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Q.

ABSTRAC T

Backgroﬁvious research examining the association between apolipoprotein E
(APOE) g morphism and risk for posttraumatic stress disorder (PTSD) has been

inconsistew the use of small and select samples. This study examined the relation

between notype and PTSD symptoms in two nationally representative samples of
U.S. milit ans. The potential effect of cumulative trauma burden and social support in
moderatir!this association was also evaluated.

Methods: in sample consisted of 1,386 trauma-exposed European American (EA)

veterans (mean®age: 62--63 years) who participated in the National Health and Resilience in

Veterans NHRVS) in 2011. The independent replication sample consisted of 509
traum A veterans from the 2013 NHRVS.

Results: ﬁOE €4 allele carriers reported significantly greater severity of PTSD symptoms

than noncagdess. in the main, but not the replication, sample. In both samples, the interaction
of APOE r status and cumulative trauma burden was associated with greater
severitﬂymptoms (F range = 2.53--8.09, all P’'s < .01), particularly re-
experiencing/intrusion symptoms (F range = 3.59--4.24, P's < .001). Greater social support
was assogGi ith lower severity of PTSD symptoms among APOE ¢4 allele carriers with
greater ¢ ige trauma burden (B range —.27 to —.60, P's < .05).

Concln@ military veterans who are APOE ¢4 allele carriers and exposed to a high

number of traumas may be at increased risk for developing PTSD symptoms than €4
2
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noncarriers. Greater social support may moderate this association, thereby highlighting the

potential importance of social support promoting interventions in mitigating the effect of €4 x

cumulat#w rauma burden on PTSD risk.

| INTRQRUCTION

Posttraunhss disorder (PTSD) affects 6.4--7.8% of trauma-exposed adults (Kessler,

2000; Piefgizak, Goldstein, Southwick, & Grant, 2011; Wisco et al., 2014). Myriad

C

environm psychosocial risk and protective factors for PTSD have been identified in
trauma-equlations, including military veterans (Andersen, Karstoft, Bertelsen, &
Madsen, 2014; ESSCO et al., 2014; Xue et al., 2015). There is also increasing interest in
identifying ie risk factors for PTSD and how these markers interact with environmental
factors to :TSD risk (e.g., Grabe et al., 2009; Kilpatrick et al., 2007). Examining the
interactiv of candidate genes and environmental factors on mental disorders, as
oppos ' jgating genetic or environmental influences independently, can
substantially Er our understanding of the etiology of these conditions (Dick et al., 2015).
To datés gene studies have identified possible risk alleles mapped to genes
implicated,in PTSD (Almli, Fani, Smith, & Ressler, 2014), and several genome-wide

significant associations between genes such as AC068718 (rs10170218), RORA
(r380421

2013; LWE, 2013; Stein et al., 2016).
C a growing bod;f research has evaluated whether polymorphisms in the apolipoprotein E
(APOE) gene contribute to PTSD risk (e.g., Kimbrel et al., 2015; Lyons et al., 2013),
most s ve been small and focused on select samples of trauma survivors (e.g.,

Vietnam or Irag/Afghanistan-era veterans). APOE is a protein-coding gene with three

RD55 (rs159572), and ZNF626 (rs11085374) and PTSD (Guffanti et al.,

3
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functionally different alleles (€2, €3, €4), with €3 being the most frequently occurring in the
general population. The APOE gene encodes the APOE protein, which plays a role in
neuronzMalrrough its involvement in cholesterol metabolism, and transportation of
cholestera @ er lipids to neurons. The APOE ¢4 allele, however, has been linked to
hippocampaimatsephy and memory impairment (Pievani et al., 2011; Small, Rosnick,
Fratiglionihman, 2004), reduced synaptic plasticity (Chen, Durakoglugil, Xian, & Herz,

2010), an@dla more robust systemic and central nervous system inflammatory response

C

(Lynch et m). It has also been associated with greater likelihood of developing several
neurologica®an®neuropsychiatric disorders (e.g., Skoog et al., 2015), especially Alzheimer’'s

disease (Bekris, ¥u, Bird, & Tsuang, 2010; Kim, Basak, & Holtzman, 2009).

C

Studies em the relation between APOE gene and PTSD have been mixed. In a

sample of tnam veterans, Lyons et al. (2013) found that the presence of an APOE ¢4
allele was jiated with a greater number of PTSD symptoms, but not with PTSD
diagno so observed that €4 carriers with high combat exposure had greatest

severity and risk for PTSD. More recently, a study of 859 non-Hispanic black veterans found
that each hal APOE €4 allele was associated with 60% greater likelihood of having a
PTSD diand greater severity of PTSD symptoms, and that this finding was only
observed eterans with high levels of combat exposure; these effects were not
observ ispanic white veterans (Kimbrel et al., 2015). APOE genotype was also
unrelatwity of postdeployment PTSD symptoms in 230 U.S. army soldiers (Dretsch
etal., 201@ studies have found the APOE €2 allele, but not €4, to be associated with
memory impaicggnt and re-experiencing symptoms of PTSD (Freeman, Roca, Guggenheim,

Kimbretl in, 2005), PTSD diagnosis (Kim et al., 2013), and PTSD symptom severity

4
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(Johnson et al., 2015), which is the opposite of the expectation based on the literature

related to Alzheimer’s disease.

i

Gene x-er'ment (G x E) effects of APOE €4 and environmental exposures are also

[

poorly un . Aside from combat exposure severity (e.g., Kimbrel et al., 2015; Lyons et
al., 2013) 8t remdins unknown whether €4 carrier status may interact with cumulative trauma

burden to pre PTSD risk, as has been observed for other genetic polymorphisms (e.g.,

&G

SLC6A4: al., 2009). Further, no known study has evaluated potentially modifiable

moderators o APOE €4 x trauma burden interaction, such as social support, a robust

Ul

protective factor for PTSD (Ozer, Best, Lipsey, & Weiss, 2003). A small number of studies

F)

have foun cial support to interact with high trauma exposure and genetic risk factors

to increas lihood of PTSD (Kilpatrick et al., 2007; Lian et al., 2014), suggesting that

d

high levelsof al support may buffer against genetic risk among trauma-affected

individua

M

[

To addre gaps, we analyzed data from two nationally representative samples of

trauma-e @ uropean American (EA) U.S. military veterans to evaluate two aims: (1)

examine the'relation between APOE ¢4 carrier status, alone and interactively with

q

cumulativéjtrauma burden, and overall severity of PTSD symptoms and symptom clusters;

and (2) iR® whether levels of perceived social support may moderate any effects of

{

APOE €4 tatus and the interaction of €4 x trauma burden in predicting severity of

U

PTSD symptoms

A

5
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2 MATERIALS AND METHODS

{

2.1 PartfCipanks

[l

Participanigsweng, recruited from a research panel of over 50,000 U.S. households developed

G

and maint GfK Knowledge Networks, Inc. (Menlo Park, CA), and representing

approximatel o of U.S. households. Participants in the research panel who answered

S

affirmativ question, “Have you ever served on active duty in the U.S. Armed Forces,

U

Military R , or National Guard?” were eligible to participate in the National Health and

Resiliencalin Veterans Study (NHRVS), a nationally representative study of U.S. veterans.

B

The main s onsisted of 1,386 trauma-exposed EA U.S. military veterans from the

NHRVS, d in 2011. Participants in the replication sample were an independent

d

sampl ma-exposed EA U.S. military veterans from a second baseline cohort

survey o VS conducted in 2013. Poststratification weights were applied based on

%

the demographic distribution of veterans (age, sex, education, race/ethnicity, metropoloitan

area, and €ensus region) in the GfK Knowledge Networks survey panel and calibrated

]

against U, us data. The NHRVS was approved by the Veterans Affairs (VA)

e,

Connectic hcare System and the VA Office of Research & Development.

th

2.2 Ass

U

221A otyping

A

6
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Participants provided saliva for DNA extraction. Saliva was collected using Oragene DNA
(OG-250) kits. DNA was extracted using preplT-L2P reagent (DNA Genotek, Ontario,
CanadMg to manufacturer’s directions. Samples were genotyped with the
PsychChi array. Genotypes were called using GenomeStudio software V2011.1 and
genotypingsmeduale V1.8.4 (lllumina, San Diego, CA). Ninety samples with missing

genotypinh% were excluded from analysis. The following criteria were used for
including ‘NPSZ ’inor allele frequency (MAF) > .01%, missing genotyping rate per SNP <
5%, and einberg equilibrium (HWE) P-value > 10™°. This resulted in 423,415
autosommnd 2,737 samples. Duplicates were detected by estimating the genome-
wide identity-by—;scent (IBD) sharing for all pairwise samples in PLINK (Purcell et al., 2007)
using 93, i endent SNPs with MAF > .01. Nine duplicate pairs and 12 additional pairs

with a hig IBD sharing (>.1) were detected. We randomly removed one subject of

the duplicmlated pairs, retaining 2,718 independent samples (2,270 EAs). We
compu incipal components (PC) for the GWAS data using EIGENSOFT (Price et al.,
2006) based Eccmmon set SNPs (64,219) with Hapmap3, which were in low linkage
disequ ) with one another and have a MAF > .01. We detected and removed 95
outlier EAsamples from the PC analysis, defined as samples whose ancestry was at least

three standard deviations from the mean on one of the two largest PCs. We then imputed

1,000 ge
IMPUTEZ2 ! Donnelly, & Marchini, 2009). Prephasing was first performed with
SHAP au, Marchini, & Zagury, 2012) to infer haplotypes for the EA samples

based on 295,837 autosomal SNPs with MAF > .01. Imputation was then carried out on

ariants into the EA samples following the best practice guidelines of

UL

prephase pes using IMPUTEZ2 against reference data from the 1000 Genomes
Phase Il i d variant set. After postimputation QC (SNP missing rate <.05, MAF >

.005, imp uality score (info) >.5, and HWE > 10°°), 10,377,932 SNPs remained. We

A

extracted two APOE SNPs—rs429358 and rs7412—from the imputed data of EA samples
7
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for a candidate gene analysis of APOE €4 carrier status. These two SNPs define ApoE
status and were selected in accordance with previous literature (e.g., Kim et al., 2013;
Kimbrewm. One SNP (rs7412) was directly genotyped by the PsychChip array and
the other @ 38) was imputed with high-quality score (info = .99). To determine APOE ¢4
carrier statusmwesmade hard genotype calls of the imputed SNP by applying a posterior
genotype hity threshold of .9. There was no evidence of deviation from Hardy--

Weinberg&xpectations for the APOE genotype in either the main (P = .14) or replication (P =

C

.74) samp ichotomous variable of 0 versus 1 or 2 APOE ¢4 alleles was created.

us

2.2.2 Sociodemographic and military characteristics

Age, sex, Id income, education, employment status, marital status, combat veteran

status, an@d n r of years of military service were assessed.

Man

2.2.3 rauma burden

The Traurmga History Screen (THS) assessed lifetime exposure to 13 potentially traumatic

F

events (C al., 2011), including child and adult physical and sexual assault, natural

O

disaster, a pected loss of a loved one. Events were summed to yield a measure of

cumulativetrauma burden.

f

{

U

2.2.4 PTS oms

The PTj cklist (PCL) was used to assess lifetime and past-month PTSD symptoms

A

based on respondents’ worst reported traumatic event on the THS. The DSM-IV version

8
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(PCL-Specific Stressor [PCL-S]) was used in the main sample (a =.94) and the DSM-5
version (PCL-5) was administered in the replication sample (a = .95). Veterans were
classifi(mg probable PTSD if their PCL score was 250 on the DSM-IV version
(Weathers @ erman, Huska, & Keane, 1993) and 238 on the DSM-5 version (Hoge,
Rivierem\\lilkmiElerrell, & Weathers, 2014). Comparability of the symptom clusters on the two
PCL versih achieved by using the four-factor DSM-IV model of re-experiencing,

avoidanceag emoti@nal numbing, and hyperarousal symptoms (King, Leskin, King, &

C

Weathers g#9 and the DSM-5 model of intrusions, avoidance, negative cognitions and

S

mood, an erations in arousal and reactivity. Responses on items comprising each

U

symptom cluster Were summed to yield severity measures.

all

2.2.5 Soci rt
Social assessed using a 5-item version of the Medical Outcomes Study Social
Support Sc stadter et al., 2010); items assessed emotional and instrumental support

(a =.90In main sample; a = .87 in replication sample). Veterans were asked how often each

kind of suSort was available when needed, and items included, “Someone to get together

with for re@ and “Someone to love and make you feel wanted.”
2.2.6 &atﬂc disorders

The Mini mnal Neuropsychiatric Interview adapted for self-report was used to assess
|

lifetime D

etal. (

This article is protected by copyright. All rights reserved.

agnoses of major depressive, alcohol, and drug use disorders (Lecrubier

9



2.3 Data analysis

{

Descriptiv, ics were used to summarize sociodemographic, trauma, and clinical

variables of frauma-exposed veterans. A series of univariate analyses of covariance

 E—

(ANCOVAS) were conducted to evaluate the relation between APOE €4 allele carrier status,
trauma bmd their interaction, and severity of lifetime and past-month PTSD
symptoms I main and replication samples. Covariates included age, sex, top 10 PCs
from pop atlflcatlon analysis, combat exposure (i.e., combat veteran vs. noncombat
veteran), re of “worst” traumatic event (i.e., assaultive vs. nonassaultive). To
evaluate t of social support in moderating the interaction between APOE €4 allele

carrier status x I|fet|me trauma burden, we incorporated an €4 x trauma burden x social

support |nm term into the ANCOVAs. To evaluate the relationship between APOE €4

allele carri cumulative trauma burden, and their interaction, and lifetime PTSD
sympto ers, we conducted a parallel series of univariate ANCOVAs with scores on
each o SD symptom clusters entered as dependent variables in separate analyses

and other PTSD symptom clusters entered as additional covariates. A statistical significance

threshold h1 was employed in analyses to reduce the likelihood of Type | error. These

post-hoc 3 @ were limited to lifetime PTSD symptom clusters due to the low prevalence

and variance of past-month PTSD symptom clusters. Reported raw frequencies are
unweiqhté' means, percentages, and inferential statistics are poststratification weighted to

reflect population of U.S. veterans. Analyses were conducted using SPSS

[

version 22.

J

A

3 RESULTS
10
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Table 1 s*ws ss:iodemographic, military, and clinical characteristics of trauma-exposed
veterans i in and replication samples. On average, participants in both samples were
62--63 ye redominantly male, some college or higher educated,

. H , ,
married/c@habitating, retired, had household incomes <$60,000, were noncombat veterans,

and spentaage of 7 years in the military. On average, veterans in the samples

reported e cing 3.7--3.8 traumatic life events, with 7.1--10.0% screening positive for

lifetime Pw 3.5--3.8% for past-month PTSD.

Table 2 sgults of analyses evaluating the relation between APOE €4 carrier status,

trauma b , and their interaction, and PTSD symptoms.

(O

In the @, APOE ¢4 carrier status, number of traumas, and their interaction were
associ [ eater severity of lifetime and past-month PTSD symptoms. Figure 1
illustrates !he interaction of APOE €4 and trauma burden on severity of lifetime PTSD

symptoms ain sample. Among €4 carriers, those with a greater number of traumas

had great symptoms. Incorporation of an APOE ¢4 x lifetime traumas x social

suppor’r term into this ANCOVA revealed a significant association with lifetime
(three- tion, F = 3.01, P <.001) and past-month (three-way interaction, F = 4.35,
P<.00 symptoms. Adjusted post-hoc analyses among €4 carriers with greater

cumulative trau; burden revealed that greater levels of social support were associated with
significantl ed likelihood of lifetime (B = —.48, t = 6.21, P <.001) and past-month (3=
-.60, t{ .001) PTSD symptoms. Among €4 carriers with greater cumulative
trauma burden (i.e., greater than the median number of three events, n = 602), those with

11
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higher levels of perceived social support were less likely to screen positive for current PTSD

(2.4% in highest tertile vs. 4.8% in middle tertile vs. 20.5% in lowest tertile; see Fig. 2).

pt

In the rsolmample, the interaction of APOE €4 carrier status x cumulative trauma

burden w

1

ificantly associated with lifetime and past-month PTSD symptoms; APOE €4
carrier sta@unrelated to these outcomes. Incorporation of an APOE €4 x lifetime
traumas x socjal support interaction term revealed a significant association with lifetime (F =
3.86, P< ! d past-month (F = 4.55, P < .001) PTSD symptoms. Adjusted post-hoc
muItivaria@r regression analyses in €4 carriers with greater cumulative trauma burden
revealed that greater levels of social support were associated with significantly reduced
likelihood 8flifetime (B = —.27, t = 2.32, P < .024) and past-month (B = -.37,t=3.07, P =

.003) PTSm\oms. Among ¢4 allele carriers with greater cumulative trauma burden,

those with hig levels of social support were less likely to screen positive for current PTSD

(0% in E{ile vs. 8.3% in middle tertile vs. 11.8% in lowest tertile).

AdjustmeMD and SUDs did not substantively change the results. In the main sample,

the main 3 m active effects of €4 allele and €4 allele x cumulative trauma burden

remained significant for both lifetime PTSD symptoms: F = 20.77, P < .001 and F = 36.13, P
< .001, re!:ctively; and past-month PTSD symptoms: F = 22.76, P < .001; F=30.10, P <
.001, reH In the replication sample, the interaction of e4 allele x trauma burden also

remained S|gn|r|5nt for past-month (F = 2.78, P = .003) but not for lifetime (F=1.30, P =

.23) PTSD symfms.

This article is protected by copyright. All rights reserved.
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Table 3 shows results of analyses examining the relationship between APOE €4 carrier
status, cumulative trauma burden, and the interaction of these variables, and lifetime PTSD
symptom In the main sample, the interaction of APOE €4 carrier status x lifetime
traumas @ icant for re-experiencing and avoidance symptoms. In the replication
samplemc4meamnien status was associated with greater severity of intrusions; and the

interactiorhE €4 x cumulative trauma burden was significant for intrusion symptoms

and altera@rousal and reactivity.

4 DISCLSSIDN

This studmed the association between APOE genotype, trauma exposure, and PTSD
Sl

symptom contemporary, nationally representative cohorts of EA military veterans.

t
APOE €4
nonca j

replication sample. This finding aligns with a recent meta-analysis supporting an association

rriers reported greater lifetime and past-month PTSD symptoms than

main sample, however, this association was not significant in our

between :h status and higher risk for combat-related PTSD (Roby, 2017). It is

possible tck of a main effect in the replication sample was due to small sample
size, and di es in sociodemographic factors and environmental exposures across
sampl partly account for the inconsistent findings. It is also possible that the

discrepwjings between the main and replication samples may be attributable in part
to the diffeEL versions (DSM-IV vs. DSM-5) used; however, after recomputing a PCL-

5 summary s by removing the new DSM-5 PTSD symptoms from the PCL-5 such that it

more ¢ ligned with the PCL-S (DSM-IV), the main effect of €4 allele carrier status

remained nonsignificant for both lifetime (F = .44, P = .51) and past-month (F = .01, P = .92)
13

This article is protected by copyright. All rights reserved.



symptoms. Further evaluation of a possible association between APOE ¢4 status and PTSD

symptoms is needed in different trauma-exposed samples.

T

In bothiaWPOE €4 carriers with greater trauma burden reported greater lifetime and

]

past-mon symptoms. This finding is consistent with previous work linking €4 allele
carrier staflis to RFSD among veterans with high combat exposure (Lyons et al., 2013;
Kimbrel et al., 2015), and extends it to demonstrate that cumulative trauma burden may also

moderate t of €4 allele carriage on PTSD symptoms. The APOE ¢4 allele may

hinder the neurolal repair and recovery that is necessary after injury related to extensive

U

stress exposure (Lyons et al., 2013; Kimbrel et al., 2015). Trauma exposure across the

]

lifespan c riously affect brain structure and function, including reductions in

hippocam e (Bremner, 2006; Woon, Sood, & Hedges, 2010) and dysregulation of

d

the hypothalarmi€=-pituitary--adrenal (HPA) axis (Bremner, 2006; Carpenter et al., 2007,

o
oo

Elzinga e ), which can increase risk for developing PTSD symptoms (Gilbertson et
al., 20 t al., 2012). APOE ¢4 allele carriers are similarly at increased risk of

several deficits relevant to PTSD, including hippocampal volume loss and amygdala atrophy

[

(den Heij 002; Goni et al., 2012) and greater cortisol levels (Gill-Bea et al., 2010),

possibly f exacerbating PTSD vulnerability. Given that individuals with PTSD are at

0

higher risk entia (Yaffe et al., 2010), it is also possible that the €4 allele contributes to

N

a shar istic pathway for the development of both conditions, or that the

develo

{

mentia symptoms plays a role in the ¢4-PTSD association. For example, a

recent study fourlll that Alzheimer’'s model mice displayed more exaggerated and frequent

l

responses to SD-like induction than control mice (Justice et al., 2015). Additional

resear g prospective designs is needed to elucidate possible mechanisms linking

A

€4, PTSD, and cognitive decline and dementia in trauma-affected individuals.

14
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Analyses @f PTSR symptom clusters revealed that the APOE €4 x trauma burden

t

associatio inked to greater re-experiencing and avoidance symptoms in the main

sample, a intrusion symptoms and alterations in arousal and reactivity in the

| |
replicationgsample. In light of prior studies showing higher levels of cerebrospinal fluid
cortisol a g APOE €4 carriers (Gil-Bea et al., 2010; Peskind, Wilkinson, Petrie,

Schellenb

C

askind, 2001), it is possible that greater HPA axis reactivity among €4

carriers may gxagerbate hyperarousal symptoms among highly trauma-exposed individuals,

$

which ma trigger re-experiencing/intrusion symptoms. Greater hippocampal atrophy

U

and volu €4 carriers may also contribute to deficits in memory for fear extinction

(den Heijer’et al., 2002; Fanselow, 2000; Pievani et al, 2011), which can maintain re-

N

experiencing/intrusion symptoms. Villasana, Weber, Akinyeke, and Raber (2016) found that

a

mice carr 4 allele had higher levels of heme oxygenase-1, a marker of stress, in the
hippoc . also exhibited greater anxiety-related behaviors and conditioned fear
respondi e findings suggest a possible mechanism linking €4 carriage and intrusive

symptoms among highly trauma-exposed veterans. Clearly, more research is needed to

elucidate echanisms underlying this association.

I

O

Of noteﬂ carriage has been found to be associated with memory impairment, more

re-experleicmg iymptoms, and greater overall PTSD symptoms in small samples of humans

(Freemanﬁ%; Johnson et al., 2015), while stress-exposed mice carrying the €2

allele hav und to have impairments in fear memory extinction (Johnson et al., 2015;

Olsen, A avis, & Raber, 2012). However, a meta-analysis did not find support for an
effect of the riant on risk for combat-related PTSD (Roby, 2017). Further research in
15
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larger samples is needed to help resolve these inconsistent findings regarding APOE

genotype and PTSD (Johnson et al., 2015; Rogers & Weeber, 2008).

T

Higherkvwmial support were found to be associated with lower PTSD symptoms
among A llele carriers with greater cumulative trauma burden. This finding adds to a

small literature onstrating an effect of social support in moderating the association

CE

between other genetic polymorphisms (Kilpatrick et al., 2007; Lian et al., 2014) and PTSD,
depressiv ms, and suicidal ideation (Chen et al., 2011; Kilpatrick et al., 2007; Kim et
al., 2014). SociaRsupport has been linked with lower cortisol levels (McQuaid et al., 2016;

Rosal, King, Ma, & Reed, 2004), improved cardiovascular and immune functioning (Uchino,

[T

2006), an -threatening appraisal of stressful events (Sippel, Pietrzak, Charney, Mayes,

& Southwiék; ), suggesting a potential role in buffering the impact of trauma-related

d

stress responses. It is also possible, however, that veterans with more PTSD symptoms

engage In iors that lead to less social support (e.g., avoidance, social isolation) or may

inaccu

ive their social support (e.g., Platt, Lowe, Galea, Norris, & Koenen, 2016).

Yl

Nonetheless, assuming that social support may help buffer against the development of

I

PTSD sy facilitating the enhancement of social support networks (e.g., one-to-one

mentorshims, peer support groups, social/relationship skills interventions, Vet-to-Vet
programs) highly trauma-exposed veterans at elevated genetic risk for PTSD may be
an imp ct of prevention initiatives (e.g., Hogan, Linden, & Najarian, 2002; Pietrzak

[

etal, 2 : ick & Rosenheck, 2008; Williams, Bambara, & Turner, 2012).

The cu ings should be considered in light of several limitations. First, PTSD

AU

symptoms were dssessed via self-report, and it is unclear whether results would be

16
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comparable if PTSD symptoms were assessed using a structured clinical interview such as
the Clinician Administered PTSD Scale (CAPS). However, statistically significant and large
magnituhassomations have been observed between total scores on the PCL and on the

CAPS (M3 ald, Greene, Torres, Frueh, & Morland, 2013; Monson et al., 2008). Second,

0

the main sampleswas larger than the replication sample and different versions of the PCL
(i.e., DSMh)SM-5) were used in these samples; thus, it is unclear whether differences

in patternglof assB@ciations between the samples may be related to reduced statistical power

¢

or versionggof PCL. Third, the sample was comprised predominantly of male EA
veterans. mresearch is needed to examine the role of APOE €4 carrier status on risk
for PTSD amonginore diverse samples of veterans and other trauma-affected populations.
Fourth, giy, trong association between APOE ¢4 carrier status and poorer cognitive
functionin mentia (e.g., Engelborghs et al., 2003; Wisdom et al., 2011), it remains to
be determine ether cognitive impairment might influence the association between €4 and
PTSD, as formal neuropsychological testing was not conducted in this cohort of veterans.
Fifth, there een a number of limitations raised with respect to G x E research with
candidEncluding the lack of replication of some findings, publication bias, and the
frequent uﬂderpowered samples (e.g., Dick et al., 2015). However, the current study

incorporated a number of recommendations made for improving the rigor of G x E studies,

including n adequately powered main sample, an independent replication sample,
and a prioji on of candidate genes (i.e., APOE) and environmental factors (i.e., trauma
exposgn theoretical rationale and existing literature (Dick et al., 2015). A recent
review mmended additional research examining the effect of positive exposures

(i.e., social su ) on psychopathology (Leighton, Botto, Silva, Jimenez, & Luyten, 2017).
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5 CONCLUSION

T

Results o @ sent study suggest that APOE €4 carrier status interacts with cumulative
trauma-burden to predict severity of PTSD symptoms, particularly re-experiencing/intrusive
symptoms&'n U.S. military veterans. Further, greater social support is associated with lower
severity 0 SD¥symptoms in €4 allele carriers with greater cumulative trauma burden.
Further research is needed to examine the complex relationship and mechanistic pathways
between notype, PTSD, and cognitive decline and dementia (Lee et al., 2008;
Meziab et$4; Peavy et al., 2007; Yaffe et al., 2010); evaluate how APOE and other
gene polymorphisms are linked to transdiagnostic aspects of trauma-related

psychopatology (e.g., Mota et al., 2015); and examine the efficacy of interventions to

enhance mpport in mitigating PTSD symptoms among at-risk trauma survivors.
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Table 1. Sociodemographic, Military, and Trauma and Clinical Characteristics of the Main

and Replication Samples of Trauma-Exposed U.S. European-Ancestry Military Veterans

Main Sample Replication Sample

(n = 1,386) (n = 509)

Weighted Mean (SD) Weighted Mean (SD)

script

or or
n (Weighted %) n (Weighted %)
maic characteristics
Age C 62.6 (14.3) 62.4 (15.6)
Male sem 1,260 (92.8%) 457 (90.7%)
SomeEhigher education 1,183 (66.0%) 428 (65.4%)
Married/living with partner 1,084 (74.9%) 379 (72.3%)
Currenthed 536 (36.1%) 152 (30.3%)
Househe >$60,000/year 728 (42.4%) 255 (44.0%)
L

MilitaMristics

Combnn 479 (32.7%) 213 (42.0%)

Nu@ars in military 6.8 (7.5) 7.0(7.2)
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Trauma ind cIi"caI characteristics

Number @ e traumatic events

9

Index™r vent

Sudd@w of close family member of friend
Life-tmng illness or injury

Milita d trauma
Child physical or sexual abuse
Othe;\ic event

Lifetime mrea
PositiveEn for lifetime PTSD

Past-month PCL score?®

PositiLn for past-month PTSD

Lifetime pressive disorder
Lifetime‘icohol use disorder

Lifetime Irug use disorder
I

APO@arrier

This article is protected by copyright. All rights reserved.
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3.8 (2.5)

451 (34.4%)

226 (16.6%)

113 (7.9%)

59 (3.2%)

537 (37.9%)

28.4 (11.4)

95 (7.1%)

24.2 (10.1)

41 (3.8%)

244 (18.2%)

659 (48.6%)

200 (14.6%)

334 (24.1%)

3.7 (2.5)

151 (32.7%)

84 (14.2%)

42 (9.5%)

23 (5.4%)

209 (38.2%)

15.2 (15.2)

44 (10.0%)

9.4 (12.1)

15 (3.5%)

60 (25.6%)

212 (41.7%)

63 (12.3%)

133 (25.6%)



0 alleles 1,052 (75.9%) 376 (74.4%)

1 alle 318 (22.9%) 124 (23.7%)

{

2 alle 16 (1.2%) 9 (1.9%)

P

g

Note. PC TSR Checklist; PTSD, posttraumatic stress disorder.

G

*The DSM ion of the PCL was used in the main sample (score range = 17--85) and

S

the DSM- rsion of the PCL was used in the replication sample (score range = 0--80).
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Table 2. Results of Analyses Evaluating Relation Between APOE €4 Allele Carrier Status,

Cumulative Trauma Burden, and Lifetime and Past-Month PTSD Symptoms

Main Sample (n = 1,386)

Lifetime

PTSD Symptoms

Past-Month

PTSD Symptoms

Jscﬁbt

PTSD Symptoms

PTSD Symptoms

F P F P
APOE :r 16.11 <.001 6.75 .010
CumulGAma burden 28.31 <.001 22.48 <.001
APOE€ %::iwlative trauma burden 6.08 <.001 8.09 <.001
:Z Replication Sample (n = 509)
O Lifetime Past-Month

F p F p

APOE Er a1 52 04 84

Cuw@ma burden 11.97 <.001 8.66 <.001
36

This article is protected by copyright. All rights reserved.



APOE £4 x cumulative trauma burden 2.53 .006 3.06 .001

{

Note. PTS @ raumatic stress disorder; APOE €4, apolipoprotein epsilon 4.

Analysgs sted for age, sex, ancestral proportion scores, combat veteran status, and

CI

type of index trauma (assaultive vs. nonassaultive).

Author Manus
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Table 3. Results of Analyses Evaluating Relation Between APOE €4 Allele Carrier Status,

Cumulative Trauma Burden,

{

and LifetinE Symptom Clusters

Main Sample (n = 1,386)

H
L Re- Avoidance Emotional Hyperarousal
O experiencing Numbing
‘ ’ ) F P F P F P F P
APOE ¢4 carrier i 412 .043 5.98 .015 | 2.32 A3 4.1 .043
Cumulative!auma burden 9.08 | <.001 | 3.30 | <.001 | 4.05 | <.001 3.09 <.001
APOE ¢4 x mve 424 [ <001 | 301 | 001 | 163 | 085 | 2.14 016
trauma burde
Replication Sample (n = 509)
Intrusions Avoidance Negative Alterations in
O Cognitions Arousal and
£ and Mood Reactivity
“ F P F P F P F P
APOE ¢4 carrier s 14.99 | <.001 22 .64 | 529 | .022 1.96 .16
Cumulatqb“rden 3.89 | <.001 74 71 1.12 .34 2.96 .001
38

This article is protected by copyright. All rights reserved.




APOE €4 x cumulative 3.59 | <.001 .86 57 1.47 15 5.30 <.001

trauma burden

T

Q.

Note. R SRaR@stiraumatic stress disorder; APOE €4, apolipoprotein epsilon 4.

Analyses are adjusted for age, sex, ancestral proportion scores, combat veteran status,

nature of i uma

(assaultiv assaultive), and other PTSD symptom clusters.

S

The DSM-IV version of the PCL was used in the main sample and the DSM-5 version of the

PCL was Che replication sample.

1

(O
=
-
O
L
e
-
<
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Figure 1. Fterago’ n of APOE ¢4 allele carrier status and cumulative trauma burden in

predictingmverity of PTSD symptoms in the main sample

(=1, 386

Note. PTSD, ttraumatic stress disorder; APOE €4, apolipoprotein epsilon 4.

SCI

PTSD ChecKlistscore range = 17--85. Lines represent fitted regression lines adjusted for

age, sex, ancestral proportion scores, combat veteran status, and nature of index trauma

U

(assaultiv assaultive). Slopes and 95% confidence intervals for €4 allele noncarriers

=1.93 (1. ) and 3.31 (2.96--3.66) for €4 allele carriers.
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Figure 2. irevalilce of current PTSD in highly trauma-exposed veterans by €4 carrier

status anddrceived social support in the main sample (n = 602).

[
Note. Cur D was identified as a score 250 on the DSM-IV version of the PTSD
Checklist.@vderate, and high levels of perceived social support reflect tertiles of total

scores onmm version of the Medical Outcomes Study Social Support Scale.

*StatisticaBicantly greater prevalence than €4 allele carriers with moderate and high

levels of pc’j social support, ¥*(2) = 9.83, P = .007.
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