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ABSTRACT

Background and aims: Unlike tobacco, the effect of marijuana smoke on subclinical
atherosclerosis, a surrogate measure for cardiovascular disease, is not known. This study
aimed to determine the association between lifetime exposure to marijuana and measures of
subclinical atherosclerosis in mid-life.

Design, setting and participants: We used data from the US-based Coronary Artery Risk
Development in Young Adults (CARDIA) Study, a cohort of black and white men and women
aged 18-30 years at baseline in 1985-86, with up to 7 follow-up exams over 25 years. The

number of CARDIA participants included in this study was 3,498.

Measurements: Cumulative years of exposure to marijuana (expressed in ‘marijuana-years’,
with 1 marijuana-year equivalent to 365 days of use) using repeated assessments every 2-5
years, over 25 years. Abdominal artery calcium (AAC) and coronary artery calcium (CAC)
scores measured by computed tomography at Year 25 exam.

Results: Among 3,117 participants with AAC and CAC measurements, 2,627 (84%)
reported past marijuana use and 1,536 (49%) past daily tobacco smoking. Compared with
tobacco smokers, of which 46% reported 10 or more pack-years of use, only 12% of
marijuana users reported 5 or more marijuana-years of use and only 6% reported having
used marijuana daily. We found a significant interaction between never- and ever- tobacco
users-on the association between cumulative marijuana use and AAC (p=0.05). Among
those who never smoked tobacco, cumulative marijuana-years were not associated with

AAC or CAC in models adjusted for demographics, cardiovascular risk factors, licit and illicit
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drug exposure and depression symptoms. However, among ever tobacco smokers,
marijuana exposure was associated with AAC and CAC. At 5 marijuana-years of exposure,
using AAC=0 and CAC=0 as a reference group, the odds ratio (OR) was 1.97 (95%CI:1.21-
3.21,p=0.007) for AAC>0/CAC=0 and 1.83 (95%CI:1.02-3.31,p=0.04) for CAC>0, regardless
of AAC. Tobacco smoking was strongly associated with both AAC and CAC.

Conclusion: Marijuana use appears to be associated with subclinical atherosclerosis, but

only among ever tobacco users.

Keywords: Marijuana, tobacco, abdominal aorto-iliac calcium, coronary artery calcium

As marijuana use is increasingly legalized and prescribed for medical conditions, the public
health community’s interest in informing the public about potential health effects of marijuana
use has also grown.(1) In 2013, annual prevalence of marijuana use was 7.5 to 9.4 percent
in the U.S. population.(2, 3) In 2014, up to 17% of the US population smoked tobacco.
Marijuana and tobacco smoke share many constituents.(4) Whereas the negative health
effects of tobacco smoke are widely known,(5) per recent National Academy of Science
report there is little information about possible adverse health consequences of marijuana,
including the harm prolonged and heavy use might cause to the cardiovascular system.(6, 7)
Computed tomography can detect atherosclerosis before clinical symptoms appear
which makes it a measure of subclinical atherosclerosis. Abdominal aorto-iliac calcium
(AAC) and coronary artery calcium (CAC) scores are better predictors of incident coronary
heart disease and cardiovascular disease (CVD) than standard risk factors and other well-
known biomarkers.(8, 9) Tobacco smoke is a known cause of atherosclerosis and tobacco
use is also a strong predictor of AAC and CAC.(10) However, we do not know yet if
marijuana smoke also causes atherosclerosis and we found only one previous prospective
cohort study which has assessed the association between cumulative marijuana use and

CAC.(11) Cumulative smoking and marijuana use were significantly associated with multiple
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plague measures, but with negligible effect sizes for marijuana.(11) To the best of our
knowledge, no previous study has tested the association between cumulative marijuana use
and AAC.

On the basis of case reports, some have voiced concern that increased marijuana
use may spur a new CVD epidemic.(12) Cohort studies can better isolate the possible
association of marijuana with CVD. A large cohort of 49 321 conscripted Swedish men aged
18 to 20 at the time of inclusion and followed over 40 years found a trend towards increased
risk of stroke in heavy marijuana smokers after multivariate adjustment.(13) However,
investigators only collected data on marijuana use at the time of inclusion which might have
led to imprecise estimates of the true marijuana exposure and explain the null findings. In
contrast, marijuana and tobacco smoking and other covariates associated with marijuana
use and atherosclerosis have been measured repeatedly in CARDIA patrticipants for 25
years.

We tested the association between cumulative marijuana use and ACC and CAC
measures, and accounted for cumulative tobacco exposure, and other measures associated

with.atherosclerosis and marijuana and tobacco use.

METHODS

Study Design'and Sample

We used- data collected over 25 years in the Coronary Artery Risk Development in Young
Adults (CARDIA) study, a population-based epidemiological study of 5,115 adults aged 18 to
30 years at baseline.(14) Participants were recruited in 1985 and 1986 by randomly
selecting.telephone numbers from designated census tracts in Birmingham, AL; Chicago, IL;
Minneapolis, MN; and, by random selection from the membership list of a health care plan in
Oakland, CA. The sampling scheme was designed to achieve equal proportions at each of
the four sites by race (self-identified “black, not Hispanic” and “white, not Hispanic”), sex,
education (up to a high school degree, education beyond high school), and age (18-24

years, 25-30 years). All subjects gave informed consent before entering the study, and at
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each follow-up examination. The study was approved by institutional review boards for each
site.

Marijuana and Tobacco Smoking Exposure

Current marijuana use was assessed at each in-person CARDIA examination (at baseline
and at 2, 5, 7,10,15, 20, and 25 years of follow-up) by the following survey question: “During
the last 30 days, on how many days did you use marijuana?” Direct self-reported lifetime
exposure was assessed by the question: “About how many times in your lifetime have you
used marijuana?” We used current and lifetime use to compute marijuana-years: one year of
exposure was equivalent to 365 days of marijuana use.(15) We assumed that current use at
each survey (i.e., the number of days the participant used marijuana in the month before
each survey) reflected the average number of days of use in the months between surveys.
We estimated cumulative lifetime use by adding up the total number of days the participant
used marijuana over the entire follow-up period. We adjusted our estimate upwards

whenever participants self-reported higher lifetime use than we computed.(15, 16)

Cigarette smoking behavior was evaluated at each in-person CARDIA examination,
and at yearly phone follow-up between CARDIA examinations.(15) At baseline, participants
were asked the total number of years they had smoked, the age at which they started
smoking regularly (“How old were you when you started smoking cigarettes regularly?”) and,
if appropriate, years since cessation (“How many years ago did you stop?”). We used these
data to estimate cumulative lifetime exposure to cigarettes in terms of pack-years: one pack-
year of exposure was equivalent to 7300 cigarettes (1 yearx365 days/yx1 pack/dx20

cigarettes/pack).(15, 16) Occasional smoking was not queried in CARDIA.

Outcome Measures: Coronary artery calcium and abdominal aortic calcium

The primary outcome variables were presence of CAC and AAC (total calcification score > 0
Agatston units) measured at year 25.(17) We used computed tomography (CT) to assess
subclinical coronary atherosclerosis (presence of any CAC or AAC at year 25 [2010—

2011]).(18) To measure CAC, we obtained contiguous 2.5-3-mm-thick transverse images
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from the root of the aorta to the apex of the heart.(19) To measure AAC, we obtained 1-1.25-
mm-thick transverse images 15-cm proximal to the superior end plate of the sacrum.(19) We
measured calcium in the wall of the distal abdominal aorta in a 60-mm segment centered at
the aortic bifurcation. Images collected at each center were then transmitted electronically to
the CARDIA Reading Center.(18) Total CAC and AAC scores were calculated by image
analysts blinded to participant characteristics; they used a modified Agatston method, with
select over-reading by a physician expert in cardiovascular imaging.

Other Covariates

We estimated cumulative years of exposure to passive smoking. We defined one year of
exposure to passive smoking as the total number of hours exposed to passive smoking over
24h, for 365 days (eMethods in Online Data Supplements).(20) We estimated lifetime
alcohol consumption in “drink-years.” We defined one drink-year as the amount of alcohol
consumed by a person in one year of drinking one drink/day (eMethods).(15) We defined
acute heavy exposure to alcohol (bingeing) as five or more drinks consumed on one
occasion, and we estimated total lifetime bingeing episodes. We estimated total number of
lifetime exposures to cocaine (including crack, powder, free base), amphetamines (speed,
uppers, methamphetamines), and heroin (eMethods).(15, 21)

The highest educational grade attained for each participant was the measure of education.
We measured physical activity with the CARDIA Physical Activity History questionnaire,
whichrasks how much time per week the participant spent in 13 categories of leisure,
occupational, and household physical activities over the past 12 months.(22) We measured
self-reported depressive symptoms every five years, starting at Year 5, on the Center for
Epidemiologic Studies Depression scale (CES-D).(23) Our cardiovascular risk factor
measurements included blood pressure, blood cholesterol (total-, LDL-, HDL-cholesterol and
triglycerides), fasting glucose and body mass index (BMI) which were collected at each
CARDIA exam (eMethods). We calculated cumulative exposures to cardiovascular risk
factors, physical activity and depression symptoms (eMethods).(15, 24)

Statistical analyses
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We used descriptive statistics to compare participants with different levels of marijuana
exposure at Year 25. We then described unadjusted associations between lifetime marijuana
use and presence or absence of AAC or CAC. In our primary analysis, we used multinomial
regression models to assess independent associations between years of exposure to
marijuana. We compared three categories of subclinical atherosclerosis: 1) no AAC and no
CAC; 2) any AAC and no CAC; and, 3) CAC, regardless of AAC. We found history of
exposure to tobacco smoking significantly interacted with the association between
cumulative exposure to marijuana and AAC, in both unadjusted and multivariate adjusted
multinomial regression models (P=<0.1) (eTable 2). We therefore stratified all results and
analyses by history of exposure to tobacco smoking. First, we estimated unadjusted models.
Then, we estimated multivariate adjusted models, controlling for covariates to achieve
balanced'sampling in CARDIA (age, race, sex, study site and years of education) and for
covariates potentially associated with both marijuana and subclinical atherosclerosis
(cigarette smoking, alcohol, cocaine, amphetamines and heroin, exposure to passive
smoking, cardiovascular risk factors, physical activity, BMI, depression symptoms, and
diabetes). We used restricted cubic splines with three knots at the quartiles of their
distributions to flexibly model marijuana-years of exposure, pack-years, and years of
exposure to passive smoking. We used inverse probability of censoring weights (IPCWs) to
minimize potential bias by informative censoring (eMethods).(25, 26) We tested whether sex
and race-interacted, and evaluated the sensitivity of the results to alternate strategies for
modeling subclinical atherosclerosis using multivariate adjusted logistic regression models to
contrast (a) participants with and without AAC, (b) those with and without CAC and, (c) those
with AAC and CAC and those with no AAC and no CAC. We tested sensitivity of the results
to alternate modeling techniques: 1) A multivariate adjusted model that included an
interaction term between history of exposure to tobacco smoking and cumulative exposure
to marijuana; 2) a multivariate adjusted model that compared participants according to
history of exposure to marijuana and tobacco (a) no history of exposure to tobacco or

marijuana, b) history of exposure to tobacco and not to marijuana, c) no history of exposure
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to tobacco and history of exposure to marijuana, and d) history of exposure to both tobacco
and marijuana; 3) a set of multivariate regressions that enabled us to model AAC and CAC
as continuous measures (eMethods). We further evaluated the proportion of participants
who might have been mixing tobacco with marijuana to smoke marijuana (mulling) at
baseline by measuring blood cotinine levels, and then we tested the sensitivity of the results
to excluding participants with cotinine levels suggestive of tobacco exposure and no self-
reported use of tobacco at baseline (eMethods).(27-29) Tests of statistical significance were
2-tailed; alpha level was 0.05. All analyses were conducted with STATA 14.2 (StataCorp LP,

College Station, TX).
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RESULTS

Of the 3,498 participants assessed at the Year 25 visit, 3,197 (91%) had data entries for
AAC or CAC, and 3,117 (89%) had complete AAC and CAC data (eFigure 1 in Online Data
Supplements). Attrition was more common among men, Blacks, heavy marijuana users,
tobacco smokers, and cocaine users in multivariate adjusted analyses (eResults). In
unadjusted analyses, attrition was associated with age, race, gender, education, and
smoking (eTablel in Online Data Supplements). Most participants (n=2627,84%) reported
having used marijuana before or during the 25 years of follow-up, but most had relatively few
cumulative years of exposure (Table 1). Among marijuana users, a minority (n=156, 6%)
reported having used marijuana every day in the month before a CARDIA exam. Among
those, the median number of joints smoked per day at the Year 10 exam was 2 (interquartile
range: 1to 3). In contrast, 1,536 (49%) reported ever smoking tobacco daily. Cumulative
exposure to tobacco was high; 42% of ever smokers reported smoking 10 pack-years. Total
years of marijuana exposure was strongly associated with other participant characteristics,
including race and sex, education, study site, other substance use, physical activity, BMI,
HDL-cholesterol and triglycerides, and depressive symptoms (Table 1). Among those who
never smoked tobacco, 73% (N=1,155) were ever marijuana users; among ever tobacco
smokers, 96% (N=1,472) were ever marijuana users (Table 1).

Among those who never smoked tobacco, cumulative marijuana-years were
associated with CAC in unadjusted analyses, but not with AAC (Table 2). Multivariate
adjusted multinomial models that categorized presence and absence of AAC and CAC into
three categories: AAC=0 & CAC=0, AAC>0 & CAC=0, CAC>0, regardless of AAC revealed
lifetime exposure to marijuana was not associated AAC and CAC (Table 3 and Figure 1,
Panels A and B). Only 26 participants were exposed to marijuana for 10 marijuana-years
(equivalent to using marijuana every day for 10 years, or four a week for 14 years): their OR
for CAC regardless of AAC was 1.63 (95% confidence internals (Cl1):0.81-3.29;Table 3).

Among those who ever smoked tobacco daily, cumulative marijuana-years were

associated with AAC and CAC in unadjusted analyses (Table 2). In multivariate logistic
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regression models, at one year of exposure to marijuana, the OR for AAC and no CAC was
1.36 (95%CI:1.07-1.71) and CAC regardless of AAC was 1.29 (95%CI:0.98-1.69;Table
3,Figure 1,Panels C and D). In multivariate logistic regression models that compared AAC
with no AAC, cumulative marijuana use was associated with AAC only among ever tobacco
smokers (Table 4). Sensitivity analyses demonstrated no evidence of significant interactions
by race or sex (p>0.10 for all tests). Results were similar when we included an interaction
term between history of exposure to tobacco smoking and cumulative exposure to
marijuana, instead of stratifying results by history of exposure to tobacco (eTable 2). We
found.no association between AAC or CAC and history of exposure to marijuana among
those with'no history of exposure to tobacco, and found significant associations among
those with history of exposure to marijuana and tobacco (eTable2 in Online Data
Supplements). Modeling AAC or CAC as continuous outcomes resulted in OR similar to
those returned by the main models (eTable 4).

Tobacco smoking was strongly associated with both AAC and CAC in unadjusted
and multivariate adjusted analyses. The OR at 10 pack-years of tobacco was 5.86
(95%Cl:3.64-9.45) for AAC and no CAC and 6.61 (95%CI:3.92-11.14) for CAC regardless of
AAC (Table 3,Figure 1,Panels E and F).

Among participants who reported no tobacco smoking at baseline, 4% had cotinine
levels suggestive of exposure to tobacco among those reporting no marijuana use within the
last-30 days and 11% among those reporting marijuana use within the last 30 days (eTable).
Results were virtually unchanged when we excluded participants with cotinine levels

suggestive of exposure to tobacco exposure and no self-reported use of tobacco (eTable 6).
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DISCUSSION

In this. community-based cohort of young adults, followed for 25 years, we found little or no
significant association between cumulative marijuana use and either AAC or CAC. Among
those who had never used tobacco, marijuana use was not significantly associated with AAC
or/CAC, but we identified a trend towards increased risk of AAC and CAC among those
whose cumulative exposure to marijuana was high (5 marijuana-years, equivalent to
smoking marijuana daily for 5 years). Among ever tobacco smokers, using marijuana daily
for five years nearly doubled the odds of AAC and CAC. As expected, cumulative tobacco
smoking exposure was strongly associated with both AAC and CAC. The vast majority of
participants had been exposed to marijuana in their lifetime, but few had more than 365 days
of cumulative exposure, and few used it daily. In contrast, half of participants reported they
had smoked tobacco daily, and most had smoked 20 cigarettes a day for at least 5 years.

Previous analyses of the participants in CARDIA study showed no association
between marijuana use and cardiovascular events, or mortality overall.(30, 31) One
possibility for such lack of association was hypothesized to be due to the mean age of
participants (around 50), which is younger than the age at which most CVD occurs.
Therefore, our current study is able to provide timely insight on any relationship of marijuana
with subclinical atherosclerosis.

We found only one previous study which had tested the association between CAC
and-cumulative marijuana use, and found no previous studies having tested the association
with AAC.(11) The 1005 participants in the Multicenter AIDS Cohort Study (MACS)
participants (621 HIV+ and 384 HIV-) underwent non-contrast CT scanning to measure CAC
when they were aged 54, on average. Participants were queried on self-reported use of
substances at semiannual visits over 10 years. Cumulative pack-years of smoking and
marijuana were significantly associated with multiple plaque measures, but with negligible
effect sizes for marijuana.(11) Our null finding among never tobacco users could be
explained by the opposing effects marijuana may have on atherosclerosis.(32) Besides the

combustion constituents of marijuana smoke,(4) the main component of marijuana smoke is
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tetrahydrocannabinol (THC), which activates the CB, and CB; receptors of the
endocannabinoid system. Activating the CB; receptor might protect marijuana smokers from
developing atherosclerosis, since this regulates inflammatory cells and been shown to
reduce atherosclerosis in mice.(33) Activating the CB; receptor, on the other hand, might
increase atherosclerosis(34) since inhibiting CB1 might protect against atherosclerosis.(35,
36) The trend toward increasing atherosclerosis that we found among those whose
cumulative exposure to marijuana was high might be caused by combustion constituents of
marijuana smoke other than THC.(4, 37) In the CARDIA cohort, cumulative marijuana
exposure was low among those who had used the drug—much lower than cumulative
tobacco exposure among ever tobacco users. Our null findings might thus also be explained
by the low intensity of marijuana use in our cohort. It remains possible that smoking
marijuana every day over many years could cause as much harm as smoking tobacco
cigarettes.

Acute exposure to marijuana might have negative effects on heart disease since it
can increase heart rate and could trigger arrhythmias by activating the CB; receptor and
precipitating an MI.(38, 39) The acute effect of marijuana might explain one study’s finding of
a surge in Ml just after marijuana use.(39) The absence of evidence of an increase in
subclinical atherosclerosis in our study and the absence of significant association with CVD
events in previous analyses in CARDIA,(30) suggest that even if marijuana can trigger an
acute ML, it is does not increase the atherosclerotic process that leads to MI.

Our study also has some limitations. We found cumulative marijuana use was
significantly associated with ACC among ever tobacco smokers, but we cannot rule out
residual confounding by tobacco smoking. Tobacco smokers who use marijuana might also
be more likely to smoke a mix of tobacco and marijuana (‘mulling’).(28, 29) When we
explored the associations between blood cotinine levels based on self-reported exposure to
tobacco and marijuana smoking, we found 7% of participants not reporting smoking tobacco
might have been mulling at baseline (11% in those not reporting currently using marijuana

vs. 4% in those reporting currently using marijuana). Blood cotinine was only measured at

This article is protected by copyright. All rights reserved.



baseline, so we cannot estimate the prevalence of mulling over follow-up or estimate the
amount of mulling among participants who reported tobacco use. Our marijuana exposure
measurements are derived from self-reports, which are less reliable than blood or urine
tests. Marijuana use was measured infrequently; examinations can be up to five years apart,
and this reduced the precision of the estimates. CARDIA also did not ask how old
participants were when they began using marijuana, so we only could estimate exposure
before the 'start of the study by looking at participants’ own estimates of the number of times
they had been exposed to marijuana.

Our study was strengthened by extensive adjustment for a wide range of potential
confounders, and by particularly detailed data on primary and secondary tobacco exposure
and other licit and illicit drug exposures. We also used advanced methods to adjust for
cardiovascular risk factors in our models of cumulative exposures. The proportion of
participants followed up to 25 years was high, and our statistical methods took into account
potential informative censoring.(25, 26) Though it was difficult to fully adjust for tobacco
exposure, because many participants said they had not smoked tobacco in their lifetime, we
could test the association in those who only used marijuana. We had data on AAC and CAC
scores, which are among the strongest predictors of incident coronary heart disease.(8, 40,
41)

Our results mostly apply to occasional, recreational users of marijuana whose
exposure.is low overall. Larger studies with longer follow-up are needed to confirm absence
or presence of association between marijuana and subclinical atherosclerosis and CVD
events. It would be useful to explore the trend towards increased odds of AAC and CAC with
high cumulative use of only marijuana, based on data from large cohorts, rigorous
measures, and extensive follow-up. If the trend is real, it may have implications for medical
marijuana users, since they often use marijuana daily over many years. These studies are
urgently needed to inform medical marijuana patients and prescribers about possible CVD

risks associated with smoking medical marijuana.
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Marijuana and tobacco use were both common, but the intensity of lifetime tobacco
smoking-was consistently much higher than marijuana. Cumulative marijuana use was not
associated with measures of atherosclerosis among middle-aged adults never exposed to
tobacco, but we saw a trend towards increased risk of atherosclerosis among those with
very high exposure to marijuana. These results should be interpreted carefully since few
participants had such high exposure. Among those who had used tobacco, we found a small
but significant association between marijuana use and AAC, even after we extensively
adjusted for tobacco smoke exposure, but this may have been due to residual confounding.
Our study-confirms the strong and consistent association between tobacco use and both
AAC and CAC; the broader public health implications of high prevalence of tobacco use

among marijuana users is alarming.

This article is protected by copyright. All rights reserved.



Acknowledgements:

Role of the Sponsors: The National Heart, Lung, and Blood Institute had input into design
and conduct of the study; collection, management, analysis, and interpretation of the data;
preparation of the manuscript, and decision to submit the manuscript for publication. Before
submission for publication, the CARDIA P&P committees reviewed and approved the
manuscript.

Disclosures: The views expressed in this manuscript are those of the authors and do not
necessarily represent the views of the NHLBI, the National Institutes of Health, or the U.S.
Department of Health and Human Services.

Further Acknowledgements: We thank Kali Tal for her editorial assistance, and Julian

Jakob for preparing the manuscript.

This article is protected by copyright. All rights reserved.



REFERENCES

1.

2.

10.

11.

12.

13.

14,

15.

MONTE A. A., ZANE R. D., HEARD K. J. The implications of marijuana legalization in
Colorado, JAMA 2015: 313: 241-242.

HAsSIND. S., SAHA T. D., KERRIDGE B. T., GOLDSTEIN R. B., CHOU S. P., ZHANG H. et
al. Prevalence of Marijuana Use Disorders in the United States Between 2001-2002
and 2012-2013, JAMA Psychiatry 2015: 72: 1235-1242.

PACEK L. R., MAURO P. M., MARTINS S. S. Perceived risk of regular cannabis use in
the United States from 2002 to 2012: differences by sex, age, and race/ethnicity, Drug
Alcohol Depend 2015: 149: 232-244.

NOVOTNY M., MERLI F., WIESLER D., FENCL M., SAEED T. Fractionation and capillary
gas chromatographic—mass spectrometric characterization of the neutral components
in marijuana and tobacco smoke condensates, Journal of Chromatography A 1982:
238: 141-150.

MOKDAD A. H., MARKS J. S., STROUP D. F., GERBERDING J. L. Actual causes of death
in the United States, 2000, JAMA 2004: 291: 1238-1245.

SIDNEY S. Cardiovascular consequences of marijuana use, J Clin Pharmacol 2002: 42:
64S-70S.

NATIONAL ACADEMIES OF SCIENCES, ENGINEERING, AND MEDICINE (NASEM). The
Health Effects of Cannabis and Cannabinoids: The Current State of Evidence and
Recommendations for Research: National Academies Press; 2017.

DETRANO R., GUERCI A. D., CARR J. J., BILD D. E., BURKE G., FOLsOM A. R. et al.
Coronary calcium as a predictor of coronary events in four racial or ethnic groups, N
Engl J Med 2008: 358: 1336-1345.

CRIQUI M. H., DENENBERG J. O., MCCLELLAND R. L., ALLISON M. A., IX J. H., GUERCI
A. et al. Abdominal aortic calcium, coronary artery calcium, and cardiovascular
morbidity and mortality in the Multi-Ethnic Study of Atherosclerosis, Arterioscler
Thromb Vasc Biol 2014: 34: 1574-1579.

LorRIAC. M., LIUK., LEwIS C. E., HULLEY S. B., SIDNEY S., SCHREINER P. J. et al.
Early adult risk factor levels and subsequent coronary artery calcification: the
CARDIA Study, J Am Coll Cardiol 2007: 49: 2013-2020.

KELLY S. G., PLANKEY M., POSTW. S., LI X,, STALLR., JACOBSON L. P. et al.
Associations between Tobacco, Alcohol, and Drug Use with Coronary Artery Plaque
among HIV-Infected and Uninfected Men in the Multicenter AIDS Cohort Study,
PLoS One 2016: 11: e0147822.

JOUANJUS E., LAPEYRE-MESTRE M., MICALLEF J., FRENCH ASSOCIATION OF THE
REGIONAL A., DEPENDENCE MONITORING CENTRES WORKING GROUP ON CANNABIS C.
Cannabis use: signal of increasing risk of serious cardiovascular disorders, J Am
Heart Assoc 2014: 3: e000638.

FALKSTEDT D., WOLFF V., ALLEBECK P., HEMMINGSSON T., DANIELSSON A. K.
Cannabis, Tobacco, Alcohol Use, and the Risk of Early Stroke: A Population-Based
Cohort Study of 45 000 Swedish Men, Stroke 2017: 48: 265-270.

FRIEDMAN G. D., CUTTER G. R., DONAHUE R. P., HUGHES G. H., HULLEY S. B.,
JAacoBs D. R., Jr. et al. CARDIA: study design, recruitment, and some characteristics
of the examined subjects, J Clin Epidemiol 1988: 41: 1105-1116.

AUER R., VITTINGHOFF E., YAFFE K., KuNzI A., KERTESZ S. G., LEVINE D. A. et al.
Association Between Lifetime Marijuana Use and Cognitive Function in Middle Age:
The Coronary Artery Risk Development in Young Adults (CARDIA) Study, JAMA
Intern Med 2016: 176: 352-361.

This article is protected by copyright. All rights reserved.



16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27,

28

29.

30.

31.

PLETCHER M. J., VITTINGHOFF E., KALHAN R., RICHMAN J., SAFFORD M., SIDNEY S. et
al. Association between marijuana exposure and pulmonary function over 20 years,
JAMA 2012: 307: 173-181.

ALLEN N. B., SIDDIQUE J., WILKINS J. T., SHAY C., LEwIs C. E., Gorr D. C. et al.
Blood pressure trajectories in early adulthood and subclinical atherosclerosis in
middle age, JAMA 2014: 311: 490-497.

CARRJ. J., NELSON J. C., WONG N. D., MCNITT-GRAY M., ARAD Y., JAcOBS D. R., JR.
et al. Calcified coronary artery plague measurement with cardiac CT in population-
based studies: standardized protocol of Multi-Ethnic Study of Atherosclerosis
(MESA) and Coronary Artery Risk Development in Young Adults (CARDIA) study,
Radiology 2005: 234: 35-43.

REISJ. P., LAUNER L. J., TERRY J. G., LORIA C. M., ZEKI AL HAZZOURI A., SIDNEY S.
et al. Subclinical atherosclerotic calcification and cognitive functioning in middle-
aged adults: the CARDIA study, Atherosclerosis 2013: 231: 72-77.

WIDOME R., JACOBS D. R., JR., SCHREINER P. J., IRIBARREN C. Passive smoke
exposure trends and workplace policy in the Coronary Artery Risk Development in
Young Adults (CARDIA) study (1985-2001), Prev Med 2007: 44: 490-495.

KERTESZ S. G., KHODNEVA Y., RICHMAN J., TUCKER J. A., SAFFORD M. M., JONES B.
et al. Trajectories of drug use and mortality outcomes among adults followed over 18
years, J Gen Intern Med 2012: 27: 808-816.

JacoBs D. R., HAHN L. P., HASKELL W. L., PIRIE P., SIDNEY S. Validity and
Reliability of Short Physical Activity History: Cardia and the Minnesota Heart Health
Program, Journal of Cardiopulmonary Rehabilitation and Prevention 1989: 9: 448-
459.

RADLOFF L. S. The CES-D Scale: A Self-Report Depression Scale for Research in the
General Population, Applied Psychological Measurement 1977: 1: 385-401.

YAFFE K., VITTINGHOFF E., PLETCHER M. J., HOANG T. D., LAUNER L. J., WHITMER R.
etal. Early adult to midlife cardiovascular risk factors and cognitive function,
Circulation 2014: 129: 1560-1567.

HERNAN M. A., BRUMBACK B., RoBINS J. M. Marginal structural models to estimate
the causal effect of zidovudine on the survival of HIV-positive men, Epidemiology
2000: 11: 561-570.

WEUVE J., TCHETGEN TCHETGEN E. J., GLYMOUR M. M., BECK T. L., AGGARWAL N.
T., WILSON R. S. et al. Accounting for bias due to selective attrition: the example of
smoking and cognitive decline, Epidemiology 2012: 23: 119-128.

WAGENKNECHT L. E., BURKE G. L., PERKINS L. L., HALEY N. J., FRIEDMAN G. D.
Misclassification of smoking status in the CARDIA study: a comparison of self-report
with serum cotinine levels, Am J Public Health 1992: 82: 33-36.

VAN BEURDEN E. K., ZASK A., PASSEY M., KiA A. M. The Mull Hypothesis: is
cannabis use contributing to high tobacco use prevalence among young North Coast
males?, New South Wales public health bulletin 2008: 19: 72-74.

BELANGER R. E., MARCLAY F., BERCHTOLD A., SAUGY M., CORNUZ J., SURISJ.C. TO
what extent does adding tobacco to cannabis expose young users to nicotine?,
Nicotine Tob Res 2013: 15: 1832-1838.

REIS J. P., AUER R., BANCKS M. P., GOFF D. C., JrR., LEWIS C. E., PLETCHER M. J. et al.
Cumulative Lifetime Marijuana Use and Incident Cardiovascular Disease in Middle
Age: The Coronary Artery Risk Development in Young Adults (CARDIA) Study, Am
J-Public Health 2017: 107: 601-606.

SIDNEY S., BECK J. E., TEKAWA I. S., QUESENBERRY C. P., FRIEDMAN G. D. Marijuana
use and mortality, Am J Public Health 1997: 87: 585-590.

This article is protected by copyright. All rights reserved.



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43,

44,

SINGLA S., SACHDEVA R., MEHTA J. L. Cannabinoids and atherosclerotic coronary
heart disease, Clin Cardiol 2012: 35: 329-335.

STEFFENS S., VEILLARD N. R., ARNAUD C., PELLI G., BURGER F., STAUB C. et al. Low
dose oral cannabinoid therapy reduces progression of atherosclerosis in mice, Nature
2005: 434: 782-786.

SUGAMURA K., SUGIYAMA S., NOozAKI T., MATSUZAWA Y., IZUMIYA Y., MIYATA K. et
al. Activated endocannabinoid system in coronary artery disease and
antiinflammatory effects of cannabinoid 1 receptor blockade on macrophages,
Circulation 2009: 119: 28-36.

O'LEARY D. H., REUWER A. Q., NISSEN S. E., DESPRES J. P., DEANFIELD J. E., BROWN
M. W. et al. Effect of rimonabant on carotid intima-media thickness (CIMT)
progression in patients with abdominal obesity and metabolic syndrome: the
AUDITOR Trial, Heart 2011: 97: 1143-1150.

NISSeEN S. E., NicHoLLS S. J., WoLskI K., Robes-CABAU J., CANNON C. P.,
DeANFIELD J. E. et al. Effect of rimonabant on progression of atherosclerosis in
patients with abdominal obesity and coronary artery disease: the STRADIVARIUS
randomized controlled trial, JAMA 2008: 299: 1547-1560.

MOLLER P., CHRISTOPHERSEN D. V., JACOBSEN N. R., SKOVMAND A., GOUVEIA A. C.,
ANDERSEN M. H. et al. Atherosclerosis and vasomotor dysfunction in arteries of
animals after exposure to combustion-derived particulate matter or nanomaterials, Crit
Rev Toxicol 2016: 46: 437-476.

NAWROT T. S., PEREZ L., KUNzLI N., MUNTERS E., NEMERY B. Public health
importance of triggers of myocardial infarction: a comparative risk assessment,
Lancet 2011: 377: 732-740.

MITTLEMAN M. A, LEWIS R. A., MACLURE M., SHERWOOD J. B., MULLER J. E.
Triggering myocardial infarction by marijuana, Circulation 2001: 103: 2805-28009.
RANA J. S., GRANSAR H., WONG N. D., SHAW L., PENCINA M., NASIR K. et al.
Comparative value of coronary artery calcium and multiple blood biomarkers for
prognostication of cardiovascular events, Am J Cardiol 2012: 109: 1449-1453.
BAsTOS GONCALVES F., VOUTE M. T., HOEKS S. E., CHONCHOL M. B., BOERSMAE. E.,
STOLKER R. J. et al. Calcification of the abdominal aorta as an independent predictor
of cardiovascular events: a meta-analysis, Heart 2012: 98: 988-994.

HANCOX R. J., POULTON R., ELY M., WELCH D., TAYLOR D. R., MCLACHLAN C. R. et
al. Effects of cannabis on lung function: a population-based cohort study, Eur Respir J
2010: 35: 42-47.

BiLb D. E., JAacoBs D. R., JR., SIDNEY S., HASKELL W. L., ANDERSSEN N., OBERMAN
A. Physical activity in young black and white women. The CARDIA Study, Ann
Epidemiol 1993: 3: 636-644.

RADLOFF L. S., LocKE B. Z. The community mental health assessment survey and the
CES-D Scale. In: Weissman M. M., Myers J. K. & Ross C. E., editors. Community
surveys of psychiatric disorders, New Brunswick, NJ: Rutgers University Press; 1986,
p.177-189.

This article is protected by copyright. All rights reserved.



Panel A and B. Marijuana-years among never tobacco smokers (N=1581).
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Figure 1: Associations between cumulative exposures to marijuana and tobacco and AAC and CAC. Multivariate adjusted multinomial logistic
regression models showing an absence of association between higher exposure to marijuana and greater odds of AAC > 0 & CAC = 0 (Panel A) and CAC >
0, regardless of ACC (Panel B) compared to AAC=0 and CAC=0 among never tobacco smokers. Among ever tobacco smokers, models show a significant
association between higher exposure to marijuana for AAC > 0 & CAC = 0 (Panel C), but not for CAC > 0, regardless of ACC (Panel D) compared to AAC=0
and CAC=0. For tobacco pack-years of exposure, models show a significant and dose-response association for both AAC > 0 & CAC =0 (Panel E), and CAC
> 0, regardless of ACC (Panel F) compared to AAC=0 and CAC=0. Scale of the axis presenting the Odds ratio multiplied by 10 to present the association with
tobacco pack-years. Multivariate models adjusted for covariates potentially associated with marijuana, tobacco and subclinical atherosclerosis: age, race, sex,
study site, years of education, exposure to illicit and licit substances (alcohol, cocaine, amphetamines and heroin use, exposure to passive smoking),
cardiovascular risk factors, physical activity, BMI, depression symptoms, and diabetes (Methods). Analyses were weighted by the inverse probability of
censoring (IPCW) to address potential bias by informative censoring (eMethods).
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Table 1. Characteristics of 3117 CARDIA Participants with CAC and AAC measures at the Year 25 Exam, by Never/Ever Tobacco Use and
Cumulative Marijuana Use.

Never Tobacco Smoker

N=1581 (51%)

Ever Tobacco Smoker

N=1536 (49%)

No >0to<1l >1 No >0to<1l >1
marijuana marijuana- marijuana- marijuana marijuana- marijuana-
use years years use years years
N, (row %)* 426 (14) 947 (30) 208 (7) 64 (2) 787 (25) 685 (22)
Demographics
- Age, mean (SD),y 49.6 (3.9) 50.1 (3.6) 50.9 (3.4) 50.3 (3.8) 50.5 (3.6) 50.0 (3.6)
- Race-sex, N (col. %)3
Black women 155 (36) 274 (29) 31 (15) 27 (42) 256 (33) 150 (22)
Black men 65 (15) 130 (14) 57 (27) 15 (23) 112 (14) 207 (30)
White women 102 (24) 300 (32) 41 (20) 14 (22) 278 (35) 134 (20)
White men 104 (24) 243 (26) 79 (38) 8 (13) 141 (18) 194 (28)
- Years of education, median (Q1,
Q3),y 16 (14,18) | 16(15,18) | 16(14,17) | 16(12,18) | 15(14,17) 14 (14, 16)
- Study center, N (col. %)
Birmingham, AL 185 (43) 192 (20) 24 (12) 35 (55) 183 (23) 111 (16)
Chicago, IL 111 (26) 211 (22) 33 (16) 11 (17) 189 (24) 152 (22)
Minneapolis, Ml 81 (19) 209 (22) 65 (31) 13 (20) 222 (28) 235 (34)
Oakland, CA 49 (12) 335 (35) 86 (41) 5 (8) 193 (25) 187 (27)
Substance use exposure
Current marijuana use, N (col. %)"
- No current use 426 (100) 932 (98) 139 (67) 64 (100) 762 (97) 425 (62)
- 1-10 days per month - 15 (2) 34 (17) - 25 (3) 138 (20)
- 11 to 29 days per month - 0 (0) 26 (13) - 0 (0) 71 (10)
- 30 days per month (everyday) - 0 (0) 9(4) - 0 (0) 51 (7)
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Cigarette smoking, N (col. %)

- Current smoker - - - 17 (26) 222 (28) 314 (46)
- Former smoker - - - 47 (73) 565 (72) 371 (54)
- Age started smoking cigarettes, - - -
_ 22 (17,32) | 17 (15, 21) 17 (15, 19)
median (Q1, Q3)
Cumulative use
- Pack-years over lifetime, median - - - 2(0.3,11) 6 (1, 14) 10 (3, 21)
(Q1, Q3)"
Passive smoke exposure
- Years of passive smoke exposure, 0.5(0.2,1.2) | 0.6 (0.2,2.3) | 0.8(0.4,1.8) | 1.1 (0.5,2.6) | 1.7 (0.6,3.5) | 2.6 (1.2,5.1)
median (Q1, Q3)*
Alcohol use, N (col. %)™~
Cumulative use
- Drink-years among ever drinkers, 8 (3, 16) 13 (6, 24) 22 (11, 37) 8 (3, 27) 19 (9, 32) 29 (15, 57)
median (Q1, Q3)f
- Binge drinking days, cumulative
use, N (col %)¥#
- Never reported bingeing 350 (82) 551 (59) 60 (29) 44 (69) 310 (40) 130 (19)
- <250 days 51 (12) 251 (26) 64 (30) 11 (17) 259 (33) 199 (29)
- > 250 days 25 (6) 145 (15) 84 (40) 9 (14) 218 (28) 356 (52)
Cumulative illicit drug use®®
- Cocaine, crack, speed
or metamphetamine, N (col. %)
- Never reported using 417 (98) 602 (64) 31 (15) 60 (94) 274 (35) 57 (8)
-1 to 25 days 7(2) 219 (23) 45 (22) 2(3) 232 (30) 96 (14)
- > 25 to 250 days 1(<1) 100 (10) 77 (37) 1(2) 167 (21) 223 (33)
- > 250 days 1(<1) 26 (3) 55 (26) 1(2) 114 (14) 309 (45)

- Heroin, N (col. %)
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- Never reported using 414 (97) 897 (95) 157 (75) 63 (98) 672 (85) 467 (68)

- 1- 25 days 10 (2) 41 (4) 31 (15) 0 (0) 74 (9) 89 (13)
- 225 days 2 (<1) 9 (1) 20 (10) 1(2) 41 (5) 129 (19)
Physical activity
- Physical activity score, median 234 (82, 269 (143, 393 (215, 166 (49, 268 (121, 298 (144,
(Q1, Q3)m 427) 490) 601) 315) 471) 487)
Anthropomorphic variables
- BMI, mean (SD)™ 31.9(7.3) 30.0 (7.3) 30.0 (5.9) 29.5 (7.1) 30.3 (7.4) 29.7 (6.6)
Cardiovascular risk factors
- Systolic blood pressure, mean 120 (16) 118 (15) 120 (16) 120 (18) 120 (17) 122 (16)
(SD), in mmHg
- Diastolic blood pressure, mean
(SD), in mmHg 75 (11) 74 (11) 75 (12) 75 (12) 75 (11) 77 (11)
- LDL-cholesterol, mean (SD), in
mg/d| 114 (33) 113 (31) 115 (34) 112 (36) 112 (35) 110 (32)
- HDL-cholesterol, mean (SD), in
mg/d 55 (15) 59 (18) 55 (16) 57 (21) 60 (19) 57 (19)
- Triglycerides, mean (SD), in mg/d 108 (73) 108 (76) 120 (79) 111 (64) 115 (97) 126 (106)
- Diabetes, N (%) 58 (14) 112 (12) 23 (11) 11 (17) 132 (17) 89 (13)
Psychological variables
- Depression symptoms, current 59 (14) 111 (12) 32 (15) 10 (16) 134 (17) 131 (19)

CES-D 216/60, N (%)*

Abbreviations: BMI: body mass index; CARDIA, Coronary Artery Risk Development in Young Adults study; CES-D: Center for Epidemiologic Studies Depression scale; Col. %:
column percent; LDL: low density lipoprotein (LDL); HDL: high density lipoprotein; N: number of participants; Q1, Q3: 1%t and 3" quartile (percentile 25 and 75); SD, standard

deviation
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* Cumulative lifetime exposure to marijuana joints in terms of marijuana-years, with 1 marijuana-year of exposure equivalent to 365 days used marijuana (1 year x 365 days/y)
(see Methods and eMethods in Online Data Supplements).(16, 42)

* Row percent are presented for binary variables and column percents for variables with more than one category.

§ By design, the CARDIA study sampled self-identified white men, white women, black men and black women in roughly equal numbers for participation in the study.(43)

I Categories based on the answer to the question: “During the last 30 days, on how many days did you use marijuana?”

TCumulative lifetime exposure to cigarettes in terms of pack-years, with 1 pack-year of exposure equivalent to 7300 cigarettes (1 year x 365 days/y x 1 pack/d x 20
cigarettes/pack)(Methods).(16)

# Cumulative lifetime exposure to second hand cigarette smoke in terms of years of second hand smoking
exposure with 1 year of exposure equivalent to 8700 hours of exposure (1 year x 365 days/y x 24 hours per day)(Methods).(20)

T Drink-years among those reporting ever drinking alcohol. A drink-year was defined as the total amount of ethanol consumed by a person who had one alcoholic drink per day
for 1 year (1 drink-year = 17.24 ml of ethanol/drink x 1 drink/day x 365 days/year = 6,292.6 ml| of ethanol).

+ Binge-drinking days defined as 5 or more drinks per episode (eMethods in Online Data Supplements). If bingeing were to be constant over 25 years in one individual, 250
binge drinking days would correspond to 10 episodes of bingeing per year over 25 years.

8 The number of days on the illicit drug listed over the study duration was computed using current exposure (current use defined as any use within the last 30 days) at each
visit and replaced by lifetime exposure when the latter was higher. Cocaine included other forms of cocaine such as crack, powder, free base; amphetamines included
speed, uppers and methamphetamines (Methods and eMethods in Online Data Supplements).

W Physical activity measured with the CARDIA Physical Activity History questionnaire, which queries the amount of time per week spent in 13 categories of leisure,
occupational, and household physical activities over the past 12 months.(22)

M Calculated as weight in kilograms divided by height in meters squared.

# Depression symptoms was measured every five years starting at the Year 5 visit by using the Center for Epidemiologic Studies Depression scale (CES-D).(23) A score of

216 used as the cut-off value for both sexes as an indication of the clinically significant depressive symptoms.(44)
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Table 2. Association between life-time exposure to marijuana and measures of subclinical atherosclerosis among never and ever tobacco users, CARDIA,

year 25
Never Tobacco smoker p-valuet Ever Tobacco smoker p-
Total
valuet
Total No >0 to <1 >1 Total No >0to<1 >1
marijuana |marijuana- [marijuana- marijuana | marijuana- |marijuana-
use years years use years years
N, (col %) 3117 (100) | 1581(100) | 426 (100) | 947 (100) | 208 (100) 1536 (100) 64 (100) 787 (100) | 685 (100)
3 categories, N, (col %)
-AAC=0&CAC=0 1246 (40) | 770(49) | 211 (50) | 478 (50) 81 (39) 476 (31) 26 (41) 279 (35) 171 (25)
-AAC>0&CAC=0 982 (32) | 432(27) | 123(29) | 252 (27) 57 (27) .005 550 (36) 15 (23) 283 (36) 252 (37) <.001
- CAC >0, regardless of AAC 889 (29) | 379 (24) 92 (22) 217 (23) 70 (34) 510 (33) 23 (36) 225 (29) 262 (38)
2 categories (binary outcome)
- AAC > 0,.N, (% compared to AAC=0) 1663 (53) | 679 (43) 187 (44) 394 (41) 98 (47) 3 984 (64) 32 (50) 473 (60) 479 (70) <.001
-CAC>0, N, (% compared to CAC=0) 889 (29) | 379 (24) 92 (22) 217 (23) 70 (34) .002 510 (33) 23 (36) 225 (29) 262 (38) <.001
-AAC >0 or CAC >0, N, (% compared
1871 (60) | 811 (51) | 215(50) | 469 (50) | 127 (61) .01 1060 (69) 38 (59) 508 (65) 514 (75) <.001
to AAC=0 & CAC=0)

T p-values from x? test across categories.
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Table 3. Association between lifetime exposure to marijuana and measures of subclinical
atherosclerosis and among never/ever tobacco users, CARDIA, year 25*

Never tobacco smokers

Ever tobacco smokers

Unadjusted Multivariate Unadjusted models Multivariate
models (N=1581)* | adjusted models (N=1536)* adjusted models
(N=1562)8 (N=1502)%

Cumulative exposure in
marijuana-years
(a) AAC =0 & CAC =0 Ref. Ref. Ref. Ref.
(b) AAC >0 & CAC =0
- At 0.5 marijuana-years 1.00 (0.88 to

1.13) 0.97 (0.821t01.14) | 1.19 (1.09t0 1.32) | 1.18 (1.04 to 1.34)
- At 1 marijuana-years 1.00 (0.80 to

1.26) 0.95(0.70t0 1.28) [ 1.39 (1.17t0 1.66) | 1.36 (1.07 to 1.71)
- At 5 marijuana-years 1.09 (0.68 to

1.74) 0.98 (0.51t01.88) | 2.11 (1.47t0 3.03) | 1.97 (1.21 to0 3.21)
- At-10 marijuana-years 1.25(0.72 to

217) 1.20 (0.58102.48) | 1.92 (1.35t0 2.75) [ 1.78 (1.10 to 2.89)
p-value" 0.7 0.6 <0.001 0.02
(c) CAC >0 regardless of
AAC 1.18 (1.05 to

J 0.99 (0.841t01.18) | 1.22 (1.10t0 1.34) | 1.15 (0.99 to 1.33)

- At 0.5 marijuana-years 1.33)
- At 1 marijuana-years 1.37 (1.10to

1.69) 1.00 (0.73t0 1.36) | 1.44 (1.20to 1.72) | 1.29 (0.98 to 1.69)
- At 5 marijuana-years 2.33(1.51to

3.63) 1.17 (0.60t0 2.30) | 2.42 (1.68 to 3.51) | 1.83 (1.02 to 3.31)
- At 10 marijuana-years 2.85(1.74 to

4.66) 1.63(0.81103.29) | 2.51 (1.76 to 3.58) | 1.85 (1.05 to 3.26)
p-value <0.001 0.2 <0.001 0.1

Cumulative exposure in

tobacco pack-years

(b) AAC >0 & CAC =0
- At 5 tobacco pack-years

- At 10 tobacco pack-years

- At 40 tobacco pack-years

p-value'

1.85 (1.54 t0 2.21)
5.70 (3.96 to 8.20)

9.63 (5.15 to 17.99)

<0.001

1.90 (1.53 to 2.36)
5.86 (3.64 to 9.45)

8.80 (4.25 to
18.21)

<0.001

(c) CAC >0 regardless of
AAC
- At 5 tobacco pack-years

- At 10 tobacco pack-years

1.83 (1.52 to 2.21)

6.68 (4.58 t0 9.73)

1.93 (1.52 to 2.44)

6.61 (3.92to
11.14)
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- At 40 tobacco pack-years 12.54 (5.92 to
- - 18.19 (9.8 to 33.64)
26.55)

p-value " <0.001 <0.001

Abbreviations: IPCW: Inverse probability of censoring weighting; Ref.: Reference

*Cumulative exposure to marijuana expressed in ‘marijuana-years’, with 1 marijuana-year of
exposure equivalent to 365 days of marijuana use.(see Methods).

* Multinomial logistic regression models with three categories of subclinical atherosclerosis: 1) no
AAC and no CAC; 2) any AAC and no CAC; and, 3) CAC, regardless of AAC as the outcome and
cumulative exposure to marijuana or tobacco smoking modeled as restricted cubic splines, stratified
by history of exposure to tobacco smoking (Methods).

8 Model described in ¥ additionally adjusted for age, race, sex, study site, years of education,
cumulative and current exposure to licit and illicit substances such as cigarette smoking, alcohol,
cocaine, amphetamines and heroin, exposure to passive smoking, cardiovascular risk factors,
physical-activity, BMI, depression symptoms, and diabetes (Methods). Analyses weighted by the
inverse probability of censoring (IPCW) to address potential bias by informative censoring
(eMethaods):

I p-values obtained by Wald-test across the entire variable contrasting the reference value to the
AAC/CAC category.
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Table 4. Estimated ORs from

multivariate adjusted model at five marijuana-years of exposure

Never tobacco smokers Ever tobacco smoker
s
OR (95% Cl) at5 P-value OR (95% Cl) at 5 P-value
marijuana-years marijuana-years
Multinomial'model (3
categories)
- AAC=0& CAC=0 Ref. Ref.
- ~AAC>0& CAC=0 0.98 (0.51 to 1.88) 9 1.97 (1.21 to 3.21) .007
-~ CAC >0 regardless of AAC | 1.17 (0.60 to 2.30) .6 1.83 (1.02 to 3.31) .04
Logistic regressions (2
categories)
- AAC =0 regardless of CAC Ref. Ref.
- AAC >0regardless of CAC 0.89 (0.53 t0 1.52) 7 1.84 (1.18 to 2.08) .007
- CAC =0 regardless of AAC Ref. Ref.
- [ CAC >0 regardless of AAC 1.20 (0.65 to 1.26) .6 1.18 (0.72 to 1.92) 5
-  AAC=0&CAC=0 Ref. Ref.
- .. AAC>0o0r CAC>0 1.07 (0.63 to 1.85) .8 1.91 (1.20 to 3.05) .006

Note: Only participants with both AAC and CAC measures at year 25 included. Multivariate models
stratified by history of tobacco smoking, adjusted for covariates potentially associated with marijuana
and subclinical atherosclerosis: age, race, sex, study site, years of education, exposure to illicit and
licit substances (cigarette smoking, alcohol, cocaine, amphetamines and heroin use, exposure to
passive smoking), cardiovascular risk factors, physical activity, BMI, depression symptoms, and
diabetes (Methods). Analyses weighted by the inverse probability of censoring (IPCW) to address

potential bias by informative censoring (eMethods).
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