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Abstract

Posttraumatic stress disorder (PTSD) – a debilitating disorder characterized by severe deficits in 

emotion regulation – is prevalent among U.S. military veterans. Research into the pathophysiology 

of PTSD has focused primarily on emotional reactivity, showing evidence of heightened neural 

response during negative affect provocation. By comparison, studies of brain functioning during 

the voluntary regulation of negative affect are limited. In the current study, combat-exposed U.S. 

military veterans with (n = 25) and without (n = 25) PTSD performed an emotion regulation task 

during electroencephalographic (EEG) recording. The late positive potential (LPP) was used as a 

measure of sustained attention toward, and processing of, negative and neutral pictures, and was 

scored prior to and after instructions to either maintain or down-regulate emotional response using 

the strategy of cognitive reappraisal. Results showed that groups did not differ in picture-elicited 

LPP amplitude either prior to or during cognitive reappraisal; reappraisal reduced the LPP in both 

groups over time. Time-dependent increases in LPP amplitude as a function of emotional 

reactivity maintenance were evident in the non-PTSD group only. This latter finding may signal 

PTSD-related deficits in sustained engagement with emotion-processing over the course of several 

seconds.
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1. Introduction

Lifetime prevalence of posttraumatic stress disorder (PTSD) is approximately 7% among 

U.S. adults, but the disorder is far more common among U.S. military veterans. Some 

estimates indicate that up to 13% of veterans meet PTSD diagnostic criteria in the months 

that follow combat deployment (Castro, 2014), making the disorder one of the most 

common injuries suffered by U.S. veterans returning from overseas (Thomas et al., 2010). 

PTSD is characterized by symptom heterogeneity, including reoccurrence of trauma 

memories, emotional withdrawal, alterations in arousal and emotional reactivity, and 

persistent negative changes in cognition and mood (American Psychiatric Association, 

2013). In spite of PTSD’s varied presentation, recent meta-analyses and review papers 

endorse emotion dysregulation as a core feature of the disorder (Etkin and Wager, 2007; 
Frewen and Lanius, 2006). In addition, clinical studies have found that self-reported 

deficiency in emotion regulation in PTSD is predictive of increased symptom severity 

(Badour and Feldner, 2013; Boden et al., 2012) and inferior social functioning (Klemanski et 

al., 2012). Together, this research suggests that the study of emotion dysregulation may be 

central in understanding PTSD; however more information is needed on the biological 

mechanisms that support this aspect of the disorder.

Much of the neuroimaging work in PTSD to-date has sought to determine whether 

individuals with PTSD exhibit heightened neural activation in response to aversive stimuli 

(Bryant et al., 2008; El Khoury-Malhame et al., 2011; Felmingham et al., 2010; Hayes et al., 

2012; Hendler et al., 2003; Morey et al., 2009; Protopopescu et al., 2005; Rauch et al., 2006; 
Shin and Liberzon, 2010; Simmons and Matthews, 2012; White et al., 2014). For instance, 

compared to non-traumatized (Bryant et al., 2009; El Khoury-Malhame et al., 2011; 
Felmingham et al., 2010; Protopopescu et al., 2005) and traumatized peers without PTSD 

(Hendler et al., 2003; Morey et al., 2009), those with PTSD have been found to exhibit 

heightened amygdala activity when exposed to both generic and trauma-related aversive 

stimuli. Greater engagement of the amygdala has also been found to correlate with severity 

of PTSD symptoms (White et al., 2014). Based on these findings, one possibility is that 

symptoms of emotion dysregulation in PTSD stem from heightened reactivity to aversive 

information. Yet another possibility is that symptoms of emotion dysregulation result from 

deficient regulatory control over emotional stimulus processing. Therefore, to fully 

understand the mechanisms of emotion dysregulation in PTSD, additional work on neural 

functioning during the voluntary regulation of emotional reactivity is needed.

Voluntary emotion regulation refers to a conscious attempt to change the intensity and/or 

duration of an emotional reaction (Gross and Thompson, 2007). Cognitive reappraisal is a 

highly effective emotion regulation strategy in which individuals modulate the emotional 

salience of a stimulus by changing its meaning (Ochsner et al., 2002). In uncovering the 

neural correlates of the strategy, studies in healthy individuals have found that cognitive 
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reappraisal is associated with increased engagement of multiple regions in the prefrontal 

cortex (PFC), including the dorsolateral PFC (dlPFC) (Goldin et al., 2008; Phan et al., 

2005), ventrolateral PFC (vlPFC) (Ochsner et al., 2002; Wager et al., 2008), dorsomedial 

PFC (dmPFC) (Banks et al., 2007; Phan et al., 2005), and ventromedial PFC (vmPFC) (Urry 

et al., 2006) in addition to the anterior cingulate cortex (ACC) (Eippert et al., 2007; 
Hermann et al., 2014) (see Buhle et al., 2014; Ochsner et al., 2012 for reviews). During 

reappraisal, amygdala activation is also reduced (Buhle et al., 2014) and reductions in 

amygdala responding have been found to correlate with reappraisal-related increases in 

prefrontal cortical activity (Banks et al., 2007). These data suggest that cognitive reappraisal 

may exert its effects on emotional reactivity by way of PFC engagement.

Neuroimaging studies of cognitive reappraisal in PTSD have found that PTSD may be 

characterized by deficits in prefrontal regions implicated in the successful down-regulation 

of negative affect. For instance, Rabinak and colleagues (2014) found that, compared to 

combat-exposed U.S. military veterans without PTSD, those with PTSD showed a focal 

deficit in dlPFC engagement when asked to reduce their response to negative pictures using 

cognitive reappraisal (Rabinak et al., 2014). In an earlier study, New and colleagues (2009) 

found that, compared to their non-traumatized counterparts, traumatized females showed 

reduced recruitment of prefrontal brain regions during cognitive reappraisal; however, 

recruitment of these regions did not differ for traumatized individuals with versus without 

PTSD (New et al., 2009). In this study, individuals with PTSD also showed less activation of 

the PFC when asked to increase negative affect, compared to traumatized individuals 

without PTSD and healthy controls. This prior work then suggests that PTSD and/or trauma-

exposure may be characterized by reduced recruitment of prefrontal regions during the 

cognitive reappraisal of negative stimuli. Additionally, PTSD may be uniquely characterized 

by aberrant neural activation during the up-regulation of emotional response.

Event-related potentials (ERPs) have excellent temporal resolution and can be used to assess 

the neural correlates of affective processing. For instance, the late positive potential (LPP) is 

an ERP component that begins approximately 300 milliseconds (ms) after stimulus onset 

and is larger for emotional than neutral stimuli (Codispoti et al., 2006; Cuthbert et al., 2000; 
Foti et al., 2009; Hajcak et al., 2012; MacNamara et al., 2009; Schupp et al., 2000). The LPP 

persists throughout stimulus presentation duration, lasting up to several seconds or longer 

(Cuthbert et al., 2000; Hajcak and Olvet, 2008). The LPP is initially evident at centro-

parietal regions but becomes more frontal later on during stimulus presentation (Hajcak et 

al., 2012; MacNamara et al., 2009). In addition to being sensitive to the overall emotional 

nature of stimuli, the LPP is also sensitive to individual differences in the perceived salience 

of stimuli. For example, the LPP is larger for personally-salient stimuli such as pictures of 

food among food-deprived individuals (Stockburger et al., 2009) and pictures of one’s own 

face (Tacikowski and Nowicka, 2010) or that of a relative or close friend (Grasso and 

Simons, 2011). Among individuals with anxiety, the LPP may be larger in response to 

threat-related (Kujawa et al., 2015; MacNamara and Hajcak, 2010) and disorder-specific 

stimuli (e.g., images of spiders in spider phobia) (Leutgeb et al., 2009; Michalowski et al., 

2009). Further, the LPP is also sensitive to “top-down” manipulations of stimulus meaning. 

For instance, the LPP is smaller for neutrally- as compared to negatively-described pictures 

(Foti and Hajcak, 2008; MacNamara et al., 2009) and is smaller when participants are asked 
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to reduce the emotional salience of pictures using the strategy of cognitive reappraisal 

(Hajcak and Nieuwenhuis, 2006; Moran et al., 2013; Moser et al., 2010, 2009; Parvaz et al., 

2012). Some studies also document larger LPPs when participants are asked to increase 

emotional picture salience (Gardener et al., 2013; Moser et al., 2010, 2009; Sarlo et al., 

2013). Given this research, the LPP appears as a valid neural ‘assay’ by which to assess 

emotion regulation in the context of both healthy and emotion-dysregulated individuals. 

However, despite its widespread use in healthy samples (Hajcak and Nieuwenhuis, 2006; 
MacNamara et al., 2009; Moran et al., 2013; Moser et al., 2010, 2009; Parvaz et al., 2012), 

only one study to date has employed the LPP as a measure of emotion-processing during 

willful emotion regulation in PTSD.

Recently, Woodward and colleagues (2015) examined group differences in LPP amplitude 

during voluntary regulation in military veterans with PTSD and non-traumatized controls. In 

this study, participants viewed negative and neutral pictures; prior to the presentation of each 

negative picture, participants were shown a color-coded cue that either instructed them to 

“think of something to tell yourself that helps you feel less negative about the photo” 

(Woodward et al., 2015; p. 669 ‘rationalize’ condition) or “notice your beating heart and 
your angry or fearful thoughts, and do not resist these reactions in any way… let the emotion 
flow over you like a wave” (Woodward et al., 2015; p.669 ‘notice’ condition). In other 

words, in the rationalize condition, participants were instructed to cognitively down-regulate 

their emotional response, though the specific strategy (e.g., distraction, reappraisal) was not 

indicated. By contrast, in the notice condition, participants were instructed to attend to their 

emotional response – a phenomenon that has been shown to increase the LPP (Hajcak et al., 

2009). In a third, control, condition, participants were instructed to “respond freely” to 

negative pictures (i.e., to refrain from changing their affective response in any way). Results 

showed that there was no effect of group and no group × condition interaction. Importantly, 

however, there was also no overall effect of condition on the LPP. That is, the LPP was not 

modulated by condition in either the PTSD or the non-PTSD group. Without evidence that 

the regulation strategies used by participants in the Woodward and colleagues study (2015) 

modulated the LPP, it is difficult to interpret the absence of a group effect. Further, despite a 

picture presentation duration of 10 seconds, Woodward and colleagues (2015) assessed the 

LPP using peak amplitudes corresponding to the LPP within a 250 ms – 750 ms window 

post-picture presentation, thus also limiting understanding of the time-course of sustained 

emotion regulation.

In order to address these gaps in knowledge and more broadly address the relative paucity of 

emotion regulation work in PTSD, the current study examined the effects of cognitive 

reappraisal on the LPP elicited by negative and neutral pictures in a group of combat-

exposed U.S. military veterans with and without PTSD (combat-exposed controls; CEC). To 

assess the effects of emotion generation (i.e., passive picture processing) as distinct from the 

effects of cognitive reappraisal, we used a dynamic task published in prior work (Parvaz et 

al., 2012), in which regulation instructions were delivered after initial picture presentation. 

Specifically, participants viewed negative and neutral pictures for 1 second prior to an 

auditory instruction that instructed participants to continue viewing the picture without 

trying to change their emotional reaction (‘maintain’ condition) or to reduce their emotional 

response to pictures via the strategy of cognitive reappraisal (‘reappraise’ condition). Based 
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on prior work in healthy individuals (Hajcak and Nieuwenhuis, 2006; Moran et al., 2013; 
Moser et al., 2010, 2009; Parvaz et al., 2012), we believed that cognitive reappraisal would 

successfully reduce the LPP elicited by negative pictures. Moreover, given some evidence 

that prefrontal brain regions involved in the down-regulation of negative affect may be 

insufficiently recruited in PTSD (Rabinak et al., 2014), we hypothesized that the LPP – a 

measure of the sustained processing of emotional stimuli – would be less modulated by 

cognitive reappraisal in PTSD.

2. Methods

2.1. Participants

A total of 84 Operation Enduring Freedom (OEF), Operation Iraqi Freedom (OIF), and/or 

Operation New Dawn (OND) male and female combat-exposed veterans with and without 

PTSD were recruited from the Veterans Affairs (VA) Ann Arbor Healthcare System (Ann 

Arbor, MI) and the Jesse Brown VA Medical Center (Chicago, IL). Participants with PTSD 

were required to have a primary diagnosis of PTSD while participants in the CEC group 

could not meet criteria for PTSD. Inclusion criteria for all participants included discharge 

from active military service, aged 18–55 years, absence of head trauma that involved a loss 

of consciousness, and ability to provide written consent. Exclusion criteria were presence of 

a clinically-significant medical or neurologic illness, or life history of bipolar disorder, 

schizophrenia, or pervasive developmental disorder. Twelve participants from the initial 

sample were excluded from analysis (n = 10 PTSD) in order to match groups on incidence 

of combat exposure, as assessed by the Combat Exposure Scale (CES; Keane et al., 1989).

Exclusion of participants with unusable EEG data following data collection resulted in a 

final sample size of N = 50 (n = 25 PTSD; see Table 1 for sample demographics). Across 

PTSD and CEC groups, comorbidities included major depressive disorder (MDD), panic 

disorder, generalized anxiety disorder (GAD), obsessive-compulsive disorder (OCD), 

alcohol dependence, and agoraphobia without panic. Upon enrollment, 41 participants were 

medication free while all others were taking a stable single or combination regimen 

consisting of antidepressants (Trazodone, Sertraline, Buproprion, Mirtazepine, 

Amitriptyline), mood stabilizers (Divalproex, Topiramate), benzodiazepines (Clonazepam), 

or antipsychotics (Abilify, Risperidone). Group usage did not differ with respect to class of 

medication (all p’s > 0.14) and ERP effects did not change substantially when this variable 

was added as a covariate in analyses; therefore, results are reported without controlling for 

medication status. All participants provided written informed consent for study participation 

and were monetarily compensated for their time as approved by the Institutional Review 

Boards of VA Ann Arbor, the University of Michigan Medical School, and the University of 

Illinois at Chicago.

2.2. Materials

Diagnostic criteria were assessed according to Diagnostic and Statistical Manual of Mental 

disorders (DSM-IV) criteria and using either the Structured Clinical Interview for DSM 

Disorders (SCID; First et al., 2002) or Mini-International Neuropsychiatric Interview (MINI; 
Sheehan et al., 1998). Participants were also assessed on standardized clinical rating scales 
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including the Clinician-Administered PTSD Scale (CAPS; Blake et al., 1995), the PTSD 

Checklist: Military (PCL-M; Blanchard et al., 1996), the Hamilton Anxiety Scale (HAM-A; 
Hamilton, 1959) the Hamilton Depression Inventory (HAM-D; Williams, 1998), and the 

Beck Depression Inventory (BDI-II; Beck et al., 1996). All diagnostic and clinical 

interviews were performed by one of two trained clinicians: (1) a board-certified research 

psychiatrist (KLP) or (2) a licensed social worker (AEK).

2.3. ERT

Participants completed an Emotion Regulation Task (ERT) during continuous EEG 

recording (Parvaz et al., 2012). Task stimuli consisted of 50 negative (valence: M = 2.51, SD 
= 0.78; arousal: M = 5.78, SD = 0.68) and 50 neutral (valence: M = 5.02, SD = .44; arousal: 

M = 3.44, SD = 0.41; higher numbers indicate more pleasant and higher arousal ratings) 

images taken from the International Affective Picture System (IAPS; Lang et al., 2008). 

Each image was presented only once during the entirety of the task. Participants were seated 

approximately 60 cm in front of a computer screen; images occupied 40° of visual angle 

horizontally and vertically and were shown serially. Images were grouped in blocks of 

negative and neutral with each block consisting of 25 images. Following picture onset, an 

auditory instruction was given at 1,000 ms. For negative pictures, participants were 

instructed to either “maintain” (i.e., continue viewing the picture without trying to change 

their emotional reaction) or to “reappraise” (i.e., reduce negative affect by making the image 

appear less emotional). For neutral images, participants received an auditory instruction to 

“look” (i.e., continue picture viewing as they normally would). In all three conditions, the 

image remained on-screen for an additional 6,000 ms after the auditory instruction, resulting 

in a total image duration of 7,000 ms. After picture offset, participants viewed a white 

fixation cross presented in the center of the screen for 1,000 ms, prior to the beginning of the 

next trial. In total, there were 25 “maintain” trials, 25 “reappraise” trials, and 50 “look” 

trials. Block order was pseudo-randomized for each participant. Negative and neutral picture 

order was also pseudorandomized across each of the 2 blocks of that type, and – for negative 

blocks – the order of “maintain” and “reappraise” trials was pseudorandomized across both 

negative blocks. Participants were given a self-timed rest period between blocks.

Prior to the task, participants were trained in the technique of cognitive reappraisal. For 

reappraisal, participants were instructed by trained research staff (KLP, AEK, CAR) to either 

(1) conceptualize the depicted scenario in a less negative way (e.g., women crying outside of 

a church could be attending a wedding instead of a funeral); or (2) objectify the content of 

the pictures (e.g., a woman with facial bruises could be an actor in a movie). For training in 

maintaining emotional reactivity, participants were instructed to passively process the 

negative images they were seeing (e.g., “view the picture without trying to change their 

emotional reaction”). Participants then performed eight trials with IAPS images not used in 

the actual task to practice implementing the “reappraise”, “maintain”, and “look” 

instructions. While participants viewed each practice image and in particular for negative 

images, the research staff asked them to verbalize emotion modification strategies and 

provided feedback to ensure participants understood task instructions and used appropriate 

strategies to cognitively reappraise emotional content of the images.
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2.4. Electroencephalogram recording and initial data reduction

Continuous EEG recording during the task was completed using an elastic cap and the 

ActiveTwo BioSemi system (BioSemi, Amsterdam, The Netherlands). Thirty-four electrode 

sites were used, based on the 10/20 system (standard 32 channel montage, as well as FCz 

and Iz). The voltage from each active electrode was referenced online with respect to a 

common mode sense (CMS) active electrode, producing a monopolar (non-differential) 

channel. Two electrodes were placed on the left and right mastoids, while an additional four 

facial electrodes were used to record the electrooculogram (EOG) generated from eye blinks 

and eye movements: two of these electrodes were located approximately one cm outside the 

outer edge of the right and left eyes and two electrodes were placed approximately one cm 

above and below the left eye. The EEG and EOG were low-pass filtered using a fifth order 

sinc filter with a half-power cutoff of 204.8 Hz and then digitized at 1024 Hz with 24 bits of 

resolution.

2.5. Offline data reduction and statistical analyses

Offline data processing was performed using Brain Vision Analyzer 2 software (BVA, Brain 

Products, Gilching, Germany). Data were re-referenced offline to the average of the two 

mastoids, and band-pass filtered from 0.01 to 30 Hz. Trials were segmented beginning 200 

ms prior to picture onset and ending 7,000 ms after picture onset for a total segment duration 

of 7,200 ms. Following segmentation of data, eye blink and ocular corrections were made 

according to the method developed by Miller, Gratton and Yee (1988). Artifact analysis was 

used to identify a voltage step of more than 50.0 μV between sample points, a voltage 

difference of 300.0 μV within a trial, and a maximum voltage difference of less than 0.50 μV 

within 100 ms intervals. Trials were also inspected visually for any remaining artifacts, and 

data from individual channels containing artifacts were rejected on a trial-by-trial basis. 

Only individuals retaining at least 80% or more data on each electrode channel were 

included in group averages. For participants included in the final analysis, we found no 

difference in data quality between PTSD and CEC groups as assessed by number of artifacts 

per condition (all p’s > 0.09). Trials were averaged separately for each condition and 

baseline correction was performed using the 200 ms period prior to picture presentation.

Based on visual inspection and on prior work (Dennis and Hajcak, 2009; Foti and Hajcak, 

2008; Hajcak and Olvet, 2008), two electrode poolings were used for extraction: first, at a 

central-parietal location consisting of Pz, CP1, and CP2 and, second, at a frontal location 

consisting of Fz, AF3, and AF4. The pre-instruction LPP was calculated using mean 

amplitudes from 400 – 1,000 ms post-picture onset. The post-instruction LPP was calculated 

using mean amplitudes in each of three time windows: early (1,500 – 3,000 ms post-picture 

onset), middle (3,000 – 5,000 ms post-picture onset), and late (5,000 – 7,000 ms post-picture 

onset), in agreement with prior work (Dunning and Hajcak, 2009; Parvaz et al., 2012). For 

figures, a digital low-pass filter (12 Hz) was applied offline for plotting grand-averaged 

waveforms while electrophysiological activity using original filter settings was used for all 

statistical analyses.

Pre-instruction LPP amplitudes were analyzed separately at the centro-parietal and frontal 

electrode poolings using a 2 (group: PTSD, CEC) × 3 (condition: look, maintain, reappraise) 
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mixed measures analysis of variance (ANOVA) while post-instruction amplitudes were 

analyzed using a 2 (group: PTSD, CEC) × 3 (condition: look, maintain, reappraise) × 3 

(time: early, middle, late) mixed measures ANOVA. Interactions involving the effect of time 

were explored using linear contrasts to assess for changes in the LPP throughout picture 

presentation. Greenhouse-Geisser corrections were used in instances where assumptions of 

sphericity were violated. All analyses were performed using IBM SPSS Statistics (Version 

22.0).

3. Results

Figure 1 presents grand-averaged waveforms, shown separately for each LPP pooling and 

group. Figure 2 depicts the topographical distribution of the LPP by group at both pre- and 

post-instruction. Mean LPP amplitudes are presented in Table 2.

3.1. Pre-instruction LPP

There was a significant main effect of condition at the centro-parietal pooling (F(2, 96) = 

20.76, p < 0.001,  = 0.30). Follow-up tests revealed no difference in LPP amplitude 

between maintain and reappraise conditions during this window prior to actual task 

instruction (F(1, 49) = 0.99, p = 0.33,  = 0.02). However, compared to the look condition, 

a larger LPP was evident during both maintain (F(1, 49) = 39.21, p < 0.001,  = 0.44) and 

reappraise (F(1, 49) = 27.39, p < 0.001,  = 0.36) conditions, suggesting that – as expected 

– the aversive/emotionally-negative images elicited a greater LPP than non-emotional 

images. There was no effect of group and no group × condition interaction (all p’s > 0.59). 

To note, early ERPs (e.g., < 300 ms) at this location appeared smaller in the PTSD group 

compared to the CEC group.

Similar results were found at the frontal pooling site: there was a significant main effect of 

condition (F(2, 96) = 5.70, p = 0.01,  = 0.11). Follow-up tests showed no difference 

between maintain and reappraise conditions (F(1, 49) = 0.27, p = 0.61,  = 0.01). However, 

larger LPP’s were found during both the maintain and reappraise conditions in comparison 

to the look condition (F(1, 49) = 8.75, p = 0.01,  = 0.15 and F(1, 49) = 6.55, p = 0.01,  = 

0.12, respectively). Again there was no effect of group and no group × condition interaction 

(p’s > 0.70).

3.2. Post-instruction LPP

At the centro-parietal pooling, there was a significant main effect of time (F(1.37, 65.83) = 

5.52, p = 0.01,  = 0.10). Follow-up comparisons determined a linear decrease in LPP 

amplitude across groups and conditions (early > middle > late; F(1, 48) = 6.19, p = 0.02, 

= 0.11). No other significant effects were found (all p’s > 0.06).

At the frontal pooling, we observed a significant main effect of time (F(1.27, 60.99) = 5.05, 

p = 0.02,  = 0.10), a condition × time interaction (F(2.80, 134.33) = 5.03, p < 0.01,  = 
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0.10) and a group × condition × time interaction (F(2.80, 134.34) = 3.47, p = 0.02, = 0.07). 

No other effects reached significance (all p’s > 0.06).

To explore the significant three-way interaction, we conducted separate group × time mixed-

measures ANOVAs within each condition. For the look condition, no significant main or 

interaction effects were found (all p’s > 0.13). In the reappraise condition, a main effect of 

time (F(1.41, 67.87) = 13.42, p < 0.001,  = 0.22) was driven by a linear decrease in 

amplitude (early > middle > late, F(1, 48) = 14.49, p < 0.001,  = 0.23); no other effects 

reached significance (all p’s > 0.40). That is, across the groups, the LPP decreased over time 

during reappraise trials. In the maintain condition, there was no overall effect of time or 

group (all p’s > 0.16), but a significant group × time interaction (F(1.43, 68.69) = 4.64, p = 

0.02,  = 0.09). Follow-up tests showed that in the PTSD group there was no significant 

effect of time (F(1.46, 34.96) = 1.62, p = 0.22, = 0.06). In contrast, in the CEC group, 

there was a main effect of time (F(1.32, 31.56) = 4.18, p = 0.04,  = 0.15) that was 

explained by a linear increase in the LPP across time (F(1, 24) = 4.17, p = 0.05,  = 0.15). 

Therefore, we found that the LPP increased during maintain trials in the CEC group and that 

this effect was absent within the PTSD group.1

4. Discussion

The current study examined differences in LPP amplitude during cognitive reappraisal of 

negative pictures in a group of OEF/OIF/OND combat-exposed veterans with and without 

PTSD. As expected, negative images elicited an enhanced LPP and cognitive reappraisal 

reduced the LPP to negative pictures across participants. Moreover, this effect did not 

differentiate individuals with from those without PTSD. In other words, both groups 

effectively decreased the LPP as a function of cognitive reappraisal. Group differences in the 

LPP to negative pictures prior to instruction onset – i.e., during passive picture viewing – 

were not observed, suggesting that both groups reacted similarly in response to negative 

emotion evocation. However, veterans without PTSD showed an increase in the LPP over 

time as a function of sustained maintenance of emotional reactivity during the post-

instruction period, whereas those with PTSD did not.

To our knowledge, this is the first study to document that combat-exposed veterans both 

with and without PTSD are able to down-regulate the LPP via cognitive reappraisal. Prior 

work (Woodward et al., 2015) examined group differences in LPP amplitude as a function of 

varied voluntary regulation strategies, however results showed that down-regulation did not 

1A significant group × condition × time interaction was also evident at the frontal electrode pooling when conditions reflected the use 

of two difference waves: reappraise – look versus maintain – look (F(1.48, 70.85) = 7.50, p < 0.01,  = 0.14), which was later 
qualified by a significant group × condition interaction at the late time point (F(1, 48) = 4.78, p = 0.03). When groups were directly 
compared on difference waves at this time point, no significant effects emerged (all p’s > 0.06). However, follow-up tests 
demonstrated that the LPP was larger during the maintain-look difference wave compared to the reappraise – look difference wave but 
only for the CEC group (t(24) = −2.87, p = 0.01). To note, it is not possible to attribute this effect in the CEC group to a reduction of 
the LPP in the regulation condition as this effect is driven by a combination of a maintain-related increase in the LPP and a 
reappraisal-related decrease. No significant group × condition × time interaction was evident at the centro-parietal electrode pooling (p 
> 0.12)
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modulate the LPP in either controls or veterans with PTSD, making it difficult to draw 

conclusions about the absence of group differences observed in that study. In the Woodward 

and colleagues’ study (2015), the “rationalize” condition instructed participants to reduce 

the emotional salience of pictures using a cognitive strategy (i.e., by thinking about 

something else), however the nature of this strategy seems not to have been specified (e.g., 

both distraction and reappraisal involve thinking about something else). The “notice” 

strategy asked participants to focus on their emotional reactions, a technique that may be 

more akin to up-regulation than down-regulation (Hajcak et al., 2009). Therefore, the 

emotion regulation techniques used by Woodward and colleagues (2015) are quite different 

than those used in the present study, which are consistent with those used in a wide body of 

prior work (Hajcak and Nieuwenhuis, 2006; New et al., 2009; Parvaz et al., 2012; Rabinak et 

al., 2014). Moreover, Woodward and colleagues (2015) analyzed the notice and rationalize 

conditions together, which could have confounded up- and down-regulatory effects. The 

present study adds to this prior work – first, by showing successful modulation of the LPP 

via cognitive reappraisal in veterans with and without PTSD and, second, by showing that 

these effects do not differ between groups.

The absence of a group difference in reappraisal, while contrary to our hypothesis, is broadly 

in line with prior fMRI work that found no difference in reappraisal-related brain activity for 

traumatized women with versus without PTSD (New et al., 2009). However, in contrast to 
New and colleagues’ (2009) results, Rabinak and colleagues (2014) found that military 

veterans with versus without PTSD showed reduced recruitment localized to the dlPFC 

during reappraisal to negative imagery. Both studies suggest that PFC alterations in PTSD 

during emotion regulation are not profuse. Interestingly, neither study found group 

differences in amygdala activation as a result of down-regulation, suggesting that differential 

recruitment of prefrontal regions in the PTSD group across these samples may not 

necessarily translate into discrepant modulation of affective responding. One possibility is 

that individuals with PTSD compensate for reduced PFC engagement during reappraisal by 

recruiting different brain regions to moderate emotional processing, though this hypothesis 

will need to be tested in future work. Another possible explanation for the absence of group 

differences observed here may be that the PTSD group was differentially impacted by the 

cognitive reappraisal training, building off the observation that this group exhibited 

qualitatively smaller early ERPs prior to task instruction (e.g., < 300 ms). To note, the bulk 

of PTSD studies report heightened early ERPs (50 – 3000 ms) during the viewing of trauma-

related imagery (see Javanbakht et al., 2011 for a review).

Although we did not observe a group difference in the LPP elicited by negative stimuli prior 

to instruction onset, we did observe a post-instruction group difference in the LPP elicited 

by negative pictures presented in the maintain condition. Specifically, veterans with PTSD 

showed no change in the LPP during the maintenance of negative reactivity whereas controls 

showed an increase in the LPP over time in this condition. These results are in line with 

prior work suggesting that sustaining attention towards negative imagery increases the LPP 

among psychiatrically-healthy individuals (Dunning and Hajcak, 2009; Hajcak et al., 2006) 

(though not as much as when up-regulation is used (Gardener et al., 2013; Moser et al., 

2010, 2009)). Interestingly, veterans with PTSD appear to have been more successful in 

maintaining (rather than increasing) attention toward negative pictures in the maintain 
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condition, though the functional significance of this finding is as of yet unclear. For instance, 

maintaining an emotional response may require top-down direction from the PFC, which – 

given prior evidence of PFC deficits in PTSD (Rabinak et al., 2014) – might explain why the 

PTSD group showed smaller amplitudes than the CEC group in this condition. Avoidance is 

also a cardinal symptom of PTSD and could have played a role in blunting a maintain-

related increase in the LPP. On the other hand, increased LPPs in the CEC group may reflect 

processes related to resiliency in this traumatized group that did not develop PTSD. To better 

characterize “normative” versus abnormal responding during emotional maintenance, future 

work may wish to include non-traumatized and traumatized control groups as well as a 

PTSD group. In addition, future studies directly comparing groups during down-regulation 

and up-regulation versus sustained affect maintenance and neutral picture viewing are 

warranted.

In the present study, condition effects were specific to the frontal sites while group effects 

(for the maintain condition) were specific to the late time window at frontal sites. Prior work 

suggests that the effects of cognitive reappraisal on the LPP are evident primarily during 

later portions of picture viewing (i.e., several seconds in; Foti et al., 2008; MacNamara et al., 

2009; Parvaz et al., 2012), when the LPP is more likely to be maximal at frontal electrode 

sites (i.e., due to a topographic shift in the component; Foti et al., 2009; Hajcak et al., 2012; 
MacNamara et al., 2009). The late latency group difference in the maintain condition 

suggests that individuals with PTSD may show aberrant sustained processing of negative 

stimuli, though as noted above, more work is needed to differentiate emotional maintenance 

from up-regulation and to ascertain whether CEC effects observed are comparable to those 

observed in a non-traumatized control group.

An absence of group differences in the LPP during initial emotion processing (i.e. prior to 

regulation instruction) does not, at first glance, fit with prior findings of increased amygdala 

activation to negative or trauma-related stimuli reported in several studies of PTSD (Rauch 

et al., 2000; Shin et al., 2006, 2005). However, this finding has been inconsistently observed 

and other studies have either failed to find evidence of amygdala hyper-activation in PTSD 

(Bremner et al., 2003, 1999a, 1999b, Sakamoto et al., 2005; Shin et al., 1999, Yang et al., 

2004) or have found evidence of reduced amygdala activation during fear processing in 

PTSD (Britton et al., 2005; Phan et al., 2006). Along these lines, a growing body of 

psychophysiological work has found evidence of emotional blunting in this population 

(D’Andrea et al., 2013; Felmingham et al., 2014; Kemp et al., 2009; MacNamara et al., 

2013; McTeague et al., 2010; Shepherd and Wild, 2014; Tso et al., 2011; Woodward et al., 

2015; Zaba et al., 2015). For instance, recent work by our group found that military veterans 

with PTSD showed smaller LPPs to angry faces, compared to their non-PTSD peers 

(MacNamara et al., 2013) (see also Tso et al., 2011). In another study, PTSD symptoms in a 

trauma-exposed sample were associated with increased difficulty enhancing emotional 

response to negative imagery as measured by skin conductance response, a measure of 

peripheral arousal (Shepherd and Wild, 2014). Together, this evidence suggests that 

exaggerated fear reactivity may not fully characterize PTSD (see also Lanius et al., 2012).

Findings from the current study should be considered in light of several limitations. First, the 

lack of a non-traumatized control group limits interpretation of our results; however both 
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CEC and PTSD groups exhibited increased the LPP to negative pictures and decreased the 

LPP during reappraisal, similar to prior findings observed in healthy, non-traumatized 

volunteers. New and colleagues (2009) found evidence of trauma-related but not PTSD-

related effects on reappraisal-related brain functioning; therefore future work may wish to 

determine whether traumatized individuals as a group (i.e., with and/or without PTSD) 

might show reduced reappraisal-related modulation of the LPP compared to non-traumatized 

controls. Second, because participants were not asked to make subjective ratings during the 

reappraisal task, we were unable to investigate group differences in subjective emotional 

responding initially or after instruction to reappraise/down-regulate the negative emotion. In 

the New and colleagues’ (2009) study, participants with PTSD showed less effective 

modulation of emotional arousal, as evidenced by subjective report; therefore, it is possible 

that we might have observed differences between groups using this measure (but see 
Rabinak et al., 2014 in which no group differences in subjective response were observed 

during the fMRI version of this task). Further, the results reflect a null effect perhaps due to 

insufficient power to detect group differences; therefore, future work may wish to replicate 

these results in a larger sample. In addition, given previous research suggesting that 

personalized stimuli impact the LPP, examination of the impact of individualized trauma 

stimuli on these processes in trauma survivors with and without PTSD is also warranted and 

may clarify the null effect observed in the current design.

In conclusion, the current study found that reappraisal-related reductions in the LPP did not 

differ for U.S. military veterans with versus without PTSD, implying broadly that this 

population does not display measurable deficits in this capacity, at least as far as this specific 

neural measure of emotional “output” is concerned (see also prior work that failed to find 

group differences in reappraisal-related modulation of other emotional outputs (i.e., 

amygdala reactivity in PTSD; New et al., 2009; Rabinak et al., 2014). This study also 

replicates prior PTSD work that used the LPP (Woodward et al., 2015) but – by showing for 

the first time that reappraisal effectively modulates the LPP in both veterans with and 

without PTSD – expands this work and demonstrates that groups do not differ in this regard. 

Finally, veterans with PTSD did not show increased LPPs during the sustained processing of 

negative stimuli when asked to maintain their response to these stimuli – a result which may 

fit with prior evidence of emotional blunting in PTSD (D’Andrea et al., 2013; Felmingham 

et al., 2014; Kemp et al., 2009; MacNamara et al., 2013; McTeague et al., 2010; Shepherd 

and Wild, 2014; Tso et al., 2011; Woodward et al., 2015; Zaba et al., 2015) and which opens 

avenues for future investigation.
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Figure 1. 
Grand-averaged waveforms at centro-parietal and frontal sites at which the LPP was scored, 

shown separately for each group and condition. Note. Stimulus onset occurred at 0 ms, task 

instruction occurred at 1,000 ms. Dashed boxes indicate the time-windows in which the LPP 

was analyzed. On the y-axis, positive amplitude is plotted down. CEC = combat exposed 

controls; PTSD = posttraumatic stress disorder.
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Figure 2. 
Headmaps depicting the spatial distribution of voltage differences for negative images minus 

neutral images, from 400 to 1,000 ms after picture onset (LPP during initial reactivity; left), 

and the maintain condition minus the reappraise condition, from 1,500 to 7,000 ms after 

picture onset (LPP post-instruction; right) for CEC and PTSD groups.
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Table 1

Sample Demographics and Clinical Characteristics

CEC (n = 25)
M (SD)

PTSD (n = 25)
M (SD) test statistic p

Age 32.84 (7.77) 30.16 (7.80) 1.22 0.23

Years of Education 15.00 (2.20) 12.90 (1.21) 4.19 < .001

CES 18.16 (5.02) 20.44 (5.63) −1.51 0.14

CAPS 10.88 (16.08) 68.76 (19.34) −11.71 < .001

 Intrusive 2.12 (3.47) 10.52 (11.25) −3.57 < .01

 Avoidance 3.28 (7.09) 15.40 (14.61) −3.73 < .01

 Hyperarousal 3.92 (7.11) 13.28 (11.26) −3.51 < .01

PCL-M 25.68 (11.01) 54.20 (12.67) −8.50 < .001

Ham-A 3.80 (5.09) 13.24 (6.60) −5.66 < .001

Ham-D 4.00 (5.40) 11.56 (5.18) −5.05 < .001

BDI 6.68 (7.73) 22.28 (10.09) −6.13 < .001

n (%) n (%)

Gender (male) 22 (88%) 24 (96%) 1.09 0.30

Ethnicity (Caucasian) 13 (52%) 19 (76%) 4.88 0.14

Comorbidity

 None 19 (76%) 15 (60%) 1.47 0.36

 MDD 0 (0%) 3 (12%) 3.19 0.24

 Alcohol Dependence 4 (16%) 1 (4%) 2.00 0.35

 Agoraphobia without Panic 0 (0%) 2 (8%) 2.08 0.49

 Multiplea 2 (8%) 4 (16%) 0.76 0.67

Medication Status

 None 23 (92%) 18 (72%) 3.39 0.14

 Antidepressant 1 (4%) 3 (12%) 1.09 0.61

 Mood stabilizer 0 (0%) 1 (4%) 1.02 0.99

 Combination regimenb 1 (4%) 3 (12%) 1.09 0.61

Note. CEC = combat exposed controls; PTSD = posttraumatic stress disorder; CES = Combat Exposure Scale; CAPS = Clinician Administered 
PTSD Scale; PCL-M = PTSD Checklist – Military version; Ham-A = Hamilton Rating Scale for Anxiety; Ham-D = Hamilton Rating Scale for 
Depression; BDI = Beck Depression Inventory; MDD = Major Depression Disorder. Group comparisons were performed using independent t-tests 
except gender, ethnicity, comorbidity, and medication status which were calculated using Fisher’s Exact Test due to low cell count.

a
consists of a combination of MDD, Alcohol Dependence, Agoraphobia without Panic, Panic Disorder, Generalized Anxiety Disorder, or 

Obsessive Compulsive Disorder;

b
consists of a combination of antidepressants, mood stabilizers, benzodiazepines or antipsychotics.
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