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Cumulative Lifetime Marijuana Use and Incident
Cardiovascular Disease in Middle Age: The
Coronary Artery Risk Development in Young

Adults (CARDIA) Study

Jared P. Reis, PhD, Reto Auer, MD, MAS, Michael P. Bancks, PhD, MPH, David C. Goff Jr, MD, PhD, Cora E. Lewis, MD, MSPH,
Mark J. Pletcher, MD, MPH, Jamal S. Rana, MD, PhD, James M. Shikany, DrPH, and Stephen Sidney, MD, MPH

Objectives. To investigate the effects of marijuana in the development of incident
cardiovascular and cerebrovascular outcomes.

Methods. Participants were 5113 adults aged 18 to 30 years at baseline (1985-1986)
from the Coronary Artery Risk Development in Young Adults study, who were followed
for more than 25 years. We estimated cumulative lifetime exposure to marijuana using
repeated assessments collected at examinations every 2 to 5 years. The primary outcome

was incident cardiovascular disease (CVD) through 2013.

Results. Atotal of 84% (n=4286) reported a history of marijuana use. During a median
26.9 years (131990 person-years), we identified 215 CVD events, including 62 strokes or
transient ischemic attacks, 104 cases of coronary heart disease, and 50 CVD deaths.
Compared with no marijuana use, cumulative lifetime and recent marijuana use showed
no association with incident CVD, stroke or transient ischemic attacks, coronary heart
disease, or CVD mortality. Marijuana use was not associated with CVD when stratified by

age, gender, race, or family history of CVD.

Conclusions. Neither cumulative lifetime nor recent use of marijuana is associated with
the incidence of CVD in middle age. (Am J Public Health. 2017;107:601-606. doi:10.2105/

AJPH.2017.303654)

M arijuana is the most frequently used
illicit drug in the United States. Its use

is greatest among young adults, with as many
as 35.1% of high school seniors and 34.4% of
college students reporting having used mar-
jjuana during the preceding year.' Despite its
popularity, however, few studies have ex-
amined the long-term cardiovascular effects
of marijuana.

The acute cardiovascular effects of mari-
juana include a substantial dose-dependent
increase in heart rate, a mild increase in blood
pressure, and orthostatic hypotension.”™
However, it is unknown whether these im-
mediate effects heighten the risk for chronic
cardiovascular conditions because tolerance is
known to develop within several days to a few
weeks of use.” Case reports have suggested
possible links between marijuana use and
myocardial infarction,®” stroke,>® and
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cardiac arrthythmias.'”"" One study, using
a case—crossover design in which cases served
as their own controls, showed that marijuana
use during the hour before symptom onset
was associated with a higher risk of triggering

L. . 12
myocardial infarction.

Evidence suggests that marijuana may
have opposing effects on the long-term

development of atherosclerosis and cardio-
vascular disease (CVD)."> The main com-
ponents of marijuana are the cannabinoids,
the active ingredients of marijuana. Canna-
binoid receptors CB1 and CB2 are widely
distributed in the cardiovascular system.'* In
mice, activating the CB2 receptor has been
shown to suppress the inflammatory re-
sponse'”; therefore, this might protect
marijuana smokers from developing
atherosclerosis. Activating the CB1 receptor,
conversely, might increase atherosclerosis,
because inhibiting CB1 may protect against
atherosclerosis. '®

Despite these potential mechanisms, weak
and inconsistent associations have been ob-
served between cumulative marijuana use and
subclinical atherosclerosis.'” Contrary to the
previously cited retrospective studies and case
reports that claim that marijuana may be an
acute trigger of myocardial infarction and
other cardiovascular outcomes, longitudinal
prospective studies have failed to detect ad-
verse effects of marijuana use on cardiovas-
cular risk factors,'®'” hospitalizations for

. .20 21,22
cardiovascular conditions,

or mortality.
However, these few available prospective
studies have generally been limited by only

a single assessment and crude classification of
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marijuana use (e.g., current or former user) or
the absence of carefully conducted clinical
cardiovascular or cerebrovascular event col-
lection, adjudication, and classification.

We investigated the recent and long-term
effects of marijuana use in the development of’
multiple incident cardiovascular and cere-
brovascular outcomes in middle age among
a population-based sample of participants
with marijuana use typical of the commu-
nities in which they live. We estimated both
the recent frequency and cumulative lifetime
exposure to marijuana using repeated mea-
surements beginning in young adulthood.

METHODS

Participants were Black and White adults
recruited in 1985-1986 as part of the Cor-
onary Artery Risk Development in Young
Adults (CARDIA) study. CARDIA is
a multicenter, community-based, longitudi-
nal cohort study of the development and
determinants of CVD over time in 5115
young adults who were aged 18 to 30 years in
1985-1986. Adults were recruited from 4
geographic locations of the United States
(Birmingham, AL; Chicago, IL; Minneapolis,
MN; and Oakland, CA), with population-
based samples approximately balanced within
center by gender, age (18-24 years vs 25—
30 years), race (White vs Black), and
education (< high school graduate vs >high
school graduate).

To date, participants have been reex-
amined 2, 5, 7, 10, 15, 20, and 25 years after
baseline. Participation rates across these ex-
aminations were 91%, 86%, 81%, 79%, 74%,
72%, and 72%, respectively, of the surviving
cohort. Additionally, 94% of the surviving
cohort were contacted by telephone or
examination from 2009 to 2014.

Measurements

Standardized protocols for data collection
were used across study centers and exami-
nations. Participants were asked to fast for at
least 12 hours before each examination and to
avoid smoking or engaging in heavy physical
activity for at least 2 hours.

Recent marijuana use was assessed at each
in-person CARDIA examination (at baseline
and after 2, 5, 7, 10, 15, 20, and 25 years of
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follow-up) using the following survey ques-
tion: “During the last 30 days, on how many
days did you use marijuana?” Direct self-
reported lifetime exposure was also assessed at
each examination using the question “About
how many times in your lifetime have you
used marijuana?” We used recent and lifetime
use to compute marijuana-years, with 1 year
of exposure equivalent to daily marijuana
use.”” We assumed that recent use at each
examination (i.e., the number of days of using
marijuana during the month before each
examination) reflected the average number of
days of use during the months before each
examination.

We estimated cumulative lifetime use by
adding the total number of days using mari-
juana during follow-up up until the exami-
nation immediately preceding the date of the
clinical cardiovascular event, date of death, or
last date of contact. We adjusted our estimate
upward whenever self-reported lifetime
marijuana use reported at baseline and each
follow-up examination was higher than our
computed estimate.”> We defined recent
marijuana use as recent use as of the exami-
nation immediately before the date of the
clinical cardiovascular event, date of death, or
last date of contact. We classified cumulative
lifetime and recent marijuana use into pre-
viously defined categories, including never, 1
day to less than 0.5 marijuana-years, 0.5 to less
than 2.0 marijuana-years, 2.0 to less than
5.0 marijuana-years, and 5.0 or more
marijuana-years, and none, 1 to 9 days, 10 to
19 days, and 20 or more days, respectively.**

We recorded new cardiovascular and ce-
rebrovascular events from the baseline ex-
amination through August 2013. During
scheduled study examinations and yearly
telephone interviews, each participant or
designated proxy was asked about interim
hospital admissions, outpatient procedures,
and deaths. Designated proxies did not par-
ticipate in the examination. We requested
medical records for participants who had been
hospitalized or received an outpatient re-
vascularization procedure. Vital status was
assessed every 6 months; we requested
medical and other death records after consent
had been obtained from the next of kin.

Two physician members of the Endpoints
Committee blinded to participant marijuana
use independently reviewed medical records
and recorded information to adjudicate each

possible cardiovascular or cerebrovascular
event or underlying cause of death using
specific definitions and a detailed manual of
operations (http://www.cardia.dopm.uab.
edu). If disagreement occurred between the
primary reviewers, the full committee
reviewed the case. The primary composite
outcome was incident CVD, which included
coronary heart disease ((CHD] myocardial
infarction, acute coronary syndrome, or
CHD death, including fatal myocardial in-
farction), stroke, transient ischemic attack
(TIA), hospitalization for heart failure, in-
tervention for peripheral arterial disease, or
death from cardiovascular causes. Secondary
cause-specific outcomes included stroke or
TIA, CHD, and CVD mortality.

We measured education as the maximum
educational grade attained. We measured
physical activity with the CARDIA Physical
Activity History questionnaire, which asks
about the amount of time per week spent in
13 categories of leisure, occupational, and
household physical activities over the past 12
months. Body mass index was calculated at
each examination as weight in kilograms
(measured to the nearest 0.5 kg using a bal-
ance beam scale) divided by height in meters
(measured with a vertical ruler to the nearest
0.5 cm) squared. We used cigarette smoking
behavior, collected at each examination, to
estimate cumulative lifetime exposure to
cigarettes in terms of pack-years, with 1
pack-year of exposure equivalent to smoking
1 pack of cigarettes per day for a year.”

We estimated cumulative lifetime alcohol
consumption in drink-years, defining 1
drink-year as the amount of alcohol con-
sumed in 1 year by a person consuming 1
drink per day.?> We defined acute heavy
exposure to alcohol (bingeing) as reporting 5
or more drinks on 1 occasion, and we esti-
mated total cumulative lifetime episodes. We
estimated total number of cumulative lifetime
exposures to cocaine (including other forms
of cocaine, e.g., crack, powder, and free base),
amphetamines (speed, uppers, methamphet-
amines), and opioids for nonmedical reasons
(including heroin) based on repeat assess-
ments.>® History of myocardial infarction or
stroke in a first degree male or female relative
was queried at baseline and years 5, 10, and 25.

We defined hypertension at each exami-
nation as a systolic blood pressure of =140
millimeter of mercury, of diastolic blood
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pressure 90 millimeter of mercury or greater,
or antihypertensive medication use.”” We
determined diabetes from a combination

of measured fasting glucose levels (7.0
mmol/L; 2126 mg/dL) at baseline and
years 7,10, 15, 20, and 25; self-report of oral
hypoglycemic medications or insulin (all
examinations); a 2-hour postload glucose of
11.1 millimole per liter or greater (=200
mg/dl) at years 10, 20, and 25; or a glycated
hemoglobin A;. of 6.5% or greater at years
20 and 25.7® Self-reported depression was
measured every 5 years starting at year 5
using the Center for Epidemiologic Studies
Depression scale. We defined depression as
a Center for Epidemiologic Studies De-
pression scale score of 16 or greater. Dys-
lipidemia at each examination was defined
as a low high-density lipoproteins choles-
terol (<40 mg/dL for men; <50 mg/dL for
women), high low-density lipoproteins
cholesterol (=160 mg/dL), high tri-
glycerides (=200 mg/dL), orlipid-lowering

S 29
medication use.

Statistical Analysis

We described participant characteristics
overall and by cumulative lifetime use of
marijuana using means, medians, and pro-
portions as appropriate. We conducted de-
scriptive analyses using linear regression
models and %> analyses for continuous and
categorical variables, respectively. We cal-
culated incidence rates per 1000 person-years
overall and according to marijuana use. We
calculated follow-up time as the difference
between the baseline examination date and
the event date, date of death, or the date of last
contact (whichever came first).

We used Cox proportional hazards re-
gression models to estimate hazard ratios
(HRs) and 95% confidence intervals (CIs) for
our primary (total CVD) and secondary
(stroke or TIA, CHD, and CVD mortality)
outcomes. We included marijuana use as
a time-dependent variable in 1 of 2 exposure
forms: cumulative lifetime use or recent use.

We adjusted our model for sociodemo-
graphic characteristics (i.e., age, gender, race,
educational attainment), study center, and
factors potentially associated with marijuana
use and CVD selected a priori, including
family history of cardiovascular disease
and time-varying physical activity (average

April 2017, Vol 107, No. 4 AJPH

self-reported exercise units), body mass index
(average kg/m?), high blood pressure, di-
abetes, dyslipidemia, depression, smoking
(pack-years), cumulative alcohol use (drink-
years), cumulative binge drinking episodes,
and cumulative use of other illicit drugs
(cocaine, crack, speed, methamphetamine, or
opioids).

We performed tests for a linear trend by
entering the categorical marijuana use vari-
able into the models asa continuous term. We
assessed potential effect modification by age,
gender, race, and family history of CVD by
testing multiplicative interaction. To evaluate
the potential for informative censoring, we
estimated sub-HRs and 95% Cls for our
primary and secondary outcomes in a Fine—
Gray competing risk model, in which the
competing event was mortality from causes
other than CVD.?” Power calculations
demonstrated greater than 80% power to
detect extreme category HRs (i.e., for the
comparison of never any marijuana use with
25 marijuana-years) greater than 1.61.

We used multiple imputation (5 times) to
impute missing examination values using the
sequential regression imputation approach
that is implemented in the software package
IVEware version 0.2 (Institute for Social
Research, University of Michigan, Ann Ar-
bor, MI).”! We analyzed each data set sepa-
rately and combined results from the 5
analyses using the rules of Little and Rubin.*?
Tests of statistical significance were 2-tailed,
with an o level of 0.05. We used SAS version
9.4 (SAS Institute, Cary, NC) to perform all
statistical analyses.

RESULTS

Of the 5115 participants, we excluded 1
who reported having had a myocardial in-
farction at the baseline examination and
another who withdrew consent for study
participation. Of the remaining 5113 par-
ticipants, most (n = 4286; 84%) reported
having used marijuana before or during
follow-up, but most had relatively few cu-
mulative lifetime years of exposure. Median
cumulative lifetime marijuana use was 0.51
(interquartile range = 0.02—2.40) marijuana-
years. Cumulative lifetime marijuana use was
associated with male gender, Black race, less
educational attainment, greater physical
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activity, other substance use, and a positive
family history of CVD (Table A, available as
a supplement to the online version of this
article at http://www.ajph.org). Marijuana
use was not associated with other risk factors
for CVD, including age, body mass index,
depression, hypertension, diabetes, or
dyslipidemia (Table A).

During a median 26.9 years of follow-up
(interquartile range = 26.7, 27.0; 131 990
person-years), we identified 215 total CVD
events (1.63 per 1000 person-years), in-
cluding 62 strokes or TIAs (0.47 per 1000
person-years), 104 cases of CHD (0.78 per
1000 person-years), and 50 CVD deaths (0.38
per 1000 person-years). Table 1 shows the
number of incident events; incidence rates;
and adjusted HRs for total CVD, stroke or
TIA, CHD, and CVD mortality according
to cumulative lifetime marijuana use. In
multivariable-adjusted analyses, cumulative
lifetime marijuana use was not associated with
incident CVD. Likewise, cumulative lifetime
marijuana use showed no associations with
stroke or TTIA, CHD, or CVD mortality in
adjusted analyses.

Table 2 displays the number of incident
events; incidence rates; and adjusted HRs for
total CVD, stroke or TIA, CHD, and CVD
mortality according to recent marijuana use,
which was reported by 18.8% (n = 960) of the
cohort. Compared with no recent use, cat-
egories of recent marijuana use showed no
evidence fora higher orlower risk for incident
CVD, stroke or TIA, CHD, or CVD mor-
tality in adjusted analyses. Tables B and C
(available as supplements to the online
version of this article at http://www.ajph.
org) display the adjusted HRs for total CVD
according to cumulative lifetime and recent
marijuana use, respectively, within strata of
participants defined by age, gender, race, and
family history of CVD. We found no con-
sistent evidence that cumulative lifetime
(Table B) or recent (Table C) marijuana use
was associated with incident CVD events
within these strata of participants.

Tables D and E (available as supplements to
the online version of this article at http://
www.ajph.org) display the adjusted HRs for
total CVD, stroke or TIA, CHD, and CVD
mortality according to cumulative lifetime
and recent marijuana use, respectively, from
a Fine—Gray competing risk model in which
the competing event was mortality from
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TABLE 1—Cumulative Lifetime Marijuana Use Effect on Incident Total Cardiovascular Disease, Stroke or Transient Ischemic Attack, Coronary

Heart Disease, and Cardiovascular Disease Mortality: CARDIA, United States, 2014

Never 1.0 Days to <0.5 Marijuana-Years 0.5 to <2.0 Marijuana-Years 2.0 to <5.0 Marijuana-Years >5.0 Marijuana-Years Pfor
Variable (n=827) (n=1775) (n=1,120) (n=705) (n=686) Trend
Total cardiovascular
disease
No. of events 45 60 51 36 23
Event rate® 2.1 1.31 1.78 1.98 1.29
AHR (95% CI)° 1 (Ref) 0.66 (0.41, 1.09) 0.80 (0.43, 1.49) 0.84 (0.45, 1.58) 0.72 (0.35, 1.50) 86
Stroke or transient ischemic
attack
No. of events 14 21 12 8 6
Event rate® 0.65 0.46 0.42 0.46 0.35
AHR (95% CI)b 1 (Ref) 0.73 (0.32, 1.68) 0.62 (0.21, 1.81) 0.57 (0.17, 1.93) 0.65 (0.16, 2.66) .76
Coronary heart disease
No. of events 20 28 24 19 13
Event rate? 0.95 0.61 0.84 1.08 0.73
AHR (95% C1)° 1 (Ref) 0.65 (0.32, 1.33) 0.74 (0.25, 2.19) 1.05 (0.38, 2.93) 0.84 (0.28, 2.51) 43
Cardiovascular disease
mortality
No. of events 7 13 " 12 7
Event rate® 0.33 0.29 0.39 0.66 0.37
AHR (95% CI)° 1 (Ref) 1.04 (0.36, 3.04) 1.01 (0.28, 3.68) 1.47 (0.36, 6.07) 0.95 (0.20, 4.59) 87

Note. AHR = adjusted hazard ratio; CARDIA =the Coronary Artery Risk Development in Young Adults study; Cl=confidence interval. The sample size was
n=5113. Cumulative lifetime exposure to marijuana is shown in terms of marijuana-years, with 1 marijuana-year of exposure equivalent to 365 d marijuana use
(1 yx 365 d/y) up to the examination immediately before the date of the clinical cardiovascular event, date of death, or the last date of contact.

°Per 1000 person-years.

bAdjusted for age, gender, race, educational attainment, and study center as well as family history of cardiovascular disease and time-varying physical activity,
body mass index, high blood pressure, diabetes, dyslipidemia, depression, smoking (pack-years), cumulative alcohol use, cumulative binge drinking episodes,
and cumulative use of other illicit drugs (cocaine, crack, speed, methamphetamine, or opioids).

causes other than CVD. The sub-HRs for
total CVD, stroke or TIA, CHD, and CVD
mortality according to cumulative lifetime
(Table D) and recent (Table E) marijuana use
were similar to the HRs without considering
competing risk from other causes of death
(Tables 1 and 2, respectively).

DISCUSSION

In this community-based cohort of young
adults followed for more than 25 years, we
found no evidence to suggest that cuamulative
lifetime or recent marijuana use, at levels
typical of most recreational, occasional users
of marijuana in the United States, affects risk
of future CVD events through middle age.
Furthermore, we found no significant asso-
ciations between CVD risk and cumulative
lifetime or recent marijuana use in subgroups
defined by age, gender, race, or family history
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of CVD (Tables B and C). In addition, there
was no suggestion that these null results were
attributable to competing risks of death from
other causes (Tables D and E).

We believe this is the first long-term study
of cumulative lifetime marijuana use and
incidence of fatal and nonfatal CVD events
later in life. Our results are consistent with
a recent case—control study of ischemic stroke
or TIA patients that observed no evidence for
an association with marijuana use.” Similarly,
in a cohort study conducted in a large health
maintenance organization, Sidney et al.*’
found no evidence that currently or ever
using marijuana influenced the risk of death
from CVD or hospitalization for myocardial
infarction, CHD, stroke, or CVD during
follow-up. Likewise, among a cohort of
myocardial infarction survivors, marijuana use
in the year before symptom onset was not
associated with long-term CVD mortal-
ity.>"?* Our findings are also consistent with

a limited number of studies of marijuana use,
subclinical atherosclerosis,'” and risk factors
for CVD,lg’19 including an earlier report from
CARDIA that showed no evidence for an
association of cumulative marijuana use over
a 15-year period with systolic blood pressure,
fasting glucose levels, lipids, or adiposity.'®

By contrast, many case reports have im-
plicated marijuana in the occurrence of
clinical CVD events.® ! However, whereas
case reports are useful in suggesting possible
links between an exposure, such as marijuana
use, and outcomes, they do not establish an
etiologic role, because of the absence of
a comparison group. Nevertheless, there is
evidence that marijuana may be a rare trigger
of acute ischemic CHD.

In a case—crossover design among 3882
patients hospitalized after acute myocardial
infarction, Mittleman et al.'? showed that
marijuana use during the hour before
symptom onset increased risk of myocardial
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TABLE 2—Recent Marijuana Use Effect on Incident Total Cardiovascular Disease, Stroke or

Transient Ischemic Attack, Coronary Heart Disease, and Cardiovascular Disease Mortality:
CARDIA, United States, 2014

None 1-9 Days 10-19 Days >20 Days Pfor

Variable (n=4153) (n=573) (n=148) (n=239) Trend
Total cardiovascular disease

No. of events 156 34 " 14

Event rate® 1.44 2.3 2.98 2.46

AHR (95% CI)° 1 (Ref)  1.05 (0.69, 1.50) 1.36 (0.60, 3.09) 0.88 (0.42, 1.82) .78
Stroke or transient ischemic

attack

No. of events ] 10 5 4

Event rate® 0.39 0.73 1.38 0.67

AHR (95% CI)° 1 (Ref)  1.25(0.51,3.07) 277 (0.83, 9.24) 1.03 (0.22, 4.78) .69
Coronary heart disease

No. of events 78 14 5 8

Event rate® 0.72 0.96 1.46 1.43

AHR (95% CI)b 1 (Ref) 0.85 (0.40, 1.79)  1.30 (0.43, 3.95)  1.01 (0.38, 2.65) 97
Cardiovascular disease

mortality

No. of events 30 12 4 5

Event rate® 0.27 0.84 1.04 0.87

AHR (95% C1)° 1 (Ref) 1.60 (0.67, 3.85)  1.91 (0.55, 6.61)  1.20 (0.23, 6.16) .84

Note. AHR = adjusted hazard ratio; CARDIA =the Coronary Artery Risk Development in Young Adults
study; Cl=confidence interval. The sample size was n=5113. We assessed the number of participants
who used marijuana over the last 30 d during the examination immediately before the date of the clinical
cardiovascular event, date of death, or the last date of contact.

?Per 1000 person-years.

bAdjusted for age, gender, race, educational attainment, and study center as well as family history of
cardiovascular disease and time-varying physical activity, body mass index, high blood pressure, di-
abetes, dyslipidemia, depression, smoking (pack-years), cumulative alcohol use, cumulative binge
drinking episodes, and cumulative use of otherillicit drugs (cocaine, crack, speed, methamphetamine, or

opioids).

infarction by 4.8 times over the baseline risk
(95% CI=2.4, 9.5) and decreased it rapidly
thereafter. This finding was derived from only
9 (0.2%) exposed cases. Additional evidence
that marijuana may be a rare trigger of is-
chemic CHD has come from double-blind
experimental studies conducted among pa-
tients with chronic stable angina. In these
studies, Aronow and Cassidy”>~® determined
that exercise time until the onset of angina
decreased significantly more by smoking 1
marijuana cigarette than by smoking a pla-
cebo marijuana cigarette or a high-nicotine
cigarette. Although we were unable to test
the hypothesis that marijuana may acutely
increase the risk of CHD, we found no
indication for an association according to
recent use.

One potential explanation for our ob-
served lack of an association between
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marijuana use and CVD events in later life
is the relatively low lifetime dose compared
with other CVD risk factors. Although
most participants reported a history of
marijuana use, total marijuana-years were
low, consistent with the observation that
a typical marijuana user smokes less than 1
marijuana cigarette per day and generally
quits using marijuana early in adulthood.”’
Another potential reason for the lack of an
association of marijuana use and CVD
events is the opposing cardiovascular ef-
fects of cannabinoids, via cannabinoid
receptors CB1 and CB2."*'* Activation of
CB1 receptors has been shown in mouse
models to promote a proathergenic pro-
file,'® whereas activation of CB2 receptors
may suppress the inflammatory response,'®
thereby reducing the progression of
atherosclerosis.
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Strengths and Limitations

Study strengths include a community-
based sampling method as opposed to
a clinic-based sample; repeated assessments of
and extensive data on marijuana use and
potential confounding factors beginning early
in adulthood; adjudication of suspected car-
diovascular outcomes by a panel of physicians
using detailed evaluation criteria; a biracial
cohort; a relatively large sample size well
balanced with respect to age, gender, race,
and education that increased precision and
permitted simultaneous adjustment and
stratification by multiple variables; high re-
tention; and the standardized data collection
protocols and rigorous quality control of the
CARDIA study.

At least 3 limitations deserve mention.
First, our measures of marijuana use lacked
information on the exact dosage and were
derived from self-report, which may not al-
ways be reliable, especially for an illicit sub-
stance. This may have contributed to our null
findings. However, repeat assessments of
marijuana use were incorporated into our
measure of cumulative lifetime exposure, our
questionnaire was self~administered rather
than interviewer administered, the survey was
completed in a research clinic as opposed to
a government agency or employer facility,
and confidentiality was ensured at each
examination.

Second, we relied, at least initially, on
participant self-report of cardiovascular-
related hospitalizations or procedures per-
formed in an outpatient setting before
medical record adjudication, which may
not be reliable among long-term or heavy
marijuana users.”® However, we confirmed
null associations in analyses of marijuana use
and CVD mortality, an outcome independent
of participant self-report.

Third, the relatively small number of
outcomes and somewhat few recent mari-
juana users limited the precision of our
estimates, particularly in analyses of our sec-
ondary cause-specific outcomes. Thus,
our results should be confirmed in studies
of large cohorts with high cumulative
marijuana use.

Conclusions
With the increasing use of marijuana and
decreasing perceived harmfulness, evaluation
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of the potential cardiovascular effects of
marijuana has become a public health priority.
In this long-term follow-up study of pre-
dominately occasional, recreational users of
marijuana, neither cumulative lifetime nor
recent use of marijuana was associated with
the incidence of CVD in middle age. Even
though our results were consistently null, it
seems prudent at this time to inform potential
users at high risk for CHD about the acutely
increased risk of myocardial infarction that
may occur immediately after exposure to
marijuana. AJPH
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