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Abstract

Background Association between cannabis use and development of atherosclerotic cardiovascular disease (ASCVD)
is inconsistent and challenging to interpret, given existing study limitations.

Methods Sixty five independent single-nucleotide polymorphisms (SNPs), obtained from a genome-wide associa-
tion study on lifetime cannabis use, were employed as genetic instruments to estimate the effects of genetically
indexed cannabis use on risk of coronary artery disease (CAD) and acute ischemic stroke (IS) using a two-sample Men-
delian randomization (MR) approach. Summary statistics on CAD (CARDIOGRAMplusC4D; 60,801 cases and 123,504
controls) and IS (MEGASTROKE; 34,217 cases and 406,111 controls) were obtained separately. A comprehensive review
of the observational literature on cannabis use and CAD or IS was also performed and contrasted with MR results.

Results There was no causal effect of cannabis use on the risk of CAD (odds ratio (OR) per ever-users vs. never-users
0.93; 95% confidence interval (Cl), 0.83 to 1.03) or IS (OR 1.05; 95%Cl, 0.93 to 1.19). Sensitivity analyses yielded similar
results, and no heterogeneity and directional pleiotropy was observed. Our meta-analysis of observational studies
showed no significant association between ever use of cannabis with risk of CAD (k=6 studies; ORp,jeq = 1.23, 95%Cl
0.78 to 1.69), nor with IS (k=6 studies; ORpOO|ed =1.22,95%CI 0.95 to 1.50).

Conclusion Using a genetic approach approximating a clinical trial does not provide evidence consistent

with a causal effect of genetic predisposition to cannabis use on CAD or IS development. Further studies are needed
to replicate our findinds, an to investigate more precisely the risk of ASCVD in relation to the quantity, type, route

of administration, or the age at exposure to cannabis.
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Introduction

Cannabis is one of the most psychotropic substances
used globally, with almost 4% of the population aged
15—64years having consumed cannabis at least once in
2021 [1]. More evidence on the impact of cannabis use
on health is thus necessary at population-wide and indi-
vidual levels, especially with atherosclerosis cardiovas-
cular diseases (ASCVD) accounting for 30% of globally
deaths. While an association between cannabis use and
risk of atherosclerosis cardiovascular diseases (ASCVD)
has been reported numerous times [2—-4], it remains
inconclusive as to whether this link is causal in nature.
In experimental studies, Cannabidiol (CBD) and tetrahy-
drocannabinol (THC), substances both present in canna-
bis, have been found to have potential beneficial effects
against ASCVD development, mainly through anti-oxi-
dative and anti-apoptotic effects [5-13]. Conversely, evi-
dence also points towards adverse cardiovascular effects
of THC, such as a decrease in myocardial contractil-
ity, vasospasm, tachycardia and systolic blood pressure
increase, conditions that are known to promote ASCVD
development [14-16].

Causality between cannabis use and ASCVD is chal-
lenging to assess in observational studies due to recall
bias, inadequate exposure assessment, non-exhaustive
inclusion of confounders or weak methodology design
[17]. Since a deliberate exposure to cannabis would
be unethical, a clinical trial, removing potential biases
(e.g., confounding or reverse causation) in the cannabis-
ASCVD association, is not possible, although represent-
ing the optimal method to test a clinical hypothesis. A
genetic approach, mimicking a randomized trial, thus
represents an asset to infer a causal association between a
potential harmful exposure (cannabis) and a disease out-
come (ASCVD) [18]. Recently, Zhao et al., using Mende-
lian randomization (MR) principles, did not find a causal
association between cannabis use and ASCVD, but
showed some evidence for a causal effect of cannabis use
on small vessel stroke and atrial fibrillation [19]. How-
ever, their MR analysis was based on 10 genetic instru-
ments only, since it was not derived from the largest and
most recent genome-wide association study (GWAS)
of cannabis use, which may have reduced the statistical
power of their analysis.

To obtain more reliable results, here we used 65 inde-
pendent genetic markers (from the most recent GWAS of
cannabis use) to perform Mendelian randomization anal-
yses. We included several sensitivity analyses and tested
for the presence of pleiotropic effects of the instruments
to ensure robust causal association results between can-
nabis consumption and both coronary artery disease
(CAD) and ischemic stroke (IS). Further, we assessed
whether adjusting for genetically indexed tobacco use
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altered the association. Finally, we performed a meta-
analysis of published observational studies and con-
trasted the result with the causal estimates.

Methods

Principles of two-sample Mendelian randomization
Mendelian randomization (MR) is a statistical method
using measured variation in single-nucleotide polymor-
phisms (SNPs) associated with an exposure to exam-
ine the causal effect of this exposure (cannabis use) on
a disease outcome (CAD or IS). SNPs, used as genetic
instruments, have to meet three assumptions to be valid
instruments: i. relevance assumption (genetic instru-
ments have to be robustly associated with the exposure of
interest); ii. independence assumption (they should not
be associated with any confounder of the exposure-out-
come relationship); iii. Exclusion restriction assumption
(they can affect the outcome only through the exposure)
[18, 20].

Two-sample MR refers to the application of MR to
summary genetic statistics estimated in two non-over-
lapping sets of individuals. The “first” sample is used for
computing a genetic instrument for the exposure. The
“second” sample is employed to estimate the instrument-
outcome association. These two associations are then
used to estimate the underlying causal effect [20].

Genetic markers associated with ever use of cannabis

We used a publicly available GWAS computed from three
distinct sources (ICC study, UK-Biobank and 23andMe),
with a combined sample size of 184,765 participants of
European ancestry, on ever use of cannabis (including
53,179 cases, 131,586 controls) (see Additional file 2,
Supplementary Table 1 for details about studies included)
[21]. All alleles in the GWAS were reported from the
positive strand. Pasman et al. executed linkage disequilib-
rium clumping to eliminate genetically correlated SNPs
(R*<0.001) and proposed 69 independent SNPs linked
to ever use of cannabis, explaining 1.12% of the variance
in cannabis use. Among these, we excluded four SNPs
(rs11749751, rs2335349, rs3740390 and rs61942416) with
discordant direction of effect among the three sources.
We confirmed the independence of the SNPs with the
LDpair tool (National Institutes of Health, LDlink, US
https://ldlink.nih.gov/?tab=ldpair; as accessed on 2023, 4
Nov) (see Additional file 2, Supplementary Table 4). We
selected then 64 SNPs; 5 which surpassed the conven-
tional genome-wide significance threshold for genome-
wide association with lifetime cannabis use (p-value
<5x%107%) and 59 other SNPs that passed a more leni-
ent significance threshold (p-value <5x107°), but could
be considered as an additional instrumental variable for
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the MR analysis (see Additional file 2, Supplementary
Table 2) [22].

Genetic markers associated with ASCVD

No publicly available GWAS repository on ASCVD
was found. Therefore, we assessed the instrument-out-
come association separately for CAD, using the Coro-
nary Artery Disease Genome-wide Replication and
Meta-analysis plus the Coronary Artery Disease 1000
Genomes-based GWAS (CARDIoGRAMplusC4 [23])
and IS, using the Multiancestry GWAS with stroke and
stroke sub-types (MEGASTROKE [24]).

CARDIoGRAMplusC4D  Consortium  (www.cardi
ogramplusc4d.org/) involved 60,801 cases and 123,504
controls from 39 studies in a GWAS meta-analysis of
CAD with 77% of European ancestry and about 70% of
acute myocardial infarction (AMI). MEGASTROKE
(www.megastroke.org) included 34,217 European cases
and 406,111 European controls from 16 studies in a
GWAS of IS.

The 64 SNPs associated with ever use of cannabis were
matched and harmonized (i.e. matching the reference
alleles) across the data sets. One SNP (rs80144387) was
not available in CARDIoGRAMplusC4 data and was thus
excluded from the analyses (see Additional file 2, Supple-
mentary Table 2).

There was no overlap between participants from the
GWAS of cannabis use and MEGASTROKE. Only two
studies, including 3735 participants, contributed in both
GWAS of cannabis use and CARDIoGRAMplusC4D (see
Additional file 2, Supplementary Table 1 and Additional
file 3, Supplementary Fig. 1).

Observational association between ever use of cannabis
and ASCVD

There was no meta-analysis in the literature reporting
pooled observational association (correlation) estimates
between cannabis use and ASCVD or, separately, for
CAD or IS. We, therefore, conducted a random-effect
meta-analysis, including studies assessing the associa-
tion between cannabis use and ASCVD. Among the stud-
ies identified in a comprehensive literature search, we
selected only prospective and retrospective observational
studies. In addition, we only used studies that reported
ever use of cannabis (compared with never users) as an
exposure and a corresponding risk estimate (expressed as
odds ratio (OR) or hazard ratio (HR)) for ASCVD, CAD
or IS. Supplementary Fig. 2 in Additional file 3 presents
the literature search strategy and Supplementary Tables 3
and 4 in Additional file 2 summarize the main character-
istics of included and excluded studies, respectively.
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Statistical analysis

MR was conducted, using Stata v.17 (Stata, College Sta-
tion, TX, USA, using mrobust package, available at:
https://github.com/remlapmot/mrrobust) and R Statis-
tical Software (v4.1.2; R Core Team 2021, using Two-
SampleMR package v0.5.6, available at: https://mrcieu.
github.io/TwoSampleMR/articles/index.html). Analy-
ses were performed for CAD and IS separately.

We first generated a causal estimate for each instru-
mental variable (i.e., SNPs) by dividing the association
of each SNP with risk of CAD/IS by the corresponding
association with risk of ever use cannabis. The standard
error (s.e.) was estimated using the delta method [25].
We then pooled together the individual causal effect
estimates using fixed-effects (inverse variance weighted
[IVW]) meta-analysis. As a sensitivity analysis, we also
pooled together estimates using random-effects meta-
analysis. To compare the pooled causal estimates to the
pooled observational estimates, we transformed the
summary estimates from meta-analysis into “users vs.
non-users” of cannabis, as opposed to a per-1-log-unit
increase in ever use of cannabis. To perform this trans-
formation, we used estimates for the risk of CAD/IS in
the general population and the prevalence of CAD/IS
among never users of cannabis, as previously described
[26]. A full description of the methodology is available
in the Supplementary Methods. We also conducted
a Steiger filtering analysis to test the direction of the
causal estimate. This approach assumes that a valid
instrumental variable should explain more variance for
the exposure than for the outcome and identifies SNPs
that do not satisfy this criterion (SNP-outcome correla-
tion greater than the SNP-exposure correlation) [27]

Strength of genetic instruments and power to detect
a causal effect
We estimated instrument strength by calculating the pro-
portion of variance in ever use of cannabis explained by
each SNP. We used then F-statistic for each SNP individu-
ally and cumulatively assuming that F-statistics > 20 repre-
sents an acceptable correlation [28]. In the present study,
the cumulative F-statistic was 29.1 minimizing the risk of
weak instrument bias. Full details are provided in Addi-
tional file 1 and Additional file 2, Supplementary Table 2.
The power of our MR analysis to detect the same mag-
nitude of association reported in the observational stud-
ies, using a two-sided a of 0.05, was 98% for both CAD
and IS (see Additional file 2, Supplementary Table 5).

Assessment of horizontal pleiotropy

To test the robustness of the causal estimation, we tested
for the presence of pleiotropy. Egger Mendelian randomi-
zation (MR-Egger) method detects and corrects for the
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bias due to directional pleiotropy, allowing one or more
SNPs to have pleiotropic effects, as long as the size of these
pleiotropic effects is independent of the size of the SNPs
effects on the exposure [29]. The methodology resembles
conventional MR analysis (IVW), except that the intercept
of the weighted linear regression is unconstrained (oppo-
site as constrained equal to zero in IVW method) [29].
A low p-value for the MR-Egger intercept test suggests
pleiotropy. The s.e. was obtained by bootstrap resampling
10000 times. Finally, the I statistic in the context of MR-
Egger quantifies weak instrument bias and was low in our
analysis (I =17% for CAD; and I? =39% for IS).

We then applied simulation extrapolation (MR-Egger-
SIMEX implemented in Stata using the mrrobust pack-
age) to adjust the MR-Egger causal estimates to account
for a potential NOME violation (NO Measurement Error
assumption, the assumption that the SNP-exposure asso-
ciation is true) [30].

We also conducted a weighted median MR analysis
(implemented in Stata using the mrobust package), which
gives more weight to SNPs with homogeneous causal
estimates (that is, close to the median causal estimate)
even when up to 50% of the weight in the analysis arises
from invalid SNPs [31]

Sensitivity analysis

Tobacco consumption is a risk factor for ASCVD and
shares a strong genetic correlation with use of canna-
bis [27, 28]. We then conducted a multivariable analysis
adjusting for SNP-tobacco, to account for shared path-
ways with and/or potential confounding by tobacco,
using summary statistics for the association of each of
the 64 cannabis-related SNPs with tobacco. Smoking
status was derived from 1,232,091 European individuals
with 557,337 ever smoker phenotypes (vs never smoker)
in the GWAS & Sequencing Consortium of Alcohol and
Nicotine (GSCAN Consortium, https://conservancy.
umn.edu/handle/11299/201564 downloads) [32]. Multi-
variable MR was conducted by regressing the SNP—can-
nabis estimates on SNP-CAD or -IS estimates adjusting
for SNP—tobacco estimates. The s.e. was obtained by
bootstrap resampling 10,000 times. Eight of 64 cannabis-
related SNPs were not available in the GSCAN Consor-
tium and therefore excluded from this analysis.

We finally computed three sensitivity analyses to test
the coherence of our results. First, we restricted the level
of genome-wide significance by the selection of genetic
variants with a p-value<5x1078 (see Additional file 2,
Supplementary Table 2). Second, as it was not possible
to verify that the alleles reported by CARDIoGRAM-
plusC4D or MEGASTROKE have been correctly orien-
tated, we selected SNPs in low linkage-disequilibrium
with other SNPs (r2<0.001) within a clumping distance
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of 10,000kb and removed palindromic SNPs if the allele
frequency was close to 50% [33]. Third, as “ever use of
cannabis” phenotype and genetic instruments derived
from it can suffer from a lack of specificity, we repeated
the analysis using SNPs from a recent GWAS of canna-
bis use disorder, comprising 14,080 cases and 343,726
controls of unrelated individuals from European ances-
try (Psychiatric Genomic Consortium, https://pgc.unc.
edu/for-researchers/download-results/downloads, more
details in Additional file 1) [34]

Results

Observational association between ever use of cannabis
and risk of CAD and IS

Twelve different studies met our primary research cri-
teria, with results for several of our outcomes of inter-
est for two of them (Reis et al. study [35] and CoLaus/
PsyCoLaus et al. study [36]). Details of the outcomes of
these studies can be found in Supplementary Table 3. It
is worth noting the variability of the ASCVD outcomes,
sometimes including only cardiovascular mortality in
Sun et al. study [3] or a broader outcome such as cardio-
vascular hospitalizations including heart, pulmonary vas-
cular, cerebrovascular disease and hypertension in Auger
et al. study [37]. Six of them reported ever use of canna-
bis (compared with no use) along with CAD status and
six others measured ever use of cannabis along with IS.
When meta-analysing these estimates, ever use of can-
nabis was not significantly associated with risk of CAD
using random-effects modelling (OR;j¢q 1.23, 95% con-
fidence interval (CI) 0.78 to 1.69, I? 90.8%; see Additional
file 3, Supplementary Fig. 3), nor with risk of IS (OR 4}
1.22, 95% CI 0.95 to 1.50, I* 85.4%; see Additional file 3,
Supplementary Fig. 4). Combining studies observing
CAD or IS development individually with the two studies
assessing only aggregated ASCVD [3, 37] (encompassing
714,938 cases and 144 million controls), ever use of can-
nabis was significantly associated with overall ASCVD
(OR01ea 127, 95% CI 1.03 to 1.51, p-value<0.001, 12
97.3%), using a random-effects modelling (Fig. 1). The
cannabis-ASCVD association was similar when only
prospective studies assessing aggregated ASCVD as out-
come were selected (see Additional file 3, Supplementary
Fig. 5). Egger’s test via funnel plot asymmetry, as meas-
ured a linear regression of the effect estimates on their
standard errors weighted by their inverse variance, was
not significant (0.64, 95% CI —0.54 to 1.81, p-value=0.3),
indicating an unlikely publication bias.

Causal effect estimates of ever use of cannabis on risk

of CAD and IS

The 64 SNPs associated with ever use of cannabis
explained 1% of its variance. In MR analysis, ever use of
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Analysis and Study RR (95% ClI) Cases Controls
Coronary artery disease
Reis et al —_10—— 0.65 (0.32, 1.33) 104 5009
Colaus/PsyColLaus 0 1.61 (0.81, 3.22) 227 4112
Chami et al 1.72 (1.67, 1.77) 60,940 10,77,4178
Philips et al T 3.92 (1.97, 7.80) 84 465
Patel et al = 1.36 (1.16, 1.59) 1694 9,465,255
Burt et al a8+ 0.59 (0.30, 1.15) 201 1219
Subgroup 1.23 (0.78, 1.69)

Acute ischemic stroke
Falksted et al 0 0.90 (0.69, 1.18) 1037 44,044
Reis et al 0.73 (0.32, 1.68) 62 5051
Colaus/PsyColLaus [t 0.99 (0.24, 4.18) 79 4260
Rumalla et al E\' 1.17 (1.15, 1.20) 478,650 118,180,969
Westover et al —g— 1.76 (1.15, 2.71) 998 811,249
Vin Raviv et al 1.60 (1.44, 1.77) 106,957 3,949,000
Subgroup 1.22 (0.95, 1.50)
ASCVD
Sun et al T 2.90 (1.48, 5.69) 39 14,818
Auger et al S 1.48 (1.27, 1.72) 63,923 1,247,035
Subgroup 1.79 (0.64, 2.94)
Overall, DL 1.27 (1.03, 1.51)
T T T T T
-1.0 05 1 1.5 3.5 55
RR (95% Cl)

Fig. 1 Meta-analysis of observational studies reporting association between cannabis and atherosclerotic cardiovascular disease. Meta-analysis
uses a random-effects model, DerSimonian and Lair methods (DL). Studies are sorted by type of outcome (coronary artery disease, ischemic stroke
or global ASCVD analysis). Relatives risk (RR) and 95% confidence intervals (Cl) express the risk of ASCVD for “ever use of cannabis” (compared

with never use). For additional information on each study, see Additional file 2, Supplementary Table 1. Supplementary Fig. 4 and 5 provide

meta-analysis stratified by outcome and type of risk ratio

cannabis was not significantly causally associated with
risk of CAD (OR per-1-log unit in ever use of canna-
bis [derived by fixed-effect meta-analysis of individual
causal effects estimates of SNPs], 0.97, 95% CI 0.92 to
1.02, p-value=0.19; Fig. 2.A and see Additional file 3,
Supplementary Fig. 6). Similarly, no causal effect was
found when IS was assessed as the outcome (OR per-
1-log unit in ever use of cannabis, 1.03, 95% CI 0.98 to
1.09, p-value=0.41; Fig. 2.B and see Additional file 3,
Supplementary Fig. 7). Random-effects meta-analysis
showed converging results (OR 0.97, 95% CI 0.92 to 1.02,
p-value=0.19 for CAD and 1.03, 95% CI 0.97 to 1.09,
p-value =0.38 for IS). Steiger filter showed correct causal
direction for both CAD and IS overall (p-value<0.001 for
both) and for each SNP, separately.

The MR estimate transformed in population-based OR
(OR per users vs. non-users for CAD, 0.93, 95% CI 0.83
to 1.03; Fig. 3 and OR for IS, 1.05, 95% CI, 0.93 to 1.19;
Fig. 4) was consistent with estimates derived from obser-
vational analysis for CAD (test for heterogeneity between
group, p-value=0.185) and IS (test for heterogeneity
between group, p-value=0.053).

Assessment of pleiotropic effects of the genetic markers
We did not find evidence against the null hypothesis of no
directional pleiotropy of the genetic markers using MR-
Egger (P-value for pleiotropy of 0.766 for CAD and 0.653 for
IS). The causal estimates derived from MR-Egger, MR-Egger
adjusted for simulation extrapolation (SIMEX) and weighted
median MR produced consistent causal estimate compared
with conventional MR estimates for CAD (see Additional
file 2, Supplementary Table 6 and Additional file 3, Supple-
mentary Fig. 8) and IS (see Additional file 2, Supplementary
Table 7 and Additional file 3, Supplementary Fig. 9).

Sensitivity analysis

Adjusting for smoking in multivariable MR did not show
evidence of shared pathways and/or confounding with a
causal effect estimate of CAD and IS (OR per-1-log unit
0.94, 95% CI 0.84 to 1.05 for CAD; and 0.97, 95% CI 0.86
to 1.12 for IS, ORs per users vs. non-users are shown in
Figs. 3 and 4). The pattern of the MR estimates did not
change after using a more stringent threshold for the selec-
tion of genetic variants (p-value <5x107%) (Figs. 2, 3 and
4 and see Additional file 2, Supplementary Table 8). The
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SNP Figure A OR (95% Cl) SNP Figure B OR (95% CI)
1510849767 —_— 0.55(0.31, 0.98) 152305758 —_—a— 0.46 (0.25, 0.85,
1s4445597 —_—a— 0.56 (0.31, 0.99) rs17294232 —_— 0.50 (0.27, 0.91)
1s2049824 —0o 0.67 (0.40, 1.14) rs10012797 —_—a— 0.52 (0.29, 0.93
1579294243 —a—14 0.68 (0.45, 1.02) 151808579 —_—a— 0.56 (0.33, 0.96)
rs437021 —_— a4 0.74 (0.47, 1.14) 15149434117 —_—— 0.66 (0.34, 1.25)
17969834 —_——— 0.75 (0.45, 1.25) 1s205723 —_—a— 0.66 (0.38, 1.14)
1s73262787 —_——— 0.75(0.47, 1.21) 1$1503510 —_— 0.70 (0.40, 1.21)
rs10012797 —o—1— 0.76 (0.47, 1.25) rs9855698 —_— a1 0.72(0.42, 1.23)
rs17294232 ! e 0.77 (0.46, 1.29) 1s60369116 S e 0.72 (0.44, 1.19)
15146752096 —_—a—t— 0.77 (0.45, 1.31) rs72798040 —_—a— 0.73 (041, 1.29)
rs7513688 —_—a—1— 0.77 (0.47, 1.28) rs]?l%?gieg —a—— 8'&733 gg.ﬁg. }gg;
rs10499 —a—4— 0.78 (0.52, 1.17, rs s .80 (0.48, 1.
1s79777905 —_—o— 0.80 20_44, 1,451 rs11209802 —a—— 0.82 (0.51, 1.34)
1s6827295 —aq— 0.82 (0.53, 1.26) 15466765 — a1 8% (8-22. 1%)
rs143529057 —a—— 0.82(0.52, 1.29) rs6827295 _u_—ﬂ'_— o.88 (0'53' 1449>
re2308756 — o 0B 0a e rerasearer —a— 090085, 147
rs: — X .51, 1. - 299, 1.
rs1012534 —_— 0.84 (0.52, 1.35) rs1066339 — 0.90(0.73, 1.13)
r$9919557 —a— 0.85(0.60, 1.21) rs79563551 — 0.90 (0.53, 1.56)
1s2086512 —_— 0.85(0.53, 1.37) {:123%3;31 — 8-3] Eg-gg ]ig;
re203723. p— — 0o6(05s 197  re0972420 0.92 (058] 1.45)
rs Tr 86 (0.54. 1. 192 (0.58, 1.
1s60369116 —a— 0.87 (0.55, 1.38) 2%53232 8-32 gg-;g, ]ég;
rs17761723 —aT— 0.88 (057, 1.35) RGN v toee 1o
rs11209802 —a— 0.88 (0.55, 1.41) AT R lote
rs120a002 ol 089(0.52.1.99) 152049824 0.99 (058, 1.69)
e, o 98OI 1LY s12211611 — 1.01 (0.64, 1.58
reTa0657 — o — 031(080 143  rst0ieo — 1.01(0.68, 1.50
ol '92 (069, 1. 15701802 —p— 1.02 (0.60, 1.75)
rs139621111 = gg% (8'62' ]‘gi) 15830147 —— 1.03(0.77, 1.37)
:zg;%;g; ol 0'9350? 1'22] 154445597 —— 1.05(0.61. 1.82)
64 (0.58" 1. 1s7670670 —p— 1.06 (0.65, 1.72)
rs72798040 o 0.94(0.58,1.54) 875907 —a— 1,08 (0.81, 1.44)
popeatin o 9.5 Eg‘gg' ]gg; 159435794 —ta— 1111 (0.68. 1.80)
rs¢ R . K PN
: rs17481131 — 1.12(0.65, 1.92)
rs6047198 096(0.57,1.61)  (<41724871 — o 1,12 (0.64, 1.96)
rs1066339 0.97(0.81,1.16) 1511902472 — o 1113 (0,69, 1.85)
159655332 0.97 (0.74, 1.29) 1437051 R - 115 (071, 1.85)
18576076 0.99(0.64,1.51) 5059730 —to— 1,15 (0.71, 1.86)
S ar2dsT %9 gg-g;v ]-8‘5‘} 1s79294243 —t— 1.15 (068, 1.96)
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Fig. 2 Effect of each cannabis use-associated SNP on risk of CAD (A) or IS (B) and when using a stringent threshold for SNPs’selection for CAD (C)
or IS (D). Meta-analysis of the association of genetically instrumented use of cannabis and risk of CAD for the 63 single-nucleotide polymorphisms
(SNPs) (A) and of IS for the 64 SNPs (B). The second meta-analysis shows results when using 5 SNPs which surpassed the conventional genome-wide
significance threshold for genome-wide association with lifetime cannabis use (p-value <5x 1 078) for CAD (C) and for IS (D). Odds ratios (OR)

and 95% confidence intervals (Cl) express the risk of event per-1-log unit increase in ever use of cannabis. Meta-analysis uses a fixed effect model

effect was consistent with a more conservative approach  Discussion

selecting genetic instruments (removal of palindromic  Using a genetically informed causal inference approach,
SNP with intermediate minor allele frequency) (see Addi-  this study provides no evidence that genetically indexed
tional file 2, Supplementary Table 9), or when we estimated ~ cannabis use has a causal effect on CAD or IS risk, a
the causal effect for cannabis use disorder as exposure (see  result robust to a range of sensitivity analyses. This find-
Additional file 2, Supplementary Table 10). ing is in line with previous MR results relying on less
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Type of study and Analysis OR (95% CI) Cases  Controls
Observational
Present meta-analysis for CAD & 1.23 (0.78, 1.69) 63,169 20,249,592
Causal
Conventional MR for CAD with 63 SNPs — 0.93 (0.83, 1.03) 60,801 123,504
Conventional MR for CAD with 5 SNPs surpassed p<10® ——%—— 0.76 (0.56, 1.03) 60,801 123,504
Multivariable MR (tobacco adjusted) for CAD — 0.88 (0.69, 1.03) 60,801 123,504
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Fig. 3 Comparison of observational and causal estimates for cannabis use and risk of CAD. Observational estimates are provided according
to the meta-analysis reported in Fig. 1 restricted to coronary artery disease, as separate outcome for ever use of cannabis. Causal estimates
represent population-based association derived by conventional (Fig. 2) and multivariable Mendelian randomization. The method to derive
the population-based OR of ASCVD among users of cannabis compared with non-users is described in Additional file 1

powerful genetic instruments [19]. They are also consist-
ent with a meta-analysis which did not find serious cardi-
ovascular events in a randomized controlled trial (RCT)
using medical cannabinoids [38]. These findings are
important from individual- and public health perspec-
tives, considering the increase in prevalence of medical
and recreational use of cannabis [1]

Our meta-analysis, combining estimates obtained in
observational studies, showed no significant. associa-
tion between cannabis use and CAD or IS development
individually, which is coherent with our MR findings.
However, we found a borderline significant associa-
tion between cannabis use and overall ASCVD devel-
opment when we combined the observational studies
assessing cannabis and CAD and IS individually with
observational studies assessing cannabis and mortal-
ity or incident ASCVD. This result was consistent
when analyzing only prospective studies with ASCVD
or ASCVD mortality. Whereas these results were not
affected by publication bias, there was substantial lev-
els of heterogeneity between studies, which can lead
to this spurious significant association between can-
nabis use and overall ASCVD development. This high-
lights the difficulty to interpret the association of a
behavior on health using observational studies. These
observational studies might suffer from confounding
factors and competing risk after exposure. Moreover,
comparison between different length of follow-up

and different case definition could potentially lead to
biased results. Finally, larger samples in meta-analyses
receiving more weight, the pooled effect would largely
reflect the effects obtained from larger studies (i.e no
change in the pooled effect when Sun et al. study was
removed see Additional file 3, Supplementary Fig. 10).
It is noteworthy that Auger et al. study [37], driving
the effect towards an association in the overall meta-
analysis only included women.

Using Mendelian randomization limiting these
biases, our study shows no evidence of association
between cannabis use and either coronary artery dis-
ease or ischemic stroke, despite numerous obser-
vational studies reporting a detrimental association
[2—4, 39-41]. Because a GWAS reporting ASCVD as
outcome was not available, we were not able to com-
pare with a genetic approach the evidence of an asso-
ciation between cannabis ever use and development
of ASCVD, as found in our meta-analysis. Finally,
differences in cannabis doses, formulations, exposi-
tion-time and pattern of use can have different and
divergent effects and contributions on the occurrence
of different ASCVDs and thus lead to confusion when
testing their contribution together and for an over-
all ASCVD outcome. Indeed, cannabis use exposed
to hundreds of cannabinoids, the effects of most of
which are not known, especially with regard to their
affinity to cannabinoid receptor (CBR). Even the two



de La Harpe et al. BMC Cardiovascular Disorders (2023) 23:611 Page 8 of 10
Type of study and Analysis OR (95% CI) Cases Controls
Observational
Present meta-analysis for IS -T— 1.22 (0.95, 1.50) 587,756 122,994,573
Causal
Conventional MR for IS with 64 SNPs -1 1.05(0.93, 1.19) 34,217 406,111
Conventional MR for IS with 5 SNPs surpassed p<108 . 1.06 (0.78, 1.44) 34,217 406,111
Multivariable MR (tobacco adjusted) for IS — 0.96 (0.72, 1.28) 34,217 406,111
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Fig. 4 Comparison of observational and causal estimates for cannabis use and risk of IS. Observational estimates are provided according
to the meta-analysis reported in Fig. 1 restricted to ischemic stroke, as separate outcome for ever use of cannabis. Causal estimates
represent population-based association derived by conventional (Fig. 2) and multivariable Mendelian randomization. The method to derive
the population-based OR of ASCVD among users of cannabis compared with non-users is described in Additional file 1

main cannabinoids, namely cannabidiol (CBD) and
tetrahydrocannabinoid (THC), involved in the use of
cannabis have different known or hypothesized effects
of the two substances involved in the use of cannabis.
The endocannabinoid system includes two receptors:
cannabinoid receptor 1 (CBR1) and 2 (CBR2) with dif-
ferent biological roles [12]. THC is an agonist of the
CBR1 receptor, which, via the autonomic nervous sys-
tem, induces an increase in heart rate and blood pres-
sure [12, 42], thus suggested as a trigger for ASCVD in
case of predisposition [43]. Conversely, high-doses of
THC, translate into a decrease in heart rate, as well as
blood pressure with a decrease in cerebral flow, which
is suggested as a mechanism for the development of IS
[42]. Activation of CBR2 has been shown to regulate
inflammation and may limit the production of oxi-
dized lipoprotein by modulating the effect of CBR1
in the development of atherosclerosis. Whereas the
mechanisms of action of CBD, particularly in relation
to inflammation, remain obscure, indirect effects on
anandamide which could modulate CBR1 and CBR2
have been considered for [5, 7, 11, 12, 42]. Therefore,
further MR studies with SNPs specific to THC, CBD
use or CBR1/CBR2 agonist or antagonist may distin-
guish the effects of the two main substances compos-
ing cannabis.

One limitation of our study is weak instrumental
variables (that did not achieve GWAS significance)

can lead to downward bias and hence loss in statisti-
cal power [44]. The availability of only a few SNPs
reaching the conventional genetic significance thresh-
old of <5x 107 further reduces power. However, the
F-statistic provided evidence against weak instrumen-
tal bias. Second, when exposure and outcome data-
sets are not overlapping, as in the present study, there
exists the risk of underestimating the true causal effect
estimate. However, sensitivity analyses are concord-
ant with main findings and reinforce the confidence
on our results. Other limitations include that our study
did not allow the investigation of the risk of ASCVD
in relation to the quantity, type, route of administra-
tion, or the age at exposure to cannabis. Moreover,
capturing patterns of cannabis use in individuals pre-
sents inherent complexities attributable to multiple
contributing factors, such as recall biases, respond-
ents’ reticence, uncertainty regarding the composition
of the substances and the utilization of survey instru-
ments that may fall short in effectively delineating the
diverse spectrum of users. Dichotomizing individuals
into binary categories of ever versus never users, as is
commonplace in various studies, might oversimplify
the complexity of substance use behaviors and conse-
quently its effect on health. And although the sensitiv-
ity analysis we conducted, using cannabis use disorder
as an exposure to better account for chronicity and the
amount of cannabis consumed, confirmed the absence
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of evidence of an effect, our results cannot be gener-
alized to other groups of individuals exposed to can-
nabis (e.g., early onset users, users of high-potency
cannabis) that may experience more severe health con-
sequences. Larger GWAS studies are then necessary to
circumvent the use of weak instruments and allow the
identification of sub-phenotypes of exposure. Finally,
all genetic summary statistics are from European
ancestry, except for the CardioGRAMplusC4D (23%
of participants from a different ethnical background).
Differences in ancestry may mean, for example, that a
genetic association with cannabis may be true in that
specific population, but, due to differences in linkage
disequilibrium, this will not be the case in a different
ancestry group, which in turn can affect the causal
association with ASCVD.

Conclusion

Our genetic approach, approximating a randomized control
trial that would be unethical in these circumstances, showed
no evidence consistent with a causal effect of genetic liability
to cannabis use on risk of CAD or IS. Knowing the burden
of ASCVD and the frequency of cannabis use in the general
population, further studies are needed to replicate our find-
ings, and to investigate more precisely the risk of ASCVD in
relation to the quantity, type, route of administration, or the
age at exposure to cannabis.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512872-023-03641-w.

Additional file 1. Supplementary Methodology.
Additional file 2. Supplementary Tables.
Additional file 3. Supplementary Figures.

Acknowledgements

The publicly available summary statistics on cannabis use were obtained from
the Genome-Wide Association Study of Pasman et al. (https://www.ru.nl/bsi/
research/group-pages/substance-use-addiction-food-saf/vm-saf/genetics/
international-cannabis-consortium-icc/), which would like to acknowledge

all participating groups of the International Cannabis Consortium, and in
particular the members of the working group including Joelle Pasman, Karin
Verweij, Nathan Gillespie, Eske Derks, and Jacqueline Vink. Pasman et al,, (2018)
included data from the UK Biobank resource under application numbers 9905,
16406 and 25331. The publicly available summary statistics on coronary artery
disease and myocardial infarction have been contributed by CARDIoOGRAM-
plusC4D investigators and have been downloaded from www.CARDIOGRAM
PLUSC4D.ORG. The publicly available summary statistics on acute ischemic
stroke came from The MEGASTROKE project who received funding from
sources specified at http://www.megastroke.org/acknowledgments.html .
The publicly available summary statistics on smoking and cannabis disorder were
obtained from Liu et al. (https://conservancy.umn.edu/handle/11299/2015) and
from The Substance Use Disorders Working Group of the Psychiatric Genomics Con-
sortium (PGC-SUD) which is supported by funds from NIDA and NIMH to MH109532
and gratefully acknowledge the participants in those studies without whom this
effort would not be possible (https//www.med.uncedu/pgc/download-results/).
We express our gratitude to the participants and research teams that permit-
ted to build these publicly available data sets.

Page 9 of 10

Authors’ contributions

Dre Roxane de La Harpe had full access to all of the data in the study and
take responsibility for the integrity of the data and the accuracy of the data
analysis, wrote the main manuscript text, prepared the figures, tables and
Supplementary Materials. Dr. Julien Vaucher participate at the conception
and design, played an important role in interpreting the results and revising
the manuscript as well as approved the final manuscript. Dre Tabea Schoeler
participated in acquiring the data and statistical analysis, as well as drafting
and revising the manuscript. Drs Christian W Thorball, Aurélien Thomas and
Zoltan Kutalik contributed to critical revision of the manuscript for important
intellectual content. All co-authors reviewed the final manuscript.

Funding
Open access funding provided by University of Lausanne This study did not
receive any funding.

Availability of data and materials

The datasets analysed during the current study are available in the Interna-
tional Cannabis Consortium (ICC)] repository, https://www.ru.nl/bsi/research/
group-pages/substance-use-addiction-food-saf/vm saf/genetics/internatio
nal-cannabis-consortium-icc/ [21]; in the CARDIOGRAMplusC4D Consortium
repository, http://www.cardiogramplusc4d.org/data-downloads/ [23]; in the
MEGASTROKE Consortium repository, https://www.megastroke.org/ [24];

in the Repository for U of M, https://conservancy.umn.edu/handle/11299/
201564 [33]; in the Psychiatric Genomic Consortium repository, https://www.
med.unc.edu/pgc/download-results/ [34].

Codes and scripts are available upon reasonable request.

Declarations

Ethics approval and consent to participate
Details regarding ethical approval and informed consents can be found in
each original article where the summary statistics of the data come from.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

1Departmeh‘[ of Medicine, Division of Internal Medicine, University Hospital

of Lausanne, Rue du Bugnon 46, 1011 Lausanne, Switzerland. 2Swiss Institute
of Bioinformatics, 1015 Lausanne, Switzerland. 3Departmem of Computational
Biology, University of Lausanne, Lausanne, Switzerland. *Precision Medicine
Unit, Biomedical Data Science Center, Lausanne University Hospital of Laus-
anne, Chemin des Roches 1a/1b, 1010 Lausanne, Switzerland. >Faculty Unit

of Toxicology, CURML, Faculty of Biology and Medicine, University of Lausanne,
Lausanne, Switzerland. ®Centre universitaire de médecine et santé publique,
Lausanne, Switzerland. "HFR Freiburg Kantonspital, Lausanne, Switzerland.

Received: 12 May 2023 Accepted: 29 November 2023
Published online: 13 December 2023

References

1. World Drug Report 2021 (United Nations publication, Sales No. E.21.X1.8).
https://www.unodc.org/unodc/en/data-and-analysis/wdr-2021_book!
et-3.html. Accessed 3 Feb 2022

2. Jouanjus E, Raymond V, Lapeyre-Mestre M, Wolff V. What is the current
knowledge about the cardiovascular risk for users of Cannabis-based
products? A systematic review. Curr Atheroscler Rep. 2017;19(6):26.

3. SunY, Liu B, Wallace RB, Bao W. Association of Cannabis use with all-Cause
and Cause-Specific Mortality among Younger- and middle-aged U.S.
Adults Am J Prev Med. 2020;59(6):873-9.

4. Skipina TM, Patel N, Upadhya B, Soliman EZ. Cannabis use is associated
with prevalent coronary artery disease. Am J Med Sci. 2022,364(3):304-8.


https://doi.org/10.1186/s12872-023-03641-w
https://doi.org/10.1186/s12872-023-03641-w
https://www.ru.nl/bsi/research/group-pages/substance-use-addiction-food-saf/vm-saf/genetics/international-cannabis-consortium-icc/
https://www.ru.nl/bsi/research/group-pages/substance-use-addiction-food-saf/vm-saf/genetics/international-cannabis-consortium-icc/
https://www.ru.nl/bsi/research/group-pages/substance-use-addiction-food-saf/vm-saf/genetics/international-cannabis-consortium-icc/
https://www.cardiogramplusc4d.org
https://www.cardiogramplusc4d.org
http://www.megastroke.org/acknowledgments.html
https://conservancy.umn.edu/handle/11299/2015
https://www.med.unc.edu/pgc/download-results/
https://www.ru.nl/bsi/research/group-pages/substance-use-addiction-food-saf/vm%20saf/genetics/international-cannabis-consortium-icc/
https://www.ru.nl/bsi/research/group-pages/substance-use-addiction-food-saf/vm%20saf/genetics/international-cannabis-consortium-icc/
https://www.ru.nl/bsi/research/group-pages/substance-use-addiction-food-saf/vm%20saf/genetics/international-cannabis-consortium-icc/
http://www.cardiogramplusc4d.org/data-downloads/
https://www.megastroke.org/
https://conservancy.umn.edu/handle/11299/201564
https://conservancy.umn.edu/handle/11299/201564
https://www.med.unc.edu/pgc/download-results/
https://www.med.unc.edu/pgc/download-results/
https://www.unodc.org/unodc/en/data-and-analysis/wdr-2021_booklet-3.html
https://www.unodc.org/unodc/en/data-and-analysis/wdr-2021_booklet-3.html

de La Harpe et al. BMC Cardiovascular Disorders

20.

21.

22.

23.

24.

25.

(2023) 23:611

Steffens S, Veillard NR, Arnaud C, Pelli G, Burger F, Staub C, et al. Low dose
oral cannabinoid therapy reduces progression of atherosclerosis in mice.
Nature. 2005;434(7034):782-6.

Shmist YA, Goncharov |, Eichler M, Shneyvays V, Isaac A, Vogel Z, et al.
Delta-9-tetrahydrocannabinol protects cardiac cells from hypoxia via

(B2 receptor activation and nitric oxide production. Mol Cell Biochem.
2006;283(1-2):75-83.

Durst R, Danenberg H, Gallily R, Mechoulam R, Meir K, Grad E, et al.
Cannabidiol, a nonpsychoactive Cannabis constituent, protects against
myocardial ischemic reperfusion injury. Am J Physiol Heart Circ Physiol.
2007,293(6):H3602-7.

England TJ, Hind WH, Rasid NA, O'Sullivan SE. Cannabinoids in experi-
mental stroke: a systematic review and meta-analysis. J Cereb Blood Flow
Metab. 2015;35(3):348-58.

Shayesteh MRH, Haghi-Aminjan H, Mousavi MJ, Momtaz S, Abdollahi M.
The protective mechanism of Cannabidiol in cardiac injury: a systematic
review of non-clinical studies. Curr Pharm Des. 2019;25(22):2499-507.
Garza-Cervantes JA, Ramos-Gonzalez M, Lozano O, Jerjes-Sanchez C,
Garcia-Rivas G. Therapeutic applications of cannabinoids in cardiomyopa-
thy and heart failure. Oxidative Med Cell Longev. 2020,2020:4587024.

. Huang W, Zeng Z, Lang Y, Xiang X, Qi G, Lu G, et al. Cannabis seed

oil alleviates experimental atherosclerosis by ameliorating vascular
inflammation in apolipoprotein-E-deficient mice. J Agric Food Chem.
2021,69(32):9102-10.

Kicman A, Toczek M. The effects of Cannabidiol, a non-intoxicating com-
pound of Cannabis, on the cardiovascular system in health and disease.
Int J Mol Sci. 2020;21(18):6740.

Mathew B, Harilal S, Musa A, Kumar R, Parambi DGT, Jose J, et al. An
Agathokakological tale of A9-THC: exploration of possible biological
targets. Curr Drug Targets. 2021;22(7):823-34.

Bonz A, Laser M, Kullmer S, Kniesch S, Babin-Ebell J, Popp V, et al. Can-
nabinoids acting on CB1 receptors decrease contractile performance in
human atrial muscle. J Cardiovasc Pharmacol. 2003;41(4):657-64.
Zubrzycki M, Liebold A, Janecka A, Zubrzycka M. A new face of endocan-
nabinoids in pharmacotherapy. Part I: protective role of endocannabi-
noids in hypertension and myocardial infarction. J Physiol Pharmacol.
2014,65(2):171-81.

Franz CA, Frishman WH. Marijuana use and cardiovascular disease. Cardiol
Rev. 2016;24(4):158-62.

Gage SH, Jones HJ, Burgess S, Bowden J, Davey Smith G, Zammit S, et al.
Assessing causality in associations between cannabis use and schizo-
phrenia risk: a two-sample Mendelian randomization study. Psychol Med.
2017;47(5):971-80.

Davies NM, Holmes MV, Smith GD. Reading Mendelian randomisa-

tion studies: a guide, glossary, and checklist for clinicians. BMJ.
2018;12(362):k601.

Zhao J, Chen H, Zhuo C, Xia S. Cannabis use and the risk of cardiovascu-
lar diseases: a Mendelian randomization study. Front Cardiovasc Med.
2021,8:676850.

Pierce BL, Burgess S. Efficient design for Mendelian randomization
studies: subsample and 2-sample instrumental variable estimators. Am J
Epidemiol. 2013;178(7):1177-84.

Pasman JA, Verweij KJH, Gerring Z, Stringer S, Sanchez-Roige S, Treur JL,
et al. GWAS of lifetime cannabis use reveals new risk loci, genetic overlap
with psychiatric traits, and a causal influence of schizophrenia. Nat Neuro-
sci. 2018;21(9):1161-70.

Burgess S, Small DS, Thompson SG. A review of instrumental vari-

able estimators for Mendelian randomization. Stat Methods Med Res.
2017;26(5):2333-55.

Nikpay M, Goel A, Won HH, Hall LM, Willenborg C, Kanoni S, et al. A
comprehensive 1000 genomes-based genome-wide association meta-
analysis of coronary artery disease. Nat Genet. 2015;47(10):1121-30.
Malik R, Chauhan G, Traylor M, Sargurupremraj M, Okada Y, Mishra A,

et al. Multiancestry genome-wide association study of 520,000 subjects
identifies 32 loci associated with stroke and stroke subtypes. Nat Genet.
2018;50(4):524-37.

Thomas DC, Lawlor DA, Thompson JR. Re: Estimation of bias in nonge-
netic observational studies using “Mendelian triangulation” by Bautista
et al. Ann Epidemiol. 2007 17(7):511-513.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Page 10 of 10

Vaucher J, Keating BJ, Lasserre AM, Gan W, Lyall DM, Ward J, et al. Canna-
bis use and risk of schizophrenia: a Mendelian randomization study. Mol
Psychiatry. 2018;23(5):1287-92.

Hemani G, Tilling K, Smith GD. Orienting the causal relationship between
imprecisely measured traits using GWAS summary data. PLoS Genet.
2017;13(11):21007081.

Staiger D, Stock JH. Instrumental variables regression with weak instru-
ments. Econometrica. 1997,65(3):557-86.

Bowden J, Davey Smith G, Burgess S. Mendelian randomization with
invalid instruments: effect estimation and bias detection through egger
regression. Int J Epidemiol. 2015;44(2):512-25.

Bowden J, Del Greco MF, Minelli C, Davey Smith G, Sheehan NA,
Thompson JR. Assessing the suitability of summary data for two-sample
Mendelian randomization analyses using MR-egger regression: the role
of the 12 statistic. Int J Epidemiol. 2016;45(6):1961-74.

Bowden J, Davey Smith G, Haycock PC, Burgess S. Consistent estima-
tion in Mendelian randomization with some invalid instruments using a
weighted median estimator. Genet Epidemiol. 2016;40(4):304-14.

Liu M, Jiang Y, Wedow R, Li Y, Brazel DM, Chen F, et al. Association studies
of up to 1.2 million individuals yield new insights into the genetic etiol-
ogy of tobacco and alcohol use. Nat Genet. 2019;51(2):237-44.

Burgess S, Davey Smith G, Davies NM, Dudbridge F, Gill D, Glymour MM,
et al. Guidelines for performing Mendelian randomization investigations.
Wellcome Open Res. 2020;28(4):186.

Johnson EC, Demontis D, Thorgeirsson TE, Walters RK, Polimanti R,
Hatoum AS, et al. A large-scale genome-wide association study meta-
analysis of cannabis use disorder. Lancet Psych. 2020;7(12):1032-45.

Reis JP, Auer R, Bancks MP. Goff DC, Lewis CE, Pletcher MJ, et al. Cumula-
tive 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(4):601-6.

Firmann M, Mayor V, Vidal PM, Bochud M, Pécoud A, Hayoz D, et al. The
Colaus study: a population-based study to investigate the epidemiology
and genetic determinants of cardiovascular risk factors and metabolic
syndrome. BMC Cardiovasc Disord. 2008;17(8):6.

Auger N, Paradis G, Low N, Ayoub A, He S, Potter BJ. Cannabis use
disorder and the future risk of cardiovascular disease in parous women: a
longitudinal cohort study. BMC Med. 2020;18(1):328.

Watanabe AH, Navaravong L, Sirilak T, Prasitwarachot R, Nathisuwan S,
Page RL, et al. A systematic review and meta-analysis of randomized
controlled trials of cardiovascular toxicity of medical cannabinoids. J Am
Pharm Assoc. 2003;61(5):e1-13.

Winhusen T, Theobald J, Kaelber DC, Lewis D. The association between
regular cannabis use, with and without tobacco co-use, and adverse
cardiovascular outcomes: cannabis may have a greater impact in non-
tobacco smokers. Am J Drug Alcohol Abuse. 2020;46(4):454-61.
Richards JR, Bing ML, Moulin AK, Elder JW, Rominski RT, Summers

PJ, et al. Cannabis use and acute coronary syndrome. Clin Toxicol.
2019,57(10):831-41.

ChamiT, Kim CH. Cannabis abuse and elevated risk of myocardial
infarction in the young: a population-based study. Mayo Clin Proc.
2019,94(8):1647-9.

Latif Z, Garg N. The impact of marijuana on the cardiovascular system:

a review of the Most common cardiovascular events associated with
marijuana use. J Clin Med. 2020;9(6):1925.

DefFilippis EM, Bajaj NS, Singh A, Malloy R, Givertz MM, Blankstein R, et al.
Marijuana use in patients with cardiovascular disease: current knowledge
and gaps. J Am Coll Cardiol. 2020;75(3):320-32.

Herndn MA, Robins JM (2020). Causal Inference: What If. Boca Raton:
Chapman & Hall/CRC. https://www.hsph.harvard.edu/miguel-hernan/
causal-inference-book/. Accessed 4 Feb 2022.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://www.hsph.harvard.edu/miguel-hernan/causal-inference-book/
https://www.hsph.harvard.edu/miguel-hernan/causal-inference-book/

	Cannabis use and atherosclerotic cardiovascular disease: a Mendelian randomization study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Principles of two-sample Mendelian randomization
	Genetic markers associated with ever use of cannabis
	Genetic markers associated with ASCVD
	Observational association between ever use of cannabis and ASCVD
	Statistical analysis
	Strength of genetic instruments and power to detect a causal effect
	Assessment of horizontal pleiotropy
	Sensitivity analysis

	Results
	Observational association between ever use of cannabis and risk of CAD and IS
	Causal effect estimates of ever use of cannabis on risk of CAD and IS
	Assessment of pleiotropic effects of the genetic markers
	Sensitivity analysis

	Discussion
	Conclusion
	Anchor 24
	Acknowledgements
	References


