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Abstract A neurocircuitry model of post-traumatic stress
disorder (PTSD) suggests increased amygdala responses
to emotional stimuli, coupled with hypoactivation of pre-
frontal regions associated with cognitive control. However,
results are heterogenous across different subsamples of
PTSD as well as different paradigms. We investigated cog-
nitive control in a classic and emotional Stroop task in 28
female patients with complex PTSD (cPTSD), 28 female
trauma-exposed healthy controls (TCs) and 28 female non-
trauma-exposed healthy controls (HCs) using functional
neuroimaging. Afterwards, we assessed memory function
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in a spontaneous free recall and recognition task. Patients
with cPTSD displayed significantly greater Stroop interfer-
ence with trauma-related words (as reflected in slower reac-
tion times and increased errors) compared to the other con-
ditions and compared to the TC and HC groups. Moreover,
patients with cPTSD showed increased activation in the
context of trauma-related words in brain regions associated
with cognitive control (dIPFC, vmPFC, dACC) compared
to both control groups, and a trend for increased activation
in the insula compared to the HC group. Increased recruit-
ment of regions contributing to cognitive control in patients
with cPTSD, together with a lack of amygdala response
may point to efforts to compensate for emotional distrac-
tion caused by the trauma-related words.

Keywords Complex post-traumatic stress disorder -
Child abuse - fMRI - Stroop task - Cognitive control

Introduction

The cross-national lifetime prevalence of post-traumatic
stress disorder (PTSD) is estimated to be about 3.9% [1].
However, far more individuals experience a traumatic
event in their lifetimes [1]. Those who develop PTSD in
the aftermath of childhood interpersonal violence not only
show the hallmark symptoms of PTSD such as intrusions,
avoidance, numbing and hyperarousal, but usually also a
range of further symptoms which include interpersonal
problems, dissociative features and severe problems in
emotion regulation [2]. This syndrome has been described
as complex PTSD (cPTSD) [3] or as ‘PTSD with associ-
ated features’ [4]. PTSD represents an important mental
disorder per se and also a frequent co-morbid disorder in a
variety of clinical groups [5, 6]. It has been suggested that
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one factor leading to the maintenance and exacerbation of
PTSD symptoms (e.g., hypervigilance, intrusive thoughts
and flashbacks) may be the increased attention to threaten-
ing stimuli [7, 8]. Likewise, impaired response inhibition of
threat stimuli might reflect impaired cognitive control (i.e.,
inhibition of distracting stimuli). Widely used methods to
study cognitive control are the classic Stroop task [CST; 9]
and the emotional Stroop task [EST; 10]. The subject has to
name the colour of a word as quickly as possible, ignoring
the semantic content of the words. Usually, reaction times
are increased for incongruent words (e.g., ‘blue’ written in
red) and emotionally charged words (e.g., ‘attack’), espe-
cially when emotional words are related to the patient’s
psychopathology.

Several hypotheses have been developed for the clas-
sic and emotional Stroop effect. While the CST examines
the general interference between conflicting processes (the
tendency to say the name rather than the colour), the EST
assesses an attentional bias (increased selective attention)
of the processing of individual-relevant information or an
inability to inhibit individual-relevant information [11].
Studies have repeatedly found that patients with PTSD
exhibit impaired performance in both the CST [12] and
EST compared to trauma-exposed healthy controls [TCs;
13, 14] and non-trauma-exposed healthy controls [HCs;
15, 16]. These results suggest generally impaired inhibi-
tory functions as well as an attentional bias to negative-
valenced and especially trauma-related words compared to
neutral words in patients with PTSD. However, others did
not find impairments compared to TC [17] and HC groups
[18]. Related to the assumption of increased attention to
threatening stimuli in patients with PTSD, multiple stud-
ies examined memory processes. Evidence was found for a
memory advantage in PTSD vs controls for negative threat
information [19] as well as an attentional bias for trauma-
related material [14]. Others did not find any differences in
memory functions between patients with PTSD and con-
trols [e.g., 20]. A variety of functional neuroimaging stud-
ies (fMRI) using Stroop-type paradigms have been used
to examine brain correlates of cognitive control in PTSD
(e.g., accidents or combat) and have shown increased
amygdala responses to emotional words [e.g., 21] and dis-
rupted recruitment of prefrontal regions associated with
cognitive control, especially in the presence of emotional
distracters [22, 23]. These results led to the formulation of
a neurocircuitry model of PTSD [for review see: 24]. This
model suggests hypoactivation of prefrontal regions associ-
ated with cognitive control {dorsolateral prefrontal cortex
(dIPFC), ventromedial prefrontal cortex [vmPFC, including
rostral anterior cingulate cortex (rACC)]} which results in
an inability to regulate affective areas (amygdala), leading
to exaggerated fear response [e.g., 25, 26]. Although this
model did not originally include the dorsal ACC (dACC)
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and the insula, emerging evidence suggests that these
regions may be hyperresponsive in PTSD and may also
play an important role in this disorder [27-29]. However,
only two studies have investigated Stroop-tasks in child-
hood abuse-related patients with PTSD [15, 30], reporting
conflicting findings. In the EST, Bremner and colleagues
[30] observed increased dACC activation with decreased
rACC and posterior insula activation in patients with PTSD
compared to the TC group. Thomaes et al. [15], who used
a hybrid version of the CST and EST in cPTSD patients,
found no significant group differences between patients
with cPTSD and the HC group in the EST. In the CST,
patients showed a trend for increased left anterior insula
and dACC activation compared with the HC group [15].
It is possible that differences in comparison groups (TC vs
HC) account for these divergent findings. One limitation of
the previous fMRI studies is the absence of both matched
HC and TC groups. The inclusion of both control groups
provides us with the opportunity to explore whether neu-
ral abnormalities are associated with PTSD symptoms or
result from the experience of the trauma alone.

Based on previous findings, the present study was
designed to examine differences in brain activity in patients
with childhood-abuse-related cPTSD, TC and HC groups
using a hybrid version of the CST and EST (CEST) [see
also: 15]. We hypothesised that compared to the TC and
HC groups, patients with cPTSD exhibit increased interfer-
ence for trauma-related words as reflected in overall slower
reaction times and more errors in the CEST as well as in
the memory tasks. We also expected increased neural activ-
ity during emotional (especially trauma-related) words in
the amygdala, insula and dACC, as well as decreased acti-
vation in the dIPFC and vmPFC.

Materials and methods
Participants

The sample consisted of 28 women with cPTSD and 28
female TCs, with both groups having experienced child-
hood sexual or physical abuse and 28 female HCs, matched
for age and education. Clinical diagnoses and childhood
abuse in patients with cPTSD and the TC group were
assessed retrospectively by trained diagnosticians using
the Structure Clinical Interview for DSM-IV Axis I Dis-
orders [SCID-I; 31], the Clinician Administered PTSD
Scale [CAPS; 32] and the borderline personality disorder
(BPD) section of the International Personality Disorder
Examination [IPDE; 33]. Patients with cPTSD had to ful-
fill the DSM-5 criteria for PTSD after sexual or physical
abuse before the age of 18. Because patients with cPTSD
who participated in the current study were recruited from
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a larger randomised controlled trial (RCT), comparing two
different outpatient psychological treatments for cPTSD
and co-occurring BPD-features, enrolment was restricted
to women aged 18-65 who additionally had to fulfill at
least three criteria of BPD (including the criterion affec-
tive instability) as defined by the IPDE, as we aimed to
include highly impaired patients with cPTSD. TC and HC
groups were recruited via advertisements in local newspa-
pers, internet and flyers. Inclusion criteria for the TC group
were sexual or physical abuse before the age of 18. Exclu-
sion criteria for the TC and HC groups were any current
or previous mental disorder, any psychotherapeutic expe-
rience or any intake of psychotropic medication [for more
detailed descriptions of the TC sample see: 34]. General
exclusion criteria were traumatic brain injuries, current and
lifetime schizophrenia or bipolar-I disorder, mental retarda-
tion, severe psychopathology or somatic illness that needs
to be treated immediately in another setting (e.g., BMI
<16), medical conditions making exposure-based treatment
impossible, a suicide attempt within the past 2 months
and substance dependency with no abstinence within
2 months prior to the study. For the current fMRI study,
further exclusion criteria were metal implants, pregnancy,
left-handedness and claustrophobia. Self-report measures
included retrospective questionnaires on childhood trauma
(Childhood Trauma Questionnaire; [CTQ; 35]), PTSD
symptomatology (Davidson Trauma Scale; [DTS; 36]), and
the severity of depressive mood (Beck Depression Inven-
tory; [BDI-II; 37]). The study was approved by the Ethi-
cal Board II of Heidelberg University, Germany, and was
conducted according to the Declaration of Helsinki at the
Central Institute of Mental Health in Mannheim. Writ-
ten informed consent was obtained from the participants
after the procedures had been fully explained. All subjects
received monetary remuneration for participation in the
study.

As expected, patients with cPTSD scored higher than
the TC and HC groups in all clinical variables (CTQ, DTS
and BDI-II). Details on demographic data and clinical char-
acteristics of the sample are reported in Table 1.

Classic and emotional Stroop tasks

The CEST consisted of 80 randomised blocks of four words
each (total 320 words), differing in word category and pre-
sented in a block-design: 20 trauma-related words (e.g.,
‘abuse’), 20 general negative words (e.g., ‘cry’), 20 neutral
words (e.g., ‘shape’) and four colour words in congruent
(e.g., ‘red’ written in red) as well as incongruent condi-
tions (e.g., ‘red’ written in blue). Neutral words were used
as baseline condition (control task). The words used in the
EST were derived from a pilot study conducted with seven
researchers with expertise in PTSD from our group as well

as seven patients with childhood abuse-related complex
PTSD (for further details see supplement S1). Each colour
was assigned to a button, which participants were able to
press with their right index, middle, ring, or little finger.
Each word was presented four times (once in each of the
four colours) for 1500 ms. Participants were asked to press
the button that corresponds to the colour in which the word
is printed within this period. Inter-trial intervals between
two words were jittered, with a mean of 300 ms. For timing
efficiency, baseline-intervals (i.e., a fixation cross) between
two task blocks were optimised with optseq 2 (http://surfer.
nmr.mgh.harvard.edu/optseq), with a mean of 798.77 ms.
Before the task began, colour naming was trained in 20
trials with non-word stimuli (e.g., ‘XXX’ written in red).
Immediately after the CEST, participants were asked to
report all the words they remembered from the CEST in a
spontaneous free recall task. Subsequently, the 60 previous
words of the EST and 60 new words comparable in valence,
arousal, word length and frequency were presented ran-
domly for an old/new-recognition task. After scanning, par-
ticipants rated all words of the EST regarding valence and
arousal on a five-point Likert scale by the self-assessment
manikin scale [SAM; 38] (see supplement S2 for ratings).

MRI scan protocol

Scanning was conducted on a Siemens 3 Tesla TRIO-
Scanner (Siemens Medical Solutions, Erlangen, Ger-
many). Using three-dimensional magnetisation-prepared
rapid-acquisition gradient echo (MPRAGE; T1-weighted
contrast, voxel size 1 X 1 X 1 mm3), a high-resolution ana-
tomical scan was acquired for each participant as an indi-
vidual template for the functional data. The blood oxygen
level-dependent signal was measured with 36 transversal
slices (3 mm, descending) covering the entire brain using
gradient-echo, echo-planar imaging [EPI, T2-weighted
contrast, field of view = 192 X 192 mm, voxel size
3 x 3 x 3 mm?, 64 x 64 voxel matrix, flip angle 80°, echo
time (TE) = 30 ms, repetition time (TR) = 2000 ms]. The
first five scans were discarded to minimise T1 effects. Head
movement artefacts and scanning noise were restricted
using head cushions and headphones.

Statistical analyses
Behavioural data

Reaction times (RTs; in ms) were log-transformed (base10)
due to non-normality to minimise the effect of outliers [for
review see: 39]. All statistical analyses were conducted
for correctly answered trials only (M = 97% of all tri-
als, SD = 5.17%). Task performance (accuracy and RTs)
for the CEST as well as memory function (free recall and
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Table 1 Demographic and clinical variables in patients with complex post-traumatic stress disorder, trauma-exposed healthy subjects and non-

trauma exposed healthy subjects

cPTSD (n = 28) TC (n = 28) HC (n =28) Statistics Post-hoc ¢ tests
M (+SD) M (+SD) M (xSD) F P

Age (years) 30.61 (9.99) 30.21 (12.11)  30.50  (7.98) 0.011 0.99
CTQ (total score) 75.88 (20.10)  51.21 (13.09)  31.18 (6.76) 67.65 0.001 HC < TC < ¢cPTSD
CTQ (physical abuse) 11.5 (5.41) 9.36 4.0) 5.64 (1.81) 15.23 0.001 HC < TC n.s. cPTSD
CTQ (sexual abuse) 15.0 (6.68) 10.63 (5.59) 5.07 (0.23) 27.42 0.001 HC < TC < ¢cPTSD
DTS (frequency) 38.03 (10.99) 7.37 (7.30) - - 147.74  0.001 TC < cPTSD

Severity 41.89 (11.86) 6.78 (9.24) - - 148.33  0.001 TC < cPTSD
BDI (II-total score) 3539 (11.12) 3.30 4.12) 3.39 (3.87) 184.86  0.001 HC n.s. TC < cPTSD
Years of education, n (%)

9 years 1 (3.57) 0 ) 1 (3.57) 0.50 0.61

10 years 11 3929 9 (32.14) 8 (28.57)

12 years 16 (57.14) 19 (67.86) 19 (67.86)
Co-morbidities, n (%)

BPD 17 (60.70)

Major depressive disorder 16 (57.10)

Social phobia 9 (32.10)

Specific phobia 5 (17.90)

Panic disorder 5 (17.90)

Obsessive compulsive disorder 5 (17.90)

Bulimia nervosa 4 (14.30)

Binge eating disorder 3 (10.70)

Generalised anxiety disorder 2 (7.10)

Somatization disorder 1 (3.60)
Psychotropic medication, n (%)

Unmedicated 9 (32)

SSRI/SNRI 13 (46)

Other antidepressants 6 21)

Neuroleptics (28)

Anticonvulsants 3 (11)

¢PTSD complex post-traumatic stress disorder, 7C trauma-exposed healthy subjects, HC non-trauma exposed healthy subjects, BPD Borderline
Personality Disorder, CTQ Childhood Trauma Questionnaire, DTS Davidson Trauma Scale, BDI-II Beck Depression Inventory II, M mean, SD
standard deviation, Post-hoc ¢ tests were performed at a significance level of p < 0.05 Bonferroni-corrected, ns not significant at a significance

level of p < 0.05

recognition task) was analysed via repeated measure analy-
sis of variance (rm-ANOVAs), including the within-subject
factor condition (negative minus neutral, trauma minus
neutral and colour minus neutral; for the free recall and
recognition task: negative minus neutral and trauma minus
neutral) and the between-subject factor group (cPTSD, TC,
or HC). Post-hoc data analyses were run in order to con-
trol for the influence of early childhood traumatization and
years of education on main findings. In case of significant
effects for the dependent variables, post hoc Bonferroni-
corrected ¢ tests and effect sizes (partial eta-squared [nﬁ],
Cohen’s d [40]) were computed. All behavioural analyses
were performed with IBM SPSS Statistics 23 (IBM, USA),
assuming a statistical significance level of p < 0.05, using
Greenhouse—Geisser correction when necessary.
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fMRI data

Functional imaging data were analysed using standard
procedures implemented in Statistical Parametric Map-
ping (SPMS; http://www.fil.ion.ucl.ac.uk/spm/). The EPI
time series were pre-processed according to usual prac-
tice: slice time correction, spatial realignment to the mean
image to correct for head motion, coregistration onto par-
ticipants’ segmented high-resolution T1 scan, normali-
sation to the standard brain of the Montreal Neurologi-
cal Institute (MNI) space and smoothing with a Gaussian
kernel with full-width at half maximum of 6 mm. We did
not have to exclude subjects due to excessive head motion.
To control for potential artefacts, scan-to-scan movements
and changes in global signal intensity were screened using
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the ART software package (http://www.nitrc.org/projects/
artifact_detect). Movement was specified based on the six
parameters received from the realignment step. Movements
greater than 2 mm and global signal intensity changes of z
>9 were classified as outliers. Nuisance regressors control-
ling for outlier scans were introduced with the six move-
ment regressors included as nuisance variables in the first-
level models. First-level analyses were set up according
to the respective experimental conditions (with negative,
trauma, colour and neutral word blocks as regressors of
interest), and button presses as well as movement param-
eters as regressors of no interest. We defined the following
contrasts at the subject level: (1) negative > neutral, (2)
trauma > neutral and (3) colour > neutral.

Whole-brain voxel-wise analysis

Data analyses at group level involved both a whole-brain
voxel-wise analysis and region-of-interest (ROI) analyses
to evaluate group differences during different conditions.
A full factorial model (three groups X three conditions)
was used including the F contrast ‘main effect of group’
(cPTSD, TC and HC), ‘main effect of condition’ (nega-
tive > neutral, trauma > neutral and colour > neutral) and
‘interaction effect group X condition’. A statistical thresh-
old of p <0.05, family-wise error (FWE) corrected was
applied.

Region of interest analysis

In line with the neurocircuit model of PTSD and our
hypotheses, we specifically hypothesised effects of emo-
tional stimuli on limbic (amygdala, insula) and prefrontal
(dIPFC, vmPFC, dACC) brain regions. Accordingly, we
used anatomical masks (left and right hemisphere sepa-
rately) as defined by the Automated Anatomical Labe-
ling software [41], smoothed with a cube of voxels of size
(FWHM) 9 mm. Since our aim was to investigate poste-
rior and anterior parts of the insula separately, anatomical
masks of the insula provided by the Harvard—Oxford corti-
cal and subcortical structural atlases [42] were split at y =0
in anterior and posterior parts. All analyses were conducted
with a threshold of p gy, < 0.05. In case of significant dif-
ferences, two-tailed post hoc Bonferroni-corrected ¢ tests
(p < 0.05) were performed using SPSS after extracting
beta values of the respective peak voxel, and effect sizes
(115) were computed. To check for confounding effects of
CTQ score, differences in RTs as well as correct reactions
on brain activation, we correlated beta values of the peak
voxels with CTQ score, differences in RTs and correct
reactions.

Results
Behavioural results
Classic and emotional Stroop task performance

Descriptive statistics for behavioural CEST performance
are summarised in Table 2. For interference scores regard-
ing RTs, we found a significant main effect for condition
(F1 8114657 = 28.60, p < 0.001, n‘f = 0.26), a significant
interaction between group and condition (Fj ¢ 14657 = 6.42,
p < 0.001, 11[2, = 0.14) as well as a trend for a group effect
(Fyg1 = 2.69, p = 0.07, 7 = 0.06). Post-hoc  tests revealed
significant differences between cPTSD and TC/HC groups
in the trauma condition (cPTSD vs TC: 1,4, = 2.45,
p < 0.05, d =0.68; cPTSD vs HC: 13, 353 = 4.06, p < 0.001,
d = 1.19) (Fig. 1a). There were no significant group dif-
ferences between the TC and HC groups in any condition.
Regarding accuracy scores, we found a significant main
effect of group (F2781 =4.63, p <0.05, 17; =0.10), condition
(Fy160 = 3.54, p < 0.05, '73 = 0.04) as well as a significant
interaction of group and condition (F} 5, = 2.97, p < 0.05,
VI,% = 0.07) (Fig. 1b). Post-hoc ¢ tests revealed significant
differences between cPTSD and TC/HC groups in the
trauma condition (cPTSD vs TC: #5593 = —2.21, p < 0.05,
d = —0.75; cPTSD vs HC: t,;93 = =2.15, p < 0.05,
d = —0.72). Moreover, post hoc ¢ tests revealed a statisti-
cal trend between cPTSD patients and the TC group in the
colour condition (cPTSD vs TC: #,5¢; = —1.89, p = 0.07,
d = —0.62). There were no significant differences between
the TC and HC groups in any condition (see supplement S3
and S4 for detailed analyses). Stroop interference regarding
RT and accuracy did not correlate with CTQ score. When
controlling for years of education, interaction effects and
main effects remained significant.

Free recall and recognition tasks

We observed a significant main effect for condition in the
recall (Fg; = 177.29, p < 0.001, ;7; = 0.69) as well as in
the recognition task (F,g; = 99.86, p < 0.001, 113 = 0.55),
but no significant group difference or interaction effect
between condition and group. Trauma-related words were
remembered and recognised better across all groups. CTQ
score and years of education did not correlate with memory
functions in both tasks.

fMRI results
Whole-brain voxel-wise analysis

In all groups, the CEST activated similar brain areas
as in prior Stroop tasks, that is, dIPFC, right amygdala,
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Table 2 Behavioural data

of the classic and emotional
Stroop task and related memory
tasks in patients with complex
post-traumatic stress disorder,
trauma-exposed healthy subjects
and non-trauma exposed healthy
subjects, absolute values per
word category

(a)

140.00 -
2 120.00 -
£ 100.00 -
=
2 80.00 A
Q
5
= 60.00 1
8
S 40.00 A
o
[}
£ 20.00 - 1 1

0.00 -I_I T

Descriptive data

CPTSD (n = 28) TC (n =28) HC (n =28)
M (=SD) M (+SD) M (+=SD)
Stroop task
Reaction times (ms)
Negative words 771.56 (161.32) 661.73 (92.83) 652.42 (94.97)
Trauma-related words 854.74 (229.50) 680.75 (96.99) 664.09 (97.94)
Neutral words 750.69 (151.60) 640.79 (81.61) 645.21 (99.31)
Colour words 818.58 (188.20) 699.93 (88.46) 714.42 (128.19)
Accuracy (%correct)
Negative words 97.56 (2.93) 98.36 (2.63) 98.32 (1.96)
Trauma-related words 90.60 (17.67) 98.72 (1.81) 98.14 (2.79)
Neutral words 97.84 (2.34) 98.72 (1.53) 98.35 (2.41)
Colour words 92.16 (14.99) 98.14 (2.34) 97.08 4.41)
Free recall (n)
Negative words 1.54 (2.34) 1.64 1.57) 1.61 1.71)
Trauma-related words 5.00 2.51) 4.71 (2.03) 4.25 (2.68)
Neutral words 0.75 (1.04) 1.29 (1.44) 1.39 (1.81)
Recognition task
Accuracy (%correct)
Negative words 30.75 (4.48) 30.07 (2.84) 28.93 (3.69)
Trauma-related words 34.21 (3.04) 34.36 (2.61) 32.61 (3.18)
Neutral words 29.82 (5.73) 29.96 (3.42) 28.89 (4.40)

cPTSD complex post-traumatic stress disorder, 7C trauma-exposed healthy subjects, HC non-trauma
exposed healthy subjects, M mean, SD standard deviation, reaction times were log-transformed for analyses

and refer to correct responses

sk

=

neg>neu

Fig. 1 Means + standard error of the mean (SEM) of differences of
reaction times (ms) (a) and of differences of correct reactions (%)
(b) in patients with complex post-traumatic stress disorder (cPTSD),
trauma-exposed healthy subjects (TC) and non-trauma exposed
healthy subjects (HC). Lines and asterisks above bars on bar graph
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indicate significant differences of post hoc 7 tests amongst groups
during the experimental conditions. Neg > neu: negativ words
minus neutral words, tra > neu: trauma-related words minus neutral
words, col > neu: colour words minus neutral words. ***p < 0.001,
**p < 0.01, *p < 0.05, Tp < 0.09
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orbitofrontal cortex, superior temporal gyrus, inferior
parietal lobe and occipitotemporal regions (for com-
plete description of suprathreshold clusters of the main
effect condition see supplement S5). At the whole brain
level, we did not observe any clusters that survived FWE-
correction for the F contrast group and the interaction
group X condition.

ROI analysis

The ROI analyses revealed a significant interaction
(group X condition) for the right dIPFC, left vmPFC,
right dACC and a trend for the left JACC and right ante-
rior insula, but not in posterior insula and amygdala (see
Table 3 for further details and Fig. 2 for significant clus-
ters). In case of significant interaction effects, post hoc
Bonferroni-corrected ¢ tests between groups were calcu-
lated for each condition (see below). Brain activation did
not correlate with CTQ score, differences in RTS or correct
reactions.

dIPFC Means and standard error of the mean of per-
centage signal change in the right dIPFC are displayed in
Fig. 2a. Post-hoc ¢ tests revealed significantly higher acti-
vation during the presentation of trauma-related words in
cPTSD patients compared to the TC (t5, = 2.48, p < 0.05,
d=0.67) and HC (z5, = 3.17, p < 0.001, d = 0.85) groups.

vmPFC Means and standard error of the mean of per-
centage signal change in the left vmpfc are depicted in
Fig. 2b. Post-hoc 1 tests revealed significantly higher acti-
vation during the presentation of trauma-related words in
cPTSD patients compared to the TC (54, = 2.53, p < 0.05,

d = 0.68) and HC (#4,3, = 3.93, p < 0.001, d = 1.10)
groups.

dACC Means and standard error of the mean of percent-
age signal change in the right and left dACC are depicted
in Fig. 2c, d. Post-hoc ¢ tests revealed significantly higher
activation during the presentation of trauma-related words
in cPTSD patients compared to the TC (right dACC:
ts, = 2.27, p < 0.05, d = 0.61; left dACC: 14353 = 2.73,
p < 0.05, d = 0.75) and HC (right dACC: t4,7, = 3.30,
p < 0.001, d = 0.92; left dACC: t4y99 = 3.41, p < 0.001,
d = 0.95) groups.

Insula Means and standard error of the mean of percent-
age signal change in the right anterior insula are displayed
in Fig. 2e. Post-hoc t tests showed significantly higher acti-
vation during the presentation of trauma-related words in
cPTSD patients compared to the HC group (t5, = 4.54,
p < 0.001, d = 1.23). Post-hoc comparisons between TC
and cPTSD or rather TC and HC groups revealed no sig-
nificant differences.

Discussion

The goal of the present study was to examine changes in
brain activity in patients with childhood abuse-related
cPTSD and TC and HC groups. Increased Stroop inter-
ference in cPTSD patients, as marked by slower RTs
and more errors, was significantly increased for trauma-
related words compared to both control groups. Thus,
the present data suggest a specific attentional bias and
greater interference in patients with cPTSD towards
trauma-related stimuli. This has been shown repeatedly

Table 3 Statistic results of

: N Location Statistics Coordinates (MNI)
region of interest analyses,
two-way interaction effect BA  Hemi- Anatomical lable Cluster Z PFWE (SVC) r]; X Y Z
(group X condition) sphere
R/L
R Superior frontal gyrus 166 3.94 0.01* 0.15 36 47 31
L Superior frontal gyrus 61 3.16 0.22 0.13 -39 29 37
10 R Middle frontal gyrus 70 2.83 0.21 0.10 39 56 =2
10 L Middle frontal gyrus 44 440 <0.001%%** 0.16 =36 59 -2
32 R Cingulate gyrus 89 3.37 0.01* 0.14 6 23 40
32 L Cingulate gyrus 106 3.36 0.05" 0.12 -3 20 37
13 R Anterior insula 284 3.36 0.08" 0.12 45 11 1
13 L Anterior insula 185 242 0.62 0.08 —-45 17 1
13 R Posterior insula 24 3.03 0.18 0.10 27 17 -11
13 L Posterior insula 1.45 0.94 0.06 -39 -10 19
* R Amygdala 8 2.00 0.37 0.06 18 2 =20
* L Amygdala 2.36 0.22 0.07 =30 2 =17

FWE family-wise error corrected, p (FWE) <0.05, k£ >10 voxel, BA Brodmann Area
w3k p < 0.001, ** p < 0.01, * p <0.05, T p< 0.09
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Fig. 2 Results of the region
of interest (ROI) analyses:
Significant clusters in the
two-way interaction effect
(group X condition) and
percentage signal change dur-
ing the experimental condi-
tions (neg > neu, tra > neu,

col > neu) for (a) the dorsolat-
eral prefrontal cortex (DLPFC;
[31, 36, 47]), (b) ventromedial
prefrontal cortex (VMPFwords
minus neutralC; [-36, 59,
—21), (c) right dorsal anterior
cingulate cortex (dACC; [6,
23, 40]), (d) left dorsal anterior
cingulate cortex (dACC; [-3,
20, 37]) and (e) insula [1, 11,
45] in patients with complex
post-traumatic stress disorder
(cPTSD), trauma-exposed
healthy subjects (TC) and
non-trauma exposed healthy
subjects (HC). Error bars
represent standard error of the
mean (SEM). Lines and aster-
isks above bars on bar graph
indicate significant differences
of post hoc ¢ tests amongst
groups during the experimental
conditions. Neg > neu: negativ
words minus neutral words,

tra > neu: trauma-related words
minus neutral words, col > neu:
colour words minus neutral
words. “*p < 0.001, “p < 0.01,
*p < 0.05,*p < 0.09

in patients with PTSD [e.g., 11] which is in line with
the symptoms of hyperarousal, intrusions and enhanced
attention to threatening stimuli. Moreover, in the context
of trauma-related words, patients with cPTSD showed
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activation in the right anterior
group.

increased activation in the dIPFC, vmPFC and dACC
compared to both control groups and a trend for increased

insula compared to the HC
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In line with our hypotheses, patients with cPTSD
showed increased dACC activation during trauma-related
stimuli compared to both control groups. The literature
contains supporting data regarding activation of dACC in
PTSD patients, with higher dACC activation found using
CST [15], EST [30], counting Stroop [43] and affective
Stroop [21]. The dACC has been shown to be reliably acti-
vated in interference paradigms such as the Stroop task
[44]. Higher dACC activation in our cPTSD sample may
reflect greater response conflicts and might increase cogni-
tive resources in the trauma condition vs other conditions
[43]. The dACC is also discussed to be part of the sali-
ence network, which may play a role in hypervigilance in
PTSD. Therefore, higher dACC activation might reflect a
state of high arousal and attention in cPTSD that is specifi-
cally caused by trauma-related information [45]. Bush et al.
[46] demonstrated that significant activation in dACC was
related to response time increases across conditions. Yet in
our study, activation of this region was not accompanied by
significant response time increases in cPTSD patients.

As expected, patients with cPTSD revealed a trend for
increased activation in the anterior insula compared to
the HC group when presented with trauma-related words.
These results are in line with several previous studies, sug-
gesting increased activation in the insula in PTSD patients
when presented with trauma [47], negative [48] and non-
emotional cues [15]. However, another study using the EST
found decreased posterior insula activation [30].

Several studies have shed light on differences between
functional circuits associated with the anterior and pos-
terior insula. As extensively reviewed, the anterior and
posterior insular cortices have different patterns of con-
nectivity with other brain regions [49]. Results suggest an
important role for the anterior insula with regard to cog-
nitive control, salience detection and attentional processes
[50]. It is discussed as an integral hub mediating informa-
tion flow across brain networks that are involved in atten-
tional processing and cognition, whereas more sensory
attributes and interoception are thought to be represented in
posterior insula [49, 51]. In this case, hyperactivity of the
anterior insula might be related to pathologically enhanced
salience detection [49]. Moreover, previous work provides
evidence that the right anterior insula is among others
involved in response inhibition of a prepotent behaviour in
case of response-conflict tasks [52]. Therefore, our find-
ing of increased anterior insula activation may point either
to higher arousal in patients with cPTSD in response to
trauma-related stimuli, or to a greater response-conflict in
case of trauma-related stimuli. The latter would also be in
line with activation of the anterior insula in all groups dur-
ing the colour condition. Possibly, our study design was
suited to elicit effects in the anterior insula, but not in the
posterior insula. Future studies might further investigate

differences between functional circuits of the anterior and
posterior parts of the insula in cPTSD. The TC group did
not differ significantly from patients with cPTSD or from
the HC group. This is not in line with Lindauer and col-
leagues [53] demonstrating greater insula activation during
script-driven imagery in PTSD patients compared to a TC
group. One may explain this divergent finding with sample
characteristics (cPTSD vs single-trauma) or different para-
digms (Stroop vs script-driven imagery).

Contrary to our hypothesis, we did not find higher amyg-
dala activity in response to trauma-related words com-
pared to neutral words in patients with cPTSD as observed
in previous studies [21, 22, 54]. Some recent studies
have also failed to find alterations in amygdala activity in
PTSD patients in response to trauma-related cues [15, 55,
56]. One possibility relates to the contextual demands of
the CEST which may not have been optimally suited to
elicit effects in the amygdala, but rather engaged prefron-
tal regions that subserve functions of cognitive control
(dIPFC, vimPFC, dACC). Moreover, previous meta-analy-
ses of functional neuroimaging studies on emotion process-
ing in depression [57] and BPD [58] showed dampening
effects of medication on amygdala activity. Several stud-
ies have also reported attenuated amygdala activation cor-
responding with increased dIPFC activity [55, 59]. These
results are supported by a meta-analysis, showing attenu-
ated amygdala activity in the context of increasing atten-
tional demands [60].

Our findings differ from previous fMRI studies that
have typically found decreased activation in the dor-
sal, lateral and ventral PFC regions [25, 45]. The current
results point to greater dIPFC and vimPFC engagement in
cPTSD patients during trauma-related words compared to
both control groups. However, more recent studies have
been consistent with our results with greater dIPFC [21,
55] and vmPFC [48, 61] activation. Fonzo and colleagues
[55] found greater dIPFC activation in response to nega-
tive stimuli in PTSD patients after childhood maltreatment
compared to PTSD patients with no childhood maltreat-
ment history. In a sample of sub-threshold military patients
with PTSD symptoms, White et al. [21] showed increased
interference and increased activation in the dorsal lat-
eral regions in response to emotional (relative to neutral)
stimuli in participants with greater symptom severity. We
suggest that increased dIPFC response in our cPTSD sam-
ple relates to task demands specific for CEST. It is most
likely that trauma-related words in the context of this cog-
nitive paradigm were distressing to patients with cPTSD.
The aim of responding as quickly as possible to the correct
colour while being confronted with trauma-related words
may have activated cognitive control networks. Therefore,
increased dIPFC activation might reflect higher expenses
of cognitive control resources to trauma-related cues in
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cPTSD patients compared to TC and HC groups, or may be
a compensatory mechanism to correct for enhanced atten-
tional threat orientation to task-relevant demands [62].

Contrary to our hypothesis, we found greater vimPFC
activation in cPTSD patients during trauma-related words
compared to both control groups. However, as many studies
also found hyperactivation in vmPFC regions, this result is
convergent with some previous studies. In a sample of Iraq
war veterans, Morey and colleagues [63] showed hyperac-
tivity in the vmPFC in PTSD patients during processing of
trauma-related vs trauma-unrelated material. Further stud-
ies demonstrated hyperactivation within vmPFC regions in
PTSD patients during an auditory oddball paradigm [64],
response-inhibition task [65] and script driven imagery
of childhood trauma [66]. It is important to note that the
vmPFC subserves different functions of both inhibition
(successful suppression of emotional responses to a nega-
tive emotional signal), or rather emotion regulation and
facilitation of autonomic arousal [45, 67]. Thus, our find-
ings may reflect increased effort in the trauma vs other con-
ditions in the cPTSD group as well as regulation of auto-
nomic arousal during the cognitive task.

In order to differentiate between the long-lasting effects
of childhood abuse and consequences of cPTSD, we
included a TC control group. On the behavioural level as
well as on the neural level (except for the anterior insula),
the TC group revealed significant differences to the cPTSD
group, but no significant differences compared to the HC
group in any condition. These results are in line with Cisler
et al. [17] who also did not find any attention bias towards
trauma-related words in the TC group. The current fMRI
data are not in line with another study, showing superior
recruitment of regions implicated in cognitive control in
a TC group compared to patients with PTSD and a HC
group [22]. The current results suggest that the attentional
bias to trauma-related stimuli and corresponding altera-
tions in prefrontal brain regions are related to cPTSD and
not to trauma exposure itself. One could speculate that the
TC group was not distracted by the trauma-related stimuli,
which in turn could be a crucial resilience factor that could
prevent the development of cPTSD [7].

Patients with cPTSD showed neither impairments nor
advantages in memory functions for threat information,
as examined in the free recall and recognition tasks. This
is in line with Stein et al. [20] who found no differences
in patients with PTSD in an explicit memory task. The
data are not in line with studies demonstrating evidence
for a memory advantage in patients with PTSD vs TC/
HC groups for threat information [19, 68]. These studies
suggest that patients with cPTSD do not exhibit impaired
encoding and memory for traumatic information.

While the present study had a number of strengths,
including a representative cPTSD group sample after
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childhood abuse, a TC and HC group sample (matched
regarding age and education), several limitations are worth
noting. First, the inevitable use of psychotropic medication
in our cPTSD sample has to be considered. While some
studies did not find any influence of psychotropic medica-
tion on cognitive and psychomotor performance [69] as
well as emotion processing and brain activity [70], other
studies point to significant influences on cognitive perfor-
mance and emotion processing caused by differences in
pharmacological profiles [71, 72]. Therefore, we cannot
rule out that medication effects might have confounded
our results. To clarify the role of medication on cognitive
performance and emotion processing in cPTSD, future
studies would need to recruit drug-naive cPTSD patients.
Second, the majority of our cPTSD sample had a high rate
of comorbid BPD, major depression and social anxiety.
Given that cPTSD after childhood abuse is associated with
high co-occurring symptoms of depression, interpersonal
problems and anxiety as well as personality disorders [73,
74], our sample is representative for this group of patients.
However, it could be argued that these comorbid disorders
(especially BPD and major depression), rather than cPTSD,
accounted for the observed results. Thus, future research
might study cPTSD patients, BPD, major depression and
social anxiety disorders separately to strengthen the inter-
nal validity of the psychobiology of PTSD. However, this
would come at the expense of external validity, as the syn-
drome of cPTSD is defined by symptoms and comorbidity
with the respective disorders. Moreover, we only included
female patients. Consequently, the results of our study are
restricted to a female sample of cPTSD patients and can-
not be generalised to male patients, who might show other
reactions to trauma-related cues. However, most studies on
PTSD in the general population have found higher rates of
PTSD in women than in men (esp. after childhood inter-
personal violence) [75, 76], and men are less likely to seek
psychotherapy [77]. Moreover, fMRI studies have also
reported gender-related differences in terms of BOLD acti-
vation in prefrontal and limbic regions during emotional
and cognitive tasks, and it is, therefore, useful to include a
homogenous sample of either women or man [78]. Third,
we used congruent and incongruent colour words as one
condition in the CST. As a consequence, we were not able
to analyse the CST separately. Fourth, although groups
were matched for demographic parameters and age, patients
with cPTSD reported more severe traumatic experiences
compared to the TC group, as measured with the CTQ.
However, post hoc analyses suggest no significant associa-
tion of our results with cPTSD patients’ trauma experience
as measured by CTQ. Finally, it has to be noticed that our
statistics are limited by low statistical power, which might
have caused false negative results. With the given sample
of n =84, a = 0.05 and p = 0.05, 3 between-subject factors
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and 3 within-subject factors, a sensitivity power analysis
conducted with G*Power [79] indicated that the smallest
interaction effect that can be ruled out is Cohen’s f = 0.34.
This means that we cannot rule out medium or small effects
(f = 0.25 or less) [according to 40] with sufficient certainty,
given the sample size.

Taken together, our results are not completely in line
with the hypothesised neurocircuitry model of PTSD. We
could replicate increased dACC and a trend for increased
insula activation during trauma-related stimuli in cPTSD
patients, but did not find increased amygdala activation.
Moreover, we found greater dIPFC and vmPFC activation
in the presence of trauma-related words. Greater activation
in these brain regions, which subserve inhibition of dis-
tracting stimuli, attentional control and emotion regulation,
together with no significant group differences in the amyg-
dala may reflect the cognitive demands of the Stroop task
and may point to efforts to compensate for emotional dis-
traction caused by the trauma-related words in cPTSD [80].

Acknowledgements We thank all members of the research team for
their assistance and thank all participants for their collaboration. We
further thank Dr. Lars Schulze for his skillful technical support during
the data analyses.

Compliance with ethical standards

Conflict of interest On behalf of all authors, the corresponding au-
thor states that there is no conflict of interest.

Funding This work was supported by the German Ministry of Edu-
cation and Research (BMBF): [RELEASE 01KR1303A].

References

1. Koenen KC, Ratanatharathorn A, Ng L, McLaughlin KA, Bro-
met EJ, Stein DJ, Karam EG, Meron Ruscio A, Benjet C, Scott
K, Atwoli L, Petukhova M, Lim CC, Aguilar-Gaxiola S, Al-
Hamzawi A, Alonso J, Bunting B, Ciutan M, de Girolamo G,
Degenhardt L, Gureje O, Haro JM, Huang Y, Kawakami N, Lee
S, Navarro-Mateu F, Pennell BE, Piazza M, Sampson N, Ten
Have M, Torres Y, CV M, Williams D, Xavier M, Kessler RC
(2017) Posttraumatic stress disorder in the world mental health
surveys. Psychol Med. doi:10.1017/S0033291717000708

2. Thomaes K, Dorrepaal E, Draijer N, de Ruiter MB, van Balkom
AJ, Smit JH, Veltman DJ (2010) Reduced anterior cingulate and
orbitofrontal volumes in child abuse-related complex PTSD. J
Clin Psychiatry 71:1636-1644

3. Cloitre M, Garvert DW, Brewin CR, Bryant RA, Maercker
A (2013) Evidence for proposed ICD-11 PTSD and com-
plex PTSD: a latent profile analysis. Eur J Psychotraumatol.
doi:10.3402/ejpt.v4i10.20706

4. American Psychiatric Association (2013) Diagnostic and statisti-
cal manual of mental disorders: DSM-5. American Psychiatric
Association, Washington

5. Tong J, Simpson K, Alvarez-Jimenez M, Bendall S (2017) Dis-
tress, psychotic symptom exacerbation, and relief in reaction to
talking about trauma in the context of beneficial trauma therapy:

10.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

perspectives from young people with post-traumatic stress dis-
order and first episode psychosis. Behav Cogn Psychother.
doi:10.1017/S1352465817000236

Carletto S, Borghi M, Bertino G, Oliva F, Cavallo M, Hofmann
A, Zennaro A, Malucchi S, Ostacoli L (2016) Treating post-trau-
matic stress disorder in patients with multiple sclerosis: a rand-
omized controlled trial comparing the efficacy of eye movement
desensitization and reprocessing and relaxation therapy. Front
Psychol. doi:10.3389/fpsyg.2016.00526

Constans JI (2005) Information-processing biases in PTSD. In:
Vasterling JJ, Brewin C (eds) Neuropsychology of ptsd: bio-
logical, cognitive, and clinical perspectives. Guilford Press, New
York, pp 105-129

Elzinga BM, Bremner JD (2002) Are the neural substrates of
memory the final common pathway in posttraumatic stress disor-
der (PTSD)? J Affect Disord 70:1-17

Stroop JR (1935) Studies of interference in serial verbal reac-
tions. J Exp Psychol 18:643-661

Mathews A, MacLeod C (1985) Selective processing of threat
cues in anxiety states. Behav Res Ther 23:563-569

. Williams JMG, Mathews A, Rauch SL (1996) The emotional

Stroop task and psychopathology. Psychol Bull 120:3-24

Flaks MK, Malta SM, Almeida PP, Bueno OF, Pupo MC,
Andreoli SB, Mello MF, Lacerda AL, Mari JJ, Bressan RA
(2014) Attentional and executive functions are differentially
affected by post-traumatic stress disorder and trauma. J Psychiatr
Res 48:32-39

Khanna MM, Badura-Brack AS, McDermott TJ, Shepherd A,
Heinrichs-Graham E, Pine DS, Bar-Haim Y, Wilson TW (2015)
Attention training normalises combat-related post-traumatic
stress disorder effects on emotional Stroop performance using
lexically matched word lists. Cogn Emot 30(8):1521-1528
McNally RJ, Kaspi SP, Riemann BC, Zeitlin SB (1990) Selec-
tive processing of threat cues in posttraumatic stress disorder. J
Abnorm Psychol 99:398-402

Thomaes K, Dorrepaal E, Draijer N, de Ruiter MB, Elzinga BM,
van Balkom AJ, Smit JH, Veltman DJ (2012) Treatment effects
on insular and anterior cingulate cortex activation during classic
and emotional Stroop interference in child abuse-related com-
plex post-traumatic stress disorder. Psychol Med 42:2337-2349
Wingenfeld K, Riedesel K, Petrovic Z, Philippsen C, Meyer B,
Rose M, Grabe HJ, Barnow S, Lowe B, Spitzer C (2011) Impact
of childhood trauma, alexithymia, dissociation, and emotion sup-
pression on emotional Stroop task. J Psychosom Res 70:53-58

. Cisler JM, Wolitzky-Taylor KB, Adams TG Jr, Babson KA,

Badour CL, Willems JL (2011) The emotional Stroop task and
posttraumatic stress disorder: a meta-analysis. Clin Psychol Rev
31:817-828

Kimble MO, Frueh BC, Marks L (2009) Does the modified
Stroop effect exist in PTSD? Evidence from dissertation abstracts
and the peer reviewed literature. J Anxiety Disord 23:650-655
Vrana SR, Roodman A, Beckham JC (1995) Selective process-
ing of trauma-relevant words in posttraumatic stress disorder. J
Anxiety Disord 9:515-530

Stein MB, Hanna C, Vaerum V, Koverola C (1999) Memory
functioning in adult women traumatized by childhood sexual
abuse. J Trauma Stress 12:527-534

White SF, Costanzo ME, Blair JR, Roy MJ (2015) PTSD symp-
tom severity is associated with increased recruitment of top-
down attentional control in a trauma-exposed sample. Neuroim-
age Clin 7:19-27

Blair KS, Vythilingam M, Crowe SL, McCaffrey DE, Ng P, Wu
CC, Scaramozza M, Mondillo K, Pine DS, Charney DS, Blair
RJ (2013) Cognitive control of attention is differentially affected
in trauma-exposed individuals with and without post-traumatic
stress disorder. Psychol Med 43:85-95

@ Springer


https://doi.org/10.1017/S0033291717000708
https://doi.org/10.3402/ejpt.v4i0.20706
https://doi.org/10.1017/S1352465817000236
https://doi.org/10.3389/fpsyg.2016.00526

158

Eur Arch Psychiatry Clin Neurosci (2019) 269:147-159

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

New AS, Fan J, Murrough JW, Liu X, Liebman RE, Guise KG,
Tang CY, Charney DS (2009) A functional magnetic resonance
imaging study of deliberate emotion regulation in resilience and
posttraumatic stress disorder. Biol Psychiatry 66:656-664
Pagani M, Cavallo M (2014) Neuroimaging in PTSD-related
psychotherapies. In: Dierckx R, Otte A, de Vries EFJ, van
Waarde A, den Boer JA (eds) PET and SPECT in psychiatry.
Springer, Berlin Heidelberg, pp 397410

Hughes KC, Shin LM (2011) Functional neuroimaging studies of
post-traumatic stress disorder. Expert Rev Neurother 11:275-285
Rauch SL, Shin LM, Phelps EA (2006) Neurocircuitry models
of posttraumatic stress disorder and extinction: human neuro-
imaging research—past, present, and future. Biol Psychiatry
60:376-382

Lanius RA, Frewen PA, Tursich M, Jetly R, McKinnon MC
(2015) Restoring large-scale brain networks in PTSD and related
disorders: a proposal for neuroscientifically-informed treatment
interventions. Eur J Psychotraumatol 6:27313

Neumeister P, Feldker K, Heitmann CY, Helmich R, Gathmann
B, Becker MP, Straube T (2016) Interpersonal violence in post-
traumatic women: brain networks triggered by trauma-related
pictures. Soc Cogn Affect Neurosci. doi:10.1093/scan/nsw165
Sheynin J, Liberzon I (2016) Circuit dysregulation and circuit-
based treatments in posttraumatic stress disorder. Neurosci Lett.
doi:10.1016/j.neulet.2016.11.014

Bremner JD, Vermetten E, Vythilingam M, Afzal N, Schmahl C,
Elzinga B, Charney DS (2004) Neural correlates of the classic
color and emotional Stroop in women with abuse-related post-
traumatic stress disorder. Biol Psychiatry 55:612-620

Wittchen H-U, Wunderlich U, Gruschwitz S, Zaudig M (1997)
SKID I Strukturiertes klinisches Interview fiir DSM-IV Achse I:
Psychische Storungen Interviewheft und Beurteilungsheft eine
deutschsprachige, erweiterte Bearbeitung der amerikanischen
Originalversion des SCID I. Hogrefe, Gottingen

Weathers F, Blake D, Schnurr P, Kaloupek D, Marx B, Keane
TM (2013) The clinician-administered PTSD scale for DSM-5
(CAPS-5). Interview available from the national center for
PTSD. http://www.ptsd.va.gov. Accessed 13 Jan 2017

Loranger AW, Janca A, Sartorius N (1997) Assessment and diag-
nosis of personality disorders: The ICD-10 international person-
ality disorder examination (IPDE). Cambridge University Press,
New York

Rausch S, Herzog J, Thome J, Ludascher P, Muller-Engelmann
M, Steil R, Priebe K, Fydrich T, Kleindienst N (2016) Women
with exposure to childhood interpersonal violence without psy-
chiatric diagnoses show no signs of impairment in general func-
tioning, quality of life and sexuality. Borderline Personal Disord
Emot Dysregul 3:13

Bernstein DP, Fink L (1998) Childhood trauma questionnaire: a
retrospective self-report manual. The Psychological Corporation,
San Antonio

Davidson JR, Book SW, Colket JT, Tupler LA, Roth S, David D,
Hertzberg M, Mellman T, Beckham JC, Smith RD, Davison RM,
Katz R, Feldman ME (1997) Assessment of a new self-rating
scale for post-traumatic stress disorder. Psychol Med 27:153—-160
Hautzinger M, Kuehner C, Buerger C, Keller F (2003) Manual
fiir das BDI-II. Huber, Bern

Bradley MM, Lang PJ (1994) Measuring emotion: the self-
assessment manikin and the semantic differential. J] Behav Ther
Exp Psychiatry 25:49-59

Ratcliff R (1993) Methods for dealing with reaction time outli-
ers. Psychol Bull 114:510-532

Cohen J (1988) Statistical power analysis for the behavioral sci-
ences. Lawrence Erlbaum Associates, Hillsdale
Tzourio-Mazoyer N, Landeau B, Papathanassiou D, Crivello F,
Etard O, Delcroix N, Mazoyer B, Joliot M (2002) Automated

@ Springer

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

anatomical labeling of activations in SPM using a macroscopic
anatomical parcellation of the MNI MRI single-subject brain.
Neuroimage 15:273-289

Desikan RS, Segonne F, Fischl B, Quinn BT, Dickerson BC,
Blacker D, Buckner RL, Dale AM, Maguire RP, Hyman BT,
Albert MS, Killiany RJ (2006) An automated labeling system
for subdividing the human cerebral cortex on MRI scans into
gyral based regions of interest. Neuroimage 31:968-980

Shin LM, Bush G, Whalen PJ, Handwerger K, Cannistraro PA,
Wright CI, Martis B, Macklin ML, Lasko NB, Orr SP, Pitman
RK, Rauch SL (2007) Dorsal anterior cingulate function in
posttraumatic stress disorder. J Trauma Stress 20:701-712

Xu M, Xu G, Yang Y (2016) Neural systems underlying emo-
tional and non-emotional interference processing: an ale meta-
analysis of functional neuroimaging studies. Front Behav Neu-
rosci 10:220

Hayes JP, VanElzakker MB, Shin LM (2012) Emotion and
cognition interactions in PTSD: a review of neurocognitive
and neuroimaging studies. Front Integr Neurosci 6:89

Bush G, Whalen PJ, Rosen BR, Jenike MA, Mclnerney SC,
Rauch SL (1998) The counting Stroop: an interference task
specialized for functional neuroimaging—validation study with
functional MRI. Hum Brain Mapp 6:270-282

Lanius RA, Frewen PA, Girotti M, Neufeld RW, Stevens
TK, Densmore M (2007) Neural correlates of trauma script-
imagery in posttraumatic stress disorder with and without
comorbid major depression: a functional MRI investigation.
Psychiatry Res 155:45-56

Bruce SE, Buchholz KR, Brown WJ, Yan L, Durbin A, She-
line YI (2012) Altered emotional interference processing in the
amygdala and insula in women with post-traumatic stress dis-
order. Neurolmage Clin 2:43—-49

Menon V, Uddin LQ (2010) Saliency, switching, attention and
control: a network model of insula function. Brain Struct Funct
214:655-667

Nelson SM, Dosenbach NU, Cohen AL, Wheeler ME, Schlag-
gar BL, Petersen SE (2010) Role of the anterior insula in
task-level control and focal attention. Brain Struct Funct
214:669-680

Craig AD (2010) The sentient self. Brain Struct Funct
214:563-577

Sharp DJ, Bonnelle V, De Boissezon X, Beckmann CF, James
SG, Patel MC, Mehta MA (2010) Distinct frontal systems for
response inhibition, attentional capture, and error processing.
Proc Natl Acad Sci USA 107:6106-6111

Lindauer RJ, Booij J, Habraken JB, van Meijel EP, Uylings HB,
Olff M, Carlier 1V, den Heeten GJ, van Eck-Smit BL, Gersons
BP (2008) Effects of psychotherapy on regional cerebral blood
flow during trauma imagery in patients with post-traumatic stress
disorder: a randomized clinical trial. Psychol Med 38:543-554
Dannlowski U, Stuhrmann A, Beutelmann V, Zwanzger P, Len-
zen T, Grotegerd D, Domschke K, Hohoff C, Ohrmann P, Bauer
J, Lindner C, Postert C, Konrad C, Arolt V, Heindel W, Suslow
T, Kugel H (2012) Limbic scars: long-term consequences of
childhood maltreatment revealed by functional and structural
magnetic resonance imaging. Biol Psychiatry 71:286-293

Fonzo GA, Huemer J, Etkin A (2016) History of childhood mal-
treatment augments dorsolateral prefrontal processing of emo-
tional valence in PTSD. J Psychiatr Res 74:45-54

Fani N, Jovanovic T, Ely TD, Bradley B, Gutman D, Tone EB,
Ressler KJ (2012) Neural correlates of attention bias to threat in
post-traumatic stress disorder. Biol Psychol 90:134-142
Delaveau P, Jabourian M, Lemogne C, Guionnet S, Bergouig-
nan L, Fossati P (2011) Brain effects of antidepressants in major
depression: a meta-analysis of emotional processing studies. J
Affect Disord 130:66-74


https://doi.org/10.1093/scan/nsw165
https://doi.org/10.1016/j.neulet.2016.11.014
http://www.ptsd.va.gov

Eur Arch Psychiatry Clin Neurosci (2019) 269:147-159

159

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Schulze L, Schmahl C, Niedtfeld I (2016) Neural correlates of
disturbed emotion processing in borderline personality disorder:
a multimodal meta-analysis. Biol Psychiatry 79:97-106

Mitchell DG, Nakic M, Fridberg D, Kamel N, Pine DS, Blair RJ
(2007) The impact of processing load on emotion. Neuroimage
34:1299-1309

Costafreda SG, Brammer MJ, David AS, Fu CH (2008) Predic-
tors of amygdala activation during the processing of emotional
stimuli: a meta-analysis of 385 PET and fmri studies. Brain Res
Rev 58:57-70

Bryant RA, Kemp AH, Felmingham KL, Liddell B, Olivieri G,
Peduto A, Gordon E, Williams LM (2008) Enhanced amygdala
and medial prefrontal activation during nonconscious processing
of fear in posttraumatic stress disorder: an fmri study. Hum Brain
Mapp 29:517-523

Comte M, Schon D, Coull JT, Reynaud E, Khalfa S, Belzeaux
R, el Ibrahim C, Guedj E, Blin O, Weinberger DR, Fakra E
(2016) Dissociating bottom-up and top-down mechanisms in the
cortico-limbic system during emotion processing. Cereb Cortex
26:144-155

Morey RA, Petty CM, Cooper DA, LaBar KS, McCarthy G
(2008) Neural systems for executive and emotional processing
are modulated by symptoms of posttraumatic stress disorder in
Iraq war veterans. Psychiatry Res 162:59-72

Bryant RA, Felmingham KL, Kemp AH, Barton M, Peduto AS,
Rennie C, Gordon E, Williams LM (2005) Neural networks
of information processing in posttraumatic stress disorder: a
functional magnetic resonance imaging study. Biol Psychiatry
58:111-118

Carrion VG, Garrett A, Menon V, Weems CF, Reiss AL (2008)
Posttraumatic stress symptoms and brain function during a
response-inhibition task: an fmri study in youth. Depress Anxi-
ety 25:514-526

Shin LM, McNally RJ, Kosslyn SM, Thompson WL, Rauch SL,
Alpert NM, Metzger LJ, Lasko NB, Orr SP, Pitman RK (1999)
Regional cerebral blood flow during script-driven imagery in
childhood sexual abuse-related PTSD: a PET investigation. Am
J Psychiatry 156:575-584

Quirk GJ, Beer JS (2006) Prefrontal involvement in the regu-
lation of emotion: convergence of rat and human studies. Curr
Opin Neurobiol 16:723-727

Paunovi N, Lundh LG, Ost LG (2002) Attentional and mem-
ory bias for emotional information in crime victims with

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

acute posttraumatic stress disorder (PTSD). J Anxiety Disord
16:675-692

Paul MA, Gray GW, Love RJ, Lange M (2007) SSRI effects
on pyschomotor performance: assessment of citalopram and
escitalopram on normal subjects. Aviat Space Environ Med
78:693-697

van Tol MJ, van der Wee NJ, Demenescu LR, Nielen MM, Ale-
man A, Renken R, van Buchem MA, Zitman FG, Veltman DJ
(2011) Functional MRI correlates of visuospatial planning
in out-patient depression and anxiety. Acta Psychiatr Scand
124:273-284

Schmitt JA, Kruizinga MJ, Riedel WJ (2001) Non-serotonergic
pharmacological profiles and associated cognitive effects of ser-
otonin reuptake inhibitors. J Psychopharmacol 15:173-179
Outhred T, Das P, Felmingham KL, Bryant RA, Nathan PJ,
Malhi GS, Kemp AH (2014) Impact of acute administration of
escitalopram on the processing of emotional and neutral images:
a randomized crossover fmri study of healthy women. J Psychia-
try Neurosci 39:267-275

Kessler RC, Davis CG, Kendler KS (1997) Childhood adversity
and adult psychiatric disorder in the US national comorbidity
survey. Psychol Med 27:1101-1119

Zanarini MC, Frankenburg FR, Dubo ED, Sickel AE, Trikha A,
Levin A, Reynolds V (1998) Axis I comorbidity of borderline
personality disorder. Am J Psychiatry 155:1733-1739

Olff M, Langeland W, Draijer N, Gersons BP (2007) Gen-
der differences in posttraumatic stress disorder. Psychol Bull
133:183-204

Tolin DF, Foa EB (2006) Sex differences in trauma and post-
traumatic stress disorder: a quantitative review of 25 years of
research. Psychol Bull 132:959-992

Yousaf O, Grunfeld EA, Hunter MS (2015) A systematic review
of the factors associated with delays in medical and psychologi-
cal help-seeking among men. Health Psychol Rev 9:264-276
Lopez-Larson MP, Anderson JS, Ferguson MA, Yurgelun-Todd
D (2011) Local brain connectivity and associations with gender
and age. Dev Cogn Neurosci 1:187-197

Faul F, Erdfelder E, Lang A-G, Buchner A (2007) G*power 3: a
flexible statistical power analysis program for the social, behav-
ioral, and biomedical sciences. Behav Res Methods 39:175-191
Eysenck MW, Derakshan N, Santos R, Calvo MG (2007) Anxi-
ety and cognitive performance: attentional control theory. Emo-
tion 7:336-353

@ Springer



	Increased recruitment of cognitive control in the presence of traumatic stimuli in complex PTSD
	Abstract 
	Introduction
	Materials and methods
	Participants
	Classic and emotional Stroop tasks
	MRI scan protocol
	Statistical analyses
	Behavioural data
	fMRI data
	Whole-brain voxel-wise analysis
	Region of interest analysis


	Results
	Behavioural results
	Classic and emotional Stroop task performance
	Free recall and recognition tasks

	fMRI results
	Whole-brain voxel-wise analysis
	ROI analysis


	Discussion
	Acknowledgements 
	References




