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Abstract

Background—This study aimed to determine whether patients with post-traumatic stress 

disorder (PTSD) show difficulty in recruitment of the regions of the frontal and parietal cortex 

implicated in top-down attentional control in the presence and absence of emotional distracters.

Method—Unmedicated individuals with PTSD (n=14), and age-, IQ- and gender-matched 

individuals exposed to trauma (n=15) and healthy controls (n=19) were tested on the affective 

number Stroop task. In addition, blood oxygen level-dependent responses, as measured via 

functional magnetic resonance imaging, were recorded.

Results—Patients with PTSD showed disrupted recruitment of lateral regions of the superior and 

inferior frontal cortex as well as the parietal cortex in the presence of negative distracters. Trauma-

comparison individuals showed indications of a heightened ability to recruit fronto-parietal 

regions implicated in top-down attentional control across distracter conditions.

Conclusions—These results are consistent with suggestions that emotional responsiveness can 

interfere with the recruitment of regions implicated in top-down attentional control ; the 

heightened emotional responding of patients with PTSD may lead to the heightened interference in 

the recruitment of these regions.
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Introduction

Hypervigilance, an increased attentional bias to environmental cues associated with threat, is 

a classic symptom of post-traumatic stress disorder (PTSD). This attentional bias may 

reinforce the preoccupation with the trauma and thus perpetuate the disorder (Foa et al. 

1991 ; Coles & Heimberg, 2002). Increased attention to emotional information can lead to 

disruption in patients’ goal-directed activity. Indeed, a series of studies have documented 

increased interference of goal-directed activity by emotional distracters in PTSD (Williams 

et al. 1996 ; Buckley et al. 2000 ; Bar-Haim et al. 2007).

Considerable functional magnetic resonance imaging (fMRI) work has demonstrated that in 

healthy individuals emotional attention involves amygdala priming of temporal cortex 

representations (e.g. Pessoa et al. 2005 ; Blair et al. 2007 ; Mitchell et al. 2007). Further, 

this work has shown that the priming of task-relevant representations by regions implicated 

in top-down attentional control leads to reduced amygdala activation to emotional 

distracters. The suggestion is that increased recruitment of top-down attentional control 

systems, priming goal-relevant representations, leads to reduced representation of emotional 

distracters following representational competition (Desimone & Duncan, 1995). Reduced 

representation of the emotional distracters will result in weaker emotional responding to 

these distracters (Blair et al. 2007).

Hypervigilance in PTSD might therefore reflect either : (i) increased amygdala 

responsiveness – the ‘ hyper ’-responsive amygdala elicits heightened priming of emotional 

representations within temporal cortex making the emotional distracters more likely to win 

the representational competition ; and/or (ii) dysfunction within regions implicated in top-

down attentional control, resulting in weaker priming of task-relevant stimuli and thus 

reduced competition by representations of these stimuli against emotional distracters ; and/or 

(iii) an increased amygdala response to emotional stimuli which would interfere with the 

recruitment of regions implicated in task-related top-down attention control (Pessoa, 2009).

In line with the first hypothesis, considerable work has suggested heightened amygdala 

responsiveness in PTSD (Rauch et al. 2006 ; Felmingham et al. 2010 ; Shin & Liberzon, 

2010). This could underpin findings of increased interference by emotional distracters in the 

disorder (see Williams et al. 1996 ; Buckley et al. 2000 ; Bar-Haim et al. 2007). Indeed, 

recent work has shown that the amygdala blood oxygen level-dependent (BOLD) response 

to threat cues in PTSD patients is inversely associated with their ability to disengage from 

these cues in attentional-bias paradigms (El Khoury-Malhame et al. 2011).

With respect to the second and third hypotheses, less imaging work has investigated top-

down attentional control in PTSD. Three studies employing emotional Stroop-type 

paradigms indicate that patients with PTSD, relative to trauma controls (TCs), show greater 

interference in the recruitment of regions implicated in top-down attentional control in the 

presence of emotional distracters (Shin et al. 2001 ; Bremner et al. 2004 ; Kim et al. 2008). 

Thus patients with PTSD showed reduced recruitment of the anterior cingulate cortex 

(ACC) and lateral frontal cortices during task performance in the context of combat relative 

to general negative words (Shin et al. 2001), negative relative to neutral words (Bremner et 
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al. 2004) and negative relative to neutral faces (Kim et al. 2008). However, data from one of 

these studies also suggested that patients with PTSD show more generalized difficulties in 

the recruitment of regions in top-down attentional control. Thus, the PTSD patients in the 

Bremner et al. (2004) study showed significantly less recruitment of the parietal cortex 

during non-emotional Stroop conflict trials. Moreover, Pannu Hayes et al. (2009) reported 

that patients with greater PTSD symptomatology showed attenuated activity in the 

recruitment of frontal cortices in the context of top-down attention to neutral targets. 

Further, albeit indirect, support for the suggestion of a more general difficulty in recruiting 

regions involved in top-down attentional control comes from the literature examining the 

largely overlapping fronto-parietal system recruited during working memory performance. 

Patients with PTSD, relative to controls, show reduced activity, and connectivity, within 

these regions during working memory performance (Moores et al. 2008 ; Daniels et al. 

2010). The ability to recruit these systems further is inversely related with level of PTSD 

symptoms (Morey et al. 2008). In short, it remains currently unclear whether PTSD involves 

a generalized reduced ability to recruit regions implicated in top-down attentional control 

(hypothesis 2) and/or particular difficulty in the recruitment of these regions in the context 

of emotional distracters (hypothesis 3). The primary goal of the present study was to test the 

predictions from these hypotheses. Specifically, hypothesis 1 predicts significant 

groupremotion interactions, with patients with PTSD showing heightened amygdala 

responses to emotional distracters. Hypothesis 2 predicts significant grouprtask interactions 

within regions involved in top-down attentional control, with patients with PTSD showing 

reduced responses during task conditions. Hypothesis 3 predicts significant 

groupremotionrtask interactions within these regions, with the PTSD group showing reduced 

responses during task conditions in the presence of emotional distracters.

One limitation of much of the previous work is the absence of a matched healthy 

comparison/control (HC) group. Typically, PTSD patients are contrasted with individuals 

who have also experienced trauma but who have not developed PTSD (TCs). A limitation of 

this approach is that it may not allow the identification of the pathophysiology in the 

patients. Instead, it may identify reasons for resilience in the TCs. In the context of the 

recruitment of regions implicated in top-down attentional control, it is interesting to note 

that patients with PTSD have been reported to show reduced, and TCs enhanced (at least in 

the context of emotional up-regulation), recruitment of prefrontal regions during emotional 

reappraisal (New et al. 2009). Our second goal was thus to contrast the ability of patients 

with PTSD to recruit regions implicated in top-down attentional control with that of both 

HCs and TCs. Specifically, with respect to the hypotheses above, we wished to determine 

whether the predicted results for the patients with PTSD were seen both relative to HCs and 

TCs. Moreover, we wished to determine whether TCs might show superior recruitment of 

regions involved in top-down attention relative to the other two groups during task 

performance as suggested by recent data (New et al. 2009).

Our third goal was to investigate the impact of positive distracters. Considerable fMRI work 

involving PTSD has considered negative stimuli (e.g. Rauch et al. 2000 ; Armony et al. 

2005 ; Britton et al. 2005 ; Shin et al. 2005) ; however, little work has investigated positive 

stimuli (Jatzko et al. 2006 ; Sailer et al. 2008). Behavioral work, including our own 
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(Vythilingam et al. 2007), indicates a reduced impact of positive relative to negative 

distracters (McNally et al. 1990 ; Bryant & Harvey, 1995). If, however, anxiety pathology 

relates to reduced recruitment of prefrontal attentional control (see Bishop, 2008), we might 

expect to see reduced recruitment of these regions in PTSD in the context of both positive 

and negative distracters. In short, the current study tested whether patients with PTSD would 

show reduced recruitment of prefrontal and parietal regions implicated in attentional control, 

relative to HCs and TCs, in the presence of both negative and positive distracters.

Method

Subjects

The participants in the present study were 14 patients with PTSD, 15 TCs and 19 non-

traumatized HC individuals. The groups did not significantly differ in age, gender 

distribution or IQ (Table 1). All patients were free of medication for at least 2 weeks prior to 

testing (6 weeks if fluoxetine).

All subjects were screened using the Structural Clinical Interview for Diagnostic and 

Statistical Manual of Mental Disorders, fourth edition (DSM-IV) Axis I Disorder (SCID ; 

First et al. 1997). Subjects in the PTSD group met the DSM-IV (1994) criteria for PTSD 

based on the SCID. In addition, to be included in the study, their severity of PTSD as 

measured by the Clinician Administered PTSD Scale (CAPS ; Blake et al. 1990, 1995), was 

≥50. Subjects in the TC group had to have experienced significant trauma based on the 

SCID but not meet the criteria for any current psychiatric disorder including PTSD and their 

CAPS score was ≤16. HCs did not have a past or current history of psychiatric illnesses or 

trauma according to the SCID. All subjects were in good physical health and were recruited 

from National Institute of Mental Health (NIMH) Institutional Review Board-approved 

advertisements.

The subjects with PTSD reported significantly greater depression, as indexed by the 

Inventory of Depressive Symptomatology (IDS ; Rush et al. 1986), and anxiety, as indexed 

by the Hamilton Anxiety Rating Scale (Shear et al. 2001), than the TCs and HCs (Table 1). 

Co-morbid diagnoses for the patients with PTSD included current major depressive disorder 

(MDD) (n=4), past MDD (n=6), current social phobia (n=1) and alcohol/substance abuse in 

complete remission (n=1). One of the TC individuals had a past history of bulimia. None of 

the HCs had present or past psychiatric disorders. The patients with PTSD and the TCs had 

experienced childhood sexual/ physical abuse (seven PTSD, two TC), sexual assaults in 

adulthood (three PTSD, three TC) and life-threatening events in adulthood (e.g. armed 

robbery ; five PTSD, 10 TC).

Behavioral task (affective number Stroop ; Blair et al. 2007)

The individual numerical stimuli consisted of two, three, four, or five 1’s, 2’s, 3’s, 4’s, 5’s or 

6’s randomly presented within a nine-point grid of * symbols (for example stimuli, see Fig. 

1). The emotional stimuli consisted of 40 positive, 40 negative and 40 neutral pictures 

selected from the International Affective Picture System (IAPS ; Lang & Greenwald, 1988). 

The normative mean valence and arousal values on a nine-point scale were, respectively, 
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2.71 (S.E.=0.11) and 5.85 (S.E.=0.11) for negative pictures, 7.30 (S.E.=0.11) and 5.01 (S.E.=0.10) 

for positive pictures, and 4.96 (S.E.=0.07) and 2.78 (S.E.=0.08) for neutral pictures.

Each trial began with a fixation point (+). For the numerical trials, the fixation point was 

then replaced by the first numerical display, followed by the first picture stimulus presented, 

then the second numerical display, then the second picture display, followed by a blank 

stimulus (Fig. 1). The subject determined with a button press whether the first or second 

numerical display contained more numbers. Subjects did not receive feedback on their 

performance. On congruent trials, the Arabic numeral distracter information was consistent 

with the numerosity information, i.e. the second (greater numerosity) display also contained 

Arabic numerals of larger value than the first display (e.g. two 2’s and four 4’s) (Fig. 1 b). 

On incongruent trials, the Arabic numeral distracter information was inconsistent with the 

numerosity information, i.e. the second (greater numerosity) display contained numerals of 

smaller value than the first display (e.g. two 4’s and four 2’s) (Fig. 1 c). For the view trials, 

there were no numerical displays ; the numerical displays were replaced by fixation points 

(Fig. 1 a).

There were four runs, each consisting of 10 randomized presentations of each emotion × 

task condition. Further, 26 fixation points were presented in each run (10 randomly 

throughout, six at beginning/end).

fMRI parameters

Whole-brain BOLD fMRI data were acquired using a 1.5-T General Electric MRI scanner. 

Functional T2* weighted images were acquired using an echo-planar single-shot gradient 

echo pulse sequence with a 64r64 matrix [repetition time (TR)=3000 ms, echo time (TE)=30 

ms, field of view (FOV)=240 mm, 3.75 × 3.75 × 4 mm), followed by a high-resolution T1-

weighed anatomical image to aid spatial normalization (three-dimensional spoiled gradient-

recalled acquisition in the steady state).

fMRI analysis

Imaging data were pre-processed and analysed in Analysis of Functional NeuroImages 

(AFNI ; http://afni.nimh.nih.gov/afni/). At the individual level, functional images from the 

first four trials of each run collected before equilibrium magnetization was reached were 

discarded. Functional images from the four time series were motion corrected and spatially 

smoothed with a 6 mm full-width half-maximum Gaussian filter. The time series were 

normalized by dividing the signal intensity of a voxel at each point by the mean signal 

intensity of that voxel for each run and multiplying the result by 100. Resultant regression 

coefficients represented a percentage of signal change from the mean. Following this, 

regressors depicting each of the response types were created by convolving the train of 

stimulus events with a c-variate hemodynamic response function to account for the slow 

hemodynamic response. This involved 10 regressors (positive view/congruent/incongruent, 

negative view/congruent/incongruent, neutral view/congruent/incongruent, error/missed 

responses). Thus, regressors entered into the analyses of variance (ANOVAs) consisted of 

correct trials only. Each trial was modeled as a single regressor using an event-related 

model. Linear regression modeling was performed fitting the BOLD signal to the 10 
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regressors. A baseline plus linear drift and quadratic trend were modeled in each voxel’s 

time series to control for voxel-wise correlated drifting. This produced for each voxel and 

each regressor, a β coefficient and its associated t statistic. Voxel-wise group analyses 

involved transforming single subject β coefficients into the standard coordinate space of 

Talairach & Tournoux (1988).

The group analysis of the BOLD data was then performed on regression coefficients from 

individual subject analyses following the strategy adopted in Blair et al. (2007). Due to 

concerns about the reduction in statistical power associated with a three-level analysis, 

separate ANOVAs were again conducted for negative and positive distracters. To test 

whether negative distracters might have a greater impact on patients with PTSD than 

positive distracters, a third ANOVA contrasting negative and positive distracters was 

conducted. Thus, three ANOVAs were performed (see below for details). To correct for 

multiple comparisons for the whole-brain analysis at p<0.005, we performed a spatial 

clustering operation using AlphaSim (http://afni.nimh.nih.gov/pub/dist/doc/ manual/

AlphaSim.pdf) with 1000 Monte Carlo simulations taking into account the entire echo-

planing imaging matrix, with a map-wise false-positive probability of p<0.05 corrected for 

multiple comparisons. Due to the significant group difference in IDS scores, activity within 

the functional regions of interest identified by the ANOVAs were further analysed by 

analysis of covariance (ANCOVA) with IDS scores as the covariate to determine whether 

group differences in this covariate could be determining the group effects. For all the regions 

reported below, the introduction of the IDS covariate did not remove the significant 

interaction with group.

Results

Behavioral data

Following Blair et al. (2007), we first examined the effect of negative emotion and task on 

reaction times (RTs) and the percentage of correct responses using two 3 (group : PTSD, 

TC, HC) × 2 (emotion : negative, neutral) × 2 (task : congruent, incongruent) ANOVAs 

(Table 2). In terms of RTs, there was a significant main effect of emotion [F(1,45)=13.50, 

p<0.005], with slower responses to trials involving negative relative to neutral pictures 

[M(negative)=882.01, S.E.=27.13 ; M(neutral)=849.29, S.E.=25.00]. There was also a 

significant main effect for task [F(1, 45)=20.10, p<0.001], with responses slower to 

incongruent relative to congruent trials [M(incongruent)=881.32, S.E.=26.41 ; 

M(congruent)=849.98, S.E.=25.46]. The emotion × group interaction and group main effect 

did not reach significance (F=0.12 and 1.16, N.S.). In terms of response rates, there were no 

significant effects (F<1, N.S.).

We next examined the effect of positive emotions on RTs and response rates (Table 2). In 

terms of RTs, there was a significant main effect of emotion [F(1, 45)=5.63, p<0.05], with 

slower responses to positive relative to neutral trials [M(positive)=871.23, S.E.=257.88 ; 

M(neutral)=849.29, S.E.=25.00]. There was also a significant main effect for task [F(1, 

45)=26.55, p<0.001], with responses slower to incongruent relative to congruent trials 

[M(incongruent)=875.73, S.E.=26.85 ; M(congruent)=844.80, S.E.=25.62]. The emotion × 

group interaction and group main effect were not significant (F<1 for both, N.S.). In terms of 
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response rates, there was a trend towards more correct responses to the positive relative to 

the neutral trials (F=3.43, p<0.05 one-tailed). None of the other effects was significant (F<1, 

N.S.).

Third, we examined the effect of negative versus positive emotion on RTs and response 

rates (Table 2). There was a significant main effect of emotion [F(1, 45)=3.10, p<0.05 one-

tailed], with slower responses to negative relative to positive trials. There was also a 

significant main effect for task [F(1, 45)= 19.76, p<0.001], with slower responses to 

incongruent relative to congruent trials. The emotion × group interaction and group main 

effect did not reach significance (F<1 for both, N.S.). In terms of correct response rates, there 

again was a trend towards more correct responses to positive relative to negative trials 

(F=3.77, p<0.10) ; however, none of the other effects was significant (F<1, N.S.).

fMRI data

Our initial analysis focused on negative distracters and involved a 3 (group : PTSD, TC, 

HC) × 2 (emotion : negative, neutral) × 3 (task : view, congruent, incongruent) ANOVA. 

The main interactions with respect to our predictions (group × emotion × task and group × 

emotion) are described, providing a test of our a priori hypotheses.

Our principal goal was to determine whether patients with PTSD (and TCs) would show 

increased (or reduced) disruption of the recruitment of the dorsal ACC, lateral superior 

frontal and parietal cortex in the presence of negative distracters. This goal was examined 

with reference to the group × emotion × task interaction, which identified the right inferior 

parietal cortex [Brodmann area (BA) 40] ; see Table 3 and Fig. 2. Within this region, follow-

up contrasts demonstrated that patients with PTSD showed significantly greater reduction in 

activity during task (but not view) trials in the presence of negative relative to neutral 

distracters than both TCs and HCs (p<0.05 in both cases). Notably, also, the group × 

emotion interactions identified the right lateral superior frontal cortex (BA 9). Within this 

region, follow-up contrasts demonstrated that patients with PTSD showed significantly 

greater reduction in activity during task (and view) trials in the presence of negative relative 

to neutral distracters than both the TCs and HCs (at least p<0.05 in all cases).

In addition, we wished to determine whether patients with PTSD show generalized 

difficulties in the recruitment of regions implicated in top-down attentional control. This was 

examined via the group × task interaction, which identified both the left dorsolateral 

prefrontal cortex and superior frontal cortex (Fig. 3). However, within both regions, the 

PTSD and HC groups did not differ. Instead, the TCs showed significantly greater activity to 

incongruent trials relative to both the PTSD and HC groups (p<0.05 in both cases ; Fig. 3).

The impact of positive distracters was examined through a second 3 (group : PTSD, TC, 

HC) × 2 (emotion : positive, neutral) × 3 (task : view, congruent, incongruent) ANOVA. 

This revealed no regions showing a significant group × emotion × task interaction. 

However, the group × emotion interaction identified bilateral regions of the medial and 

inferior frontal cortex and bilateral parietal cortex. Within all these regions, follow-up 

contrasts demonstrated that patients with PTSD showed significantly greater reduction in 
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activity during task (and view) trials in the presence of positive relative to neutral distracters 

than both TCs and HCs (at least p<0.05 in all cases ; Table 4).

A third 3 (group : PTSD, TC, HC) × 2 (emotion : positive, negative) × 3 (task : view, 

congruent, incongruent) ANOVA examined potential differential interactions of positive and 

negative distracters across groups. This revealed a significant grouprtaskr emotion 

interaction within the superior frontal cortex (x, y, z=15, 54, 30 ; BA 9). Patients with PTSD 

showed trends for reduced activity relative to both comparison groups within this region 

during task trials in the context of negative distracters [v. HCs : t(31)=1.72, p<0.1 ; v. TCs : 

t(27)=1.79, p<0.01]. They also showed a trend for reduced activity within this region during 

task trials in the context of positive distracters but only with respect to TCs [t(27)=1.87, 

p<0.1 ; v. HCs : t(31)=1.18, N.S.].

Discussion

The present study investigated the ability of patients with PTSD to recruit regions of the 

frontal and parietal cortex implicated in top-down attentional control in the presence and 

absence of emotional distracters. Our first main goal was to test the prediction that the 

increased interference by negative distracters observed in PTSD relates to disruption in the 

recruitment of frontal (lateral superior and inferior frontal cortex) and parietal regions 

implicated in top-down control and to determine whether this occurred irrespective of, or 

only in, the presence of emotional distracters. Our secondary goals were to determine : (i) 

whether TCs also show difficulties with the recruitment of these regions, albeit to a lesser 

degree than patients with PTSD, or actually enhanced recruitment as suggested by the 

findings of New et al. (2009) ; and (ii) whether the presence of positive distracters might 

also disrupt the recruitment of regions implicated in top-down attentional control.

Previous work, using the emotional Stroop paradigm, suggested that patients with PTSD, 

relative to TCs, show reduced recruitment of the ACC and lateral frontal cortices during task 

performance in the context of emotional relative to neutral distracters (Shin et al. 2001 ; 

Bremner et al. 2004). However, it has been uncertain whether this reflects specific 

interference by emotional distracters on the recruitment of regions implicated in top-down 

attentional control or more general recruitment difficulties. The results of the current study, 

via the groupremotionrtask interaction, suggest that emotional distracters can disrupt the 

recruitment of the parietal cortex during task performance more severely in patients with 

PTSD relative to HCs. Moreover, the groupremotion interactions seen for both the negative 

and positive ANOVAs suggest that the presence of emotional distracters disrupts activity 

within the frontal regions implicated in top-down attentional control irrespective of task 

performance (this disruption was seen during view as well as task trials). This is consistent 

with the suggestions of Pessoa, who has argued that high-threat stimuli can disrupt the 

recruitment of regions implicated in executive functioning (Pessoa, 2009). The suggestion is 

that in PTSD this impact of threat stimuli on the recruitment of these regions is exacerbated 

because of the heightened response to the threat stimuli.

It is interesting to note that the disruption in the recruitment of regions implicated in top-

down attentional control in the presence of emotional information was not seen in the TCs 
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who did not differ from HCs. As noted above, little of the previous fMRI work examining 

attention in PTSD has contrasted patients with both TCs and HCs (Shin et al. 2001 ; 

Bremner et al. 2004 ; Pannu Hayes et al. 2009). However, the current data suggest that the 

recruitment of both control groups may be important (see also New et al. 2009). In the 

present study, the TCs showed superior recruitment of regions implicated in top-down 

control in the context of task performance (relative to view trials) compared with the both 

the HC and PTSD groups, which did not differ. These results echo those of New et al. 

(2009) who found that TCs also showed increased activity in attention-relevant regions of 

the prefrontal cortex during the up-regulation of emotional responding relative to both the 

HC and PTSD groups.

It is tempting to consider that this enhanced ability to recruit regions implicated in top-down 

attentional control protected the TCs from the development of PTSD (see also New et al. 

2009). Indeed, increased working memory-related activity within a fronto-parietal network 

has been linked with decreased PTSD symptom levels in combat veterans (Morey et al. 

2008). These regions of the lateral superior and inferior frontal cortices and parietal cortex 

are repeatedly implicated in emotional regulation (Ochsner et al. 2002 ; Ochsner & Gross, 

2005). Indeed, their activation in the context of reappraisal (Ochsner et al. 2002) or emotion 

attention tasks (Pessoa et al. 2002 ; Blair et al. 2007 ; Mitchell et al. 2007) is related to 

reduced activity within regions mediating the emotional response such as the amygdala. 

However, in the absence of longitudinal data this speculation is premature. It is alternatively 

possible, for example, that the increased ability to recruit these regions simply stems from 

trauma experience that does not result in PTSD.

Notably, the presence of positive distracters also had impact on the recruitment of regions 

implicated in top-down attentional control. Relatively little previous work has investigated 

the response of patients with PTSD to positive stimuli (Jatzko et al. 2006 ; Sailer et al. 

2008). However, behavioral work indicates a reduced impact of positive relative to negative 

distracters (McNally et al. 1990 ; Bryant & Harvey, 1995 ; Vythilingam et al. 2007). In line 

with this, the current study revealed significantly greater disruption in the task-related 

recruitment of the superior frontal cortex in the presence of negative relative to positive 

distracters relative to HCs.

Four caveats should be considered with respect to the current data. First, the patients with 

PTSD differed from both comparison groups in depression symptom levels. Moreover, four 

presented with current MDD and a further six had past MDD. High co-morbidity of PTSD 

and MDD is frequently reported (Holman et al. 2000). Given this, it could be argued that the 

current results are partially attributed to pathophysiology relating to depression. While this is 

possible, it should be noted that all follow-up analyses involved ANCOVAs with depression 

severity as covariate. All the reported results were strongly significant even when the 

influence of severity of depressive symptoms was removed. As such, although the 

relationship between PTSD and MDD remains a critical question, we argue that the current 

results reflect the pathophysiology of PTSD.

Second, the behavioral performance of the three groups did not differ. This contrasts with 

previous behavioral work with this task (Vythilingam et al. 2007) as well as the related 
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emotional Stroop task (Bar-Haim et al. 2007). The reason for this failure to replicate is 

unclear and may relate to non-specific features of the fMRI environment. Indeed, both fMRI 

studies using the emotional Stroop also failed to observe group × condition interactions in 

RT or error rate (Shin et al. 2001 ; Bremner et al. 2004) despite the relatively robust 

appearances of such interactions in the behavioral literature (Bar-Haim et al. 2007). 

However, findings of dysfunction in the recruitment of regions implicated in top-down 

attentional control in patients with PTSD, despite comparable task performance, suggest that 

group differences in these regions stem from neural abnormalities rather than performance 

differences.

Third and related to the above, given the absence of behavioural group differences it could 

be argued that patients with PTSD actually require less recruitment of top-down attention 

control systems to sufficiently prime task-relevant representations. However, there are two 

reasons to be cautious about this possibility. First, by this logic we would have to conclude 

that TCs required more recruitment of top-down attentional control systems than the other 

groups for successful task performance. While possible, it appears unlikely that a group 

potentially resilient to PTSD is associated with weaker top-down attention control. Second, 

previous work with this task showed greater interference by emotional distracters in patients 

with PTSD (Vythilingam et al. 2007). In short, while we believe that this suggestion is 

unlikely, it cannot be ruled out when only considering the current data.

Fourth, normative rather than the subjects’ own ratings were used to categorize the images 

as negative, positive and neutral. Previous studies have indicated that patients with PTSD 

show heightened arousal and negative valence ratings for negative, but not positive, IAPS 

images relative to comparison individuals (Wolf et al. 2009). It is plausible that the 

disruption in the recruitment of lateral regions of the superior and inferior frontal cortex in 

PTSD reflects a heightened emotional response to the negative items rather than a specific 

problem with the recruitment of these areas in the presence of emotional distracters. In other 

words, a sufficiently strong negative distracter for healthy participants might have a similar 

disrupting effect.

In conclusion, the current study investigated the ability of patients with PTSD to recruit 

regions of the frontal and parietal cortex implicated in top-down attentional control in the 

presence and absence of emotional distracters. Patients with PTSD showed disrupted 

recruitment of these regions in the presence of negative and, to a lesser extent, positive 

distracters. The patients with PTSD did not, however, show indications of a general inability 

to recruit these regions during task performance. Instead, TCs showed indications of 

enhanced task-related recruitment relative to both the PTSD and HC groups. These data are 

consistent with suggestions that emotional responsiveness can interfere with the recruitment 

of regions implicated in top-down attentional control (Pessoa, 2009) ; patients with PTSD 

showing heightened emotional responding may show consequent heightened interference 

with the recruitment of these regions. These data also indicate the importance of both trauma 

and healthy controls in work on PTSD.
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Fig. 1. 
Example trial sequences : (a) negative view trial ; (b) negative congruent trial ; (c) negative 

incongruent trial.
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Fig. 2. 
Regions related to task performance showing reduced activity in the presence of negative 

distracters in the patients with post-traumatic stress disorder (PTSD). Mean (standard 

deviation) blood oxygen level-dependent (BOLD) responses in healthy control (HC), trauma 

control (TC) and PTSD participants and relationship between degree of disruption by 

negative distracters and Clinician Administered PTSD Scale (CAPS) scores for the PTSD 

and HC individuals within : (a) right inferior parietal lobule, Brodmann area 40 (x, y, z=33, 

−48, 45) ; (b) right superior frontal cortex, Brodmann area 9 (x, y, z=42, 36, 27).

Blair et al. Page 15

Psychol Med. Author manuscript; available in PMC 2015 May 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 3. 
Regions related to task performance showing heightened activity in the trauma controls 

relative to both the patients with post-traumatic stress disorder and the healthy controls. 

Mean (standard deviation) blood oxygen level-dependent (BOLD) responses within : (a) left 

dorsolateral frontal cortex, Brodmann area 46 (x, y, z=−57, 33, 18) ; (b) left superior frontal 

cortex, Brodmann area 9/6 (x, y, z=−54, 6, 45).
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Table 1

Subject characteristics

Healthy controls
(n = 19)

Trauma controls
(n = 15)

Patients with PTSD
(n = 14)

Age, years 32.4 (8.79) 31.4 (7.94) 33.9 (9.98)

Gender, n

 Female 17 11 12

 Male 2 4 2

Race, n

 Caucasian 13 9 10

 African-American 4 4 3

 Other 2 2 1

IQ 117.5 (9.15) 110.9 (11.62) 106.0 (18.20)

CAPS* 0 4.1 (6.95) 67.9 (15.91)

IDS* 0.5 (0.77) 0.4 (0.74) 16.5 (15.35)

SIGH-A* 0.4 (0.59) 0.3 (0.83) 19.8 (17.68)

PTSD, Post-traumatic stress disorder; IQ, intelligence quotient; CAPS, Clinician Administered PTSD Scale; IDS, Inventory of Depressive 
Symptomatology; SIGH-A, Hamilton Anxiety Rating Scale.

Data are given as mean (standard deviation) or as number of participants.

*
Group differences for CAPS, IDS and SIGH-A were all significant (p < 0.001).
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Table 2

RTs and percentage correct responses by the three groups

Healthy controls Trauma controls Patients with PTSD

Condition RT, ms % correct RT, ms % correct RT, ms % correct

Positive congruent 824.47 (222.09) 81.05 (14.20) 893.39 (163.75) 76.76 (12.16) 860.04 (177.94) 77.14 (16.47)

Positive incongruent 837.47 (208.87) 81.20 (17.41) 933.05 (171.73) 78.29 (12.21) 879.11 (195.74) 81.74 (15.43)

Negative congruent 824.32 (213.44) 81.65 (18.38) 907.20 (142.89) 75.43 (11.77) 877.44 (194.70) 75.10 (18.87)

Negative incongruent 844.47 (206.53) 81.20 (15.83) 934.35 (144.06) 75.61 (10.85) 904.28 (199.65) 75.10 (18.46)

Neutral congruent 792.68 (191.33) 81.65 (13.93) 872.70 (143.87) 76.19 (10.73) 825.53 (169.35) 75.51 (16.72)

Neutral incongruent 804.24 (196.07) 79.85 (15.89) 915.83 (144.09) 74.86 (9.55) 884.75 (190.94) 76.73 (17.43)

RT, Reaction time; PTSD, post-traumatic stress disorder.

Data are given as mean (standard deviation).
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Table 3

Significant interaction areas of activation for group and negative emotion
a

Region BA mm3 x y z F

Group × emotion × task interaction

 Right inferior parietal lobule 40 513 33 −48 45 4.31

 Left fusiform cortex 20 1593 −45 −24 −21 5.24

Group × emotion interaction

 Right superior frontal gyrus* 9 350 42 36 27 6.58

 Right inferior frontal cortex 47 513 18 21 −18 7.58

Group × task interaction

 Left dorsolateral frontal cortex 46 2187 −57 33 18 6.96

 Right superior frontal cortex 6 945 51 0 48 6.11

 Left superior frontal cortex 9/6 891 −54 6 45 5.81

 Right inferior frontal cortex 47 459 36 36 −6 5.20

 Left superior parietal cortex 7 540 −30 −63 57 5.24

BA, Brodmann area.

a
All activations are effects observed in whole-brain analyses (significant at p < 0.005) corrected for multiple comparisons (significant at p <0.05) 

except

*
significant at p < 0.05.
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Table 4

Significant interaction areas of activation for group and positive emotion
a

Region BA mm3 x y z F

Group × emotion interaction

 Left lateral frontal gyrus 46 513 −33 24 21 7.70

 Right lateral frontal gyrus* 9 243 39 30 30 6.77

 Right inferior frontal cortex 47 2241 51 24 −3 10.73

 Right inferior parietal lobule 40 513 57 −48 33 7.37

 Left superior parietal lobule 7 405 −27 −63 48 8.16

Group × task interaction

 Right precentral gyrus 6 486 48 0 48 4.99

 Left lingual gyrus 18 2349 −9 −69 0 7.51

 Left superior temporal sulcus 41 540 −39 −39 6 5.24

 Left cerebellum 1350 −30 −33 −33 4.83

 Left inferior temporal gyrus 20 1593 −51 −21 −18 5.99

 Right superior temporal gyrus 38 810 42 12 −18 5.76

 Left amygdala/hippocampus* - 378 −24 −12 −15 5.00

 Right amygdala/hippocampus* - 108 21 −12 −12 4.41

BA, Brodmann area.

a
All activations are effects observed in whole-brain analyses (significant at p < 0.005) corrected for multiple comparisons (significant at p <0.05) 

except

*
significant at p < 0.05.
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