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Triggering Myocardial Infarction by Marijuana

Murray A. Mittleman, MD, DrPH; Rebecca A. Lewis; Malcolm Maclure, ScD;
Jane B. Sherwood, RN; James E. Muller, MD

Background—Marijuana use in the age group prone to coronary artery disease is higher than it was in the past. Smoking
marijuana is known to have hemodynamic consequences, including a dose-dependent increase in heart rate, supine
hypertension, and postural hypotension; however, whether it can trigger the onset of myocardial infarction is unknown.

Methods and Results—In the Determinants of Myocardial Infarction Onset Study, we interviewed 3882 patients (1258
women) with acute myocardial infarction an average of 4 days after infarction onset. We used the case-crossover study
design to compare the reported use of marijuana in the hour preceding symptoms of myocardial infarction onset to its
expected frequency using self-matched control data. Of the 3882 patients, 124 (3.2%) reported smoking marijuana in
the prior year, 37 within 24 hours and 9 within 1 hour of myocardial infarction symptoms. Compared with nonusers,
marijuana users were more likely to be men (94% versus &44).001), current cigarette smokers (68% versus 32%,
P<0.001), and obese (43% versus 3224:0.008). They were less likely to have a history of angina (12% versus 25%,
P<0.001) or hypertension (30% versus 4424;0.002). The risk of myocardial infarction onset was elevated 4.8 times
over baseline (95% confidence interval, 2.4 to 9.5) in the 60 minutes after marijuana use. The elevated risk rapidly
decreased thereafter.

Conclusions—Smoking marijuana is a rare trigger of acute myocardial infarction. Understanding the mechanism through
which marijuana causes infarction may provide insight into the triggering of myocardial infarction by this and other,
more common stressorCirculation. 2001;103:2805-2809.)
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arijuana is the most widely used illicit drug in the in patients with chronic stable angig&t Furthermore, there
United States. In 1998>72 million Americans, ac- are several reports of myocardial infarction occurring in close

counting for 33% of the population older than 12 years, had proximity to marijuana use in otherwise low-risk
used marijuana or hashish at least once in their lifetime, with individuals12-14
8.6% reporting using the drug in the past year and 5.0%  An Institute of Medicine report on marijuana and medicine
reporting use in the past montiSelf-reported use of mari-  released in 1999 noted that although the cardiovascular
juana is greatest among adults between 18 and 25 years offfects of marijuana do not seem to pose a health problem for
age? Historically, the prevalence of smoking marijuana was healthy young users, they may present a serious problem for
very low among older adults. However, as the generation older subject$ The report also noted that any effect of
born in the 20 years after the end of the Second World War marijuana use on cardiovascular disease could have a sub-
ages, the prevalence of marijuana use in the age group pronestantial impact on public health. The magnitude of the impact
to coronary artery disease has increased. remains to be determined: long-term marijuana users from the

Marijuana has several well-described effects on the cardio- late 1960s are now entering the years during which coronary
vascular system. For example, smoking marijuana is associ-arterial and cerebrovascular diseases become common. The
ated with a dose-dependent increase in the resting heart rategeport recommends that “studies to define the individual
of 20% to 100%#-1°Blood pressure is typically increased in  health risks of smoking marijuana should be conducted,
the supine positioR87-2and postural hypotension, which is  particularly among populations in which marijuana use is
often symptomatic, is common. Overall, there is a net prevalent.!s
increase in myocardial oxygen demand with a decrease in To evaluate whether marijuana is a trigger of the onset of
oxygen supply, which is due in part to an increase in an acute myocardial infarction, we collected data on mari-
carboxyhemoglobi# this results in a lower anginal threshold  juana use in 3882 patients (1258 women) who sustained an
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acute myocardial infarction and were interviewed for the TABLE 1. Characteristics of the Study Population
Determinants of Myocardial Infarction Onset Study’ In

. . . . Marijuana Marijuana
this multicenter, interview-based study, we used a case- Users Abstainers
crossover study design to compare the reported use Of characteristic (n=124) (n=3758) P
marijuana in the hour preceding the onset of myocardial Age
infarction symptoms to its expected frequency using self- — =~ .. 137+8.0 62.0=12.5 <0.001
matched control data.
<50 9 (77) 672 (18)
Methods 50-69 28 (23) 1952 (52) <0.001
Study Population o+ 00 113460)
Between August 1989 and September 1996, a total of 3882 patientssex
(2624 men and 1258 women aged 20 to 92 years) were interviewed Male 116 (94) 2508 (67)
atf 64 medical centers a median of 4 days after their myocardial  poq0e 8(6) 1250 (33) <0.001
infarction.
Interviewers identified eligible cases by reviewing coronary care Member of a minority group 28 (23) 495 (13) 0.003
unit admission logs and patients’ charts. For inclusion in the study, Medical history
patients were required to meet all of the following criteria: at least Prior MI 29 (23) 1038 (28) 0.30
one creatine kinase level above the upper limit of normal for the '
clinical laboratory performing the test, positive MB isoenzymes, an  Prior angina 15(12) 935 (25) <0.001
identifiable onset of pain or other symptoms typical of infarction, Hypertension 37 (30) 1659 (44) 0.002
anq the ability to complet_e a s_tructured interview. The institutional Diabetes mellitus 9(7) 723 (19) 0,001
review board at each participating center approved the protocol, and
informed consent was obtained from each patient. Obese* 53 (43) 1184 (32) 0.008
Detailed chart reviews and patient interviews were conducted by  Current smoker 84 (69) 1196 (32) <0.001
research personnel trained as previously descfifeéd Data were Medicati before MI
collected on standard demographic variables and risk factors for "ctication use before
coronary artery disease. The interview identified the time, place, and  Aspirin 43 (35) 1414 (38) 0.51
quality of myocardial infarction pain and other symptoms, as well as  caigiym channel blockers 16 (13) 911 (24) 0.004
the timing and estimated usual frequency of exposure to potential
B-blockers 16 (13) 817 (22) 0.02

triggers of myocardial infarction onset during the prior year. In
addition, patients were asked if they had smoked marijuana in the ACE inhibitors 10 (8) 505 (13) 0.08
year preceding their infarction. Patients who reported smoking
marijuana were also asked to report the last time that they had
smoked marijuana and their usual frequency of smoking marijuana
over the prior year. Patients were also asked to report the timing of
exposure to marijuana and other potential triggers for each of the 26
hours preceding the onset of their symptoms. hours in a year. The data were analyzed using methods for cohort
studies with sparse data in each strat@if.25

Values are n (%) unless otherwise indicated. Ml indicates myocardial
infarction; ACE, angiotensin-converting enzyme.
*Obesity was defined as a body mass index >29 kg/m?.

Study Design o

The design of the Onset Study has been described in detail else-S€NSitivity Analyses

wherel6-21|n brief, we used a case-crossover study desgigiro.22 To evaluate whether exposure to other triggering behaviors could

to assess the change in the risk of acute myocardial infarction during account for the observed effect of smoking marijuana, we conducted

a brief “hazard period” after exposure to marijuana and other a sensitivity analysis excluding patients who smoked marijuana and

potential triggers of myocardial infarction onset. An important engaged in other potentially triggering activities in the hour preced-

feature of the case-crossover design is that control information for ing their infarction.

each patient is based on his or her own past exposure experi- In another sensitivity analysis, we evaluated the timing of mari-

encels.19.20 Self-matching results in freedom from confounding by juana use among the patients who reported smoking it in the 24 hours

risk factors that are stable over time but often differ between study before the onset of their infarction symptoms. In this analysis, we

subjects. compared the number of patients who reported smoking marijuana in
Marijuana use in the hazard period, the 1-hour period immediately the hour before symptom onset to the expected number that would

preceding the onset of myocardial infarction symptoms, was com- arise if smoking marijuana was unrelated to myocardial infarction

pared with its expected frequency based on control data obtained onset and the frequency of smoking marijuana was evenly distributed

from the patients. We used the usual frequency of marijuana use overover the prior day.

the year before myocardial infarction to estimate its expected

frequency in an average 1-hour period in this patient population. Results
o ] The characteristics of the patients interviewed are presented
Statistical Analysis in Table 1. Of the 3882 patients with myocardial infarction

The analysis of case-crossover data is an application of standard\ng were interviewed. 124 (3.2%) reported that they had

methods for stratified data analy$ks?0.23.24|n this analysis, the smoked mariiuana in the vear preceding their mvocardial
stratifying variable is the individual patient, as in a crossover | y P 9 Y

experiment. The ratio of the observed exposure frequency in the infarction. The frequency of smoking marijuana was signifi-
hazard period to the expected frequency (from the control informa- cantly related to age, with 12.5% of patients younger than 50
tion) was used to calculate estimates of the odds ratio as a measurgsears reporting smoking marijuana in the past year. The mean
of relative riskie1920 The amount of person-time exposed 10 g6 of ysers was 44+8 years, compared with 62+13 years for
marijuana was estimated by multiplying the reported usual annual } .
frequency of exposure by the duration of its hypothesized physio- nonusers (Pf0.00l). Compareq with nonusers, patients who
logical effect (1 hour). Unexposed person-time was then calculated Smoked marijuana were more likely to be men (94% versus

by subtracting the exposed person-time in hours from the number of 67%, P<<0.001), current cigarette smokers (68% versus 32%,
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TABLE 2. Usual Frequency of Marijuana Smoking Among 124
Patients Who Reported Using Marijuana in the Year Before
Myocardial Infarction

Usual Frequency of Smoking Marijuana n (%)
At least daily 22(17.7
=1 per week and <1 per day 30(24.2
=1 per month and <1 per week 32

Relative Risk of Ml Onset

Less than once a month 40 (32.3 0.5

P<0.001), and obese (43% versus 32P5:0.008). They :oLLh;:r:emm}..':.::i':
were less likely to have a history of angina (12% versus 25%,
P<0.001) or hypertension (30% versus 4494:0.002). Belative risk of myopardial infarctiqn gnset e}fter smokjng mari-
Table 2 shows the distribution of the usual frequency of juana. The_ rela_tlve risk of myocardial infarction onset is p_Iotted
on a logarithmic scale for each of the 2 hours after smoking
marijuana use among the 124 patients who reported smokingmarijuana. Relative risks were estimated by comparing the fre-
marijuana in the year before their myocardial infarction. The 9uency of marijuana use in each of the 2 hours before myocar-
L . .. .. dial infarction onset to its expected frequency on the basis of
majority of patients who smoked marijuana reported using it each patient’s reported usual frequency of smoking marijuana
at least once per month (67.7%), with 41.2% smoking over the prior year. Error bars indicate 95% confidence inter-
marijuana at least weekly. velals. The dotted line reprﬂesents the baseline risk during periods
Of the 124 patients who reported smoking marijuana, 37 with no exposure to marijuana.
reported smoking it within 24 hours of myocardial infarction
onset and 9 reported use within 1 hour of myocardial
infarction symptom onset. In addition to these 9 patients, 3
patients reported using marijuana between 60 and 120 min-
utes before the onset of symptoms. Of the 37 patients who
reported smoking marijuana within 24 hours of myocardial
infarction symptoms, only 5 reported smoking it once per
month or less, and 28 (76%) reported smoking it at least Discussion
weekly. Similarly, 7 of the 9 patients (78%) who reported |n the present study, we observed that smoking marijuana was
smoking marijuana within 1 hour of symptom onset reported a rare trigger of acute myocardial infarction. The risk of
smoking it at least once per week. myocardial infarction onset was elevated almost 5-fold in the
On the basis of a case-crossover analysis that controlled forhour after smoking marijuana and persisted after excluding
differences between patients, we found that within 1 hour patients who also engaged in other potentially triggering
after smoking marijuana, the risk of myocardial infarction exposures in that hour. The heightened risk seemed to decline
onset was elevated 4.8-fold (95% confidence interval, 2.9 to rapidly and was not significantly elevated beyond the first
9.5; P<0.001) compared with periods of nonuse. In the hour. Overall, the use of marijuana among patients in the
second hour after smoking, the relative risk was 1.7 (95% Onset Study was quite low, consistent with national survey
confidence interval, 0.6 to 5.B=0.34), suggesting a rapid data! Only 3.2% of patients reported smoking marijuana in
decline in the cardiac effects of marijuana (Figure). the year before their infarction. However, among patients
A total of 3 patients who smoked marijuana in the hour Younger than 50 years, marijuana smoking was much more
before their infarction also engaged in other triggering be- common, with 12.5% of patients reporting smoking it.

haviors that hour. One patient reported using cocaine in 1he €levation in the risk of myocardial infarction in the
addition to smoking marijuana, another reported sexual inter- hour after marijuana use that we observed was much smaller

course, and a third patient reported both sexual intercoursethan the risk previously reported for cocaifieyhich unlike

and cocaine use. None of the patients who smoked marijuanamaﬂjuana1 is associated with a marked increase in sympa-

in the period 1 to 2 hours before their myocardial infarction Fhetlc stlrnulauor.\. We have prewously reporteq that cocaine
. . is associated with a nearly 24-fold increase in the risk of
reported exposure to other known triggers in that hour. A o . .
o . . . . myocardial infarction onset in the hour after use.
sensitivity analysis excluding these 3 patients resulted in a
relative risk of 3.2 (95% confidence interval, 1.4 to 7.3; Biological Effects of Marijuana

P=0.007) for smoking marijuana in the absence of other The effects of cannabinoids are primarily mediated by the
potential triggers of myocardial infarction. activation of cannabinoid receptors, which are present in a
In another sensitivity analysis, we evaluated the timing of yariety of tissues including the brain (basal ganglia, substan-
marijuana use among the 37 patients who reported smoking ittia nigra pars reticulata, entopeduncular nucleus, globus
in the 24 hours before the onset of their infarction symptoms. pallidus, putamen, cerebellum, hippocampus, and cerebral
If smoking marijuana was unrelated to myocardial infarction cortex) and cells of the immune system, spleen, blood vessels,
onset, we would expect these 37 cases to be evenly distrib-and the hears.26 The cannabinoid receptors are part of the
uted over the 24-hour period. This sensitivity analysis re- family of G protein—coupled receptors. Two main subtypes of

sulted in a relative risk of 5.8 (95% confidence interval, 2.8 to
12.1).

Because of the small number of exposed cases, we were
unable to evaluate whether the risk of having a myocardial
infarction associated with smoking marijuana differed in
subsets of patients.
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cannabinoid receptors have been identified and cloned (CB1Limitations
and CB2), and a naturally occurring agonist, anandamide, hasThe present study has several potential limitations. Because
been identified. In addition to these receptors, Jarai and the data are based on patient self-report, some misclassifica-
colleague® recently identified cannabinoid-induced mesen- tion of exposure is likely to have occurred. For example,
teric vasodilatation through an endothelial site distinct from patients may be reluctant to report that they had used
CB1 or CB2 receptors. marijuana before their myocardial infarction. The effect of
However, the biological effects of smoked marijuana are com- Such a bias would reduce the magnitude of the estimated
plex. In addition to the effects of delta-9-tetrahydrocannabinol and "elative risk. In an effort to minimize such reporting bias and
other cannabinoids, smoking marijuana is also associated with!© Maintain patient confidentiality, efforts were made to
exposure to particulates and gaseous material arising from thensure the patient's privacy during the interview. Further-
combustion of plant products. In addition, it is not uncommon for MOre; to obtain comparable reporting of marijuana smoking
marijuana and, more commonly, other cannabinoids suchashashislfwOr all _Of the hourly mtervals_ during the day precgdlng the
to be mixed with tobacco. infarction, patients were not informed of the duration of the

Several effects of smoked marijuana on the cardiovascular hypothes_lzed haz_ar_c_i peno_d. . . .
. . There is a possibility of bias caused by differential survival
system have been well described. For example, smoking

- . . . . - of cases who had their myocardial infarction triggered b
marijuana is associated with a dose-dependent increase in y 99 y

. ) o ) different mechanisms. For example, if patients whose infarc-
heart ratex-1° Although there is much interindividual vari- P P

bil cali i h iated with a singl tions were triggered by marijuana were more likely to die
a ||'t.y, typlcg Increases In heart rate assoclated with a single o, hose whose infarctions were unrelated to marijuana,
marijuana cigarette range from 20% to 100%,

: . ) with _the_ Peak then the apparent relative risk may be underestimated.
in heart rate occurring 10 to 30 minutes after beginning ©  oever, it is possible that patients under-report long-term
smokez+©-¢ In addition, most subjects experience an in- se of marijuana because of the social stigma attached to it,
crease in blood pressure, particularly when supiie?Pos- byt they may be relatively accurate about its use on the day of
tural hypotension after smoking marijuana is not uncom- thejr myocardial infarction because of potential clinical ben-
mon?<27Tolerance to the hemodynamic effects of marijuana efit. This may result in an overestimate of the relative risk.
can occur with frequent repeated #3é? However, the sensitivity analysis restricted to the 37 patients
In addition to the hemodynamic effects, smoked marijuana who reported smoking marijuana within 24 hours of the onset
is associated with an increase in carboxyhemoglobin, result- of myocardial infarction symptoms resulted in a relative risk
ing in decreased oxygen-carrying capaéift! Whether of 5.8, which is similar to the result based on all patients who
marijuana affects the hemostatic balance is unclear. Mari- reported smoking marijuana in the prior year.
juana may increase factor VII activity; however, there are  In traditional epidemiological studies of coronary heart
mixed results in terms of the effects of smoked marijuana on disease, confounding by differences in risk factors between
platelet functior® Thus, taken together, smoking marijuana individuals is a major threat to validity. A strength of the
is associated with an increase in myocardial oxygen demandcase-crossover design used in this study is that self-matching
and a concomitant decrease in oxygen supply. ensures that within strata, there is no variability in traditional
Aronow and Cassidy:! demonstrated that among patients chronic risk factors for coronary heart disease. Thus, by
with chronic stable angina, the anginal threshold is acutely design, confouno!ing by all traditional chronic risk factors for .
diminished after smoking a single marijuana cigarette. In partic- coronary heart disease, whether measured or unmeasured, is
ular, the exercise time to angina was decreased by an average dgfontrolled for in the analysis:2* , o
48% after smoking a single marijuana cigarette, compared with A |ImI'Fa'[I0n of the case-crossover design use_d in this study
an 8.6% decrease after smoking a marijuana placebo (marijuands that, like case-control studies, the absolute risk of myocar-

cigarette with no delta-9-tetrahydrocannabinol) and a 23% de- g'atl |n|:arct|on onset Ct?‘””t"t bfethdlrgctlyl_e stlmell(ted frgm th%
crease after smoking a high nicotine tobacco cigatétte. ata. However, an estimate of ne baseline risk can beé made

, . . ! using other data sources. For example, on the basis of the
Thus, some marijuana-associated infarctions may be

caused by a mvocardial oxvaen supply that is inadequate to Framingham Heart Study risk equati#t®>the baseline risk
y y Y9 PRy q of acute myocardial infarction for a typical marijuana user in

f Ki . H h borit lesion i 1ihis study (44-year-old male smoker with average levels of
of smoking marijuana. However, the culprit lesion in a o rigk factors) is between 1 and 1.5 per million per hour.

majority of myocardial infarctions occurs at the site of & g i the hour after marijuana use, the absolute risk would
disrupted atherosclerotic plagé* A proposed mechanism i, rease to~7 per million per hour. For a daily user of

for the triggering of myocardial infarction is that onset occurs - marijuana, the risk would accumulate over the course of time,
when a vulnerable, but not necessarily stenotic, atheroscle-jeading to an annual excess risk of an acute cardiovascular
rotic plaque is disrupted in response to hemodynamic event of~1.5% to 3% per year. Furthermore, for high-risk
stresses; thereafter, hemostatic and vasoconstrictive forcesatients with either multiple risk factors or established coro-
determine whether the resultant thrombus becomes occlu-nary artery disease, the risk may be substantially higher.
sives2:33Whether the direct or indirect hemodynamic effects  In summary, smoking marijuana is a rare trigger of acute
of marijuana are sufficient to cause plaque disruption is myocardial infarction and may pose a health risk to patients
speculative, because there are no direct studies of thiswith established coronary artery disease and perhaps to
phenomenon available in the literature. individuals with multiple coronary risk factors. Understand-
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ing the mechanism by which marijuana causes infarction may 15.
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provide insight into the triggering of myocardial infarction by
this and other, more common stressors.
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