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Abstract

Cannabis use disorder (CanUD) has increased with the legalization of the use of cannabis. Around
20% of individuals using cannabis develop CanUD, and the number of users has grown with
increasing ease of access. CanUD and other substance use disorders (SUDSs) are associated
phenotypically and genetically. We leveraged new CanUD genomics data to undertake genetically-
informed analyses with unprecedented power, to investigate the genetic architecture and causal
relationships between CanUD and lifetime cannabis use with risk for developing SUDs and
substance use traits. Analyses included calculating local and global genetic correlations, genomic
structural equation modeling (genomicSEM), and Mendelian Randomization (MR). Results from
the genetic correlation and genomicSEM analyses demonstrated that CanUD and cannabis use
differ in their relationships with SUDs and substance use traits. We found significant causal
effects of CanUD influencing all the analyzed traits: opioid use disorder (OUD) (Inverse variant

Reprints and permission information is available at http://www.nature.com/reprintsThis article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and
indicate if changes were made. The images or other third party material in this article are included in the article’s Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.This is a U.S. Government
work and not under copyright protection in the US

“Correspondence and requests for materials should be addressed to Joel Gelernter. joel.gelernter@yale.edu.

AUTHOR CONTRIBUTIONS

MG, DFL, and JG conceived the initial study design. MG, DFL, JDD, HZ, MBS, and JG provided ongoing feedback and refinement of
the analytic plan. MG performed the local and global genetic correlation analyses, and the Mendelian Randomization. JDD performed
the genomic structural equation modeling analysis. MG, DFL, JDD, HZ, MBS, and JG contributed to data interpretation. MG, DFL,
JDD, HZ, MBS, and JG contributed to data visualization. MG and JG drafted the manuscript. All authors critically evaluated and
revised the manuscript.

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material available at https://doi.org/10.1038/
$41380-024-02548-y.


http://www.nature.com/reprints
https://creativecommons.org/licenses/by/4.0/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Galimberti et al. Page 2

weighted, IVW g=0.925 + 0.082), problematic alcohol use (PAU) (IVW g = 0.443 + 0.030),
drinks per week (DPW) (IVW g =0.182 + 0.025), Fagerstrom Test for Nicotine Dependence
(FTND) (IVW g=0.183 = 0.052), cigarettes per day (IVW g = 0.150 + 0.045), current versus
former smokers (IVW g=0.178 + 0.052), and smoking initiation (IVW £ =0.405 £ 0.042).

We also found evidence of bidirectionality showing that OUD, PAU, smoking initiation, smoking
cessation, and DPW all increase risk of developing CanUD. For cannabis use, bidirectional
relationships were inferred with PAU, smoking initiation, and DPW; cannabis use was also
associated with a higher risk of developing OUD (IVW g=0.785 + 0.266). GenomicSEM
confirmed that CanUD and cannabis use load onto different genetic factors. We conclude that
CanUD and cannabis use can increase the risk of developing other SUDs. This has substantial
public health implications; the move towards legalization of cannabis use may be expected to
increase other kinds of problematic substance use. These harmful outcomes are in addition to the
medical harms associated directly with CanUD.

INTRODUCTION

Cannabis use disorder (CanUD) is increasing in importance worldwide. A national survey
of 36,309 participants =18 years old showed 12-month and lifetime CanUD prevalence

of around 2.5% and 6.3% in the United States, respectively [1]. In general, substance

use disorders (SUDs) cause downstream social problems, such as driving under the
influence and road accidents, partner and sexual violence, child abuse and neglect [2], and
occupational impairments. SUDs also have direct negative impacts on health, raising risk for
cardiovascular diseases [3, 4], cancer [5], stroke [6], and premature death from overdose [7]
among other harms, and may also exacerbate and result in the development of other mental
disorders [8]. The relationship of CanUD to other SUDs is an important public health issue,
and could amplify the harms attributable to CanUD; CanUD specifically has already been
found associated to lung cancer [9], reduced cognitive ability [10], and increase of other
mental disorders [9].

Risk of developing CanUD increases with daily use of cannabis [11] and by use of more
potent cannabis products [12]. A meta-analysis demonstrated a risk of 20% for developing
CanUD among cannabis users, increasing to around 30% for individuals who use cannabis
at least weekly [13]. The trend towards legalization of medical and recreational cannabis
use has led to increased use [14, 15]. Co-twin analyses have shown that CanUD risk lightly
increases with cannabis use frequency [16]. Thus, cannabis legalization increases cannabis
use frequency, a prerequisite to CanUD. Genetic studies have found a moderate genetic
correlation (rg) between CanUD and cannabis use (rg = 0.50 + 0.05, p= 1.5 x 10721

[17]. Furthermore, CanUD and cannabis use have significant differences in their genetic
correlations with numerous other traits [9]. In particular, alcohol use disorder, cigarettes

per day, Fagerstrom test for nicotine dependence (FTND), and smoking initiation showed
significantly different genetic correlations between CanUD and cannabis use, whereas drinks
per week (DPW) did not show differences in correlation [17]. Recent work has also
demonstrated a high genetic correlation between opioid use disorder (OUD) and CanUD
(rg=0.78 £0.06, p=3.8 x 10736) and a moderate genetic correlation of OUD with cannabis
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use (rg=0.22 £ 0.08, p= 3.8 x 1073) [9]. A moderate genetic correlation has been reported
between CanUD and problematic alcohol use (PAU) (rg= 0.61 + 0.04, p= 4.9 x 10763) [18].

Cannabis has sometimes been termed a “gateway” drug, thought to lead to other, potentially
even more serious, substance dependencies. The phenotypic association observed between
CanUD and other SUDs could also be attributable to common genetic liability. It is
important to test this hypothesis using multiple methods, and to understand the biological
relationships that underlie these relationships. A recent genome-wide association study
(GWAS) of CanUD increased the number of known genomewide significant risk loci from
2 to 25 [9]. Making use of these data allows for greatly increased power in downstream
genomics analyses concerning CanUD and new opportunities to understand the biology of
CanUD and its relationship to other substance use traits. Accordingly, we investigated the
relationship between CanUD and cannabis use with other SUDs and substance use traits
related to opioids, alcohol, and tobacco (Fig. 1).

Using publicly available GWAS summary statistics, we first examined “global” genetic
correlations between CanUD and cannabis use with other SUDs and substance use traits.
We then performed local genetic correlation analyses to infer which part of the genome
could be involved for both CanUD and cannabis use with the other SUDs and substance

use traits. We also performed genomic structural equation modeling (genomic-SEM) among
the included substance-related traits to understand their relationships and connections better.
Mendelian randomization (MR) analyses were then conducted to investigate the causality of
the relationship between genetic risk for CanUD and cannabis use with genetic risk for the
other SUDs and substance use traits.

METHODS

Genetic correlation and traits

We performed genetic correlation analyses using linkage disequilibrium score regression
[19], which uses GWAS summary statistics of the analyzed phenotypes as input. Based on
European ancestry (EUR) subjects, we calculated the genetic correlations between CanUD
[9] and cannabis use [20] with other SUDs and substance use traits related to opioids,
alcohol, and tobacco (Supplementary Table 1). Specifically, for opioids, we used OUD [21].
For alcohol, we investigated PAU [18] (which is a proxy for alcohol use disorder) and DPW
[22] (a quantity/frequency of use measure). For nicotine and tobacco, we used FTND scores
[23], cigarettes per day [22], current versus former smokers [22], and smoking initiation
[22]. Results between CanUD and cannabis use with FTND were reported previously [9]
and are quoted herein for context. Power considerations restricted all of these analyses to
European-ancestry populations.

We calculated significantly different correlations between CanUD and cannabis use using
the formula of p = 2*pnorm(—|Z|), where pnorm provides the value of the cumulative density

function of the normal distribution of the z = —&cmun — et \vith 3 mean = 0, and the

2 2
\/S€CanUD + S€CanUse

standard deviation = 1. We used a Bonferroni p value threshold = 0.0071 (0.05/7).

Mol Psychiatry. Author manuscript; available in PMC 2024 September 24.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Galimberti et al.

Page 4

Local genetic correlation

We performed LAVA [24] to infer genomic regions with a significant local genetic
correlation for CanUD and cannabis use with the SUDs and substance use traits related to
opioid, alcohol, and tobacco. Regions were defined by splitting the whole genome into 2495
blocks of around 1 MB to minimize the linkage disequilibrium (LD) between the regions
[24]. For each region we initially calculated local genetic heritability for each trait with a
Bonferroni-corrected significance threshold of 0.05/2,495 (p= 2.0 x 107°). Then, we used
the loci showing significant local genetic heritability to perform local genetic correlation
tests. For CanUD this procedure resulted in 795 tests. For cannabis use, we performed 2938
tests. This resulted in two different Bonferroni-corrected p value thresholds, 0.05/795 (p =
6.3 x 107°) for CanUD and 0.05/2,938 (p = 1.7 x 107°) for cannabis use, to determine
statistical significance.

We also carried out an independent correlation analysis between CanUD and cannabis use,
which resulted into 487 tests, with a Bonferroni-corrected p value thresholds, 0.05/487 (p=
1.0 x 1074).

Genomic structural equation modeling

Genomic structural equation modeling (genomicSEM) [25] was used to examine the
genomic architecture across CanUD, cannabis use, and the included set of related SUDs
and substance use traits. Exploratory Factor Analysis (EFA) was used to assess model fit
for models consisting of 1-5 factors. Confirmatory Factor Analysis (CFA) was then used to
evaluate factor loadings and model fit as indicated by conventional model fit indices. Traits
with EFA factor loadings >0.30 were allowed to load or co-load on the respective factors
specified in the CFA. 1000 Genomes Phase 3 [26] European ancestry data were used as a
reference panel. All models were specified using standard genomicSEM parameters [25].

Mendelian randomization

RESULTS

MRIap [27] was used to conduct MR analyses to infer causality between CanUD and
cannabis use with the traits related to opioids, alcohol, and tobacco. The choice of using
MRIap was driven by its feature of being able to use potentially overlapping samples, which
is a characteristic of many of the datasets included in the present analysis. As output, MRlap
produces both observed and biases-corrected results. These latter results should be preferred
when they are significantly different from the observed effects. We ran the inverse variance
weighted (IVW) method implemented in MRIap, with a p value thresholds = 107 to select
MR instruments, and LD threshold of 0.05 used for pruning MR instruments.

Genetic correlations among traits

From the genetic correlation analyses, we observed significant positive genetic correlations
between CanUD with each of the analyzed traits. The highest genetic correlation was
between CanUD and OUD (rg= 0.863 + 0.042; p= 2.5 x 107%3), followed by PAU (ry=
0.681 + 0.024; p= 7.3 x 10716), and smoking initiation (rg= 0.621 + 0.020; p= 1.7 x
107220y (Fig. 2, Supplementary Table 2). For cannabis use, there was a different pattern,
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with substantial differences involving the traits related to smoking and tobacco. We found

a significantly different genetic correlation between CanUD and cannabis use for all the
traits except DPW (Fig. 2, Supplementary Table 1). We did not find significant genetic
correlations between cannabis use with FTND, consistent with previous reports [9]. In our
work, null results were also found between cannabis use and current versus former smokers,
and cigarettes per day, respectively. Compared to CanUD, cannabis use also showed a
genetic correlation much lower in magnitude with OUD (rg= 0.295 + 0.064; p= 4.1 x 107%)
and PAU (rg= 0.328 + 0.034; p=4.1 x 10722).

Local genetic correlation

Local genetic correlation analyses found 11 regions with significant positive local genetic
correlations between CanUD and smoking initiation (Supplementary Table 3). Nine
significant local genetic correlations were found between CanUD and PAU. Even in the
presence of a positive “global” genetic correlation between CanUD and PAU, 7 regions
showed a negative local genetic correlation, whereas only 2 showed a positive local genetic
correlation. We found 3 regions with a positive local genetic correlation between CanUD
and DPW. FTND and OUD each showed one region with a positive local genetic correlation
with CanUD, whereas cigarettes per day only had a single significant region showing

a negative local genetic correlation with CanUD. Cannabis use also had several regions
associated with smoking initiation, 13 with a significant positive local genetic correlation
and 1 with a significant negative local genetic correlation (Supplementary Table 4). Two of
these regions, chr3:84698481-85807679 and chr11:112755447-113889019 which includes
DRD?2 (dopamine D2 receptor) (Supplementary Fig. 1), also had a significant positive

local genetic correlation between smoking initiation and CanUD. Locus chr3:84698481—
85807679, which includes the genes CADMZ (cell adhesion molecule 2), SNORA95
(small nucleolar RNA, H/ACA box 95), MIR5688 (microRNA 5688), and CADM-AS2
(CADM2 antisense RNA 2), showed also significant positive local genetic correlation for
both cannabis use and CanUD with DPW.

The local genetic correlation analysis between CanUD and cannabis use provided six
significant regions, four and two with significant positive and negative local genetic
correlation, respectively (Supplementary Table 5).

Genomic structural equation modeling

Of the EFA models examined, a four-factor model fit the data best. The four-factor model
explained 0.83 of the cumulative variance. The respective factors each accounted for a
meaningful proportion of overall variance (variance explained: 0.13-0.31) and all had sum
of squared (SS) loadings greater than 1 (Supplementary Table 6).

The four-factor CFA fit the data well (comparative fit index = 0.97; ;(2 = 243.80; Aikake
information criterion = 289.80; standardized root mean square residual = 0.07) (Fig. 3,
Supplementary Table 6). CanUD loaded most strongly on Factor 1 (loading = 0.89 + 0.03)
along with OUD (loading = 0.86 £ 0.05), PAU (loading = 0.47 + 0.13), and smoking
initiation (loading = 0.70 £ 0.03). PAU and smoking initiation each also co-loaded on other
factors. PAU co-loaded on Factor 3 (loading = 0.53 £ 0.16) along with DPW (loading =
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0.90 £ 0.15); smoking initiation co-loaded on Factor 4 (loading = 0.10 + 0.04) along with
cannabis use (loading = 0.90 £ 0.25). FTND (loading = 0.90 + 0.05), Cigarettes per day
(loading = 0.56 + 0.03), and smoking cessation (loading = 0.78 + 0.04) loaded together most
strongly on Factor 2.

Mendelian randomization

We initially found a bidirectional relationship between CanUD and cannabis use
(effecteorrected= 0.222 + 0.035; pvaluecorrected = 2.9 x 10710 considering CanUD as
exposure, effeCteorrected= 0.173 + 0.047; pvaluecorrected = 2.3 x 1074 considering cannabis
use as exposure).

MR analyses inferred significant causal effects of CanUD on all of the analyzed traits, when
using a p value threshold of 107> for defining genetic instruments (Fig. 4, Supplementary
Tables 7-8). Moreover, MR analyses showed a bidirectional relationship between CanUD
with OUD, PAU, smoking initiation, current versus former smokers, and DPW. The
strongest causal effect of CanUD on other disorders was shown for OUD (effeCt.orrected=
0.925 + 0.082; pvaluecorected = 9.2 % 10730) followed by PAU (effecteorrected= 0.443 +
0.030; pvaluegorrecteq = 5.9 x 10720). For cannabis use, MR analyses detected bidirectional
relationships with PAU, smoking initiation, and DPW (Fig. 4, Supplementary Table 9-10).
Cannabis use was also associated with higher risk of developing OUD (effeCtcgrrecteg= 0.785
+0.266; pvaluecorrected = 3.6 x 1073), although the effect was weaker compared to CanUD.

DISCUSSION

In the present study we performed a series of genetic analyses to understand better the
differing relationships between CanUD and cannabis use with other SUDs and substance
use traits. This work has only recently become possible because of substantial advancements
in GWAS power for CanUD, with a recent GWAS that identified numerous significant
associations [9]. This GWAS provided us with the genetic instruments necessary to study
causal relationships with other traits. We found a significant positive genetic correlation
between CanUD and current versus former smokers. OUD, PAU, and smoking initiation
showed significant positive genetic correlations with cannabis use. We previously reported
positive genetic correlations between CanUD and other substance-related traits [9, 17, 18],
and the present results are consistent with these prior analyses. It is often seen that substance
use disorder traits are different genetically from substance use/quantity-frequency traits [28]
and this is true specifically for cannabis traits [9, 29, 30]. Consistent with this expected
pattern, we found significantly different genetic correlations with the range of traits studied
here between CanUD and cannabis use. The only trait that did not show a significant genetic
difference between CanUD and cannabis use was DPW, also consistent with previous
findings [17].

We used genomicSEM to focus on the genetic architecture of a range of substance use and
SUD traits in greater detail. Our analysis resulted in a four-factor solution—one factor
including SUDs; one factor specific to alcohol-related traits; a factor including heavy
tobacco smoking traits (FTND, cigarettes per day, and current versus former smokers);

and a factor indexing lifetime ever-use (smoking initiation and lifetime cannabis use). A few
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notable findings arise here including that smoking initiation appears to be related to both the
SUD factor and the lifetime ever-use factor—expected, as regular use of a substance must be
initiated in order for a SUD to develop. Also FTND is not included on the SUD factor and is
loaded more strongly with other traits indexing heavy tobacco use (such as cigarettes per day
[a question also contained within the FTND assessment] and current versus former smokers
[i.e., smokers that used tobacco to a point that they eventually quit]). PAU co-loaded with
other SUDs and the alcohol-specific factor. The current analysis provides superior resolution
in terms of substance use traits and builds on previous work that focused on contextualizing
CanUD amongst a broader array of trait domains including factors capturing functional
impairment, impulsivity and risk taking, psychopathology, and substance dependence [9].

MR analyses were then used to investigate the causality between CanUD and cannabis use
with the other discussed traits. We found evidence of bidirectional causality between CanUD
and OUD, whereas for cannabis use, we found that the use of cannabis only increases the
risk of OUD and not vice versa.

As previously suggested in studies of phenotype, users of cannabis were more likely to
develop OUD than non-users of cannabis: a meta-analysis including 102,461 individuals
from the United States, Australia, and New Zealand reported an odds ratio (OR) = 2.76 of
transitioning from cannabis to opioid use compared to non-cannabis users, and an OR =
2.52 of transitioning from opioid use to OUD given prior cannabis use [31]. Also, the use
of cannabis increased the risk of developing incident nonmedical prescription OUD (OR =
7.76) [32]. We found genetic evidence that cannabis use and CanUD increase the risk of
OUD, suggesting that future risk of OUD may be an important harmful possible outcome of
cannabis intake.

Regarding traits related to alcohol use, we found bidirectional causality between CanUD
and PAU. PAU is a phenotype which includes alcohol dependence, AUDIT-P (Alcohol Use
Disorders Identification Test-Problem Score [33]), and alcohol use disorder (AUD) [18]. A
similar phenotypic relationship was seen in a previous study of 127 veterans who reported at
least one day of marijuana and alcohol co-use in the past 180 days, which showed evidence
of heavy drinking (=5 drinks for men and =4 drinks per women in a day) during the use

of marijuana for individuals with co-occurring AUD and CanUD (OR = 2.51) or AUD only
(OR =1.91), in comparison to moderate drinking (at least one drink in a day) [34]. We also
found bidirectional causality between CanUD and DPW. For cannabis use, as for CanUD,
we found bidirectional causality with PAU and DPW. These results are consistent with a
phenotypic analysis showing that the use of cannabis increased the probability to develop
alcohol use disorder (OR = 5.43) compared to cannabis abstainers [35].

For traits related to tobacco use, MR analyses revealed bidirectional causality between
CanUD and smoking initiation and current versus former smokers, whereas there was a
unidirectional causality of CanUD increasing cigarettes per day and FTND. For cannabis
use, we found bidirectional causality with smoking initiation.

Tobacco smokers have high risk of developing CanUD, with smokers being 8.3 times more
likely to develop CanUD compared to non-smokers [36]. Quit ratios for individuals with

Mol Psychiatry. Author manuscript; available in PMC 2024 September 24.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Galimberti et al.

Page 8

CanUD have been reported as being less than half the quit ratios of those without CanUD
[37], and individuals with earlier initiation of tobacco use are more likely to report a lifetime
CanUD [38].

The local genetic correlation results illustrate another aspect of the genetic factors shared
between smoking initiation with cannabis use (14 significant local genetic correlations)
and CanUD (11 significant local genetic correlations). Of the two regions showing
significant local genetic correlation for both cannabis use and CanUD with smoking
initiation, chr3:84698481-85807679 includes the gene CADM?Z (cell adhesion molecule
2), which is known to play a role in cannabis use, lifetime smoking, regular alcohol use,
and also impulsivity, risky behavior, and physical activity [39—-41]. The second region,
chrl1:112755447-113889019, includes several genes among which is DRDZ, which has
been shown to be associated to numerous SUD traits and to schizophrenia, among other
psychiatric traits [29].

In summary, we report here data regarding the relationship between CanUD and cannabis
use with a set of substance use and use disorder traits, noting characteristic differences
between substance use and SUDs. They were initially highlighted as significantly different
genetic correlations. This observation is further supported by cannabis use and CanUD
clustered on different factors in our genomicSEM, and underscored by MR analyses
showing differing causal relationships, particularly for the cigarette smoking traits (FTND,
current versus former smokers, and cigarettes per day) where risk was increased by CanUD
but not by cannabis use.

This work has some limitations. First, it was possible to include only EUR subjects due to
lack of sufficient GWAS summary statistics from other populations. Repeating the analyses
with non-EUR ancestries would be important to understand the studied relationships of
CanUD and cannabis use more fully. Second, we could not use multivariable Mendelian
randomization (MVMR), which is a method to infer the causal effect of multiple exposures
on an outcome [42], because of possible sample overlap. Instead, we performed two-sample
MR analyses with MRIap to take sample overlap into account. MVVMR analyses, had they
been possible, would have allowed us to study the causal effect of CanUD and cannabis
use together on the different outcomes. Third, secular trends such as changes in patterns of
use attributable to legalization of cannabis in some locations and the development of higher
potency cannabis products cannot be captured in our analyses.

In conclusion, we used a series of genetic approaches to evaluate the relationships and
causality of CanUD and cannabis use on traits related to opioids, alcohol, and smoking. This
work strongly supported phenotypic evidence of CanUD increasing the risk of developing
other SUDs, and was often bidirectional. As we learn more about the biology of CanUD

and subject it to greater scrutiny, we continue to discover novel harms that may result from
cannabis use. For example, the causal relationship of cannabis use on OUD provides support
for a role of cannabis as “gateway” drug. Here, we report that cannabis use traits increase
risk for multiple other SUD traits, and that multiple SUD traits increase risk for cannabis
use traits. With the increasing ambient availability of cannabis in our society, these mutually
increased risks and harms can be expected to increase in importance and impact.
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Fig. 1.
Schematic representation of traits and analyses.

Mol Psychiatry. Author manuscript; available in PMC 2024 September 24.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Galimberti et al. Page 13

Cannabis use 4% CanUD

Opioid Use Disorder 4 -

Problematic Alcohol Use1 -

Drinks Per Week- L

FTND [prev reported [9]] ——

Smoking Initiation- s}

Current versus Former Smokers- i

Cigarettes Per Day i

0.5 0.0 0.5
rg

Fig. 2. Genetic correlations.
Genetic correlation (rg) analyses of CanUD and cannabis use with disorders and behaviors

related to opioids, alcohol, and nicotine/tobacco. All the traits except DPW showed a
significantly different correlation between CanUD and cannabis use.
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Fig. 3. genomicSEM.
GenomicSEM was used to cluster CanUD, cannabis use (CanUse), and the other seven

traits related to opioids, alcohol, and nicotine/tobacco. Abbreviations (left to right) - OUD
Opioid use disorder, CigsPerDay cigarettes per day, FTND Fagerstrom Test for Nicotine
Dependence, SmkCes current versus former smokers, PAU Problematic Alcohol Use, DPW
Drinks per week, SmKInit smoking initiation, Can Use, cannabis use.
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Fig. 4. Mendelian randomization analyses.

Mendelian Randomization (MR) analyses (o value threshold = 107) of CanUD and

Cannabis traits
as outcome

€
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Cannabis use
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cannabis use as exposure versus disorders and behaviors related to opioids, alcohol, and
nicotine/tobacco. CanUD and cannabis use are represented as exposures on the left panel,

and as outcome on the right panel.
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