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Abstract Recent evidence has suggested that posttraumatic
stress disorder (PTSD) is associated with alterations in
prefrontal-cortex-dependent cognitive processes (e.g., work-
ing memory, cognitive control). However, it remains unclear
whether these cognitive dysfunctions are related to PTSD
symptomatology or trauma exposure. Furthermore, regarding
cognitive control, research has only focused on the integrity of
selected control functions, but not their dynamic regulation in
response to changing environmental demands. Therefore, the
present study investigated dynamic variations in interference
control, in addition to overall interference susceptibility and
working memory (WM) performance in matched groups of 24
PTSD patients and 26 traumatized and 30 nontraumatized
healthy controls. The Simon task was used to measure overall
interference susceptibility and the flexible adjustment of cog-
nitive control, on the basis of the occurrence of response
conflicts (conflict adaptation effect). WM performance was
assessed with the forward and backward digit span tasks.
Since we have previously shown that trauma exposure per se
is associated with reduced hair cortisol concentrations (HCC),
we further explored whether PTSD/trauma-related cognitive
alterations are related to HCC in proximal 3-cm hair segments.
The results revealed that PTSD patients and traumatized
controls showed significantly more pronounced conflict

adaptation effects than nontraumatized controls. Moreover,
the conflict adaptation effect was positively related to the
number of lifetime traumatic events and the frequency of
traumatization. The groups did not differ in overall interfer-
ence susceptibility or WM performance. Exploratory analyses
revealed no association between HCC and the observed cog-
nitive differences. These results suggest that context-driven
control adjustments constitute a sensitive correlate of trauma
exposure, irrespective of PTSD.
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Posttraumatic stress disorder (PTSD) emerges as a possible
clinical outcome from exposure to one or more traumatic
events and involves cognitive impairments, including the
involuntary recollection of the traumatic event, the inability
to recall important aspects of the trauma, and concentration
difficulties (American Psychiatric Association, 2000).
Previous research has frequently examined neuropsychologi-
cal alterations associated with PTSD, with a particular focus
on hippocampal-dependent memory impairments. Another
important aspect of cognitive functioning relates to prefrontal
cortex (pFC) dependent processes that are crucially involved
in the intentional manipulation of traumatic memories (Depue,
Curran, & Banich, 2007). The pFC represents the main neural
correlate of working memory (WM), as well as of the
cognitive-control processes crucial for goal-directed behavior
and adaptive responding to challenging and novel conditions
(Miller & Cohen, 2001).

Indeed, PTSD patients are assumed to exhibit structural
and functional changes of the pFC (reviewed in Pitman et al.,
2012) and impaired pFC-dependent functions (reviewed in
Aupperle, Melrose, Stein, & Paulus, 2012; Polak, Witteveen,
Reitsma, & Olff, 2012). More specifically, the majority of
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studies have detected poorer WM performance in PTSD pa-
tients in comparison to traumatized controls (e.g., Jelinek
et al., 2008; Koso & Hansen, 2006; Vasterling et al., 2002)
or both traumatized and nontraumatized controls (Jenkins,
Langlais, Delis, & Cohen, 2000; Lagarde, Doyon, & Brunet,
2010). Although these findings suggest that WM deficits are
related to PTSD, there is also evidence for a general impair-
ment in trauma-exposed groups, irrespective of PTSD (e.g.,
El-Hage, Gaillard, Isingrini, & Belzung, 2006). However, a
number of studies have also failed to find differences between
such groups (e.g., Burriss, Ayers, Ginsberg, & Powell, 2008;
Moores et al., 2008; Twamley, Hami, & Stein, 2004). Another
set of studies has focused on response inhibition as a key
cognitive control function that prevents prepotent but unwant-
ed responses from being executed (Miyake et al., 2000). These
revealed decreased response inhibition in PTSD patients rel-
ative to traumatized controls (dichotic-listening task: Johnsen,
Kanagaratnam, & Asbjornsen, 2011; attentional network task:
Leskin & White, 2007; go–no-go task: Wu et al., 2010) or
nontraumatized controls (go–no-go task: Falconer et al.,
2008). Furthermore, previous research examined PTSD- or
trauma-related differences in interference susceptibility by
using conventional Stroop tasks, in which participants name
the color of a word, whereas the word itself can either corre-
spond with the ink color (e.g., “red”written in red) or not (e.g.,
“green” written in red). This results in an automatic activation
of the corresponding response that facilitates task performance
or the noncorresponding response that interferes with the
instructed task, respectively. Interestingly, the majority of
these studies have revealed no differences between PTSD
patients and controls (e.g., Eren-Kocak, Kilic, Aydin, &
Hizli, 2009; Lindauer, Olff, van Meijel, Carlier, & Gersons,
2006; Litz et al., 1996; Vasterling et al., 2002). The picture,
however, is quite different in Stroop versions using emotion-
ally negative, threat- or trauma-related stimuli. Here, interfer-
ence was found to be increased in PTSD patients (e.g., Litz
et al., 1996; Mueller-Pfeiffer et al., 2010; Shin et al., 2001;
Vythilingam et al., 2007) and to be negatively related to
intrusion symptoms (e.g., Paunovi, Lundh, & Ost, 2002).
Interestingly, recent meta-analytic data have indicated that an
increased emotional Stroop interference is also found in trau-
matized individuals without PTSD (Cisler et al., 2011).
Whereas these findings suggest a PTSD/trauma-related atten-
tional bias toward negative affective stimuli (reviewed in
Hayes, Vanelzakker, & Shin, 2012), it still remains unclear
whether pFC-dependent functions also extend beyond
trauma-related cognitive impairments.

Additionally, whereas most previous studies have solely
investigated the integrity of singular cognitive control func-
tions (e.g., response inhibition) in PTSD patients, the ability to
dynamically regulate cognitive control in response to chang-
ing situational demands has not been addressed, yet. This,
however, seems to be particularly important as everyday life

requires successful performance in fast changing high-
demanding environments. In recent years, this flexible adjust-
ment of cognitive control has been frequently investigated by
assessing changes in interference effects following response
conflicts. Themost widely used paradigm for this is the Simon
task, in which participants categorize stimuli on the basis of
their identity (e.g., single-digit numbers as smaller or larger
than five) by pressing a left or right response button. The
stimuli appear either to the left or right of the screen center.
Although stimulus location is completely task-irrelevant, it
automatically activates the spatially corresponding response,
which can either be in accordance with the required one
(compatible condition) or differ from it (incompatible condi-
tion), with the latter causing a response conflict that needs
to be inhibited. The difference between the compatible
and incompatible condition denotes the Simon effect as mea-
sure of interference susceptibility and response inhibition.
Additionally, experience of a response conflict typically re-
duces interference susceptibility in the subsequent trial in
comparison to trials following a nonconflict (reviewed in
Botvinick, Cohen, & Carter, 2004). This interaction effect
between previous and current trial types is referred to as
conflict adaptation effect and assumed to result from flexible
adjustments of cognitive control in response to conflict.
Recent research has shown that this conflict adaptation effect
represents a sensitive measure of interindividual (e.g., Keye,
Wilhelm, Oberauer, & van Ravenzwaaij, 2009; Krug &
Carter, 2010) and developmental (Waxer & Morton, 2011)
differences in conflict processing and adaptation, and is mod-
ulated by affect or reward (e.g., Braem, Verguts, Roggeman,
& Notebaert, 2012; van Steenbergen, Band, & Hommel,
2009, 2010) and by stress (Plessow, Fischer, Kirschbaum, &
Goschke, 2011).

Based on previous research, it remains unclear whether
potential alterations in cognitive control are related to PTSD
symptomatology, or rather to trauma exposure. Thus, the
present study examined groups of (1)PTSD patients, (2)trau-
matized healthy controls (TC), and (3)nontraumatized healthy
controls (NTC; as previously reported in Steudte et al., 2013)
regardingWMperformance, interference susceptibility and its
sequential modulation. Furthermore, we examined whether
the assessed cognitive parameters are associated with
trauma-related characteristics and PTSD symptom patterns.
Interestingly, we have previously found lower long-term inte-
grated hair cortisol concentrations (HCC) in traumatized indi-
viduals (with and without PTSD) and negative HCC relation-
ships with trauma- and symptom-related aspects (Steudte
et al., 2013). Since cortisol is known to exert potent effects
on pFC-dependent processes (reviewed in Arnsten, 2009), we
further explored whether potential PTSD/trauma-related alter-
ations in pFC-dependent functions are related to lower HCC.
Importantly, our previous research shows that acute cortisol
stress reactivity is negatively associated with the amount of
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conflict adaptation (Plessow et al., 2011). Combining this with
our recent finding that PTSD patients and traumatized controls
exhibit attenuated long-term cortisol levels (Steudte et al.,
2013) makes it conceivable that these two groups also show
altered flexible control adjustments, as compared to non-
traumatized controls.

Method

Participants

Participants were recruited via flyers and local advertisements.
PTSD patients were additionally enrolled from the outpatient
unit of the Institute of Clinical Psychology and Psychotherapy
of the Technische Universität Dresden (Steudte et al., 2013).
Participants were excluded if they had hair shorter than 3 cm
at the posterior vertex region of the scalp, signs of baldness or
hair loss, were pregnant, reported suffering from any severe
physical disease over the past 5 years and/or the use of
glucocorticoid-containing medicine, or psychotropic medica-
tions (e.g., antidepressants) within the past six months.

Diagnostic assessments for DSM-IVmental disorders were
based on the standardized Munich Composite International
Diagnostic Interview (DIA-X/M-CIDI; Wittchen & Pfister,
1997). PTSD patients met the criteria of a current primary
12-month PTSD diagnosis and had no 12-month diagnosis of
substance abuse or dependence (except for nicotine), lifetime
diagnoses of bipolar disorder, psychosis and/or severe depres-
sive disorder with psychotic symptoms. None of the control
participants (TC, NTC) had a psychiatric lifetime disorder as
assessed with the stem questions of the DIA-X/M-CIDI and
the Mini International Neuropsychiatric Interview (M.I.N.I.;
Sheehan et al., 1998). Assignment to both control groups was
based on the items of the trauma checklist of the
Posttraumatic Diagnostic Scale (PDS; Ehlers, Steil, Winter,
& Foa, 1996): TC participants had to have experienced a
traumatic event according to the A1 and A2 criterion of
DSM-IV, whereas this was not the case for the NTC group.

24 PTSD patients, 26 TC and 30 NTC participants from the
sample described in Steudte et al. (2013) took part in the
neuropsychological examination. The groups were matched
regarding age, sex, body mass index (BMI), smoking status,
and use of oral contraceptives. Table 1 provides detailed
descriptive information (including HCC) for the three groups.
Both groups of traumatized individuals had experienced civil-
ian traumatic events comprising accidents (n= 9), natural
disasters (n= 6), sexual assaults (n= 12), physical assaults
(n= 8), life-threatening illnesses (n= 5), and other traumatic
events (e.g., the sudden death of a close relative; n= 10). Of
the trauma-exposed individuals, 74 % had experienced the
relevant traumatic event more than five years ago. Comorbid
diagnoses of PTSD patients included depressive disorders

(n= 16), specific phobia (n= 8), social phobia (n= 4), pain
disorder (n= 3), generalized anxiety disorder (n= 4), panic
disorder with or without agoraphobia (n= 3), and obsessive-
compulsive disorder (n= 1).

All participants provided written informed consent prior to
taking part in the study. The study was conducted in accor-
dance with the Declaration of Helsinki and was approved by
the ethics committee of the Technische Universität Dresden
Medical School.

Clinical and psychological measures

Sociodemographic information (sex, age, educational status,
BMI, smoking status, use of oral contraceptives, menopausal
status), hair-specific characteristics (washes per week, curls or
waves, hair treatments, and natural hair color), and partici-
pants’ health (medication intake, physical diseases) were re-
corded using a self-developed questionnaire. The use of hair
treatments was defined as the use of either semipermanent or
permanent coloration, or permanent wave or hair straightening
during the past three months (as in Stalder et al., 2012). The
PDS (Ehlers et al., 1996) was used to measure the severity of
overall PTSD symptoms over the last month, whereas the
Impact of Event Scale–Revised (IES-R; Maercker &
Schützewohl, 1998) was utilized to assess the severity of
PTSD symptom clusters (intrusions, avoidance, hyperarousal)
over the last week. The Childhood Trauma Questionnaire
(CTQ; Wingenfeld et al., 2010) was applied to measure child-
hood maltreatment, and the Trauma History Questionnaire
(THQ;Maercker, 2002) was further used to provide a measure
of lifetime exposure to traumatic events (according to the A1
criterion). The THQ items assess lifetime exposure to 24
different traumatic events (0= no, 1= yes) and the number of
occurrences for each event (0= never, 1= once, 2= 2 times,
3= 3 times, 4= 4 times, 5= 5 times, 6= 6 or more times). The
respective sum scores reflect (1)the number of different life-
time traumatic events and (2)the frequency of traumatization.
The Beck Depression Inventory (BDI-II; Hautzinger, Keller,
& Kühner, 2006) was used to quantify the severity of depres-
sive symptoms, whereas the Screening Scale of Chronic Stress
of the Trier Inventory for the Assessment of Chronic Stress
(SSCS-TICS; Schulz, Schlotz, & Becker, 2004) was obtained
to assess chronic stress over the last three months.

Cognitive tasks

Simon task Interference susceptibility and conflict adaptation
were assessed via a number version of the classical Simon task
(Fischer, Dreisbach, & Goschke, 2008). Participants catego-
rized single-digit numbers (1–9, except 5) as smaller or larger
than five by pressing a left (Alt key) or a right (Alt-Gr key)
response key on a QWERTZ keyboard with their left or right
index finger, respectively. The numbers were presented either
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to the left or to the right of the screen center, resulting in
compatible trials (C; e.g., “1” presented on the left location) or
incompatible trials (I; e.g., “1” displayed on the right loca-
tion). Using an IBM-compatible personal computer with pre-
sentation software (version 0.71; Neurobehavioral systems,
Inc., Albany, CA, USA), target stimuli were presented white

against black on a 17-in. monitor. Viewing distance was
approximately 60 cm. Trial started with a central presentation
of a fixation cross. After 1,000 ms, targets (0.48º–0.67º) were
shown either 2.8 cm to the left or to the right of the fixation
sign (visual angle of 2.7° to the left and right) for 200 ms.
Once a response was given (max. of 1,800 ms from target

Table 1 Comparison of demographic, hair-related, and clinical characteristics of the PTSD patients, traumatized and nontraumatized healthy controls

PTSD Patients
(n= 24)a

Traumatized
Controls (n= 26)a

Nontraumatized
Controls (n= 30)a

Test Statistic p

Demographics

Female (%) 23 (95.8) 24 (92.3) 27 (90.0) χ2(2)= 0.66 .870

Age: year (M, SD) 36.17 (11.56) 41.12 (12.46) 38.47 (14.12) F(2, 77)= 0.93 .400

Highest educational status χ2(6)= 7.40 .294

Academic degree (%) 5 (20.8) 11 (42.3) 7 (23.3)

Professional training or college degree (%) 10 (41.7) 10 (38.5) 14 (46.7)

A level (%) 4 (16.7) 4 (15.4) 7 (23.3)

High-school diploma or lower (%) 5 (20.8) 1 (3.8) 2 (6.7)

Body mass index (M, SD) 23.86 (3.17) 23.64 (3.89) 23.25 (3.03) F(2, 77)= 0.23 .793

Smoking (%) 6 (25.0) 2 (7.7) 6 (20.0) χ2(2)= 2.80 .267

Use of oral contraceptives (%) 6 (26.1) 5 (20.8) 10 (37.0) χ2(2)= 1.73 .422

Menopausal status (%) 3 (13.0) 10 (41.7) 7 (25.9) χ2(2)= 4.91 .086

Physical diseases (%) 14 (58.3) 8 (30.8) 10 (33.3) χ2(2)= 4.84 .089

Regular nonpsychotropic medication (%)1 9 (37.5) 5 (19.2) 8 (26.7) χ2(2)= 2.11 .349

Hair-Related Variables

Washes per week (M, SD) 3.02 (1.30) 2.89 (1.41) 2.58 (0.91) F(2, 77)= 0.94 .394

Curls/waves (%) 8 (33.3) 10 (38.5) 17 (56.7) χ2(2)= 3.39 .184

Hair treatments (%) 18 (75.0) 17 (65.4) 22 (73.3) χ2(2)= 0.17 .717

Natural hair color – – – χ2(14)= 10.74 .769

HCC 1st segment (M, SD) 7.63 (6.54) 8.53 (6.23) 14.97 (12.36) F(2, 77)= 5.39 <.01c

Trauma-Related and Psychological Characteristics

PDS (M, SD) 23.71 (10.58) 2.69 (4.36) n/a t(30.10)= 9.05 <.001

IES-R

Intrusion (M, SD) 15.33 (10.20) 2.62 (3.67) n/a t(28.44)= 5.77 <.001

Avoidance (M, SD) 18.00 (9.72) 4.04 (8.04) n/a t(48)= 5.55 <.001

Hyperarousal (M, SD) 15.29 (9.27) 1.12 (2.22) n/a t(25.42)= 7.30 <.001

Number of traumatic events (A1)

THQ (M, SD) 4.42 (2.81) 3.19 (2.02) 1.37 (1.22) F(2, 77)= 15.07 <.001c

Frequency of traumatic events (A1)

THQ (M, SD) 11.57 (9.94)b 4.65 (3.91) 2.93 (4.29) F(2, 76)= 12.81 <.001d

BDI score (M, SD) 19.58 (9.18) 4.92 (5.62) 2.83 (3.19) F(2, 77)= 54.04 <.001d

CTQ score (M, SD) 44.00 (18.87) 36.42 (12.45) 28.80 (3.81) F(2, 77)= 9.54 <.001c

SSCS-TICS (M, SD) 19.79 (9.50) 10.77 (8.41) 9.20 (6.24) F(2, 77)= 12.91 <.001d

Abbreviations: BDI-II= Beck Depression Inventory-II, CTQ= Childhood Traumatic Questionnaire, HCC= hair cortisol concentrations, IES-R= Impact
of Event Scale–Revised, NTC= nontraumatized healthy controls, PDS= Posttraumatic Diagnostic Scale, PTSD= posttraumatic stress disorder, SSCS-
TICS= Screening Scale of Chronic Stress of the Trier Inventory for the Assessment of Chronic Stress, TC= traumatized healthy controls, THQ= Trauma
History Questionnaire. 1 Included cardiovascular medication (n= 7), thyroid medication (n= 10), proton-pump inhibitors (n= 2), and others (n= 3). a The
current sample sizes show slight differences from the sample sizes described in Steudte et al. (2013), since two PTSD patients did not participate in the
neuropsychological examination and the present study focused on the scalp-near hair segment. b Value refers to n= 23. Bonferroni post-hoc analyses:
c PTSD, TC> NTC (ps< .05). d PTSD> TC, NTC (ps< .05).
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onset), participants received performance feedback together
with a sinus tone through headphones: For correct responses, a
blank screen (300 ms) was shown, for incorrect responses or
misses “false” or “too slow” were presented, respectively,
followed by a blank screen for a random interval between
100 and 1,000 ms. Participants performed a practice block (16
trials) and three test blocks (64 trials each= total number of
test trials: 192). The numerical variant of the Simon task was
chosen over classical versions of the paradigm, as it features
more than one stimulus for each response alternative. This
allowed for the exclusion of identical target repetitions, min-
imizing the impact of feature binding processes on task per-
formance (Mayr, Awh, & Laurey, 2003).

Forward and backward digit span task WMperformance was
measured using the forward and backward digit span tasks of
the Wechsler Memory Scale (WMS-III; Wechsler, 1997). The
forward digit span task was used to assess the maintenance of
information, whereas the backward digit span task was ob-
tained to measure the manipulation of information. The total
digit span is based on the sum score of the forward and
backward digit spans providing a measure of overall WM
performance.

Hair cortisol analysis

Hair strands (~3mm diameter) were taken near the scalp from
a posterior vertex position, and cortisol concentrations in the
proximal 3-cm hair segment were measured. HCC in the first
3-cm hair segment are assumed to reflect integrated cortisol
secretion over the 3-month period prior to hair sampling (see
Stalder & Kirschbaum, 2012). HCC were determined via
liquid chromatography tandem mass spectrometry. Detailed
information on the analytical protocol is provided in Gao et al.
(2013).

Statistical analysis

Group comparisons regarding sociodemographic, hair-
related, and clinical/psychological characteristics were con-
ducted using χ2 contingency tables (for dichotomous vari-
ables) or univariate analyses of variance (ANOVAs, for con-
tinuous variables). Measures of PTSD symptoms were com-
pared between the TC and PTSD groups by applying t tests.
For the Simon task, three-way mixed-design ANOVAs with
Compatibility of the Current Trial (2 levels: compatible vs.
incompatible) and Compatibility of the Previous Trial
(2 levels: compatible vs. incompatible) as within-subjects
factors, and Group (3 levels: PTSD, TC, NTC) as a
between-subjects factor, were conducted for median reaction
times (RTs) and error rates, respectively. For this analysis, the
first trial of each block (1.19 %), posterror trials (2.97 %), and
trials with identical target repetitions (10.12 %) were

excluded. Furthermore, for the analysis of RTs, error trials
were omitted (2.48 %). The analyses were repeated by adding
BDI-II, CTQ, and SSCS-TICS scores as covariates, to control
for potential confounding influences. Furthermore, indices of
overall interference susceptibility (I– C) and conflict adapta-
tion [(cI– cC)– (iI– iC), with lowercase letters denoting the
compatibility in the previous trial and capitals the compatibil-
ity in the current trial] were calculated (see also van
Steenbergen et al., 2010), with larger indices indicating more
interference susceptibility and more flexible adaptation to
changing environmental demands, respectively. Group differ-
ences in performance of the digit span tasks were exam-
ined using univariate ANOVAs. Using Spearman correla-
tions, associations were examined between selective cog-
nitive outcome parameters and (1)trauma-related variables,
(2)HCC, and (3)the severity of PTSD symptoms (in trau-
matized groups only).

Results

Sample characteristics

The groups were well matched on the sociodemographic and
hair-related variables (ps> .09; see Table 1). Furthermore, the
groups differed on measures of depressive symptoms (BDI-
II), maltreatment in childhood (CTQ), the number and fre-
quency (THQ) of traumatization, and perceived chronic stress
(SSCS-TICS; ps< .001). Bonferroni post-hoc analyses re-
vealed that PTSD patients scored higher on BDI-II, SCCS-
TICS, and frequency of traumatization than both TC (ps< .05)
and NTC (ps< .01) participants. Traumatized groups (PTSD,
TC) reported having experienced a larger number of differ-
ent A1 traumatic events and scored higher on CTQ scores
than NTC controls (ps< .05) and did not differ from each
other in these measures (ps> .116). As expected, PTSD
patients exhibited greater symptom severity than TC partic-
ipants (PDS sum score, IES-R subscales; ps< .001).

Simon task

Median RTs and percentages of errors are presented in
Table 2. The RT analysis revealed a main effect of compati-
bility (incompatible, 565 ms; compatible, 541 ms) [F(1, 77)=
79.30, p< .001, ηp

2= .507]. Furthermore, an interaction be-
tween current and previous trial compatibility occurred, in
which interference effects were reduced following conflict
trials (–3 ms) in comparison to nonconflict trials (55 ms),
reflecting the typical conflict adaptation effect [F(1, 77)=
266.47, p< .001, ηp

2= .776]. Whereas the overall interference
effect did not differ between groups [F(2, 77)= 0.63, p= .534,
ηp

2= .016], a group difference in conflict adaptation was
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found [F(2, 77)= 6.33, p< .01, ηp
2= .141]. Figure 1 illustrates

the conflict adaptation effects for the three groups. Bonferroni
post-hoc comparisons of the conflict adaptation index re-
vealed that both PTSD patients and TC controls showed
a higher conflict adaptation effect than NTC controls (both
ps< .05), with no differences between the PTSD and TC
groups (p= 1.00). Including CTQ, BDI-II, and SSCS scores
as covariates revealed no significant effects (p> .205).
Furthermore, a main effect of group on overall RTs was
revealed [F(2, 77)= 3.72, p= .029, ηp

2= .088]. Bonferroni
post-hoc analyses indicated that PTSD patients had longer
RTs than NTC participants (p= .042), with a statistical
trend relative to TC controls (p= .084) and no differences
between the TC and NTC groups (p= 1.00). Importantly,
between-group differences in conflict adaptation remained
significant when repeating the main analysis including

individual mean median RTs as a covariate [F(2, 76)= 4.78,
p< .05, ηp

2= .112]. Exploratory analyses revealed no associ-
ation between RT conflict adaptation and HCC (rS= –.098,
p= .385).

Our analysis of error rates also showed main effects of
compatibility (incompatible, 3.77 %; compatible, 2.18 %)
[F(1, 77)= 14.20, p< .001, ηp

2= .156] and overall conflict
adaptation (–1.01 % vs. 4.03 %) [F(1, 77)= 56.32, p< .001,
ηp

2= .422]. Neither a significant main effect of group [F(2,
77)= 0.47, p= .626, ηp

2= .012] nor an interaction with com-
patibility or conflict adaptation (ps> .82) was found.
Importantly, the pattern of error rate data does not contradict
the pattern of RT findings, which rules out the possibility of a
speed–accuracy trade-off (see Table 2).

Correlation analyses revealed a positive association be-
tween the conflict adaptation effects in median RTs and the
number of different lifetime traumatic events (rS= .228,
p= .042) and the frequency of traumatization (rS= .252,
p= .025) (shown in Fig. 2). Except for a trend toward a
positive relationship with the severity of avoidance symptoms
(rS= .276, p= .052), no associations between conflict adapta-
tion and PTSD symptom severity were observed (ps> .361).
Positive relationships were further found between RT conflict
adaptation and BDI-II scores (rS= .253, p= .024) and CTQ
scores (rS= .290, p< .01).

Forward and backward digit span tasks

No significant group differences were observed on the three
measures of WM performance (ps> .325; see Table 3). In
traumatized individuals, a negative association between the
forward digit span and intrusion symptoms (rS= –.377, p<
.01) and a trend toward a negative relationship with avoidance
symptoms (rS= –.259, p= .069) were found. No further WM
relationships with PTSD symptoms were detected (ps> .107).

Table 2 Means of median reaction times (RTs) and percentages of errors (PEs) of posttraumatic stress disorder (PTSD) patients, as well as traumatized
(TC) and nontraumatized (NTC) healthy controls

Trial Type PTSD (n= 24) TC (n= 26) NTC (n= 30)

RT: M (SD) PE: M (SD) RT: M (SD) PE: M (SD) RT: M (SD) PE: M (SD)

Compatible (C) 581 (109) 1.90 (1.49) 522 (61) 2.02 (1.97) 524 (68) 2.54 (3.24)

Incompatible (I) 598 (106) 3.33 (2.48) 555 (61) 3.97 (4.07) 549 (58) 3.93 (4.14)

Interference effect: I– C 17 (27) 1.43 (2.80) 33 (28) 1.95 (4.44) 24 (25) 1.39 (3.79)

cC 555 (98) 1.06 (1.28) 507 (63) 1.51 (2.54) 513 (68) 1.90 (2.67)

cI 613 (106) 5.08 (4.21) 568 (65) 5.93 (5.61) 559 (61) 5.59 (5.98)

iC 602 (116) 2.63 (2.54) 544 (63) 2.58 (3.04) 534 (68) 3.17 (4.22)

iI 587 (108) 1.40 (2.13) 542 (60) 1.90 (3.21) 539 (59) 2.05 (2.60)

Conflict adaptation effect: (cI– cC)– (iI– iC) 72 (33) 5.26 (4.69) 64 (37) 5.10 (6.90) 42 (27) 4.82 (6.11)

Abbreviations: cC= compatible trials following compatible trials, cI= incompatible trials following compatible trials, iC= compatible trials following
incompatible trials, iI= incompatible trials following incompatible trials

Fig. 1 Conflict adaptation effects (±SEMs) of posttraumatic stress disor-
der (PTSD) patients, as well as traumatized (TC) and nontraumatized
(NTC) healthy controls
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Discussion

To our knowledge, this is the first study demonstrating that
trauma exposure is a crucial correlate of flexible control
adjustments, irrespective of PTSD, as evidenced by a higher
conflict adaptation in PTSD patients and traumatized
healthy controls than in nonexposed controls. Furthermore,
more pronounced cognitive control adjustments were related
to a larger number and higher frequency of traumatization.
In contrast to substantial differences in conflict adaptation,
no group differences were observed in overall interference
susceptibility or WM performance. Exploratory analyses
revealed no relationship between conflict adaptation and
HCC.

The central finding of the present study was that both
PTSD patients and traumatized healthy controls present
higher conflict-driven control adjustments. This is the first
demonstration of trauma-related changes in the ability to
dynamically regulate the involvement of cognitive control in
response to changing environmental demands. By contrast, no
differences in overall interference susceptibility from a task-
irrelevant stimulus feature were found, which concurs with
most previous studies using the classical Stroop paradigm
(e.g., Eren-Kocak et al., 2009; Lindauer et al., 2006;
Vasterling et al., 2002). This presence of a trial-to-trial effect
in the absence of an effect on overall interference susceptibil-
ity has been previously reported in the literature (e.g., Liepelt,

Wenke, Fischer, & Prinz, 2011; Plessow et al., 2011) and
highlights the importance of using more sensitive measures
of dynamic situation-dependent control adjustments to unveil
effects that might otherwise be masked (e.g., by averaging
each other out).

Starting from the assumption that PTSD patients and/or
trauma-exposed individuals might exhibit impaired pFC-
dependent functions, the present finding of increased control
adjustments in trauma-exposed individuals may seem surpris-
ing. However, for the interpretation of the current results, it is
noteworthy that recent studies have provided evidence for the
generally aversive nature of response conflicts per se (e.g.,
Dreisbach & Fischer, 2012). Thus, it is conceivable that
traumatized groups are more sensitive to response conflicts,
which then results in a more pronounced conflict adaptation
effect, given that it has been reported that they also show
enhanced detection and/or processing of trauma-related stim-
uli (Cisler et al., 2011). The assumption of an enhanced
conflict processing in trauma-exposed individuals gets further
support from recent findings suggesting a hyperactive dorsal
anterior cingulated cortex (dACC) in PTSD patients
(reviewed in Hayes, Hayes, & Mikedis, 2012; Pitman et al.,
2012)—an area known to be particularly important for the
detection of response conflicts and for signaling the need for
strategic adjustments in cognitive control to the dorsolateral
pFC (reviewed in Botvinick et al., 2004). Interestingly, in-
creased ACC activation was found to be related to a more

a b

Fig. 2 Scatterplots illustrating associations between conflict adaptation effects and the number of different lifetime traumatic events(left) and the
frequency of traumatic experiences(right), using the Trauma History Questionnaire (THQ)

Table 3 Working memory performance of posttraumatic stress disorder (PTSD) patients, as well as traumatized and nontraumatized healthy controls

Digit Span PTSD Patients (n= 24) Traumatized Controls (n= 26) Nontraumatized Controls (n= 30) Test Statistic p

Digit span forward (M, SD) 9.75 (1.65) 9.69 (1.44) 9.97 (1.54) F(2, 77)= 0.25 .780

Digit span backward (M, SD) 7.87 (2.20)b 7.62 (2.19) 8.47 (2.13) F(2, 76)= 1.14 .325

Digit span total (M, SD) 17.70 (3.23)b 17.31 (3.17) 18.43 (3.14) F(2, 76)= 0.91 .406

bValue refers to n= 23

1316 Cogn Affect Behav Neurosci (2014) 14:1310–1319



pronounced conflict adaptation (van Steenbergen, Band,
Hommel, Rombouts, & Nieuwenhuis, 2014). A hyperactive
dACC may thus account for enhanced cognitive control ad-
justments in PTSD patients, albeit it is again not clear whether
this is PTSD-specific or more generally trauma-related. As
proposed for individuals with high trait anxiety, trauma-
exposed groups may use a reactive control strategy, which is
assumed to enable an optimal detection of environmental
changes and shift of attention to distracters (Braver, Gray, &
Burgess, 2007; Krug & Carter, 2010). Therefore, an enhanced
conflict adaptation may constitute an adaptive mechanism
allowing an improved monitoring of potentially threatening
stimuli as well as an immediate response to them in the
environment. In addition, our data revealed a reduced overall
processing speed specifically in PTSD patients. Although this
is in line with most previous research (e.g., Kanagaratnam &
Asbjornsen, 2007; Twamley et al., 2009), it is noteworthy that
this effect is independent of the present conflict adaptation
findings.

The crucial importance of trauma exposure on control
adjustments was further supported by the present findings of
positive associations between the amount of conflict adapta-
tion and number and frequency of traumatization.
Interestingly, this pattern of relationships is in line with the
notion of a building block effect—that is, the impact of trauma
exposure on the incidence of PTSD in a dose-response man-
ner—which is assumed to be mediated through sensitization
of the neural fear network (Kolassa & Elbert, 2007). It is
conceivable that this building block effect could be mirrored
in the present conflict adaptation findings, in the form of a
cumulative learning experience.

The pattern of altered cognitive control adjustments in
traumatized individuals, irrespective of PTSD, closely corre-
sponds with our finding of altered long-term cortisol secretion
in these groups (Steudte et al., 2013). This together with the
fact that associations with number and frequency of traumati-
zation have been revealed for both HCC and conflict adapta-
tion support the assumption of a potential link between hypo-
thalamic-pituitary-adrenal axis alterations and cognitive con-
trol adjustments. Furthermore, the finding of a higher conflict
adaptation effect for both traumatized groups—which are
characterized by lower cortisol levels—fits well with recent
observations of less flexible control adjustments in conditions
of experimentally increased salivary cortisol levels in reaction
to acute stress (Plessow et al., 2011). However, it is important
to note that we found no significant association between HCC
and conflict adaptation on a within-group level. Given the
relatively small sample size and large inter-individual vari-
ance, this may be the result of insufficient statistical power to
detect a meaningful relationship between these variables.
Further research is required to investigate the potential link
between long-term endocrine correlates and conflict adapta-
tion in larger samples.

With regard toWMperformance, we found no evidence for
trauma- or PTSD-related deficits. Although this is in line with
previous research (e.g., Burriss et al., 2008; Moores et al.,
2008; Twamley et al., 2004), it is at variance with a number of
studies suggesting deficient WM performance in PTSD pa-
tients or trauma-exposed individuals (e.g., El-Hage et al.,
2006; Jenkins et al., 2000; Vasterling et al., 2002).
Nonetheless, a reduced ability to maintain information was
found to be related to more severe intrusion symptoms in
traumatized groups, which is in line with a recent study
(Bomyea, Amir, & Lang, 2012).

Some limitations of the present study consist of the small
sample size and the high proportion of comorbid major de-
pressive disorders in the PTSD group. Regarding depressive
symptoms, we revealed a positive relationship with conflict
adaptation, which was recently also found in remitted depres-
sive patients (van Steenbergen, Booij, Band, Hommel, & van
der Does, 2012). Importantly, since traumatized controls
(without major depression) also revealed a higher conflict
adaptation and controlling for BDI-II scores did not change
the respective results, depressive symptomatology seems not
to explain the main study findings. In addition, conflict adap-
tation was positively related to childhood maltreatment. This
together with the fact that both traumatized groups experi-
enced more severe childhood maltreatment as compared to
nontraumatized controls makes it conceivable that early ad-
verse experiences might lead to durable changes in cognitive
control adjustments. However, controlling for CTQ scores did
not change the present pattern of results.

The current findings suggest that trauma exposure con-
stitutes a crucial correlate of flexible control adjustments,
even in the absence of psychopathology, which warrants
further investigation. The fact that trauma-related alterations
were not seen in overall interference susceptibility or WM
performance highlights the importance of the analysis of
dynamic situation-dependent control adjustments for future
clinical research.
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