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a b s t r a c t

Posttraumatic stress symptoms (PTSS) are associated with significant distress and impairment. Research
has therefore focused on identifying neurobehavioral deficits that contribute to the pathophysiology of
PTSS. One issue that has contributed to difficulty in identifying these deficits is the highly heterogeneous
nature of PTSS. PTSS is comprised of four, factor analytically distinct dimensions of symptoms e re-
experiencing, avoidance, hyperarousal, and negative cognitions and mood. It is therefore unlikely that
there is one single mechanism that accounts for all of PTSS and elucidating neurobehavioral deficits
associated with specific PTSS symptom dimensions may better inform clinical prevention and inter-
vention efforts. Within the broader internalizing disorder literature, two key constructs that contribute to
psychopathology are aberrant neural reactivity to threat and reward. However, the literature linking PTSS
to these deficits is mixed, suggesting that aberrant neural reactivity to threat or reward may be specific to
certain PTSS dimensions. In a sample of 51 trauma-exposed adults with a range PTSS, the present study
therefore examined how the four dimensions of PTSS uniquely relate to two well-validated event-related
potential (ERP) neural indices of threat and reward reactivity e the error-related negativity (ERN) and
reward-related positivity (RewP), respectively. Results indicated that hyperarousal symptoms were
associated with enhanced ERN, and enhanced RewP. In contrast, negative cognitions and mood symp-
toms were uniquely associated with a more blunted RewP. These results indicate that certain PTSS
symptom dimensions have unique relations with neural indicators of threat and reward reactivity and
may therefore have distinct pathophysiologies.

© 2017 Published by Elsevier Ltd.
1. Introduction

Trauma exposure is highly common, and posttraumatic stress
disorder (PTSD) is associated with significant impairment and
distress, even at the subthreshold level (Gadermann et al., 2012;
Zlotnick et al., 2002). It is therefore important to identify neuro-
behavioral deficits that may contribute to the development and
maintenance of posttraumatic stress symptoms (PTSS). However,
this effort is complicated by the heterogeneity of PTSS, which is
evidenced by the wealth of factor analytic studies that have found
University of Illinois-Chicago,
PTSS to consist of four qualitatively different dimensions of symp-
toms: (1) re-experiencing, (2) avoidance, (3) negative cognitions
and mood, and (4) hyperarousal symptoms (clusters B, C, D, and E,
respectively; e.g., Elklit and Shevlin, 2007; Yufik and Simms, 2010).
Given this, there are likely multiple PTSS profiles that are charac-
terized by distinct neurobehavioral deficits. Examining the neuro-
behavioral correlates of specific PTSS dimensions could therefore
lead to the dissemination of more individualized treatment, a goal
that is in line with the National Institute of Mental Health's (NIMH)
Research Domain Criteria Initiative (RDoC; Cuthbert and Kozak,
2013).

Two neurobehavioral processes that may relate to specific PTSS
dimensions are reactivity to threat and reward, as abnormalities in
these processes have been implicated in the pathophysiology of
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various internalizing disorders that share core features with PTSS.
For example, heightened defensive responding to threat is a core
dysfunction implicated in panic disorder, a condition that shares
elevated physiological arousal with the hyperarousal PTSS dimen-
sion (Gorka et al., In Press; Lieberman et al., 2016; Shankman et al.,
2013). Meanwhile, blunted appetitive responding to reward has
been evidenced in depression, a condition that shares anhedonia
and low positive affect with the negative cognitions andmood PTSS
dimension (Shankman et al., 2013). Of note is that heightened
threat sensitivity has been found to be specific to panic and other
fear disorders, relative to distress disorders such as depression
(Gorka et al., In Press; Shankman et al., 2013). Likewise blunted
reward sensitivity has been found to be specific to depression,
relative to fear-based anxiety disorders (Shankman et al., 2013).
Aberrant threat and reward responding therefore distinguishes
distress and fear-based anxiety disorders. Given that PTSS includes
unique symptom dimensions that overlap with both classes of
disorders (Watson, 2005), it is possible that PTSS is characterized by
aberrant threat and reward responding.

As might be expected given the heterogeneity of PTSS, there
have been inconsistent findings regarding the association between
post-traumatic stress and threat and reward responding. For
instance, individuals with PTSD have been found to exhibit
heightened (Grillon et al., 2009; Jovanovic et al., 2010; Morgan
et al., 1995), comparable (Rabinak et al., 2013), and even blunted
(Britton et al., 2005) defensive responding during the anticipation
of threat, relative to individuals without PTSD. Likewise, PTSD has
been associated with heightened (Myers et al., 2013), comparable
(Casada and Roache, 2005; Van Rooij et al., 2015), blunted (Elman
et al., 2009; Felmingham et al., 2014), appetitive responding to
reward. These findings together highlight that PTSS, broadly and
categorically defined is not necessarily characterized by aberrant
threat and reward responding. However, specific subgroups or di-
mensions of PTSS may uniquely relate to blunted and/or enhanced
threat and reward reactivity. In particular, blunted reward sensi-
tivity may be specific to negative cognitions and mood PTSS given
the abovementioned overlap in symptoms between depression and
this PTSS dimension. In contrast, the overlap in symptoms between
fear-based disorders and the hyperarousal PTSS dimension might
suggest that heightened sensitivity to threat is specific to hyper-
arousal symptoms.

To date, there have been a few studies that have attempted to
explore how specific PTSS dimensions relate to threat and reward
responding. Grupe et al. (2016) found that hyperarousal and re-
experiencing symptoms positively predicted neural reactivity to
threat; however, Jovanovic et al. (2010) reported no association
between startle potentiation to threat and any specific PTSS
dimension. With regard to reward, Felmingham et al. (2014) and
Elman et al. (2009) reported a negative association between
emotional numbing symptoms of avoidance (e.g., anhedonia and
restricted positive affect) and neural reactivity to reward, whereas
Contractor et al. (2013) reported a positive association between
avoidance symptoms and self-reported motivation for reward.

Taken together, there is some prior evidence to suggest that
distinct PTSS symptom clusters map onto distinct neurobehavioral
deficits. However, several key questions remain. First, the studies
noted above all used DSM-IV defined PTSS, which were signifi-
cantly revised for DSM-5 and restructured from three, to four
clusters (a change based on numerous factor-analyses of the PTSD
symptom structure; Elklit and Shevlin, 2007; Yufik and Simms,
2010). Therefore, it is presently unknown how threat and reward
responding relate to the four, DSM-5 PTSS clusters that are
currently referred to in clinical settings and have better psycho-
metric properties than the prior versions. Second, no studies to our
knowledge have examined how specific PTSS clusters relate to
threat and reward responding in the same sample. It is therefore
difficult to draw conclusions about the specificity of these neuro-
behavioral deficits to any particular PTSS dimension. Moreover,
investigations of this question to date have focused on individuals
with full syndromal PTSD. Thus, the range of PTSS within each
symptom dimension may have been restricted, which could limit
the detection of associations between these neurobehavioral con-
structs and PTSS dimensions. Focusing on only those individuals
who are full syndromal PTSD also ignores individuals who are
subthreshold e a group that is known to display functional
impairment (Gadermann et al., 2012; Zlotnick et al., 2002).

Although there are multiple ways to elicit and measure neural
responding to threat and reward, event-related potential (ERP)
components provide well-validated indices of threat and reward
responding, and have strong psychometric properties (Bress et al.,
2015; Meyer et al., 2013). In particular, the error-related nega-
tivity (ERN) is a frontocentrally maximal negative-going deflection
in the ERP waveform that occurs between 0 and 100 ms after the
commission an error, which is a motivationally salient event that
signals the potential for harm (i.e., threat) and therefore engages
the defensive motivational system to take corrective action
(Weinberg et al., 2015a,b). Greater ERN is indicative of greater
defensive responding to threat (Weinberg et al., 2015a,b), and has
been associated with multiple anxiety disorders and high trait
anxiety (e.g., Hajcak and Simons, 2002; Weinberg et al., 2010). The
reward-related positivity (RewP) is a frontocentrally maximal
positive-going deflection in the ERP waveform that occurs between
200 and 250 ms after the receipt of reward (Proudfit, 2015). Greater
RewP is indicative of greater appetitive responding to reward
(Proudfit, 2015), and a blunted RewP has been shown to be asso-
ciated with major depressive disorder (MDD), and high levels of
depressive symptoms (Liu et al., 2014; Proudfit 2015; Weinberg
et al., 2015a,b).

Despite the utility of these ERPs for studying internalizing
psychopathology, and the growing literature on ERPs in PTSS (e.g.,
Lobo et al., 2014, 2015; Wessa et al., 2005) little is known about the
ERN and RewP in PTSS. No studies to our knowledge have examined
the RewP in PTSD, and only three studies have examined the ERN in
relation to PTSD and reported no difference in ERN between in-
dividuals with PTSD and controls (Gorka et al., 2016; Rabinak et al.,
2013; Swick et al., 2015). However, none of these ERN studies
examined how the ERN relates to specific PTSS dimensions. The
present study therefore examined how the DSM-5, four clusters of
PTSS e re-experiencing, avoidance, negative cognitions and mood,
and hyperarousal e relate to the ERN and RewP in a sample of
trauma-exposed individuals. PTSS was defined dimensionally
rather than categorically, to include the full PTSS spectrum. All
participants completed two well-validated tasks designed to elicit
the ERN and RewP. We hypothesized that greater hyerparousal
symptoms (Cluster E) would predict greater ERN.We predicted that
other dimensions of PTSS would not relate to ERN. We also pre-
dicted that greater negative cognitions and mood (Cluster D)
symptoms would predict blunted RewP, but that other dimensions
of PTSS would not relate to RewP.

2. Methods

2.1. Participants

Participants were recruited from the community as a part of a
larger investigation on affective and physiological abnormalities
across internalizing psychopathology. A variety of advertisements
were used to recruit a clinically representative patient population
with a range of internalizing disorders and symptoms. In line with
the aims of the larger study, participants were included if they
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either (1) seeking treatment with pharmacotherapy (selective se-
rotonin reuptake inhibitors/SSRIs) or cognitive behavioral therapy
(CBT) for anxiety or depressive symptoms (i.e., patients), or (2) had
no lifetime history of psychopathology (i.e., healthy controls). Par-
ticipants were required to be between the ages of 18 and 65 years.
Exclusion criteria included an inability to provide consent and read
and write in English, a major active medical or neurological prob-
lem that could impact psychophysiological and brain function,
lifetime history of mania or psychosis, any contraindication to
receiving SSRIs, being already engaged in any form of psychiatric
treatment, psychoactive medication use within the past four
months, history of traumatic brain injury, left-handedness, and
being pregnant.

The study took place at the University of Illinois-Chicago and
was approved by the university Institutional Review Board. All
participants provided written informed consent after review of the
protocol. Participants completed a set of laboratory tasks and bat-
tery of questionnaires, which were administered in a counterbal-
ance order to eliminate potential order effects. Participants
received cash as payment for participation.

Of the 190 individuals who met inclusionary criteria for the
larger study, 51 endorsed a trauma that met Criterion A for PTSD, as
defined by DSM-5. Of those 51, 4 were missing ERN data and
another 4 were missing RewP data due to technical issues or poor
data quality (i.e., excessive artifact). Thus, the final sample for both
sets of analyses (ERN and RewP) was 47 participants (ERN ¼ 5
controls, 42 patients; RewP ¼ 6 controls, 41 patients). See Table 1
for demographic and clinical characteristics of this sample. All
data used in the current study was assessed prior to treatment,
participants tested negative on a urine drug screen before ERP
assessment, and none of the participants were taking psychoactive
Table 1
Demographics and clinical characteristics.

Demographics
Age (years) 28.10 (9.62)
Sex (% female) 78.4%
Race/Ethnicity (%)
Caucasian 70.6%
African American 11.8%
Asian 15.7%
Other 2%

Principal Diagnosis
Generalized anxiety disorder 35.3%
Social anxiety disorder 7.8%
Panic disorder 5.9%
Posttraumatic stress disorder 9.8%
Dysthymia 2.0%
Major depressive disorder 27.5%

Current Diagnoses (Including Primary)
Posttraumatic stress disorder 35.3%
Generalized anxiety disorder 70.6%
Social anxiety disorder 45.1%
Panic disorder 21.6%
Specific Phobia 13.7%
Dysthymia 2.0%
Major depressive disorder 45.1%

Clinical Characteristics
Lifetime posttraumatic stress disorder 54.9%
Global Assessment of Functioning 58.86 (10.69)

Mean # of Symptoms per PTSS Cluster
Re-experiencing (Cluster B) 7.96 (2.84)
Avoidance (Cluster C) 3.47 (1.65)
Negative cognitions/mood (Cluster D) 10.73 (3.81)
Hyperarousal (Cluster E) 8.94 (2.53)

Mean Event-Related Potentials
Mean difference between ERN and CRN
Mean difference in RewP between

Note. There are five symptoms in cluster B, two in cluster C, 7 in Cluster D, and 6 in
Cluster E.
medications at the time of study entry.

2.2. Measure of posttraumatic stress symptoms

Current and lifetime Axis-I psychopathology was assessed using
a Structured Clinical Interview for DSM-5 Disorders (SCID-5;
American Psychiatric Association, 2015). Of note is that the SCID-5
is a well-validated instrument that allows for the assessment of
whether specific symptoms of DSM-defined disorders are absent,
subthreshold, or threshold across a range of populations (i.e., in-
dividuals with and without a known history of psychopathology;
First et al., 2014; Spitzer et al., 1992). The SCID-5 used in the present
study was also modified (Shankman et al., Under Review) such that
interview skip-outs were ignored and each and every symptomwas
given a dimensional rating (1 ¼ not present, 2 ¼ subthreshold, or
3 ¼ present). Because no items were omitted, this allows for
assessment of both categorical diagnoses (e.g., PTSD yes/no) and
individual symptom severity. All research staff were trained to
criterion on the SCID. After the evaluation, a consensus panel of at
least 3 study staff/trained clinicians determined subjects0 eligibility
and if there were co-occurring disorders, which was the principal
disorder warranting treatment. Clinician-determined principal
diagnosis was determined by the most severe and impairing
symptoms from clinical interviews and self-reports.

With this SCID modification, the entire PTSD module, including
each symptom, was administered to each participant. PTSS symp-
tom cluster scores were therefore calculated by summing all the
symptom items within each cluster. Based on the DSM-5, the
clusters included re-experiencing (e.g., recurrent and intrusive
distressing recollections of the event, Cluster B), avoidance (e.g.,
efforts to avoid reminders of the event, Cluster C), negative cogni-
tions and mood (e.g., persistent negative emotional state, Cluster
D), and hyperarousal (e.g., persistent symptoms of increased
arousal, Cluster E). Given differences in total number of items be-
tween the different clusters, each of the four cluster dimensions
were standardized using a Z-transformation prior to analyses. The
overall PTSS dimension yielded from this modified SCID was found
to exhibit significant retest reliability (current symptoms r ¼ 0.87,
p < 0.05; lifetime symptoms r ¼ 0.85, p < 0.05) and acceptable
Cronbach's alpha values (0.89 and 0.94 for current and lifetime
symptoms, respectively [Nunnally, 1978; Shankman et al., Under
Review]). In the present sample, Clusters B, C, D, and E exhibited
acceptable internal consistencies (Cronbach's alphas ranging from
0.80 to 0.86 [Nunnally, 1978]).

2.3. Error and reward tasks

To elicit the ERN, participants completed a modified version of
the flanker task (Eriksen and Eriksen, 1974). For each trial, partici-
pants viewed five horizontally aligned arrowheads. For half of the
trials, arrows were compatible (‘‘»»>’’ or ‘‘««<’’) and for the other
half of trials, the arrows were incompatible (‘‘»<»’’ or “«>«”). Par-
ticipants' were instructed to respond as quickly and as accurately as
possible to indicate the direction of the center arrow (left or right)
by pressing either the left or right mouse button. Stimuli were
presented for 200 ms, followed by a white fixation cross centrally
presented on a black background. Participants were given up to
1800ms after the offset of the arrows to respond; this was followed
by an intertrial interval that varied randomly between 1000 and
2000 ms, during which participants again viewed a white fixation
cross presented on a black background. The task was administered
on a PentiumD class computer with a 19-in. monitor, using Pre-
sentation software (Neurobehavioral Systems, Inc. Albany, CA).

The task consisted of 11 blocks of 30 trials (330 trials in total),
interspersed with self-timed breaks. To encourage both fast and
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accurate responding, participants received performance-based
feedback at the end of each block. If accuracy was 75% correct or
lower, the message ‘‘Please try to bemore accurate’’was presented;
if accuracy was greater than 90%, the message, ‘‘Please try to
respond faster’’ was displayed; in all other cases, participants saw
the message, ‘‘You're doing a great job’’. A total of 30 practice trials
were administered prior to beginning the task.

To elicit the RewP, participants completed the doors task, a well-
validated guessing paradigm (Proudfit, 2015). For each trial, par-
ticipants viewed an image of two doors and were instructed to
select a door by clicking right or left. The doors remained on the
screen until participants made a selection, after which point par-
ticipants were presented with a fixation cross for 1000 ms. Par-
ticipants were then presented with feedback in the form of a green
upwards pointing arrow or red downwards pointing arrow, which
indicated a correct or incorrect selection, respectively. Feedback
remained in the screen for 2000 ms. Participants were told that for
every correct guess they would win 80 cents, and for every incor-
rect guess they would lose 40 cents. Participants were presented
with 30 win and 30 loss trials in a randomized order across the
duration of the task. After receiving feedback, participants were
presented with another fixation cross for 1500 ms. The message
“Click for the next round” then appeared on the screen and
remained until participants clicked to indicate that theywere ready
for the next trial.

2.4. EEG data recording and reduction

Continuous EEG was recorded during the task using an elastic
cap and the ActiveTwo BioSemi system (BioSemi, Amsterdam,
Netherlands). Thirty-four electrode sites (standard 32 channel
setup, as well as FCz and Iz) were used, based on the 10/20 system.
One electrode was also placed on each mastoid. The EEG signal was
pre-amplified at the electrode to improve the signal-to-noise ratio.
The data were digitized at 24-bit resolution with a Least Significant
Bit (LSB) value of 31.25 nV and a sampling rate of 1024 Hz, using a
low-pass fifth order sinc filter with a -3 dB cutoff point at 204.8 Hz.
The voltage from each active electrode was referenced online with
respect to a common mode sense active electrode producing a
monopolar (non-differential) channel.

Off-line analyses were performed using Brain Vision Analyzer 2
software (Brain Products, Gilching, Germany). Data were re-
referenced to the average of the two mastoids and high-pass
(0.1 Hz) and low-pass (30 Hz) filtered. Eye blink and ocular cor-
rections were performed using the method developed by Miller
et al. (1988). Artifact analysis was used to identify a voltage step
of more than 50.0 mV between sample points, a voltage difference of
300.0 mV within a trial, and a maximum voltage difference of less
than 0.50 mV within 100 ms intervals. Trials were also visually
inspected for remaining artifacts and rejected on a trial-to-trail
basis.

For analysis of the ERN, data were segmented beginning 500 ms
before each response onset and continuing for 1500 ms (i.e., for
1000 ms following the response). Baseline correction for each trial
was performed using the 500 to 300 ms prior to response onset.
The ERN and CRN were scored as the average activity on error and
correct trials, respectively, from 0 to 100 ms after response at
electrode Fz, where amplitude was maximal. Consistent with prior
studies (e.g., Gorka et al., in press; Rabinak et al., 2013), for our
analyses we calculated the DERN by subtracting the CRN from the
ERN. More negative values for the difference score indicate greater
reactivity to error relative to correct.

For analysis of the RewP, continuous EEG data were segmented
beginning 100 ms before feedback onset and continuing for the
500 ms after onset (i.e., for 400 ms following the feedback).
Baseline correction for each trial was performed using the 100 ms
interval prior to feedback. ERPs were averaged across gain and loss
trials, separately, and the RewP was scored as the mean amplitude
230e300 ms following feedback at a pooling of frontal sites (FCz
and Fz), where the gain minus loss difference was maximal.
Consistent with the ERN data analysis plan, for analyses we created
a RewP difference score by subtracting average activity during
losses from wins. More positive values for the difference score
indicate greater reactivity to reward relative to loss.

2.5. Data analysis plan

To examine associations between PTSS clusters and DERN and
RewP amplitude, we conducted two hierarchical linear regression
analyses e one for DERN and one for RewP. Biological sex and
principal DSM diagnoses1 were entered as covariates in Step 1.
Consistent with prior studies of specific PTSS dimensions (e.g.,
Grupe et al., 2016), in order to evaluate the unique variance asso-
ciated with each PTSS cluster, all four were entered simultaneously
into Step 2. Of note, entering the PTSS clusters into the model
simultaneously prevents potential mutual suppressor effects in
which two correlated predictor variables (see Table 2) have the
opposite effect on the criterion/outcome variable, causing the as-
sociations to be obscured when each subscale is examined sepa-
rately (see Watson et al., 2013) (see Fig. 1).

3. Results

Across all participants, the flanker and doors tasks effectively
elicited the ERN and RewP respectively. Task effects are presented
in Figs.1 and 2. Mean amplitude of theDERNwas�5.20 (SD¼ 5.50),
and mean amplitude of the RewP was 4.18 (SD ¼ 7.06). For the
flanker task, on average participants correctly responded on 81%
(SD ¼ 13.05) of trials. Mean reaction time for errors and correct
responses was 308.84 ms (SD ¼ 124.41) and 240.45 ms
(SD ¼ 118.40), respectively. The Results from the hierarchical linear
regression analyses are presented in Table 3. With regard to the
DERN, greater hyperarousal symptoms were associated with
enhanced (i.e., more negative) DERN amplitude (see Fig. 3). There
was no association between the DERN and re-experiencing,
avoidance, or negative alternations in mood/cognition symptoms.

As for the RewP, greater hyperarousal symptoms were associ-
ated with greater RewP amplitude (see Fig. 4). In contrast, greater
negative cognitions and mood symptoms were associated with
reduced or blunted RewP amplitude (see Fig. 5). The RewP was not
associated with re-experiencing symptoms, but there was a trend-
level negative association between avoidance symptoms and RewP.

Lastly, to explore whether RewP or ERN were associated with
the broad dimension of PTSS, as indexed by the z-scored sum of all
PTSS symptoms, we conducted two hierarchical linear regression
analyses to examine the relation between each ERP component and
total current PTSS. Consistent with above analyses, gender and
primary diagnosis were included as covariates. Neither the relation
between ERN and total current PTSS (p ¼ 0.57), nor the relation
between RewP and total current PTSS (p ¼ 0.66) were significant.

4. Discussion

Identifying neurobehavioral deficits that contribute to the
pathophysiology of PTSD is critical for advancing prevention and
treatment efforts. However, PTSS is highly heterogeneous



Table 2
Bivariate correlations of Posttraumatic Stress Symptom Dimensions.

Re-experiencing Avoidance Negative Cog/Mood Hyperarousal

Re-experiencing e

Avoidance 0.61* –

Negative Cog/Mood 0.61* 0.62* –

Hyperarousal 0.56* 0.48* 0.61* –

*p < 0.05.

Fig. 1. (Right) Scalp topographies depicting the error minus correct amplitude difference from 0 to 100 ms postresponse across all participants. (Left) Response-locked ERP
waveforms at Fz showing and correct and error trial (and difference) waveforms across all participants.

Fig. 2. (Right) Scalp topographies depicting gain minus loss amplitude difference from 200 to 300 ms post feedback. (Left) Response-locked ERP waveforms pooled at FCz and Fz
showing and gain and loss trial (and difference) waveforms across all participants.
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(Galatzer-Levy and Bryant, 2013) and there are likely many PTSS
phenotypes that are associated with distinct profiles of neuro-
behavioral abnormalities. Despite this, little is known about the
neurobehavioral correlates of the four PTSS dimensions of re-
experiencing, avoidance, negative cognitions and mood, and hy-
perarousal (APA, 2015). Results suggest that, as hypothesized, hy-
perarousal symptoms positively predicted greater ERN, and no
other PTSS dimension was associated with ERN. Hyperarousal
symptomswere also positively related to RewP. Meanwhile, greater
negative cognitions and mood symptoms were associated with
reduced RewP.

The current results indicate that hyperarousal PTSS (Cluster E)
are associated with greater neural responding to errors/threat and
reward, and suggest that individuals high in hyperarousal PTSS
experience heightened reactivity to affective stimuli, regardless of
valence (i.e., appetitive or aversive). Although not initially pre-
dicted, this finding is consistent with the core characteristics of
hyperarousal symptomology. In particular, the PTSS dimension of
hyperarousal is described as “marked alterations in arousal and
reactivity” that can be characterized by “hypervigilance” (APA,
2015), and these symptoms are not denoted as being specific to
threatening or negative situations. Greater ERN and RewP among
those high in hyperarousal symptoms may therefore represent an
enhanced preparedness of the defensive and appetitive motiva-
tional systems, respectively, which could contribute to chronic
heightened arousal and excessive reactivity across situations of
different valences.
Individuals with the propensity to experience excessive physi-

ological responding to situations of different valences may also
experience more intense emotional responses across contexts. That
is, greater neural responding to threat and reward may contribute
to mood instability that has been implicated in PTSS (Ehring and
Quack, 2010). Within individuals high in hyperarousal PTSS, exag-
gerated reactivity to affective stimuli may be driven by greater
reactivity of the anterior cingulate cortex (ACC). The ACC is a
frontolimbic region that generates the ERN (Luu et al., 2004;
Miltner et al., 2003), and is involved in appetitive responding
(Bush et al., 2002; Shidara and Richmond, 2002). This region may
therefore represent a neural treatment target for trauma-exposed
individuals who are high in hyperarousal symptoms.

The results also revealed greater negative cognitive PTSS
symptoms (Cluster D) were associated with a more blunted RewP.
Cluster D is characterized by such symptoms as diminished interest
in significant activities (i.e., anhedonia) and restricted positive
affect, and so this finding is consistent with the broader literature.
For instance, studies have shown that anhedonia and reduced
positive affectivity are associated with a blunted RewP (Liu et al.,
2014), and dampened reward reactivity more broadly (Pizzagalli
et al., 2008). A blunted RewP has also been implicated in the
onset of depression (Nelson et al., 2016) suggesting that abnormal
reactivity to reward may be a key factor underlying the develop-
ment of mood disorders. However, it is of note that among trauma-



Fig. 3. On the left, response-locked ERP waveforms for correct and error trials, as well as the difference waves (error-related negativity; DERN) and on the right, topographic maps of
activity (error minus correct) for individuals with a) high and b) low hyperarousal symptoms (defined by a median split for Cluster E).

Table 3
Results from Linear Regression Analyses assessing the relation between specific
PTSS clusters and ERPs

B t-score R (DR2) p

Impact of PTSS on ERN
Step 1 0.20 (0.04) 0.42
Sex 0.16 0.10 0.32
Primary Diagnosis 0.39 0.17 0.27

Step 2 0.48 (0.19) 0.06
Re-experiencing (Cluster B) 0.08 0.42 0.67
Avoidance (Cluster C) 0.37 1.98 0.06
Negative Mood/Cognition (Cluster D) -0.18 -0.91 0.37

Hyperarousal (Cluster E) *-0.41 �2.26 0.03
Impact of PTSS on RewP
Step 1 0.18 (0.03) 0.51
Sex -0.02 -0.15 0.88
Primary Diagnosis -0.18 �1.14 0.26

Step 2 0.55 (0.27) 0.01
Re-experiencing (Cluster B) 0.04 0.21 0.84
Avoidance (Cluster C) -0.12 -0.65 0.52
Negative Mood/Cognition (Cluster D) *-0.53 �2.68 0.01
Hyperarousal (Cluster E) *.56 3.32 0.00

Note. PTSS ¼ Posttraumatic Stress Symptoms; ERN ¼ Error-related negativity;
RewP ¼ Reward Positivity. *p < 0.05.
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exposed individuals, blunted reactivity to rewards appears to
contribute to chronically lowmood (i.e., Cluster D symptoms) even
when controlling for principal depressive diagnoses. Hypoactivity
of the striatum, a region that is thought to generate the RewP
(Carlson et al., 2011; Proudfit, 2015) and has been implicated in the
processing of reward (Balleine et al., 2007; Delgado, 2007), may
contribute to blunted reward sensitivity among individuals with
negative cognitions and mood PTSS.

It is important to highlight that results from the present study
revealed a positive correlation (r ¼ 0.61) between negative cogni-
tion/mood and hyperarousal symptoms in the present study. This
degree of overlap is somewhat higher than expected, given prior
factor analytic studies (Elklit and Shevlin, 2007; Yufik and Simms,
2010). However, despite the relation between these symptom di-
mensions, negative cognition/mood and hyperarousal symptoms
were found to exert opposite effects on psychophysiological mea-
sures. This pattern of results therefore suggests that Clusters D and
E, although not entirely unique, are not wholly redundant con-
structs and that overlapping symptom clusters can relate to
neurobiology in distinct ways.

Taken together, results from the present study suggest that the
broader dimension of PTSS is not associated with aberrant threat or
reward reactivity. Rather, specific PTSS dimensions may be associ-
ated with blunted reward responding or exaggerated reactivity to
reward and threat. It is particularly noteworthy that negative cog-
nitions and mood PTSS (Cluster D) was negatively associated with
RewP, but hyperarousal PTSS (Cluster E) was positively associated
with RewP. It is therefore possible that, depending on the profile of
PTSS in a given sample, an investigation may yield a positive,
negative, or null relation between broad PTSS and RewP. Thus, the
present study's results may help to clarify the mixed literature on
threat and reward reactivity in PTSD.

That negative cognitions and mood PTSS was negatively asso-
ciated with RewP, but hyperarousal PTSS was positively associated
with RewP also suggests that the pathophysiology underlying these
dimensions may differ. This pattern of results therefore highlights
the possibility that specific PTSS profiles may be characterized by
different neurobehavioral deficits and may therefore be best
addressed by separate treatments. Given that participants were not
required to have full syndromal PTSD, results also suggest that the
occurrence of hyperarousal PTSS following a trauma may be asso-
ciated with greater ERN and RewP, regardless of whether full-
syndromal PTSD is also present. Likewise, negative cognition and
mood symptoms following a trauma may be associated with
blunted RewP, regardless of whether full-syndromal PTSD is also



Fig. 4. On the left, response-locked ERP waveforms for win and loss trials, as well as the difference waves (reward-related positivity; RewP) and on the right, topographic maps of
activity (win minus loss) for individuals with a) high and b) low hyperarousal symptoms (defined by a median split for Cluster E).

Fig. 5. On the left, response-locked ERP waveforms for win and loss trials, as well as the difference waves (reward-related positivity; RewP) and on the right, topographic maps of
activity (win minus loss) for individuals with a) high and b) low negative cognition/mood symptoms (defined by a median split for Cluster D).
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present. Moreover, individuals in the present study had a range of
co-occurring depressive and anxiety symptoms and the findings
were observed independent of individuals’ primary DSMdiagnoses.
These results may therefore have broader implications and provide
potential insight into the neurobiological constructs associated
with distinct symptom profiles across a range of internalizing
psychopathologies.

Although the present study had multiple strengths, such as the
use of a clinically-representative treatment-seeking sample and
two reliable, and well-validated neural indices of threat and reward
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responding, there were also several limitations that should be
considered. First because individuals were not required to be DSM-
5 criteria for PTSD, it is unclear whether the present findings would
generalize to a sample with full syndromal illness (although in
individuals with full PTSD, there may be a restriction of range in
PTSS dimensions). Second, the sample included individuals with
current anxiety and depressive disorders and although primary
diagnosis was included as a covariate in our analyses, other co-
morbid psychopathologies may have impacted results. Given that a
large proportion of individuals in the current study had co-
occurring internalizing psychopathologies, future studies are
needed to confirmwhether the present findings generalize to other,
less psychiatrically severe populations. Third, the sample size in the
present study was moderate, and so a larger sample size may have
revealed additional associations between specific PTSS dimensions
and ERPs. Third, because ERPs were not assessed prior to trauma, it
is presently unclear whether the neurobehavioral deficits observed
in the current study were risk factors for or epiphenomena of these
PTSS. Future studies should therefore explore this question using a
longitudinal design. Fourth, the current study used the SCID-5 to
capture PTSS, which is only one measure. It would be useful for
future studies to replicate and validate the present findings using
other dimensional assessments of PTSS symptoms such as the
Clinician Administered PSTD Scale (CAPS-5; Weathers et al., 2013).

In sum, results indicated that hyperarousal PTSS (Cluster E) are
associated with exaggerated threat and reward responding,
whereas negative cognitions and mood PTSS (Cluster D) are asso-
ciated with blunted reward responding. This study begins to
address the heterogeneity within PTSS by linking specific symptom
dimensions to neurobehavioral deficits. Specificity of associations
between PTSS dimensions and neurobehavioral deficits may begin
to highlight the potential for more individualized treatments
among individuals experiencing PTSS.
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