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Abstract

Objectives: To examine whether attachment style moderates the relationship between polygenic
risk scores (PRS) for posttraumatic stress disorder (PTSD) re-experiencing (PTSDgrgx) symptoms

and the severity of and positive screen for traumatic loss-related PTSD.

Methods: Data were analyzed from 631 U.S. veterans who endorsed “unexpected death of
a loved one” as their ‘worst’ traumatic event. Multivariable models evaluated the association
between PRS for PTSDgrex, attachment style, and their interaction in predicting severity and
positive screen for PTSD. A gene enrichment analysis was conducted to identify possible
molecular mechanisms underlying the association between PTSDrgx PRS and PTSD.

Results: PTSDrex PRS ($=0.17; odds ratio [OR]=1.85), attachment style (B= —-0.33; OR=0.14),
and PTSDgrex PRS x attachment style interaction (f= —0.12; OR=0.53) were significant predictors
of the severity and positive screen for PTSD. The most significant gene set detected was the gene
ontology (GO) cellular component podosome set (GO:0002102, p<3.95x107).

Conclusions: Having a secure attachment style may help mitigate polygenic risk for developing
traumatic loss-related PTSD in U.S. veterans. Podosomes, which are implicated in inflammatory
and neuroplasticity processes, may contribute to the genetic liability to developing loss-related
PTSD. Psychological treatments targeting attachment security may help mitigate increased
polygenic risk for loss-related PTSD in this population.
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INTRODUCTION

Posttraumatic stress disorder (PTSD) is one of the most prevalent psychiatric disorders

among U.S. military veterans, with an estimated lifetime prevalence of 7.7 to 13.4%, versus

3.4 10 8.0% in the general U.S. adult population (Lehavot et al., 2018). Furthermore,
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veterans with PTSD have higher rates of other psychiatric disorders and suicidal behaviors
relative to veterans without PTSD (Smith et al., 2016; Wisco et al., 2014). While the
majority of military service members will be exposed to potentially traumatic events (PTEs),
only an estimated 6.9% will develop PTSD (Smith et al., 2016). Individual differences in
vulnerability for PTSD are mediated by a combination of genetic and environmental factors
(Pape & Binder, 2016). Research efforts such as the National Health and Resilience in
Veterans Study (NHRVS) (Pietrzak & Cook, 2013; Tamman et al., 2019; Wisco et al., 2014)
and the Million Veteran Program (MVP; (Gaziano et al., 2016; Gelernter et al., 2019)), have
therefore aimed to identify and characterize genetic, demographic, and psychosocial factors
that may confer vulnerability or resilience to PTEs among veterans.

The most prevalent PTE globally is the unexpected death of a close family member or
friend, which is experienced by 31.4% of adults (Benjet et al., 2016). Within the NHRVS
sample of U.S. veterans, which is older, on average, than the general population, 61.3%
experienced unexpected death of a close family member or friend, making it the most
common PTE in this population (Wisco et al., 2014). Among this subset of individuals,
45.0% endorsed this traumatic loss as their ‘worst” PTE, and we previously found that
having a secure attachment style was associated with a significant reduction in PTSD
symptom severity and risk for traumatic loss-related PTSD (Asch, et al. under review).
In the NHRVS cohort, having a secure attachment style was also found to counteract the
negative impact of both environmental (childhood trauma) and possible genetic (FKBP5
polymorphisms) risk factors for PTSD (Tamman et al., 2019).

In the current study, we tested the hypothesis that having a secure attachment style may
protect against polygenic risk for the severity and probable diagnosis of traumatic loss-
related PTSD. Polygenic risk, which was calculated per individual using summed weights
of number of risk alleles for PTSD, was estimated using genome-wide association study
(GWADS)-derived polygenic risk scores (PRS) for re-experiencing symptoms (PTSDrgx)

in the MVVP, which sampled a large military veteran cohort (Gelernter et al., 2019). Re-
experiencing or ‘intrusion” symptoms, such as nightmares and flashbacks related to the
traumatic event, are largely unique to PTSD, in contrast to negative mood symptoms, for
example, which are characteristic of other disorders such as major depressive disorder

or persistent complex bereavement disorder (Association, 2013; Malgaroli et al., 2018).
Further, re-experiencing symptoms present a very high genetic correlation (rg>0.9) with
other PTSD symptom clusters (Stein et al., 2019). To date, the MVP PTSDrgx GWAS is
the most powerful publicly available dataset we can use to investigate the genetic liability
for PTSD (Gelernter et al., 2019). To examine whether this association was differentially
related to the phenotypic presentation of this disorder, we additionally examined the relation
between PTSDRrgx, attachment style, and the interaction of PTSDrgx and attachment style
in relation to severity of the four PTSD symptom clusters (DSM5): intrusions; avoidance,
negative alterations in cognitions and mood; and alterations in arousal and reactivity. Finally,
to provide insight into possible biological mechanisms driving any observed associations,
we conducted a pathway enrichment analysis on the PTSDrgx PRS gene set.
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METHODS

Participants.

The sample consisted of 631 unrelated American veterans of European descent who reported
“unexpected death of a loved one” as their “‘worst’ traumatic event. As previously reported
(Tamman et al., 2020), ancestry and relatedness were verified using genetic information.
These veterans completed a web-based survey and provided a saliva sample for genotyping
as part of the NHRVS; 482 participated in the 2011 wave and 151 in the 2013 wave of

the NHRVS. As described in detail elsewhere (Pietrzak & Cook, 2013; Wisco et al., 2014),
veterans were recruited from KnowledgePanel, a survey research panel of over 50,000

U.S. households that is maintained by the survey research company Ipsos. Panel members
are recruited through national random samples, which provide coverage of approximately
98% of US households. All participants provided informed consent. The Human Subjects
Subcommittee of the Veterans Affairs (VA) Connecticut Healthcare System approved all
study procedures. None of the authors have any conflicts of interest to disclose.

2.2. Data availability.

Data from the National Health and Resilience in Veterans Study are not publicly available.
Individuals interested in collaborating on projects using data from this study may contact the
corresponding author, Robert Pietrzak, PhD, MPH: robert.pietrzak@yale.edu.

2.3. Genotyping.

Saliva was collected using Oragene DNA (OG-250) kits and DNA was extracted using
preplT-L2 P reagent (DNA Genotek, Ontario, Canada). Samples were genotyped at the
Gelernter Laboratory (VA Connecticut Healthcare System, West Haven, CT) using the
PsychChip GWAS array and genotypes were called using GenomeStudio software V2011.1
with genotyping module V1.8.4 (lllumina, San Diego, CA, USA).

2.4. Polygenic risk scores.

PRS for NHRVS samples were computed using PRSice software (Choi & O’Reilly,

2019), using summary statistics generated from the PTSDrgx GWAS conducted on the
MVP cohort (N=146,660) (Gelernter et al., 2019). We verified that no overlap is present
between NHRVS and MVP cohorts. The PRS were calculated after using p-value-informed
clumping with a LD cut-off of R2 = 0.3 within a 500-kb window, and excluding the Major
Histocompatibility Complex region of the genome because of its complex LD structure. In
the line with the clumping/thresholding method (Choi et al., 2020), a range of genome-wide
association p-value thresholds (PT=5x1078, 10~7, 1076, 1075, 1074, 0.001, 0.05, 0.3, 0.5, 1)
were considered for SNP inclusion. Ultimately, the PRS defined at PT=0.3 was selected,

as it had the largest magnitude association with both severity (r=0.16 vs. r=-0.01 to 0.15)
and positive screen (r=0.14 vs. 0.01 to 0.13) for PTSD symptoms in this veteran population
expressing sudden loss an their most significant trauma. PRS were standardized prior to
analysis for ease of interpretation.
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2.5. Trauma and PTSD.

Trauma history was assessed using the Trauma History Screen (Carlson et al., 2011) and
PTSD symptoms using the PTSD Checklist (PCL) (Weathers et al., 1993). The DSM-IV
version of the PCL was administered in the 2011 NHRVS cohort and the DSM-5 version in
the 2013 cohort; scores were standardized separately in each sample and then harmonized
for analyses; a score =50 on the DSM-IV version and =36 on the DSM-5 version (Moshier et
al., 2019) were indicative of a positive screen for PTSD. Four PTSD symptom clusters were
analyzed in secondary analyses: re-experiencing/intrusions; avoidance; emotional numbing/
negative alterations in cognitions and mood; and hyperarousal/alterations in arousal and
reactivity.

2.6. Attachment style.

Attachment style was assessed using the 3-1tem Adult Attachment Style Questionnaire
(ASQ) (Hazan & Shaver, 1987). Veterans were asked to select which of three statements
best described their feelings and attitudes in relationships: a] “feeling that it is easy to get
close to others and feeling comfortable with them”, b] “feeling uncomfortable being close
to others”, or c] “feeling that others are reluctant to get close”, corresponding to secure,
avoidant, and anxious/ambivalent attachments styles, respectively. As only 3% of veterans
responded “c,” avoidant and anxious/ambivalent styles were collapsed into a single insecure
attachment category.

2.7. Data analysis.

Multivariable linear and binary logistic regression analysis were conducted to examine

the relation between PTSDgrgx PRS, attachment style, and their interaction in predicting
severity of PTSD symptoms and positive screen for PTSD, respectively, among veterans
endorsing “unexpected death of a loved one” as their most significant, or ‘worst’ traumatic
experience. Age, sex, combat status, number of lifetime traumas other than traumatic loss,
NHRVS cohort (2013 vs. 2011), and the top 10 ancestry principal components were entered
as independent variables in these analyses (Table 1). Secondary linear regression analyses
were then conducted to examine the relation between PTSDrex PRS, attachment style, and
their interaction in predicting severity of the four PTSD symptom clusters.

2.8. Polygenic risk gene set enrichment.

The PRSice 2 software (Choi & O’Reilly, 2019) as used to perform gene set enrichment
for three models (PT=0.3): (Model 1) PTSDgrgx predicting traumatic loss-related PTSD
covaried for age, sex, and 10 principal components of ancestry, (Model 2) PTSDgrgx
predicting traumatic loss-related PTSD additionally covaried for attachment style, and
(Model 3) PTSDRggx predicting traumatic loss-related PTSD additionally covaried for an
attachment style by PTSDrex PRS interaction term. The PRSset analysis will calculate
subsets of the PTSDrgx PRS stratified by specific gene sets and test them with respect
to the three models described. Differently from the standard PRS analysis, the clumping
procedure is performed separately for each gene sets. PRSet gene sets were obtained
from the Molecular Signatures Database (MSigDB) (Liberzon et al., 2015) for biological
process, cellular component, and molecular function gene ontologies (GO). GO enrichments
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with p<0.05 were further analyzed using REVIGO (Reduce and Visualize Gene Ontology)
(Supek et al., 2011), applying 0.4 similarity score and the Homo sapiens GO term database.

3. RESULTS

3.1. Sample characteristics.

On average, veterans were 63.9 years of age (SD=14.2, range=22-90), predominantly male
(n=579, 93.1%) and non-combat veterans (n=456; 74.6%). Three-quarters (n=484; 75.2%)
reported having a secure attachment style, while a fourth (n=147; 24.8%) reported having
an insecure attachment style. The mean number of years since traumatic loss was 19.7
(SD=17.6, range=0-76 years), and the mean number of potentially traumatic events other
than traumatic loss was 2.2 (SD=2.1, range=0-10). Seventy-four (12.7%) veterans screened
positive for traumatic loss-related PTSD.

3.2. Traumatic loss-related PTSD.

As shown in Table 1, results of a linear regression analysis revealed significant main effects
of PRS PTSDRgx, secure attachment style, and a significant PRS x secure attachment

style interaction (Figure 1a) in predicting severity of overall traumatic loss-related PTSD
symptoms. Results of a logistic regression analysis revealed a significant main effect of
PRS, secure attachment style, as well as a significant interaction of PRS x attachment style
(Figure 2) in predicting a positive screen for loss-related PTSD.

3.3. Traumatic loss-related PTSD symptom clusters.

There were significant main effects of PTSD-REX PRS and attachment style, as well

as significant PRS x attachment style interactions in predicting severity of intrusions
(B=0.21, t=2.67, p=0.008; p= —0.24, t=5.22, p=2.8x10""; and p= —0.19, t=2.40, p=0.017,
respectively; Figure 1b), numbing (B=0.21, t=2.66, p=0.008; = —-0.39, t=8.73, p=6.9x10717;
and p=—-0.17, t=2.23, p=0.026, respectively; Figure 1c), and hyperarousal ($=0.30, t=4.31,
p=1.9x107; = —0.35, t=8.95, p=5.8x10718; and p= —0.22, t=3.24, p=0.001, respectively;
Figure 1d). The main effect of PTSD-REX PRS and the interaction of PTSD-REX PRS x
attachment style were not significant for avoidance symptoms (both p’s<0.02, p’s>0.84).

3.4. Gene set enrichment.

Although none of the gene sets survived multiple testing correction, the most significant
gene set detected by all three PRS models was the GO cellular component podosome

gene set (GO:0002102, p<3.95x107>; Table 2 and Figure S1). Using nominally significant
GO terms from each model, four biological processes, four cellular components, and

nine molecular functions were deemed indispensable (REVIGO dispensability=0.0) across
models (Table 2). All biological process, cellular component, and molecular function
networks are shown in Figures S2—-S4.

4. DISCUSSION

Using data from a nationally representative sample of U.S. veterans who reported
unexpected traumatic loss of a loved one as their worst event, we found that both
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PRS for re-experiencing symptoms of PTSD (PTSDrex PRS) and attachment style were
significantly associated with severity of traumatic loss-related PTSD symptoms. Further, a
significant PTSDRrgx PRS X attachment style interaction emerged, suggesting that having

a secure attachment style may help confer resilience to traumatic loss-related PTSD in
individuals with high polygenic risk, such that the association between PTSDrex PRS

and symptom severity was markedly reduced in securely attached veterans relative to

those with insecure attachment style. A similar pattern was observed for re-experiencing,
numbing, and hyperarousal symptom clusters. No significant effects of PTSDrgx PRS or
PTSDRrex PRS by attachment style interactions were observed for avoidance symptoms.
This finding may relate to the PRS itself, which was developed to be specific to re-
experiencing symptoms (Gelernter et al., 2019), and could suggest different underlying
polygenic and PRS x environmental mechanisms underlying avoidance symptoms. It is also
possible, since all veterans included in these analyses experienced traumatic loss and, to
promote generalizability, we purposely did not exclude for any comorbidities, that avoidance
symptoms may be less specific to traumatic loss related-PTSD and more broadly associated
with the expression of grief or bereavement (Baker et al., 2016; Schnider et al., 2007). It is
certainly possible that the PRS for PTSDgrgx phenotype may — directly and interactively —
be linked to other psychiatric phenotypes associated with traumatic loss, such as persistent
complex bereavement, major depressive, or substance use disorders, and may not be unique
to PTSD, per se. Further research is needed to evaluate this possibility.

A multivariable logistic regression model revealed that PTSDrex PRS was a significant
predictor of a positive screen for traumatic loss-related PTSD. The significant PTSDgrgx
PRS x attachment style interaction provides further evidence that secure attachment may
mitigate the influence of polygenic risk on screening positive for traumatic loss-related
PTSD. The present findings are consistent with our previous report that secure attachment
counteracted the negative impact of candidate risk polymorphisms on PTSD symptom
severity (Tamman et al., 2019). They extend these results to suggest that, by assessing
polygenic risk, attachment style may additionally moderate polygenic risk for PTSD (i.e. not
limited to candidate gene markers) in veterans who reported unexpected loss as their worst
event. Our enrichment analysis provides further insight into possible biological mechanisms
(i.e., contribution of multiple variants located in different genes) that may underlie this
association.

In our exploratory PTSDrex PRS gene set enrichment analysis, the strongest result

was observed for genes involved in podosome cellular structure. Genes involved in
invadopodium structure and function (GO: 0071437) also emerged. Podosomes and
invadopodia are microglial structures that mediate inflammatory responses and matrix
remodeling following disease or injury (Vincent et al., 2012). Podosomes and invadopodia
are further implicated neuron motility and neurite outgrowth, thereby influencing
neurodevelopment and plasticity (Tanna et al., 2019). Although no known studies have
investigated the role of these cellular structures in PTSD pathogenesis, a recent multivariate
gene-by-environment genome-wide interaction study in >120,000 UK Biobank participants
identified extracellular matrix biology and synaptic plasticity as biological mediators of the
effects of PTSD and trauma on genetic risk for suicidal behavior (Wendt et al., 2020). Taken
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together, these findings suggest a need for further study into the possible role of extracellular
matrix and glial structural elements in the pathophysiology of PTSD (Bach et al., 2019).

Another molecular function gene set, neurotransmitter receptor regulator activity
(G0:0099602), stood out as particularly meaningful for the genetic relationships
investigated in this study. Dysregulation of neurotransmitter signaling, especially dopamine,
has been implicated in PTSD (Lee et al., 2016) and similar psychiatric disorders, while a
secure attachment style has been found to ameliorate effects on dopamine dysregulation
associated with these disorders (McCormick et al., 2019; Verbeke et al., 2014; Wazana et
al., 2015). Adult attachment, which shapes internal working models of the self and others
in close relationships, may influence how individuals perceive, cope, and process emotional
memories related to objective and subjective threats and may thus influence responses to
trauma in general, and traumatic loss in particular (Bowlby, 1977; Edelstein, 2006). While
secure attachment may promote healthy adaptation to traumatic loss, it is also possible that
living with traumatic loss-related PTSD may lead to an erosion of attachment security and
social support (Kaniasty & Norris, 2008).

The cross-sectional design of this study is a recognized limitation. Longitudinal and
prospective studies are needed to provide further insight as to the dynamics of the
relationship between polygenic risk and attachment style and its relation to traumatic loss-
related PTSD. Of note, recent work from our group revealed that higher PTSDrex PRS
were associated with greater severity of PTSD symptoms, with evidence of bidirectional
associations between attachment style and PTSD diagnosis and symptom severity (Tamman
et al., 2020). This evidence, coupled with results of the current study, supports the notion of
a possible shared biology (i.e., pathways, mechanisms, gene-sets) between attachment style
and PTSD.

It is also noteworthy that the present study sample was comprised predominantly of

older, European-American male, non-combat veterans. Replicating these findings in a non-
veteran/civilian population is an important next-step in establishing whether the present
findings may generalize to other populations. It was necessary to exclude our analysis to
European-ancestry study subjects because we lack a sufficiently powerful reference GWAS
for PTSDRgx in any other ancestry group; this is a common limitation of GWAS and
post-GWAS studies, and it underscores the need to replicate the results reported herein in
more diverse samples of veterans, as well as other populations affected by traumatic loss.

We also recognize that the brief ASQ, while being a widely used and validated measure

of adult attachment style (Crowell & Treboux, 1995; Hazan & Shaver, 1987), is limited

and categorical in nature; nevertheless, responses on the ASQ have been found to correlate
strongly with other measures of adult attachment (Sperling et al., 1996). Furthermore, as
administered here, the ASQ captures only current feelings and attitudes toward relationships,
which are likely influenced by PTSD in general and traumatic loss of a loved one in
particular. As already mentioned, prospective studies would help in this regard, as well

as incorporating more thorough assessments of adult attachment that would enable a

more extensive analysis of factors influencing adult attachment. Future studies aimed at
understanding how different insecure attachment subtypes and aspects of attachment may be
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more closely associated with emotional and behavioral responses to stress and predispose an
individual to developing PTSD following trauma are warranted; how these relationships may
change over the course of illness and respond to targeted treatment strategies is of particular
interest and clinical relevance.

Notwithstanding these limitations, results of this study suggest that having a secure
attachment style may help mitigate polygenic risk for traumatic loss-related PTSD in U.S.
veterans who report the unexpected loss of a loved one as their worst traumatic life event.
Further, they provide a basis for investigating the potential of new treatment strategies. For
example, psychotherapeutic modalities targeted at promoting secure interpersonal support
systems, such as interpersonal therapy (IPT), while initially developed within the context

of mood disorders, could be tested for efficacy among individuals suffering with traumatic
loss-related PTSD (Althobaiti et al., 2020; Markowitz & Weissman, 2004). The results of the
exploratory genetic analysis encourage further investigations of specific plasma membrane
signaling cascades, including both immune and neurotransmitter signaling, that may
contribute to the pathophysiology of traumatic loss-related PTSD. Further research is needed
to replicate these findings and examine how polygenic risk and attachment style relate

to other aspects of loss-related psychopathology (e.g., prolonged grief disorder); identify
biopsychosocial mechanisms that mediate the relationship between secure attachment style
and loss-related PTSD; and evaluate the efficacy of interventions designed to promote secure
attachment in mitigating risk for loss-related PTSD in other samples of veterans, as well as
non-veteran populations affected by traumatic loss.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Interaction between polygenic risk score (PRS) of posttraumatic stress disorder re-

experiencing (PTSDgrgx) and attachment style (insecure vs. secure) in predicting severity of
overall traumatic loss-related PTSD symptoms (A), and re-experiencing (B), numbing (C),
and hyperarousal (D) symptom clusters. Data presented as mean £95% confidence intervals
for PTSD symptom severity for veterans in the 15, 214 and 3" PRS tertiles.
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