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Abstract

Objectives Posttraumatic stress disorder (PTSD) is triggered by extremely stressful environmental events and character-
ized by high emotional distress, re-experiencing of trauma, avoidance and hypervigilance. The present study uses polygenic
risk scores (PRS) derived from the UK Biobank (UKBB) mega-cohort analysis as part of the PGC PTSD GWAS effort to
determine the heritable basis of PTSD in the South Eastern Europe (SEE)-PTSD cohort. We further analyzed the relation
between PRS and additional disease-related variables, such as number and intensity of life events, coping, sex and age at
war on PTSD and CAPS as outcome variables.

Methods Association of PRS, number and intensity of life events, coping, sex and age on PTSD were calculated using logis-
tic regression in a total of 321 subjects with current and remitted PTSD and 337 controls previously subjected to traumatic
events but not having PTSD. In addition, PRS and other disease-related variables were tested for association with PTSD
symptom severity, measured by the Clinician Administrated PTSD Scale (CAPS) by liner regression. To assess the relation-
ship between the main outcomes PTSD diagnosis and symptom severity, each of the examined variables was adjusted for
all other PTSD related variables.

Results The categorical analysis showed significant polygenic risk in patients with remitted PTSD and the total sample,
whereas no effects were found on symptom severity. Intensity of life events as well as the individual coping style were sig-
nificantly associated with PTSD diagnosis in both current and remitted cases. The dimensional analyses showed as associa-
tion of war-related frequency of trauma with symptom severity, whereas the intensity of trauma yielded significant results
independently of trauma timing in current PTSD.

Conclusions The present PRS application in the SEE-PTSD cohort confirms modest but significant polygenic risk for PTSD
diagnosis. Environmental factors, mainly the intensity of traumatic life events and negative coping strategies, yielded asso-
ciations with PTSD both categorically and dimensionally with more significant p-values. This suggests that, at least in the
present cohort of war-related trauma, the association of environmental factors and current individual coping strategies with
PTSD psychopathology was stronger than the polygenic risk.
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Introduction

Posttraumatic stress disorder (PTSD) is obligatorily associ-
ated with the exposure to one or more extreme traumatic
actual or threatened events, such as death, serious injury
or sexual violation and therefore integrated in the chapter
of “Trauma- and Stress-Related Disorders” in the current
Diagnostic and Statistical Manual DSM-5 (American Psy-
chiatric Association 2013). The exposure includes direct
experiencing of the event, but also witnessing as well as
repeated confrontation with distressing details of an event.
The core characteristics of PTSD are re-experiencing the
traumatic event by intrusions and flash-backs, avoidance on
cognitive, social and behavioral levels, negative changes in
thoughts, hypervigilance, anxiety and other affective distur-
bances. The symptom duration should exceed 1 month. The
lifetime prevalence of PTSD is estimated to 3—7% (Kessler
et al. 2012; Wittchen et al. 2011). However, as the disorder
is event-dependent, there are clear environmentally driven
differences in the prevalence. As such, PTSD prevalence
reaches up to 30% in war-affected communities or refugees
(Priebe et al. 2010; Blackmore et al. 2020). The course of
PTSD varies with chronic persistence of symptoms in 50%
of affected subjects leading to tremendous individual burden
and high socioeconomic costs (Morina et al. 2014). Moreo-
ver, PTSD is often comorbid with other psychiatric disor-
ders, such as depression and substance abuse (Jacobi et al.
2014; Morina et al. 2018).

The etiology of PTSD is complex integrating the inter-
action of trauma-related and individual factors, such as
personality traits and genetics (Nisar et al. 2020). Previ-
ous evidence suggests, that genetic variations modulate
the consequences of the environmental input and by this
contribute to the development of clinical symptomatol-
ogy (Smoller 2016). As in most other psychiatric pheno-
types, genetic basis contributing to higher risk for PTSD
is complex, including common and rare risk loci of dif-
ferent effect sizes. Numerous candidate gene association
studies in targets related to stress and monoamine sys-
tems have been performed in the past in PTSD patients
and healthy controls to uncover the genetic background,
however, leading to inconsistent results (Maul et al.
2020). In recent years, genome-wide association studies
(GWAS) including sample sizes of thousands of patients
have been conducted to describe the genetic risk structure
to develop PTSD (Gelernter et al. 2019; Nievergelt et al.
2019). However, variations derived from GWAS studies,
while detectible and replicable at stringent multiple test
corrected levels, explain only a very small amount of the
genetic or phenotypic variance most likely due to very
small true effect size of each gene related to complex dis-
ease (Maher 2015). On the other side, there is evidence
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that the expected rank of realistic effect sizes is outside of
the top associations in typical GWAS combined with the
expectation that SNPs with lower p-values of the GWAS
test statistics are enriched with true disease-related signals
(Zaykin and Zhivotovsky 2005). One methodology to cap-
ture the associations of different p-values to one variable is
to compute polygenic risk scores (PRS) (Choi et al. 2020).
PRS are usually derived from a highly powered discov-
ery sample and then applied to the second stage sample
using logistic regression. This method attempts to index
all possible influential genome-wide variation and allows
to integrate the statistically non-significant true signals.
Moreover, PRS provides an estimate of genetic liability
to a trait at the individual level, which is important for
prediction-related approaches. PRS have been so far suc-
cessfully applied in a variety of psychiatric diseases, such
as schizophrenia, bipolar disorder, anxiety and affective
phenotypes, to assess the specific genetic background of a
disorder but also to explore genetic overlap between psy-
chiatric diseases (e.g. Forstner et al. 2019; Coombes et al.
2020; Xavier et al. 2018). Recently, genome-wide meta-
analyses from the Psychiatric Genomic Consortium (PGC)
including a large number of global studies provided PRS
for PTSD (Duncan et al. 2018; Nievergelt et al. 2019).
Both studies showed a specific genetic component on
the development of PTSD, however, shared genetic risk
between PTSD and other psychiatric disorders was also
repeatedly identified. Thus, while polygenic risk is related
to the development of psychopathology after traumatiza-
tion, studies detecting the magnitude of this risk in cohorts
with different traumatization context are at an early stage.

Beyond genetics, additional environmental and individual
factors are known to be related to PTSD diagnosis and to
moderate PTSD symptoms (Sayed et al. 2015). Previous
trauma exposure, cumulative exposure to potentially trau-
matic experiences and trauma severity show robust evidence
of an association with PTSD as independent risk factors
and in interaction with genetics (Steel et al. 2009; Kolassa
et al. 2010; Karam et al. 2014; Tortella-Feliu et al. 2019).
An additional psychological factor associated with PTSD is
the ability of the individual to cope with the distress related
to trauma. For instance, avoidant coping strategies were
positively associated with PTSD symptoms whereas posi-
tive coping styles were negatively associated with PTSD in
both youth and adult patient cohorts (Vernon et al. 2009;
Kyron et al. 2021; Powell et al. 2021). Furthermore, sex
is important for several aspects of PTSD (Christiansen and
Berke 2020). The prevalence of PTSD in women in cross-
national community epidemiological surveys worldwide
is nearly twice as high as in men after similar traumatic
events (Kessler et al. 2017). Genetic factors might correlate
with the sex-related difference in prevalence, as shown in
recent candidate and genome-wide association studies in
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PTSD (Smoller 2016; Duncan et al. 2018). Lastly, age at
traumatization might be related to the development of PTSD.
Younger age of trauma was shown to be associated with
higher risk for a variety of psychiatric conditions lifetime,
including PTSD and depression (McCutcheon et al. 2010;
Meneses et al. 2021; Veeser et al. 2021). However, how age
at trauma is related to the development of PTSD in sam-
ples of adult patients is unclear, probably because of other
significant moderating factors such as types and severity of
trauma as well as additional sociodemographic parameters.

In the present study, we applied PRS to evaluate the
heritable genetic liability for PTSD in the South Eastern
Europe (SEE-PTSD) study cohort, containing traumatized
individuals in the context of the wars between 1991 and
1999. PRS were derived from the European UK Biobank
mega-cohort (UKBB) (Sudlow et al. 2015) using weights
identical to those in the original studies since the accuracy of
PRS estimates are more precise when derived from subjects
of similar ancestral background (Martin et al. 2019). The
primary hypothesis of the analysis was a significant asso-
ciation of PRS to PTSD as diagnosis and severity of PTSD
symptoms. As trauma is a prerequisite for the development
of PTSD and coping one of the individual factors possibly
moderating the development and course of the disease, we
further hypothesized that number and intensity of life events
as well as positive and negative coping are correlated with
PTSD outcome categorically and dimensionally. In addi-
tion, sex and age at war were added to the regression model
as possible moderating factors for disease pathology and
genetic risk.

Materials and methods
Study participants

In total, 747 (68.1% males) inhabitants of South Eastern
Europe (SEE) were recruited between 2013 and 2015 at
five research centers in Bosnia-Herzegovina (Mostar,
Sarajevo, Tuzla), Croatia (Zagreb) and the Republic of
Kosovo (Prishtina) under the Stability Pact for the SEE
collaborative research study (study design description see
Dzubur-Kulenovic et al. 2016), in the context of DAAD
(Deutscher Akademischer Austausch Dienst) funded pro-
gram on the scientific (re)development of successor states
of the former Yugoslavia with a priori defined contribu-
tion of 5 universities in 3 of 7 successor states. The cohort
was recruited to evaluate the (epi)genetic contribution of
candidate gene variations to TPSD (Ziegler et al. 2018)
and was additionally genotyped using a GWS approach
to contribute to the combined analysis within the PTSD
Psychiatric Genomics Consortium (Duncan et al. 2018).
In the timeframe from 1991 to 1999, most of participants

experienced severe trauma related to war, leading in many
cases to the development of PTSD symptoms. Diagnosis
of current, remitted or no lifetime PTSD, was assessed
according to the DSM-IV criteria (Kulenovi¢ et al. 2008;
Priebe et al. 2010). Participants of all three groups (cur-
rent, remitted or no lifetime PTSD) underwent the same
recruitment process. For participants with no diagnosable
DSM-1V lifetime PTSD, no Clinician Administrated PTSD
Scale (CAPS) (Blake et al. 1995) were recorded during
recruitment. In brief exclusion criteria were for all three
groups: age younger than 16 years at time of traumatiza-
tion, age older than 65 years at time of recruitment, intel-
lectual disability (MMSE < 25), organic or brain trauma
related disorders, epilepsy, psychotic and addiction disor-
ders (except from smoking), oncological illness, methyla-
tion affected medication (e.g. valproic acid) and 1st- or
2nd-degree relation to an already recruited participant.
Additional information on the study design, recruitment
process, diagnostic evaluation and other sample character-
istics are described in more detail by Dzubur-Kulenovic
et al. (2016).

After quality control of the genome-wide genotype data
for PRS analysis (see below), the study sample included
658 participants of European ancestry (mean age 49.1 +8.0;
66.4% males), comprising 189 patients suffering from cur-
rent PTSD (mean age 49.9+6.8; 67.7% males), 132 remitted
probands with lifetime PTSD symptoms (mean 48.9 + 8.4;
63.6% males) and 337 healthy volunteers who did never
develop PTSD (mean age 48.8 +8.5; 66.7% males) (Table 1).

Ethical votes at the participating clinical centers were
obtained between 2011 and 2013 on the basis of local trans-
lations of an information and consent form designed by the
Wiirzburg center. All participants thus were informed and
gave written informed consent according to the principles
of the declaration of Helsinki (WMA 2013).

Psychometric instruments

The psychometric measurements of the PTSD diagnosis,
severity, life events and coping are described in detail in
the original SEE-PTSD-study papers (Priebe et al. 2010;
Dzubur-Kulenovic et al. 2016). The presence of current, life-
time or no PTSD symptoms was determined on the basis of
the Mini International Neuropsychiatric Interview (M.I.N.I.
5.0.0) (Sheehan et al. 1998). The severity of PTSD symp-
toms was rated by means of the Clinician Administrated
PTSD Scale (CAPS) (Blake et al. 1995). In order to dif-
ferentiate the severity of various symptom groups, CAPS
subscores were formed for symptom cluster B (persistent re-
experiencing of trauma), C (persistent avoidance of trauma
associated stimuli) and D (persistent symptoms of arousal).
The Life Stressor List (LSL) (Sarason et al. 1978) was
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Table 1 SEE-PTSD sample characteristics are presented for patients with current PTSD diagnoses, patients remitted from PTSD, combined

Characteristics Current PTSD Remitted PTSD Combined PTSD Healthy probands
N (males/females) 189 (128/61) 132 (84/48) 321 (212/109) 337 (225/112)
Age at war (mean + SD) 32.33+6.64 31.46+7.96 31.98+7.21 31.11+8.26
Age at inclusion (mean + SD) 49.85+6.75 48.89+8.40 49.45+7.48 48.81+8.53
CAPS score (mean + SD) 79.30+20.33 66.16 +£17.64 73.97+20.31 n.a

CAPS score Cluster B (mean + SD) 24.37+7.40 21.31+6.10 23.13+7.04 n.a

CAPS score Cluster C (mean =+ SD) 31.22+8.89 24.75+7.83 28.59+9.03 n.a

CAPS score Cluster D (mean + SD) 23.71+6.81 20.1+6.45 22.19+6.92 n.a

Number of life events (mean + SD) 90.31+37.97 73.49+41.85 83.42 +40.40 45.37+44.73
Before war (mean + SD) 4.30+16.02 1.92+9.70 3.32+13.81 1.46+8.07
During war (mean + SD) 80.96+31.67 68.42+37.01 75.80+34.47 42.53+43.81
After war (mean + SD) 5.05+14.56 3.38+13.85 4.37+14.27 1.45+6.23
Intensity of life events (mean + SD) 39.93+16.95 31.33+13.92 36.38+16.31 14.54+12.60
Before war (mean + SD) 3.48+5.77 1.77+2.76 2.78+4.84 1.25+2.34
During war (mean + SD) 30.93+14.00 26.37+13.20 29.05+13.84 11.18+10.32
After war (mean + SD) 5.48+4.88 32+4.18 4.54+4.73 2.09+3.37
Positive coping (mean +SD) 1.46+£0.38 1.56+£0.34 1.5+0.37 1.48+£0.37
Negative coping (mean=+ SD) 1.6 +0.40 1.56+0.42 1.59+0.41 1.33+0.42

PTSD patients (current and remitted) and healthy participants. No CAPS scores were recorded for the healthy controls during recruitment

CAPS, Clinician-Administered PTSD Scale; mean+ SD, mean and standard deviation; N, total and sex-specific individual counts; n.a., data not

available; PTSD, posttraumatic stress disorder

applied to provide information on type, frequency and sever-
ity of traumatic life events before, during and after war. To
assess ways of coping the adapted Hoffman—Lazarus Coping
Scale (Arcel et al. 1995) with subscales for social support,
confrontation, distancing, self-control, positive reappraisal,
planned problem solving, escape-avoidance and accepting
responsibility, was used.

DNA extraction, genotyping, quality control
and imputation

Genomic DNA was isolated from frozen venous EDTA-
blood by using the FlexiGene DNA Kit (Qiagen, Hilden,
Germany) according to the instructions of the manufac-
turer and stored until further processing at — 80 °C.
Genome-wide genotyping was performed on the Illu-
mina PsychArray v1.1. Genotype quality control and
imputation were done according to the RICOPILI pipe-
line (December 2015b version; (https://academic.oup.com/
bioinformatics/article/36/3/930/5545088), as described in
detail in Nievergelt et al. (2019). In brief, samples and
SNPs were quality controlled based on standard pro-
cedures, and only subjects of European ancestry were
included in genetic analyses to minimize effects of popula-
tion structure. Principal components (PC) were calculated
using EIGENSTRAT (Price et al. 2006). Genotypes were
pre-phased with SHAPEIT2 (Delaneau et al. 2013) and
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imputed using IMPUTE2 (Howie et al. 2009) based on the
1000 Genome Phase 3 reference data (The 1000 Genomes
Project Consortium 2015). Imputed genotypes were con-
verted from probabilities to ‘best guess’ hard calls, where
genotypes were called based on highest imputation prob-
ability. If highest probability was < 0.8, the genotype call
was instead set to missing. Only markers with < 5% miss-
ing rate were retained.

Polygenic risk scoring

PRS were calculated in the SEE-PTSD target samples with
PRSice v2.2.11.b (Euesden et al. 2015) using risk allele
effect sizes from the non-overlapping UKBB PTSD GWAS
(Ncases = 10,389 and Ny 01s = 115,799 (Bycroft et al. 2017;
The UK10K Consortium 2015; McCarthy et al. 2016; Niev-
ergelt et al. 2019). Summary statistics from the UKBB
GWAS were filtered to remove SNPs that were strand ambig-
uous, had minor allele frequency < 1%, or INFO score < 0.6).
SNPs were linkage disequilibrium clumped over a window
size of 250 kb and #* threshold of 0.1. PRS were gener-
ated at multiple P value thresholds (P <0.000001, 0.0001,
0.001, 0.01, 0.05, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45,
0.5 and 1). PRS were tested for association with PTSD in the
target SEE-PTSD dataset using logistic regression adjusted
for 5 PCs. For sub-analyses, we used predicted standard-
ized PRS from the predefined P value threshold Pr=0.15,
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explaining the strongest trend (Nagelkerke 72 =0.006;
Plielinood ratio test = 0-084) for an association with the PTSD
phenotype.

Statistical analyses

All statistical tests were conducted in R v3.1.3 (R Core Team
2014). For comparison of patients (remitted PTSD, current
PTSD or combined (remitted 4+ current) PTSD) and controls
in regard to their predicted polygenetic risk, the number and
intensity of traumata experienced, positive or negative strat-
egies for coping, as well as the age at war and sex, multivari-
ate logistic regression models were carried out by adjusting
each of the examined variables for all other variables (e.g.
examinations of PRS on the PTSD outcome were adjusted
for the number and intensity of traumata experienced, posi-
tive and negative coping, age at war and sex). Dimensional
analyses of the same variables with the CAPS score as out-
come were performed by linear regression models adjusted
for all variables as well. The genetic analyses were hypoth-
esis-free (genome-wide association analysis), therefore, no
power calculation was done a priori in the present study. For
all analyses the significance level was set at P <0.05. Since
this analysis is an exploratory approach, we did not adjust
obtained P values for multiple comparison either. For better
comparability all -values were z-standardized.

Results

To characterize the role of genetic risk and other putative
PTSD moderating variables such as traumatic life events,
coping style, age at war and sex, we examined their associa-
tion with the categorical phenotype of PTSD in 189 patients
suffering from current PTSD, 132 probands with remitted
PTSD and combined (current and remitted PTSD, N=321)
in comparison to 337 healthy volunteers (Table 2). In addi-
tion to the categorical case—control setting, linear regression
analyses were performed on the dimensional CAPS scores in
both PTSD patient groups (current and remitted) separately
as well as combined (see Table 3). CAPS scores for healthy
controls are not available, thus dimensional analyses were
restricted to the PTSD patient groups. Further details on
sample characteristics are summarized in Table 1. The distri-
bution of values for each examined variable included into the
regression model are presented in Fig. 1 for the combined
patient group (current and remitted PTSD) and controls.

Polygenic risk

Predictive PRS derived from the UKBB PTSD GWAS were
generated in order to test the SEE-PTSD target cohort for
genetic PTSD risk loci. The strongest PRS predictions,
achieved for the P value threshold P;=0.15 (Nagelkerke
7 =0.006; Py etinood ratio et = 0-084), were used to examine
the association of predicted polygenic risk on the categorical

Table 2 Association of the
polygenic risk (PRS), number
and intensity of traumatic life

Categorical Current PTSD

(Ncases =1 89/Nc0ntmls = 337) (Ncﬂses =1 32/Ncommls = 337)

Remitted PTSD Combined PTSD

(Neases =321/N pirors =337)

cases

events, coping strategies, age p P value p P value p P value
at war and sex with current,
remitted and combined (current PTSD diagnosis
and remitted) PTSD diagnosis Polygenic risk 0.21 0.108 0.26 0.040 0.24 0.025
scores
Number of life 0.23 0.165 0.15 0.327 0.22 0.089
events
Before war —-0.06 0.639 —-0.08 0.585 —-0.06 0.595
During war 0.27 0.080 0.18 0.206 0.26 0.025
After war 0.08 0.510 0.10 0.427 0.09 0.436
Intensity of life 179 <2.0x107 1.43 9.8 x 1071 1.67 <2.0 x 10716
events
Before war 0.63 7.8 x 1076 0.29 0.087 0.52 4.6 x 1075
During war 1.66  <2.0x 1076 1.42 6.4 x 1071% 1.56 <2.0 x 10716
After war 0.84 1.4x10° 0.25 0.060 0.64 56x108
Positive coping  — 0.50 7.5 % 107 —0.08 0.612 -0.28 0.024
Negative coping ~ 0.76 1.7 x 107 0.52 0.003 0.67 2.7 %107
Age at war 0.02 0.867 - 0.06 0.633 0.03 0.808
Sex —0.04 0.757 —-0.02 0.905 -0.02 0.840

P-values under the significance threshold of 0.05 were written in bold

PTSD, posttraumatic stress disorder; OR, odds ratio
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Table 3 Association of the

polygenic risk (PRS), number Dimensional Current (N, yge6-189) Remitted (N, =132) Combined (N, =321)
and intensity of traumatic p P value p P value p P value
life events, coping strategies
age at war and sex with CAPS total
dimensional symptom-related Polygenic risk scores -0.73 0.603 - 1.04 0.524 —-0.58 0.591
variables recorded by the Number of life events ~ 4.42 0.018 4.36 0.012 5.32 41%x10°
g}ﬁijﬁiﬁi’“ﬁ:ﬁéﬁ a Before war ~015 0912 1.93 0303 077 0.484
combined) PTSD patient groups During war 5.50 0.007 4.24 0.018 6.02 1.6 x 1075
After war 0.51 0.649 0.12 0.924 0.25 0.772
Intensity of life events 5.89 34x10™ 2.09 0.324 5.62 9.4 x 107
Before war 3.24 0.010 0.61 0.793 3.13 0.004
During war 4.68 0.004 1.87 0.310 441 3.0 x 107
After war 3.09 0.019 1.17 0.495 3.54 7.2 %107
Positive coping —3.54 0.020 -1.78 0.368 —3.23 0.007
Negative coping 4.48 0.010 2.74 0.162 4.33 0.001
Age at war - 1.94 0.241 2.85 0.065 0.87 0.450
Sex 2.27 0.117 1.34 0.372 1.62 0.129
CAPS Cluster B (persistent re-expecting of trauma)
Polygenic risk scores -0.14 0.780 - 0.05 0.924 -0.09 0.818
Number of life events 1.03 0.136 1.52 0.012 1.45 0.001
Before war -0.18 0.723 0.92 0.163 0.20 0.602
During war 1.59 0.032 1.45 0.020 1.75 2.9 x 107
After war 0.01 0.990 0.31 0.500 0.08 0.789
Intensity of life events 2.33 1.3x 107 1.40 0.062 2.16 1.5x10°°
Before war 1.14 0.015 -0.19 0.813 0.97 0.012
During war 2.05 51x10°° 1.42 0.028 1.96 4.3 %10
After war 0.76 0.120 0.00 0.994 0.78 0.036
Positive coping -0.79 0.156 - 046 0.507 - 0.69 0.102
Negative coping 0.53 0.406 0.41 0.551 0.57 0.218
Age at war -0.11 0.862 0.71 0.191 0.40 0.318
Sex 0.98 0.070 1.23 0.021 1.05 0.006
CAPS Cluster C (persistent avoidance of stimuli associated with the trauma)
Polygenic risk scores —-0.34 0.593 —0.05 0.948 —0.06 0911
Number of life events 223 0.009 1.25 0.114 2.30 1.2 x 107
Before war 0.29 0.623 0.31 0.711 0.49 0.325
During war 2.37 0.011 1.33 0.104 2.48 1.0 x 107
After war 0.31 0.532 -0.20 0.730 0.08 0.848
Intensity of life events 1.61 0.030 0.76 0.436 1.90 0.001
Before war 0.94 0.095 -0.21 0.844 1.00 0.044
During war 1.20 0.099 0.61 0.467 1.40 0.012
After war 1.22 0.037 0.84 0.273 1.62 59x10™
Positive coping - 1.61 0.020 —0.88 0.332 - 1.61 0.004
Negative Coping 1.80 0.023 0.98 0.277 1.80 0.003
Age at war — 148 0.050 1.45 0.042 0.15 0.771
Sex 1.46 0.029 0.48 0.491 0.88 0.075
CAPS Cluster D (persistent symptoms of increased arousal)
Polygenic risk scores —-0.24 0.604 —-0.93 0.117 —0.36 0.328
Number of life events 1.16 0.060 1.59 0.012 1.78 5.0x107°
Before war —0.26 0.545 0.69 0.302 0.09 0.801
During war 1.53 0.024 1.46 0.025 1.98 2.4 %1075
After war 0.19 0.598 0.01 0.976 0.12 0.676
Intensity of life events 1.95 37 x 107 - 0.07 0.931 1.40 0.001
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Table3 (continued) Dimensional Current (N 50) Remitted (.= 132) Combined (N, =321)
p P value p P value p P value
Before war 1.17 0.005 1.01 0.225 1.12 0.002
During war 1.44 0.007 - 0.16 0.810 0.95 0.021
After war 1.12 0.011 0.32 0.607 1.10 0.002
Positive coping -1.13 0.025 —-0.44 0.545 —-0.93 0.024
Negative coping 2.15 22x 107 1.35 0.060 1.96 1.6 x 1075
Age at war —-0.35 0.527 0.69 0.218 0.36 0.356
Sex —0.16 0.738 -0.37 0.503 -0.25 0.490

P-values under the significance threshold of 0.05 were written in bold
CAPS, Clinician-Administered PTSD Scale
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Fig. 1 Distribution of polygenic risk scores, the total number and total intensity of life events, positive and negative coping scores and the age at
war for the combined patients with diagnosed current and remitted PTSD and controls

phenotype of PTSD or PTSD dimensions assessed by the
CAPS scores (Tables 2, 3).

Categorical regression analyses showed, that predicted
polygenic risk did not differ in the current PTSD symptom-
specific group from controls, however, was significantly
increased in the remitted (#=0.26; P =0.040) and combined

(#=0.24; P=0.025) PTSD patients in comparison to the
healthy participants (Table 2).

In dimensional analyses including only PTSD patients,
predicted polygenic risk was neither found to be cor-
related with mean total CAPS scores nor with Clus-
ter B, C and D subscores in patients with current,

@ Springer



668

H. Weber et al.

remitted or combined (current and remitted) PTSD symp-
toms (S, <0.05; P,;>0.05), respectively (Table 3).

Number and intensity of traumatic life events

In addition to the genetic background, we further examined
the relationship between traumatic experiences and the
development of PTSD. The intensity and number of trau-
matic experiences were evaluated in total as well as sepa-
rately before, during and after the war (Tables 2, 3).

The intensity, but not the accumulation of traumatic life
events was significantly associated with PTSD diagnosis in
all patients (current, remitted and combined) compared to
healthy subjects (8,;> 1.40; P,;;< 1.0 x 107%). The great-
est differences between all examined patient samples and
controls could be detected for the intensity of traumatiza-
tion during the war (f,;> 1.40; P,;; < 1.0 x 107'%). Affected
patients with current PTSD diagnosis showed in addition a
significant association of traumatizing experiences before
(=0.63; P=7.8 x 107%) and after the war than controls
($=0.84; P=14x 107%), which was not the case in the
remitted PTSD patient group. That suggests that the resulted
association of life events intensity on PTSD diagnosis is
probably mainly driven by the patients with current PTSD
diagnosis (Table 2).

With increasing number and intensity of traumatic life
events, mainly during the war, also a sharp increase in the
CAPS total value was observed, especially in patients with
current PTSD (number: f=4.42; P=0.018 and Intensity:
=589, P=34x 104) as well as in the combined patient
sample (number: f=5.32; P=4.1 x 107 and Intensity:
p=5.62; P=94x 10’6), while patients with remitted PTSD
symptoms only reached the level of significance with regard
to the frequency of trauma experienced (f=4.36; P=0.012).
In line with case—control analyses, long-term traumatization
seemed to be related to a chronic course of PTSD, which is
further supported by the association of higher CAPS scores
with higher trauma intensity exclusively in patients with
severe current PTSD symptoms before the war (intensity:
p=3.24; P=0.010) and after (intensity: f=3.09; P=0.019)
(Table 3).

Sub-analysis on CAPS questionnaire showed, that per-
sistent re-expecting of trauma, recorded by Cluster B
items, were most strongly associated with increased fre-
quency (fB,; > 1.59; P,;<0.032) and intensity (f,;> 1.42;
P,;;<0.028) of trauma exposure during the war in all three
(current, remitted and combined) analyzed patient groups. In
contrast, associations on number and intensity of traumatic
life events with stronger persistent avoidance of trauma
related stimuli assessed by Cluster C items were limited to
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the current PTSD and combined sample. While in patients
with current PTSD symptoms the frequency of traumatic
life events during the war was correlated with higher
trauma-related avoidance behavior (f=2.37; P=0.011),
the intensity of trauma exposure after war was associated
with increased avoidance to trauma related stimuli (f=1.22;
P=0.037). In addition, persistent symptoms of increased
arousal covered by Cluster D items were associated with
trauma frequency during the war similarly in patients with
current (f=0.04; P=1.53) or remitted (f=1.46; P=0.025)
PTSD. However, intensity of trauma exposure was signifi-
cantly related to persistent symptoms of increased arousal in
current PTSD independent of trauma timing before, during
or after the war (B,,>1.12; P,;;<0.011; see Table 3).

Coping strategies

To assess whether and in what way different coping strat-
egies for stress are associated with PTSD, the categorical
PTSD, as well as the dimensional CAPS phenotype, were
examined in relation to existing positive or negative coping
strategies in stressful situations (Tables 2, 3).

Results of the case—control studies showed that specifi-
cally negative coping strategies are significantly related to
current, remitted or combined PTSD diagnosis in contrast
to control subjects (f,,>0.52; P,;<0.003). Addition-
ally, patients with current PTSD diagnosis used positive
coping strategies less often than the controls (f=— 0.50;
P=75 X% 10’4), which is also reflected in the com-
bined PTSD sample in a low significant group difference
(f=-0.28; P=0.024; Table 2).

In agreement with findings from categorical examina-
tions, positive coping strategies correlated with lower and
negative coping strategies with higher CAPS scores in the
current (ﬂPosilive =- 354’ PPositive = 0020’ ﬂNegalive = 4'48;
Pyegative = 0.010) and combined (Spygijive =— 3.23;
PPositive =0.007; ﬂNegative =4.33; PNegative =0.001) patient
sample. In particular, sub-analyses showed that positive
and negative coping strategies are related primarily to

avoidance of trauma-associated stimuli (Bp,give=— 1.61;
PPosilive:0'020; ﬂNegalive: 180’ PNegative: 0023) and per-
sistent symptoms of increased arousal (Bpygiiive=— 1.13;

PPositive = 0025’ ﬁNegative =2. 15’ PNegative =22 X 1074;
Table 3) predominantly in patients with current PTSD
symptoms.

Age at traumatization and sex

With the exception of a few nominally significant findings
in the CAPS sub-analyses, neither age at war nor sex were
significantly correlated with the categorical PTSD or dimen-
sional CAPS phenotype (Tables 2, 3).
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Discussion

The present analysis in the SEE-PTSD cohort confirms the
assumption of genetic components associated with PTSD
by showing significant predicted polygenic risk for PTSD
as diagnosis in the remitted and total sample, while no such
effects have been found for symptom severity measures. The
overall significance of PRS related to PTSD was small.

Previous studies aiming at investigating the relation
between polygenic risk and PTSD rendered inconsistent
results for different PTSD-related phenotypes. Misganaw
et al. used PRS derived from the multiethnic PGC-PTSD
Freeze 1 (PGC-PTSD, Duncan et al. 2018) in a cohort com-
prising veterans of recent wars and showed significant asso-
ciation of PRS with PTSD onset as well as PTSD severity
(Misganaw et al. 2019). In a study in European participants
involved in World Trade Center (WTC) disaster, PRS from
the heterogeneous PGC-PTSD Freeze 2 European analysis
including over 60 studies (Nievergelt et al. 2019) did not
predict PTSD diagnosis or symptom severity (Waszczuk
et al. 2020). However, re-experiencing-PRS derived from
the Million Veteran Program (MVP) cohort (Gelernter et al.
2019) significantly predicted total and subscale PTSD symp-
tom trajectory over 18 years clinical monitoring, but not
the diagnosis. Interestingly, additional psychiatric PRS from
very large PGC meta-analyses, e.g. for generalized anxiety,
depression and schizophrenia, were found to be associated
with PTSD symptoms severity and long-term course trajec-
tory. In line with our findings, PRS and 9/11 exposure sever-
ity were independently associated with PTSD severity. In
the WTC study, genetics predicted variance in PTSD more
strongly in comparison to exposure severity (AR2=0.022 v.
AR2=0.006). One explanation for a lower polygenic risk in
our study might be the type of traumatization, which mainly
differs in duration as well as frequency possibly likely lead-
ing to higher effects of the environmental factors. In line
with this, all symptom-related PRS analyses were not signifi-
cant in our study despite previous evidence of genetic cor-
relation of phenotypic traits with PTSD, such as avoidance,
re-experiencing and hyperarousal in the MVP (Stein et al.
2021), in addition to differential types of trauma. In sum-
mary, our study supports the polygenic structure of risk for
PTSD; however, we suggest for our dataset, that the effects
of adverse environment are considerably higher by lowering
the effects sizes of PRS. As such, current genetic results are
limited by mostly lacking distinction between trauma types
in the literature, and additional mechanisms of environmen-
tal influence on genetic regulation are discussed, such as
epigenetic modifications (Ziegler et al. 2018; Howie et al.
2019; Smith et al. 2020).

In our study, the number and intensity of life events
as well as positive and negative coping style showed

pronounced associations with PTSD diagnosis and symp-
tom severity. As expected, the number of live events mainly
during the war and most highly the intensity of life events
independently of timing were associated with overall PTSD
severity symptoms in subjects with current and in terms
of the frequency also in remitted PTSD. When analysing
the symptom subscales, highest effects of war-related life
events and a broad correlation of intensity of life events were
found for re-expecting of trauma and persistent symptoms of
increased arousal. Interestingly, the number of war-related
life events was associated with these symptom clusters
also in remitted subjects. In addition, while it is generally
acknowledged that target trauma severity and frequency
are related to increased risk of PTSD, lifetime stressors
are also known to be associated with disease development
(Bonde et al. 2021). Prior trauma was repeatedly shown to
be positively correlated with the onset of PTSD (Lowe et al.
2021). In our study, life event severity exposure after the war
was additionally significantly associated with both, current
PTSD diagnosis as well as PTSD symptoms, but not the
remitted status. These results contribute to the growing body
of literature showing that an interaction between ongoing
trauma with further life events might significantly explain
the trajectory of PTSD over time (Smid et al. 2013; Gargano
et al. 2019), leading to the suggestion that individuals once
exposed to trauma need additional support to cope with pos-
sible further stressors to improve the long-term outcome.
Interestingly, positive as well as negative coping style
were related to PTSD diagnostic status and regarding the
symptom-level were most highly associated with persis-
tent symptoms of increased arousal and persistent avoid-
ance of stimuli associated with trauma in the current PTSD.
Lower level of positive coping behaviour has been identi-
fied as predictor for clinically significant increase in PTSD
symptoms among previously deployed military veterans
(Highfill-McRoy et al. 2021). In contrast, one study in sur-
vivors of a major earthquake in China revealed that posi-
tive coping, such as adaptive and active coping styles, are
not negatively related to PTSD in contrast to maladaptive
coping, which shows a positive relationship to PTSD symp-
toms (Peters et al. 2021). A study in rescue and recovery
workers involved in the WTC attack showed maladaptive
coping as a consistent factors associated with symptomatic
PTSD trajectory (Feder et al. 2016). Additionally, in a recent
meta-analysis, Gomez et al. revealed that in adults, negative
appraisals about the self-influenced PTSD with high effect
sizes (r=0.61) and were more strongly related to PTSD than
appraisals about the world or self-blame, independent of sin-
gle vs. multiple traumas or civilian vs. military population
(Gomez et al. 2019). Changes over time regarding the asso-
ciation of PTSD and coping styles were reported, although
the results are mixed (La Greca et al. 2013; Karstoft et al.
2015; Powell et al. 2021). Our categorical analyses show
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that negative coping remained also associated in remitted
patients, whereas positive coping was negatively associated
in current PTSD only. In regard to symptom severity, cop-
ing styles were associated only in the group with current
PTSD but not in the remitted individuals which points to
less stability of association of coping styles and PTSD after
remission. In summary, in addition to increasing evidence
in the literature, our results support the involvement of both
coping styles on PTSD as disease category but also on per-
sistent arousal and persistent avoidance in subjects with
current PTSD. Negative coping was associated with current
and remitted PTSD status pointing to a possible long-term
change towards maladaptive cognitive strategies with pos-
sible future risk for mental disorders. Following this, our
results show that specific intervention addressing the cogni-
tive part should be provided to affected, but also to remitted,
individuals to improve trauma-related psychopathology on
long-term trajectory.

Despite previous evidence of putative sex-related differ-
ences on genetics and trauma-related phenotypes, the cat-
egorical analysis with PTSD as outcome did not show any
significant associations of sex and the dimensional analysis
only weak nominal association of sex in remitted patients.
This supports the notion that the observed genetic risk in
our analysis emerges from common, sex-independent risk
loci for PTSD.

Age at war was not associated with categorical PTSD
and only weakly associated in the subscale of persistent
avoidance of trauma-related stimuli in the dimensional
analyses. The literature point to a putative risk of younger
age for PTSD (Powers et al. 2014; Lai et al. 2021). Nota-
bly, our sample consisted of adult participants with age at
war > 16 years which might reduce the contribution of age as
predictive factor for PTSD in the present analyses.

Overall, the results from our analysis point to the pro-
nounced association of trauma-related factors on psycho-
pathology in individuals traumatized by war-associated
experiences (highest associations with intensity of life
events). The epidemiological findings of markedly higher
PTSD frequency in such cohorts suggest an environmen-
tal “dose”- and “pattern”-effect on psychopathology which
might override the contribution of individual genetic risk
(Priebe et al. 2010; Briere et al. 2016). The interaction
between trauma and genes might follow a U-curve lead-
ing to following scenarios: (1) in case of low trauma the
PTSD phenotype is driven by genetics, (2) moderate trauma
produces a phenotype which is dependent on the genetic
background and (3) severe trauma leads to a phenotype
less dependent on genetics. An example for such non-linear
effects on anxiety-phenotype is the Caffeinen-ADORA2A
Genotype-Interaction (Childs et al. 2008). In line with this,
a recent structural imaging analysis in combat veterans sug-
gest that changes in hippocampal volume can be primarily
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attributed to environmental factors, such as stress of combat
(Bremner et al. 2020). Taken together, further studies are
needed to disentangle the magnitude of environmental and
genetic involvement in traumatizing environments.

The biggest limitation of the current study is the modest
sample size, which does not allow to test for small effects.
However, PRS derived from mega-cohorts have been demon-
strated to allow the evaluation of a genetic signal in numeri-
cally even smaller studies (Euesden et al. 2015). Generally, in
PTSD, as in other complex psychiatric diseases, the genetic
and phenotype heterogeneity reduced the ability of GWAS
to detect disease risk loci (Duncan et al. 2018). While PRS
is aimed to better capture the genetic heterogeneity problem,
the phenotypic variance remains, e.g. due to diversity in
pre- and existing individual risk factors, trauma exposures,
clinical presentation, diagnostic classification and the lon-
gitudinal course, which makes deep phenotyping essential
(Sanchez-Roige and Palmer 2020). In the present study, we
tried to overcome the problem of the temporal and categori-
cal phenotype by subgrouping for the remission status and
by including a dimensional symptom level analysis within
the PTSD group. However, the latter with a limited range of
symptom variance in the patient group yielded no association
with PRS score. As discussed above, a possible explanation
for the small genetic effect may be that the base PRS UKBB
sample is population-based, containing subjects with different
types and severity of mainly moderate civil trauma in contrast
to the severe traumatic war experiences of the SEE-PTSD-
cohort. As such, PRS derived from studies in war-related or
military traumatization population might be more informa-
tive for the SEE-PTSD-sample. Lastly, the cross-sectional and
retrospective nature of our study does not allow any definite
conclusions on causal relationships and with regard to tem-
poral relationship only conclusions on PRS versus PTSD, to
some degree also to trauma versus PTSD but not to coping
style versus PTSD, negative coping styles possibly being a
consequence of severe trauma. To resolve this, population-
based longitudinal assessment including demographic, psy-
chological, physiological and genetic measures are needed.

In summary, the present results suggest a small but sig-
nificant polygenic risk predicting PTSD in the overall sam-
ple most likely driven by common sex-independent risk loci
and thus confirms previous findings. In contrast, the analysis
shows highly significant association of traumatizing events
and negative coping with PTSD as diagnosis as well as with
symptom severity and especially with increased arousal
measures in our severely traumatized cohort. This supports
the necessity and relevance of therapeutic intervention in
severe PTSD versus a restrained approach based on a deter-
ministic concept of etiology.

Acknowledgements We thank all the participants and their families
without whose idealistic and enthusiastic support the study would not



Association of polygenic risk scores, traumatic life events and coping strategies with... 671

have been possible. We also would like to thank at Sarajevo: the Asso-
ciation of Women Victims of War and Bakira Hasecic, the Association
of Physically Handicapped, Zilko Buljugija, Zoran Budimlija, M.D.,
Ph.D., Jasminka Krehic, M.D., Ph.D., Elvira Sabanovic, RSN and
Subhija Gusic; in Kosovo: Feride Rushiti, M.D., Selvije Izeti, M.Sc.,
Vjosa Devaja, M.D., Melita Kallaba, M.D. from Kosova Rehabilita-
tion Center for Trauma Survivors-KRCT; Emirjeta Kumnova, Veprore
Shehu from Medica Kosova; Zahrije Podrimgaku Subashi from the
Association of Political Prisoners, Kadire Tahiraj from the Center for
Promotion of Women's Rights; Arbérore Ulaj, M.D., Teuta Haxhiu,
M.D. and Drita Gashi, M.D., for their assistance in recruiting and
interviewing participants; at Zagreb: Mirica Mavracic, Zoran Bradas,
Zrinka Mirkovic and Maja Mezak Herceg for technical assistance in
drawing blood and extracting DNA; at Tuzla: the staff of the Depart-
ment of Transfusion of University Clinical Center of Tuzla, and the
staff of the Department of Psychiatry, in particular Emina Hujdur,
Medin Omerasevi¢ and Avdo Sakusi¢, M.D. for technical support and
Maja Brki¢ and Sandra Zorni¢ for their assistance in data collection;
at Wiirzburg: Carola Gagel for technical assistance with extracting
DNA. We thank the Psychiatric Genomics Consortium for PTSD for
making summary data available. Thanks are highly deserved by and
gratefully extended to Peter Riederer as spiritus rector who brought
the consortium together.

Author contributions All authors contributed to the study concep-
tion and design. Material preparation and analysis were performed by
AXM, CMN, AD-K and HW. The first draft of the manuscript was
written by AE and HW. All authors commented on previous versions
of the manuscript. All authors read and approved the final manuscript.

Funding Open Access funding enabled and organized by Projekt
DEAL. The study was funded by the DAAD program Stability Pact
for South Eastern Europe and supported by the DFG-funded RTG 1253
(speaker Pauli) as well as the DFG-funded CRC-TRR58—project num-
ber 44541416—(projects CO2 Domschke, Deckert, and Z02 Deckert,
Domschke). Genotyping was funded by Cohen Veterans Bioscience
and supported by NIMH RO1IMH106595. Deutsche Forschungsgemein-
schaft, RTG 1253,CRC-TRR58-44541416, Jiirgen Deckert, National
Institute on Minority Health and Health Disparities, ROIMH106595.

Availability of data and material Not applicable.

Code availability Not applicable.

Declarations

Conflict of interest The authors declare not conflicts of interest.

Ethics approval The study was approved by the local ethics committees
of all participating clinical centers. The information and consent form
were designed by the Sarajevo center and translated into local language.
All participants thus were informed and gave written informed consent
according to the principles of the declaration of Helsinki (WMA 2013).

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not

permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

American Psychiatric Association (2013) Diagnostic and statistical
manual of mental disorders, 5th edn

Arcel L, Folnegoviii-Smalc V, Tocilj-Simunkoviii G, Kozariii-Kovapiii
D, Ljubotina D (1995) Psychosocial help to war victims: women
refugees and their families. Assesment of psycho-social status and
treatment of refugee women and their families. Nakladnist. Zagreb

Blackmore R, Boyle JA, Fazel M, Ranasinha S, Gray KM, Fitzgerald
G, Misso M, Gibson-Helm M (2020) The prevalence of mental
illness in refugees and asylum seekers: a systematic review and
meta-analysis. PLoS Med 17(9):1-24. https://doi.org/10.1371/
journal.pmed.1003337

Blake DD, Weathers FW, Nagy LM, Kaloupek DG, Gusman FD,
Charney DS, Keane TM (1995) The development of a Clinician-
Administered PTSD Scale. J Trauma Stress 8(1):75-90. https://
doi.org/10.1007/BF02105408

Bonde JPE, Hgy Jensen J, Smid GE, Flachs EM, Elklit A, Mors O,
Videbech P (2021) Time course of symptoms in posttraumatic
stress disorder with delayed expression: a systematic review. Acta
Psychiatr Scand. https://doi.org/10.1111/acps.13372

Bremner JD, Hoffman M, Afzal N, Cheema FA, Novik O, Ashraf A,
Brummer M, Nazeer A, Goldberg J, Vaccarino V (2020) The envi-
ronment contributes more than genetics to smaller hippocampal
volume in posttraumatic stress disorder (PTSD). J Psychiatr Res
137:579-588. https://doi.org/10.1016/j.jpsychires.2020.10.042

Briere J, Agee E, Dietrich A (2016) Cumulative trauma and cur-
rent posttraumatic stress disorder status in general population
and inmate samples. Psychol Trauma Theory Res Pract Policy
8(4):439-446. https://doi.org/10.1037/tra0000107

Bycroft C, Freeman C, Petkova D, Band G, Elliott LT, Sharp K,
Motyer A, Vukcevic D, Delaneau O, O’connell J et al (2017)
Genome-wide genetic data on ~ 500,000 UK Biobank partici-
pants. BioRxiv. https://doi.org/10.1101/166298.

Childs E, Hohoff C, Deckert J, Xu K, Badner J, De Wit H (2008) Asso-
ciation between ADORA2A and DRD2 polymorphisms and caf-
feine-induced anxiety. Neuropsychopharmacology 33(12):2791-
2800. https://doi.org/10.1038/npp.2008.17

Choi SW, Mak TS-H, O’Reilly PF (2020) Tutorial: a guide to per-
forming polygenic risk score analyses. Nat Protoc. https://doi.
org/10.1038/s41596-020-0353-1

Christiansen DM, Berke ET (2020) Gender- and sex-based contribu-
tors to sex differences in PTSD. Curr Psychiatry Rep 22(19):1-
9. https://doi.org/10.1007/s11920-020-1140-y

Coombes BJ, Markota M, Mann JJ, Colby C, Stahl E, Talati A,
Pathak J, Weissman MM, Mcelroy SL, Frye MA et al (2020)
Dissecting clinical heterogeneity of bipolar disorder using mul-
tiple polygenic risk scores. Transl Psychiatry 10:314. https://
doi.org/10.1038/s41398-020-00996-y

Delaneau O, Zagury J-F, Marchini J (2013) Improved whole-chro-
mosome phasing for disease and population genetic studies. Nat
Methods. https://doi.org/10.1038/nmeth.2307

Duncan LE, Ratanatharathorn A, Aiello AE, Almli LM, Amstadter
AB, Ashley-Koch AE, Baker DG, Beckham JC, Bierut LJ, Bis-
son J et al (2018) Largest GWAS of PTSD (N=20070) yields
genetic overlap with schizophrenia and sex differences in herit-
ability. Mol Psychiatry 23(3):666—673. https://doi.org/10.1038/
mp.2017.77

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1371/journal.pmed.1003337
https://doi.org/10.1371/journal.pmed.1003337
https://doi.org/10.1007/BF02105408
https://doi.org/10.1007/BF02105408
https://doi.org/10.1111/acps.13372
https://doi.org/10.1016/j.jpsychires.2020.10.042
https://doi.org/10.1037/tra0000107
https://doi.org/10.1101/166298.
https://doi.org/10.1038/npp.2008.17
https://doi.org/10.1038/s41596-020-0353-1
https://doi.org/10.1038/s41596-020-0353-1
https://doi.org/10.1007/s11920-020-1140-y
https://doi.org/10.1038/s41398-020-00996-y
https://doi.org/10.1038/s41398-020-00996-y
https://doi.org/10.1038/nmeth.2307
https://doi.org/10.1038/mp.2017.77
https://doi.org/10.1038/mp.2017.77

672

H. Weber et al.

Dzubur-Kulenovic A, Agani F, Avdibegovic E, Jakovljevic M, Babic
D, Kucukalic A, Kucukalic S, Dzananovic ES, Mehmedbasic AB,
Uka AG et al (2016) Molecular mechanisms of posttraumatic
stress disorder (PTSD) as a basis for individualized and personal-
ized therapy: Rationale, design and methods of the south eastern
Europe (SEE)-PTSD study. Psychiatr Danub 28(2):154-163

Euesden J, Lewis CM, O’reilly PF (2015) PRSice: Polygenic Risk
Score software. Bioinformatics 31:1466-1468. https://doi.org/
10.1093/bioinformatics/btu848

Feder A, Mota N, Salim R, Rodriguez J, Singh R, Schaffer J, Schech-
ter CB, Cancelmo LM, Bromet EJ, Katz CL et al (2016) Risk,
coping and PTSD symptom trajectories in World Trade Center
responders. J Psychiatr Res 82:68-79. https://doi.org/10.1016/j.
jpsychires.2016.07.003

Forstner AJ, Awasthi S, Wolf C, Maron E, Erhardt A, Czamara D,
Eriksson E, Lavebratt C, Allgulander C, Friedrich N et al (2019)
Genome-wide association study of panic disorder reveals genetic
overlap with neuroticism and depression. Mol Psychiatry. https://
doi.org/10.1038/s41380-019-0590-2

Gargano LM, Li J, Millien L, Alper H, Brackbill RM (2019) Exposure
to multiple disasters: the long-term effect of Hurricane Sandy
(October 29, 2012) on NYC survivors of the September 11, 2001
World Trade Center attack. Psychiatry Res 273:719-724. https://
doi.org/10.1016/j.psychres.2019.01.090

Gelernter J, Sun N, Polimanti R, Pietrzak R, Levey DF, Bryois J, Lu Q,
Hu Y, Li B, Radhakrishnan K et al (2019) Genome-wide associa-
tion study of post-traumatic stress disorder reexperiencing symp-
toms in > 165,000 US veterans. Nat Neurosci 22(9):1394-1401.
https://doi.org/10.1038/s41593-019-0447-7

Goémez G, Cuesta L, Schweizer S, Diehle J, Young J, Meiser-Stedman
R (2019) The relationship between maladaptive appraisals and
posttraumatic stress disorder: a meta-analysis. Eur J Psychotrau-
matol 10(1-15):1620084. https://doi.org/10.1080/20008198.2019.
1620084

La Greca AM, Lai BS, Llabre MM, Silverman WK, Vernberg EM,
Prinstein MJ (2013) Children’s postdisaster trajectories of PTS
symptoms: predicting chronic distress. Child Youth Care Forum
42:351-369. https://doi.org/10.1007/s10566-013-9206-1

Highfill-McRoy RM, Levine JA, Larson GE, Norman SB, Schmied
EA, Thomsen CJ (2021) Predictors of symptom increase in sub-
syndromal PTSD among previously deployed military personnel.
Mil Med. https://doi.org/10.1093/MILMED/USAB034

Howie BN, Donnelly P, Marchini J (2009) A flexible and accurate
genotype imputation method for the next generation of genome-
wide association studies. PLoS Genet 5(6):1000529. https://doi.
org/10.1371/journal.pgen.1000529

Howie H, Rijal CM, Ressler KJ (2019) A review of epigenetic con-
tributions to post-traumatic stress disorder. Dial Clin Neurosci
21(4):417-428. https://doi.org/10.31887/DCNS.2019.21.4/kress
ler

Jacobi F, Hofler M, Siegert J, Mack S, Gerschler A, Scholl L, Busch
MA, Hapke U, Maske U, Seiffert I et al (2014) Twelve-month
prevalence, comorbidity and correlates of mental disorders in Ger-
many: the mental health module of the German health interview
and examination survey for adults (DEGS1-MH). Int J Methods
Psychiatr Res 23(3):304-319. https://doi.org/10.1002/mpr.1439

Karam EG, Friedman MJ, Hill ED, Kessler RC, McLaughlin KA,
Petukhova M, Sampson L, Shahly V, Angermeyer MC, Bromet
EJ et al (2014) Cumulative traumas and risk thresholds: 12-month
PTSD in the world mental health (WMH) surveys. Depress Anxi-
ety 31(2):130-142. https://doi.org/10.1002/da.22169

Karstoft KI, Armour C, Elklit A, Solomon Z (2015) The role of locus
of control and coping style in predicting longitudinal PTSD-trajec-
tories after combat exposure. J Anxiety Disord 32:89-94. https://
doi.org/10.1016/j.janxdis.2015.03.007

@ Springer

Kessler RC, Aguilar-Gaxiola S, Alonso J, Benjet C, Bromet EJ, Car-
doso G, Degenhardt L, de Girolamo G, Dinolova RV, Ferry F
et al (2017) Trauma and PTSD in the WHO world mental health
surveys. Eur J Psychotraumatol. https://doi.org/10.1080/20008
198.2017.1353383

Kessler RC, Petukhova M, Sampson NA, Zaslavsky AM, Wittchen
HU (2012) Twelve-month and lifetime prevalence and lifetime
morbid risk of anxiety and mood disorders in the United States.
Int J Methods Psychiatr Res 21(3):169-184. https://doi.org/10.
1002/mpr.1359

Kolassa IT, Kolassa S, Ertl V, Papassotiropoulos A, De Quervain DJF
(2010) The risk of posttraumatic stress disorder after trauma
depends on traumatic load and the catechol-O-methyltransferase
Vall58Met polymorphism. Biol Psychiatry 67(4):304-308.
https://doi.org/10.1016/j.biopsych.2009.10.009

Kulenovi¢ AD, Kucukali¢ A, Male¢ D (2008) Changes in plasma lipid
concentrations and risk of coronary artery disease in army vet-
erans suffering from chronic posttraumatic stress disorder. Croat
Med J 49:506-520. https://doi.org/10.3325/cmj.2008.4.506

Kyron MJ, Rees CS, Lawrence D, Carleton RN, McEvoy PM (2021)
Prospective risk and protective factors for psychopathology and
wellbeing in civilian emergency services personnel: a systematic
review. J Affect Disord 281:517-532. https://doi.org/10.1016/J.
JAD.2020.12.021

Lai BS, La Greca AM, Brincks A, Colgan CA, D’amico MP, Lowe
S, Mary, Kelley L (2021) Trajectories of posttraumatic stress
in youths after natural disasters key points. JAMA Netw Open
4(2):2036682. https://doi.org/10.1001/jamanetworkopen.2020.
36682

Lowe SR, Ratanatharathorn A, Lai BS, van der Mei W, Barbano AC,
Bryant RA, Delahanty DL, Matsuoka YJ, Olff M, Schnyder U
et al (2021) Posttraumatic stress disorder symptom trajectories
within the first year following emergency department admissions:
pooled results from the international consortium to predict PTSD.
Psychol Med 51(7):1129-1139. https://doi.org/10.1017/S0033
291719004008

Maher BS (2015) Polygenic scores in epidemiology: risk prediction,
etiology, and clinical utility. Curr Epidemiol Rep 2:239-244.
https://doi.org/10.1007/s40471-015-0055-3

Martin AR, Kanai M, Kamatani Y, Okada Y, Neale BM, Daly MJ
(2019) Clinical use of current polygenic risk scores may exacer-
bate health disparities. Nat Genet 51(4):584-591. https://doi.org/
10.1038/s41588-019-0379-x

Maul S, Giegling I, Fabbri C, Corponi F, Serretti A, Rujescu D
(2020) Genetics of resilience: implications from genome-wide
association studies and candidate genes of the stress response
system in posttraumatic stress disorder and depression. Am J
Med Genet Part B Neuropsychiatr Genet 183(2):77-94. https://
doi.org/10.1002/ajmg.b.32763

McCarthy S, Haplotype Reference Consortium (2016) A reference
panel of 64,976 haplotypes for genotype imputation. Nat Genet
48(10):1279-1283. https://doi.org/10.1038/ng.3643.A

McCutcheon VYV, Sartor CE, Pommer NE, Bucholz KK, Nelson EC,
Madden PAF, Heath AC (2010) Age at trauma exposure and
PTSD Risk in a young adult female sample. J Trauma Stress
23(6):811. https://doi.org/10.1002/JTS.20577

Meneses E, Kinslow K, McKenney M, Elkbuli A (2021) Post-trau-
matic stress disorder in adult and pediatric trauma populations:
a literature review. J Surg Res 259:357-362. https://doi.org/10.
1016/J.JSS.2020.09.023

Misganaw B, Guffanti G, Lori A, Abu-Amara D, Flory JD, Mueller
S, Yehuda R, Jett M, Marmar CR, Ressler KJ et al (2019) Poly-
genic risk associated with post-traumatic stress disorder onset
and severity. Transl Psychiatry 9:165. https://doi.org/10.1038/
$41398-019-0497-3


https://doi.org/10.1093/bioinformatics/btu848
https://doi.org/10.1093/bioinformatics/btu848
https://doi.org/10.1016/j.jpsychires.2016.07.003
https://doi.org/10.1016/j.jpsychires.2016.07.003
https://doi.org/10.1038/s41380-019-0590-2
https://doi.org/10.1038/s41380-019-0590-2
https://doi.org/10.1016/j.psychres.2019.01.090
https://doi.org/10.1016/j.psychres.2019.01.090
https://doi.org/10.1038/s41593-019-0447-7
https://doi.org/10.1080/20008198.2019.1620084
https://doi.org/10.1080/20008198.2019.1620084
https://doi.org/10.1007/s10566-013-9206-1
https://doi.org/10.1093/MILMED/USAB034
https://doi.org/10.1371/journal.pgen.1000529
https://doi.org/10.1371/journal.pgen.1000529
https://doi.org/10.31887/DCNS.2019.21.4/kressler
https://doi.org/10.31887/DCNS.2019.21.4/kressler
https://doi.org/10.1002/mpr.1439
https://doi.org/10.1002/da.22169
https://doi.org/10.1016/j.janxdis.2015.03.007
https://doi.org/10.1016/j.janxdis.2015.03.007
https://doi.org/10.1080/20008198.2017.1353383
https://doi.org/10.1080/20008198.2017.1353383
https://doi.org/10.1002/mpr.1359
https://doi.org/10.1002/mpr.1359
https://doi.org/10.1016/j.biopsych.2009.10.009
https://doi.org/10.3325/cmj.2008.4.506
https://doi.org/10.1016/J.JAD.2020.12.021
https://doi.org/10.1016/J.JAD.2020.12.021
https://doi.org/10.1001/jamanetworkopen.2020.36682
https://doi.org/10.1001/jamanetworkopen.2020.36682
https://doi.org/10.1017/S0033291719004008
https://doi.org/10.1017/S0033291719004008
https://doi.org/10.1007/s40471-015-0055-3
https://doi.org/10.1038/s41588-019-0379-x
https://doi.org/10.1038/s41588-019-0379-x
https://doi.org/10.1002/ajmg.b.32763
https://doi.org/10.1002/ajmg.b.32763
https://doi.org/10.1038/ng.3643.A
https://doi.org/10.1002/JTS.20577
https://doi.org/10.1016/J.JSS.2020.09.023
https://doi.org/10.1016/J.JSS.2020.09.023
https://doi.org/10.1038/s41398-019-0497-3
https://doi.org/10.1038/s41398-019-0497-3

Association of polygenic risk scores, traumatic life events and coping strategies with... 673

Morina N, Schnyder U, Klaghofer R, Miiller J, Martin-Soelch C
(2018) Trauma exposure and the mediating role of posttraumatic
stress on somatic symptoms in civilian war victims. BMC Psy-
chiatry. https://doi.org/10.1186/s12888-018-1680-4

Morina N, Wicherts JM, Lobbrecht J, Priebe S (2014) Remission
from post-traumatic stress disorder in adults: a systematic
review and meta-analysis of long term outcome studies. Clin
Psychol Rev 34(3):249-255. https://doi.org/10.1016/j.cpr.2014.
03.002

Nievergelt CM, Maihofer AX, Klengel T, Atkinson EG, Chen CY,
Choi KW, Coleman JRI, Dalvie S, Duncan LE, Gelernter J
et al (2019) International meta-analysis of PTSD genome-wide
association studies identifies sex- and ancestry-specific genetic
risk loci. Nat Commun 10(1):1-16. https://doi.org/10.1038/
$41467-019-12576-w

Nisar S, Bhat AA, Hashem S, Syed N, Yadav SK, Uddin S, Fakhro K,
Bagga P, Thompson P, Reddy R et al (2020) Molecular sciences
genetic and neuroimaging approaches to understanding post-trau-
matic stress disorder. Int J Mol Sci 21(12):4503. https://doi.org/
10.3390/ijms21124503

Peters J, Bellet BW, Jones PJ, Wu GWY, Wang L, McNally RJ (2021)
Posttraumatic stress or posttraumatic growth? Using network
analysis to explore the relationships between coping styles and
trauma outcomes. J Anxiety Disord. https://doi.org/10.1016/j.
janxdis.2021.102359

Powell T, Wegmann KM, Backode E (2021) Coping and post-traumatic
stress in children and adolescents after an acute onset disaster: a
systematic review. Public Health 18(9):4865. https://doi.org/10.
3390/ijerph18094865

Powers MB, Warren AM, Rosenfield D, Roden-Foreman K, Bennett
M, Reynolds MC, Davis ML, Foreman ML, Petrey LB, Smits
JAJ (2014) Predictors of PTSD symptoms in adults admitted to
a Level I trauma center: a prospective analysis. J Anxiety Disord
28(3):301-309. https://doi.org/10.1016/j.janxdis.2014.01.003

Price AL, Patterson NJ, Plenge RM, Weinblatt ME, Shadick NA, Reich
D (2006) Principal components analysis corrects for stratification
in genome-wide association studies. Nat Genet 38(8):904-909.
https://doi.org/10.1038/ng 1847

Priebe S, Bogic M, Ajdukovic D, Franciskovic T, Maria Galeazzi G,
Kucukalic A, Lecic-Tosevski D, Morina N, Popovski M, Wang
D et al (2010) Mental disorders following war in the Balkans A
study in 5 countries. Arch Gen Psychiatry 67(5):518-528

R Core Team (2014) R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Aus-
tria. https://www.r-project.org

Sanchez-Roige S, Palmer AA (2020) Emerging phenotyping strategies
will advance our understanding of psychiatric genetics. Nat Neu-
rosci. 23(4):475-480. https://doi.org/10.1038/541593-020-0609-7

Sarason IG, Johnson JH, Siegel IM (1978) Assessing the impact of life
changes: development of the life experiences survey. J] Consult
Clin Psychol 46(5):932-946. https://doi.org/10.1037//0022-006x.
46.5.932

Sayed S, Iacoviello BM, Charney DS (2015) Risk factors for the devel-
opment of psychopathology following trauma. Curr Psychiatry
Rep 17(8):1-7. https://doi.org/10.1007/s11920-015-0612-y

Sheehan DV, Lecrubier Y, Sheehan HK, Amorim P, Janavs J, Weiller E,
Hergueta T, Baker R, Dunbar GC (1998) The Mini-International
Neuropsychiatric Interview (M.I.N.I.): the development and vali-
dation of a structured diagnostic psychiatric interview for DSM-
IV and ICD-10. J Clin Psychiatry 59(suppl 20):34-57

Smid GE, Kleber RJ, Rademaker AR, Van Zuiden M, Vermetten E
(2013) The role of stress sensitization in progression of post-
traumatic distress following deployment. Soc Psychiatry Psy-
chiatr Epidemiol 48:1743-1754. https://doi.org/10.1007/
s00127-013-0709-8

Smith AK, Ratanatharathorn A, Maihofer AX, Naviaux RK, Aiello
AE, Amstadter AB, Ashley-Koch AE, Baker DG, Beckham JC,
Boks MP, Bromet E, Dennis M, Galea S, Garrett ME, Geuze E,
Guffanti G, Hauser MA, Katrinli S, Kilaru V, Kessler RC, Natha
CMN, Beckham JC et al (2020) Epigenome-wide meta-analysis of
PTSD across 10 military and civilian cohorts identifies methyla-
tion changes in AHRR. Nat Commun 11(1):1-9. https://doi.org/
10.1038/541467-020-19615-x

Smoller JW (2016) The genetics of stress-related disorders: PTSD,
depression, and anxiety disorders. Neuropsychopharmacol Rev
41:297-319. https://doi.org/10.1038/npp.2015.266

Steel Z, Chey T, Silove D, Marnane C, Bryant RA, Van Ommeren
M (2009) Association of torture and other potentially traumatic
events with mental health outcomes among populations exposed
to mass conflict and displacement: a systematic review and meta-
analysis. J] Am Med Assoc 302(5):537-549. https://doi.org/10.
1001/jama.2009.1132

Stein MB, Levey DF, Cheng Z, Wendt FR, Harrington K, Pathak GA,
Cho K, Quaden R, Radhakrishnan K, Girgenti MJ et al (2021)
Genome-wide association analyses of post-traumatic stress disor-
der and its symptom subdomains in the Million Veteran Program,
Department of Veterans Affairs Cooperative Studies Program (no.
575B) *,** VA Million Veteran Program. Nat Genet 53(2):174—
184. https://doi.org/10.1038/s41588-020-00767-x

Sudlow C, Gallacher J, Allen N, Beral V, Burton P, Danesh J, Downey
P, Elliott P, Green J, Landray M et al (2015) UK biobank: an
open access resource for identifying the causes of a wide range of
complex diseases of middle and old age. PLoS Med 12(3):1-10.
https://doi.org/10.1371/journal.pmed.1001779

The 1000 Genomes Project Consortium (2015) A global reference for
human genetic variation. Nature 526:68-74. https://doi.org/10.
1038/nature15393

The UK10K Consortium (2015) The UK10K project identifies rare
variants in health and disease. Nature 526:82-90. https://doi.org/
10.1038/nature 14962

Tortella-Feliu M, Fullana MA, Pérez-Vigil A, Torres X, Chamorro J,
Littarelli SA, Solanes A, Ramella-Cravaro V, Vilar A, Gonzalez-
Parra JA et al (2019) Risk factors for posttraumatic stress disor-
der: an umbrella review of systematic reviews and meta-analyses.
Neurosci Biobehav Rev 107:154-165. https://doi.org/10.1016/j.
neubiorev.2019.09.013

Veeser J, Barkmann C, Schumacher L, Zindler A, Schon G, Barthel D
(2021) Post-traumatic stress disorder in refugee minors in an out-
patient care center: prevalence and associated factors. Eur Child
Adolesc Psychiaty. https://doi.org/10.1007/s00787-021-01866-8

Vernon L, Dillon J, Steiner A (2009) Proactive coping, gratitude, and
posttraumatic stress disorder in college women. Anxiety Stress
Coping 22(1):117-127. https://doi.org/10.1080/1061580080
2203751

Waszczuk MA, Docherty AR, Shabalin AA, Miao J, Yang X, Kuan
P-F, Bromet E, Kotov R, Luft BJ (2020) Psychological medicine
polygenic prediction of PTSD trajectories in 9/11 responders. Psy-
chol Med 23:1-9. https://doi.org/10.1017/S0033291720003839

Wittchen HU, Jacobi F, Rehm J, Gustavsson A, Svensson M, Jonsson
B, Olesen J, Allgulander C, Alonso J, Faravelli C et al (2011) The
size and burden of mental disorders and other disorders of the
brain in Europe 2010. Eur Neuropsychopharmacol 21(9):655-679.
https://doi.org/10.1016/j.euroneuro.2011.07.018

Xavier RM, Dungan JR, Keefe RSE, Vorderstrasse A (2018) Poly-
genic signal for symptom dimensions and cognitive performance
in patients with chronic schizophrenia. Schizophr Res Cogn
12(2017):11-19. https://doi.org/10.1016/j.sc0g.2018.01.001

Zaykin DV, Zhivotovsky LA (2005) Ranks of genuine associations in
whole-genome scans. Genetics 171(2):813-823. https://doi.org/
10.1534/genetics.105.044206

@ Springer


https://doi.org/10.1186/s12888-018-1680-4
https://doi.org/10.1016/j.cpr.2014.03.002
https://doi.org/10.1016/j.cpr.2014.03.002
https://doi.org/10.1038/s41467-019-12576-w
https://doi.org/10.1038/s41467-019-12576-w
https://doi.org/10.3390/ijms21124503
https://doi.org/10.3390/ijms21124503
https://doi.org/10.1016/j.janxdis.2021.102359
https://doi.org/10.1016/j.janxdis.2021.102359
https://doi.org/10.3390/ijerph18094865
https://doi.org/10.3390/ijerph18094865
https://doi.org/10.1016/j.janxdis.2014.01.003
https://doi.org/10.1038/ng1847
https://www.r-project.org
https://doi.org/10.1038/s41593-020-0609-7
https://doi.org/10.1037//0022-006x.46.5.932
https://doi.org/10.1037//0022-006x.46.5.932
https://doi.org/10.1007/s11920-015-0612-y
https://doi.org/10.1007/s00127-013-0709-8
https://doi.org/10.1007/s00127-013-0709-8
https://doi.org/10.1038/s41467-020-19615-x
https://doi.org/10.1038/s41467-020-19615-x
https://doi.org/10.1038/npp.2015.266
https://doi.org/10.1001/jama.2009.1132
https://doi.org/10.1001/jama.2009.1132
https://doi.org/10.1038/s41588-020-00767-x
https://doi.org/10.1371/journal.pmed.1001779
https://doi.org/10.1038/nature15393
https://doi.org/10.1038/nature15393
https://doi.org/10.1038/nature14962
https://doi.org/10.1038/nature14962
https://doi.org/10.1016/j.neubiorev.2019.09.013
https://doi.org/10.1016/j.neubiorev.2019.09.013
https://doi.org/10.1007/s00787-021-01866-8
https://doi.org/10.1080/10615800802203751
https://doi.org/10.1080/10615800802203751
https://doi.org/10.1017/S0033291720003839
https://doi.org/10.1016/j.euroneuro.2011.07.018
https://doi.org/10.1016/j.scog.2018.01.001
https://doi.org/10.1534/genetics.105.044206
https://doi.org/10.1534/genetics.105.044206

674

H. Weber et al.

Ziegler C, Wolf C, Schiele MA, Feric Bojic E, Kucukalic S, Sabic

Dzananovic E, Goci Uka A, Hoxha B, Haxhibeqiri V, Haxhibeqiri
S et al (2018) Monoamine oxidase a gene methylation and its
role in posttraumatic stress disorder: first evidence from the South
Eastern Europe (SEE)-PTSD study. Int J Neuropsychopharmacol
21(5):423-432. https://doi.org/10.1093/ijnp/pyx111

Authors and Affiliations

Heike Weber'

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

- Adam X. Maihofer? - Nenad Jaksic? - EIma Feric Bojic* - Sabina Kucukalic’ -

Emina Sabic Dzananovic® - Aferdita Goci Uka® - Blerina Hoxha® - Valdete Haxhibeqiri’ - Shpend Haxhibeqiri® -
Nermina Kravic® - Mirnesa Muminovic Umihanic'® - Ana Cima Franc® - Romana Babic'" - Marko Pavlovic'' -

Alma Bravo Mehmedbasic® - Branka Aukst-Margetic'? - Abdulah Kucukalic® - Damir Marjanovic*'3 - Dragan Babic'" -
Nada Bozina'#- Miro Jakovljevic3 - Osman Sinanovic'” - Esmina Avdibegovi¢® - Ferid Agani'® - Bodo Warrings' -
Katharina Domschke'” - Caroline M. Nievergelt? - Jiirgen Deckert' - Alma Dzubur-Kulenovic® - Angelika Erhardt’'®

Department of Psychiatry, Psychosomatics

and Psychotherapy, Centre of Mental Health, Julius-
Maximilians-University, Margarete-Hoppel-Platz 1,
97080 Wiirzburg, Germany

Department of Psychiatry, University of California San
Diego, La Jolla, CA, USA

Department of Psychiatry and Psychological Medicine,
University Hospital Center Zagreb, Zagreb, Croatia

Department for Genetic and Biotechnology, International
Burch University, Sarajevo, Bosnia and Herzegovina

Department of Psychiatry, University Clinical Center,
Sarajevo, Bosnia and Herzegovina

Department of Psychiatry, University Clinical Center
of Kosovo, Prishtina, Kosovo

Department of Medical Biochemistry, University Clinical
Center of Kosovo, Prishtina, Kosovo

Institute of Kosovo Forensic Psychiatry, University Clinical
Center of Kosovo, Prishtina, Kosovo

Department of Psychiatry, University Clinical Center
of Tuzla, Tuzla, Bosnia and Herzegovina

Community Health Center, Zivinice, Bosnia and Herzegovina

@ Springer

11

Department of Psychiatry, University Clinical Center
of Mostar, Mostar, Bosnia and Herzegovina

Department of Psychiatry, University Hospital Sestre
Milosrdnice, Zagreb, Croatia

Center for Applied Bioanthropology, Institute
for Anthropological Researches, Zagreb, Croatia

Department of Laboratory Diagnostics, University Hospital
Center Zagreb, Zagreb, Croatia

Department of Neurology, University Clinical Center
of Tuzla, Tuzla, Bosnia and Herzegovina

Faculty of Medicine, University Hasan Prishtina, Prishtina,
Kosovo

Department of Psychiatry and Psychotherapy, Medical
Center-University of Freiburg, Faculty of Medicine,
University of Freiburg, Freiburg, Germany

Department of Psychiatry, Max Planck Institute
of Psychiatry, Munich, Germany


https://doi.org/10.1093/ijnp/pyx111
http://orcid.org/0000-0002-9421-1292

	Association of polygenic risk scores, traumatic life events and coping strategies with war-related PTSD diagnosis and symptom severity in the South Eastern Europe (SEE)-PTSD cohort
	Abstract
	Objectives 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study participants
	Psychometric instruments
	DNA extraction, genotyping, quality control and imputation
	Polygenic risk scoring
	Statistical analyses

	Results
	Polygenic risk
	Number and intensity of traumatic life events
	Coping strategies
	Age at traumatization and sex

	Discussion
	Acknowledgements 
	References




