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Abstract

Purpose: Posttraumatic Stress Disorder (PTSD) is associated with increased alcohol use and
alcohol use disorder (AUD), which are all moderately heritable. Studies suggest the genetic
association between PTSD and alcohol use differs from that of PTSD and AUD, but further
analysis is needed.

Basic Procedures: We used genomic Structural Equation Modeling (genomicSEM) to analyze
summary statistics from large-scale genome-wide association studies (GWAS) of European
Ancestry participants to investigate the genetic relationships between PTSD (both diagnosis and
re-experiencing symptom severity) and a range of alcohol use and AUD phenotypes.

Main Findings: When we differentiated genetic factors for alcohol use and AUD we observed
improved model fit relative to models with all alcohol-related indicators loading onto a single
factor. The genetic correlations (rG) of PTSD were quite discrepant for the alcohol use and AUD
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factors. This was true when modeled as a three-correlated-factor model (PTSD-AUD rG: .36,
p<.001; PTSD-alcohol use rG: .17, p<.001) and as a Bifactor model, in which the common
and unique portions of alcohol phenotypes were pulled out into an AUD-specific factor (rG with
PTSD: .40, p<.001), AU-specific factor (rG with PTSD: -.57, p<.001), and a common alcohol
factor (rG with PTSD: .16, NS).

Principal Conclusions: These results indicate the genetic architecture of alcohol use and AUD
are differentially associated with PTSD. When the portions of variance unique to alcohol use and
AUD are extracted, their genetic associations with PTSD vary substantially, suggesting different
genetic architectures of alcohol phenotypes in people with PTSD.

Keywords

genomic Structural Equation Modeling (genomicSEM); Posttraumatic Stress Disorder (PTSD);
Alcohol Use; Alcohol Use Disorder; Genetic Correlation; Genetic Architecture

1. Introduction

Traumatic experiences are common, with 50-70% of individuals experiencing at least one
trauma during their lives (Benjet et al., 2016). Posttraumatic stress disorder (PTSD), the
signature trauma-related disorder (Breslau, 2009), tends to co-occur with heavy alcohol

use (AU, i.e., number of drinks consumed) (Vlahov et al., 2002) and alcohol use disorder
(AUD) (Jakupcak et al., 2010). In twin studies, PTSD, alcohol use, and AUD are moderately
heritable, with about 40-60% of the variance explained by genetic influences (Heath,
Jardine, & Martin, 1989; Kaprio et al., 1987; Knopik et al., 2004; Stein, Jang, Taylor,
Vernon, & Livesley, 2002; Verhulst, Neale, & Kendler, 2015). Genome-wide association
studies (GWAS) have identified individual loci that are associated with each of these
phenotypes.

Recent analyses using large-scale GWAS have examined genetic variation associated with
PTSD (Nievergelt et al., 2019) and with re-experiencing symptoms of PTSD (Gelernter
etal., 2019a). Re-experiencing symptoms are unique to PTSD and therefore help to
differentiate PTSD from other disorders. The single nucleotide polymorphism (SNP)-based
heritability of PTSD, derived from GWAS summary statistics, shows modest to moderate
heritability (~5-20%), with estimates larger in women (10%) than men (1%) (Nievergelt et
al., 2019).

Large scale GWAS have also identified loci that are associated with AUD (Henry R Kranzler
et al., 2019), sometimes referred to as problematic alcohol use (Zhou et al., 2020) or alcohol
dependence (Lai et al., 2019; Sun et al., 2019; Walters et al., 2018). The designations of
AUD and alcohol dependence have been used to indicate a diagnostic threshold, whereas
problematic alcohol use represents drinking associated with problematic consequences.
Other researchers have conducted GWAS on a broader behavioral phenotype of alcohol

use (Clarke et al., 2017; Johnson et al., 2019), specifically frequency and/or quantity of
alcohol consumption. The SNP-based heritability of alcohol dependence and AUD ranged
from 5.6% to 11.0% (Kranzler et al., 2019; Walters et al., 2018) and for PAU it was 6.8%
(Zhou et al., 2020).
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Twin studies have demonstrated 30% latent genetic overlap between PTSD and AUD
(McLeod et al., 2001; Xian et al., 2000), but this question has not been applied to the
PTSD-alcohol use association using this design. Molecular genetic analytic methods, such
as linkage disequilibrium score regression (LDSR) (Bulik-Sullivan et al., 2015) allow

for the estimation of pairwise, zero-order genetic correlations. Work by our group using
LDSR has found significant genetic correlations between PTSD and AUD (rG range =
0.28-0.35; Bountress, et al., 2021; Sheerin et al., 2020). However, this association may

be driven by women for whom the genetic correlation was moderate and significant,

while non-significant for men (Sheerin et al., 2020). We also found significant, positive
genetic associations between PTSD and AUD, but negative (significant and non-significant)
associations between PTSD and alcohol use phenotypes (e.g., drinks per week, Alcohol
Use Disorders Identification Test-Consumption [AUDIT-C] score) (Bountress et al., 2022).
This pattern of findings is consistent with work on major depression, which showed
positive genetic correlations with alcohol dependence and alcohol quantity, but negative
genetic correlations with the frequency of alcohol consumption (Polimanti et al., 2019).
Therefore, genetic associations between mental health disorders and more normative
drinking phenotypes may be negative. Additionally, others have found that the strength

of genetic correlations between measures of alcohol use and AUD vary considerably, with
some moderate (AUDIT-C and alcohol dependence: rG=.33; Sanchez-Roige et al., 2019) and
others large (AUDIT-problematic consequences of drinking [AUDIT-P] and AU: rG=.76;
Sanchez-Roige et al., 2019) (AUDIT-C and AUDIT-P: rG=.80; Mallard et al., 2021). Thus,
the genetic risk for normative versus problematic use is correlated but distinct. Taken
together, it appears that the genetic architecture of AUD and alcohol use are different, and
their genetic associations with other phenotypes (e.g., PTSD), are quite disparate.

Novel genetic approaches such as genomic Structural Equation Modeling (genomicSEM,;
Grotzinger et al., 2019) can enhance our understanding of the genetic pleiotropy among
these phenotypes. Specifically, genomicSEM uses LDSR to fit multivariate models of
genetic associations. It allows users to investigate alternative models from multiple
phenotypes to identify the latent genetic factor structure, making it possible to index genetic
overlap among phenotypes, as well as variance that is unique to each trait (e.g., alcohol-

or PTSD-specific factors). Because genomicSEM can be estimated using summary statistics
with varying degrees of sample overlap, it allows for the inclusion of relatively rare or
difficult to ascertain clinical samples in the same model. A recent genomic SEM model
found that PTSD and AUD load on a factor with autism and ADHD, but also cross-load on
other factors (Grotzinger et al., 2020). Given what we know about the genetic correlations
among alcohol phenotypes and PTSD, we aimed to test the fit of a number of models: 1) a
unidimensional model that allows all PTSD and alcohol indicators to load on one factor, 2)
a two-factor model that extracts a PTSD and a common alcohol factor, or 3) a three-factor
model that extracts PTSD and two alcohol (alcohol use and AUD) factors.

To estimate these models, we used European Ancestry GWAS summary statistics for
PTSD diagnosis, re-experiencing symptoms of PTSD, and a range of alcohol phenotypes,
including drinks per week, the consumption score from the AUDIT-C, total score and
problems score from the AUDIT, maximum alcohol intake, AUD, and alcohol dependence.
We add to previous work by using a novel genetic approach (genomicSEM) to estimate
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the partial genetic associations between PTSD and several alcohol phenotypes. Our first
hypothesis was that a model separating out PTSD, AUD, and alcohol use would fit better
than those modeling them together, and that the genetic associations between PTSD and
AUD phenotypes would be significant and positive, and between PTSD and alcohol use
phenotypes would be non-significant or significant and negative. Our second hypothesis was
that a model pulling out what is common to all the alcohol items (loading onto an “alcohol”
factor), while leaving what is unique to AUD and alcohol use would show even better fit,
with genetic correlations between PTSD and the common alcohol factor being near zero,
PTSD and unique AUD being even more strongly positive and significant and PTSD and
alcohol use being/becoming negative, potentially significant.

2. Methods

2.1 Summary of Cohorts

We obtained summary statistics for PTSD and alcohol use phenotypes using existing large-
scale datasets from single studies and consortia, described below and summarized in Table 1.
We only conducted analyses on those of European Ancestry due to the scarcity of large-scale
summary statistics in other ancestral populations.

2.2 PTSD Cohorts and Phenotypes

As shown in Table 1, PTSD case/control status came from the PGC-PTSD Freeze 1.5
(N =48,471; Nievergelt et al., 2019). PTSD case status reflects primarily lifetime PTSD
diagnosis, although it includes current PTSD diagnosis when lifetime diagnosis was
unavailable.

The PTSD re-experiencing symptom cluster severity score (continuous measure) came from
the PTSD Checklist for DSM-1V (PCL IV; (Wilkins, Lang, & Norman, 2011) in the MVP
(Gelernter et al., 2019a), as it is the symptom cluster that is most distinctive for PTSD (N =
146,660).

2.3 Alcohol-Related Cohorts and Phenotypes

AUD case/control status came from the MVP dataset and was defined according to ICD-9
or ICD-10 codes for dependence or abuse diagnoses obtained from the Veteran’s Affairs
electronic health records (EHR). Participants with at least one inpatient or two outpatient
alcohol-related 1CD-9/10 codes (from 2000-2018) were considered AUD cases (Kranzler et
al., 2019). AUD case/control status was available for 267,391 participants in MVP. Alcohol
dependence case/control data came from the PGC-SUD meta-analysis (Walters et al., 2018),
which included over 20 datasets. Cases were defined as meeting criteria for a DSM-IV (and
DSM-I11-R for one study) diagnosis of alcohol dependence and all controls were alcohol
exposed (N = 46,568).

Drinks per week (DPW), defined as the average number of drinks a participant reported
drinking each week, aggregated across all types of alcohol, was examined in a combined
approach with GSCAN consortium and UK Biobank (UKB) (Liu et al., 2019) (N =

941,280); see Table 1. In studies that reported binned response ranges (e.g., 1-4 drinks),
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the midpoint of the range was used (Liu et al., 2019). The AUDIT (Saunders, Aasland,
Babor, De la Fuente, & Grant, 1993) was available in multiple forms and studies. First, the
AUDIT total score (AUDIT-T), was available in the 23andMe dataset (Sanchez-Roige et al.,
2018) for 20,328 participants. Second, data from the AUDIT-C subscale, which consists of
three items that measure past-year typical quantity and frequency of drinking and frequency
of heavy/binge drinking (Bush, Kivlahan, McDonell, Fihn, & Bradley, 1998), were available
in two datasets: EHR data from the annual AUDIT-C assessment in MVP collected on
individuals between 2007-2017 (N = 206,254; H. R. Kranzler et al., 2019) and as part of
the full 10-item AUDIT in an online follow-up of the UKB (N = 121,604; Sanchez-Roige
etal., 2019). Third, the AUDIT-P subscale, which consists of 7 items that focus on the
problematic consequences of drinking, was used from the UKB (N = 121,604). Finally, in
MVP, a quantitative measure of maximum habitual alcohol use in a typical month (MaxAlc;
Gelernter, et al., 2019b) was used to reflect typical/habitual maximum use as opposed to
maximum on a single occasion (N = 126, 936).

2.4 Genotyping, Quality Control, and Imputation

The existing summary statistics used in the present analyses have gone through quality
control pipelines applied by the specific consortia (e.g., PGC quality control pipeline
including filtering to remove SNPs with imputation information value < 0.90 and minor
allele frequency/MAF < 0;01; Sullivan, 2010). The analytic pipeline for the current analyses
incorporates additional filtering (keeping approximately 1,200,000 SNPs for each phenotype
with the exception of the MVP analyses which keep approximately 625,000; see Grotzinger
et al., 2019) including removing variants that are either not SNPs or are strand ambiguous,
and removing SNPs based on a minimum N.

2.5 Genomic Structural Equation Modeling

We conducted analyses using the GenomicSEM package in R (version 0.0.3; https://
github.com/GenomicSEM/GenomicSEM/wiki). GenomicSEM uses a two-stage SEM
approach (Grotzinger et al., 2019). In the first stage, the genetic covariance matrix and
sampling covariance matrix are estimated for each dataset (see Supplementary Table 1).

In the second stage a SEM is specified and parameters are estimated by attempting to
minimize the discrepancy between the model-implied genetic covariance matrix and the
empirical covariance matrix. The fit of the model can then be evaluated using standard
metrics, including the standardized root mean square residual (SRMR), model XZ, Akaike
Information Criterion (AIC), and the Comparative Fit Index (CFI) (Browne, 1984; Savalei &
Bentler, 2009).

Precomputed linkage disequilibrium (LD) scores were obtained from the

1000 Genomes Project Europeans subsample (https://data.broadinstitute.org/alkesgroup/
LDSCORE/eur_w_lId_chr.tar.bz2). For case/control samples, liability scale estimates
assumed a population prevalence of 10% for PTSD (Nievergelt et al., 2019), 15.9% for
AD, and 16% for AUD as in prior work (Duncan et al., 2017; Walters et al., 2018).
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2.6 Data Analytic Plan

We estimated four models and compared the fit of each. Specifically, we first asked whether
a common factor model in which all alcohol-related and PTSD indicators loading on the
same factor (Model A; see Figure 1A) would fit the data well, and whether either a two-
factor model with all alcohol items loading on one factor and PTSD items loading on a
second factor (Model B; Figure 1B) or a correlated three-factor model allowing for separate
PTSD, AU, and AUD-related factors (Model C; Figure 1C) would provide a better fit. We
hypothesized that a model with unique PTSD, AUD, and alcohol use factors would fit the
data best, and the inter-factor genetic correlation between PTSD and AUD would be stronger
and more positive than that for PTSD and AU, which would be non-significant or significant
and negative.

Secondly, we asked whether a more complicated, bifactor model that allows for factors
common and specific to PTSD and alcohol phenotypes (Model D; Figure 1D) would fit the
data well, and whether the inter-factor correlations between PTSD and AUD and PTSD and
alcohol use would differ from one another when estimating a factor common to all alcohol
phenotypes. In bifactor models, all items are allowed to load on one common factor and
their specific group factors. The group factors are allowed to correlate with one another, but
their correlations with the general factor are usually set to zero. Typically, within bifactor
models, each item loads on the common factor and one specific factor. However, here the
23andMe AUDIT Total score item was allowed to load on both alcohol use and AUD, as

it is comprised of items related to both consumption (AUDIT-C) and problems (AUDIT-P).
We hypothesized that, within this framework, the genetic correlation between PTSD and the
common alcohol factor would be non-significant, but that the genetic correlation with the
factor capturing variance unique to AUD would be significant and positive, with the factor
capturing variance unique to alcohol use significant and negative.

To determine which model best fit the data, we examined the substantive interpretability of
each model and its loadings, including the genetic associations between PTSD and factors
common and specific to alcohol use and AUD. We also examined goodness-of-fit indices
with the standard cut-offs for good fit, including a CFI: = .9 and SRMR < .08 and lower

AIC values indicating better fit and parsimony (Hu, 1999; Kenny, 2015). As the PTSD factor
consisted of only two items, we constrained the loadings of these items on the factor to be
equal so that this portion of the model was locally identified. We used the zero-order genetic
correlations between PTSD and alcohol phenotypes generated from this same author group
(Bountress et al., 2022) to inform which alcohol items would load onto the AU-related factor
(i.e., drinks per week, AUDIT-C, and AUDIT-T) or the AUD-related factor (i.e., AUDIT-T,
Max Alc, AUDIT-P, AUD, and AD).

3. Results

Regarding our first question, a common factor model (Model A; Figure 1A) did not fit the
data well (X2:637.67, AIC=677.67, CFI=.84, SRMR=.23; Table 2). The loadings indicated
that this factor driven by the alcohol-related factors, while the loadings of the PTSD items
were not statistically different from zero (Supplemental Table 2). The two-factor model
(Model B; Figure 1B) fit somewhat better, but not well (X2:506.97, AIC=546.97, CFI=.88,
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SRMR=.19). Once again, the loadings of the alcohol items onto the alcohol factor were

all significant, but the PTSD item loadings on the PTSD factor were all non-significant
(Supplemental Table 3). The genetic correlation between PTSD and the common alcohol
factor was not significantly different from zero (rG:.03, NS). The three-factor model (Model
C; Figure 1C; Supplemental Table 4) fit adequately (X2:3O6.97, AIC=352.97, CFI=.93,
SRMR=.11) and demonstrated improved fit compared to Models A and B. All of the
loadings on these factors were significant except for the 23andMe AUDIT-T, which had a
near-zero loading on AUD but loaded significantly on the alcohol use factor. There was

a small-to-moderate positive, significant genetic correlation between PTSD and AUD (rG:
.36, p<.001). The association between PTSD and alcohol use was negative, significant and
small (rG: -.17, p<.001), and the association between AUD and alcohol use was positive,
significant, and Iarge1 (rG: .72, p<.001).

To test our second question, specifically whether the associations between PTSD, AU,

and AUD would shift when accounting for the common variation shared across all alcohol-
related items, we fit a bifactor model (Model D; Figure 1D; Supplemental Table 5) in which
the alcohol items loaded onto a common factor, residual alcohol use and residual AUD
factors were estimated. The correlations across these factors were fixed to zero. This model
also estimated the correlations between the PTSD factor and each of the three alcohol factors
(the common factor and the residual alcohol use and AUD factors). Model D fit the data
very well (X2:82.99, AlIC=144.99, CFI=.98, SRMR=.06). The genetic correlation between
PTSD and the common alcohol factor was positive and non-significant (rG: .16, NS). The
correlation between PTSD and AUD was positive, significant, and slightly larger than it had
been in Model C (i.e., the correlated three factor model; rG:.40, p<.001). The correlation
between PTSD and alcohol use was negative, significant, and much larger in magnitude than
it had been in model C (rG: -.57, p<.001). Thus, extracting what is common to AUD and
alcohol use served to increase each phenotype’s unique association with PTSD.

4. Discussion

We analyzed summary statistics from the largest available GWAS of PTSD and alcohol
phenotypes to examine the genetic architecture of PTSD and two major alcohol phenotypes
in EAs using genomic SEM, a novel, multivariate genetic approach. We extended our
previous findings examining genetic associations between PTSD and alcohol phenotypes
(Bountress et al., 2022), as these analyses pulled out what is common to all included alcohol
outcomes, versus specific to alcohol use and AUD.

Our first hypothesis, specifically whether the multivariate genetic correlations between
PTSD and alcohol factors would be significant and positive for PTSD-AUD but non-
significant or significant and negative for PTSD-alcohol use, was supported. This is
consistent with previous work demonstrating differential patterns of genetic associations
between AUD and alcohol use phenotypes with PTSD (Bountress et al., 2022) and major
depression (Polimanti et al., 2019). Neither a common factor model, in which all items
across PTSD/AUD/ alcohol use loaded on a single factor, nor a two-factor model, in which

1Dropping the 23andMe AUDIT Total Score as an indicator of AUD did not impact model fit or the correlations between factors.
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all alcohol items loaded on one factor and PTSD items loaded on a second factor, fit the
data well. Rather, a correlated three-factor model, in which AUD and alcohol use were
separate factors, fit better. Consistent with our hypothesis, this model revealed a small-to-
moderate positive genetic correlation between PTSD and AUD and a small negative genetic
correlation between PTSD and AU. We also found a large and positive genetic correlation
between the two alcohol factors, suggesting that AUD and alcohol use are related but

not wholly overlapping genetically, consistent with existing research (Mallard et al., 2021;
Sanchez-Roige et al., 2019).

We found support for our second hypothesis, specifically that a Bifactor model showed
improved fit compared to the one-, two-, and three-factor models. After accounting for

the common genetic variance between PTSD and the shared variance of the two alcohol
factors (AUD, AU), we found that the unique associations between PTSD and the alcohol
factors (AUD, AU) increased in magnitude, while the genetic correlation between PTSD
and the common alcohol factor was non-significant. These findings suggest that similar
genetic factors contribute to both PTSD and AUD, but that such factors are independent of
genetic factors contributing to AU. Our findings are consistent with a wealth of previous
research that has shown a consistent genetic link between PTSD and AUD phenotypes
(Sartor et al., 2011; Sheerin et al., 2020; Hong Xian et al., 2000). However, they introduce
support for a novel finding: that the association between PTSD and alcohol use among
individuals of European Ancestry is negative and distinct. Thus, different genetic factors
contribute to AUD, which may be more aligned with psychopathology or propensity towards
problematic alcohol use. In contrast, the genetic factors contributing to AU may be more
related to other facets of drinking behavior (e.g., social connectedness, releasing endorphins)
that are plausibly adaptive and/or associated with resilience (Dunbar et al., 2017). This

is consistent with recent work demonstrating unique components of genetic etiology for
alcohol consumption versus alcohol-related problems and that alcohol-related problems

is more strongly genetically correlated with psychopathology compared to consumption
(Mallard et al., 2021).

Though the design of our study does not permit inferences of causality, multiple plausible
mechanisms have been proposed to understand the nature of genetic correlations, especially
in the context of substance use (Agrawal & Lynskey, 2014; Maria-Rios & Morrow, 2020). A
correlated liabilities explanation suggests that the two traits share common etiological and/or
risk factors. For example, dysregulation of biological and neural mechanisms common to
both disorders (e.g., those associated with stress, negative affective processes, neural reward
processes, and cognitive processes) could lead to greater risk of comorbid PTSD-AUD
(Norman et al., 2012). Likewise, individual differences in maladaptive behavioral and
personality factors (e.g., impulsivity, cue reactivity) could underlie the propensity for risk

in both PTSD and AUD, leading to comorbidity (Maria-Rios & Morrow, 2020). Further,
given that the PTSD-alcohol use link was negative and independent of the PTSD-AUD
correlation, PTSD and alcohol use may be /nversely correlated due to a different array

of personality factors (e.g., those related to enjoyment, extroversion, broad socialization),
rather than common dysregulation, as is seen with AUD.

Drug Alcohol Depend. Author manuscript; available in PMC 2023 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bountress et al.

Page 10

Though not directly tested in this paper, PTSD and alcohol phenotypes may exert directional
(and possibly bidirectional) associations on one another. Our previous work identified a
putative causal effect of PTSD on AUD, supporting a model of self-medication in which
individuals with PTSD are more likely to develop AUD (though PTSD was not causally
related to drinks per week) (Bountress, et al., 2021). The pattern of positive and negative
associations between PTSD and AUD and AU, respectively, aligns with the self-medication
hypothesis, such that the consistent use of alcohol to cope with PTSD symptoms may lead
to the development of AUD over time via negative reinforcement, whereas motivations for
more normative alcohol use may be more aligned with enhancement and social drinking
motives, which is incompatible with many of the symptom criteria of PTSD, including
anhedonia and negative alternations in cognition and mood. Prior researchers have found a
negative association between depression and alcohol use (Polimanti et al., 2019), consistent
with this idea.

Given prior work and the present findings that underscore the genetic distinction between
alcohol use and AUD, different mechanisms could account for the differences in the links
between PTSD and AUD versus PTSD and AU. For example, genes related to PTSD may
causally drive the association with AUD, while genes that link PTSD with alcohol use may
be more consistent with a correlated liabilities model (i.e., non-causal). Novel research, with
additional samples, is needed to understand the underlying mechanisms driving the negative
genetic association observed between alcohol use and PTSD, as well as related phenotypes
(e.g., major depression).

This study should be considered in light of several limitations. First, our analyses were
performed in a sample of European Ancestry individuals and our results may not generalize
to other populations. While some evidence suggests the presence of additive genetic
similarity for alcohol dependence across individuals of European and African Ancestry
(Brick, Keller, Knopik, McGeary, & Palmer, 2019), our prior work showed that the negative
genetic correlation between PTSD-alcohol use observed in European Ancestry samples may
be a positive correlation in African Ancestry samples (Bountress et al., 2022). More research
in diverse samples is essential to understand the link between PTSD and alcohol phenotypes
and advancing precision medicine efforts (Peterson et al., 2019). Relatedly, there are known
sex differences both in PTSD (Kessler et al., 1995) and alcohol phenotypes (Grant et al.,
2015), in the genetic influences on PTSD (Sartor et al., 2012), and in the genetic association
between PTSD and alcohol dependence (Sheerin et al., 2020). Being unable to run these
models split by sex is a limitation, and it is possible that the structure observed may be
stronger or only hold for one sex (e.g., females). As sex-specific summary statistics become
more ubiquitous and well-powered, we hope that future work will be able to test this
question. Second, our PTSD factor was saturated and contained only two items, resulting

in the need to constrain the loadings to be equal across phenotypes. Thus, our PTSD factor
represented only the common variance between PTSD and re-experiencing symptoms. As
more robust data on PTSD become available, work can evaluate more nuanced factor models
of PTSD symptom domains. Finally, results from factor analyses can be sample specific and
therefore may be influenced by whether individuals are sampled from the general population
versus a clinical population, and may even be influenced by the social norms for alcohol

use in the different countries included in our analyses. Replication of our findings across
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other large studies would strengthen the conclusions herein, especially given that the some
of the phenotypes and data we included came from the MVP, which may not be reflective

of the non-military, female population. Finally, another group recently found that individuals
may over- or under-report their alcohol use (“misreports and longitudinal changes”; MLC)
and this bias has serious implications for models of genetic architecture (Xue et al., 2021).
Thus, a MLC correction at the GWAS level is likely to provide a more accurate depiction of
such associations. Future researchers in this area may benefit from employing this correction
when possible in future analyses.

In conclusion, our results support a growing body of work demonstrating that the genetic
architecture of alcohol use and AUD are distinct. Further, among individuals of European
Ancestry, the genetic associations of PTSD with alcohol use are negative while those
between PTSD and AUD are positive. Our findings extend prior work by showing that, when
the variance unique to alcohol use and AUD are extracted, the genetic associations with
PTSD increases substantially for alcohol use and slightly for AUD.
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Highlights
. Using genomic Structural Equation Modeling (QSEM), a Bifactor model fit
best.
. The genetic correlation between PTSD and AUD was significant and positive.
. The genetic correlation between PTSD and alcohol use was significant and
negative.
. The genetic correlation between PTSD and the general alcohol factor was NS.

Drug Alcohol Depend. Author manuscript; available in PMC 2023 May 01.



1duosnuepy Joyiny

1duosnuely Joyiny

Bountress et al. Page 17

A Commen Factor Madel ,-*“hml and ™ )
{ PTSD Common |

" Genetic Factor F

X s
" -
we |[um [ WP T R
moer G || muner T supermacing

B. Two Factor Model e

- N

| Alzchd Sgacifc
| Genetic Factar

¢~ PTSD Sgecic
\,_ Genetic Facter !

—

s

o SID
an

B " n
WP Mas MWW PTSD R
Al etk euperiencisg

N 7 PTED Spece
. Genetic Factor !

C. Thees Factor Model SR e T wel fae
Pz SN e e
L s h— NS /
o Fieabol Uss Spaciie™, A AL-Ralated \"_..-— — /
[ Ganetc Factar ) ( Specifc Genetic | ¢ PTED Spacte /
S > e Foctr . Ganatic Factar .~ 4

i | D e

Figure 1.
Depiction of Tested Models.

Notes: Standardized loadings and correlations are depicted; *p<.05, **p<.01, ***p<.001.
Line textures and thicknesses vary as an indictor of which items load on which factor.

B ‘.Mcohel Can "

kA (g Facr’ )~
apisscing N o

T
[
er

1duosnuepy Joyiny

1duosnuely Joyiny

Drug Alcohol Depend. Author manuscript; available in PMC 2023 May 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Bountress et al.

Table 1.

Descriptive Information about Included Phenotypes and Accompanying Cohorts.
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Dataset Phenotype Accompanying N N Primary Sex Age Distribution
effective Sample Distribution
make-up
PGC-SUD Alcohol Walters et al., 2019 45,568 34,780 Civilian 34-70% Male 64% of studies only
Dependence (AD) included adults;
Case/Control others included
those as young as
8+
MVP Alcohol Use Kranzler et al., 2019 267,391 152,332 Military ~93% Male 22-90 years old
Disorder (AUD)
Case/Control
MVP Max Alcohol Gelernter et al., 2019b 126,936 126,936 Military ~93% Male ~63 years old
Consumption
UKB AUDIT Problems Sanchez-Roige et al., 121,604 121,604 Civilian 43.8% Male ~56 years old
2019a
23andMe AUDIT Total Sanchez-Roige et al., 20,328 20,328 Civilian 44.7% Male ~54 years old
UKB AUDIT Sanchez-Roige et al., 121,604 121,604 Civilian 43.8% Male ~56 years old
Consumption 19a
MVP AUDIT Kranzler et al., 2019 206,254 206,254 Military ~93% Male 22-90 years old
Consumption
GSCAN Drinks per Week Liuetal., 2019 941,280 941,280 Civilian 47.8% Male Either ~40 or ~81
and UKB years old
MVP Re-Experiencing Gelernter etal., 2019a 146,660 146,660 Military ~93% Male ~66 years old
Symptoms
PGC-PTSD PTSD Case/ Nievergelt et al., 2019 48,471 37,723 Civilian ~50% Male ~52 years old
Control

Notes: PGC-SUD: Psychiatrics Genomics Consortium Substance Use Disorder workgroup; MVP: Million Veteran Program, UKB: United
Kingdom Biobank; GSCAN: GWAS & Sequencing Consortium of Alcohol and Nicotine use; PGC-PTSD: Psychiatrics Genomics Consortium
Posttraumatic Stress Disorder workgroup.
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Table 2.
Fit indices for Models
Model X2value(df) X%p-value AIC  CFlI  SRMR
A. Common Factor 637.67(35) p<.001 677.67 .84 .23
B. Two Correlated Factors 506.97(35) p<.001 546.97 .88 19
C. Three Correlated Factors ~ 306.97(32) p<.001 35297 .93 A1
D. Bifactor 82.99(24) p<.001 14499 .98 .06
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