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Multiple observational studies have demonstrated an association with cannabis use and
acute myocardial infarction, especially among young adults. However, little is known
about the connection with subclinical or electrocardiographic myocardial injury. We
hypothesized that cannabis use would be associated with an increased risk of myocardial
injury as defined by the cardiac infarction and/or injury score (CIIS). This analysis
included 3,634 (age 48.0 § 5.9 years, 47.1% male, 68.7% Caucasians) participants from
the Third National Health and Examination Survey. Cannabis use was defined by self-
report. Those with history of cardiovascular disease were excluded. Myocardial injury
was defined as electrocardiographic CIIS ≥ 10. Multivariable logistic regression was used
to examine the association between cannabis use and myocardial injury. The consistency
of this association was tested among subgroups stratified by race, gender, tobacco smoking
status, and comorbidities. About 26.0% (n = 900) of participants were ever-cannabis users
and 15.5% (n = 538) had myocardial injury. In a model adjusted for potential confound-
ers, ever-cannabis users had 43% increased odds of myocardial injury compared to never
users (Odds ratio (95% confidence interval): 1.43 (1.14, 1.80); p = 0.002). This association
was stronger among participants with a history of hypertension versus those without
(Odds ratio (95% confidence interval): 1.83 (1.36, 2.47) vs 1.17 (0.83, 1.64), respectively;
interaction p value 0.04). Cannabis use is associated with an increased risk of myocardial
injury among those without cardiovascular disease with effect modification by co-existent
hypertension. These novel findings underscore the harmful effects of cannabis use on car-
diovascular health and also merit a personalized risk assessment when counseling patients
with hypertension on its use. © 2021 Elsevier Inc. All rights reserved. (Am J Cardiol
2021;151:100−104)
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Cannabis is the most commonly used illegal drug in the
United States.1 Multiple observational studies have demon-
strated an association between cannabis use and acute myo-
cardial infarction, especially among young adults.2-4

Cannabis use has also been linked to a range of other car-
diovascular (CV) diseases, including stroke, arrhythmias,
peripheral arterial disease, cardiomyopathy, and various
metabolic aberrations.5 Its use is most common among
younger age groups; approximately 35.1% of high school
seniors and 34.4% of college students reported cannabis use
in the prior year.6 The recent changes in the legalization of
cannabis for both medical and recreational use have made
cannabis consumption nearly as conventional as tobacco
use.7 This makes understanding the long�term effects of
cannabis, whether harmful or beneficial, imperative.
Despite its popularity, however, few studies have examined
the long-term CV effects of cannabis. To date, no studies
have examined the connection between cannabis use and
subclinical or electrocardiographic myocardial injury. Sub-
clinical myocardial injury, defined by the cardiac infarction
and/or injury score (CIIS), has been identified as a risk fac-
tor for cardiovascular mortality.8-12 We hypothesized that
cannabis use would also be associated with electrocar-
diographic myocardial injury as defined by the CIIS among
those free from CV disease.
Methods

The Third National Health and Nutrition Examination
Survey (NHANES-III) is a survey of a representative sam-
ple of the civilian U.S. population that estimates disease
prevalence and overall health.13 Data in NHANES-III were
collected from 1988-1994 through an in-home interview
process and a subsequent appointment at a mobile examina-
tion center.

For this analysis, we excluded participants < 18 years of
age and those with missing data elements. Only those with
electrocardiographic data and responses to the cannabis use
questions were included. Participants with a history of CV
disease defined by composite history of myocardial infarc-
tion, heart failure, or stroke, were excluded. Age, gender,
race (Caucasian, African-American, or other), and tobacco
smoking status (never, former, or current) were defined by
self-report. Former cannabis users were defined as

http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjcard.2021.03.058&domain=pdf
mailto:tskipina@wakehealth.edu
www.ajconline.org
https://doi.org/10.1016/j.amjcard.2021.03.058


Miscellaneous/Cannabis and Myocardial Injury 101
participants who reported ever using but had not used can-
nabis in the last month. Among those who reported canna-
bis use in the previous month, they were classified as either
current light users (≤ 4 days per month) or current heavy
users (≥ 5 days per month) as has been done in prior
studies.14,15 Current users were defined as a composite of
light or heavy users.

Diabetes was defined as fasting serum glucose ≥
126 mg/dL, hemoglobin A1c ≥ 6.5%, or use of an anti-
hyperglycemic medication. Hypertension was defined as
systolic blood pressure ≥ 130 mmHg or diastolic blood
pressure ≥ 80 mmHg or use of an antihypertensive med-
ication according to American Heart Association/Ameri-
can College of Cardiology guidelines.16 Hyperlipidemia
was defined as total cholesterol ≥ 200 mg/dL, serum tri-
glycerides ≥ 150 mg/dL, or use of lipid-lowering medi-
cations. Obesity was defined as body mass index ≥ 30
kg/m2.

A total of 12-lead electrocardiograms were obtained
by trained technicians with a Marquette MAC 12 system
(Marquette Medical Systems, Milwaukee, WI) during
mobile examination visits. Electrocardiograms were
automatically processed in a centralized core laboratory
after being visually inspected by a trained technician.
The cardiac infarction/injury score is a scoring scheme
for visual and computer classification that uses various
continuous and discrete features.9 Raw calculated scores
were multiplied by 10 in NHANES-III to avoid decimal
places. Myocardial injury was defined as cardiac infarc-
tion and/or injury scores ≥ 10, which is the minimum
limit for an abnormal value.9

Population characteristics were compared based on can-
nabis use. Continuous variables were reported as mean §
standard deviation. Categorical variables were reported as
frequency and percentage. A student’s t-test was used to
Table 1

Population characteristics

Characteristics

Never

(Mean § SD or n (%)) 2564 (74.0%)

Age (years) 49.1 § 5.8

Men 1074 (41.9%)

Race

White 1842 (71.8%)

Black 633 (24.5%)

Other 89 (3.5%)

Hypertension 1361 (53.1%)

Obesity 838 (32.7%)

Diabetes mellitus 327 (12.8%)

Hyperlipidemia 1814 (70.8%)

Smoker

Never 1273 (49.7%)

Former 657 (25.6%)

Current 634 (24.7%)

Electrocardiographic Myocardial Injury 380 (14.8%)

* p < 0.05 compared with never users.

Light current = cannabis use ≤4 days in prior month.

Heavy current = cannabis use ≥5 days in prior month.

Obesity = body mass index ≥30kg/m2.

Hyperlipidemia = total cholesterol ≥200 mg/dL, serum triglycerides ≥150 mg/d
compare continuous variables and a chi-square test was
used to compare categorical variables.

Multivariable logistic regression was used to estimate
the association between cannabis use and myocardial
injury. Two models were used: model 1 was adjusted for
age, gender, and race and model 2 was adjusted for model 1
plus hypertension, obesity, diabetes, hyperlipidemia, and
tobacco smoking status.

To examine the consistency of the results among sub-
groups, the association between cannabis use and myocar-
dial injury was evaluated in subgroups stratified by race
(Caucasian vs. non-Caucasian), gender, hypertension, obe-
sity, diabetes, hyperlipidemia, and tobacco smoking status.
Interaction was tested for using variables similar to those in
model 2 with addition of the interaction term between ever-
cannabis use and subgroup stratification.

All statistical analyses were conducted using RStudio
version 1.3.1093 (Boston, MA) and p-values were consid-
ered significant if < 0.05.
Results

A total of 3,464 participants (age 48.0 § 5.9 years,
47.1% male, 68.7% whites) were included in the analysis.
About 26.0% (n = 900) of participants were ever-cannabis
users and 15.5% (n = 538) had myocardial injury. Popula-
tion characteristics stratified by cannabis use status are
depicted in Table 1. Compared to never users, ever-canna-
bis users were more likely to be younger, male, African-
American, and tobacco users. Ever-users were less likely to
have hyperlipidemia. Former cannabis users were more
likely to have myocardial injury. Former cannabis users
were less likely to have hypertension or diabetes. Heavy
current users were less likely to be obese.
Cannabis user status

Former Light current Heavy current

785 (22.7%) 70 (2.0%) 45 (1.3%)

45.1 § 4.9* 44.3 § 4.2* 44.0 § 3.8*

478 (60.9%)* 50 (71.4%)* 31 (68.9%)*

493 (62.8%)* 28 (40.0%)* 18 (40.0%)*

262 (33.4%)* 38 (54.2%)* 26 (57.8%)*

30 (3.8%)* 4 (5.7%)* 1 (2.2%)*

373 (47.5%)* 37 (52.9%) 26 (57.8%)

236 (30.1%) 15 (21.4%) 5 (11.1%)*

66 (8.4%)* 7 (10.0%) 1 (2.2%)

523 (66.6%)* 41 (58.6%)* 24 (53.3%)*

217 (27.6%)* 10 (14.3%)* 6 (13.3%)*

279 (35.5%)* 13 (18.9%)* 9 (20.0%)*

289 (36.8%)* 47 (67.1%)* 30 (66.7%)*

142 (18.1%)* 9 (12.9%) 7 (15.6%)

L, or use of lipid-lowering medications.



Table 2

Association of cannabis use and electrocardiographic myocardial injury

Cannabis use Reference level Model 1 Model 2

Odds Ratio (95% CI) p value Odds Ratio (95% CI) p value

Ever User Never User 1.46 (1.17 − 1.82) <0.001 1.43 (1.14 − 1.80) 0.002

Former User Never User 1.51 (1.20 − 1.89) <0.001 1.49 (1.18 − 1.88) <0.001

Current User Never User 1.12 (0.64 − 1.95) 0.69 1.03 (0.59 − 1.81) 0.91

Light User Never User 1.02 (0.50 − 2.10) 0.96 0.92 (0.44 − 1.90) 0.81

Heavy User Never User 1.28 (0.56 − 2.92) 0.56 1.23 (0.53 − 2.83) 0.63

Model 1 adjusted for age, gender, and race.

Model 2 adjusted for model 1 plus hypertension, obesity, diabetes, hyperlipidemia, and tobacco smoking status.
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In a logistic regression model adjusted for demographic
and comorbid covariates, ever-cannabis use was associated
with 43% increased odds of myocardial injury (Odds Ratio:
1.43, 95% CI: 1.14 to 1.80, p value = 0.002) when com-
pared to never users. Former users had 49% increased odds
of myocardial injury (Odds Ratio: 1.49, 95% CI: 1.18 to
1.88, p value < 0.001) when compared to never users. There
was no significant association with current users, light cur-
rent users, or heavy current users compared to never users.
These results are summarized in Table 2.

Table 3 shows the association of ever-cannabis users and
myocardial injury across sub-groups when compared to
never users. A significant effect modification by hyperten-
sion was observed with a stronger association among those
with versus those without hypertension (interaction p
value = 0.04). Results were consistent among the other sub-
groups when stratified by race, gender, obesity, diabetes,
hyperlipidemia, and tobacco smoking status.
Table 3

Association of ever cannabis use and electrocardiographic myocardial injury amo

Sub-group Model 1y

Odds Ratio (95%

Race Non-white 1.38 (0.93 − 2.02

White 1.56 (1.18 − 2.06

Gender Men 1.61 (1.19 − 2.18

Women 1.29 (0.92 − 1.80

Hypertension Present 1.78 (1.32 − 2.39

Absent 1.17 (0.83 − 1.65

Obesity Present 1.58 (1.09 − 2.28

Absent 1.40 (1.05 − 1.85

Diabetes Present 1.73 (0.91 − 3.31

Absent 1.45 (1.14 − 1.84

Hyperlipidemia Present 1.51 (1.15 − 1.97

Absent 1.39 (0.93 − 2.07

Tobacco Smoking Status Never 1.31 (0.85 − 2.00

Former 1.37 (0.90 − 2.08

Current 1.44 (1.01 − 2.06

95% CI = 95% Confidence Interval.

Model 1 adjusted for age, gender, and race.

Model 2 adjusted for model 1 plus hypertension, obesity, diabetes, hyperlipidem
yComparison of ever cannabis users to never users.

* Interaction p-value calculated from model 2.
Discussion

In this racially diverse examination of cannabis users
without CV disease, we observed an association between
ever-cannabis use and myocardial injury. This relation-
ship appeared to be stronger among participants with
co-existent hypertension. Hypertension has the strongest
evidence for causation of coronary artery disease and a
high prevalence in the general population.17 Thus,
patients with hypertension represent a high-risk group
that is more susceptible to the adverse CV effects of
cannabis use. Our observed association of cannabis use
with myocardial injury persisted despite adjustment for
multiple known risk factors for coronary artery dis-
ease.18 The clinical implications of these findings sup-
port cannabis use as an emerging risk factor for
cardiovascular disease and also suggest that those with
hypertension are at higher risk of these deleterious
effects.
ng sub-groups

Model 2y

CI) Odds Ratio (95% CI) Interaction p value*

) 1.40 (0.94 − 2.07) 0.58

) 1.62 (1.22 − 2.15)

) 1.62 (1.19 − 2.20) 0.43

) 1.32 (0.94 − 1.85)

) 1.83 (1.36 − 2.47) 0.04

) 1.17 (0.83 − 1.64)

) 1.63 (1.12 − 2.38) 0.09

) 1.42 (1.07 − 1.88)

) 1.76 (0.92 − 3.39) 0.41

) 1.48 (1.16 − 1.88)

) 1.56 (1.19 − 2.05) 0.92

) 1.41 (0.94 − 2.10)

) 1.37 (0.89 − 2.11) 0.82

) 1.41 (0.92 − 2.17)

) 1.43 (1.00 − 2.05)

ia, and tobacco smoking status.
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As cannabis legalization is gaining more acceptance
among the general population for both recreational and
medical uses, it is becoming increasingly important to rec-
ognize the possible health consequences of its use. Its cur-
rent status as a federally-classified Schedule I drug makes it
illegal to conduct rigorous controlled trials in the United
States.5 Therefore, most of the data behind its health effects
are based on weak evidence such as case reports and obser-
vational studies.

The connection of cannabis use to the risk of acute myo-
cardial infarction currently has the most evidence. A sys-
tematic review by Richards and colleagues revealed a
positive association between cannabis use and acute myo-
cardial infarction in multiple observational studies.4 There
are several possible explanations for the risk of myocardial
injury (or infarction) with cannabis use. Cannabis smoking
and tobacco smoking share many of the same cardiotoxic
chemical constituents,19 and smoking is a major risk factor
for cardiovascular disease.20 Besides, cannabis and tobacco
are often used in parallel, so there may also be a component
of concurrent toxicity.5 Further, similar mechanisms such
as platelet activation, sympathetic nervous system activa-
tion, pro-inflammatory cytokine release, and increased low-
density lipoprotein formation are thought to play a role in
its pathogenesis.5

However, contradictory evidence also exists regarding
the connection between cannabis use and CV disease. The
CARDIA study examined a longitudinal cohort of 5113
adults in middle-age and no significant association was
observed based on cumulative lifetime or recent cannabis
use.21 A case-crossover analysis of the Determinants of
Myocardial Infarction Study showed an elevated risk of
myocardial infarction in the 60 minutes following use; after
this period, the risk of myocardial infarction rapidly
declined to baseline levels.22 Finally, an analysis of the
Multicenter AIDS Cohort Study failed to show any signifi-
cant association between long-term cannabis use and sub-
clinical atherosclerosis as measured by CT angiography of
coronary artery calcium.23

Our study does suffer from several limitations. The
cross-sectional design of the analysis lends itself to tempo-
rality and residual confounding issues. As such, our findings
are hypothesis-generating and cannot support definitive
conclusions. Also, cannabis use was defined by self-report
only and is therefore subject to reporting and recall bias,
and thus the prevalence may have been underestimated.24

While we do have categories of “light” and “heavy” canna-
bis use, we do not have any data regarding the dosage of
cannabis, route of administration, or time when users quit.
To this point, our data did not demonstrate any association
between current cannabis use and myocardial injury. How-
ever, only »3.3% of our study population were current
users, so this small proportion likely lacked statistical
power for robust conclusions. Further, we do not have any
data regarding the specific type of cannabis used; cannabis
is a heterogenous species that comes in a wide variety of
potencies.25 Hence, varying composition of cannabis may
also influence its CV effects. A final limitation is that our
population may have been subjected to the cohort effect
since those that use cannabis may have other predisposi-
tions towards myocardial injury. However, we attempted to
control for this by adjusting our regression model for
known risk factors of cardiovascular disease. Despite these
limitations, our study provides a novel link between canna-
bis use and an objective measure of myocardial injury
among participants without CV disease. Other strengths
include a racially diverse population and large sample size.

Among individuals free from CV disease, cannabis use
is independently associated with increased risk of myocar-
dial injury with possible effect modification by co-existent
hypertension. This is a novel finding that underscores the
harmful effects of cannabis use on CV health and highlights
the need for further, controlled studies regarding cannabis
and CV disease as the drug becomes more accepted by the
general population. Additionally, the finding of effect modi-
fication by co-existent hypertension merits a personalized
risk assessment when counseling patients on cannabis use.
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