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a b s t r a c t 

More than four decades ago, the United States Surgeon General issued a warning regarding the medical 

problems of marijuana smoking, including cardiac toxicity. Since then, many reports have described atrial 

fibrillation, ventricular tachycardia, acute coronary syndromes, and cardiac arrest temporally related to 

marijuana use. The subjects were quite young, with no significant cardiovascular risk factors, with the 

only obvious trigger being marijuana use. Despite these strong signals, the drug is now legalized for 

recreational use in many states. We believe the time has come to conduct definitive studies about the 

safety of marijuana before this trend moves to the rest of the nation. 

© 2018 Published by Elsevier Inc. 
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ntroduction 

Cannabis and cannabinoids are being utilized as therapeutic

gents for a variety of medical conditions [1] . Cannabinoids are a

roup of drugs that exert their effects on the cannabinoid recep-

ors. They include chemicals such as those extracted from cannabis

lants, also known as marijuana, and synthetic cannabinoids. In

his report, cannabis and marijuana will be used interchangeably.

s a medication, cannabis (marijuana) has both benefits and side

ffects, and both need to be examined by clinicians prior to being

rescribed. Its use by the public for recreational purposes, how-

ver, is a quite different story. The safety of marijuana needs to be

stablished prior to its legalization, so public health can be pro-

ected. The current push to legalize its use raises many questions.

s it safe to use? What happens when people drive while under the

nfluence? Will it lead to other addictions, or is it associated with

ny other health concerns? This article will focus on the various

ardiovascular effects of marijuana use. 

harmacologic effects of marijuana 

Beaconsfield et al. [2] examined the cardiovascular effects

f smoking marijuana in normal healthy volunteers, none of

hom had previously smoked marijuana. Subjects smoked tobacco

igarettes, and this was compared to marijuana cigarettes. Smoking
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arijuana was associated with an increase in pulse rate to about

0 beats per minute (bpm), compared to 66 bpm in the control

roup. Pretreatment with beta-blockers blocked the heart rate in-

rease, suggesting that it is mediated via beta-adrenergic stimula-

ion. Electrocardiogram of the subjects did show P-wave abnormal-

ties and inversion of the T-waves following marijuana smoking. 

More recently, it was found that the drug exerts its effects

ainly on two specific receptors: Cannabinoid (CB) receptor type 1,

ocated in the central nervous system and CB2 receptors located

n the periphery. CB2 was detected in cardiac myocyte and in the

mooth muscles of blood vessels. The exact mechanism of the var-

ous vascular effect of marijuana is not clear, likely due to the

aucity of laboratory data and to the complexity of the drug. It

ontains over 60 active substances, and the intensity of the effects

iffers among various species of the plant [3] . 

Perhaps the best way to have a better understanding of the ef-

ect of marijuana on the cardiovascular system is to study the var-

ous clinical studies reported in the literature. This paper will re-

iew the effect of marijuana use on cardiac arrhythmias, coronary

rtery diseases, stroke, and other vascular effects. 

ardiac arrhythmias 

trial fibrillation 

In the initial study reported by Beaconfield et al. [2] , vol-

nteers who smoked marijuana had electrocardiographic moni-

oring. It showed a decreased amplitude of the P-waves follow-

ng consumption, suggesting atrial abnormality. Later, Miller et al.

4] investigated the effects of parenteral administration of delta-9-

etrahydrocannabinol on patients. Mean sinoatrial conduction time

ignificantly decreased following drug administration. Mean A-H
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interval (atrioventricular node conduction time) significantly de-

creased. Mean atrioventricular nodal refractory periods were sig-

nificantly decreased as well. Thus, marijuana has clear electrophys-

iologic effects on the heart. It is not surprising that cases of atrial

fibrillation have been reported. Korantzopoulos et al. [5] reported

atrial fibrillation following marijuana consumption, with an aver-

age age of 24-years. The youngest patient was 14-years-old, hardly

an age in which atrial fibrillation is typically encountered. It was

suggested that enhanced sympathetic activity could be the pre-

cipitating factor. With concomitant postural hypotension and de-

pressed mentation, some patients were highly symptomatic, and

these episodes were associated with reported falls. It is possible

that the frequency of atrial fibrillation is underestimated, because

it could be asymptomatic, and also patients may be reluctant to

seek medical care while under the influence of the drug. Synthetic

cannabinoids were also associated with atrial fibrillation, and the

effect of those drugs appears to be more potent than naturally oc-

curring plants [6] . A recent study suggests that atrial fibrillation

is less frequent in cannabis users compared to non-users in pa-

tients with congestive heart failure. Interestingly, patients that re-

ported cannabis use were significantly younger than non-users [7] .

However, propensity matched analysis was done to adjust for the

age difference between the two groups, which concluded this phe-

nomenon was independent from age. 

Ventricular arrhythmias 

A 34-year-old man reported near syncope hours after smoking

marijuana. In the emergency department, the patient presented

with ventricular tachycardia at a rate of 200 bpm [8] . Emergency

angiography showed normal coronary arteries, with slow coronary

flow that responded to intra-coronary verapamil infusion. In the

electrophysiologic laboratory, the clinical ventricular tachycardia

was inducible. Following oral verapamil and abstinence from mar-

ijuana smoking, repeat angiogram showed normal coronary flow.

In repeat electrophysiologic study, the ventricular tachycardia was

no longer inducible. Since the report of this case, other reports of

non-sustained ventricular tachycardia, temporarily related to mari-

juana smoking, were reported [9–11] . What is intriguing is that all

cases were also associated with coronary slow-flow. A fatal case

of ventricular fibrillation was reported in a young man who pre-

sented to the emergency department with ventricular fibrillation

[12] . Urine toxicology screen was positive for tetrahydrocannabinol

and negative for other drugs, including cocaine. 

Some autopsy studies suggested a link between marijuana and

sudden death [13] . In another report by Hartung et al. [14] , it was

very clear that only marijuana may be linked to sudden death. A

comprehensive autopsy was performed in two cases where there

was no cause of death identified. Both had a normal structural

heart; yet cannabis was the only substance identified during com-

prehensive toxicological examination. Furthermore, genetic analy-

sis was conducted to rule out other possible genetic defects that

may be associated with sudden death, such as long QT syndrome.

Thus, marijuana use was associated with ventricular arrhythmias,

sustained, and non-sustained ventricular tachycardia; it may even

be linked to sudden death. 

Data from the United States National Vital Statistics between

the years 1990–2014 were analyzed [15] . Cardiovascular-related

mortality rates in states with liberal rules for dispensing marijuana

were compared with other states. In those states where marijuana

use was legal, there was an increase in cardiac mortality of 2.3%

in men and 1.3% in women. A major limitation of this study was

lack of data on whether those with cardiac death were actually

marijuana users. The report, however, suggests an important signal

regarding cardiac mortality and marijuana use that requires further

investigation. 
oronary artery disease 

Marijuana use is associated with acute cardiac ischemia, ST-

levation myocardial infarction (STEMI), and non-STEMI. In a study

y Draz et al. [16] , from 2014 to 2015 all patients with acute coro-

ary syndromes were tested for illicit drugs. There were 138 pa-

ients who tested positive for drugs, with 23 patients positive for

arijuana only. The clinical picture ranged from temporary cardiac

schemia to STEMI [16] . 

It has been reported that among various triggers of myocardial

nfarctions in the last two decades, marijuana smoking is increas-

ngly a trigger [17] . In a study by Mittleman et al. [18] , which in-

luded 3882 patients presenting with myocardial infarction, 3.2% of

atients reported smoking marijuana prior to the onset of symp-

oms. In the first hour after drug use, the risk of developing my-

cardial infarction is elevated five times compared to non-users.

atients were more likely to be male, obese, and tobacco users.

hey were less likely to have a previous history of angina. In a

arge scale study by Desai et al. [19] , the odds of developing my-

cardial infarction increased by 8% in patients with recreational

arijuana use. 

In France, it is mandatory to report all cases related to drug

buse presenting to hospitals to the French Addictovigilance Net-

ork [20,21] . In this national database, there is an increase in

he incidence of cardiovascular complications associated with mar-

juana use. Furthermore, the severity of cardiac events and the

ortality rate appear to be higher in marijuana use. However, in

ost-discharge follow-up, in a study by Frost et al. [22] , long-term

ortality was not statistically different between users and non-

sers. 

The clinical presentation of acute myocardial infarction asso-

iated with marijuana use is variable. Casier et al. [23] , reported

hree cases who presented with myocardial infarction and collapse

equiring cardiopulmonary resuscitation (CPR). Cause of arrest was

ifferent in every patient, ranging from asystole to ventricular

brillation. The pertinent angiogram showed intense coronary va-

ospasm, atherosclerotic coronary artery disease requiring stent-

ng, and coronary thrombus. In the majority of reported cases of

arijuana-associated myocardial infarction, angiograms were nor-

al, and either coronary thrombosis or intense coronary spasm

as noted [24–28] . 

In our review of various reports of myocardial infarction fol-

owing recent or chronic cocaine use [29–31] , some cases had

oronary thrombosis, and in many, exhaustive work-up for hyper-

oagulative states were negative, with the only associated find-

ng being marijuana use. Coronary spasm was occasionally noted

n the myocardial coronary arteries, but more commonly in the

maller arterioles, presenting as coronary no-reflow or slow reflow.

hile these effects may be induced by the drug effects on the

annabis receptors, other factors may contribute, such as concomi-

ant drug use, smoking and tobacco us, or acute metabolic syn-

rome (since chronic marijuana users may be overweight.) 

In addition to the naturally occurring marijuana plant, a vari-

ty of new, synthetic cannabis is available. These are known under

ifferent names such as spice, cloud 9, and many others. In addi-

ion to reports of myocardial infarction associated with them, the

ardiac events are often more severe and associated with higher

omplication rates [32] . 

Utilizing a national database for hospital inpatients, Kalla et al.

33] identified 31,397 patients who used cannabis during the years

009–2010, Cannabis users were predominantly men, with higher

ncidence of coronary artery disease, sudden cardiac death, and

ongestive heart failure. Adjusting for risk factors including to-

acco use, the use of cannabis (marijuana) remained as an inde-

endent predictor of congestive heart failure and other cardiovas-

ular events. This study is the main study showing that cannabis
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Table 1 

Studies that examined the relationship between marijuana use and cardiovascular effects. 

Author Year Type of study Number of patients Results 

Mittleman et al. [18] 2001 Prospective, multi-center 3,882 with AMI 3.2% smoke marijuana 

Risk of AMI was elevated 4–8 times in the 60 minutes 

after drug use 

Frost et al. [22] 2013 Multi-center inception cohort 

followed by NDI 

1,935 with AMI followed 

for 12.7 years 

Mortality rate was 29% higher among patients 

reporting marijuana use 

Jouanjus et al. [20] 2014 Marijuana users presented with 

cardiac events reported in a 

national database 

35 • Number of cases reported increased in more recent 

years 

• Death rated reported in these cases was 25.6% 

Alshaarawy & Elbaz [48] 2016 Epidemiologic by National Center 

for Health Statistics 

12,426 • Modest rise in systolic blood pressure in marijuana 

users 

• No effect on diastolic blood pressure 

Lorenzo et al. [34] 2017 Prospective, multi-center study 

among AIDS patients 

558 • Heavy marijuana use increased cardiovascular events 

• The effect is independent of tobacco use and other 

risk factors 

Desai et al. [19] 2017 Epidemiologic from NIS 2,451,933 Lifetime of developing AMI increased in recreational 

marijuana users 

Abouk & Adams [15] 2017 Epidemiologic from NVSS 617,466 patients with 

cardiac death 

Cardiac death rate was higher by 2.3% in men and 1.3% 

in women in states (in the U.S.) with liberal 

marijuana laws 

Kalla et al. [33] 2017 Epidemiologic from NIS 20,815,612 • Cannabis use increased heart failure and 

cerebrovascular accidents 

• Increase in sudden cardiac death 

DeFilippis et al. [35] 2018 Retrospective analysis of AMI 

patients 

2,097 Marijuana use increased all cause and cardiovascular 

mortality. 

AMI, Acute Myocardial Infarction; NDI, National Death Index; NIS, Nationwide Inpatient Sample; NVSS, National Vital Statistics System. 
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Fig. 1. Various vascular complications following marijuana use. 

S

 

o  

s  
s an independent risk for cardiovascular events. Combining that

ith other reports, concomitant tobacco use clearly increases the

isk for cardiovascular events. 

In a similar report by Lorenz et al. [34] , who studied 558 male

atients with HIV-infection, heavy marijuana users had a 19.7%

ate of cardiovascular events. That rate was significantly higher

han the rate for HIV-infected men with occasional or no mari-

uana use. The increase in cardiac events was independent from

obacco use. 

More recently, De Filippis et al. [35] conducted a retrospective

tudy in adults younger than 50-years-of-age who suffered their

rst heart attack. Among 2,097 patients who had STEMI, 224 had

ecently used cocaine or marijuana. The patients who had used ei-

her of these drugs were associated with worse all-cause mortality

nd greater morbidity compared to patients who denied drug use.

urthermore, out-of-hospital cardiac arrest during initial presenta-

ion was more common in patients who admitted marijuana use

rior to myocardial infarction. In this group of young patients, it

ppears that either cocaine or marijuana was the trigger for the

nfarction, since they did not have significant risk factors, such as

iabetes or dyslipidemia. This study also suggests that myocardial

nfarction and marijuana use are linked. Various studies showing

he effect of marijuana use and cardiovascular effects are depicted

n Table 1 ( Fig. 1 ). 

Despite the clear link between marijuana use and the develop-

ent of myocardial infarction, some studies suggest that its use

ay be protective for some risk factors for atherosclerosis. Some

uman studies report a lower prevalence of diabetes mellitus in

arijuana users [36,37] . Reports from those studies could not

ave clear data on the frequency or dose of the drug on that

ffect on diabetes. An animal study reported by Montecucco

t al [38] even concluded that a cannabinoid agonist in a mouse

odel of coronary occlusion, reperfusion resulted in a protective

ffect from coronary ischemia. Treated animals had a smaller

nfarction size. These reports enforce the need to have definitive

tudies to clarify the exact relation between various cannabis

roducts, including marijuana, and the incidence of myocardial
nfarction. p  
troke 

Cannabis, with its various forms, was linked to stroke devel-

pment [39] . A majority of cases are non-hemorrhagic, but occa-

ional reports were hemorrhagic strokes as well. In addition to the

robable effect on cerebral blood vessels, cannabis may unfavor-
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ably affect brain mitochondria and oxidative stress; both have a

detrimental effect on the pathophysiology of stroke [40,41] . 

Whether it is only marijuana use or whether associated tobacco

use is the culprit is not clear. Barber et al. [42] investigated 25

young patients who presented with stroke, whose blood screens

were positive for cannabis. With regression analysis, cannabis use

was associated with increased stroke risk. When the risk was ad-

justed to tobacco use, no association with stroke development was

found. A study by Rumalla et al. [43] investigated the relation-

ship between acute ischemic stroke and marijuana use. Using a

national inpatient sample, between the years 2004–2011, patients

with stroke were stratified according to marijuana use. Among

young adults presenting with stroke, smoking marijuana was as-

sociated with a 17% increase in stroke hospitalization. That in-

crease was lost when adjusted for tobacco use. While some pa-

tients smoke pure marijuana using certain devices, many mix it

with tobacco in a cigarette, and then smoke it. It is thus still un-

clear whether marijuana use alone or its combination with tobacco

use may be implicated in the development of stroke. 

Other vascular effects 

Peripheral arteritis was also reported following acute and

chronic marijuana use [44,45] . Subjects were mostly men who

were tobacco users. The presentations varied from Raynaud’s

phenomenon to venous thrombosis. Other rare vascular events

reported in young patients include acute carditis [46] and spon-

taneous coronary dissection without any clear cause other than re-

cent marijuana use [47] . 

In an epidemiologic study by the National Center for Health

Statistics, 12,426 patients were examined to determine whether

there was an association between blood pressure and marijuana

use [48] . Patients were between the ages of 20–59 years. Assess-

ment was done between the years 2005–2012. Marijuana use was

associated with a rise in systolic blood pressure. That effect per-

sisted even after adjustment for other risk factors such as body

mass index, smoking, and other relevant co-variables. It is possi-

ble that the modest rise in systolic blood pressure plays some role

in the pathogenesis of vascular complications. 

Conclusion 

Since 2014, marijuana use is now legal in ten states and the Dis-

trict of Columbia for recreational use. After initially legalizing it in

the states of Colorado and Washington, few voices are questioning

the effect of that action on the communities [49] . Questions raised

include: What was the effect on the crime rate? Did marijuana le-

galization lead to an increase in traffic accidents? What was the

impact on the general health of the community? More states le-

galized marijuana use, and others are on the way to doing so. In

1982, the surgeon general had issued a warning on recreational

marijuana use [50] . It was based on scientific reviews by the World

Health Organization, National Academy of Sciences, and the Cana-

dian Addiction Research Foundation. The medical concerns, among

many, included short-term memory impairment and slow learning,

impaired immune response, and possible adverse effects on car-

diac function. A more contemporary review published in 2014 [51] ,

emphasized significant side effects on memory and learning abil-

ity, increased risk of motor vehicle accidents, and even increase in

some forms of cancer with long-term use. 

In this article, we discussed the temporal relationship between

marijuana use and a variety of cardiovascular events. The events

occurred in young patients with no other cardiovascular risk fac-

tors, other than recent marijuana use. The effects included atrial

fibrillation, acute coronary syndromes, ventricular tachycardia, and

even sudden death. The current evidence appears to be insufficient
o draw a definitive conclusion on the effects of marijuana smoking

n cardiovascular events and its possible mechanism [52] . There is

 dire need for comprehensive definitive research on the effects of

arijuana on the cardiovascular system, which might include labo-

atory and epidemiologic studies. The French model of compulsory

eporting to a national database of acute cardiovascular events as-

ociated with marijuana use is an appealing idea, particularly in

he United States where marijuana is legalized in many areas. 

upplementary materials 

Supplementary material associated with this article can be

ound, in the online version, at doi: 10.1016/j.tcm.2018.11.004 . 
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