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1. Introduction

Childhood trauma has been found a major risk factor for the de-
velopment of psychopathology (Heim and Nemeroff, 2001) and parti-
cularly stress related psychiatric disorders including depression
(Mandelli et al., 2015), anxiety (Hovens et al., 2015) and posttraumatic
stress-disorder (PTSD) (Terock et al., 2016). However, studies also
found a substantial proportion of childhood trauma victims showing no
particular mental health problems in adulthood (Collishaw et al.,
2007). These individuals have been described as ‘resilient’, a term
which refers to the individual psychological and biological predisposi-
tion to recover after exposure to stressful life events (Rutter, 1987).
Different personality characteristics including secure attachment, sense
of coherence and purpose in life as well as self-acceptance were shown
to promote individual resilience and to provide relative protection for
developing psychiatric conditions in the aftermath of trauma (Bonanno,
2004). Accordingly, different studies found that resilience was nega-
tively associated with stress-related psychiatric disorders like depres-
sion and PTSD (Bensimon, 2012) in subjects with exposure to childhood
(Poole et al., 2017; Schulz et al., 2014) and adulthood trauma (Wingo
et al., 2010). Moreover, there is consistent evidence showing significant
negative effects of all types of child maltreatment on resilient

functioning (Campbell-Sills et al., 2009; Cicchetti and Rogosch, 2012).
Given that resilience is a broad protective factor to stress related psy-
chopathology, diminished resilience may serve as a mechanism un-
derlying the effects of childhood trauma and genetic risk factors
common to different psychiatric disorders.

Current etiological concepts of psychiatric disorders emphasize the
interplay between environmental and genetic risk factors. One of the
most extensively studied genes in the field of stress related psychiatric
disorders is FKBP5 and particularly the common functional poly-
morphism rs1360780 (Matosin et al., 2018). It is located on chromo-
some 6p21.31 and codes for the FK506-binding protein 51 (FKBP5), a
co-chaperone of the heat shock protein-90 (hsp90). Expression of
FKBP5 is induced by glucocorticoids in an ultrashort intracellular ne-
gative feedback loop (Vermeer et al., 2003). In turn, FKBP5 reduces the
affinity of the glucocorticoid-receptor (GR) to cortisol and thereby di-
minishes GR-mediated cortisol effects in the brain (Wochnik et al.,
2005). Evidence from previous studies suggests that high-induction
alleles of different functional FKBP5 polymorphisms and particularly of
151360780 are related to relative GR resistance, impaired negative
cortisol feedback, prolonged activation of the stress hormone axis and
increased risk for stress-related psychiatric disorders:

For example, Binder et al. (2008) and Zimmermann et al. (2011)
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identified different SNPs including rs1360780 in FKBP5 that interacted
with traumatic events to predict symptoms of PTSD (Binder et al.,
2008) and depression (Zimmermann et al., 2011). Appel et al. (2011)
found that the rs1360780 polymorphism moderated the effect of
childhood physical abuse on the risk for adult depression (Appel et al.,
2011). Roy et al. (2010) reported about interacting effects of childhood
trauma severity with four FKBP5 SNPs including rs1360780 on the risk
for attempting suicide (Roy et al., 2007). In their recent review and
meta-analyses, Wang et al. (2018) investigated gene-environment in-
teractions of early life stress and different polymorphisms of the FKBP5
gene and reported that carriers of the T-allele of rs1360780 showed
significantly increased risks for depression and PTSD (Wang et al.,
2018). Finally, Ferrer et al. found that FKBP5 polymorphisms influence
HPA-axis negative feedback independent of major depression and ob-
sessive-compulsive disorder, indicating that this association reflects a
transdiagnostic feature for increased stress vulnerability (Ferrer et al.,
2018).

Taken together, childhood trauma in interaction with FKBP5 was
repeatedly found a risk factor for the development of various stress
related psychiatric disorders. However, it remains unclear how these
interacting factors exert their detrimental effects on the different psy-
chopathologies. Considering the concept of resilience as a broad ne-
gative predictor for stress related psychopathologies, diminished resi-
lience may contribute to transfer the impact of these factors on
psychiatric disorders. Moreover, improving our understanding of the
genetic and environmental underpinnings of resilience could help to
integrate existing findings of transdiagnostic predictors of mental
health conditions.

The genetic underpinnings of resilience and its interaction with
environmental factors are only insufficiently understood. Stein et al.
(2009) found that the s-allele of a functional polymorphism in the
serotonin transporter gene (5-HTTLPR) was associated with lower re-
silience in a sample of 423 undergraduate students (Stein et al., 2009).
In a study on community-dwelling older adults, Rana et al. (2014) in-
vestigated putative associations of 65 candidate single nucleotide
polymorphisms (SNP) including 5-HTTLPR with trait resilience and
found no significant associations after correction for multiple testing
(Rana et al., 2014). Strohmaier et al. (2013) investigated sex-specific
associations of the rs1006737 polymorphism of the CACNAIC gene
with different personality traits and resilience factors in their 10-year
follow-up general population study (Strohmaier et al., 2013). Their
results showed associations of the A-allele in men with different aspects
of low resilience including high emotional lability, lower sense of co-
herence, lower perceived social support, and higher depressive symp-
toms, while in women, the same allele was associated with higher re-
silience factors, indicating that sex-specific effects are involved in the
genetic architecture of resilience.

Considering the strong impact of environmental factors and parti-
cularly childhood trauma on resilience, gene-environment interactions
(GxE) may contribute to explain the currently inconclusive results from
candidate gene studies. To date, only few studies on GxE effects on
resilience are available: In a first study, Cicchetti et al. (2012) in-
vestigated main and interaction effects of four candidate genetic poly-
morphisms involved in the serotonin, corticotropin releasing hormone,
dopamine and oxytocin metabolism with child maltreatment in a
sample of maltreated and non-maltreated children (Cicchetti and
Rogosch, 2012). Their results showed significant main effects of child
maltreatment, while none of the tested SNPs were independently as-
sociated with resilience. However, their results revealed a moderating
effect of the 5-HTTLPR polymorphism such that nonmaltreated subjects
with the ss-genotype were more likely to have a higher resilience
whereas maltreated individuals with the same genotype showed a lower
resilient functioning. In contrast, in a study based on the same general
population sample as this study, Reinelt et al. (2015) found moderating
effects of low social support, a well-established chronic stress factor,
and genotype of 5-HTTLPR on sense of coherence and resilience
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(Reinelt et al., 2015). More specifically, their findings showed that
carriers of the s-allele and low social support showed more sense of
coherence and a higher resilience compared to subjects with the 1I-
genotype. Finally, Bradley et al. (2013) reported that carriers of the G-
allele of the rs53576 polymorphism of the oxytocin receptor gene
showed increased resilience if they had experience a more beneficial
childhood family environment (Bradley et al., 2013).

Considering the putative impact of childhood trauma on resilience,
we aimed at investigating the main effects of childhood trauma and
151360780 of FKBP5 and their interaction on adult trait resilience in the
general population. Further, based on findings indicating that sex-spe-
cific effects are involved in the genetic regulation of the HPA-axis, we
sought to examine sex differences in genetic and environmental effects
on resilience in secondary analyses.

2. Materials and methods
2.1. Sample

Data from the “Study of Health in Pomerania (SHIP)” were used
(Volzke et al., 2011). The target population was comprised of adult
German residents in northeast Germany living in 3 cities and 29 com-
munities, with a total population of 212,157. A two-stage stratified
cluster sample of adults aged 20-81 years had been drawn from local
population registration files. The net sample comprised 6267 eligible
subjects, of which 4308 Caucasian subjects participated at baseline
SHIP-0 between 1997 and 2001. Follow-up examination (SHIP-1) was
conducted 5 years after baseline and included 3300 subjects. From June
2007 until August 2010, the “Life-Events and Gene-Environment In-
teraction in Depression (LEGENDE)” study was carried out (Appel et al.,
2011; Volzke et al., 2011). Among the 3669 subjects of SHIP-0O that
were invited to take part in the LEGENDE study, 2400 participated.

The investigations in SHIP and LEGENDE were carried out in ac-
cordance with the Declaration of Helsinki, including written informed
consent of all participants. The survey and study methods of both the
studies were approved by the institutional ethical committee of the
University of Greifswald.

2.2. Phenotypic data

Childhood trauma was assessed using the German 28-item version
of the Childhood Trauma Questionnaire (CTQ) (Bernstein and Putnam,
1986; Wingenfeld et al., 2010). Participants self-rate exposure to trau-
matic events during childhood (defined younger than 16 years) on 28
items on a five-point Likert scale ranging from ‘never true’ = 1 to very
often true’ = 5. The 28 items form 5 subscales reflect different dimen-
sions of childhood trauma including ‘sexual abuse’, ‘physical abuse’,
‘emotional abuse’, ‘physical neglect’ as well as ‘emotional neglect’. In
addition to a dimensional scoring procedure, the manual provides
threshold scores to determine the severity of abuse and neglect
(none = 0, mild = 1, moderate = 2, and severe-to-extreme = 3). In
detail, classification of the different subscale dimensions is as follows:
Emotional abuse: none = 5-8, mild = 9-12; moderate = 13-15; se-
vere = 16 and more points, sexual abuse: none = 5; mild = 6-7;
moderate = 8-12; severe = 13 and more; physical abuse: none = 5-7;
mild = 8-9; moderate = 10-12; severe = 13 and more; emotional ne-
glect: none = 5-9; mild = 10-14; moderate: 15-17; severe: 18 and
more; physical neglect: none = 5-7; mild = 8-9; moderate: 10-12; se-
vere = 13 and more. Based on the subscales, we created variables for
overall abuse (range 0-3) and neglect (range 0-2) as the number of
subscales with at least moderate trauma.

We measured resilience applying the German version of the resi-
lience scale (RS-25) (Schumacher et al., 2005; Wagnild and Young,
1993). It is comprised of 25 items with 7-point Likert scale and it is used
to measure scores of five components which have been conceptualized
to form a so called ‘Resilience Core’ (Wagnild, 2009). The components
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of the RS-25 include a ‘purposeful life’, ‘perseverance’, ‘equanimity’,
‘self-reliance’ and ‘the awareness of being on your own in a lot of si-
tuations in life’ (Existential aloneness). Scores range from 25 to 175
with higher scores indicating a higher degree of resilience. While the
original American version was comprised of the two factors ‘Acceptance
of Self and Life’ and ‘Personal Competence’, this two factor model could
not be replicated in the German version (Schumacher et al., 2005). The
German RS-25 showed good values for reliability and confirmed sig-
nificant construct validity.

Symptoms of depression for our sensitivity analyses were measured
using the validated German translation of the Beck Depression
Inventory (BDI-II) (Beck et al., 1961; Kiihner et al., 2007). This is a
widely used 21 item self-rated instrument showing excellent psycho-
metric properties. Participants are asked to rate symptoms of depression
on a 4-point (0-3) Likert scale. Sum scores range from 0 to a maximum
of 63 with higher scores reflecting a higher severity of depression.

The diagnosis of lifetime MDD according to DSM-IV criteria was
determined using the standardized and computerized Munich-
Composite International Diagnostic Interview (M-CIDI) (Schulz et al.,
2014).

Additional adjustment for the number of traumatic events and
current diagnosis of PTSD was performed using the PTSD module of the
Structured Clinical Interview for Diagnostic and Statistical Manual of
Mental Disorders, 4th Edition (DSM-IV) (Elhai et al., 2008). In the in-
terview subjects were asked if they had been exposed to one of the
following events which are enlisted as traumatic events in the DSM-IV:
combat or war-zone experience, physical assault, rape, childhood
sexual abuse, natural disaster, life-threatening illness, serious or nearly
fatal accident, imprisonment and/or torture, sudden and unexpected
death of a loved one, as well as witnessing or learning about traumas to
others. The number of traumatic events was counted in order to esti-
mate the severity of traumatic stress. If the participant answered with
“no” to each of these questions, the module was terminated. If a par-
ticipant affirmed exposure to more than one traumatic event, the
person was asked to identify the most distressing experience and to
relate to this event when answering the subsequent questions. The
PTSD symptoms according the DSM-IV were then continuously asked in
the interview. If the respondent did not pass the required diagnostic
threshold (e. g. at least one re-experiencing symptom), the interview
was also terminated.

2.3. Genetic data

Blood samples from the SHIP study were genotyped using the
Affymetrix Human SNP Array 6.0. The overall genotyping efficiency
was 98.55%. Imputation of genotypes was performed using the
HRCv1.1 reference panel and the Eagle and minimac3 software im-
plemented in the Michigan Imputation Server for pre-phasing and im-
putation, respectively. SNPs with a Hardy-Weinberg-Equilibrium
(HWE) p-value < 0.0001, a call rate < 0.95, and a minor allele fre-
quency (MAF) < 1% were removed before imputation. The FKBP5
single nucleotide polymorphism (SNP) rs1360780 (C/T) had a MAF of
30%, a HWE p-value of 0.02 and an imputation quality of nearly 1.

Among the 2400 subjects who participated in the SHIP-LEGENDE
study, N = 253 subjects were excluded from the analyses because of
missing values in the analyzed variables.

2.4. Statistical analyses

Multiple linear regression analyses with robust standard errors were
applied in order to calculate predictive effects of childhood trauma (and
subscales) and FKBP5 genotype rs1360780 on resilience. As the number
of homozygote TT carriers was very small, especially in the interaction
analyses, we dichotomized the SNP into non T-allele carriers
(N = 1031) versus T-allele carriers (N = 1116) (T dominant genetic
model) prior to analyses. The childhood trauma questionnaire was used

106

Journal of Psychiatric Research 116 (2019) 104-111

as overall metric trauma score. Abuse and neglect as well as the sub-
scales were treated ordinal. For overall abuse and neglect, we used the
number of subscales with at least moderate trauma. The five subscales
were taken as none, mild, moderate, severe (scaled 0-3) as suggested in
the manual of the CTQ (Bernstein and Putnam, 1986). Subsequently, we
investigated multiplicative interaction effects of trauma variables and
rs1360780 on resilience. All analyses were adjusted for age and sex as
baseline confounders. In sensitivity analyses we also adjusted for cur-
rent depressive symptoms measured with the BDI-II or for lifetime
major depressive disorder (MDD) to account for measurements of state
and trait depression. As the BDI-II was by far a better predictor of re-
silience than MDD (explained R? 25.54% for BDI-II versus 3.36% for
MDD) we focused on the analyses adjusted for BDI-II.

The CTQ sum score and the different subscales were tested sepa-
rately. To account for the effects of multiple testing we corrected for
N = 6 tests for the direct associations (5 CTQ subscales and rs1360780
on resilience), and for N = 5 tests in the interaction analyses (5 CTQ
subscales*SNP). The threshold for significance was set at p < 0.0045
(0.05/11 tests).

2.5. Sensitivity analyses

Because of the ongoing discussion on confounder—-environment in-
teraction in gene X environment interaction studies initiated by Keller
(2014), we examined the influence of additional C X E (con-
founder—environment) and C X G (confounder-gene) interaction terms
on the G X E effect (Keller, 2014). In addition, we also controlled for
the influence of current PTSD diagnosis.

All analyses were performed using STATA 14.

3. Results
3.1. Descriptive statistics

Sociodemographic and health related characteristics of SHIP-
LEGENDE are given in Table 1. Among the 2147 subjects 48% were
males. Comparison of males and females revealed that the females in
our sample were significantly younger, reported higher BDI-II scores as
well as higher rates of sexual and emotional abuse and lower rates of
physical abuse and neglect subscales. There were no significant differ-
ences in the overall CTQ sum score, resilience or FKBP5 genotype.

3.2. Resilience and childhood trauma

Table 2 presents the findings of the associations between CTQ score,
its subscales and FKBP5 rs1360780 as predictors of resilience adjusted
for age and sex. We also conducted sensitivity analyses adjusting for
BDI-II sum score because resilience and BDI-II (r = —0.49) and for
MDD lifetime (r = —0.20) were highly correlated.

Without additional adjustment for all CTQ subscales as well as the
overall CTQ sum score were negatively associated with resilience.
When also adjusting for BDI-II sum score only emotional neglect re-
mained significant ( = —1.91, p = 8.1E-5) after correction for mul-
tiple testing. CTQ sum score was at least nominal significant
(B = —0.11, p = 0.021) after adjusting for BDI-II. When adjusting for
MDD instead of BDI-II all CTQ variables were negatively associated
with resilience except of physical and sexual abuse.

3.3. Resilience and FKBP5 rs1360780

No statistical significant association between rs1360780 of FKBP5
and resilience could be observed (see Table 2).

3.4. Interaction between FKBP5 rs1360780 and CTQ on resilience

Table 3 presents the results of the interaction between CTQ sum
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Table 1
Descriptive statistic of outcome, predictor and covariables used in the statistical
models for the analytic sample.

Characteristic Males Females Comparison
(N =1023) (N =1124)
Age (mean, sd) 57 (14.3) 54 (13.5) T=51P < 0.001
RS-25 (mean, SD) 145.9 (17.7) 144.9 (19.3) T=12P=0.24
Range: 25-175
CTQ (mean, SD) 34.1 (8.4) 33.6 (10.4) T=11P=0.27
Range: 25-119
Abuse® Chi2 = 6.4
0 947 (92.6%) 1009 (89.8%) P =0.096
1 59 (5.8%) 82 (7.3%)
2 14 (1.4%) 25 (2.2%)
3 3 (0.3%) 8 (0.7%)
Emotional abuse Chi2 = 13.6
None 929 (90.8%) 969 (86.2%) P = 0.003
Mild 70 (6.8%) 103 (9.2%)
Moderate 15 (1.5%) 26 (2.3%)
Severe 9 (0.9%) 26 (2.3%
Physical abuse Chi2 = 11.1
None 913 (89.2%) 1041 (92.6%) P =0.011
Mild 56 (5.5%) 35 (3.1%)
Moderate 35 (3.4%) 24 (2.1%)
Severe 19 (1.9%) 24 (2.1%)
Sexual abuse Chi2 = 25.
None 981 (95.9%) 1017 (90.5%) P < 0.001
Mild 24 (2.3%) 51 (4.5%)
Moderate 15 (1.5%) 40 (3.6%)
Severe 3 (0.3%) 16 (1.4%)
Neglect® Chi2 = 8.8
0 775 (75.8%) 910 (81.0%) P =0.012
1 174 (17.0%) 146 (13.0%)
2 74 (7.2%) 68 (6.0%)
Emotional neglect Chi2 = 14.8
None 599 (58.6%) 733 (65.2%) P = 0.002
Mild 287 (28.1%) 269 (23.9%)
Moderate 71 (6.9%) 47 (4.2%)
Severe 66 (6.5%) 75 (6.7%)
Physical neglect Chi2 = 17.3
None 588 (57.5%) 734 (65.3%) P = 0.001
Mild 250 (24.4%) 230 (20.5%)
Moderate 141 (13.8%) 108 (9.6%)
Severe 44 (4.3%) 52 (4.6%)
BDI-II (mean, SD) 5.8 (6.7) 7.1 (8.0) T=-38
Range: 0-58 P < 0.001
PTSD 6 (0.6%) 21 (1.9%) Chi2 =7.1
P = 0.008
MDD lifetime 115 (11.2%) 243 (21.6%) Chi2 = 41.2
P < 0.001
rs1360780 Chi2 = 2.3
CC 507 (49.6%) 524 (46.6%) P =0.32
CT 433 (42.3%) 512 (45.6%)
TT 83 (8.1%) 88 (7.8%)

RS-25: Resilience Scale-25; CTQ: Childhood Trauma Questionnaire; BDI-II: Beck
Depression Inventory-II.
2 number of subscales with at least moderate trauma.

Table 2
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score and its subscales with rs1360780 as predictor of resilience. No
CTQ variable revealed a significant interaction with rs1360780 on re-
silience after correction for multiple testing. CTQ sum score as well as
all neglect variables were at least nominal significant in their interac-
tion with rs1360780. However, when also adjusting for BDI-II the CTQ
sum score (see Fig. 1) as well as all neglect variables revealed a sig-
nificant interaction with FKBP5 genotype. In subjects carrying at least
one T-allele a higher CTQ score/more severe neglect was associated
with a reduced score in resilience whereas this association was absent
in non T-allele carriers. When adjusting for MDD all significant inter-
actions did not reach corrected significance anymore.

3.5. Sensitivity analyses

Neither additional adjustment for PTSD diagnosis nor the GxE ad-
justment by Keller (2014) did change the significance of the findings
(see Supplementary Tables S1-S4) (Keller, 2014).

3.6. Post-hoc analyses: Gender specific effects

Sex-stratified interaction analyses adjusted for age and BDI-II re-
vealed that the observed GxE effects for CTQ and rs1360780 were only
present in females (Table 4), especially for neglect and its subscales (see
Fig. 2). But also for abuse and subscales the interactions showed bor-
derline significance (p < 0.1). In males none of the interactions be-
came at least nominal significant. When adjusting for MDD instead of
BDI-II only the interaction between rs1360780 and physical neglect
remained significant (see Supplementary Table S5).

4. Discussion

Based on findings from previous GxE studies suggesting a role of
FKBPS5 in stress-related psychiatric disorders, we sought to investigate
main and interaction effects of the rs1360780 polymorphism with
childhood trauma on trait resilience in the adult general population. We
found that all dimensions of childhood trauma were negatively asso-
ciated with trait resilience. After adjusting for BDI-II scores which
showed a strong correlation with RS-25 scores only childhood emo-
tional neglect remained as a significant predictor of resilience. In con-
trast, rs1360780 of FKBP5 did not show significant main effects on
resilience. However, interaction analyses revealed an interaction effect
of childhood trauma and rs1360780 with the T allele enhancing the
negative impact of childhood trauma on resilience. This effect was
carried by both subscales of childhood neglect and remained stable
after adjusting for BDI-II scores, number of adult traumas and after
exclusion of PTSD patients. Finally, sex-stratified analyses revealed that
GxE effects were specific to female participants.

Finding significant negative associations of all facets of childhood
trauma with adult resilience in a dose-response fashion is in line with
previous research showing lower resilience following childhood

Results for the primary associations between CTQ and its subscales as well as FKBP5 rs1360780 on resilience sum score in LEGENDE (N = 2147).

Predictor Initial analysis (adjusted for age, sex) Sensitivity analysis (adjusted for age, sex, BDI-II) Sensitivity analysis (adjusted for age, sex, MDD)
CTQ score = —0.38, p = 6.3E-14 g =—-0.11, p = 0.021 = —0.33, p = 6.4E-11

Abuse = —4.78, p = 3.8E-5 B =0.18,p=10.84 = —3.74,p = 1.1E-3

Emotional abuse = —4.33, p = 3.3E-6 B =0.14, p = 0.85 = —3.28, p = 2.5E-4

Physical abuse = —1.80, p = 0.019 B =0.89 p=0.18 = —1.27, p = 0.09

Sexual abuse = —3.21, p = 3.8E-3 = —0.49, p = 0.54 = —2.75, p = 0.014

Neglect
Emotional neglect
Physical neglect

151360780

= —4.50, p = 1.5E-9

= —4.06, p = 6.0E-14

= -2.33,p=17E6

B

B = —1.26, p = 0.061
B=-191,p=81E5
B
B

= —0.21,p = 0.62

= -0.20,p = 0.78

—3.77, p = 2.6E-7
—3.55, p = 3.1E-11
—1.93, p = 6.0E-5

B
B
B
B
B
B
B
B
B

=0.47,p = 0.55

CTQ: Childhood Trauma Questionnaire, Abuse (range 0-3), Neglect (range 0-2), CTQ subscales (range 0-3); BDI-II: Beck Depression Inventory-II; MDD: major

depressive disorder; significant results are highlighted in bold.
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Table 3
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Results for the interaction analyses between CTQ and subscales with rs1360780 on resilience sum score in LEGENDE (N = 2147).

Predictor Initial analysis (adjusted for age, sex) Sensitivity analysis (adjusted for age, sex, BDI-II) Sensitivity analysis (adjusted for age, sex, MDD)
CTQ score*rs1360780 B = —-0.27, p = 5.4E-3 B = -0.27, p = 9.5E-4 B = —-0.25 p = 0.009

Abuse*rs1360780 p=-311,p=0.17 B = —294,p=0.093 p=-315p=0.16

Emotional abuse*rs1360780 Bp=-267p=0.15 B = —243,p=0.091 p=-251,p=0.16

Physical abuse*rs1360780 p=-1.50,p=0.32 B=-1.60,p=0.22 Bp=-117,p=0.44

Sexual abuse*rs1360780 p=-0.97,p=0.66 p=-1.33,p=0.40 Bp=-1.84,p=041

Neglect*rs1360780 B = —3.54,p=0.015 B = —3.69, p=4.5E3 B = —3.03, p=0.034

Emotional neglect*rs1360780 p = —-2.50,p=0.018 B = -2.63,p=43E3 Bp=-2.37p=0.023

Physical neglect*rs1360780 B = —2.58, p=5.8E-3 B=-293,p=4.2E4 B=-222p=0.016

CTQ: Childhood Trauma Questionnaire, Abuse (range 0-3), Neglect (range 0-2), CTQ subscales (range 0-3); BDI-II: Beck Depression Inventory-II; MDD: major

depressive disorder; significant results are highlighted in bold.
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Fig. 1. Interaction between CTQ and rs1360780 on RS-25 sum score.

Table 4
Results for the sex separated interaction analyses between CTQ and subscales
with rs1360780 on resilience sum score in LEGENDE.

Predictor Males (N = 1023) Females (N = 1124)
CTQ score*rs1360780 B=-008p=047 B=—039, p=4.0E4
Abuse*rs1360780 B=-099,p=068 B=—4.09 p=0.081
Emotional abuse*rs1360780 Bp=-0.31,p=0.87 B = -3.57, p=0.059
Physical abuse*rs1360780 B =0.34,p=0.82 B = —3.72,p =0.068
Sexual abuse*rs1360780 B=-1.03,p=0.74 p=—-1.30,p=0.48
Neglect*rs1360780 B = -0.90, p=0.59 B = —-6.75 p = 8.7E-4
Emotional neglect*rs1360780 p=-1.35p=024 B = —3.92,p=54E3
Physical neglect*rs1360780 B = —0.60, p = 0.60 B = —5.25,p=22E5

CTQ: Childhood Trauma Questionnaire, Abuse (range 0-3), Neglect (range
0-2), CTQ subscales (range 0-3); BDI-II: Beck Depression Inventory-II; sig-
nificant results are highlighted in bold. Analyses adjusted for age and BDI-II
sum score.

maltreatment (Campbell-Sills et al., 2009; Collishaw et al., 2007). The
results of our sensitivity analyses revealed that the effects were carried
by the emotional neglect dimension, while the other CTQ subscales lost
significance after adjusting for BDI-II scores. This finding is particularly
interesting in the context of a general paucity of studies on the specific
effects of childhood neglect on resilience (Ben-David and Jonson-Reid,
2017). Interestingly, results by Campbell-Sills et al. (2006) showed that
resilience moderated the effects of childhood emotional neglect but not
of other forms of childhood trauma on psychiatric symptoms
(Campbell-Sills et al., 2006).

While the mechanism for the relation of childhood trauma and low
resilience is not fully understood, it may be partly explained by the
correlation of childhood maltreatment with various psychosocial pre-
dictors of low resilience including poor social support (Bonanno et al.,
2007), insecure attachment, family dysfunction (Riggs and Riggs, 2011)
and low socioeconomic status in childhood (Sameroff and Rosenblum,
2006). Moreover, resilience has been reported to be negatively
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associated with specific coping skills and personality factors like neu-
roticism (Campbell-Sills et al., 2006) alexithymia (Armstrong et al.,
2011) and poor optimism (Tusaie et al., 2007), which are linked to
history of childhood trauma (Terock et al., 2018). However, as the re-
sults of our study were driven by the emotional neglect component,
mechanisms over and above psychosocial correlates like impaired
emotion regulation strategies may possibly contribute to the relation of
childhood trauma and resilience (Min et al., 2013). Given that emo-
tional neglect is the most prevalent form of childhood trauma in the
United States (Taillieu et al., 2016) and considering the growing body
of research highlighting the role of emotional neglect as a specific
predictor for psychopathologies like depression (Infurna et al., 2016)
and dissociation (Terock et al., 2016), our findings underscore the re-
levance of more emotional and omitting aspects of childhood trauma
for resilience function and may contribute to understand the differential
impact of trauma types on the development of psychiatric disorders.

Consistent with previous research (Rana et al.,, 2014), the
rs1360780 polymorphism did not emerge as an independent predictor
of trait resilience in our sample. However, we identified an interaction
of rs1360780 with childhood trauma such that the T-allele as compared
to the CC-genotype enhanced the negative effects of childhood trauma
on RS-25 scores. Sensitivity analyses showed that this effect was carried
by both dimensions of childhood neglect, while the abuse subscales did
not significantly interact with rs1360780. All significant interaction
effects showed robust effect sizes and remained stable after adjusting
for BDI-II scores.

In accordance with prior studies on the relation of rs1360780 and
risk for psychiatric disorders (Appel et al., 2011; Matosin et al., 2018;
Wang et al., 2018), the status of being a T allele carrier was found to
enhance the detrimental effects of childhood trauma on adult resilience.
The high-induction T allele was previously found to be associated with
increased expression of FKBP5 in response to elevated cortisol levels
(Ising et al., 2008). In turn, enhanced FKBP5 binding to brain gluco-
corticoid receptors results in reduced cortisol sensitivity in the negative
feedback loop and thereby leads to impaired recovery from psychoso-
cial stress-induced cortisol release (Binder et al., 2008; Ising et al.,
2008). Considering results on altered endocrine activity in response to
childhood trauma (Heim et al., 2008; Terock et al., 2019) and parti-
cularly on the crucial role of the HPA-axis in the pathophysiology of
stress-related psychiatric diseases, reduced GR sensitivity to cortisol
and thus diminished functioning of the negative cortisol feedback loop
in the brain may well represent a neurobiological mechanism under-
lying the interaction of childhood trauma with rs1360780 on resilience.

Findings from neuroimaging studies could provide insight into the
neural basis of the interactional effects found in our study: For example,
Grabe et al. (2016) reported about an interaction of childhood abuse
with rs1360780 resulting in reduced gray matter volumes in three
clusters relevant to emotion processing including the insula, bilateral
hippocampus and right amygdala as well as the anterior cingulate
cortex in homozygote carriers of the T-allele (Grabe et al., 2016).
However, our results suggested that rs1360780 moderated the effects of
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Fig. 2. Sex separated interaction between neglect and rs1360780 on RS-25 sum score.

childhood neglect, but not of abuse on resilience. Converging evidence
from functional and structural brain studies suggesting a specific impact
of neglect on the amygdala could help to integrate these findings: For
example, White et al. (2012) found that risk alleles of different FKBP5
SNPs including the T allele of rs1360780 showed interactional effects
with childhood emotional neglect on acute stress-induced amygdala
reactivity (White et al., 2012). Specifically, T allele carriers showed
increased dorsal amygdala reactivity in response to threat-related sti-
muli. The amygdala is considered a key region for emotion processing
and altered amygdala activity is associated with stress related psy-
chiatric disorders (Beesdo et al., 2009). Moreover, different studies
found an involvement of the amygdala in the use of emotion regulation
strategies which promote resilience (Feder et al., 2009). The amygdala
closely interacts with the HPA-axis in stress response and Gillespie et al.
(2009) pointed out that these interactions are particularly sensitive to
factors like developmental support and maternal care during critical
periods for emotional learning (Gillespie et al., 2009). In the context of
our findings, it could be speculated that experiences of childhood ne-
glect like a lack of emotional support and maternal care during periods
of emotional learning interact with risk genes like FKBP5 in their effects
on the amygdala-HPA-axis and thereby diminish psychological resi-
lience. In a second step reduced resilience may increase the risk for
psychiatric disorders in the aftermath of childhood abuse. However,
trait resilience is likely to be based on complex neurobiological me-
chanisms which are currently only insufficiently understood, which is
why the interplay between FKBP5, the HPA-axis and different brain
regions including the amygdala needs to be addressed in future studies.
Finding sex-specific effects in the interaction of childhood trauma and
rs1360780 such that lower resilience was only observed in female
participants adds to previous findings on sex-related differences in
FKBP5-mediated regulation of the HPA-axis (Mahon et al., 2013).
Moreover, many studies investigating the association of FKBP5 poly-
morphisms with clinical outcomes failed to report sex-stratified results
(Appel et al., 2011; Binder et al., 2008; Zimmermann et al., 2011).
Therefore, our result of a female-specific GXE effect may contribute to
explain the consistently reported differences in prevalence rates of de-
pression (Chapman et al., 2004; Weissman et al., 1996) and PTSD
(Walker et al., 2004), particularly in relation to childhood trauma. Our
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findings are also consistent with results from previous studies which
showed sex-specific effects in their interaction analyses. For example,
VanZomeren-Dohm et al. (2015) investigated the interaction of peer
victimization and rs1360780 in post-institutionalized youths and found
differential effects such that girls but not boys with the T-allele and
higher levels of victimization showed more severe symptoms of de-
pression (VanZomeren-Dohm et al., 2015). Likewise, Isaksson et al.
(2016) reported that the minor alleles of different polymorphisms of the
FKBP5 gene including rs1360780 were associated with higher ratings of
anxiety and depression in the presence of violence in females, but not
males (Isaksson et al., 2016), indicating that FKBP5 may moderate sex-
specific differences in the HPA-axis regulation. The results of Isaksson
et al. also revealed that age influenced the sex-specific effects. Findings
from Matosin et al. may speculatively provide a working mechanism on
a molecular level for these findings: the authors found a developmental
pattern of FKBP5 mRNA expression which may be related to reduced
FKBP5 methylation with age (Matosin et al., 2018). Similar methylation
processes could conceivably be involved in sex-specific regulation of
FKBP5 gene expression. This female-specific interaction may also be
partly explained by results from Hertel et al. (2017) showing stress-like
activation of the HPA-axis in women taking oral contraceptives (Hertel
et al.,, 2017). Interestingly, the authors also found increased whole-
blood FKBP5 mRNA levels of in women taking oral contraceptives and
that the association of oral contraceptives and increased FKBP5 mRNA
was modified by rs1360780.

Some limitations of our study need to be acknowledged: First, re-
silience was only measured in a subset (SHIP-LEGENDE) of the SHIP
study with only 55.7% participation rate compared to the baseline
sample. Therefore, selection processes due to clinical or psychosocial
correlates cannot be ruled out. Second, only cross-sectional data were
available and an independent sample for replication was missing. As
childhood trauma is associated with increased burden of life stressors
and psychological distress in later life which may additionally com-
promise resilience, longitudinal studies accounting for these factors and
replication in independent samples are warranted. Third, childhood
trauma was measured based on retrospective self-reporting only.
Participants may have limited access to memories from early traumatic
experiences or may choose not to disclose information on traumatic
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events, for example in an attempt to avoid painful remembering.
Therefore, the number of childhood traumatic events may even be
higher than reported, which could lead to an overestimation of the
found effects. Finally, previous studies included diverse other func-
tional FKBP5 polymorphisms in their analyses. For example, in a recent
study from our working group, Klinger-Koenig et al. investigated 22
other SNPs of FKBP5 in addition to rs1360780 (Klinger-Konig et al.,
2019). However, in order to keep the number of our analyses small, we
decided to concentrate on the most frequently studied polymorphism of
FKPBS5 in psychiatric diseases.

In conclusion, as resilience is considered to reflect generally di-
minished vulnerability to life stressors, our finding supports the concept
of the T allele of rs1360780 as a broad risk factor to different stress-
related psychiatric conditions like depression and PTSD in traumatized
individuals. Childhood neglect emerged has the most prominent pre-
dictor in main and interaction analyses underscoring the relevance of
this trauma dimensions in the etiology of psychiatric disease. Finding
sex-specific effects in FKBP5 x trauma analyses may contribute to ex-
plain different prevalence rates in stress-related psychiatric disorders.
Considering the physiological function of FKBP5, our findings further
support the role of altered cortisol sensitivity as a risk factor for stress-
related psychopathologies.
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