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Hill Tribe conclusions

• We ended up with participation from 4 of the 5 families… about 200 subjects in 
all

• But the fifth family was the one with the greatest concentration of OUD and –
not coincidentally – the greatest involvement in trafficking 

• We translated the SSADDA into Thai and established basic population genetics 
characteristic of Thai and minority Hill Tribe populations…

• And then we decided to continue our work in outbred populations, in Bangkok, 
and with a focus on methamphetamine dependence rather than opioid 
dependence



Work in Thailand, 2000-2020

• Opioid use disorder in a Northern Thailand Hill tribe 
population

• D43 international training grants: So far, 2x5yrs
• Just submitted a competing renewal application (July 2022)
• Studies of substance use disorders in Bangkok and Chiang 

Mai



Numerous trainees, several of whom are 
current key collaborators in Thailand



Work in Thailand, 2000-2020

• Opioid use disorder in a Northern Thailand Hill tribe 
population

• D43 international training grants
• Studies of substance use disorders in Bangkok and Chiang 

Mai



Thanyarak Hospital, 2001…
Also recruiting on our METH Genetics R01



R01: Genetics of Methamphetamine 
Dependence in a Thai Population

• Collect 2000 subjects in Bangkok, mostly Thanyarak –
1000 severely-affected cases, 1000 exposed controls

• Assess with full version of Thai SSADDA (Semi-structured 
Assessment of Drug Dependence and Alcoholism) 
– This is a very extensive assessment! Covers SUDs, major 

psychiatric traits, and medical hx
• Genomewide association study



SSADDA training in Bangkok
Yari Nunez, lead instructor



Fully assessed subjects recruited as of 
January 2022



Why GWAS?

• Genomewide association study = GWAS
• GWAS is a method to search the entire genome for risk 

variants 
• Hypothesis-free
• Findings robust
• Best application to find genes from complex traits
• GWAS results can be used to explore biology in detail



Alcohol trait GWAS – 2018





Zhou et al 2022 NPP: Largest-yet Asian AUD GWAS meta-
analysis, including many new subjects from our Thai study



Methamphetamine dependence in Thailand –
preliminary 2022 GWAS results

Analysis: Hang 
Zhou

(case=2466, 
control=2151, 
total=4617)

Lead SNP maps to 
DLGAP2, a gene with 
previously reported 
association to schizophrenia 
in an Asian sample



Work in Thailand so far
• Most detailed work to date on population genetics of minority Thai populations
• Translation of two modern psychiatric assessment instruments into Thai –

SSADDA and the MIND Biobank Instrument
• Largest Asian sample collected to date, ascertained carefully, and informative 

for substance use disorder genetics and first published SUD GWASs in that 
population

• Phenotype studies of methamphetamine dependence and psychosis in a deeply-
phenotyped sample of >5000 subjects

• And most important, training of a cadre of outstanding independent researchers 
in Bangkok (Chulalongkorn Faculty of Medicine and Chiang Mai (Suan Prung 
Hospital) in psychiatric genetics and neuroimaging who continue to rpess
forward with their research



Work in the Million Veteran Program sample: 
the MVP as a gene-mapping resource 
• Large sample size (and still growing) - >825,000

• Good representation from non-Europeans

• Mostly male – about 93%; lower SES

• EHR, including some longitudinal repeated measures from EHR 
and data from self-report surveys

• Relatively old and sick (they have used VA health services) –
55% between 50-69 y/o

Some of these are clear advantages compared to other biobanks.



The Genetic Architecture of Cannabis Use 
Disorder 
• An important secular trend: recently numerous state governments 

in the US have legalized both medical (mostly without 
demonstrated efficacy) and recreational use.  

• Legalization results in increased cannabis use and dependence

• The consequences of this action are not being recognized

• And while the current administration has just proposed to 
gradually remove nicotine from tobacco products, there has been 
no analogous effort to remove THC from cannabis.



Cannabis-related phenotypes
• Cannabis related behaviors range from use recreationally or 

“medicinally,” to habitual use, to CanUD. 

• There are substantial negative health outcomes; risks include various 
cancers associated with inhaling products of combustion and declines 
in cognitive capacity and motivation.  

• Outcomes include decreased productivity and accidents related to 
intoxication. 

• The full range of risks and negative outcomes may not yet be appreciated 
widely, which is surprising considering the wager our society has placed on 
making cannabis readily available. 

• Pleiotropy analysis and Mendelian randomization (MR) can be used to 
investigate genetic relationships with risk for CanUD, and a range of 
outcomes to which CanUD might be causally related, and conducting 
such analyses was a goal of the present study. 



Prior work: Several GWAS; PGC 
GWAS was the largest
• Cannabis Use Disorder
• Case control status based on ICD codes or DSM criteria for 

cannabis dependence OR cannabis abuse.

• 20 Samples
• 20,916 cases, 36,316 controls



PGC GWAS
• Cannabis Use Disorder – 2 GWS loci, near FOXP2 and 

CHRNA2

Johnson, Emma C., Ditte Demontis, Thorgeir E. Thorgeirsson, Raymond K. Walters, Renato Polimanti, Alexander S. 
Hatoum, Sandra Sanchez-Roige et al. "A large-scale genome-wide association study meta-analysis of cannabis use 
disorder." The Lancet Psychiatry 7, no. 12 (2020): 1032-1045.



The Million Veteran Program
• PGC study, 2 GWS loci from all the world’s supply of cannabis use 

disorder subjects to that date; published in Lancet Psych (IF 27)

• …MVP provided the opportunity to approximately double the 
number of reported cannabis use disorder (CanUD) cases.



Current (MVP) Cannabis Use 
Disorder meta-analysis
Levey et al – to be submitted soon
• New additions of an updated iPSYCH cohort, Yale Penn, 

MGH/Partners Biobank, and MVP.

• For meta with previous PGC analysis: Leave-one-out 
analysis for us, subtracting iPSYCH from the PGC 
sumstats.

• A cannabis use disorders phenotype was derived from the 
VA electronic health records for the MVP portion of the 
analysis.



42,281 cases and 843,744 controls
22 Genomic risk loci
25 Independent lead SNPs

Lead SNP is near CHRNA2, identical to prior iPSYCH study
SNP near FOXP2 remains GWS
20 additional novel loci

FOXP2

CHRNA2

SPACA1/ 
CNR1 DRD2

DALRD3



Comparison of genetic correlations between Cannabis Use (Blue) to Cannabis Use Disorders (Red) and other traits.
Cannabis Use Disorders share far more underlying genetic architecture with psychopathology.



Causal inference by MR. SCZ: bidirectional. 
Chronic pain: pain->CanUD only



Multi-trait rG volcano plot calculated using 1335 traits



Functional Impairment Impulsivity/Risk Taking Psychopathology Substance Dependence

Joseph Deak



Conclusions
• Largest genetic study to date of Cannabis Use Disorders.

• 22 loci (up from 2 discovered in the previous published study).
• New data from MVP more than doubles available cases for analysis!

• Comparison of cannabis use and dependence
• Cannabis use and cannabis dependence have different sets of correlations  (Rg) 

with other traits (which mirrors what we showed previously with alcohol use 
disorder vs alcohol quantity/frequency traits).

• Overlap with psychiatric illness – including PTSD -- substantially greater in those 
with CanUD.

• Context
• Genomic structural equation model allows greater contextual understanding of 

GWASed traits.  
• Cannabis dependence fits a factor with other traits of dependence.



PTSD, CanUD, SSRI Use
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The MVP for Gene Mapping in Psychiatric Traits

• Genetics of SSRI Antidepressant Use and Implications for 
COVID19 Risk



Many possible treatments for COVID19 
were evaluated, starting from early in the 
pandemic
• Early treatment studies generally looked at drug repurposing

• Some considered fluvoxamine, a selective serotonin reuptake 
inhibitor (SSRI) 

• It is also an activator of the sigma-1 receptor which decreases 
inflammation via reducing endoplasmic reticulum stress.

• Mouse model: fluvoxamine administration reduced mortality 
predominantly through sigma-1 activation.

• Leading to a key 2020 publication…



“In this preliminary study of adult outpatients with symptomatic 
COVID-19, patients treated with fluvoxamine, compared with 
placebo, had a lower likelihood of clinical deterioration over 15 
days. However, the study is limited by a small sample size and 
short follow-up duration, and determination of clinical efficacy 
would require larger randomized trials with more definitive 
outcome measures.”



From Lenze et al (2020):
• “lung damage from COVID-19 was related to an excessive inflammatory 

response, prompting numerous trials of immunomodulatory drugs….

• A potential mechanism for immune modulation is σ-1 receptor (S1R) 
agonism. 

• The S1R is an endoplasmic reticulum chaperone protein with various cellular 
functions, including regulation of cytokine production through its interaction 
with the endoplasmic reticulum stress sensor inositol-requiring enzyme1α 
(IRE1). Previous studies have shown that fluvoxamine,a selective serotonin 
reuptake inhibitor (SSRI)with high affinity for the S1R, reduced damaging 
aspects of the inflammatory response during sepsis through the S1R-IRE1 
pathway, and decreased shock in murine sepsis models.

• Fluvoxamine is a strong S1R agonist, is highly lipophilic, and has rapid 
intracellular uptake.”

• Study demonstrated that fluvoxamine, as early treatment in individuals with 
COVID-19 illness, prevented clinical deterioration.



Antidepressants are used very widely (US CDC 
data, 2020)



Late 2021: Some SSRIs are effective COVID19 
treatments
• The antidepressants fluvoxamine and fluoxetine have been shown to prevent 

hospitalization and other severe outcomes for COVID19, and these effects may 
extend to other selective serotonin reuptake inhibitors (SSRI) medications. 

• With the wide use of SSRIs, we can ask: what data are available readily, to 
increase our understanding of this relationship?

• We could think about SSRI use per se, or SSRI use as a genetic trait.

• One way to understand the SSRI-COVID19 relationship is via querying the 
underlying genetic relationships, including assessing causality via Mendelian 
randomization.



Selective Serotonin Reuptake Inhibitor 
(SSRI) Use GWAS
• We undertook GWAS analyses of the trait of SSRI use in the Million Veteran Program (MVP) 

sample. The analysis in EUR included 177,494 cases (who had received SSRI prescriptions) and 
268,353 controls (who had not). 
• Any SSRI prescription recorded in the inpatient or outpatient EHR for fluvoxamine, 

fluoxetine, sertraline, escitalopram, paroxetine, or citalopram recorded as a case.

• This resulted in discovery of 26 independent genomewide risk loci. 

• SSRIs are most commonly used for depression, and therefore we might have expected similar 
discovery to what was seen for that trait, but there were more risk loci for SSRI use, contrary to 
expectations. However, the Rg with depression (in UK Biobank, UKB) was 0.80; the Rg with 
citalopram (another SSRI) use was 0.89. Other UKB traits with Rgs >0.7 with SSRI use included 
headache, use of amitriptyline (a non-SSRI antidepressant), and inability to work due to 
disability. 

• Associated SNPs mapped (for example) to DRD2 (lead locus), NRXN1, and MAD1L1.



EUR Status N Effective
MVP Case 177494 427331

445847 Control 268353



No uniqID rsID chr pos p nSNPs nGWASSNPs
1 1:37169665:C:T rs218985 1 37169665 2.66E-08 263 110 FTLP18
2 1:72883303:A:G rs11209963 1 72883303 1.07E-08 631 319 RPL31P12
3 1:73738163:A:G rs10890025 1 73738163 3.82E-10 1517 1075 RN7SKP19
4 2:27336376:C:T rs7582361 2 27336376 1.56E-08 645 566 CGREF1
5 2:50940168:C:T rs858936 2 50940168 3.99E-08 323 192 NRXN1
6 2:80007402:C:T rs6707714 2 80007402 2.59E-08 170 103 CTNNA2
7 2:185809565:C:T rs10931158 2 185809565 1.24E-09 669 365 ZNF804A
8 2:233667744:A:G rs283466 2 233667744 2.36E-10 430 324 GIGYF2
9 3:49654710:A:AATACATTATATATATATATAT rs11272058 3 49654710 3.93E-08 1046 970 BSN

10 4:59819356:T:TATTCA rs143880703 4 59819356 9.13E-09 950 533 RP11-506N2.1
11 6:65433961:G:GT rs546009920 6 65433961 4.80E-08 613 337 EYS
12 6:152225383:G:T rs4869748 6 152225383 8.64E-09 220 160 ESR1
13 7:2028968:G:T rs34809719 7 2028968 7.85E-12 860 666 MAD1L1
14 7:135082751:C:T rs3812281 7 135082751 1.71E-08 337 187 CNOT4
15 9:96445224:A:G rs36174510 9 96445224 4.53E-08 652 439 PHF2
16 9:140262424:C:T rs11507683 9 140262424 3.59E-09 72 41 EXD3
17 10:106653311:A:G rs17078 10 106653311 3.82E-08 711 595 SORCS3
18 11:57679080:A:G rs10896662 11 57679080 1.94E-10 712 468 OR5AZ1P
19 11:112852611:G:T rs1940726 11 112852611 2.89E-08 597 311 NCAM1
20 11:113334227:C:CT rs34632468 11 113334227 2.65E-17 258 223 DRD2
21 14:42114318:A:G rs712406 14 42114318 6.24E-10 939 506 LRFN5
22 14:103256961:A:G rs56101042 14 103256961 7.53E-10 287 159 TRAF3
23 15:91426560:A:G rs4702 15 91426560 1.52E-09 62 24 FURIN
24 17:35146499:C:T rs145626091 17 35146499 4.91E-08 93 21 RP11-445F12.1
25 17:66079619:C:T rs62084747 17 66079619 3.40E-09 578 355 KPNA2
26 18:35156177:A:G rs7243428 18 35156177 1.16E-08 220 107 CELF4
27 18:50824885:C:G rs11082975 18 50824885 2.86E-10 1578 762 DCC
28 19:45392254:C:T rs6857 19 45392254 2.71E-08 85 47 CTB-129P6.4
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Reference data from UKBiobank



Selective Serotonin Reuptake Inhibitor 
(SSRI) Use GWAS
• We undertook GWAS analyses of the trait of SSRI use in the Million Veteran Program (MVP) 

sample. The analysis in EUR included 177,494 cases (who had received SSRI prescriptions) and 
268,353 controls (who had not). 
• Any SSRI prescription recorded in the inpatient or outpatient EHR for fluvoxamine, 

fluoxetine, sertraline, escitalopram, paroxetine, or citalopram recorded as a case.

• This resulted in discovery of 26 independent genomewide risk loci. 

• SSRIs are most commonly used for depression, and therefore we might have expected similar 
discovery to what was seen for that trait, but there were more risk loci for SSRI use, contrary to 
expectations. However, the Rg with depression (in UK Biobank, UKB) was 0.80; the Rg with 
citalopram (another SSRI) use was 0.89. Other UKB traits with Rgs >0.7 with SSRI use included 
headache, use of amitriptyline (a non-SSRI antidepressant), and inability to work due to 
disability. 

• Associated SNPs mapped (for example) to DRD2 (lead locus), NRXN1, and MAD1L1.



Depression GWAS – 16 independent risk 
loci (MVP EUR)



MDD in MVP (EUR) – 16 risk loci

SSRI use in MVP (EUR) – 26 risk loci

SSRI GWAS: 177,494 cases and 268,353 controls 
MDD GWAS: 151,974 cases and 226,640 controls 



Mendelian Randomization: SSRI use and 
COVID19 hospitalization



Conclusions
• SSRI use provides a strong GWAS signal, stronger even than major 

depression. We were therefore able to uncover some underlying 
biology.

• SSRIs are used for a range of psychiatric traits – depression, OCD, 
PMDD, anxiety, PTSD, etc etc… they have favorable therapeutic 
indices

• We thought SSRI use might predict better COVID19 outcomes, but 
we observed the opposite
• Due to high correlation with depression (which increases COVID19 risk)?
• Or the fact that we were measuring lifetime SSRI use, when what we really 

care about is use at the time of COVID infection?
• (And what about Rg with other medication-use traits?)

• Clinical studies with large samples needed – in progress in the VA



Dr Robert T Malison 1959-2020


