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Abstract

IMPORTANCE—Cannabis dependence (CAD) is a serious problem worldwide and is of growing
importance in the United States because cannabis is increasingly available legally. Although
genetic factors contribute substantially to CAD risk, at present no well-established specific genetic
risk factors for CAD have been elucidated.

OBJECTIVE—To report findings for DSM-/V CAD criteria from association analyses performed
in large cohorts of African American and European American participants from 3 studies of
substance use disorder genetics.

DESIGN, SETTING, AND PARTICIPANTS—This genome-wide association study for DSM-
IV CAD criterion count was performed in 3 independent substance dependence cohorts (the Yale-
Penn Study, Study of Addiction: Genetics and Environment [SAGE], and International
Consortium on the Genetics of Heroin Dependence [ICGHD]). A referral sample and volunteers
recruited in the community and from substance abuse treatment centers included 6000 African
American and 8754 European American participants, including some from small families.
Participants from the Yale-Penn Study were recruited from 2000 to 2013. Data were collected for
the SAGE trial from 1990 to 2007 and for the ICGHD from 2004 to 2009. Data were analyzed
from January 2, 2013, to November 9, 2015.

MAIN OUTCOMES AND MEASURES—-Ceriterion count for DSM-/V CAD.

RESULTS—Among the 14 754 participants, 7879 were male, 6875 were female, and the mean
(SD) age was 39.2 (10.2) years. Three independent regions with genome-wide significant single-
nucleotide polymorphism associations were identified, considering the largest possible sample.
These included rs143244591 (B = 0.54, P= 4.32 x 10710 for the meta-analysis) in novel antisense
transcript RP11-206M11.7; rs146091982 (B = 0.54, P=1.33 x 1079 for the meta-analysis) in the
solute carrier family 35 member G1 gene (SLC35GI); and rs77378271 (8 = 0.29, P=2.13 x 1078
for the meta-analysis) in the CUB and Sushi multiple domains 1 gene (CSMDZ). Also noted was
evidence of genome-level pleiotropy between CAD and major depressive disorder and for an
association with single-nucleotide polymorphisms in genes associated with schizophrenia risk.
Several of the genes identified have functions related to neuronal calcium homeostasis or central
nervous system development.

CONCLUSIONS AND RELEVANCE—These results are the first, to our knowledge, to identify
specific CAD risk alleles and potential genetic factors contributing to the comorbidity of CAD
with major depression and schizophrenia.

After nicotine, cannabis is the most widely abused drug worldwide.! In the United States,
the accelerated decriminalization of cannabis is based on the erroneous perception that it is
relatively harmless.? In fact, cannabis use produces craving,® dependence,* and drug-seeking
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behavior,? as with the use of other substances. Despite these risks, the prevalence of
cannabis use and cannabis use disorders has dramatically increased since 2001,8 and the
political momentum to increase availability has continued. Use of cannabis early in life is
associated with an increased risk for schizophrenia (SCZ),” and sets of SCZ-associated risk
alleles predict cannabis use.® Cannabis use is also a risk factor for depressive symptoms,?
and a twin study showed cannabis dependence (CAD) to be associated with an elevated risk
for major depressive disorder (MDD).10 Substance use and other psychiatric illnesses may
share common genetic risk factors; or reverse causation, self-medication, or confounding by
other factors may explain their co-occurrence.

Despite knowledge of the neurobiology of the endocannabinoid system and its response to
tetrahydrocannabinol, little is known about specific genetic factors influencing susceptibility
to CAD or cannabis abuse. A twin study showed that several aspects of cannabis use are
heritable, including an early opportunity to use (/2 = 72%), early onset of use (/2 = 80%),
lifetime use of cannabis 11 or more times (/2 = 76%), and cannabis abuse or dependence (/7
= 21%-72%), where /2 is hertiability.12~13 Possible evidence of linkage of CAD on
chromosome 1614 and linkage and association encompassing the neuregulin 1 gene (VRGI
[OMIM 142445]; known as a possible SCZ risk genel®) on chromosome 816 have been
found. Despite several genome-wide association studies (GWAS) on cannabis-related traits,
no genome-wide significant (GWS) associations were observed for initiation of usel’ or for
CAD.18 Herein we report on findings for DSM-/\/ CAD criteria from association analyses
performed in large cohorts of African American and European American participants from 3
studies of substance use disorder genetics who underwent genotyping with genome-wide
microarrays. The primary cohort has been used in previous studies to identify genes
associated with opioid (OD),19 cocaine (CD),20 alcohol (AD),2! and nicotine (ND)
dependence?? and posttraumatic stress disorder.23

Participants and Diagnostic Procedures

The samples included 6000 African American and 8754 European American participants
(race was assigned based on genetic data; eMethods in the Supplement) from the following 3
studies: (1) the Yale-Penn Study cohort of small nuclear families and unrelated individuals
(2020 individuals in 850 families and 6951 unrelated individuals), collected to study the
genetics of substance dependencel®-21; (2) the GWAS data set from the Study of Addiction:
Genetics and Environment (SAGE),24-27 collected to study the genetics of AD, ND, and CD
(183 individuals in 89 families and 3707 unrelated individuals); and (3) the GWAS
International Consortium on the Genetics of Heroin Dependence (ICGHD),28.2 a
collaboration formed to identify genes associated with heroin dependence risk (66
individuals in 33 families and 1827 unrelated individuals). The SAGE and ICGHD data sets
are publicly available via application. The present study received institutional review board
approval from all participating institutions, and written informed consent was obtained from
all study participants.
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Key Points
Question
What specific genetic variants contribute to cannabis dependence risk?
Findings
Three regions had genome-wide significant evidence of association with cannabis
dependence and evidence of genetic overlap between cannabis dependence and
schizophrenia and major depressive disorder.
Meaning

Cannabis dependence has a genetic risk component that may overlap with other
psychiatric disorders.

Participants from the Yale-Penn Study were recruited from 2000 to 2013. These participants
were administered the Semi-Structured Assessment for Drug Dependence and Alcoholism30
to derive DSM-/V/ diagnoses of lifetime CAD and other major psychiatric traits. Data were
collected for the SAGE trial from 1990 to 2007, and participants underwent phenotyping
with the Semi-Structured Assessment for the Genetics of Alcoholism.3! Data were collected
for the ICGHD from 2004 to 2009, and participants completed a comprehensive psychiatric
diagnostic interview based on the Semi-Structured Assessment of the Genetics of
Alcoholism-Australia.3! The method of phenotyping was similar across the 3 samples.
Additional information about recruitment, genotyping, imputation, and quality control for
the study cohorts is provided in eMethods in the Supplement.

Statistical Analysis

Data were analyzed from January 2, 2013, to November 9, 2015. Association analyses were
performed using a count of DSM-/V/ CAD criteria (0-7) as the outcome variable and the
imputed minor allele dosage (adjusted for sex, age, and the first 3 ancestry principal
components) as a predictor variable. This ordinal trait model has greater power to detect
genetic associations than a univariate model based on disease status because of greater
information content and improved specificity of the dependence measure. Association tests
were performed using linear association models embedded in generalized estimating
equations to correct for correlations among related individuals.32 Analyses were performed
separately within each data set and population group, and the results were combined by
meta-analysis using the inverse variance method implemented in the program METAL .33
Genomic inflation factors (\) were calculated within each subpopulation, and Pvalues were
corrected accordingly. We performed a second correction for the A factor calculated after the
meta-analysis.

For the primary analysis, individuals were included regardless of cannabis exposure. As
secondary analyses, individuals who reported never having used cannabis were excluded,
and the primary model was repeated adjusting for the criterion counts for AD, CD, and OD.
Participants from 2 genotyping batches in the Yale-Penn cohort (YYale-Penn 1 and Yale-Penn
2) were combined with the SAGE sample to form a discovery data set. A sample consisting
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of the ICGHD data and additional samples from the Yale-Penn cohort who did not undergo
genotyping at the time of the discovery analyses (Yale-Penn 3) were used to replicate the top
associations.

Cross-Disorder Analysis

Results

We attempted to uncover shared genetic variation between CAD and 5 psychiatric disorders,
including SCZ, MDD, bipolar affective disorder, attention-deficit/hyperactivity disorder, and
autism spectrum disorder using the GWAS analysis reported herein and publicly available
GWAS results from the Psychiatric Genomics Consortium (http://www.med.unc.edu/pgc/).34
To explore cross-disorder genetic relationships, we used stratified quintile-quintile (QQ)
plots to evaluate the relative enrichment of single-nucleotide polymorphisms (SNPs)
associated with both disorders. The QQ plots, which contrast the observed distribution of P
values with the expected distribution under the null hypothesis (uniform in GWAS), were
used to assess Pvalue inflation in the GWAS results. Grouping associated SNPs for one
disorder and comparing (across groups) the QQ plots of another disorder, however, could
also reveal the enrichment of GWAS signals between disorders, which made them suitable
for cross-disorder enrichment screening.

We also applied a statistical framework for pleiotropy analysis, Genetic Analysis
Incorporating Pleiotropy and Annotation (GPA).3% The GPA was built as a mixture model
with parameters estimated using an efficient expectation-maximization algorithm, where
associated SNPs were modeled with a p [a, 1] distribution and unassociated SNPs with a
uniform [0, 1] distribution. A likelihood ratio test assessed the significance of pleiotropy
between disorders. The GPA also detected the SNPs that were pleiotropic by calculating the
posterior probability of association with both disorders.

Participant demographic characteristics and the correlation between the criterion counts for
CAD and other substance use disorder traits are shown in Table 1. The DSM-/VVCAD
criterion counts were significantly (£ < .05) correlated with the criteria counts for AD, CD,
0D, and ND. The correlations varied by sample and population and ranged from 2= 0.15
for OD to /2 = 0.61 for CD criteria. The CAD criterion counts were significantly heritable in
European American (19%-25%; P = .006) but not African American (10%-11%; P =.08)
participants. eFigure 1 in the Supplement shows a histogram of the CAD criterion count in
African American and European American participants in each cohort; 3 or more criteria
indicate a diagnosis of CAD. The criterion count distribution is very similar in African
American and European American participants. In the Yale-Penn sample, where comorbid
psychiatric diagnoses were available, CAD was significantly associated with MDD in
African American participants (odds ratio, 1.07; £=.006) but not SCZ, bipolar affective
disorder, attention-deficit/hyperactivity disorder, or autism spectrum disorder. Cannabis
dependence was not associated with any of these disorders in European American
participants.
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GWAS Results

Manhattan and QQ plots for the meta-analysis discovery GWAS results for African
American and European American Yale-Penn 1 and 2 and SAGE cohorts are displayed in
eFigures 2 and 3 in the Supplement. We found little evidence of Pvalue inflation. Table 2
shows associations in the discovery sample with A< 1.0 x 107° in African American or
European American participants or the combined meta-analysis, trimmed for linkage
disequilibrium. eTable 1 in the Supplement shows the same results, together with additional
information about each SNP, including the results within each discovery sample subgroup,
after excluding individuals with no cannabis exposure, and after adjusting for comorbid
substance use disorders. We identified GWS associations with reliably imputed SNPs in 3
distinct regions (Table 2), 2 specific to African American participants and 1 in the combined
sample. First, rs186825689 (P= 1.86 x 1078 for the African American meta-analysis) is
located 12.4 kb upstream from the gene encoding S100 calcium binding protein (SZ00B)
with contributions from both informative African American samples. Second, rs143244591
(P=2.18 x 1078 for the African American meta-analysis) maps to a novel antisense
transcript RP11-206M11.7 (Havana gene: OTTHUMGO00000159583) located in the gene of
the same name on chromosome 3 with at least nominally significant evidence in each of the
3 African American samples. Third, rs77378271(P= 2.76 x 1078 for the European American
meta-analysis) is an intronic SNP in the CUB and Sushi multiple domains 1 gene (CSMD1
[OMIM 608397]) with evidence of association in 3 of the 6 samples. We also identified
consistent, non-GWS evidence of association in the combined sample of European
American and African American participants with a large block of SNPs in and around the
phosphatidylinositol 4-kinase type 28 gene (P/4K2B [OMIM 612101]), with consistent
effect direction in every European American and African American population tested
(minimum P=1.74 x 10~/ for the meta-analysis). This signal was GWS when individuals
without cannabis exposure were excluded (minimum 2= 2.98 x 1078 for the meta-analysis).

Replication Results

The SNPs in Table 2 were tested for CAD association in the 2 replication samples (ICGHD
and Yale-Penn 3). Table 3 shows the replication cohort-specific results for these SNPs, with
the meta-analysis results from the discovery phase and the discovery + replication phase.
The smallest Pvalue in the ICGHD cohort among the 13 SNPs that could be reliably
imputed and analyzed (this cohort was European Australian) was at rs74823926 (P = .064)
in an intergenic region on chromosome 1. Several associations, however, were replicated in
the Yale-Penn 3 sample (Table 3). The Pvalues for 2 of the 3 GWS SNPs improved after
meta-analysis with the replication cohorts (rs143244591 in RP11-206M11.7, from 1.38 x
1078 to 4.32 x 10710; rs77378271 in CSMD1, from 2.84 x 1078 t0 2.13 x 1078), as did the P
value for another SNP, rs146091982 in the solute carrier family 35 member G1 (SLC35G1
[Ensembl ENSG00000176273]) (from 1.31 x 1077 to 1.33 x 1079). The signal in PI4K2B
also improved (P = 5.57 x 1078 for the full meta-analysis). However, rs186825689 near
S100B was no longer GWS (P = 8.27 x 1078) in the full meta-analysis. The Figure shows
Manhattan plots for the regions encompassing RP11-206M11.7 (Figure, A), SLC35G1
(Figure, B), CSMD1 (Figure, C), and P/4KZ2B (Figure, D) in the discovery sample and after
meta-analysis with the replication samples.
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Cross-Disorder Analysis Results

The QQ plots of 5 Psychiatric Genomics Consortium traits (SCZ, bipolar affective disorder,
autism spectrum disorder, attention-deficit/hyperactivity disorder, and MDD) were stratified
based on our CAD GWAS results at significance levels of £< .05, P< .01, P< 1 x 1073, and
P< 1% 1074 We observed enrichment of the MDD GWAS signal in the CAD GWAS
(eFigure 4 in the Supplement) in European American participants, but no clear enrichment
for the other 4 psychiatric disorders in either population group (eFigure 5 in the
Supplement).

We used GPA to test the significance of pleiotropy between CAD and the same 5 psychiatric
disorders (eMethods in the Supplement). For each disease pair, we estimated the percentage
of SNPs shared by 2 diseases and tested the significance of pleiotropy (eTable 2 in the
Supplement). The European American population yielded significant evidence of CAD-
MDD pleiotropy (P = 2.39 x 107°); genome wide, 1.7% of all imputed SNPs were estimated
to be associated with both CAD and MDD. Of these, rs10954732 in P450
oxidoreductase(POR[OMIM124015]) had the largest posterior probability (although not
significant) of association with both traits (P= 2.59 x 1076 for CAD; P= .02 for MDD;
posterior probability, 0.70).

Discussion

We report herein the first GWS results for CAD to our knowledge. The sample includes a
large proportion (18%—-36%, depending on race and cohort) of individuals with CAD from 2
ancestral populations in 3 independent cohorts. We identified 3 regions with GWS SNPs
imputed to the 1000 Genomes reference panel that implicate several biological processes
and provide insight into the biology of CAD, including evidence of an inflammatory
component in the disorder, which may also mediate risk for SCZ36 and MDD.37:38 The
smallest Pvalue observed (P = 4.32 x 10710) was at rs143244591 in RP11-206M11.7. Little
is known about this antisense transcript or which, if any, genes it regulates. Minor alleles
were protective. The next most significant locus was SLC35G1 (rs146091982, P=1.33 x
1079), a potential member of the drug/metabolite transporter superfamily (EamA, previously
DUF®6). Ubiquitously expressed, SLC35G1 binds stromal interaction molecule 1, a calcium
sensor that communicates the calcium load within the endoplasmic reticulum to store-
operated channels in the plasma membrane3° when calcium stores in the endoplasmic
reticulum are depleted.*? The SLC35GI-stromal interaction molecule 1 complex likely
regulates the activity of the transporters that coordinate cytosolic calcium through
modulation of pump activities.*° The third GWS locus, CSMDI (rs77378271; P=2.13 x
1078), is highly expressed in the growth cones of developing central nervous system
neurons, where it likely acts as a regulator of complement activation and inflammation.41
Different SNPs in CSMD1 have been associated with SCZ at the GWS level.#2 Thus,
CSMD1 is the second gene to be implicated in both disorders (after NRG16) and may
explain at least part of their shared genetic susceptibility.

Two other established SCZ risk genes, RIMS1 (OMIM 606629) (minimum SNP, £=1.59 x
107%) and MEF2C (minimum SNP, A= 5.22 x 107°), showed suggestive association with
CAD. MEFZ2C s highly expressed in developing mammalian neurons and is thought to
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mediate calcium-dependent survival of neurons that have made the appropriate synaptic
connections.*3 From a biological perspective, //MS1 is immediately relevant; RIMS1 acts
as a scaffold protein that regulates synaptic vesicle exocytosis, affecting cannabinoid
receptor 1 (CR1)-mediated long-term suppression of y-aminobutyric acid release, ultimately
mediating presynaptic forms of long-term plasticity.** Minor alleles at rs142305709 in
RIMSI were associated with fewer CAD criteria in African American participants. We
observed at least a nominally significant signal in both Yale-Penn African American analysis
subsets and a non-significant trend in SAGE African American participants.

Limitations of the GWAS findings should be noted. One of the significant SNPs identified
(rs143244591 on chromosome 3) has little supportive evidence for association from other
SNPs in the region, possibly owing to low linkage disequilibrium. However, despite
stringent imputation quality thresholds for including SNPs in the analysis (/2>0.8) and
evidence of an association in the replication sample, this signal may represent an imputation
artifact. Second, although none of the GWS SNPs identified in the full GWAS analysis are
rare, they could be described as infrequent, with minor allele frequencies in a range
sometimes associated with false-positive results (4%—6%). Also, of the GWS regions, only
CSMD1 showed evidence of associations in European American and African American
participants. The region containing P/4K2B, which became GWS after excluding unexposed
individuals (see below), was also at least nominally associated with CAD in both
populations. The 2 African American—specific SNPs were rare or monomorphic in European
American participants. The lack of association in European American participants could be
owing to different linkage disequilibrium patterns or the absence of causal variants. The
Yale-Penn samples who underwent genotyping on the HumanOmnil-Quad and Human Core
Exome chips showed more consistent results than the corresponding SAGE population,
which is not surprising insofar as SAGE participants were recruited from different areas and
ascertained using different criteria (AD, CD, and OD in Yale-Penn and primarily AD and
ND in SAGE). The difference in ascertainment criteria (use of licit vs illicit drugs) across
studies likely explains the fact that the proportion of cannabis-exposed individuals varied
significantly across cohorts (2293 in SAGE population [76.9%] and 7626 in the Yale-Penn
population [85.0%]). The limitations of phenotypic distribution and population differences
are more relevant to the Australian ICGHD replication cohort and may explain the lack of
replication in this cohort. Despite this, we obtained statistically significant evidence for
formal replication for the SNP in SLC35G1 and stronger evidence for association at many of
the top SNPs after including the replication samples. Finally, these cohorts have higher rates
of polysubstance dependence than the general population and may not be generalizable to
individuals who only use cannabis.

Effect of Exposure Status and Comorbidity

Because the inclusion of genetically at-risk individuals who never initiated cannabis use
might have influenced our results, we repeated the primary analyses in the discovery cohort
after removing unexposed individuals. Two of the 3 regions identified remained GWS
(eTable 1 in the Supplement). The Pvalue for rs143244591 on chromosome 3 improved
slightly (P=1.13 x 1078, meta-analysis exposed) and was associated at £< .02 in each of
the African American subgroups. The signal at rs77378271 in CSMD1 was almost identical
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(P=2.95 x 1078, meta-analysis exposed) and showed association at < 5.07 x 1073 in 2 of
the 3 European American subgroup and at 2= 4.46 x 10~ in 1 of the African American
subgroups. In addition, the block of SNPs in and around P/4K2B became GWS with a
consistent effect direction (minor alleles being protective) in every European American and
African American population tested and became GWS (minimum P = 2.98 x 1078, meta-
analysis exposed, at rs147170184). The evidence for pleiotropy between CAD and MDD
was attenuated substantially (P = .60) after excluding unexposed participants. That the
removal of unexposed individuals from the analysis had a relatively minor effect on the
primary findings and actually improved the strength of some suggests that any loss in power
owing to the smaller sample was offset by an increase in phenotypic precision. In the
pleiotropy analysis, which relies on genome-level association results and is not limited to the
most significantly associated SNPs, the power loss apparently outweighed any increase in
precision. The significance of each of the top SNPs was modestly attenuated after adjusting
for the DSM-/V criterion counts for AD, CD, and OD (eTable 1 in the Supplement).

lon Homeostasis and Addiction

The previously published GWAS of OD1? and CD? in a subset of this sample each
identified risk genes and pathways involved in the regulation of neuronal calcium and
potassium, and the pathway involving synaptic long-term potentiation was also identified for
OD. Also, a cross-disorder analysis identified calcium signaling in neurons as a pathway
mediating 5 psychiatric diseases, including SCZ and MDD.34 The GWS association in
SLC35G1and GWS (in the discovery sample only) associations in and around S100B
suggest ion homeostasis may play a role in CAD risk.

Shared Risk for CAD and Other Psychiatric Disorders

Many previous studies’8:4546 have focused on the relationship between CAD and SCZ,
whereas the correlation between CAD and MDD has received much less attention. Although
depressive disorders are highly comorbid with CAD in clinical settings,*’ to our knowledge
no previous genomics study has explored CAD-MDD pleiotropy. We found some evidence
for genetic correlation between the risks for CAD and MDD. The existence of shared
genetic factors for CAD-MDD is supported by the overlap in SNPs nominally associated
with both traits, although we found no significant evidence of pleiotropy at any single SNP.
We also found limited support for the possibility that such a relationship exists for CAD and
SCZ based on relatively strong signals for both traits with variants in CSMD1 (although not
the same variants). Nongenetic explanations such as patients with SCZ or MDD mediating
the symptoms of these disorders with cannabis use might also explain the comorbidity.
These analyses are exploratory, and follow-up studies to validate and extend these findings
are necessary.

Conclusions

This study provided the first GWS evidence to our knowledge for SNPs associated with
CAD via GWAS in 3 distinct genomic locations. These findings will lead our understanding
of genetic vulnerability to CAD in new directions that can inform our understanding of the
biology of CAD. We obtained entirely novel evidence of genetic overlap between CAD and
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MDD and conclude that CSMD1 may be a candidate gene that affects the risk for CAD and
SCZ, a topic of considerable research interest.”:48-50 These results also suggest that common
pathways (nervous system development, inflammation, and ion homeostasis) mediate the
risk for multiple psychiatric disorders and dependence on multiple substances, including
cannabis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure. Regional Manhattan Plots of Association Results for DSM-IV Cannabis Dependence
Criterion Count in 4 Genomic Regions

Association results from single-nucleotide polymorphisms (SNPs) in 4 regions. A, The
148.8- to 149.2-MB region encompassing RP11-206M11.7on chromosome 3 in the Yale-
Penn and Study of Addiction: Genetics and Environment (SAGE) African American
participants. B, The 95.3- to 96-MB region encompassing SLC35G1 on chromosome 10 in
the Yale-Penn and SAGE African American participants. C, The 2.8- to 4.8-MB region on
chromosome 8 encompassing CSMD1 in the Yale-Penn, SAGE, and International
Consortium on the Genetics of Heroin Dependence (ICGHD) African American and
European American participants. D, The 25.07- to 25.43-MB region encompassing P/4K2B
on chromosome 4 in the Yale-Penn, SAGE, and ICGHD African American and European
American participants. In A and B, the SNPs are color coded according to the correlation
coefficient (2) in the 1000 Genomes African samples with the most significant SNP. In C
and D, results from the African American and European American participants were
combined, and no linkage disequilibrium information was displayed. The light purple circle
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represents the —log1g P value for the most significant regional SNP in the meta-analysis of
the discovery samples; the purple diamond, the result for that SNP after meta-analysis with
the replication sample(s). The light blue line and right y-axis show the observed
recombination rate.

JAMA Psychiatry. Author manuscript; available in PMC 2017 May 01.



Page 16

Sherva et al.

“U01308S SPOYIBIAl B} JO UOIDBSYNS 8INPad0id onsoubeiq pue siuedidnied 8yl Ul pagLIosap ale mm_aEmmm

"JUSLIUOJIAUT pUB SO1I3USS) :UONDIPPY J0 ApMS ‘JOVS ‘aouspuadap pioido
‘@O ‘eouspuadap aunodlu ‘gN ‘eouspuadaq UI0J8H JO SOIBUID U UO WNILOSUOD [BUONRUIBIU| ‘AHDD] ‘9ouspuadap auresod ‘@) ‘eauspuadap siqeuues ‘Qy)D ‘aauspuadap |0Yod[e ‘QY SUONRIABIGQY

€€'0 S2'0 v2'0 ¥2'0  €681/290T (§2)ze ¢68T/8€8 (T6) 2'9¢ aHool
70 (0} 19°0 150  OV9zZ/vEY (6T) 0T  0r9z/8LYT (L6) v'8e ueolaWY Uesdoing 39vS
LT0 60 0] eV'0  0521/9.2 (e v'1  o0ser/ee9 (€1 6'6€ UBDLIBWY UBILYY FOVS
€2°0 €0 2€0 120  TZTYI88ET (€20 TeeweLt (5T1) 9'8€  UROLBWY UEadOINT UUAd-3[eA
ST0 9e'0 00 0v'0  0S.v/962T (¢2) L1 o0sLvieoze (L6)ETY  UEDLIBWY UBDLY UUDC-3[BA
ao an ao av  swedplied jo 'ON (@s) tes N ‘Junod  oN K*(as) ves N 9By edldures
[e1o1/ON ‘sisoufelq avo uoIRIID AVD AIFNSA  [RI0L/ON ‘XeS Bfewed
24 ‘IUN0D Uo1RIID AV AI-INSA UHM Lol 110D
suoyod Apms ayl Jo sansuisiderey) siydesbowsq
T 3|qeL

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

JAMA Psychiatry. Author manuscript; available in PMC 2017 May 01.



Page 17

Sherva et al.

Author Manuscript

WN 0T x6EL N 160 N VN 90T6960TS! L 9 lTEV9E6T 6
qs-0Tx09% g 01x9C [ oI xETT v6'0 96°0 Tanwso  qULCBLELLSI 9 Vv 68vEL0E 8
10T X287 g 0T*x¥ST 0T x9L'L 99°0 880 VN 0€87ESZTS! 9 vV TE9ZS6Y8 L
v-0Tx83C g 0TxT¥6 1 OTxIST 060 760 N 688599.T8! 9 Vv ISPTZZIS 9
N WN  ,0Tx28% WN 96'0 vz 100 729900718/ 2 9 0099%.LLT §

N WN 0T x8L€ WN 96'0 ZANNLD  B69TTEYTTSI 2 L1 ¥BETEETT G

o-0T X ET'T 10-380T ;0T x20C 760 260 arzo3s 2€5565825! 2 V  0S69TL6TT ¥
10T x99T 5 0Tx82C ¢ O0Tx8TT 060 96°0 axivid €G6G¢GzeLs) 1 Vv 8IET0CSC ¥
WN vN gs-0T %8¢ VN 960 ZTIN9OZ-TTd  qVBSYVCEVTS! v 9  GE6ETO6YT €

wN WN 0T x6T'L WN G6°0 V6NOS  G220Z0ErTs! v 9 YIYTZLOT 2

wN UN 0T xTV'E wN G6°0 VN €0879005TS! v 9  T0606v8IT ¢

N WN ;0T x/9'8 WN 96°0 VN 92TS09vvTs v 9 VIVK9LEOT ¢
o-0Tx90T  g0Tx619 g OTxSTY 910 6€°0 &4V 70998581 2 1 9/9TGY00T ¢
v-0TxT6C  ¢-0IxS0T  0Tx.9Z 060 G8°0 N 0STTZ9ZTS! v 1 8€88208L ¢
N UN 90T x60T WN 96'0 E€4TOHYY  09VEBEYTTS 9 1 €LT99T6E ¢
-0Tx0rT  (0Tx9€9 ,0Tx9TG 160 96'0 N 926€Z8YLS! L D €8967/88 T

sedpilred ||V 1i0yod 1ioyod 1i0yod 1i0yod a9 dNS SpIlY 8PRIV puUOllSOd aWosowo1yd
ued| oWy uedllowy UedllBWY  Uedllwy NDBRRY  1BYI  pyaseqg
ueado.n3 uedllyy  ueadoing ueslipy ’
SsAeuUe-el |\ JojanfeA d Aouenbe 4
3P|V 10943

wnuqiInbasiq aBesuIT ul SANS 10} PaLWLLL SIsAeue-ela|N A18A09SIA 8U) Ul ¢ 0T x 0'T > 18 AVIA/-ASG UMM PaleId0ssy SANS

Author Manuscript

¢ dlqeL

Author Manuscript

Author Manuscript

JAMA Psychiatry. Author manuscript; available in PMC 2017 May 01.



Page 18

Sherva et al.

'SaN[eAd pue SNS Ui IubIs apim-awiousl seedlpul

q

*/€ PIINg Ajquiasse awoual uewiny ui sayesipu ,

N VN gs-0T x 98T N 96°0 VN  ¢6895C898TS o) Vv £5090087 12
VN VN  o-0Tx20T VN 96'0 VN ,078908/s! o} 1 6TE6T08T  T¢
VN VN 0T xCEE VN ¥6°0 VN  688€8.66TS) v Vv  ¥0990LT¢  0C
VN VN ;0T x90Z VN 160 VN  ¥S8.v0E6TS) o} 1l GG9Tyl29s C1
90T xCET o 0Tx2LE 1 0Txc0T 880 960 VN  LE0T6£00Zs! 9 V19 €2v66880T TT
p-0T x 189 1 0TxvC9  , 0T xEV6 780 160 VN  TT9€Sr00Zs! oOvVvVv Vv v0ceeris 11
VN VN 90T XTIET VN S0 VN €00EVYELSI 9 O 0107950¢ 1T
VN VN ,0TxG6T VN S6'0 196€J7S  C861609%TS4 9 VvV 89665956  OT
0T xXETT 1 0TxTI0C o 0TxT0T 96°0 960 T4v20 6EYBTCCTSI 1 Vv 90T06¥0L  OT
0T x9y'9 o 0Tx6ST 20T xESS 160 960 134 89¥001Y .S o] O 608¢65Ey 0T
VN VN ;0T %x9%9 VN ¥6°0 VN  9ESESSSTTSI o] 1 G8€T86TE 0T
swedpiied ||V 1oyod 1ioyod 1104yod 11oyod 8o dNS 9P|V 8P|V UONSOHd  8wWwosowolyd
ued| oWy uedllowy Uedllewy  Uedllwy 0URPY  1BYI  jpyqeseg
ueado.in3 uedllyy  ueadoin3g ueollyy :
SsAeUe-eB |\ JojanfeA d Aouenbe 14
9pRI|IV 1843

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

JAMA Psychiatry. Author manuscript; available in PMC 2017 May 01.



Page 19

Sherva et al.

— X 98-0T X €T°C g-0T x 9T'G 10T x 0T 9s-0T x9L°C 1-0T x €12 1-0T x G6°L Je 0T x 61V 0T xS26  T/28/E1/S)

b+ 9-0T x2T'T ¢-0T X O7'€E 20T xG0'T 0T x¥S'T e-0T x 9/, 1-0T X 66°E 1-0T x 29'8 10T xG8'G  0E8rESZTS!

bt — +-0T x TV'8 9-0T X 6€'G 1-0T x 69°'C g-0T x T¥'6 1-0T X TI§'T 1-0T xG9°L 10T X LT'T 10T x.T'Z  688599/TS!
XX

+ XXX + X+ 10T x .22 wN 10T %[22 VN 10T x 287 N N 1-0T x68°€  ¥7,9900Ts!
XX+
X+ X + X+ 10T xGLC wN 1-0Tx 8.2 VN 10T x8L'E ¥N A\ 1-0T x0€L  BBITTEVTTS!
b+ 0-0T X 09°€ 1-0T x 28T ,-0T x68'T 1-0T x80°T ,-0T %202 10T x¥2'C 2-0T x L0'9 10T x90'8  ZE556G8ZS!
++—t -+t g-0T x LS'G 9-0T X GV’ ¢-0T x G2'C 0T x8¢°¢ ¢ 0T x8T'T 1-0T x0TV 0T x Z€'8 1-0T x 0¥'9 £66262€E/S)
XX+ . X .

X+ X + X+ a01-0T X CEY VN 901-0T X CEY VN 98-0T x 8T°C VN VN e-0T X ¥Z'€  TBSYYZErTSI
XX

+ XXX + X+ ;0T xG6'T VN ;0T xG6'T VN ,-0T x 6T, WN VN 1-0T x€S'T  GZe0ZoeyTs!
XX=

X+ X + X+ o-0T x TV'T wN 9-0T X T¥'T VN 1-0T x T¥'E vN VN 1-0T x¥.'T  €087900STS!
XX—

X+ X + X+ o-0T X V8'E vN 9-0T x ¥8'€ VN 10T x /98 N N 1-0T x8T'T  9ZTS09vYTs!
e 9-0T X T8'T 20T x69°T 0T x9L'T ¢-0T X 6T'9 g-0T xGT'v 1-0T x ¥0'9 1-0T x8L°C 1-0T x 08'C £0998G/51
T +-0T X €T'G 9-0T X 26°L 10T xGL'L 9-0T xG0'T 1-0T x /9L 1-0T X T9'E 1-0T xGT'T 1-0Tx896  0STTZICTS!
XX=XXX + X+ o-0T X €6'T WN 9-0T X €6'T WN 9-0T x60°T A\ A\ 1-0TxXZCL  09FESEVTTS!
PNy 0-0T x29'8 1-0T X 6G°T 9-0T x V€€ 1-0T x 9€'9 ,-0T x92'G 2-0T x 929 1-0T x ¥§°L ¢-0T x0V'6  926£Z8Y/S!
plonoe.aia siuedpilred ||V uedllewy ueadoing  UedllBWwy Uedll)y  UedllbWwy ueadolng  uedllewy Uedll)y  1IoyoD dHOD| Uedilbwy uesdoung  uedlewy uedllyy dNS

4110yoD uoliedljdey + Aenodsia Qto;oo ABAo3sIg

2110000 € UtBd DA

SsAfeue-el |\ JojanfeA d

1ioyoD uoiedl|oey JojanfeA d

Author Manuscript

Z 9]qBL Ul UMOYS SdNS 8yl Joj sajdures uonearjdsy pue A1aA02siq 8y Ul S1NSay UOIRID0SSY

€ 9|gel

Author Manuscript

Author Manuscript

Author Manuscript

JAMA Psychiatry. Author manuscript; available in PMC 2017 May 01.



Page 20

Sherva et al.

'€ pUB ‘g ‘T UUad-3BA JO UOIeUR|dXa U 10§ UOIDSS SPOYISIA 84 JO UOIDaSANS SISAeUY [2D1ISIIEIS 8Y) 83S *Paulelqo ag Jou PIN0d 81ewwiiss 1089
PIJEA B ‘X pUR UN0D UOLISJLIO (D Ul 3583103 B U)IM PaJeIdosse SI 3]a||e 103448 ‘— ‘1unod uouald (QyD) 2duapuadap SIgqeuued ul asesioul ue ylm pajeloosse si (Z ajgeL Ul paisi]) aja||e 103443 sajealpu| +

"UOY02 uBdLBWY ueadoing QHODI 8yl pue Loy UBdLIBWY ueadoing € uuad-ajeA ‘1I0y0d UBdLIWY UBJLILY € UUSd-3[BA ‘LI0Y0D UBdLIaWY ueadoin Z uuad-s|eA ‘L0y0d UBDLISWY UBDLIYY Z UUSd-3JBA

“10y09 UBdLBWY Ueadoing JOVS 1H0Y0D UBILIBWY UBdLLY JOVS ‘HoY0d uedLswy ueadoin3 T uusd-sjeA ‘Loy0d UedLIBWY UBJLY T UUSd-8[BA U SI S|OQUIAS 38U JO J8PI0 Y} ‘UONJBIIP 108))8 8y} 104

1%

'SHoYo9 |fe sareatpul,

"10Y02 JOVS dY} Ul pue sisAjeue A1aA0dsIp sy} 1oy BuidA1ouaB Jusmiapun oym (Z pue T uuad-aeA) Loyod uuad-afeA ayi ui siuedioied sayedipul

q

'sasAjeue A1an02sIp 8y} Jo awi ayl e BuidAlouah obiapun Jou pip oym 10Yod uuad-afeA ayi ui sjuedionled mm%u_uc_.wu

‘wsiydiowAjod apnosjonu-s|Buls ‘NS JUSWUOIIAUT PUB SIIIBUIS) UONDIPPY 40 APMIS ‘JOVS ‘a1qeatjdde Jou ‘N ‘8ouspuadaq UI0J8H JO SO11BUSD 8Y) UO WNILOSUOD [BUONRUIBIUL ‘AHODI :SUONRIABIGYY

XX—=XXX + X+ g-0T x /28 VN g-0T x /C'8 VN 98-0T x 98'T VN N 1-0T XISV  68952898TS.

XX=XXX + X+ ¢-0T x TE'T WvN -0T X TET VN 9o-0T x 20T VN VN 2-0T x 06°C 10T8908/51

XX=XXX + X+ 90T xCT'T VN 9o-0T xCT'T VN 10T x¢E€C VN VN 1-0T x8E'V  688£8.66TS!
XX

+ XXX + X+ ;-0T x 1§°S VN ,-0T x 19 VN 1-0T x90°L VN VN 1-0T X VL'9  $58/¥0E6TSI
ot ¢-0T x0T'T 0T x 2€V 10T x¥0'T 0-0T x 2L 1-0Tx20°T 1-0T x 6TV 4201 x60°€ 10T x82'6  /£0T6E00ZS!
++—++++++ 0T xZT'T 1-0T X ¥€'G 9-0T x 99'T 1-0T x ¥¢'9 1-0T X EV'6 1-0T X OV'6 1-0T X 0C'S 1-0T x62°L  TT9£SH00ZS4
XX=X—X—=X— ;0T x0C'T VN 1-0Tx0C'T VN 9-0T X TE'T VN VN 0T x €S'C €00ErYeELSI

XX+ ) )

X + X + X+ 96-0T X E€'T VN 96-0T X EE'T VN 1-0T xG6'T VN VN y-0T x V88 Z286T609Y TSI
F——tt—++X y-0T x 0C'¥ 1-0T x ET'C o-0T X T6'V 1-0T x T0C 9o-0T X TO0'T 1-0T xTC'€ 1-0T xT0°T 1-0T X 62'¢C 6E¥8122TS!
— bt ,-0T x 286 5-0T x 91’ 2-0Tx2CT 9-0T x 65T 2-0T x €9'S 1-0T x 99'§ 1-0T x T9'9 0T x6V'€  89v00VY.S

XX—
X + X + X+ 9-0T x ¥T°C VN o-0T X ¥T°C VN ,-0T x 9¥'9 VN VN 1-0T x 08T 9£GEGGSTTS!
+
XX+X + X + X 10T xVL'T 10T X VLT VN g-0T x 6€°L VN 1-0T % V'8 1-0T x 0§°S VN 90T6960TSA
puon®.Ig suedpilied |V Uedllbwy ueadoing  uedloWwy Uedll)y  uedllwy ueadoing  uedllwy Uedll)y  1Joyod dHOD|  Uedllewy ueadoing  uedllewy Uedllyy dNS

5}104oD Uo1redl|day + ABnodsig

g}4ouod ABNOXSI

p}OY0D € Ulsd-SeA

ssAfeue-eR N JojanfeA d

110yoD uoiredl|dey Jojanfen d

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

JAMA Psychiatry. Author manuscript; available in PMC 2017 May 01.



Page 21

Sherva et al.

‘a1dwies uonearjdal 8y Ul 50" > msmo_u:_k

'sanjeA 4 JuedIIUbIS apim-awouab sajedipu _.m.

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

JAMA Psychiatry. Author manuscript; available in PMC 2017 May 01.



	Abstract
	Methods
	Participants and Diagnostic Procedures
	Statistical Analysis
	Cross-Disorder Analysis

	Results
	GWAS Results
	Replication Results
	Cross-Disorder Analysis Results

	Discussion
	Effect of Exposure Status and Comorbidity
	Ion Homeostasis and Addiction
	Shared Risk for CAD and Other Psychiatric Disorders

	Conclusions
	References
	Figure
	Table 1
	Table 2
	Table 3

