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Trauma Matters: Integrating Genetic and Environmental

Components of PTSD

Shelby Marchese and Laura M. Huckins*

Trauma is ubiquitous, but only a subset of those who experience trauma will
develop posttraumatic stress disorder (PTSD). In this review, it is argued that
to determine who is at risk of developing PTSD, it is critical to examine the
genetic etiology of the disorder and individual trauma profiles of those who
are susceptible. First, the state of current PTSD genetic research is described,
with a particular focus on studies that present evidence for trauma type
specificity, or for differential genetic etiology according to gender or race.
Next, approaches that leverage non-traditional phenotyping approaches are
reviewed to identify PTSD-associated variants and biology, and the relative
advantages and limitations inherent in these studies are reflected on. Finally,
it is discussed how trauma might influence the heritability of PTSD, through
type, risk factors, genetics, and associations with PTSD symptomology. is

1. Background

Trauma exposure is inherent to the diagnosis of posttraumatic
stress disorder (PTSD), but the relative importance of trauma
chronicity, quantity, timing, severity, and type in relation to
PTSD risk, alone and in concert with genetic factors, remains
largely underexplored. An average of 65-89% of all individuals
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will face a significant traumatic or stress-
ful life event (TSLE) in their lifetime
(i-e., an index trauma),'=*! but only 10~
30% of trauma-exposed individuals will
develop PTSD,*5! PTSD affects 6-10%
Americans adults(*-®] and is associated
with numerous health!°-2! and psychoso-
cial problems.[?22] The reduced qual-
ity of lifel?*?7] and increased mortal-
ity riskl®1%12] for individuals with PTSD
reflects a significant need to under-
stand how TSLEs affect PTSD risk and
genetics.
It is well known that PTSD risk
moderated by sex,[?®%°] trauma
typel2436-4] (chronicity,[*>*] quantity,*?]
developmental timing, 2494 severity!>>7]), race/ethnicity,>*¢"]
personality factors,!®"®’] prior psychiatric disorders,[%572]
occupation,l”3l  other  psychosocial ~ factors,’*”7]  and
genetics.[?#297881] But the specific details of how these risk
factors influence PTSD risk is an active area of research. Per-
haps unsurprisingly, exposure to trauma has been linked to
nearly every risk factor for PTSD. Through trauma studies, the
field has discovered that the risk of traumatic exposure is also
influenced by sex, 35368284 race/ethnicity,[®#59%#7] personality
factors,[**38] prior psychiatric disorders,!®! occupation!’?] and
the genetics of these risk factors. Furthermore, exposure to
trauma increases an individual’'s risk of developing numer-
ous psychiatric disorders, many of which are co-morbid with
PTSD (e.g., mood and anxiety disorders).”1**%* To disentan-
gle the relative roles of trauma and genetics in PTSD, we
need to consider not only the genetic etiology of PTSD, but
also the societal and genetic factors that contribute to trauma
risk.

Until the past decade, research into PTSD genetics has been
limited to candidate gene and twin studies, which have been
largely unsuccessful in replicating findings.[®*! More recently, sig-
nificant advances have been made in the study of PTSD genetics
through the advent of large-scale genome-wide association stud-
ies (GWAS).[282978] However, substantial heterogeneity among
cohort definitions and collection approaches hampers progress.
In particular, meta-analyzing across cohorts of different genders
and races, and with different index traumas, seems to reduce
power to discover vital biomarkers and genetic associations. In
order to overcome these challenges, future research must fo-
cus on understanding and quantifying trauma; in this review,
we argue that analyses should move beyond case-control to in-
stead focus on relative resilience and vulnerability, considering
whole lifetimes of TSLEs and potentially resilience-conferring
factors.
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2. Current Progress in PTSD-Trauma Genetics
Research

2.1. Candidate Gene-by-Environment (GXE) Studies of PTSD

Prior to the scientific and technological advances that provided
widespread accessibility to genome-wide studies, candidate gene
studies were the hallmark of PTSD genetics. However, candidate
gene studies are limited in their discovery power due to small
sample size, lack of power, and lack of adjustment for known
confounders identified by GWAS.®] For this reason, the major-
ity of PTSD candidate gene studies have failed to demonstrate
replication.>] GxE interaction findings of candidate genes
without independent validation should be cautiously interpreted,
as the lack of statistical power introduces a high probability of
false-positive results. Additionally, candidate gene investigations
in other psychiatric disorders, such as major depressive disorder
(MDD)®”] and schizophrenia,*®! have demonstrated a lack of re-
producibility in GWAS. Together these results indicate that for
psychiatric and other complex trait disorders, validation of can-
didate genes requires studies with large sample sizes and accu-
rate confounder adjustment. With these caveats in mind, we have
constructed an overview of past candidate GXE studies in PTSD
for historical accuracy (Table 1), but the resulting interactions re-
quire further validation in genome-wide, appropriately adjusted-
for studies.

A large majority of PTSD candidate gene studies have ex-
amined FKBP5, a gene involved in the hypothalamic-pituitary-
adrenal (HPA) axis by regulating glucocorticoid receptor sensi-
tivity. Four variants of FKBP5 (rs9296158, rs3800373, rs1360780,
and rs9470080) have been found to interact with childhood
trauma through GXxE interactions to significantly increase the
risk of developing PTSD[30549-103] (Taple 1). Other GXE stud-
ies in PTSD have also examined the 5HTTLPR polymorphism (a
complex-repeat polymorphism in the 5’ upstream region
of SLC6A4, which encodes the serotonin transporter the 5HT-
TLPR) in an interaction with trauma. Significant interactions
between SLC6A4 polymorphisms and TSLEs in adulthood,!'*
childhood,['* exposure to genocide,'%! and hurricanes(!%! are
associated with an increased risk of developing PTSD. Other gene
variants that have been studied in the context of GXE interactions
for PTSD include COMT (Rwandan genocide),'””] GABRA2
(child abuse),l'®] RGS2 (hurricanes),1®1191 APOE4 (combat
exposure),"'!l DAP1 (tsunami and psychosocial factors),!M?]
ADRB?2 (child abuse),'"3] and CNR1 (child abuse)'**! (Table 1).
The majority of single nucleotide polymorphism (SNP) associ-
ations with PTSD demonstrate increased risk, but some such
as variants in RGS2, demonstrate a differential susceptibil-
ity (i.e., some genotypes increase risk while others promote
resilience).[1911% While the findings of these studies suggest the
presence GXE interactions in PTSD, the power of these studies
is severely limited by small sample size. Independent reproduc-
tion of these candidate genes is necessary for robust, informative
GXE interaction effects.

2.2. Genome-Wide by Environment Interaction Studies of PTSD

As PTSD GWAS increase in sample size and variant detec-
tion power, genome-wide by environment interaction studies
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(GWEIS) become more feasible. Studying GXE interactions in-
troduces many factors that can impact significance and effect
size, such as potential unknown confounding variables, exposure
misclassification and dynamics, population stratification, power,
and sample size.[''] However, as with GWAS, the majority of
these caveats can be controlled for by designing large studies with
well-defined variables, including strict, homogenous trauma ex-
posure criteria. The majority of psychiatric GWEIS so far have
been performed in MDD,['16-11%] with one additional study per-
formed on alcohol misuse,?%! another in suicidality and post-
traumatic stress,['?! and one study in PTSD.[#’]

Results from the GWEIS of depression indicated that SNP
rs10510057 interacted with stressful life events (SLEs) and
work-related stress at nominal significance;!""! rs4652467 in-
teracted with SLEs in African Americans (AA);18] rs12789145
and rs17070072 interacted with SLEs in individuals of European
ancestry;!'V] and rs10485715 (BMP2) interacted with SLEs in
hospital staff.111] In alcohol misuse, PRKG1 (variant rs1729578)
significantly interacted with traumatic life experiences (TLE) in
an African American cohort, and independently replicated in a
secondary cohort of both African and European Americans.[1"]

Additionally, a recent GWEIS by Wendt et al. used a linear
mixed-model approach!'??! to detect interactions between PTSD
and genome-wide risk variants in suicidality.'?!l The GWEIS
identified five genome-wide significant variants in an interaction
with suicidality and PTSD case-control status and/or quantita-
tive PTSD risk score (the PTSD Checklist 6-item subset, PCL-6):
rs12589041, rs118118557 (female-only), 1s2367967 (male-only),
1rs$6854286 (male-only), and rs72619337 (male-only).['?]

The results of these few initial GWEIS studies are promising,
but independent replication of identified variants will be neces-
sary to validate the GXE interactions. Particularly, replication in
cohorts of varied ethnicities, gender, and traumatic experiences
will be vital to understand the role these identified variants may
play in PTSD and other psychiatric disorders.

3. Trauma Is a Strong Predictor of PTSD

3.1. Accounting for Trauma Increases Variance Explained

Incorporating data about cohort-specific traumas into PTSD as-
sociation models has demonstrated significant improvements in
the amount of variance explained.[¥”123124] Additionally, studies
including more homogeneous cohorts have identified genome-
wide significant loci associated with PTSD, albeit without inde-
pendent replication. For example, in a GWAS study with only 324
full PTSD cases of 3494 combat-exposed male U.S. Marines and
Sailors from the Marine Resiliency Study (MRS), authors were
able to identify a genome-wide significant SNP: rs6482463, map-
ping to PRTFDC1 (p = 2.04 X 107%)[123] (Table 1). However, future
replication of this variant is warranted to assess robustness and
validity. Including other trauma exposures into the model (child-
hood, adult, or previous combat trauma) increased the variance
explained for PTSD from ~4% to ~20%.

Similarly, polygenic risk score analysis using a highly homoge-
nous cohort of 355 World Trade Center (WTC) first responders
explained ~6.5% of variance in lifetime CAPS (the Clinician Ad-
ministered PTSD Scale, a quantitative measure of PTSD),!'?]
approximately in line with polygenic risk score (PRS) estimates
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for other psychiatric traits (e.g., schizophrenia-PRSI'?"]). But to-
gether, polygenic risk and exposures to traumatic stress (WTC-
related stressors, childhood trauma, and exposure to traumatic
stress following 9/11) explained ~45% of variance in lifetime
CAPS and ~48% variance in past-month (current) CAPS. Impor-
tantly, even despite the specific and severe trauma experienced on
9/11, exposure to childhood trauma had a more significant effect
on PTSD severity and chronicity in adulthood!!?*! (Table 1).

In a multivariate GWAS analysis of trauma and PTSD: Mai-
hofer et al.*®] performed a fixed-effects meta-analysis GWAS
on quantitative PTSD symptoms in the PGC-PTSD Freeze 2
dataset!®! (N=182199; EA), a separate GWAS of lifetime trauma
exposure (LTE) burden in the UK biobank (UKBB) cohort!!2¢]
(N = 132 988; EA), and a combined Multi-trait analysis of
genome-wide association summary statistics (MTAG)!'?”] mul-
tivariate analysis of both GWASI*] (Table 1). Replication analy-
sis was performed in the latest MVP GWAS of re-experiencing
symptoms.!”8 The quantitative PGC-PTSD GWAS meta-analysis
identified 5 genome-wide significant loci, mapping to genes
GABBR1, MPP6, DFNA5, FOXP2, and FAM120A. In the UKBB
LTE GWAS, 6 genome-wide significant loci were identified,
mapping to PRUNE, SGCD, FOXP2, MDGA, AC068490.2, and
CCDCS8. The multivariate analysis of PTSD and trauma expo-
sure revealed 4 more genome-wide significant loci not previously
identified in the meta-analysis: SGCD, ZKSCAN2, AQPS8, and
STAU1.*8) Of the 9 significant loci identified (5 from the PGC
GWAS and 4 from the MTAG), 4 replicated significantly in the
MVP cohort: 1s10266297, rs10821140, rs4557006, and rs1504930
(p < 0.006).1®! This study is the first to effectively demonstrate
that incorporating trauma-specific data can increase the effective
sample size and identify more genetic risk variants than a stan-
dard GWAS in PTSD.

Last, we would like to discuss the possibility that due to the
discovered genetic overlap between PTSD and trauma,*8! ac-
counting for trauma may reduce investigative power in PTSD
genetic studies. However, because PTSD is a trauma-based dis-
order, it is not surprising that there is genetic overlap between
PTSD and trauma genetic heritability. There may be genetic fac-
tors of PTSD that interact with, or modify, genetic factors of
trauma exposure—in which case researchers will need to fur-
ther parse out significant variants with epigenetic and mecha-
nistic studies. Additionally, within-sibship genome-wide associ-
ation analyses have demonstrated significant estimated shrink-
age in phenotypes sensitive to demographic and indirect ge-
netic effects, and may be useful in determining which vari-
ants are most associated with PTSD genetics versus trauma
exposure.[128]

4. Developing Strategies to Classify and Quantify
Trauma in PTSD Analyses

Efforts to amass large cohorts of PTSD cases and controls must
continue in order to achieve the power necessary for biomarker
discovery. In order to maximize biological insights and discovery
power, researchers must seek to minimize heterogeneity among
both cases and controls. Ideally, cohorts should contain controls
with identical trauma exposure to PTSD cases. In the event that
trauma exposure differs between individuals (due to previous,
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unaccounted for trauma exposure such as childhood trauma),
then these trauma types should be controlled for in the statistical
model.

4.1. Prospective versus Retrospective Trauma Reporting

Before we can begin to quantify trauma types, it is important
to understand the investigative reporting methods for traumas,
particularly childhood traumas. Retrospective trauma reporting
is typically done through self-reported measures, possibly years
after the traumatic experience.['?7132] Prospective trauma, on the
other hand, is typically measured by parental reporting, or in-
formant reporting based on surveys and interviews with parents
or caregivers.[1297132] In the past, meta-analysis studies tended to
group these types of trauma reporting together, but recent anal-
yses have highlighted significant differences in reporting, out-
comes, and statistical correlations between these two methods of
trauma reporting.['2*131] Each method has caveats: retrospective
reporting is subject to memory bias, resulting in either under-
or over-reporting, while prospective reporting has a greater prob-
ability of under-reporting, due to the potential repercussions of
reporting maltreatment as a parent or caregiver (i.e., social, le-
gal, etc.) and may be representative of only extreme cases of
maltreatment.!!?”]

However, researchers should take note that prospective and
retrospective trauma reporting are in high discordance, even be-
tween individuals. A systematic review and meta-analysis of 16
studies (N = 25 471) discovered that 52% of individuals with
prospective reporting did not retrospectively report, and 56%
of individuals who retrospectively reported had no prospective
trauma reports.l'?”! As for which is the more accurate report-
ing method, more analyses of these measures are warranted.
Retrospective self-reporting is generally more accessible, but re-
searchers should understand the limitations before combining
the two reporting methods in a singular study.'**! In a recent
analysis of N = 2054 participants for childhood maltreatment re-
porting, authors found stronger associations with psychosocial
disadvantage in individuals who reported retrospectively (OR =
8.25, 95% CI 4.93-13.82) versus prospective informant maltreat-
ment reports (OR = 2.03, 95% CI 1.36-3.04).[131]

4.2. Trauma-Specific Cohorts

To maximize genetic discovery power, researchers should first
leverage studies of single, well-defined situational traumas, such
as the Million Veterans Project, Marine Resiliency Study, and
WTC cohorts. While these focused analyses may overlook com-
plex trauma histories, and effects may be especially significant
among first responders and military cohorts(”*! (or other groups
working in occupations with a high trauma risk), cohorts of simi-
lar trauma histories may increase effective sample size. However,
to optimize study power, trauma-specific cohort studies should
also use statistical methods to account for LTE in each individ-
ual. Personality traits such as novelty-seeking may increase risk
of trauma exposure due to an increased likelihood of engag-
ing in a high-trauma-risk occupation.'’** These individuals ex-
perience a relative risk of PTSD threefold higher than workers
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who do not experience occupational trauma.[”?! Accordingly, ef-
forts should be expanded to encompass common civilian trau-
mas, such as sexual assault, domestic violence, or motor vehicle
accidents.

Several studies have examined the effects of civilian traumas
on PTSD risk with success. In a cohort of European American
motor vehicle collision (MVC) trauma survivors, PTSD-PRS sig-
nificantly predicted risk of posttraumatic stress (2.21%) and de-
pressive symptoms (2.77%).[1*] Moreover, individuals living in
non-disadvantaged neighborhoods and with college education
had 47% and 52% less risk of developing posttraumatic stress.!*3!
Studies on Rwandan refugees have also identified significant in-
teractions of exposure to genocidal trauma with two candidate
genes for PTSD: SLC6A4'%] and COMT.'"”] Exposure to the
2004 Florida hurricanes, in which four hurricanes made land-
fall in Florida in only 6 weeks causing over 144 deaths,*¢] also
significantly interacted with SLC6A4,11%1%] and one additional
candidate gene for PTSD: RGS2.['%] In a similar disaster co-
hort, authors identified an association in individuals who were
exposed to hurricane Katrina—which affected New Orleans in
2005, causing over 1100 fatalities—between RGS2and PTSD.[110]
However, they found that the minor allele (G) was associated with
increased posttraumatic growth in higher levels of Hurricane ex-
posure. These results suggest that RGS2 might have a protec-
tive effect on PTSD risk."'% The culmination of these studies
represents the idea that cohort homogeneity, especially leverag-
ing single, well-defined traumas, may increase effective sample
size and power to elucidate more of the genetic architecture of
PTSD.

4.3. Trauma-First Analyses

Trauma-first analyses also offer an opportunity to study the
genetic etiology of different psychiatric diseases following
trauma. Cross-disorder studies indicate substantial shared ge-
netic etiology between PTSD and other psychiatric disorders. For
example, PTSD and MDD have substantial genetic overlap (34—
77%),128:1381401 and schizophrenia,?®! alcohol dependence,!11:142]
substance abuse,"*? and nicotine dependence!'**] share roughly
a 30-40% genetic risk for lifetime co-occurrence with PTSD.
Bipolar disorder (BP) was also identified to have a 2.5% genetic
overlap with PTSD-PRS.I'2*#] Other cross-disorder studies
such as Genomic-SEM (structural equation modeling; analyzes
joint genetic architecture by synthesizing genetic correlations
and SNP heritabilities from summary statistics) have similarly
identified genetic relationships between PTSD and other psychi-
atric disorders such as BP, anxiety, schizophrenia, and MDD.[!*#]
However, these investigations have been hampered by the ex-
clusion of trauma-specific details; in order to maximize sample
size, cross-disorder studies typically include highly heterogenous
cohorts and trauma exposures. By contrast, trauma-first GWAS
should recruit participants who have experienced a specific,
single trauma and assess for a range of psychiatric outcomes,
allowing researchers to gain insights into relative genetic and
environmental contributions of trauma to a range of psychiatric
disorders.

To date, very few trauma-first analyses have yet been con-
ducted. One recent example is a cross-disorder study in MDD
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and PTSD which analyzed genetic correlations in individu-
als reporting trauma (traumatic life events) versus not report-
ing trauma.['*] Authors of this study found that genetic risk
for PTSD was significantly associated with MDD individuals
who reported trauma (OR = 1.04), and PTSD was signifi-
cantly more genetically correlated (=~20%) with higher rates
of trauma reporting versus no reported trauma in individuals
with MDD.['*] The data from this analysis was drawn from a
prior study examining SNP-based heritability of MDD, which
reported heritability of MDD with trauma exposure (24%) as
greater than MDD heritability without reported trauma exposure
(12%).1°1]

Additionally, there has been one reported trauma-first GWAS:
self-reported childhood maltreatment!**’] performed in a UKBB
cohort (N = 124 000). Authors discovered two genome-
wide significant loci associated with childhood maltreatment:
15142346759 (p = 4.35 x 1078, FOXPI) and rs10262462
(p = 3.24 x 1078, FOXP2).'¥] The phenotype for childhood
maltreatment was designed on a quantitative scale (0-3) for
childhood physical, sexual, and emotional abuse as derived
from the Childhood Trauma Questionnaire (CTQ), or other-
wise reported in the UKBB. SNP heritability of childhood mal-
treatment was ~6%, and while genome-wide SNPS did not
replicate in the PGC-PTSD cohort, childhood maltreatment-
PRS was significantly predictive in PGC-PTSD (0.25%). In
a meta-analysis of this GWAS with four additional cohorts
(N = 185 414), authors identified 14 independent loci sig-
nificantly associated with childhood maltreatment (p < 5 X
1078).133] Of these loci, 4 genes were identified by positional
mapping, expression quantitative trait loci analysis, chromatin
interaction analysis, and MAGMA gene set analysis: FES,
FOXP2, SORCS3, and SAMDS5.'3] Overall, the genome-wide
significant loci were associated with mental health disorders,
risk-taking, sleep difficulties, and other adverse psychosocial
factors.133]

To some extent, trauma-first GWAS approaches may be ap-
proximated using electronic health records (EHR). However, we
caution that trauma is likely underreported among these types
of cohorts;!1*¥-13] moreover, reporting of trauma will likely dis-
proportionately take place among individuals suffering from
mental illness- disclosed during the course of treatment or
therapy.">*1%° As such, ascertaining sufficient trauma-exposed
controls may be difficult using this approach. Despite these
caveats, some EHR-based trauma-first analyses have been suc-
cessful in identifying psychiatric disorder risks in experienc-
ing domestic violence,[1%%161] sexual assault,['®"192] and discrim-
ination associated with being transgender,'%] homosexual or
bisexual.[1®* Sexual assault and domestic violence were signif-
icantly associated with PTSD, anxiety, MDD, BP, eating disor-
ders, substance use disorders, psychotic disorders, stress symp-
toms, and pain; acute injuries were most associated with domes-
tic violence.[1%162] Exposure to systematic discriminations was
assessed in the Veterans Health Administration medical record
database, and results showed that PTSD prevalence was 1.5-
1.8 times higher among transgender veterans, and 2.35 times
higher among homosexual and bisexual veterans.[1>164] Preva-
lence of MDD, schizophrenia, BP, substance use disorders, and
military sexual trauma was also elevated among transgender
veterans.[163]
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4.4. Quantification of Trauma and Resilience

We urge the development of methods to quantify multiple trau-
mas experienced across the lifespan. Such analyses might seek
to assign scores to specific traumas; perform multivariate anal-
yses across multiple traumas, or seek to fit longitudinal and
whole-phenome models to assess the degree of trauma experi-
enced. Studies have shown that PTSD severity scores are higher
when multiple traumas are included in CAPS administration
than when using only a single “index” trauma,[*1"1%] perhaps re-
flecting more severe PTSD symptoms among individuals experi-
encing a large number of traumas. However, while DSM-IV diag-
nosis allowed inclusion of up to three traumas, DSM-5 diagnoses
require that a single trauma be used.l®!

One method to address multiple traumas in PTSD that has
been used is a latent class analysis (LCA) to group participants
into subgroups based on trauma exposure.'¢175] LCA are
individual-focused, person-centered approaches, and identify
meaningful subgroups of individuals with shared patterns of
trauma exposure (type, quantity, chronicity, etc.).'’®) Most LCA
on trauma exposure have identified a three or four-class solution,
with minimal trauma making up the majority of the sample
(largest class), and high and variable traumas representing
the smallest classes.['®] However, trauma profiles still seem to
vary between cohorts, likely due to the differences in traumas
experienced by individuals between cohorts (i.e., type, chronicity,
severity). For example, in an LCA of 7426 African Americans,
five classes were fitted from 19 different traumatic experiences:
minimal trauma (i.e., infrequent trauma exposure), physical
abuse (i.e., highest levels of childhood physical abuse), violence
exposure (i.e., high frequency of witnessing violence), sexual
abuse (i.e., highest frequency of childhood sexual abuse), and
polytrauma (i.e., highest exposure to sexual assault, domestic
violence, high levels of childhood physical and sexual abuse).!'7*]
The polytrauma and sexual abuse classes reported the high-
est PTSD symptoms, and the minimal trauma reported the
fewest.[174]

Likewise, in a twin/sibling analysis of trauma risk, authors
classified traumatic events empirically as either “low-risk” or
“high-risk,” based on the relative risk of PTSD associated with
each traumatic event (which was based on which traumas the in-
dividuals identified as most disturbing).*"] An extremely high
degree of genetic overlap was observed between high-risk trauma
exposure and both PTSD and MDD (89%); moreover, 47% of the
variance in low-risk trauma exposure (i.e., combat exposure, nat-
ural disaster, life-threatening accident, witnessed injury/killing,
threatened with weapon/held captive) and 60% of the variance in
high-risk trauma exposure (i.e., rape, molestation, assault, child
physical abuse, child neglect) was attributable to genetics.!*]

Another example of how to quantify multiple traumas is to se-
lect reported traumas with high odds ratios for the disorder in
question, to capture exposure to traumatic events most associ-
ated with that disorder, as demonstrated in a GWEIS of MDD;
authors constructed a binary variable of resulting traumas (OR
> 2.5), 7 in total, and required that an individual be exposed to
two or more to be included as a trauma-exposed case.®!] Interest-
ingly, they discovered a significant genetic correlation (r, = 0.24)
between MDD and waist circumference in trauma-exposed indi-
viduals, but not in individuals without trauma./®)
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By quantifying the amount of trauma experienced, and the ex-
pected level of PTSD, we may begin to better understand which
individuals are resilient and vulnerable. Importantly, individuals
defined as cases within any given study may still be resilient if
they experience high levels of trauma and relatively low CAPS;
similarly, controls may be considered vulnerable if they experi-
ence only low levels of traumas and stressors, and exhibit high
(vet sub-clinical) CAPS. Researchers may compare resilient and
vulnerable groups directly to identify risks associated with each
phenotype. Few studies have explored this definition of resiliency
to date. In a trauma-first analysis of military service members,
lower norepinephrine blood levels 2 months post-deployment
were associated with fewer PTSD symptoms 3 months later.'”’]
Additionally, in a cohort of individuals in the greater New York
area during the 9/11 WTC attack, authors identified multiple risk
factors corresponding to resiliency (0-2 PTSD symptoms), mild-
moderate trauma (2+ PTSD symptoms), and probable PTSD
(DSM-1V definition).!'”8] Resilient individuals had a significantly
lower incidence of depression, income loss, chronic disease, re-
cent life stressors, past and post-9/11 traumatic events, smoking,
or marijuana use than either mild-moderate or probable PTSD
groups.[178]

However, stratifying already relatively small samples into dis-
crete groups will significantly reduce power. An alternative ap-
proach is to use approaches that can quantify complex lifetime
traumas to create trauma scores, and to either residualize for
these to correct for the degree of trauma, or to test for interactions
between trauma scores and genotype. To some extent, these will
resemble studies examining the interactions between genotype
and scores on trauma scales; however, this approach models all
potential traumas experienced by study participants into a singu-
lar, quantitative trauma risk score (TRS). For example, in a can-
didate gene study of PTSD, authors combined all adult traumatic
life events and exposure to childhood severity into a single trauma
score; they identified significantly increased PTSD risk associ-
ated with an interaction between their TRS and the 5-HTTLPR
genotype of the SLC6A4 gene.!'" In two more recent, previously
discussed studies: a PTSD GWAS used a constructed TRS from
LTE of eight different traumas in the UKBB, including “victim of
aviolent crime,” “life threatening illness” “witnessing death” and
“experiencing sexual assault” (N > 20 000). By using the TRS as
a covariate, they identified 9 genome-wide significant loci.[*!]

” «

5. Caveats to Studies of Trauma-Type Specificity in
PTSD

Although stratifying by index trauma increases power of genetic
association studies, I caution against some key assumptions of-
ten made when stratifying by trauma type.

First, trauma is ubiquitous. Individuals are likely to experience
multiple traumas within their lifetimes, rather than a single
traumatic event to which their PTSD can obviously be attributed.
Incomplete surveying of trauma exposures among cases (and
controls) in such studies may obscure significant relevant infor-
mation. Similarly, the assumed index trauma within any given co-
hort may not necessarily be the most traumatic event experienced
or recalled by individuals within a cohort. For example, our recent
analysis of World Trade Center (WTC) first responders showed
that childhood trauma was more predictive of current and
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lifetime highest CAPS scores than WTC exposures factors, even
though our cohort is specifically ascertained for WTC-related
PTSD.!'?*] Additionally, individuals within military cohorts may
have previous civilian trauma that puts them at a greater risk of
developing PTSD, as seen in the Marine Resiliency Study.!'?]

Second, trauma is individual. Different traumas will have dif-
ferent salience to different individuals- likely due to a constel-
lation of factors including social and family support; biological
etiology (genetic and epigenetic factors); stigma associated with
the specific trauma; etc.[2*36-*1] Further, broadly-defined traumas
may encompass substantially different individual experiences,
including acute versus chronic (for example, abuse), violent ver-
sus psychological harm (for example, domestic violence); life-
threatening versus relatively minor (for example, motor vehicle
accidents); or may occur at substantially different developmen-
tal stages or in the context of other important life events or pre-
existing stressors. It is not necessarily appropriate to assume that
all individuals within a study will be traumatized to the same de-
gree, even if they experience the same broadly-defined trauma. In
line with this reasoning, it is also unclear how to best categorize
groups of traumas to assess genetic risk in terms of type or dura-
tion (e.g., domestic violence and sexual assault together because
both are personal, or domestic violence with poverty because both
are chronic).

Third, trauma is personal. That is, some individuals will suffer
chronic, long-term stressors and traumas due to their marginal-
ized status (for example, due to racism, homophobia, transpho-
bia, sexism, structural inequalities, etc.). These traumas and
stressors may present differently from the single instances of
trauma that are usually considered in studies of PTSD, includ-
ing for example lifelong experiences of microaggressions, struc-
tural bias and inequality, and other chronic stressors.[5608586]
These experiences are highly common among such marginal-
ized groups, and elevated particularly among individuals with
multiple marginalized identities,>®! yet are not included in most
standard scales of TSLEs, and are unasked and largely unexam-
ined within PTSD studies. Without inquiry and careful delin-
eation and exploration of TSLEs arising from constant and life-
long exposure to bias and inequality, we risk missing important
genetic information associated with exposure to these TSLEs. Im-
portantly, substantial genetic evidence may already exist for these
effects. Large-scale GWAS studies have consistently shown sig-
nificant differences in heritability between sexes, and across dif-
ferent races.[?) While these have been attributed to true differ-
ing underlying genetic etiology between groups, we suggest that
instead, these differences may be attributable at least in part to
different experiences of trauma.

6. How Trauma Might Influence Heritability of
PTSD

Finally, we would like to discuss how different “types” of trauma
might influence the heritability of PTSD. In some cohorts, spe-
cific relations between the identified genes and trauma type
likely indicate true differential heritability. For example, olfac-
tory pathways are significantly associated with PTSD in military
cohorts.l*)] This association is genetically relevant to trauma type
(combat), because PTSD sufferers experience heightened sensi-
tivity to threat cues, such as burning odors—which are highly re-
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lated to combat trauma compared to civilian trauma (e.g., child-
hood trauma).[*”"]

Additionally, when we discuss trauma “type” we should think
critically about chronicity, severity, and developmental timing.
Childhood trauma is recognized as a critical risk factor for many
psychiatric disorders,l’1147:180] but developmental timing during
exposure to childhood trauma is often neglected. Instead, trau-
mas are generally categorized as occurring in adulthood or child-
hood separately, but specific age/developmental period during
which the trauma occurs might significantly increase the risk
of mental illness.?! A recent study found that individuals ex-
posed to childhood trauma from ages zero to five suffered from
MDD and PTSD symptoms twice as high as during later devel-
opmental stages. Additionally, exposure to other forms of trauma
not typically classified as childhood trauma (i.e., witnessing a
friend/family member being murdered, being attacked) during
ages six to ten exhibited MDD symptoms twice as high as indi-
viduals experiencing these events during adulthood.[*]

Severity and chronicity of trauma may also play a role in PTSD
heritability. Trauma severity is particularly hard to account for,
due to wide variation in measures and the personal nature of
trauma; one individual may report a specific trauma as extremely
traumatic and severe, while a different individual reports mini-
mal effects from the same trauma. However, self-reported trauma
severity has been demonstrated to significantly increase PTSD
risk, more than pre-trauma factors, and thus should be incorpo-
rated into studies when possible.>>] Trauma chronicity is also dif-
ficult to assess; without proper longitudinal studies on trauma
and the impact on PTSD risk, current knowledge on chronicity
is limited to what we know about generally chronic traumas (i.e.,
combat, domestic violence, abuse).

Another factor that might influence the heritability of PTSD
is that different traumas may be associated with different
PTSD symptoms (i.e., re-experiencing, dysphoric arousal, anx-
ious arousal, avoidance, and numbing).37:9+96114181] [n, line with
this, different traumas—presenting different PTSD symptoms—
may be more treatment resistant, and impede therapeutic prac-
tices and treatment efficacy.'®?! Individuals with high trauma
burden often experience pronounced dissociation, depersonal-
ization, and derealization, which results in reduced treatment re-
sponses due to a lack of activation of the fear network—crucial
to effective cognitive behavioral therapy.['#3-18] Additionally, with
the recent accessibility of epigenome-wide studies, researchers
can now more easily explore the contribution of epigenetic mech-
anisms that may interact with specific traumas. Studies in DNA
methylation of individuals experiencing domestic violence and
sexual assault have identified four genome-wide differentially
methylated genes: BRSK2 and ADCYAP1 in sexual assault,!!
and BDNF and CLPX in domestic violence.[®¢) Additionally, in
vitro PTSD and glucocorticoid response signatures in human in-
duced pluripotent stem cell (hiPSC)-derived glutamatergic neu-
rons and live cultured peripheral blood mononuclear cells rep-
resent exciting new platforms with which to test the genetic and
epigenetic mechanisms underlying PTSD.['7]

Last, trauma exposure has been demonstrated to be herita-
ble. Certain personality factors are heritable (i.e., harm avoid-
ance), and can increase/decrease an individual’s risk of expo-
sure to TSLEs and subsequent PTSD.[®*%] One study estimated
a 20% heritability for exposure to interpersonal traumas;!1%818]
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yet another estimated 60% heritability for similar interpersonal
traumas, and 47% for low-risk traumatic events (i.e., combat
exposure, natural disaster, life-threatening accident, witnessed
injury/killing, threatened with weapon/held captive).'*"] Addi-
tionally, exposure to combat trauma is estimated to be 30%
heritable.' These studies indicate the possibility of genetic eti-
ology for trauma exposure, which ultimately increases the risk of
developing PTSD.
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