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Abstract

Background: Posttraumatic Stress Disorder (PTSD) often co-occurs with increased alcohol
consumption (AC) and alcohol use disorder (AUD), however it is unknown whether the same
etiologic influences underlying PTSD-AUD comorbidity are those underlying PTSD and AC.

Methods: This study used large-scale genome wide association study (GWAS) data to test if
PTSD and drinks per week [DPW]/AUD are causally related to one another, and if so, if PTSD
precedes DPW/AUD and/or vice versa, using Mendelian Randomization on European ancestry
GWAS summary statistics from the Psychiatric Genomics Consortia (PGC; PTSD), GWAS &
Sequencing Consortium of Alcohol and Nicotine Use (GSCAN; DPW), and Million Veteran
Program (MVP; AUD).

Results: PTSD exerted a potentially causal effect on AUD (beta= 0.039, se= 0.014, p= 0.005),
but not on DPW (beta= 0.002, se= 0.003, p= 0.414). Additionally, neither DPW (beta= 0.019,
se= 0.041, p= 0.637) nor AUD (beta= 8.87x1074, se= 0.001, p= 0.441) exerted a causal effect on
PTSD.

Conclusions: These findings are consistent with the self-medication model, in which individuals
misuse alcohol as a way of coping with aversive trauma-related symptoms. These findings extend
latent and molecular findings of shared and correlated risk between PTSD and alcohol phenotypes.
Given the health behaviors associated with these phenotypes, these findings are important in that
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they suggest groups on which to prioritize prevention efforts. Further, they provide a rationale for
future pre-clinical and clinical studies examining the biological mechanisms by which PTSD may
impact AUD.
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Mendelian Randomization; Posttraumatic Stress Disorder; Alcohol Consumption; Alcohol Use
Disorder

Introduction

Traumatic events are common, with approximately 70% of the general population being
exposed to at least one trauma in their lifetime, and 30.5% exposed to four or more traumatic
events (Benjet et al., 2016). Traumatic event exposure is a transdiagnostic risk factor,
associated with a range of problematic outcomes, including but not limited to posttraumatic
stress disorder (PTSD), the signature trauma-related disorder (Breslau, 2009). PTSD tends
to co-occur with increased alcohol consumption (AC) and alcohol use disorder (AUD;
Jakupcak et al., 2010, Vlahov et al., 2002, Debell et al., 2014). Indeed, more than half of
males and about one-third of females with PTSD meet criteria for AUD (Kessler et al.,
1995). Additionally, more than half of those seeking treatment for AUD meet criteria for
PTSD (Simpson et al., 2012). The co-occurrence of PTSD and AC/AUD is associated with
higher impairment (Blanco et al., 2013), suicidal ideation (Rojas et al., 2014), and poorer
treatment prognosis (Blanco et al., 2013), making efforts to understand its etiology clinically
important.

There are multiple non-mutually exclusive hypotheses about why these conditions co-occur.
The self-medication model suggests that individuals consume or misuse alcohol in order

to alleviate their aversive trauma-related symptoms (Stewart, 1996, Read et al., 2012). In
contrast, the risky behavior model posits that individuals who use substances are at increased
risk for trauma exposure and in turn PTSD (Windle, 1994). Finally, it is possible that

there are pleiotropic (i.e., genetic) or shared environmental risk factors for both conditions
(i.e., shared risk model) (Read, 2014). Despite the extensive literature surrounding these
hypotheses, the etiologic relations underlying these co-occurring conditions remains unclear.

PTSD, AC and AUD are all moderately heritable (Stein et al., 2002, Knopik et al., 2004,
Kaprio et al., 1987), with twin studies suggesting evidence for correlated genetic risks
shared between PTSD-AC and PTSD-AUD (Xian et al., 2000, McLeod et al., 2001a).
Until recently genome-wide association studies (GWAS) have yielded a limited number of
genome-wide significant variants associated with AC (e.g., Clarke et al., 2017, Kranzler
etal., 2019, Liu et al., 2019), problems (AUDIT-P; Sanchez-Roige et al., 2019), alcohol
dependence (AD) or problematic alcohol use (e.g., Gelernter et al., 2014, Walters et

al., 2018, Zhou et al., 2020), and PTSD (e.g., Nievergelt et al., 2019, Gelernter et al.,
2019). However, recent large GWAS metanalyses for AC and problematic alcohol use
have yielded 99 (Liu et al., 2019) and 29 (Zhou et al., 2020) robustly associated variants,
respectively. Few studies to date have examined the genetic correlation between PTSD and
AUD using molecular genetic techniques such as linkage disequilibrium score regression
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(Bulik-Sullivan et al., 2015), but recent research by our group found a moderate, significant
correlation between PTSD and AD (rg=.35, Sheerin et al., 2020). To our knowledge, studies
have yet to estimate genetic correlations between PTSD and AC. Major Depressive Disorder
(MDD), is a disorder with high comorbidity and latent genetic overlap with PTSD (Sartor
etal., 2012, Kessler et al., 1995). Recent work examining molecular genetic correlations
between MDD and AD and alcohol quantity found positive significant genetic correlations
between both pairs of phenotypes, with the correlation between MDD and AD being larger
than the correlation between MDD and alcohol quantity (Polimanti et al., 2019).

Although genetic correlations are useful for understanding the magnitude of the genetic
association between phenotypes, they do not test or explicate the underlying mechanisms
linking the constructs tested (i.e., causal effects vs. shared genetic vulnerabilities).
Mendelian Randomization (MR; Davey Smith and Hemani, 2014) is one approach that

can help clarify whether one phenotype is causally related to the other (or vice versa)

via vertical or mediated pleiotropy or whether some other factor influences both variables
leading to their association (via horizontal pleiotropic mechanisms or other unmeasured
risks). Considering the two-sample MR framework where information regarding genetic
associations are derived from two independent datasets (one for the exposure and one for
the outcome; Hartwig et al., 2016), the vertical pleiotropy scenario assumes that the genetic
variants are associated with the outcome only through their association with the exposure.
Conversely, the horizontal pleiotropy scenario is characterized by an instrumental variable
including genetic variants that are associated with the outcome independently from their
effect on the exposure. Assuming that there is no horizontal pleiotropy, MR can be applied
to test causal hypotheses between phenotypes using genetic variables (e.g., single nucleotide
polymorphisms/SNPs) as instruments. In essence, the instruments (i.e., for GWAS MR
studies SNPs) act as the independent variable (i.e., randomization) in the randomized
controlled trials (RCTSs; e.g., Ravera et al., 2018).

MR has been applied to the question of whether the association between MD and AD

is consistent with a genetically mediated causal impact. Specifically, one study using

this method (albeit with only two SNPs) failed to find a causal effect of AC on MDD
(Wium-Andersen et al., 2015). A more recent study found evidence that MDD exerts a
causal impact on AD but not on AUD (Polimanti et al., 2019). The causal effect of MDD
on AD was supported by the absence of a bidirectional effect (i.e., MDD instrumental
variable showed an effect on AD while AD instrumental variation did not affect MDD),
heterogeneity within the genetic instrument, and the violations of the instrumental variable
assumptions. Conversely, the relationship between MDD and AC was bidirectional and
with evidence of heterogeneity and violations of the instrumental variable assumptions.
Therefore, it is important to test the causal link between PTSD and multiple alcohol
phenotypes (i.e., AC and AUD). Finding a causal link between PTSD and AC/AUD (or
vice versa) would have potentially important translational implications, in particular about
how to prioritize time with providers within the broader medical system (e.g., primary
care). For example, if PTSD precedes AC/AUD (i.e., self-medication model) and medical
providers come across patients with PTSD, but only have a short time to spend with

these patients, they could prioritize referring for treatment for PTSD, as well as AUD
prevention services (e.g., harm reduction). Alternatively, if AC/AUD precedes PTSD (i.e.,
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risky behavior model), medical providers could prioritize providing/referring for AUD, as
well as treatments that might help reduce risk for trauma exposure, and/or PTSD if trauma-
exposed (e.g., Prolonged Exposure).

Expanding on the latent and molecular studies finding genetic correlations between PTSD-
AC and PTSD-AUD, the current study examines the potential causal relations linking PTSD
and AC (here, drinks per week/DPW), and PTSD and AUD among individuals of European
ancestry (EA). This study leverages GWAS summary statistics for PTSD, DPW, and AUD
from the Psychiatric Genomic Consortium (PGC) PTSD Workgroup, GWAS & Sequencing
Consortium of Alcohol and Nicotine use (GSCAN), and Million Veteran Program (MVP),
respectively. In addition to examining whether PTSD and DPW/AUD are causally related to
one another, and whether there is heterogeneity in these effects, we also tested whether there
may be other unmeasured variables that are leading to the association between constructs.

Materials and Methods

Study Design

MR is employed to investigate potential causal relations between exposures and outcomes
(e.g., PTSD and alcohol phenotypes) using genomic data (e.g., individual SNPs) as
instrumental variables. In this way, MR is analogous to randomized controlled trials (RCTs)
in that it is able to overcome the primary limitation of observational studies: unmeasured
confounding variables (Evans & Davey Smith, 2015, Davies et al., 2018). Indeed, in cases
where RCTs are impossible, for example when attempting to investigate the potential causal
pathways between PTSD and DPW/AUD (Evans & Davey Smith, 2015), MR is a viable
alternative. Within the MR framework, two sample MR (Lawlor, 2016, Hartwig et al.,
2016) takes advantage of GWAS summary data for the two included phenotypes, using two
independent samples. In addition to its convenience (i.e., not having to use datasets that
have both the exposure and outcome measured, and not requiring raw genotypes), there are
a number of benefits of two-sample MR, including increased statistical power and reduced
concern about weak instrument bias (Burgess & Thompson, 2011). In the two-sample
framework, the independence of exposure and outcome datasets reduces the inflation of
type-1 error rates (over-rejection of the null) due to the weak association of the instrumental
variable with the exposure (Burgess et al., 2016).

Data Sources

PTSD summary statistics came from the PGC- PTSD Freeze 2.0 (n= 23,212 PTSD cases,
151,447 controls) EA participants (Nievergelt et al., 2019). Case status refers to lifetime
(when possible) or current PTSD diagnosis. DPW statistics came from the GSCAN dataset
(n=537,187 EA participantsl) (Liu et al., 2019). AUD summary statistics were derived
from the recent problematic alcohol use GWAS meta-analysis (Zhou et al., 2020). Because
of the inclusion of United Kingdom Biobank (UKB) and PGC datasets in GSCAN and
PGC-PTSD GWAS, we selected the AUD GWAS statistics derived from the meta-analysis
of MVP Phase 1 and Phase 2 data only to ensure independence of samples (17267,391).

IThis sample size excludes 23andMe participants that were not included in the publicly available release.
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There is no known overlap of MVP cohort with PGC and GSCAN samples. MVP GWAS
statistics were accessed via dbGAP (study accession phs001672.v4.p1; Zhou et al., 2020).
Notably, the PGC-PTSD (49.3% female) and GSCAN (52.2% female) samples described
here were about half female, while the MVP sample was nearly all male (>92% male). As
Two-Sample MR is sensitive to sample overlap, we excluded the PGC and UKB components
of the Zhou et al study as several of those AUD/problematic alcohol use (PAU) samples
were also in PTSD 2.0. Moreover, we excluded these overlapping samples from the AUD
GWAS as the PTSD 2.0 sample size was less well-powered than the AUD GWAS.

Genetic Correlation

The Linkage Disequilibrium Score Regression (Bulik-Sullivan et al., 2015) method was
used to test per-trait SNP-heritability (#%) and trait pair genetic correlation (rg) using
1000 Genomes Project Phase 3 Europeans as an external linkage disequilibrium (LD)
reference panel. The major histocompatibility complex region (between 26Mb and 34Mb
on chromosome six) was removed due to the complex LD structure at this locus.

Mendelian Randomization

The R package TwoSampleMR (Hemani et al., 2017) was used to estimate bidirectional
causal associations between phenotypes based on two ways of defining SNPs associated
with the exposure trait: (1) using all LD-independent SNPs, and (2) using all LD-
independent SNPs with exposure association p-values either < 5x1078 if several genome-
wide significant loci exist (as was the case for DPW), or using p-values 5x107° if there were
too few genome-wide significant loci. LD clumping was performed using r2 threshold of
0.001 within 10,000kb regions of the genome. To perform MR, SNPs were extracted from
each exposure trait meeting p-value inclusion criteria and harmonized with the outcome
variable to ensure consistent effect alleles. Because we were applying MR methods to weak
genetic instruments (i.e., instruments including genetic variants that have association p-
values with the exposure >5x1078) using MR robust adjusted profile scores (MR-RAPS), we
applied leave-one-out and heterogeneity tests to verify that the effects detected were not due
to the presence of outliers within the genetic instruments tested. MR assumes that genetic
instruments only affect the outcome through the exposure. If this assumption holds, variant
effect estimates should be homogeneous between the two summary association statistics
(Labrecque and Swanson, 2018). Heterogeneity tests formally evaluate this hypothesis and
when significant may suggest pleiotropic mechanisms and/or the presence of a mediator
variable that is not accounted for. Leave-one-out analyses determine whether any one SNP
among the genetic instruments contributes a large effect on the causal estimate between
exposure and outcome. If detected, these variants can bias the causal estimate away from

the null. When identified in combination with a nominally significant causal estimate, outlier
variants were eliminated considering 99%, 98%, 95%, 90%, and 80% confidence intervals of
the effects included within the genetic instrument until heterogeneity was removed.
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The observed-scale /72 estimates of PTSD, AUD, and DPW were all significantly different
from zero (PTSD-2.0: #%-z=5.43, p=5.50x10"8; AUD: #?-z=16.84, p=1.17x107%3;
DPW: #2-z=15.11, p=8.70x107102) and were consistent with previously reported results.
This demonstrates that these datasets are informative with respect to the genetic liability of
traits investigated.

Effects of PTSD on AUD

Using the subset of 60 PTSD-2.0 SNPS with p-values less than 5x107°, we detected

a positive but non-significant effect of PTSD on AUD (MR-RAPS g = 0.017, 95% ClI
[-0.055,0.089], p= 0.657) in the presence of significant heterogeneity among the variants
included in the PTSD genetic instrument (Q = 78.6, df = 58, p<1x10739). We did not find
evidence for horizontal pleiotropy (MR Egger intercept = —4.0x1074, p= 0.918). After the
removal of four outlier variants with effects outside the 95% confidence interval observed
within the PTSD genetic instrument (Figure S1), the heterogeneity was removed (Q = 64.0,
df = 54, p=0.165) and the absence of horizontal pleiotropy persisted (MR Egger intercept
=-0.003, p=0.500). With 56 variants included in the PTSD genetic instrument, the causal
estimate between PTSD and AUD remained non-significant (MR-RAPS g = 0.023 95%

ClI [-0.053,0.099], p= 0.550; Table S1). To investigate whether this non-significant effect
was due to a lack of power, we tested a PTSD genetic instrument based on genome-wide
LD-independent variants (r7= 1,446 SNPs). In the absence of both heterogeneity (Q = 1,480,
df = 1,444, p=0.244) and horizontal pleiotropy (MR Egger intercept = 0.002, p= 0.07),
we detected a significant positive causal effect of PTSD on AUD surviving Bonferroni
multiple testing correction accounting for the number of the MR-RAPS methods applied
(MR-RAPS using FALSE/L2 combination correction: g=0.039, 95% CI [0.015,0.063], p
= 0.005; see Figure 1). No significant over-dispersion was observed in the MR-RAPS test
(pleiotropy variance = 7.02x1076, 95% CI [-3.91x1074,4.05x1074], p= 0.946). Additionally,
the effects estimated were consistent across different methods for MR-RAPS correction of
over-dispersion and loss-of-function (Table S2).

Effects of AUD on PTSD

Using a subset of 140 AUD-associated SNPS (p<5x107°), we detected a non-significant
effect of AUD on PTSD-2.0 (MR-RAPS = 8.87x1074, 95% CI [-0.001,0.003], p= 0.441)
in the presence of genetic instrument heterogeneity (Q = 368,924, df = 138, p<1x10730)
but not horizontal pleiotropy (MR Egger intercept = —1.0x1074, p = 0.501). Heterogeneity
among the genetic instruments persisted and no significant causal effects were detected
(Table S3). A similar scenario was observed when using a genetic instrument based on
genome-wide LD-independent variants (7= 1,239 LD independent SNPs). Significant effect
size heterogeneity was observed (Q = 1,244,529, df = 1,237, p<1x10739) that could not

be eliminated by removing SNPs with outlier effect estimates. At all confidence interval
thresholds, horizontal pleiotropy among the genetic instruments was not detected and no
significant effects were identified (Table S4). Additionally, MR-RAPS analysis showed
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significant over-dispersion within the genome-wide AUD genetic instrument (pleiotropy
variance = 0.001, 95% CI [8.50x1074,0.0012], p= 1.16x10775).

Effects of PTSD on DPW

Using the subset of 132 PTSD-2.0 SNPs with p-values less than 5x107°, we detected
findings that were generally non-significant but inconsistent across methods (see Table

S5). We found non-significant heterogeneity (Q = 150.99, df = 130, p=0.101) and non-
significant pleiotropy (MR Egger intercept = —0.002, p = 0.052). We next used 3,433 LD
independent genetic instruments across the genome to test whether these inconsistent results
were due to lack of power. In the presence of nominal heterogeneity (Q = 3,580, df = 3,431,
p=0.038) but no horizontal pleiotropy (MR Egger intercept = 1.16x1074, p= 0.451), we
detected a consistent, non-significant effect of PTSD-2.0 on DPW (MR-RAPS g=-0.002,
95% CI [-0.008,0.004], p = 0.414; Table S5).

Effects of DPW on PTSD

Using a subset of 6 DPW SNPs (p<5x1078; as mentioned in the methods, we used GSCAN
data excluding 23andme participants because these were not released publicly), we detected
a non-significant effect of DPW on PTSD-2.0 (see Table S6 for all estimates) in the absence
of genetic instrument heterogeneity (Q = 3.28, df = 4, p=0.512) and in the absence of
horizontal pleiotropy (MR Egger intercept = -0.012, p=0.271). We also examined this
question using a larger subset of 163 DPW SNPS (p<5x107~°). We detected no effect of
DPW on PTSD-2.0 (MR-RAPS = 0.019, 95% CI [-0.061,0.099], p = 0.637); however, the
estimates are inconsistent across methods (see Table S2). We detected nominal heterogeneity
(©@=196.57, df = 161, p=.029) and non-significant pleiotropy (MR Egger intercept =
-0.005, p=0.239).

Genetic Correlation

To reinforce that (1) the lack of association between PTSD and DPW and (2) the detected
association between PTSD and AUD using a subset of genetic instruments reflect genome-
wide information between the traits, we estimated the genetic correlation between each
phenotype pair. PTSD and AUD were positively genetically correlated (7, = 0.28, 95% Cl
[0.123,0.437], p= 6.0x1074). PTSD and DPW were not genetically correlated (ry=-0.07,
95% CI [-0.168,0.028], p= 0.177). These significant and non-significant correlations are
consistent with the causal estimates between the two phenotypes.

Discussion

The primary goal of this study was to understand the mechanisms responsible for the

known association between PTSD and alcohol phenotypes using MR methods applied to
large-scale genome-wide association statistics among those of European ancestry. Although
these datasets were generated from cohorts with different demographic characteristics and
different ascertainment strategies (e.g., MVP is a biobank including mainly male participants
while PGC and GSCAN are meta-analyses combining multiple samples with different
characteristics), we observed a high genetic correlation among the traits investigated in

these cohorts: MVP AUD vs. PGC AD 7, = 0.98, 95% CI [0.724,1], (Zhou et al., 2020);
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MVP PTSD vs. PGC PTSD 7, = 0.96, 95% CI [0.744,1] (Stein et al., 2021). This supports
the notion that the genetic effects analyzed in the present study are generalizable across
cohorts with different demographic characteristics and ascertainment strategies—at least
among those of European ancestry.

We found evidence for a putative causal effect of PTSD on AUD, but not the reverse

(i.e., AUD on PTSD) when using the MR-RAPS method, but not when only including
marginally significant SNPs. As done in prior MR studies using aggregate molecular
genetic instruments (Polimanti et al., 2019), we interpret the results of MR-RAPS, which
capitalizes on the high polygenicity of PTSD, alcohol phenotypes, and related psychiatric
conditions (Geschwind, 2015, Smoller, 2016), using SNPs with weaker associations with
the exposure phenotype. Although the potential causal relations between PTSD and the
alcohol phenotypes (i.e., DPW, AUD) had not been tested using this approach before,

our results are consistent with the MR work on the MDD-AD relation, such that MDD
causally influences risk for AD, but the reverse is not true (Polimanti et al., 2019). Our
finding that PTSD impacts AUD lends support to the self-medication model, positing that
individuals may misuse alcohol in an attempt to avoid aversive trauma symptoms (Stewart,
1996, Read et al., 2012). The lack of evidence supporting AUD impacting PTSD (i.e., risky
behavior model, Read, 2014) may mean there is not a causal effect of AUD on PTSD.
Alternatively, it may mean that support for the risky behavior model might be isolated to a
particular sociodemographic group, such as adolescents. For example, support for the risky
behavior model has been found in a sample of urban African-American youth (Bountress,
In Press). As this study and others have found support for the risky behavior model in
earlier developmental periods (e.g., adolescence, Thompson et al., 2017), it may also be
that AUD precedes PTSD primarily in adolescence. The non-significant effect of AUD on
PTSD should also be interpreted in light of the current stage of discovery of the genetic
architecture for these phenotypes. For example, as sample sizes grow and increased humber
of variants are discovered that can be incorporated into future MR analyses the pattern of
findings may change. In short, while the current results are most consistent with evidence for
the self-medication model, the study is only a first step in this line of inquiry.

The current study did not find evidence for causal effects between PTSD and DPW.
However only a fraction of the expected genetic variants thought to influence each outcome
were used in instrument construction. If future studies incorporating larger numbers of
robustly associated molecular variants replicate the current results, this suggests that PTSD
does not necessarily lead to more consumption, but increases the propensity of individuals
to use alcohol in a way that leads to pathological consequences. This finding that PTSD

is causally related to AUD but not DPW is consistent with the self-medication literature,
finding that those who consume alcohol to avoid aversive symptoms tend to do so at
hazardous, not low to moderate, levels (Mc Hugh and McBride, 2020, Crum et al., 2013).
While of course consumption and AUD are correlated (Saha et al., 2007), this finding is
consistent with work suggesting that even in cases of high levels of use, not everyone
develops problems (i.e., there is variability in terms of “addiction resistance”; Kendler and
Myers, 2015). It is also consistent with work finding that a related phenotype, MDD, was
positively and significantly associated with alcohol problems but negatively and significantly
associated with consumption (Sanchez-Roige et al., 2019). It is also consistent with work
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finding stronger associations between MDD and disordered alcohol use compared to MDD
and quantity of alcohol consumed (Polimanti et al., 2019). Thus, it may be that clinical
levels of PTSD symptoms drive individuals to misuse alcohol leading to more consequences,
but does not simply result in an uptick in the amount of alcohol consumed.

In terms of the secondary research questions, all effects of PTSD on DPW/AUD and vice
versa suggested non-significant horizontal pleiotropy, meaning that the association between
PTSD and alcohol misuse may be not due to shared genetic effects among these phenotypes.
Although there is some work suggesting shared latent genetic risk between PTSD and
alcohol phenotypes (Xian et al., 2000, McLeod et al., 2001b), the literature on the potential
shared risk factors is relatively small (e.g., Read et al., 2014). Current study findings are
more consistent with the self-medication model and less consistent with the shared risk
model; however, replication is needed as sample sizes become larger. Additionally, the
general lack of genetic instrument heterogeneity suggests some consistency in the largely
non-significant causal relations observed.

Despite this study’s strengths, including answering a substantive question using the largest
GWAS results currently available, it is important to acknowledge its limitations. First,
although we used summary statistics from large GWAS, only a small proportion of the
expected heritability was used in the current study. As the power of GWAS studies grow and
the number of discovered loci and proportion of heritability for each outcome also grow, so
will our confidence in the conclusion of our results. Second, although we found a potentially
causal effect of PTSD on AUD, it is possible that other constructs, such as trauma severity,
could be driving this association. Third, these analyses were conducted using summary
statistics on those of EA and were collapsed across sex, so the findings may not generalize
to different ancestry groups, and findings may vary for men versus women. There are
important sex differences in PTSD, such that females are more likely to meet criteria than
males (Kessler et al., 1995) and alcohol use disorder, such that males are more likely to meet
criteria than females (Grant et al., 2015). Thus, examining these questions separately by sex,
in addition to among different ancestral groups, and among those at different developmental
periods is important to test whether these study findings hold for other groups. However, to
address these important questions in the current data is not possible to do power limitations.

Although this study has a number of limitations, it advances the field in a few ways.

First, these findings extend research on latent genetic studies (i.e., twin studies/latent
heritability) and molecular genetic correlations (i.e., PTSD-alcohol dependence genetic
correlation studies) to describe directionality. Given the extensive extant literature finding
associations between PTSD and alcohol phenotypes, these findings begin to clarify the
nature of this association. Specifically, this pattern of results is more consistent with the self-
medication hypothesis compared to the risky behavior or shared risk models—both in terms
of finding that PTSD causally influences AUD (but not the reverse) and also that PTSD does
not causally influence more normative alcohol consumption. These findings are useful in
thinking about the causal links that may at least partially explain PTSD-AUD comorbidity,
and they have important implications for prevention. Specifically, these findings provide

a focus for future work, such as prioritizing “deep dives” into the mechanisms by which
PTSD impacts AUD. For example, it may be useful within pre-clinical studies to attempt
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to understand the biologic pathways by which animals with PTSD come to misuse ethanol
in the laboratory. It may also be useful within human clinical studies to examine the
mechanisms by which trauma-related anxiety drives alcohol misuse (e.g., aberrations in
fear learning and extinction mediating PTSD on AUD). Additionally, these findings are
important to think about in the context of how to prioritize time with providers within the
broader medical system (e.g., in primary care). These findings are important because they
suggest that if medical providers come across patients with PTSD, but only have a few
minutes with these patients, they ought to prioritize providing/referring for treatment for
PTSD, as well as AUD prevention services (e.g., harm reduction), as PTSD appears to exert
a potentially causal impact on AUD. In contrast, those who meet briefly with those with an
AUD may not necessarily decide to prioritize skills or services that might help prevent onset
of trauma/PTSD, as we did not find support for this link.
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Figurel.
Significant causal effect of PTSD-2.0 on AUD using 1,446 LD-independent genetic

instruments and multiple robust adjust profile over dispersion parameters (Table S4)
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