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BACKGROUND: We examined the association between cannabis use and cardiovascular outcomes among the general popula-
tion, among never-tobacco smokers, and among younger individuals.

METHODS AND RESULTS: This is a population-based, cross-sectional study of 2016 to 2020 data from the Behavioral Risk Factor
Surveillance Survey from 27 American states and 2 territories. We assessed the association of cannabis use (number of days
of cannabis use in the past 30days) with self-reported cardiovascular outcomes (coronary heart disease, myocardial infarc-
tion, stroke, and a composite measure of all 3) in multivariable regression models, adjusting for tobacco use and other char-
acteristics in adults 18 to 74 years old. We repeated this analysis among nontobacco smokers, and among men <55years old
and women <65years old who are at risk of premature cardiovascular disease. Among the 434 104 respondents, the preva-
lence of daily and nondaily cannabis use was 4% and 7.1%, respectively. The adjusted odds ratio (aOR) for the association
of daily cannabis use and coronary heart disease, myocardial infarction, stroke, and the composite outcome (coronary heart
disease, myocardial infarction, and stroke) was 1.16 (95% ClI, 0.98-1.38), 1.25 (95% ClI, 1.07-1.46), 1.42 (95% ClI, 1.20-1.68),
and 1.28 (95% Cl, 1.13-1.44), respectively, with proportionally lower log odds for days of use between 0 and 30days per
month. Among never-tobacco smokers, daily cannabis use was also associated with myocardial infarction (aOR, 1.49 [95%
Cl, 1.03-2.15]), stroke (aOR, 2.16 [95% ClI, 1.43-3.25]), and the composite of coronary heart disease, myocardial infarction,
and stroke (@OR, 1.77 [95% ClI, 1.31-2.40]). Relationships between cannabis use and cardiovascular outcomes were similar
for men <565years old and women <65years old.

CONCLUSIONS: Cannabis use is associated with adverse cardiovascular outcomes, with heavier use (more days per month)
associated with higher odds of adverse outcomes.
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annabis use is increasing in the US population.!
From 2002 to 2019, past-year prevalence of US
adult cannabis use increased from 10.4% to
18.0%, whereas daily/almost daily use (300+ days per
year) increased from 1.3% to 3.9%. Rising diagnoses
of cannabis use disorder suggest that this increase in
use is not confined to reporting of use.?® At the same
time, perceptions of the harmfulness of cannabis are
decreasing. National surveys reported that adult belief

in great risk of weekly cannabis use fell from 50% in
2002 to 28.6% in 2019. Despite common use, little is
known about the risks of cannabis use and, in partic-
ular, the cardiovascular disease risks. Cardiovascular-
related death is the leading cause of mortality, and
cannabis use could be an important, unappreciated
risk factor leading to many preventable deaths.®

There are reasons to believe that cannabis use
is associated with atherosclerotic heart disease.

Correspondence to: Abra M. Jeffers, Massachusetts General Hospital, 100 Cambridge Street, Suite 1600, Boston, MA 02114. Email: amjeffers@mgh.harvard.

edu

This article was sent to Kolawole W. Wahab, MD, Guest Editor, for review by expert referees, editorial decision, and final disposition.
Supplemental Material is available at https://www.ahajournals.org/doi/suppl/10.1161/JAHA.123.030178

For Sources of Funding and Disclosures, see page 9.

© 2024 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use

is non-commercial and no modifications or adaptations are made.
JAHA is available at: www.ahajournals.org/journal/jaha

J Am Heart Assoc. 2024;13:e030178. DOI: 10.1161/JAHA.123.030178


https://orcid.org/0000-0002-3503-6666
mailto:
https://orcid.org/0000-0003-4620-6672
https://orcid.org/0000-0001-9124-9618
mailto:amjeffers@mgh.harvard.edu
mailto:amjeffers@mgh.harvard.edu
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.123.030178
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha
http://crossmark.crossref.org/dialog/?doi=10.1161%2FJAHA.123.030178&domain=pdf&date_stamp=2024-02-28

¥202 ‘Tz Yore |\ uo Ag Bio'sfeuinofeye//:diy wouj pspeojumoq

Jeffers et al

CLINICAL PERSPECTIVE

What Is New?

e Cannabis use is associated with increased risk
of myocardial infarction and stroke, with higher
odds of events associated with more days of
use per month, controlling for demographic fac-
tors and tobacco smoking.

e Similar increases in risk associated with canna-
bis use are found in never-tobacco smokers.

What Are the Clinical Implications?

e Patients should be screened for cannabis use
and advised to avoid smoking cannabis to re-
duce their risk of premature cardiovascular dis-
ease and cardiac events.

Nonstandard Abbreviations and Acronyms

BRFSS Behavioral Risk Factor Surveillance
System

Endocannabinoid receptors are ubiquitous throughout
the cardiovascular system.® Tetrahydrocannabinol, the
active component of cannabis, has hemodynamic ef-
fects and may result in syncope, stroke, and myocardial
infarction.”® Smoking, the predominant method of can-
nabis use,'® may pose additional cardiovascular risks as
a result of inhalation of particulate matter." Furthermore,
studies in rats have demonstrated that secondhand can-
nabis smoke exposure is associated with endothelial
dysfunction, a precursor to cardiovascular disease.! Past
studies on the association between cannabis use and
cardiovascular outcomes have been limited by the dearth
of adults with frequent cannalbis use.”'>'® Moreover, most
studies have been in younger populations at low risk for
cardiovascular disease, and therefore without sufficient
power 1o detect an association between cannabis use
and atherosclerotic heart disease outcomes.”?4

In addition, tobacco use among adults who use
cannabis is common, and small sample sizes pre-
vented analyses on the association of cannabis use
with cardiovascular outcomes among nontobacco
users. Any independent effects of cannabis and to-
bacco in the general adult population and effects of
cannabis use among those who have never smoked
tobacco cigarettes is of interest, because some have
questioned whether cannabis has any effect beyond
that of being associated with concurrent tobacco
use.®" The National Academy of Sciences report
on the health effects of cannabis use suggested that
“testing the interaction between cannabis and tobacco
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use and performing stratified analyses to test the asso-
ciation of cannabis use with clinical endpoints in non-
users of tobacco” is necessary to elucidate the effect
of cannabis use on cardiovascular health independent
of tobacco use.'? We performed these tests and con-
trolled for potential confounders.

The Behavioral Risk Factor Surveillance System
(BRFSS) is a national cross-sectional survey performed
annually by the Centers for Disease Control and
Prevention. Beginning in 2016, an optional cannabis
module was included supporting an analysis exam-
ining the association of cannabis use with cardiovas-
cular outcomes.'® Although there have been 3 other
studies examining the association of cannabis use with
cardiovascular events using the BRFSS cannabis mod-
ule,'®?" our much larger sample size enabled us to in-
vestigate whether cannabis use was associated with
atherosclerotic heart disease outcomes among the
general adult population, among nontobacco cigarette
users, and among younger adults.

METHODS

Study Sample

We combined 2016 to 2020 BRFSS data from 27
American states and 2 territories participating in the can-
nabis module during at least 1 of these years (Table S1).
BRFSSis atelephone survey that collects data fromarep-
resentative sample of US adults on risk factors, chronic
conditions, and health care access.”® The BRFSS ques-
tions used are summarized in Table S2. Because this
study was based on publicly available data and exempt
from institutional review board review, informed consent
was not obtained. The data and corresponding materials
that support the findings of this study are available from
the corresponding author upon request.

Our sample included those 18 to 74 years old from
the BRFSS (N=434104) who answered the question,
“During the past 30days, on how many days did you
use marijuana or hashish?”, excluding (<1%) those who
answered “Don’t know” or refused to answer. We ex-
cluded adults >74years old because cannabis use is
uncommon in this population.

Measures

We quantified cannabis use as a continuous variable,
days of cannabis use in the past 30days divided by
30. Thus, daily cannabis use is scored 1, and less
than daily use scores were proportionately lower.
Specifically, daily use was scored as 1=30/30, 15days
per month was scored 0.5=15/30, and nonuse was
scored 0=(0/30). Nonusers’ score was 0. Therefore, a
1-unit change in our cannabis use frequency metric is
equivalent to a comparison of Odays of cannabis use
within past 30 days to daily cannabis use.
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Demographic variables included age, sex, and self-
identified race and ethnicity. Socioeconomic status
was represented by educational attainment, catego-
rized as less than high school, high school, some col-
lege, or college graduate.

Cardiovascular risk factors included tobacco cigarette
use (never, former, current), current alcohol consumption
(nonuse, nondaily use, daily use), body mass index, dia-
betes, and physical activity. Nicotine e-cigarette use was
similarly classified as never, former, or current.

Outcomes were assessed when respondents were
asked, “Has a doctor, nurse, or other health professional
ever told you that you had any of the following....?”.
Coronary heart disease (CHD) was assessed by: “(Ever
told) you had angina or coronary heart disease?” The
lifetime occurrence of myocardial infarction (MI): “(Ever
told) you had a heart attack, also called a myocardial in-
farction?” Stroke: “(Ever told) you had a stroke?” Finally,
we created composite indicator for cardiovascular dis-
ease, which included any CHD, M, or stroke.

Statistical Analysis

Complete case-weighted estimates of demographic
and socioeconomic factors, health behaviors, and
chronic conditions were calculated using survey strata,
primary sampling units clusters, and sampling weights
for the 5years of combined data to obtain nationally
representative results for the states using the cannabis
module.?? P values for bivariate analyses were calcu-
lated by the Rao-Scott corrected x? test.

We conducted 3 multivariable logistic analyses of the
association of lifetime occurrence of CHD, M, stroke,
and the composite of the 3 with cannabis use ([days
per month]/30) as a function of demographic and so-
cioeconomic factors, health-related behaviors, and
other chronic conditions, accounting for the complex
survey design. The first analysis included the entire
sample 18 to 74years old controlling for tobacco cig-
arette use and other covariates. The second was con-
ducted among the respondents who had never used
tobacco cigarettes. The third was conducted among
respondents who had never used tobacco cigarettes or
e-cigarettes. In the first analysis, we tested for an inter-
action between current cannabis use (any cannabis use
frequency between 1 and 30days) and current tobacco
cigarette use to see if there were synergistic effects of
cannabis and conventional tobacco use by measuring
the coefficient. An interaction was coded as present if
frequency of cannabis use was at least 1 day per month,
and conventional tobacco use was coded as current. In
addition, we examined the variance inflation factors for
the cannabis and tobacco use variables to ensure that
they were quantifying statistically independent effects.
An upper bound of 5 for the variance inflation factor was
used for determination of independent effects.?®
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We performed supplemental analyses restrict-
ing the 3 main analyses to younger adults at risk for
premature cardiovascular disease, which we defined
as men <55years old and women <65years old. The
difference in age cutoff by sex is due to the protec-
tive effect of estrogen.?* We also conducted sensitivity
analyses limiting the comparison to daily versus non-
users using the same multivariate model as in the main
analysis and using propensity-score matching (details
in Data S1).

We used R statistical software version 4.0 (R Core
Team, 2020, Vienna, Austria) and survey package to
produce complex survey-adjusted statistics.?®?6 We
used the package car to estimate the survey-adjusted
variance inflation factors.?’

RESULTS

Baseline Characteristics

Among the 434104 respondents 18 to 74years old
who answered the cannabis module, the weighted
prevalence of daily cannabis use was 4.0%, nondaily
use was 71% (median: 5days per month; interquar-
tile range, 2-14), and nonuse was 88.9%. The most
common form of cannabis consumption was smok-
ing (73.8% of current users). The mean age of the
respondents was 45.4years. About half (51.1%) were
women, and the majority of the respondents were
White (60.2%), whereas 11.6% were Black, 19.3%
Hispanic, and 8.9% other race and ethnicity (eg, non-
Hispanic Asian, Native American, Native Hawaiian and
Pacific Islander, and those self-reporting as multiracial)
(Table 1). Daily alcohol use and physical activity had a
prevalence of 4.3% and 75.0%, respectively. Most of
the sample had never used tobacco cigarettes (61.1%).
The prevalence of CHD, MI, stroke, and the com-
posite outcome of all 3 were 3.5% (N=20009), 3.6%
(N=20563), 2.8% (N=14922), and 7.4% (N=40759), re-
spectively. The percentage of missing values for each
variable was <1% of the total sample size except for
race (1.64%) and alcohol use (1.06%).

There were significant differences in demograph-
ics, outcomes, and tobacco and alcohol use between
adults who used cannabis daily, nondaily, and not at all
within the past 30days (Table 1). There was a higher
prevalence of current tobacco use and daily alcohol
use among adults who use cannabis daily and non-
daily compared with not at all (P<0.001 for all). There
were significant differences in the distribution of CHD
(P<0.001), MI (P=0.003), stroke (P=0.014), and the
composite of CHD, MI, and stroke (P<0.001) between
respondents reporting daily, nondaily, and nonuse of
cannabis, with the lowest point estimates among the
nondaily users (Table 1). However, cannabis users had
a lower prevalence of other cardiovascular risk factors
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Table 1. Distribution of Sociodemographic Factors, Health-Related Behaviors, and Comorbidities Among Behavioral Risk
Factor Surveillance System Respondents 18 to 74 Years Old

Daily cannabis use Nondaily cannabis use No cannabis use
Characteristic Total (N=434 104%) (N=12 331%) (N=23 049*) (N=398 724*) P value
Demographics
Age, y
18-34 30.5 (30.2-30.9) 49.8 (48.1-51.5) 49.8 (48.5-51.0) 28.1 (27.8-28.5) <0.001
35-64 55.0 (54.7-55.4) 45.3 (43.6-47.0) 43.8 (42.5-45.0) 56.3 (56.0-56.6)
65+ 14.5 (14.3-14.7) 4.9 (4.3-5.5) 6.5 (6.0-7.0) 15.6 (15.4-15.8)
Sex
Women 511 (50.8-51.4) 35.1 (33.5-36.7) 40.8 (33.5-36.7) 52.6 (52.3-53.0) <0.001
Race and ethnicity
White 60.2 (569.9-60.5) 60.6 (58.8-62.3) 61.4 (60.1-62.7) 60.1 (59.8-60.4) <0.001
Black 11.6 (11.4-11.9) 16.2 (14.7-17.6) 13.0 (12.0-14.0) 11.3 (11.1-11.6)
Hispanic 19.3 (19.0-19.6) 15.7 (14.2-17.1) 16.8 (15.8-17.9) 19.7 (19.4-19.9)
Other? 8.9 (8.6-9.1) 7.6 (6.8-8.5) 8.7 (8.0-9.5) 8.9 (8.7-9.2)
Socioeconomic status
Education
Less than high school 13.0 (12.8-13.3) 16.2 (14.8-17.7) 10.2 (9.3-11.1) 13.1 (12.9-13.4) <0.001
High school 27.6 (27.4-27.9) 36.6 (34.9-38.2) 27.0(25.9-28.2) 27.3 (27.0-27.6)
Some college 31.9 (31.6-32.2) 34.6 (33.0-36.3) 39.1 (37.9-40.4) 31.2 (30.9-31.5)
Graduated college 27.4 (27.2-27.7) 12.6 (11.7-13.5) 23.6 (22.7-24.6) 28.4 (28.1-28.7)
Substance use
Tobacco cigarette smoking
Never smoker 61.1 (60.8-61.4) 28.6 (27.0-30.2) 44.6 (43.4-45.9) 63.9 (63.6-64.2) <0.001
Former smoker 22.5(22.3-22.8) 26.6 (25.1-28.0) 25.2 (24.1-26.2) 22.1(21.8-22.4)
Current smoker 16.4 (16.1-16.6) 44,5 (43.1-46.6) 30.2 (29.0-31.4) 14.0 (13.7-14.2)
Alcohol
Nonuse 48.1 (47.8-48.5) 31.9 (30.4-33.4) 22.9 (21.8-24.0) 50.9 (50.5-51.2) <0.001
Nondaily use 47.6 (47.3-47.9) 58.7 (57.0-60.3) 69.9 (68.8-71.1) 45.3 (45.0-45.7)
Daily use 4.3 (41-4.4) 9.5 (8.5-10.4) 7.2 (6.6-7.8) 3.8 (3.7-3.9)
Chronic conditions
Obese 32.1(31.8-32.4) 25.5(23.9-27.0) 24.0 (23.9-26.0) 33.0 (32.7-33.3) <0.001
Diabetes 10.6 (10.4-10.8) 6.1 (5.3-6.8) 5.3 (4.8-5.8) 11.2 (11.0-11.5) <0.001
Physical activity 75.0 (74.8-75.3) 75.6 (741-77.1) 81.6 (80.7-82.6) 74.5 (741-74.8) <0.001
Coronary heart disease 3.5 (8.4-3.6) 2.9 (2.5-3.4) 2.5(2.2-2.9) 3.6 (3.5-8.7) <0.001
Myocardial infarction 3.6 (3.5-3.7) 3.6 (3.1-4.1) 2.9 (2.6-3.3) 3.7 (3.6-3.9) 0.003
Stroke 2.8 (2.7-2.9) 3.4 (2.9-3.9) 2.5(21-2.8) 2.8 (2.7-2.9) 0.014
Composite (coronary 7.4 (7.2-7.6) 7.3 (6.6-8.1) 6.0 (5.4-6.5) 7.5(7.4-77) <0.001
heart disease, myocardial
infarction, stroke)

Data are presented as weighted percent (95% CI). Percentage in each subgroup per column.

*Numbers are unweighted.

fIncludes non-Hispanic Asian, Native American, Native Hawaiian and Pacific Islander, and those self-reporting as multiracial.

(less obesity, less diabetes, lower age, higher educa-
tion) besides tobacco and alcohol use.

Association of Cannabis Use With
Cardiovascular Outcomes in the General
Population

The multivariate survey-adjusted logistic regression
analysis of the entire sample did not reach a significant

J Am Heart Assoc. 2024;13:e030178. DOI: 10.1161/JAHA.123.030178

association between daily cannabis use and CHD
(adjusted odds ratio [aOR], 1.16 [95% CI, 0.98-1.38];
P=0.09) (Table 2). However, there was a significant as-
sociation between cannabis use and MI, with an aOR
of 1.25 (95% Cl, 1.07-1.46), meaning that there was a
25% increased odds of MI among adults using can-
nabis daily compared with nonuse, with lower odds for
less than daily use. Controlling for other risk factors,
cannabis use had similar dose—-response relationships
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Table 2. Association Between Days of Cannabis Use Per 30Days and Cardiovascular Outcomes and Covariates in
Behavioral Risk Factor Surveillance System Respondents 18 to 74 Years Old*

Composite outcome of

Variable

CHD

Mi

Stroke

CHD, M, stroke

Cannabis use’

116 (0.98-1.38)

1.25 (1.07-1.46)*

1.42 (1.20-1.68)

1.28 (1.13-1.44)*

Former smoker

1.73 (1.60-1.87)¢

1.77 (1.64-1.92)*

1.47 (1.34-1.61)*

1.64 (1.55-1.74)*

Current smoker

1.94 (1.75-2.16)*

2.63 (2.38-2.90)

2.08 (1.89-2.30)¢

216 (2.01-2.32)F

Age per 10y 1.86 (1.80-1.92)F 1.87 (1.81-1.93)" 1.62 (1.57-1.67)F 1.79 (1.75-1.83)*
Men 1.69 (1.58-1.81)F 2,07 (1.93-2.22)F 143 (1.04-1.21)F 1.56 (1.48-1.64)¢
Black race 0.71 (0.62-0.82)¢ 0.82 (0.72-0.94) 1.51 (1.35-1.68)F 1.02 (0.93-1.11)
Hispanic ethnicity 0.78 (0.69-0.88)¢ 0.77 (0.67-0.87)¢ 0.64 (0.55-0.75)* 0.76 (0.69-0.83)*
Other$ 0.95 (0.79-1.15) 0.99 (0.84-1.17) 1.07 (0.91-1.27) 1.00 (0.89-1.14)
BMI 1.02 (1.02-1.08)¢ 1.02 (1.01-1.02)* 1.01 (1.00-1.01)* 1.02 (1.01-1.02)*
Diabetes 2.40 (2.21-2.61)} 2.28 (210-2.46) 1.98 (1.81-2.17)} 2.26 (212-2.4)¢

Nondaily alcohol use

0.68 (0.63-0.73)

0.67 (0.63-0.73)

(
0.62 (0.57-0.68)*

0.66 (0.63-0.70)

Daily alcohol use

0.74 (0.62-0.89)*

(
0.70 (0.59-0.84)*

0.72 (0.62-0.85)F

0.72 (0.64-0.81)*

High school diploma

0.80 (0.70-0.90)*

0.74 (0.66-0.83)*

0.75 (0.66-0.85)

0.75 (0.69-0.82)*

0.69 (0.61-0.77)* 0.73 (0.64-0.82)

0.72 (0.66-0.79)*

Some college 0.82 (0.72-0.94)
(

College degree 0.68 (0.59-0.78)*

0.49 (0.44-0.56)*

0.53 (0.47-0.61)* 0.55 (0.50-0.60)*

Physical activity 0.75 (0.69-0.81)*

0.72 (0.67-0.78)*

(
0.64 (0.59-0.69)* 0.70 (0.66-0.74)*

Data are presented as adjusted odds ratio (95% CIl). BMI indicates body mass index; CHD, coronary heart disease; and MI, myocardial infarction.
*Adjusting for tobacco cigarette use, age, sex, race, BMI, diabetes, alcohol use, educational attainment, and physical activity.
fDays used in past 30days divided by 30. Nonuse scored as 0/30=0, use 15days/month scored as 15/30=0.5, and daily use scored 30/30=1; therefore,

adjusted odds ratios correspond to risk of daily use compared with nonuse.
*Statistical significance, P<0.05.

SIncludes non-Hispanic Asian, Native American, Native Hawaiian and Pacific Islander, and those self-reporting as multiracial.

with stroke (@OR, 1.42 [95% CI, 1.20-1.68]) and the
composite of CHD, MI, and stroke (aOR, 1.28 [95% Cl,
1.13-1.44]; Table 2). The Figure shows the full dose-re-
sponse fit curves and 95% Cls. When testing for the
independence of current cannabis use and current
tobacco cigarette use, the interaction was nonsignifi-
cant (P>0.20) for all outcomes (Table S3). The variance
inflation factors for current cannabis use and current
tobacco cigarette use were all <2.2.

As suggested by the lack of interaction between cur-
rent cannabis use and tobacco use, results were similar
among adults who had never used tobacco cigarettes.
There were significant differences in the distribution of
cardiovascular events between respondents reporting
daily, nondaily, and nonuse of cannabis, with the low-
est point estimates among the nondaily users (Table 3).
Cannabis use was not associated with CHD but was as-
sociated with higher odds of Ml (@OR, 1.49 [95% Cl, 1.03-
2.15]) versus tobacco-adjusted odds in the whole sample
@0OR, 1.25[95% Cl, 1.07-1.48)), stroke (@OR, 2.16 [95% Cl,
1.43-3.25] versus aOR, 1.42 [95% Cl, 1.20-1.68]), and the
composite outcome of CHD, MI, and stroke (@OR, 1.77
[95% Cl, 1.31-2.40] versus aOR, 1.28 [95% Cl, 1.13-1.44])
in respondents 18 to 74 years old (Table 4).

Among those who had never used tobacco ciga-
rettes and had never used e-cigarettes, cannabis use
was not associated with CHD or MI but was associ-
ated with stroke (aOR, 2.24 [95% Cl, 1.31-3.83]) versus

J Am Heart Assoc. 2024;13:e030178. DOI: 10.1161/JAHA.123.030178

tobacco-adjusted odds in the whole sample (aOR,
1.42 [95% ClI, 1.20-1.68]), and the composite outcome
of CHD, MI, and stroke (aOR, 1.63 [95% ClI, 1.12-2.38]
versus aOR, 1.28 [95% ClI, 1.13-1.44]) in respondents
18 to 74 years old (Table S4).

Association of Cannabis Use With
Cardiovascular Outcomes Among
Younger Adults
The supplemental analyses of the respondents re-
stricted to younger adults at risk for premature car-
diovascular disease (men <55years old and women
<B5years old) demonstrated similar associations be-
tween cannabis use and cardiovascular outcomes.
Cannabis use was significantly associated with CHD
(@OR, 1.30 [95% ClI, 1.00-1.67]), Ml (@OR, 1.30 [95%
Cl, 1.04-1.62)), stroke (aOR, 1.56 [95% ClI, 1.25-1.95)),
and the composite outcome of CHD, MI, and stroke
@OR, 1.36 [95% ClI, 1.16-1.61]; Table S5). When test-
ing for the independence of current cannabis use and
current tobacco cigarette use, the interaction was non-
significant (P>0.50 for all; Table S6), and the variance
inflation factors for current cannabis use and current
tobacco cigarette use were <3.5.

In those who had never used tobacco cigarettes
and at risk for premature cardiovascular disease (men
<b5years old, women <65years old), cannabis use
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Figure. Dose-response correlation graph of the magnitude of the OR for the association between days of cannabis use per

month and adverse cardiovascular outcomes.

A, CHD. B, MI. C, Stroke. D, Composite outcome of CHD, MI, and stroke. The OR and 95% CI show that the association is significant
for every outcome except CHD. CHD indicates coronary heart disease; Ml, myocardial infarction; and OR, odds ratio.

was significantly associated with CHD (aOR, 2.36 [95%
Cl, 1.25-4.45)), stroke (@OR, 2.40 [95% ClI, 1.42-4.07)),
and the composite of CHD, MI, and stroke (aOR, 2.13
[95% CI, 1.44-3.13]; Table S7).

Among these younger (men <55years old, women
<65years old) respondents who had never used to-
bacco cigarettes and e-cigarettes, cannabis use was
significantly associated with stroke (aOR, 2.51 [95% Cl,
1.22-5.14]) and the composite outcome of CHD, M,
and stroke (aOR, 1.82 [95% ClI, 1.06-3.11]; Table S8).

Association of Smoked Cannabis Use
With Cardiovascular Outcomes in the
General Population

The sensitivity analyses that limited cannabis users to
those who primarily used smoking as the method of

J Am Heart Assoc. 2024;13:e030178. DOI: 10.1161/JAHA.123.030178

cannabis consumption showed similar associations
between smoked cannabis use and cardiovascular
outcomes. Smoked cannabis use was significantly asso-
ciated with Ml (@OR, 1.26 [95% Cl, 1.04-1.52)), stroke (@OR,
1.50 [95% Cl, 1.22-1.85]), and the composite of CHD, M,
or stroke (a0OR, 1.30 [95% CI, 1.12-1.51]; Table S9).

Sensitivity Analyses Limiting the Analysis
to Daily Versus Nonusers

Comparing daily users to nonusers (ie, excluding non-
daily users) yielded similar ORs as the main analy-
sis that assumed a dose-response proportional to
days per month used (Table S10). The results of the
propensity-matched analysis are similar to the analy-
sis comparing daily with nonusers with the original
multivariate approach described in the article, except
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Table 3. Distribution of Sociodemographic Factors, Health-Related Behaviors, and Comorbidities Among Behavioral Risk
Factor Surveillance System Respondents Who Have Never Used Tobacco Cigarettes

Daily cannabis use Nondaily cannabis use No cannabis use
Characteristic Total (N=252497*) (N=2892%) (N=8864*) (N=240741*) P value
Demographics
Age, y
18-34 35.9 (35.5-36.3) 64.0 (60.9-67.2) 65.7 (63.9-67.4) 33.7 (33.3-34.1) <0.001
35-64 521 (51.6-52.5) 31.8 (28.8=34.8) 30.5(28.8-32.2) 53.7 (63.2-54.1)
65+ 12.0 (11.8-12.2) 4.2 (3.1-5.2) 3.8 (3.3-4.4) 12.6 (12.4-12.9)
Sex
Women 55.5 (55.0-55.9) 36.4 (33.2-39.7) 44.6 (42.7-46.5) 56.5 (56.0-56.9) <0.001
Race and ethnicity
White 54.3 (63.9-54.7) 47.4 (44.0-50.8) 52.0 (560.0-583.9) 54.6 (54.1-55.0) <0.001
Black 13.1 (12.7-13.4) 22.6 (19.6-25.8) 15.9 (14.2-17.5) 12.7 (12.4-13.0)
Hispanic 225 (22.2-22.9) 22.6 (19.5-25.8) 22.5(20.8-24.3) 22.5(22.2-22.9)
Other? 10.1 (9.8-10.4) 7.3 (6.6-8.9) 9.6 (8.4-10.9) 10.2 (9.9-10.5)
Socioeconomic status
Education
Less than high 11.2 (10.9-11.5) 10.3 (7.9-12.7) 4.7 (3.9-5.5) 1.6 (11.1-11.9) <0.001
school
High school 25.0 (24.7-25.4) 33.4 (30.2-36.7) 251 (23.4-26.8) 24.8 (24.5-25.2)
Some college 30.7 (30.3-31.1) 40.0 (36.6-43.4) 41.7 (39.7-43.7) 29.9 (29.5-30.3)
Graduated college 33.1 (32.7-33.4) 16.3 (14.4-18.2) 28.4 (26.9-30.0) 33.7 (33.3-34.0)
Substance use
Alcohol
Nonuse 51.3 (60.9-51.7) 28.5 (25.6-31.4) 21.0 (19.4-22.7) 53.4 (53.0-53.9) <0.001
Nondaily use 46.3 (45.9-46.7) 64.3 (61.1-67.5) 75.5 (73.8-77.1) 44.3 (43.9-44.8)
Daily use 2.4 (2.3-2.5) 7.2 (5.5-9.0) 3.5 (2.9-4.1) 2.2 (21-2.3)
Chronic conditions
Obese 31.0 (30.6-31.4) 26.1 (23.1-29.0) 23.0 (21.5-24.6) 31.6 (31.2-32.0) <0.001
Diabetes 9.0 (8.7-9.2) 5.5 (4.1-7.0) 3.5(2.9-4.1) 9.3 (9.1-9.6) <0.001
Physical activity 77.7 (77.4-78.1) 80.6 (77.7-83.4) 86.8 (85.6-88.1) 77.2 (76.8-77.5) <0.001
Coronary heart 2.2 (21-2.3) 2.0 (1.0-2.9) 0.9 (0.6-1.2) 2.3 (21-2.4) <0.001
disease
Myocardial infarction 2.0 (1.9-2.1) 1.7 (11-2.3) 1.3(0.9-1.7) 21 (2.0-2.2) 0.004
Stroke 1.8 (1.7-1.9) 2.6 (1.6-3.5) 1.0(0.7-1.2) 1.9 (1.8-2.0) <0.001
Composite (coronary 4.8 (4.6-4.9) 4.9 (3.5-6.2) 27(21-3.2) 4.9 (4.7-5.1) <0.001
heart disease,
myocardial infarction,
stroke)

Data are presented as weighted percent (95% CI). Percentage in each subgroup per column.

*Numbers are unweighted.

fincludes non-Hispanic Asian, Native American, Native Hawaiian and Pacific Islander, and those self-reporting as multiracial.

that the OR for MI drops below statistical significance
(P=0.08), probably due to the smaller sample size of
the propensity-matched sample (Table S10).

DISCUSSION

Past 30-day cannabis use was associated with M,
stroke, and composite outcomes of CHD, MI, and stroke
among adults 18 to 74 years old, controlling for tobacco
smoking status, age, sex, race and ethnicity, body mass

J Am Heart Assoc. 2024;13:e030178. DOI: 10.1161/JAHA.123.030178

index, diabetes, alcohol use, educational attainment,
and physical activity. This effect exhibited a dose-re-
sponse relationship, with more days of use associated
with higher risks (Figure). Among adults at risk for pre-
mature cardiovascular disease, cannabis use was asso-
ciated CHD, M|, stroke, and composite of CHD, MI, and
stroke when controlling for the same variables.

We performed 6 analyses that illustrated the robust-
ness of these findings, regardless of tobacco cigarette
use. First, we investigated whether an interaction variable
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Table 4. Association Between Days of Cannabis Use Per 30Days and Cardiovascular Outcomes and Covariates in
Behavioral Risk Factor Surveillance System Respondents 18 to 74 Years Old Who Have Never Used Tobacco Cigarettes*

Composite outcome of CHD,

Variable

CHD

Mi

Stroke

MI, stroke

Cannabis use’

1.45 (0.88-2.40)

1.49 (1.03-2.15)¢

216 (1.43-3.25)F

1.77 (1.31-2.40)*

)
Age per 10y 1.86 (1.77-1.95)* 1.88 (1.78-1.99)+ 1.61 (1.53-1.69)¢ 1.77 (1.71-1.83)¢
Men 1.71 (1.53-1.91)¢ 1.97 (1.75-2.22) 111 (0.98-1.25) 1.50 (1.39-1.63)*
Black race 0.80 (0.66-0.98)F 0.94 (0.75-1.17) 1.63 (1.38-1.94) 114 (1.00-1.29)¢
Hispanic ethnicity 0.90 (0.75-1.07) 0.85 (0.71-1.03) 0.63 (0.50-0.79)F 0.82 (0.72-0.93)}
Other$ 0.90 (0.66-1.22) 0.85 (0.64-1.13) 0.76 (0.58—1.00)*

(
(

(
0.87 (0.71-1.08)
(

BMI 1.03 (1.02-1.04) 1.02 (1.01-1.03)* 1.02 (1.01-1.03)* 1.02 (1.02-1.09)¢
Diabetes 2.36 (2.07-2.69)* 217 (1.91-2.47)F 212 (1.84-2.45)% 219 (1.99-2.41)
Nondaily alcohol use 0.76 (0.67-0.85)* 0.74 (0.65-0.84)* 0.64 (0.56-0.73)* 0.71 (0.65-0.77)¢
Daily alcohol use 0.85 (0.65-1.11) 0.72 (0.55-0.95)* 0.77 (0.57-1.05) 0.79 (0.65-0.95)*
High school diploma 0.78 (0.61-1.01) 0.72 (0.57-0.91)¢ 0.77 (0.60-0.99)¢ 0.73 (0.62-0.87)
Some college 0.80 (0.62-1.04) 0.65 (0.51-0.82)¢ 0.78 (0.61-1.00)¢ 0.72 (0.60-0.85)F
College degree 0.72 (0.55-0.93)* 0.49 (0.39-0.62)} 0.59 (0.46-0.75)* 0.58 (0.49-0.69)*
Physical activity 0.65 (0.57-0.73)¢ 0.68 (0.59-0.77)} 0.6 (0.52-0.69)* 0.64 (0.58-0.70)*

Data are presented as adjusted odds ratio (95% CIl). BMI indicates body mass index; CHD, coronary heart disease; and MI, myocardial infarction.
*Adjusting for tobacco cigarette use, age, sex, race, BMI, diabetes, alcohol use, educational attainment, and physical activity.
fDays used in past 30days divided by 30. Nonuse scored as 0/30=0, use 15days/month scored as 15/30=0.5, and daily use scored 30/30=1; therefore,

adjusted odds ratios correspond to risk of daily use compared with nonuse.
*Statistical significance, P<0.05.

SIncludes non-Hispanic Asian, Native American, Native Hawaiian and Pacific Islander, and those self-reporting as multiracial.

between current cannabis use and current tobacco cig-
arette use was significant for these outcomes. It was
not; the interaction was nonsignificant (P>0.20 for all
outcomes), and the variance inflation factors for current
cannabis use and current tobacco smoking were all <2.2,
indicating that current tobacco cigarette use and current
cannabis use have independent associations with the car-
diovascular outcomes of interest. Second, this evidence
is reinforced by the finding of an association between
cannabis use and cardiovascular outcomes in those who
had never used tobacco cigarettes. Third, in the much
smaller subgroup analysis of those who never used to-
bacco cigarettes and e-cigarettes (N=176963), cannabis
use had a strong positive association with stroke and the
composite outcome of CHD, MI, and stroke.

Moreover, our supplemental analyses show that the
positive relationships between cannabis use and ad-
verse cardiovascular outcomes are similar but larger
for younger adults at risk of premature cardiovascular
disease. Similarly, the interaction between current can-
nabis use and current tobacco cigarette use was not
significant, and variance inflation factors were low, also
demonstrating that among this younger subset of re-
spondents, current cannabis use and current tobacco
cigarette use have an independent association with
adverse cardiovascular outcomes. Furthermore, our
sensitivity analyses restricting the sample to daily use
and nonuse and implemented by the main multivariate
model, as well as the propensity-score matched anal-
ysis, show similar results.
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The independent effects of cannabis and tobacco
cigarette use in the general adult population and ef-
fects of cannabis use among those who never used
tobacco cigarettes are notable, because some have
questioned whether cannabis use has any effect be-
yond that of being associated with tobacco use, de-
spite the shared mechanism of inhaling particulate
matter.">~'" We found that, after controlling for potential
confounders, cannabis use has a strong independent
effect in the general population and a strong associa-
tion with cardiovascular outcomes independent of the
effects of using tobacco cigarettes and e-cigarettes.
In addition, the 95% Cls for the cardiovascular risks
of cannabis and tobacco use overlap both in the mul-
tivariate analysis of all respondents and the analysis
of never-tobacco cigarette smokers, suggesting that
smoking cannabis and smoking tobacco have similar
independent additive risks. This is particularly import-
ant, because cannabis use is increasing and conven-
tional tobacco use is decreasing.

The associations between cannabis use and car-
diovascular outcomes have generally focused on life-
time use or any use within the past year, past month,
or concurrent International Classification of Diseases,
Ninth Revision (ICD-9) diagnostic codes for canna-
bis dependent and nondependent abuse.?®-3* Three
previous studies have used pooled BRFSS data to
investigate the relationship between cannabis use
and stroke, MI, and the combined outcome of MI and
CHD."¥-?" These studies found a significant association
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between frequent cannabis use and their 3 cardiovas-
cular outcomes of interest. Our analysis was similar but
is based on a sample 3 to 17 times larger than prior
studies. In particular, our sample was large enough
that we could investigate the association of cannabis
use with cardiovascular outcomes in a subsample that
included only those who had never used tobacco cig-
arettes, and a second smaller subset of those who had
never used tobacco cigarettes and e-cigarettes. We
also accounted for number of days used per month
as a continuous variable. This analysis is important,
because it suggests that cannabis use alone may be
a risk factor for adverse cardiovascular outcomes.
Among US adults, cannabis use is increasing in both
prevalence and frequency, whereas conventional to-
bacco smoking is declining in prevalence.*3%36

Limitations

First, our study is limited by its cross-sectional design.
Although prospective studies are needed to confirm
our findings, reverse causality (eg, participants expe-
rienced an Ml and started using cannabis) is an un-
likely explanation for our findings. Multiple studies have
examined reasons for cannabis use, which include
chronic pain, insomnia, and anxiety.®” Coronary heart
disease, MI, and stroke are not reported as reasons for
cannabis use.®” Nevertheless, there is an urgent need
for prospective cohort studies that examine the asso-
ciation of cannabis use and cardiovascular outcomes,
accounting for frequency of use.

Second, cardiovascular conditions were evaluated
by self-report and therefore subject to recall bias, but
self-report of cardiovascular disease using similar ques-
tions has been validated against medical records.38:3°

Third, cannabis use is self-reported within the
BRFSS. However, this is the established standard for
population observational studies on tobacco use, as
concluded by the Surgeon General in 2020.404! Self-
report using standard questions that have been vali-
dated against medical records is an accepted method
used to assess substance use and is used widely in
epidemiological surveys and cohort studies.** The
agreement between self-report and urine test for pre-
natal cannabis use was poor to moderate, but there is
more stigma about cannabis use by pregnant women
than others.*® Agreement between self-report of can-
nabis use and biochemical validation of cannabis use
was much greater for those sustaining traumatic in-
jury.** Moreover, any nonreported cannabis use would
bias our results to the null, making our conclusions
conservative.

Fourth, although we had data on several important
cardiovascular risk factors (tobacco use, body mass
index, diabetes), we did not have data on participants’
baseline lipid profile or blood pressure.
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Fifth, we compared BRFSS respondents in states
that administered the optional cannabis module (in-
sample) to respondents in states that did not admin-
ister the cannabis module and found small differences
(Table S11).

Sixth, because BRFSS data are anonymized, the
respondents’ answers cannot be linked to death re-
cords, so we cannot analyze the effect of the cannabis
use on total mortality or cardiac mortality.

Seventh, the large proportion of users being young
confounds this study in an important way. For athero-
sclerotic disease, the process evolves over decades.
Therefore, the contribution of cannabis use to athero-
sclerosis development is likely not yet fully reflected in
the BRFSS data. If the adverse impact is related to en-
dothelial activation, then the effects are likely reversible,
similar to chronic tobacco use or the impact of clean
indoor air legislation on Ml rates. However, if there is a
contribution to atherosclerosis development, then the
impact is underestimated due to the age distribution of
the cohort.

CONCLUSIONS

Cannabis has strong, statistically significant asso-
ciations with adverse cardiovascular outcomes inde-
pendent of tobacco use and controlling for a range of
demographic factors and outcomes. It remains posi-
tively associated with cardiovascular disease among
the general population, and men <55years old and
women <B5years old, those who have never use to-
bacco cigarettes, and those who have never used to-
bacco cigarettes or e-cigarettes. These data suggest
that cannabis use may be a risk factor for cardiovas-
cular disease and may be a risk factor for premature
cardiovascular disease. Patients and policymakers
need to be informed of these potential risks, especially
given the declining perception of risk associated with
cannabis use.
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