amygdala. 2-AG activates CB1 receptors on presynaptic GABAergic neurons, leading to inhibition of GABA re-
lease and hence eliminating its inhibitory effect on the stress response. In the higher brain regions, THC acts as a partial agon-
ist on CB1 receptors on glutamatergic neurons, not fully inhibiting glutamate release. In the higher brain regions, THC also
acts as full agonist on CB1 receptors on GABAergic neurons, completely inhibiting GABA release. The presence of glutamate
and absence of GABA in the higher brain regions result in activation of HPA axis. THC also activates CB1 receptors in the
mid hindbrain regions, resulting in activation of HPA axis. (A higher resolution / colour version of this figure is available in
the electronic copy of the article).
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Fig. (5). Summary of acute and chronic effects elicited by cannabis use on MI precipitation. (A higher resolution / colour ver-
sion of this figure is available in the electronic copy of the article).

Another mechanism by which THC causes a rise in
cortisol  is  via  binding  to  monoaminergic  neurons  of
the mid hindbrain regions such as locus coeruleus and
raphe  nuclei.  Activated  CB1  receptors  within  these
monoaminergic neurons enhance the firing of efferent
neurons to the PVN of the hypothalamus, which may
activate  the  HPA  axis  [145].  The  involvement  of
monoaminergic neurons was supported by a series of
animal studies,  showed that the administration of the
synthetic  cannabinoid,  HU-210,  did  not  increase  the
level of cortisol in the presence of serotonergic antag-
onists (5-HT1A and 5HT2A/2C antagonists) or nora-
drenergic antagonists (alpha blockers and beta blocker-
s) [145].

In  conclusion,  THC  use  leads  to  an  acute  rise  in
blood  cortisol  by  binding  to  both  CB1  receptors  on
higher brain regions triggering glutamate and inhibit-
ing GABA release, as well as by binding to CB1 recep-
tors  on monoaminergic  neurons  of  hind midbrain  re-
gions  triggering  5-HT  and  NE  release.  Both  signals
converge  into  the  paraventricular  nucleus  of  the  hy-

pothalamus triggering CRH release,  which leads to a
rise in blood cortisol level. A summary of these effects
is depicted in Fig. (4).

Of note, an acute rise in cortisol level leads to an in-
creased HR and BP through enhancing the contractile
responses to catecholamines, mainly by increasing the
sensitivity  of  alpha  1  receptors  [146].  Therefore,  we
can postulate  that  the acute rise  in  cortisol  following
THC administration in occasional cannabis users may
plausibly underlie the elevated HR and BP, conferring
an increased risk of acute MI.

4.2. Other Acute Mechanisms
As  a  result  of  cannabis  use,  other  hemodynamic

stressors may further boost the increase in HR and BP,
increasing the risk of an acute MI. The aforementioned
acute  hemodynamic  effects  of  THC,  namely  an  in-
crease in HR and BP, lead to an increase in oxygen de-
mand with reduced blood supply, resulting in potential
myocardial ischemia. This outcome is worsened by a
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rise in carboxyhemoglobin and thus a decreased oxy-
gen-carrying  capacity,  which  is  also  associated  with
cannabis exposure [21].

Furthermore, part of the pathophysiological mech-
anism of cannabis-associated MI is owed to the vaso-
constrictor  effect  of  THC,  resulting  in  vasospasm  in
the first hour after its use. Vasospasm incites cerebral
or coronary ischemia, thus, culminating in a significant-
ly lowered threshold for angina in the hours following
cannabis use [21].

Moreover, there have been case reports of cannabis
triggering multiple coronary dissections. In addition to
the biochemical changes that result from smoking cann-
abis, the dissections are thought to be due to a number
of direct and indirect hemodynamic changes, including
vasoconstriction  and  sympathetic  stimulation  [113].
Coronary dissection is a rare cause of MI [113]. A rela-
tionship  between  cannabis  use  and  Takotsubo  Car-
diomyopathy (TTC) has also been established. TTC is
characterized by an acute myocardial dysfunction in-
duced by a physical or an emotional stressor in geneti-
cally predisposed individuals  without  any underlying
cardiac pathology. A brain-cardiac link is implicated in
the pathogenesis of TTC. In fact, brain imaging shows
hyperactivity at the level of the amygdala. It has been
proposed that following cannabis use, inhibition of the
GABAergic neurotransmission in the amygdala results
in a catecholaminergic surge at the level of the myo-
cardium and coronary artery vasospasm leading to the
development  of  TTC.  Although  rare,  this  could  be  a
detrimental consequence of the drug [147]. In addition,
TTC is  a  potential  cause  of  MI  with  non-obstructive
CAD [148].

Undoubtedly, all of the cannabis-induced hemody-
namic stressors, including modulation of the oxygen--
carrying capacity of the blood, coronary vasoconstric-
tion,  and  coronary  artery  dissection,  exacerbate  the
acute negative effect of cannabis smoking and subse-
quently increase the risk of acute MI (Fig. 5).

CONCLUSION
Cannabis is becoming increasingly more accessible

as  countries  opt  for  its  legalization,  both for  medical
and  recreational  purposes.  Thus,  researching  its  ad-
verse  and  beneficial  health  outcomes  is  becoming
more  relevant.  An  increasing  body  of  evidence  has
found an association between its use and a number of
adverse health outcomes. This is evident in the context
of  a  cardiovascular  event,  particularly  MI.  The  in-
creased risk of a MI occurs through the modulation of
a number of cellular processes, both acutely and chroni-
cally. Chronically, this modification occurs on a cellu-

lar  level  via  THC,  which affects  lipid  profile,  adipo-
cyte biology, regional fat distribution, and atherosclero-
sis. In an acute setting, the increase in HR and BP, as
well as multiple hemodynamic stressors following its
use, are primers for a MI.

The effects of cannabis are complex and multifacet-
ed, and the body of knowledge on the topic is still very
limited. More research is necessary to understand the
different aspects of cannabis’ effect on the cardiovascu-
lar system and other organ systems in order to deter-
mine whether its use in a medical context is strongly
warranted  or  whether  its  widespread  accessibility
should be reassessed. Furthermore, particular attention
should  be  paid  to  individuals  with  chronic  illnesses
who plan on using cannabis, as they are the most vuln-
erable  and  susceptible  to  succumb  to  the  drug’s  ad-
verse effects.
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