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Abstract 
Oxytocin receptor gene ( OXTR ) DNA-methylation levels have been associated with trauma- 
exposure, mood- and anxiety disorders, and social processes relevant to posttraumatic stress 
disorder (PTSD). We hypothesized that OXTR methylation may play a role in the neurobiological 
underpinnings of PTSD. In the current study, we compared OXTR methylation between PTSD 
patients ( n = 31, 14 females) and trauma-exposed controls ( n = 36, 19 females). Additionally, 
the association between OXTR methylation and PTSD symptom severity and amygdala reactivity 
to an emotional faces task was assessed, as a neural hallmark of PTSD. DNA-methylation was 
investigated in the CpG island located at exon 3 of the OXTR, previously associated with OXTR 

expression. We observed a significant interaction between PTSD-status, sex and CpG-position 
on methylation levels. Post-hoc testing revealed that methylation levels at two specific CpG- 
sites were significantly higher in PTSD females compared to female trauma-exposed controls 
and PTSD males (CpGs Chr3:8809437, Chr3:8809413). No significant differences in methylation 
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were observed between male PTSD patients and controls. Furthermore, within PTSD females, 
methylation in these CpG-sites was positively associated with anhedonia symptoms and with 
left amygdala responses to negative emotional faces, although this was no longer significant 
after stringent correction for multiple-comparisons. Though the modest size of the current 
sample is an important limitation, we are the first to report on OXTR methylation in PTSD, 
replicating previously observed (sex-specific) associations of OXTR methylation with other psy- 
chiatric disorders. 
© 2018 Elsevier B.V. and ECNP. All rights reserved. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Introduction 

Post-traumatic stress disorder (PTSD) develops in about 10%
of people that have been exposed to a traumatic event,
such as a life-threatening accident, war or abuse. PTSD is
characterized by intrusions of traumatic memories, avoid-
ance of trauma-related cues, emotional numbing and nega-
tive affect, and hyperarousal (DSM-5). Heritability of PTSD
is estimated between 30% and 50% (e.g. Stein et al., 2002 )
but environmental exposures play a major part; not only is
trauma exposure a required precipitating factor for PTSD,
but childhood adversity, life stress and social support also
affect risk of PTSD development ( Brewin et al., 2000 ). PTSD
risk may depend on an interaction between genetic and en-
vironmental vulnerability factors, in which environmental
contributing effects likely depend on genetic variation and
vice versa (e.g. Wolf et al., 2014 ). Epigenetic processes such
as DNA-methylation, which are responsive to factors such as
stress and can alter gene-expression, have been found to
mediate between trauma exposure and PTSD development
( Klengel et al., 2014 ). 

The oxytocin system may play a role in the
(etio)pathology of PTSD, seeing its involvement in so-
cial reward functioning, fear and stress responses, which
are affected in PTSD ( Koch et al., 2014; Olff et al., 2010 ).
For example, in the current sample of PTSD patients
oxytocin administration was observed to increase reward
pathway responses to social reward ( Nawijn et al., 2016 )
and dampen amygdala reactivity to emotional faces ( Koch
et al., 2016a ). Also, in the male PTSD patients in our
sample we observed reduced endogenous oxytocin levels
relative to trauma-exposed controls ( Frijling et al., 2015 ).
Increased methylation of the oxytocin receptor gene ( OXTR )
has been related to reduced OXTR expression ( Gregory et
al., 2009; Kusui et al., 2001 ) and reduced oxytocin blood
levels ( Dadds et al., 2013 ) though evidence has been
mixed ( Rubin et al., 2016 ). Sub-optimal functioning of the
oxytocin system may reduce responsivity towards social
reward or salient ’safety’ cues in the environment, and
the effectiveness of the oxytocin system to subsequently
attenuate stress and fear responses and engage in prosocial
approach-related behavior ( Shamay-Tsoory and Abu-Akel,
2015 ). Thereby, OXTR methylation may play a role in the
(etio)pathophysiology of PTSD. Indeed, OXTR methylation
has been associated with biopsychosocial correlates of
PTSD, such as responses to socio-affective stimuli ( Haas
et al., 2016; Rubin et al., 2016 ) which may be associated
with reduced processing of social reward cues observed
in PTSD ( Nawijn et al., 2015 ). OXTR methylation was also
associated with stress responsivity ( Unternaehrer et al.,
2012 ) and amygdala reactivity ( Puglia et al., 2015; Ziegler
et al., 2015 ), which could underlie enhanced fear responses
and altered stress recovery observed in PTSD ( Koch et al.,
2014 ). OXTR methylation may also be affected by trauma
exposure. Increased OXTR methylation was previously
observed in individuals with childhood adversity ( Gouin
et al., 2017; Smearman et al., 2016; Unternaehrer et al.,
2015 ), and interacted with childhood abuse in association
with adult psychopathology ( Gouin et al., 2017; Smearman
et al., 2016 ). Furthermore, OXTR methylation has been
associated with presence of mood and anxiety disorders
( Bell et al., 2015; Cappi et al., 2016; Chagnon et al., 2015;
Kimmel et al., 2016; Reiner et al., 2015; Smearman et al.,
2016; Ziegler et al., 2015 ). Thus, higher levels of OXTR
methylation may exist in patients with PTSD, which may be
associated with biopsychosocial correlates of PTSD, such as
reduced sensitivity to social reward and increased fear and
stress responsivity. 

Sex differences are present in PTSD prevalence and
(etio)pathophysiological mechanisms, as well as oxytocin
system functioning. PTSD is more prevalent in women,
thought to relate in part to differences in psychobiological
responses to stress ( Pineles et al., 2017 ), such as sex dif-
ferences in DNA methylation ( Uddin et al., 2013 ). Effects
of oxytocin administration are also moderated by sex (e.g.
Koch et al., 2016b ) and OXTR gene polymorphisms have
been observed to affect stress-responses in a sex-dependent
manner ( Love et al., 2012 ). Female-specific associations be-
tween OXTR methylation and psychopathology, early life ad-
versity and socio-affective functioning have been reported
( Gouin et al., 2017; Rubin et al., 2016 ). Therefore, we
included male and female participants to investigate sex-
specific associations. 

Based on these findings, OXTR DNA-methylation may
be associated with PTSD and its neurobiological corre-
lates. Therefore, we explored the association between
OXTR methylation and PTSD in a sample of trauma-exposed
police-officers with and without PTSD, hypothesizing in-
creased methylation in PTSD patients compared to controls.
Further knowledge of the relation between OXTR methyla-
tion and PTSD may provide valuable insights in the neurobi-
ological underpinnings of PTSD psychopathology. 

2. Experimental procedures 

2.1. Sample 

The current study was part of a larger neuroimaging proto-
col, investigating the effects of a single intranasal oxytocin
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Fig. 1 Schematic representation of the OXTR gene. OXTR is located on chromosome 3 (p25.3) and consists of four exons. The 
translation start site is located in exon 3, the stop codon in exon 4. The target sequence is shown enlarged (Chr3:8809388–8809463, 
not to scale, UCSC human genome browser GRCh37/hg19) and was located at the protein-coding region of exon 3, part of a CpG- 
island spanning exon 1–3. 
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dministration on neural processing in police officers with 
nd without PTSD ( Koch et al., 2016a ). Thirty-one PTSD pa-
ients (14 females) and 36 controls (19 females) were con- 
idered for OXTR analyses. PTSD patients fulfilled DSM-IV 
riteria for current PTSD and had a Clinician Administered 
TSD Scale (CAPS) score ≥ 45. Controls reported at least one 
raumatic event and had a CAPS score < 15, no lifetime MDD
r PTSD, or current psychiatric disorders. All participants 
ere free of daily use of psychotropic medication. For de-
ails see Koch et al. (2016a) . 

.2. OXTR quantitative DNA-methylation analysis 

.2.1. Sample preparation 

NA was isolated from whole blood. DNA-samples were ran- 
omized followed by bisulphite conversion using the EZ 
NA Methylation TM of Zymo Research, according to manu- 
acturer’s protocol. Tested regions located in OXTR were 
elected based on previous research ( Unternaehrer et al., 
012; Ziegler et al., 2015 ). Methylation within this CpG- 
sland in exon 3 has been associated with affective dis- 
rders and stress responses ( Cappi et al., 2016; Chagnon 
t al., 2015; Smearman et al., 2016; Unternaehrer et al.,
016, 2015, 2012; Ziegler et al., 2015 ). We investigated 12
pG-sites located between Chr3:8809388–8809463 (hg19) in 
he protein-coding region of OXTR exon 3 ( Fig. 1 , Tables
1, S2). Prepared amplicons were submitted for sequencing 
pplying the Illumina Miseq 300V2 kit. For additional infor- 
ation, see supplemental methods and Krzyzewska et al. 
2018) . 

.2.2. Quality control of Miseq Illumina (QC) 
equencing run quality was regarded successful if 70% of 
ases had a quality score ≥Q30 (Quality Scores for Next-
eneration Sequencing, Illumina). For QC of methylation 
tatus, we used 100% and 0% methylated DNA references 
QIAGEN), prepared in the same way as participant sam- 
les. Sequences were aligned using Genomic Viewer soft- 
are (version2.3.57). The threshold for minimal coverage 
as 150 reads per single CpG-site per subject. Single CpG-
ites with missing data for more than 30% of subjects were
xcluded from further analysis. For comparability, we re- 
ained the CpG numbering as described by Ziegler et al.
2015) . 

.3. Imaging data 

articipants completed two scanning sessions. Prior to scan- 
ing, intranasal oxytocin or placebo was administered in a
ouble-blind cross-over design. Here, we only included data 
ollected under placebo. Amygdala reactivity was assessed 
sing an emotional face matching task, contrasting angry- 
earful faces relative to neutral-happy faces, in which we
reviously observed deficits in PTSD patients ( Koch et al.,
016a ). For more details see supplemental methods and
och et al. (2016a) . 

.4. Statistical analyses 

nalyses were conducted in SPSS v24. Group differences 
n sample characteristics were investigated separately in 
ales and females using independent sample t -tests, Mann–
hitney U tests and Fisher’s exact tests. Associations be-
ween methylation in all single CpG-sites and potential 
onfounders were investigated using correlation analyses 
continuous variables age, years of service, work-related 
nd childhood-trauma exposure, body-mass index (BMI), es- 
imated relative blood cell counts based on 450 K DNA-
ethylation array, see supplemental methods), indepen- 
ent t -tests and ANOVAs (categorical variables education, 
moking, hormonal contraceptives, comorbid MDD). Vari- 
bles that were significantly associated with methylation 
ere included as covariates in subsequent analyses. 

.4.1. OXTR methylation and PTSD-status 
ethylation levels were highly correlated between CpG- 
ites (Table S4). To optimally deal with multicollinearity 
nd missing data, we performed linear mixed modeling 
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(LMM), as previously employed in OXTR methylation anal-
yses ( Reiner et al., 2015; Unternaehrer et al., 2015 ). Main
and interaction effects of PTSD-status, sex and CpG-position
on OXTR methylation were investigated (see supplemental
information for details). Post-hoc analyses were run using
LMM and independent t -tests (see supplemental information
for details). P -values were corrected for multiple compar-
isons using Benjamin–Hochberg’s false discovery rate (FDR)-
correction. Subsequently, we ran the above-stated model
again, while including potential confounders (i.e. variables
significantly associated with methylation) as covariates, to
verify that our main outcomes did not alter. Also, sensitivity
analyses were conducted by excluding PTSD patients with
comorbid MDD to control for possible effects of MDD. Effect
sizes were calculated using Cohen’s d . 

2.4.2. OXTR methylation, PTSD symptoms and 

amygdala reactivity 
Methylation levels in CpG-sites that were significantly as-
sociated with PTSD were further investigated in relation to
clinical and biological correlates of PTSD. Within PTSD pa-
tients, we correlated methylation levels of PTSD-associated
CpG-sites with total PTSD symptom severity (total CAPS
score), and symptom severity on the re-experiencing,
avoidance, anhedonia/emotional numbing and hyperarousal
symptom-scales, according to the 4-factor model of PTSD.
Furthermore, we correlated methylation levels to amygdala
responses to emotional faces. Significant effects were re-
run using partial correlations while including potential con-
founders and comorbid MDD as covariates. 

3. Results 

3.1. Sample 

There were no significant differences between patients and
controls on any of the demographic or biological character-
istics ( p > 0.1, Table S3). Importantly, patients and controls
did not differ significantly in exposure to number of types of
work-related or childhood traumatic events (Table S3). 

3.2. Participant characteristics and OXTR 

methylation 

Similar to previous OXTR methylation studies ( Reiner et
al., 2015; Unternaehrer et al., 2012; Ziegler et al., 2015 ),
low coverage particularly at the 3 ′ end of the target se-
quence led to missing data (Table S2). Sites with missing
data in > 30% of participants were excluded (CpG1, CpG2,
CpG5, CpG6), leaving a total of eight CpG-sites for sta-
tistical analyses (CpG3, CpG4, CpG7, CpG8, CpG9, CpG10,
CpG11, CpG12). Methylation levels showed strong and sig-
nificant positive correlations between CpG-sites ( r = 0.826–
0.980, all p < 0.001, Table S4). 

Age was significantly negatively correlated with methyla-
tion in CpG4 ( r = −0.284, p = 0.024). Years of service was
significantly correlated with methylation levels in CpG3
( r = −0.294, p = 0.047) and CpG4 ( r = −0.268, p = 0.036),
though no longer significant when controlling for age
( p > 0.1). Monocyte cell count was significantly negatively
correlated with methylation in several CpG-sites (CpG8,
r = −0.288, p = 0.024; CpG9, r = −0.281, p = 0.030; CpG10,
r = −0.325, p = 0.013; CpG12, r = −0.270, p = 0.043). Natu-
ral killer cell count was negatively correlated with methy-
lation in CpG10 ( r = −0.264, p = 0.045). Therefore, age,
monocyte and natural killer cell count were included as
covariates in subsequent analyses. No other potential con-
founders were significantly associated with methylation in
any of the CpG-sites ( p > 0.05). 

3.3. Effects of PTSD-status and sex on OXTR 

methylation 

When investigating OXTR methylation using LMM, PTSD-
status had no significant main effect on overall methy-
lation ( F (1,66.846) = 1.287, p = 0.261). There was a
marginal overall effect of sex ( F (1, 66.846) = 3.038,
p = 0.086). No significant interaction effect between
PTSD-status and sex on methylation was observed
( F (1,66.846) = 2.521, p = 0.117). CpG-position had a strong
significant main effect on methylation, confirming that
methylation levels differed between single CpG-sites
( F (7,64.261) = 249.082, p < 0.001). Furthermore, we ob-
served a significant interaction between CpG-position and
PTSD-status ( F (7,64.261) = 3.565, p = 0.003), CpG-position
and sex ( F (7,64.261) = 2.805, p = 0.013) and CpG-position,
PTSD-status and sex ( F (7,64.261) = 4.681, p < 0.001), indi-
cating that the effects of PTSD-status and sex on methy-
lation levels were dependent on CpG-position. All signifi-
cant effects remained significant when including covariates
in the model, and when excluding PTSD patients with co-
morbid MDD from the model ( p < 0.05). 

To investigate whether the effect of PTSD on methy-
lation of single CpG-sites was present in males or fe-
males, we ran stratified post-hoc LMMs to test the main
and interaction effects of PTSD and CpG-position on OXTR
methylation, separately within males and females (see
supplemental methods for details). There was a signifi-
cant interaction effect between CpG-position and PTSD-
status in females ( F (7,29.700) = 7.494, p < 0.001), and in
males ( F (7,31.992) = 2.540, p = 0.034), both remained sig-
nificant after FDR-correction. The PTSD by CpG-position
interaction in females remained significant after correc-
tion for covariates ( p < 0.001) and in sensitivity analy-
ses after exclusion of PTSD females with comorbid MDD
( p < 0.001), but the interaction in males became non-
significant after correction for covariates ( p = 0.060) and
exclusion of comorbid MDD ( p = 0.066). Further post-hoc
testing in females demonstrated a significant hypermethy-
lation in PTSD in CpG3 ( F (1,32.39) = 7.493, p = 0.010, Co-
hen’s d = −0.86), CpG7 ( F (1,32.95) = 4.622, p = 0.039, Co-
hen’s d = −0.67), CpG9 ( F (1,33.00) = 9.796, p = 0.004, Co-
hen’s d = −1.04), and CpG12 ( F (1,33.00) = 4.604, p = 0.039,
Cohen’s d = −0.67) ( Fig. 2 ). The effect in CpG3 and
CpG9 survived FDR-correction, and correction for covari-
ates (CpG3 p = 0.011, CpG9 p = 0.007) and comorbid MDD
(CpG3 p = 0.022, CpG9 p = 0.015). Post-hoc testing in males
demonstrated that PTSD was not significantly associated
with methylation in any of the CpGs ( p > 0.10). 

Exploratory post-hoc LMMs testing the effects of sex
and CpG-position stratified for PTSD-status further showed
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ignificant hypermethylation in PTSD females in CpG3 
 p = 0.007) and CpG9 ( p = 0.006) compared to PTSD males
see supplemental information for detailed results). Within 
ontrols, no sex differences in methylation were observed 
t any of the CpG-positions. 

.4. Correlation between OXTR methylation, 
TSD symptoms and amygdala responses 

ithin PTSD females, CpG3 and CpG9 methylation was sig- 
ificantly positively correlated with the anhedonia sub- 
cale (CpG3 r = 0.658, p = 0.014, Cohen’s d = 1.30; CpG9
 = 0.546, p = 0.044, Cohen’s d = 1.70, Fig. 3 A, B, Sup-
lemental Table S5), but not with other subscales or 
otal symptom severity ( p > 0.10). The associations be-
ween anhedonia and CpG3 and CpG9 methylation re- 
ained (marginally) significant after correction for covari- 
tes (CpG3 r = 0.815, p = 0.026; CpG9 r = 0.707, p = 0.075)
nd after correcting for comorbid MDD (CpG3, r = 0.603,
 = 0.038; CpG9, r = 0.610, p = 0.035). However, they were
o longer significant after FDR-correction. Additional ex- 
loratory correlation analyses were carried out in male 
TSD patients, suggesting similar direction (Fishers r-to-Z 
 < 0.10) but non-significant associations in males (Supple- 
entary results, Supplemental Table S5). 
Explorative correlation analyses showed that CpG3 and 

pG9 methylation in PTSD females were marginally neg- 
tively correlated with left amygdala responses towards 
egative faces (CpG3, r = −0.613, p = 0.059, Cohen’s 
 = −1.55; CpG9, r = −0.587, p = 0.058, Cohen’s d = −1.45;
ig. 3 C, D). In control females, (marginally) signifi- 
ant positive correlations were observed (CpG3 r = 0.466, 
 = 0.093, Cohen’s d = 1.05; CpG9 r = 0.481, p = 0.044, Co-
en’s d = 1.10; Fig. 3 C, D), though these were no longer sig-
ificant after FDR-correction. Fishers r-to-z transformation- 
ests showed the correlations between CpG3 and CpG9 
ethylation and amygdala responses significantly dif- 
ered between female PTSD patients and controls (CpG3 
 = −2.52, p = 0.012, Cohen’s d = −1.20; CpG9 Z = −2.73,
 = 0.006, Cohen’s d = −1.18). 

. Discussion 

n the current study, we report the first investigation of
XTR DNA-methylation in a sample of PTSD patients and
rauma-exposed healthy controls. We observed two OXTR 

pG-sites in exon 3 that were significantly hypermethylated 
n female PTSD patients relative to female controls and
TSD males. Within female PTSD patients, high methylation 
t these two OXTR CpG-sites was associated with high anhe-
onia symptoms and low amygdala differentiation between 
egative relative to positive facial expressions with large 
ffect sizes, although the significance for these results did
ot survive stringent correction for multiple comparisons. 
hese findings were also significantly present when control- 
ing for or excluding patients with comorbid MDD. In males,
TSD-status was not significantly associated with OXTR 

ethylation. 
These findings are in line with previous reports of OXTR

ypermethylation in various psychiatric patient groups in 
he same CpG island (exons 1–3). Most studies investi-
ated CpGs in either exon 3 (as in the current study) or in
xon/intron 1 (for overview see Maud et al., 2018 ). Con-
idering the low correlations observed in methylation lev- 
ls between CpGs located in exon 3 and in exon/intron 1
 Smearman et al., 2016 ), we only consider studies investi-
ating CpGs in exon 3 for comparison with the current find-
ngs. Higher exon 3 OXTR methylation, as we observed in
TSD females, was also observed in females with depres-
ion and anxiety disorders ( Chagnon et al., 2015 ), and in
ales and females with obsessive compulsive disorder rel- 
tive to controls ( Cappi et al., 2016 ). It is however in con-
rast with reports of lower exon 3 OXTR methylation in a
ixed-gender sample of social anxiety disorder (SAD) pa- 
ients ( Ziegler et al., 2015 ) and lack of association between
xon 3 methylation and anxiety and depression symptoms in
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nia/emotional numbing symptom severity in male and female PTSD patients; Correlations between percentage OXTR methylation 
at CpG3 (C) and CpG9 (D) and left amygdala responses to negative faces in arbitrary units (a.u.) in female PTSD patients and female 
controls; Left amygdala sphere (peak-coordinates xyz −20, −8, 16) in which the associations were observed (insert bottom right). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a mixed-gender sample ( Smearman et al., 2016 ). In a recent
review of OXTR methylation studies, Maud et al. (2018) sug-
gest that mixed findings may relate to psychiatric dimen-
sions underlying different affective and anxiety disorders
(e.g. (in)sensitivity for social cues, see also Puglia et al.,
2018 ) or depend on specific OXTR SNPs allele frequencies
(see Chagnon et al., 2015; Reiner et al., 2015 ). Also, though
high genetic correlation between psychiatric disorders sug-
gests commonality in the underlying pathogenic processes
( Anttila et al., 2018 ), the contribution of single genes on
these complex polygenic disorders will be small and may dif-
fer between disorders. Thus, heterogeneity in patient sam-
ples, and associations with specific symptom-clusters (see
below) may explain part of the mixed results in psychiatric
populations. Furthermore, heterogeneity between studies
in (psychiatric) populations, methodological differences and
small sample sizes further hamper reproducibility. 

Female PTSD patients showed significant hypermethyla-
tion relative to control females and PTSD males, fitting with
previously reported female-specific associations between
OXTR methylation and psychopathology, early life adversity
and socio-affective functioning ( Gouin et al., 2017; Rubin et
al., 2016 ). Several factors may explain this finding. Uddin et
al. suggested that sex differences in DNA methylation during
brain development, for example in estrogen receptor genes
known to interact with OXTR, and sex-specific effects of
stress on DNA methylation set the stage for future differen-
tial responses to adverse events and thereby the risk of PTSD
development ( Uddin et al., 2013 ). In line with this, Gouin
et al. (2017) reported that females may be more sensitive
to the impact of childhood adversity on OXTR methylation
than males, and that OXTR methylation mediated the rela-
tion between childhood adversity and anxiousness. Thus, a
combination of sex-differences in DNA methylation during
development, sex-differences in effects of stress on DNA
methylation, may lead to increased sensitivity to the im-
pact of adversity on OXTR methylation and/or PTSD devel-
opment. 

Within PTSD females, we further observed that OXTR
methylation was positively associated with clinician-rated
anhedonia severity, which includes symptoms as social with-
drawal, reduced positive affect and reduced interest in
activities. Importantly, these findings were not driven by
participants with comorbid MDD, nor by sex differences
in anhedonia severity. Also, OXTR methylation was associ-
ated with lower amygdala reactivity to negative faces rela-
tive to neutral and positive faces, echoing previous associa-
tions between amygdala reactivity and OXTR methylation in
SAD patients and healthy participants ( Puglia et al., 2015;
Ziegler et al., 2015 ). These effects were however no longer
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ignificant after correction for multiple comparisons and 
hould be interpreted with caution. Interestingly though, 
igh OXTR methylation was previously associated with re- 
uced emotional recognition and neural responses during 
ocio-affective tasks in healthy males and females ( Haas et
l., 2016; Puglia et al., 2018 ), and in female but not male
chizophrenic patients and controls ( Rubin et al., 2016 ). In-
reased OXTR methylation, supposedly associated with re- 
uced responsiveness to oxytocin, may thus lead to reduced 
ensitivity to social cues. Anhedonia in PTSD has been asso- 
iated with reduced sensitivity to positive (social) stimuli, 
articularly in females ( Nawijn et al., 2015 ). In context of
revious literature, the current findings could suggest that 
XTR methylation may play a specific role in socio-affective 
eficits and anhedonia symptoms in PTSD, though replica- 
ion is needed. Domain-specific associations may also ex- 
lain inconsistencies in previous psychiatric studies, as the 
xtent of socio-affective deficits may differ between disor- 
ers and within disorders between individual patients. 
The currently observed sex-specific findings may further 

lucidate the biological mechanisms underlying sex differ- 
nces in PTSD. However, replication is warranted and more 
undamental research is needed. Considering the neurobio- 
ogical and genetic complexity of psychiatric disorders, it is 
nlikely that one gene can explain large amounts of variance 
n psychiatric diagnoses. Our multilevel findings corroborate 
he notion that it is possible that gene-sets may affect spe-
ific biological mechanisms and symptom-clusters, and that 
ifferent neurobiological mechanisms may underlie specific 
TSD symptoms. 
Some important limitations must be mentioned. First of 

ll, the small sample size limits statistical power. Yet, in-
luding a homogeneous patient group and well-matched 
rauma-exposed controls will have optimized the ability 
o detect PTSD-associated differences. Thorough phenotyp- 
ng allowed us to control for potential confounders and to
ssociate OXTR methylation with clinically-relevant PTSD 

ymptom-clusters and neuroimaging measures. Although the 
ssociations between anhedonia severity, amygdala reactiv- 
ty and OXTR methylation were no longer significant after 
tringent correction for multiple comparisons, the large ef- 
ect sizes correspond with those observed in previous psy- 
hiatric and healthy samples (e.g. Gouin et al., 2017; Puglia 
t al., 2015; Rubin et al., 2016; Ziegler et al., 2015 ). An-
ther limitation is the fact that we could not control for
enstrual phase, which may have affected OXTR methyla- 
ion in women. Furthermore, given the cross-sectional na- 
ure of our study we cannot draw any causal inferences. In
he absence of (central) OXTR expression data we can only 
nfer the potential effects of OXTR methylation on (cen- 
ral) oxytocin functioning. High OXTR methylation-levels 
ave been linked to lower central and peripheral OXTR ex- 
ression, and decreased endogenous plasma oxytocin lev- 
ls ( Dadds et al., 2013; Gregory et al., 2009; Kusui et al.,
001 ), suggesting decreased central and peripheral oxytocin 
unctioning. 
Summarizing, we observed higher OXTR DNA-methylation 

evels in PTSD females compared to trauma-exposed fe- 
ale controls, but no association with PTSD-status in males. 
ithin PTSD females, OXTR methylation was positively as- 
ociated specifically with anhedonia symptoms, and with 
mygdala reactivity towards emotional faces. Considering 
ur small sample size, more research is needed to confirm
he current findings, and caution is necessary for the inter-
retation of our results. However, these findings are the first
o suggest that OXTR methylation may play a role in socio-
ffective deficits in female PTSD patients. Though replica- 
ion is warranted, the current findings add to the notion that
he oxytocin system is involved in PTSD, and that neurobi-
logical mechanisms involved in PTSD may differ between 
ales and females. 
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