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Abstract

Background: Exposure to combat can have a significant impact across a wide array of domains, and may manifest
as post-traumatic stress disorder (PTSD), a debilitating mental illness that is associated with neural and affective
sequelae. This study tested the hypothesis that combat-exposed individuals with and without PTSD, relative to
healthy control subjects with no history of PTSD or combat exposure, would show amygdala hyperactivity during
performance of a well-validated face processing task. We further hypothesized that differences in the prefrontal
cortex would best differentiate the combat-exposed groups with and without PTSD.

Methods: Twelve men with PTSD related to combat in Operations Enduring Freedom and/or Iragi Freedom, 12
male combat-exposed control patients with a history of Operations Enduring Freedom and/or Iragi Freedom
combat exposure but no history of PTSD, and 12 healthy control male patients with no history of combat
exposure or PTSD completed a face-matching task during functional magnetic resonance imaging.

Results: The PTSD group showed greater amygdala activation to fearful versus happy faces than both the combat-
exposed control and healthy control groups. Both the PTSD and the combat-exposed control groups showed
greater amygdala activation to all faces versus shapes relative to the healthy control group. However, the combat-
exposed control group relative to the PTSD group showed greater prefrontal/parietal connectivity with the
amygdala, while the PTSD group showed greater connectivity with the subgenual cingulate. The strength of
connectivity in the PTSD group was inversely related to avoidance scores.

Conclusions: These observations are consistent with the hypothesis that PTSD is associated with a deficiency in
top-down modulation of amygdala activation by the prefrontal cortex and shows specific sensitivity to fearful faces.

J

Background

Soldiers exposed to combat in Operations Iraqi Freedom
(OIF) and Enduring Freedom (OEF) are at high risk for
post-traumatic stress disorder (PTSD) [1]. PTSD is an
aversive reaction to a life-threatening, emotionally salient
event [2] that is associated with increased mortality and
morbidity [3]. The majority of those who experience such
an event have a substantial stress response [4] that is
characterized by activation in physiological and neuroen-
docrine systems [5-8]. Such stress responses are asso-
ciated with hyperactivation in the insula and amygdala
[9,10] brain structures that are involved in processing
emotional information. Amygdala activation has been
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strongly linked to negative affective states in fear proces-
sing [11-13] and PTSD [14-17]. A number of studies
have successfully used face tasks to probe affective cir-
cuits such as the amygdala to better understand affective
symptomology in PTSD [18-23]. However, amygdala acti-
vation has not been as consistent in PTSD as in other
anxiety groups [10]. While a number of studies have
shown amygdala hyperactivation in individuals with com-
bat-related PTSD versus healthy controls (HC) with no
history of PTSD or combat exposure [20,23-25], a similar
number of studies have shown amygdala hyperactivation
in individuals with combat-related PTSD versus indivi-
duals with combat exposure but no PTSD [21,26-28].
Other studies have shown amygdala hyperactivation in
individuals with combat exposure but not PTSD relative
to individuals with no history of combat exposure or
PTSD [29]. Although these findings suggest strongly that
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PTSD is related to amygdala hyperactivation, it can also
be suggested that the experience of emotional trauma in
and of itself may relate to significant differences in the
functioning of emotional processing circuits.

Exposure to combat where there is a risk of death (in
other words, Criterion A for the diagnosis of PTSD; [30])
can have significant psychiatric or cognitive repercussions
[31] even when it does not result in PTSD. However, one
important difference between those exposed to trauma
who develop PTSD versus those who do not may be in the
increased avoidance of aversive experiences and emotions
[32]. This maladaptive response to aversive emotions fol-
lowing trauma may enhance and maintain symptoms of
PTSD [33] by diminishing the likelihood of fear extinction
[34].

Recent neural models of PTSD and trauma exposure
suggest that the functional networks associated with the
amygdala may be of similar importance to understanding
emotional processing as the amygdala itself [35]. These
theories posit that PTSD is, in part, a manifestation of
ineffective top-down modulation of the amygdala and lim-
bic circuitry by the prefrontal cortex [15,35]. This model
has been proposed as a mechanism for the depersonaliza-
tion seen in PTSD [36]. For example, it has been shown
that reduced functional connections between the amygdala
and prefrontal cortex relate to increased levels of deperso-
nalization following emotional trauma, suggesting that
impaired functioning of this prefrontal modulatory net-
work may be related to clinical symptoms in traumatized
individuals [37].

The use of multiple control groups can be effective in
separating the contributions of combat exposure and
PTSD. Specifically, a multiple control group design is use-
ful for testing the hypothesis that trauma disrupts emo-
tional circuits relevant to face processing, and that the
subsequent development of PTSD is related to less
engagement of frontal top-down circuitry [15,35].

Two recent papers investigated the effects of trauma and
PTSD during functional magnetic resonance imaging
(fMRI) through comparison of PTSD, trauma-exposed and
HC subjects. Using a cognitive inhibition task, Falconer
and colleagues found greater frontal activation in the
trauma-exposed and HC individuals versus the PTSD sub-
jects, and greater parahippocampal activation in PTSD
versus HC (but not trauma control) individuals [38]. New
and colleagues compared how these three groups relate
when downregulating emotion during performance of a
negative cognitive reappraisal task and found that both
HC and trauma controls relative to PTSD subjects showed
greater activation of frontal circuitry. However, they did
not find significant differences in amygdala activation
between the groups [39]. The authors of this paper posit
that the ‘trauma-exposed groups may engage a more dis-
tributed cortical network in the control of emotion’
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(p. 662) than HCs, suggesting that trauma-exposed
controls show greater limbic and frontal activation in the
control of emotion. Both of these studies used cognitive
tasks in groups with non-combat trauma exposure. In
addition, positron emission tomography (PET) studies
have used the three-group model to dissociate the biomar-
kers of PTSD and trauma. Phan and colleagues suggest
that both trauma and PTSD groups show activations in
the amygdala but that the PTSD group differentially mod-
ulates the ventral medial frontal gyrus [40]. Britton and
colleagues showed that the dorsal medial frontal gyrus was
less active in patients with PTSD while was there was
greater ventromedial prefrontal activation [41]. These find-
ings suggest the importance of frontal circuitry in trauma
response and resilience. However, the degree to which
these findings translate to a sample with combat trauma
during performance of a task that probes affective brain
circuits is unknown. Delineation of the effects of combat
exposure and PTSD will help increase understanding of
possible mechanisms of resilience or vulnerability to
PTSD after exposure to trauma.

In prior studies, using a simple face-matching task, we
and others have identified clinically meaningful differ-
ences in amygdala activation in groups with mood and
anxiety disorders [42-44], and shown significant changes
in response to psychopharmacological intervention
[45,46]. This simple face-matching task has also been
successful in delineating differences in functionally con-
nected networks in psychiatric populations [43]. While
face tasks do not use trauma-related stimuli and do not
directly provoke re-experiencing symptoms in PTSD,
they do require appraisal of social emotions, thus they
appear to provide a method to measure affective circuitry
in a theoretically and clinically meaningful way.

In the current study, we collected fMRI data in com-
bat-exposed veterans with and without PTSD, as well as
in healthy participants, during performance of a face-
matching task that reliably activates the amygdala [43,44]
in an effort to understand how neural response in affec-
tive circuitry could help delineate the effects of trauma
from PTSD. Based on the literature described above, we
hypothesized that PTSD individuals would show greater
amygdala activation during a face matching task relative
to HC participants with no history of PTSD or combat
exposure. Furthermore, functional connectivity between
the amygdala and frontoparietal structures, including the
dorsal lateral and medial prefrontal cortex, involved in
emotion modulation would be reduced in the PTSD
group in contrast to the trauma-exposed groups.

Results

Demographic, psychiatric and behavioral results

After correcting for multiple comparisons, the groups did
not differ on several demographic variables (Table 1).



Simmons et al. Biology of Mood & Anxiety Disorders 2011, 1:6 Page 3 of 13
http://www.biolmoodanxietydisord.com/content/1/1/6
Table 1 Demographic, psychiatric and behavioral variables
PTSD CEC HC

Variable Mean SD Mean SD Mean SD F-statistic p
Age 323 6.9 287 45 27.3 6.2 2193 0.128
Education 139 1.7 13.8 2.2 135 20 0.065 0.938
Ethnicity (n)

Caucasian 6 10 5 x> =620 0185

Hispanic 3 2 5

Black 3 0 2
cTQ 39.8 54 426 6.5 - - 0.858 0.371
CES 22.7 7.2 19.1 99 - 0.623 0444
BDI 14.6 95 55 59 - 5.083 0.042
CAPS-B* 19.0 7.3 39 6.9 - - 20.194 < 0.001
CAPS-C 258 53 48 80 - - 40.163 < 0.001
CAPS-D 250 39 11.0 84 - - 18.584 < 0.001
CAPS Total 69.8 13.2 19.7 22.2 - - 31497 < 0.001
Task reaction time (ms) 70974° < 0001°
Shape 1029 317 965 278 919 188 1.146° 0.384°
Angry 1458 435 1470 455 1347 251
Fear 1652 369 1625 532 1395 336
Happy 1257 289 1185 336 1009 161

2 CAPS was measured in eight out of twelve of the PTSD group and ten out of twelve of the CEC group; "task effect; “group effect. BDI = Beck Depression
Inventory; CAPS = Clinician-Administered PTSD Scale; CEC = combat exposed control; CES = Combat Exposure Scale; CTQ = Childhood Trauma Questionnaire;

HC = healthy control; PTSD = post traumatic stress disorder.

The PTSD and combat-exposed control (CEC) groups
did not differ on combat exposure, childhood trauma
severity or depression. However, the PTSD had signifi-
cantly higher scores on the Clinician-Administered
PTSD Scale (CAPS) total and on several subscales of the
CAPS relative to the CEC group. A significant difference
of condition was seen in the reaction time, but not accu-
racy, from the face-matching task. This difference was
largely powered by the shorter reaction time to the
shapes versus the faces, and mirrored results from prior
analysis. No group, or group by condition, differences
were seen for reaction time or accuracy (see Table 1;
Supplementary Tables 2-4 in Additional File 1).

Neuroimaging results (region of interest analyses)

Clusters of significant activation were found for all three
contrasts of interest. These were the effect of PTSD, mea-
sured as the task-related activity in PTSD versus CEC
individuals; the effect of combat exposure, or task-related
activity in PTSD and CEC individuals versus HCs; and
the effect of task, which was the activity for face-match-
ing minus shape-matching trials in all groups (PTSD,
CEC and HC; see Table 2). In the PTSD-CEC contrast,
the right insula was significantly more active in the PTSD
group and the anterior cingulate was significantly more
active in the CEC group. In the PTSD+CEC-HC contrast,
we found significantly greater activation for the PTSD
+CEC group in the right amygdala, whereas the left ante-
rior cingulate was significantly more active in the HC

group (see Figure 1). In the task effect, we found signifi-
cant activation in the right and left amygdala, the right
and left insula and right hippocampus, as well as signifi-
cant deactivations in numerous clusters throughout the
anterior cingulate, and insula (see Table 2). Additional
post-hoc analysis was done contrasting the three groups
on the fearful-happy contrast. The PTSD group had sig-
nificantly greater activation in the amygdala than both
groups (Table 3) while the CEC and HC groups did not
differ significantly.

Brain-behavior correlations

When inspected in the PTSD group alone, a significant
inverse correlation was observed between the avoidance
subscale ("C”) of the CAPS and right amygdala activation
in the group (PTSD+CEC-HC) contrast (Spearman’s rho =
-0.976, P < 0.001; n = 8) and the task (faces-shapes) con-
trast (Spearman’s rho = -0.796, P = 0.026; n = 8). No other
subscales of the CAPS correlated significantly with amyg-
dala activations. It should be noted the fearful-happy con-
trast did not correlate in the group or task contrast regions
of interest (ROIs; Spearman’s rho = -.228, P = 0.588, n = &;
and Spearman’s rho = -0.132, P = 0.756, n = 8, respec-
tively). The avoidance subscale was selected based on prior
findings within our group [47].

Functional connectivity results
In order to examine differences within functional amyg-
dala networks between the combat-exposed groups
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Table 2 Region of interest analysis for all faces versus shapes.

Volume X y z Region t-statisic df p
PTSD-CEC

320 40 -23 3 Right insula 4.03 22 < 0.001
320 2 12 20 Right anterior cingulate -248 22 < 005
(PTSD+CEC)-HC

320 -9 27 23 Left anterior cingulate -3 34 < 0.005
256 24 -5 -18 Right amygdala 271 34 <001
PTSD+CE+HC

3712 5 45 0 Right anterior cingulate -5.57 35 < 0.001
1536 23 -6 -18 Right amygdala 6.14 35 < 0.001
1472 -22 -5 -18 Left amygdala 5.30 35 < 0.001
896 13 33 22 Right anterior cingulate -3.30 35 < 0.005
576 -39 -36 20 Left insula -3.16 35 < 0.005
512 -17 41 -5 Left anterior cingulate -3.64 35 < 0.001
512 -3 31 -5 Left anterior cingulate -3.05 35 < 0.005
448 -40 -22 6 Left posterior insula 3.89 35 < 0.001
384 53 -35 18 Right insula -4.62 35 < 0.001
320 41 -24 3 Right posterior insula 325 35 < 0.005
256 15 39 14 Right anterior cingulate -3.35 35 < 0.005
192 44 6 -8 Right anterior cingulate -246 35 < 005
192 -10 31 8 Left anterior cingulate -2.23 35 < 0.05
192 12 30 12 Right anterior cingulate -2.30 35 < 005
192 51 -20 16 Right insula -3.26 35 < 0.005

CEC, combat exposed control; HC, healthy control; PTSD; post traumatic stress disorder group.
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Figure 1 Faces versus shape activation differences for the combat groups versus healthy controls. (A) Anterior cingulate cortex and (B)
amygdala. (C) Contrasts for angry-shape, fear-shape, and happy-shape for the amygdala region. (D) Correlation in the PTSD group between
avoidance on the CAPS and face-shape. Details for the associated clusters provided in Table 2.
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Table 3 Region of interest analysis for fearful versus happy faces
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vol X y z Region BA t-statistic p
PTSD > HC

1152 -36 5 2 Left insula 13 313 0.01
576 36 10 14 Right insula 13 238 0.05
320 -23 -5 -15 Left parahippocampal Gyrus/amygdala 256 0.05
320 -44 10 -3 Left insula 13 2.38 0.05
320 -3 21 21 Left anterior cingulate 33 256 0.05
192 -21 -1 -12 Left parahippocampal Gyrus/amygdala 272 0.05
PTSD > CEC

7616 40 -3 5 Right insula 13 293 0.01
7424 1 36 14 Right anterior cingulate 32 293 0.01
5376 -39 -2 1 Left insula 13 3.09 0.01
448 -36 -2 16 Left insula 13 353 0.005
384 -19 -3 -14 Left parahippocampal Gyrus/amygdala 303 0.01
192 18 -8 -15 Right parahippocampal Gyrus/amygdala 3.10 0.01
HC > CEC

512 45 -22 8 Right posterior insula 13 284 0.01
448 36 7 6 Right insula 13 2.69 0.05
384 -35 2 16 Left insula 13 267 0.05
320 10 31 24 Right anterior cingulate 32 2.71 0.05
320 -7 30 24 Left anterior cingulate 32 232 0.05
PTSD+CEC+HC

2624 38 16 -1 Right insula 13 2.96 0.01
896 -34 19 1 Left insula 13 2.77 0.05
640 7 49 -4 Right anterior cingulate 32 -442 0.001
384 20 -4 -17 Right parahippocampal Gyrus/amygdala 262 0.05
384 -13 41 -3 Left anterior cingulate 32 -2.52 0.05
384 48 5 2 Right insula 13 2.88 0.01
320 -6 30 22 Left anterior cingulate 32 282 0.01

CEC = combat exposed control; HC = healthy control; PTSD = post traumatic stress disorder group; BA = Brodmann Area.

(PTSD versus CEC), we performed a functional connec-
tivity analysis with the bilateral amygdala as seed regions.
This analysis revealed that the sole area that the PTSD
group showed greater connectivity with the right amyg-
dala, compared to the CEC group, was in the subgenual
cingulate cortex. There was no area where PTSD showed
greater connectivity using the left amygdala seed. How-
ever, the CEC compared to the PTSD group showed
numerous areas with significantly greater functional con-
nections with bilateral amygdala, such as the posterior
cingulate, inferior frontal, middle occipital, and superior
temporal gyri (Table 4; Supplementary Figures 1 and 2 in
Additional File 1).

Discussion

This experiment yielded three main findings. First, indivi-
duals with PTSD and CECs without PTSD showed signifi-
cantly greater right amygdala activation during an affective
face-matching task when compared to HCs without PTSD
or combat exposure in the all faces minus shapes contrast,
while only the PTSD group had significantly higher

activation in the amygdala for the fearful-happy contrast
when contrasted with the CEC and HC groups. Second, in
the PTSD group, task-related amygdala activation showed
a significant inverse correlation with the severity of avoid-
ance symptoms (as measured by the CAPS). Third, in the
CEC compared to the PTSD group, the amygdala showed
greater functional connectivity with frontal and parietal
regions. Taken together, these findings are consistent with
the hypothesis that individuals with combat exposure
show a generalized increased limbic activation (in other
words, in the amygdala) versus controls without combat
exposure; and that among combat-exposed individuals,
greater connectivity between the amygdala and frontal
cortex may be associated with greater resilience to the
development of PTSD. Furthermore, these findings sug-
gest that those with PTSD may attempt to ‘turn down’
amygdala activation through avoidance.

Increased emotional reactivity in the amygdala has
been linked to depression [48], anxiety [49,50], PTSD
[14] and genetic vulnerability to psychiatric disorders
[51,52]. Using the same task that was administered in the
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Table 4 Functional connectivity results from amygdala task seed regions of interest differences between PTSD and

CEC
Seed vol X y z Region BA t-statistic p
Right amygdala
PTSD > CEC
1728 6 16 2 Subgenual cingulate gyrus/caudate 25 3.027 < 0.01
CEC > PTSD
59200 2 -46 28 posterior cingulate gyrus 31 -3.814 < 0.001
11200 -49 2 4 Left superior temporal gyrus 22 -5.137 < 0.001
5248 34 37 12 Right middle frontal gyrus 10 -4.162 < 0.001
2624 30 -70 13 Right middle occipital gyrus 30 -3.527 < 0.005
2368 51 -35 -5 Right middle temporal gyrus 20 -3.727 < 0.001
2240 -36 23 -26 Left superior temporal gyrus 38 -5.271 < 0.001
1280 -35 -38 -33 Left cerebellum -3.281 < 0.005
1152 -26 46 Left superior frontal gyrus 10 -3.699 < 0.001
1152 -12 -21 4 Left thalamus -2.290 < 005
1024 9 -38 14 Right posterior cingulate 29 -3.107 < 0.005
1024 50 -39 26 Right inferior parietal lobule 13 -3.539 < 0.005
832 28 0 -37 Right uncus 20 -3.207 < 0.005
Left amygdala
PTSD > CEC
CEC > PTSD
4096 -4 -76 26 Left occipital gyrus 18 -2.983 < 001
3840 48 21 18 Right inferior frontal gyrus 45 -2.714 < 005
2496 4 1 41 Right cingulate gyrus 24 -2.375 < 0.05
1664 -49 8 12 Left precentral gyrus 44 -3.668 < 0001
1600 58 -50 2 Right middle temporal gyrus 21 -3450 < 0.005
1536 48 -47 30 Right supramarginal gyrus 40 -3.156 < 0.005
1408 -28 13 -24 Left superior temporal gyrus 38 -2.558 <005
1408 -3 -50 31 Left precuneus 31 -2464 < 0.05
1408 13 -41 39 Right posterior cingulate gyrus 31 -3.087 < 0.005
1024 32 -74 16 Right middle occipital gyrus 19 -2.601 <005
896 -6 -79 -15 Left occipital gyrus 18 -2.809 < 001
832 -47 0 25 Left inferior frontal gyrus 9 -2.971 < 001

CEC = combat exposed control; HC = healthy control; PTSD = post traumatic stress disorder group; BA = Brodmann Area.

current study, we observed similar findings in major
depressive disorder [42,43], trait anxiety [44] and victims
of domestic violence [19]. The amygdala has been a rela-
tively robust measure of trauma-related reactivity, espe-
cially in studies using PET scans [41,53-56]. However,
amygdala findings have been somewhat split in the PTSD
literature in fMRI studies, potentially due to avoidance or
similar mechanisms associated with PTSD [9,10] and/or
the exact contrasts used in the analysis. In the current
study, we found that amygdala activation was greater in
the PTSD group in the fearful-happy contrast. This sug-
gests that this contrast does have specific relevance to
PTSD. However, this activation did not correlate to
symptom severity. In contrast, we found that combat

exposure was associated with amygdala hyperactivation
irrespective of PTSD in the faces versus shape contrast.
Despite similarly increased amygdala activation to face-
shape processing in both combat-exposed groups in the
current study; it may be that different functional mechan-
isms and neural networks are utilized in the PTSD and
CEC groups to modulate amygdala hyperactivation. Spe-
cifically, the PTSD group may potentially use a psycholo-
gical mechanism (such as avoidance) while preliminary
evidence suggests that the CECs use a cognitive or neural
regulatory mechanism (in other words, top-down modu-
lation). These findings further extend previous work,
showing weaker connectivity with amygdala functioning
in PTSD versus HCs [19,57], into the comparison with
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trauma-exposed controls. Even though amygdala activa-
tion was similar across trauma groups for when all faces
were taken together, when fearful faces were separately
contrasted with happy faces the PTSD group showed a
significant difference with both control groups in more
dorsal regions of the amygdala. These findings replicate
prior data in PTSD literature [19-21,24,27] and suggest
that PTSD individuals show a specific sensitivity to fear-
ful faces that is not seen in trauma controls. These find-
ings are in line with relative consistency of greater
sensitivity in the amygdala with regard to aversive versus
positive stimuli (such as fearful versus happy faces). The
capacity to modulate the amygdala can therefore be an
effective way to control affective responses to aversive
stimuli.

There is strong evidence of a reciprocal relationship
between activation in the medial prefrontal cortex and
amygdala in PTSD in combat veterans [54]. This work
also showed that regional blood flow in the amygdala
correlated positively with PTSD symptom severity while
blood flow in the medial prefrontal cortex correlated
negatively with PTSD symptom severity. A similar reci-
procal relationship between the subgenual cingulate and
amygdala has been shown in depression [58], as well as
in normal controls where the rostral cingulate and lateral
prefrontal cortex in conjunction appear to regulate the
amygdala during processing of faces [59,60]. Further-
more, animal and human data appear to converge on a
model in which successful fear extinction depends on the
functionality of this network [61]. Taken together, these
studies suggest that this amygdala-prefrontal cortex net-
work may play an important role in trauma exposure
such that those who experience trauma and have more
robust connections between the amygdala and the pre-
frontal cortex are less likely to develop PTSD [11,15,35].

It is important to note that, although the CEC group
showed greater functional connections between the amyg-
dala and numerous regions across the brain, only the sub-
genual cingulate cluster was found to be more functionally
connected to the amygdala in the PTSD group. In a prior
study using the same task, we observed similar patterns of
functional connectivity, whereby the dorsal cingulate was
less functionally connected with the amygdala and the
subgenual cingulate was more functionally connected with
the amygdala in depressed versus non-depressed indivi-
duals [43]. Decreased connectivity between the amygdala
and the dorsal anterior cingulate cortex (ACC) has been
observed in individuals with current depression relative to
controls [62,63], and connectivity increased significantly in
depressed individuals following treatment [62]. These find-
ings are in line with evidence that altered functional activ-
ity of the amygdala and cingulate may represent a
biomarker for psychiatric stress. In a separate study that
investigated face processing, contrasting PTSD due to
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domestic violence and HCs, we found that the subgenual
cingulate, in contrast to the insula, showed greater con-
nectivity in the PTSD group [57]. We interpret these find-
ings as an indication of a recursive connection that further
fosters, rather than regulates, regional activation. In line
with this hypothesis, prior research has indicated that the
subgenual/rostral cingulate is an important region for
modulation of amygdala reaction [60,64,65]. The subgen-
ual cingulate has specifically been outlined as being a pri-
mary area in the response to sad faces as well as being a
biomarker for negative mood [49,66-68]. Several PET and
fMRI studies indicate that neural substrates such as the
amygdala and subgenual cingulate, which are critical for
emotion processing, are hyperactive in individuals with
major depressive disorder both at rest [58] and during
emotional tasks [69-72]. Conversely, brain structures such
as the dorsal ACC and middle/superior frontal gyrus,
which are involved in the cognitive control of behavior
[73] and emotion [74], are hypoactive in individuals with
depression both at rest [58] and during cognitive tasks
[75]. Anatomical studies in animal have identified efferent
projections from the ACC to the amygdala [76]. In con-
nectivity studies in humans, the subgenual ACC showed
strong connections with the amygdala and medial tem-
poral lobe [77]. It has been suggested that subgenual ACC
activation is observed when individuals attend to their
internal emotional states [78]. Related evidence suggests
that this structure is deactivated by performing difficult
cognitive tasks that require an external focus of attention
and prompt inhibitory control processes [79,80]. This
further suggests that the CECs are enacting a more cogni-
tive approach to the situation than the PTSD group.
Modulatory control of behavioral-affective responses
such as avoidance has been posited as an important
mechanism for regulating emotional responses in indivi-
duals with PTSD in both psychological [81] and neural
[82] models. Avoidance symptoms inversely correlate with
brain activation in task relevant emotional processing
areas [83] as well as in individuals with PTSD compared
to non-traumatized [47] and traumatized controls [84]. In
addition, individuals with PTSD experiencing greater dis-
sociative symptomology, as opposed to greater re-experi-
encing symptoms, showed attenuation of connectivity to a
wide area of brain regions important in affective proces-
sing [85]. Diffusion tensor imaging studies in PTSD sug-
gest that the anatomical integrity of connecting fibers in
the medial and posterior corpus may be compromised in
children with PTSD with a history of childhood maltreat-
ment [86]. Similar reductions in posterior white matter
integrity were found in the right superior longitudinal fas-
ciculus OEF/OIF combat veterans who develop psychiatric
disorders, such as major depressive disorder, after blast-
related concussion [42]. Taken together, these findings
support the notion that avoidance symptoms in PTSD
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may be associated with reduced amygdala connectivity
with frontal structures. This provides confirmatory evi-
dence for the hypothesis that individuals with PTSD may
show less neural/cognitive control and resort to increased
symptom avoidance.

Other important regions of differential activation were
observed in the current study. Specifically, the anterior
cingulate gyrus was more active in the HCs versus the
CECs as well as in CECs versus the individuals with
PTSD. Also, the insula was more active in the PTSD
patients versus the CECs. Several prior studies have
reported anterior cingulate gyrus hypoactivity in PTSD
[87-89], which has been hypothesized to relate to the
degree to which those with PTSD engage in emotional
tasks. This hypothesis is congruent with the current find-
ings. Increased insula activation has also been associated
with PTSD [9,87]. This may suggest that individuals with
PTSD have an impaired ability to maintain homeostasis
via integration of physiological and emotional information
[90]. Our prior work indicates that those with PTSD may
have greater ability to alter insula activation in the face of
a changing affective environment [91].

This study has several notable limitations. First, while a
complete structured clinical interview was completed in
all individuals, six of the 24 participants did not complete
the CAPS. Therefore, it was not possible to determine if
the correlation with avoidance symptoms remained signifi-
cant across the complete sample. Second, the task used
was not, nor was it intended to be, a provocation task.
Thus trauma response is not being modeled in the current
design; rather, everyday emotion processing patterns are
being assessed. In addition, the face versus shape contrast
focuses on face-processing in addition to a fearful versus
happy contrast. The fearful versus happy faces contrast
was done primarily to verify that the current dataset is
behaving in accordance with prior literature. The faces
versus shape contrast was selected due to its robust find-
ings as well as the importance of face-processing in daily
functioning. While these two conditions are very different,
the group differences in areas of affective processing areas
are the primary focus of this paper. This contrast is being
used to probe the social affective processing of judging
facial expressions without focus on valence. Third, the
results of this study require replication given the modest
size of the sample. Fourth, since the initiation of this study
much has been learned about the importance of comorbid
head injury. Unfortunately, this was not measured or con-
trolled for in the current study.

Conclusions

PTSD, like all mental disorders, has a multifactorial etiol-
ogy. The current study highlights the potential impact of
trauma exposure on neural response to affectively rele-
vant stimuli, regardless of whether or not this trauma
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experience results in PTSD. Prior studies investigating
the neuropsychological sequelae of OEF/OIF combat
suggest that trauma exposure may explain more of the
variance in cognitive performance than PTSD alone [92].
Following the experience of trauma, the development
and maintenance of PTSD may relate to the way in
which individuals attempt to regulate this hyperactiva-
tion. Here, we find that those without PTSD activate
more top-down modulatory areas, while those who
acquire PTSD show less neural connectivity with emo-
tion regulation centers but instead exhibit avoidance. It is
unclear from the current findings if these effects repre-
sent vulnerabilities, or rather are results of the trauma
experience.

Methods

Subjects

Twelve men with combat-related PTSD, 12 men with
combat-exposure without PTSD (CEC), and 12 HC men
with no history of combat exposure or PTSD completed a
face-matching task during fMRI. The groups were demo-
graphically matched (Table 1). Subjects were excluded if
they had a lifetime history of alcohol or substance depen-
dence, a history of alcohol or substance abuse within 30
days of study participation, irremovable ferromagnetic
material, claustrophobia, bipolar disorder or schizophre-
nia. PTSD subjects with other comorbid anxiety or mood
disorders, such as major depressive disorder, were
included as long as PTSD was the clinically predominant
disorder. The CEC group had experienced a PTSD ‘Criter-
ion A’ event but did not have current or past PTSD. The
CEC group was free of Axis I psychiatric diagnosis. The
HC group had no military experience, no history of a
PTSD ‘Criterion A’ event, and no history of current or
past Axis I psychiatric diagnoses. PTSD and CEC partici-
pants were recruited from the VA San Diego Healthcare
System. All participants gave informed written consent to
participate in this study, which was approved by the Uni-
versity of California San Diego Human Research Protec-
tion Program and the Research and Development
Committee at the VA San Diego Healthcare System.

Psychiatric measures

All subjects completed a Structured Clinical Interview for
Diagnostic and Statistical Manual of Mental Disorders edi-
tion 4 (SCID) [93] including the PTSD module, the Beck
Depression Inventory (BDI) [94], Childhood Trauma
Questionnaire [95] and the Combat Exposure Scale [96].
In addition, eight PTSD and ten CEC participants per-
formed an additional session during which the CAPS [97]
was completed. The presence of PTSD was determined by
the results of the PTSD module of the SCID, and the diag-
nosis was confirmed by a board certified psychiatrist
(DGB/MPP) and confirmed by the CAPS when available.
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Stimulus and apparatus

During fMRI, participants performed a face-matching task,
with a comparison condition of shape matching (described
in more detail in [43,44]). Each five-second trial consisted
of a target face (on the top of the computer screen) and
two probe faces (on the bottom left and bottom right of
the computer screen). Participants were instructed to
match the emotion (angry, fearful or happy) of the target
and probe faces. The trials were block designed, such that
each block consisted of six consecutive trials in which the
target face was angry, fearful or happy. During the shape-
matching control condition, subjects were presented with
an analogous configuration of ovals and circles, and were
instructed to match the shape of the target and probe sti-
muli. Each block of the faces and shapes was presented
three times in pseudorandom order, and a fixation cross
was interspersed between each block. Reaction time (RT)
data were obtained for each trial. Due to device errors, RT
was not recorded from three participants (one from the
PTSD and two from the CEC group); however this did not
affect subject feedback or the subject experience.

Image acquisition

fMRI data were collected during the task using a Signa
EXCITE 3.0 Tesla GE (General Electric, New York, NY,
USA) scanner (T2-weighted echo planar imaging, repeti-
tion time (TR) = 2000 ms, echo time (TE) = 32 ms, field of
view (FOV) = 230 x 230 mm?, 64 x 64 matrix, yielding 30
2.6 mm axial slices with a 1.4 mm gap, 256 scans). For ana-
tomical reference, a high resolution T1-weighted image
(spoiled grass sequence; inversion time = 450 ms, TR = 8
ms, TE = 4 ms, FOV = 250 x 250 mm?, flip angle = 12°,
172 sagittally acquired slices, approximately 1 mm?® voxels)
was obtained during the same session.

fMRI analysis pathway/image processing

Single subject

All structural and functional image processing was done
with the Analysis of Functional Neuroimages software
package (AFNI, Bethesda, MD, USA). The echoplanar
images were realigned to a base using a Fourier trans-
form using the AFNI program 3dvolreg and then time-
corrected for slice acquisition order. Preprocessed time
series data for each individual were analyzed using a mul-
tiple regression model. For this model, the four orthogo-
nal regressors of interest were (1) happy, (2) angry, (3)
fearful and (4) circle/oval sensorimotor condition. These
regressors were convolved with a modified gamma vari-
ate function to account for the delay and the dispersion
of the hemodynamic response of the BOLD-fMRI signal.
Additionally, five nuisance regressors were used to
account for residual motion (roll, pitch and yaw) and to
eliminate slow signal drifts (baseline and linear trend).
These nine regressors were applied to the AFNI program
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3dDeconvolve in order to calculate the estimated voxel-
wise response amplitude. The linear contrast of all faces
versus shapes was used for maximal power in subsequent
analyses. In addition, the fearful-happy faces were ana-
lyzed to provide better comparison of these results with
prior literature. To account for individual variation of
anatomical landmarks, a Gaussian filter with 4 mm full
width at half maximum was applied to the voxelwise per-
cent signal change data and then resampled to a 4 mm?
voxel dimension.

Group analysis

Data for each subject were normalized to Talairach coor-
dinates. A voxel-based two-way ANOVA was performed
with group (PTSD, CEC and HC) as a fixed factor and
participants as a random factor within AFNI on the
faces-shapes contrast. An additional, post-hoc ANOVA
was performed on the fearful-happy contrast. A priori
ROIs, including the amygdala, hippocampus, cingulate
cortex and insula, were used as masks, as these regions
are of interest in PTSD [98], stress [99] and face proces-
sing [100]. Based on these four areas, a voxel-wise a
priori probability of 0.05 was determined via simulations
using the AFNI function AlphaSim [101], which resulted
in a corrected cluster-wise activation probability of 0.05
using a minimum volume of 192 mm? and three con-
nected voxels (for an amygdala or hippocampus cluster),
or 320 mm® and five connected voxels (for a cingulate or
insular cortex cluster). Small volume corrections were
used to inspect areas that may not have been of sufficient
size to meet minimum whole brain cluster size correc-
tions. Using the thresholds and cluster sizes defined
above, the corrected voxel-wise probabilities are as fol-
lows: amygdala P < 0.002, hippocampus P < 0.0002, cin-
gulate cortex P < 0.0008 and insular cortex P < 0.0008.
The areas of interest were superimposed on each indivi-
dual’s voxel-wise percent signal change brain image.
Stereotactic coordinates of the ROIs were based on stan-
dardized atlas locations [102]. Only the activations within
the regions of interest that survived the volume and
voxel correction criteria were extracted and used for
further analysis.

Functional connectivity analysis

To examine between-group differences in functional con-
nectivity within the amygdala, we performed a modified
Psycho-Physiological Interaction analysis that has been
used previously [103]. Prior to this analysis, the individual
raw signal datasets were: (a) band-pass filtered (0.009 Hz <
f < 0.08 Hz), (b) corrected for slice-dependent time shifts,
(c) corrected for interleaved acquisition, (d) corrected for
rigid body head motion, and (e) warped to conform to the
Talairach atlas. Individual time courses in the processed
raw signal datasets were extracted from seed ROIs in left
and right amygdala. These two seeds were identified based
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on the task-related activation in all 36 subjects related to
all face-matching minus all shape-matching trials (see
Table 2). This region was selected to provide a task rele-
vant region that was minimally biased between groups. A
total of twelve regressors were then entered into a multiple
regression against the voxel-based time series: the regres-
sors of interest being the interaction between seed region
time-course and faces blocks, along with 11 nuance
regressors: three movement (roll, pitch, yaw) regressors,
the four task regressors described previously, the entire
time course of the seed region, the entire time course of
the white matter, and baseline and linear trend regressors.
The deconvolution analyses for left and right amygdala
were run separately. The resulting correlation coefficients
were then calculated for each voxel, providing correlation
maps of the relationships between the time courses of acti-
vation in the voxels within the seed ROI’s and all voxels.
The Fisher’s Z transforms of these correlation maps were
then warped to conform to the Talairach atlas and a Gaus-
sian blur of 4 mm full width half maximum was applied to
allow for a between-groups comparison. Data for each
subject were normalized to Talairach coordinates. A
voxel-based two-way ANOVA was performed with group
(PTSD, CEC and HC) as a fixed factor and participants as
a random factor within AFNI on the Fisher Z for each
amygdala. The following planned linear contrasts were
performed: (1) PTSD-CEC, to determine the effects of
PTSD, (2) PTSD+CEC-HC, to determine the effects of
trauma exposure and (3) PTSD+CEC+HC, to determine
the task effects. A voxel-wise a priori probability of 0.05
was determined via simulations using the AFNI function
AlphaSim, as above, which resulted in a corrected cluster-
wise activation probability of 0.05 using a minimum
volume of 768 mm? in a whole brain analysis.

Statistical analysis

All behavioral and secondary analyses were carried out
with StatistiXL 1.8 (StatistiXL, Nedlands, Western Austra-
lia). Continuous demographic and performance variables
such as age, education, RT and accuracy were compared
between the groups in a fixed-factor ANOVA. Ethnicity
was compared using a chi-squared test across all three
groups. Clinical measures, such as BDI and CAPS scores,
were compared between PTSD and CEC groups using a
two-sample t-test.

Additional material

Additional file 1: Supplementary Data. Additional information to aid in
the interpretation of the results (as listed below). Supplementary Table 1.
Whole brain group contrasts for the faces versus shape. Supplementary
Table 2. Task accuracy data group by condition. Supplementary Table 3.
Within subjects analysis of task performance data. Supplementary Table
4. Between subject analysis of task performance data. Supplementary
Figure 1. Functional connectivity results from left amygdala task seed
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region of interest differences between PTSD and CEC. Supplementary
Figure 2. Functional connectivity results from right amygdala task seed
region of interest differences between PTSD and CEC.

List of abbreviations

ACC: anterior cingulate cortex; AFNI: analysis of functional neuroimages;
ANOVA: analysis of variance; BDI: Beck Depression Inventory; CAPS: Clinician-
Administered PTSD Scale; CEC: combat exposed control; fMRI: functional
magnetic resonance imaging; FOV: field of view; HC: healthy control; OEF:
Operation Enduring Freedom; OIF: Operation Iragi Freedom; PET: positron
emission tomography; PTSD: post-traumatic stress disorder; ROI: region of
interest; RT: reaction time; SCID: Structured Clinical Interview for DSM-IV; TE:
echo time; TR: repetition time.

Acknowledgements

Some of this work was supported by the VA Center of Excellence for Stress and
Mental Health (CESAMH; ANS, MPP) and a VA Merit (ANS and MPP), which is
supported by the Department of Veterans Affairs. CESAMH is affiliated with
VISN 22, the Veterans Affairs San Diego Healthcare System and the University of
California, San Diego. Dr Matthews' VA salary is supported by a Career
Development Award through the VA Clinical Science Research and
Development Service. We appreciate the feedback of the reviewers towards
improving this manuscript.

Author details

"Veterans Affairs San Diego Healthcare System, 3350 La Jolla Village Drive,
San Diego, CA 92161, USA. 2Umversity of California San Diego, 9500 Gilman
Drive, La Jolla, CA 92093, USA. *Center of Excellence in Stress and Mental
Health, VASDHS, 3350 La Jolla Village Drive, San Diego, CA 92161, USA.
“Research Service & VA Mental lliness Research, Education and Clinical
Center, VASDHS, 3350 La Jolla Village Drive, San Diego, CA 92161, USA.

Authors’ contributions

ANS was involved in the conception and design of the study as well as
acquisition, analysis and interpretation of data. SCM was involved in
interpretation of the data. IAS was involved in analysis and interpretation of
the data. DBG was involved in the acquisition of the study data. HKD and
AM were involved in the acquisition of the data for the study. MBS and MPP
participated in the conception and design of the study. All authors read,
contributed to and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 23 May 2011 Accepted: 12 October 2011
Published: 12 October 2011

References

1. Hoge CW, Auchterlonie JL, Milliken CS: Mental health problems, use of
mental health services, and attrition from military service after
returning from deployment to Iraq or Afghanistan. JAMA 2006,
295:1023-1032.

2. Breslau N: The epidemiology of posttraumatic stress disorder: what is the
extent of the problem? J Clin Psychiatry 2001, 62(Suppl 17):16-22.

3. Boscarino JA: Posttraumatic stress disorder and mortality among U.S.
Army veterans 30 years after military service. Ann Epidemiol 2006,
16:248-256.

4. North CS, Nixon SJ, Shariat S, Mallonee S, McMillen JC, Spitznagel EL,
Smith EM: Psychiatric disorders among survivors of the Oklahoma City
bombing. JAMA 1999, 282:755-762.

5. Geracioti TD Jr, Carpenter LL, Owens MJ, Baker DG, Ekhator NN, Horn PS,
Strawn JR, Sanacora G, Kinkead B, Price LH, Nemeroff CB: Elevated
cerebrospinal fluid substance p concentrations in posttraumatic stress
disorder and major depression. Am J Psychiatry 2006, 163:637-643.

6. Bremner JD, Vythilingam M, Anderson G, Vermetten E, McGlashan T,
Heninger G, Rasmusson A, Southwick SM, Charney DS: Assessment of the
hypothalamic-pituitary-adrenal axis over a 24-hour diurnal period and in
response to neuroendocrine challenges in women with and without


http://www.biomedcentral.com/content/supplementary/2045-5380-1-6-S1.DOC
http://www.ncbi.nlm.nih.gov/pubmed/16507803?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16507803?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16507803?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11775088?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11775088?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16099672?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16099672?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10463711?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10463711?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16585438?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16585438?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16585438?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14512211?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14512211?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14512211?dopt=Abstract

Simmons et al. Biology of Mood & Anxiety Disorders 2011, 1:6
http://www.biolmoodanxietydisord.com/content/1/1/6

20.

21,

22.

23.

24.

25.

26.

27.

childhood sexual abuse and posttraumatic stress disorder. Biol Psychiatry
2003, 54:710-718.

Liberzon I, Abelson JL, Flagel SB, Raz J, Young EA: Neuroendocrine and
psychophysiologic responses in PTSD: a symptom provocation study.
Neuropsychopharmacology 1999, 21:40-50.

Bremner JD, Licinio J, Darnell A, Krystal JH, Owens MJ, Southwick SM,
Nemeroff CB, Charney DS: Elevated CSF corticotropin-releasing factor
concentrations in posttraumatic stress disorder. Am J Psychiatry 1997,
154:624-629.

Simmons AN, Paulus MP, Thorpe SR, Matthews SC, Norman SB, Stein MB:
Functional activation and neural networks in women with posttraumatic
stress disorder related to intimate partner violence. Biol Psychiatry 2008,
64:681-690.

Etkin A, Wager TD: Functional neuroimaging of anxiety: a meta-analysis
of emotional processing in PTSD, social anxiety disorder, and specific
phobia. Am J Psychiatry 2007, 164:1476-1488.

Shin LM, Liberzon I: The neurocircuitry of fear, stress, and anxiety
disorders. Neuropsychopharmacology 2010, 35:169-91.

Barad M, Gean PW, Lutz B: The role of the amygdala in the extinction of
conditioned fear. Biol Psychiatry 2006, 60:322-328.

Rudy JW, Huff NC, Matus-Amat P: Understanding contextual fear
conditioning. Neurosci Biobehav Rev 2004, 28:675-685.

Rauch SL, Shin LM, Phelps EA: Neurocircuitry models of posttraumatic
stress disorder and extinction: human neuroimaging research—past,
present, and future. Biol Psychiatry 2006, 60:376-382.

Shin LM, Rauch SL, Pitman RK: Amygdala, medial prefrontal cortex, and
hippocampal function in PTSD. Ann N Y Acad Sci 2006, 1071:67-79.

Hull AM: Neuroimaging findings in post-traumatic stress disorder.
Systematic review. Br J Psychiatry 2002, 181:102-110.

Simmons AN, Matthews SC: Neural circuitry of PTSD with or without mild
traumatic brain injury: a meta-analysis. Neuropharmacology 2011.

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

Fonzo GA, Simmons AN, Thorp SR, Norman SB, Paulus MP, Stein MB:
Exaggerated and disconnected insular-amygdalar blood oxygenation
level-dependent response to threat-related emotional faces in women
with intimate-partner violence posttraumatic stress disorder. Biol
Psychiatry 2010, 68:433-441.

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

Shin LM, Wright Cl, Cannistraro PA, Wedig MM, McMullin K, Martis B,

Macklin ML, Lasko NB, Cavanagh SR, Krangel TS, Orr SP, Pitman RK, Whalen PJ,
Rauch SL: A functional magnetic resonance imaging study of amygdala and
medial prefrontal cortex responses to overtly presented fearful faces in
posttraumatic stress disorder. Arch Gen Psychiatry 2005, 62:273-281.

Armony JL, Corbo V, Clement MH, Brunet A: Amygdala response in
patients with acute PTSD to masked and unmasked emotional facial
expressions. Am J Psychiatry 2005, 162:1961-1963.

Protopopescu X, Pan H, Tuescher O, Cloitre M, Goldstein M, Engelien W,
Epstein J, Yang Y, Gorman J, LeDoux J, Silbersweig D, Stern E: Differential
time courses and specificity of amygdala activity in posttraumatic stress
disorder subjects and normal control subjects. Biol Psychiatry 2005,
57:464-473.

Williams LM, Kemp AH, Felmingham K, Barton M, Olivieri G, Peduto A,
Gordon E, Bryant RA: Trauma modulates amygdala and medial prefrontal
responses to consciously attended fear. Neuroimage 2006, 29:347-357.
Bryant RA, Felmingham KL, Kemp AH, Barton M, Peduto AS, Rennie C,
Gordon E, Williams LM: Neural networks of information processing in
posttraumatic stress disorder: a functional magnetic resonance imaging
study. Biol Psychiatry 2005, 58:111-118.

Morey RA, Dolcos F, Petty CM, Cooper DA, Hayes JP, LaBar KS, McCarthy G:
The role of trauma-related distractors on neural systems for working
memory and emotion processing in posttraumatic stress disorder. J
Psychiatr Res 2009, 43:809-817.

Rauch SL, Whalen PJ, Shin LM, Mclnerney SC, Macklin ML, Lasko NB, Orr SP,
Pitman RK: Exaggerated amygdala response to masked facial stimuli in
posttraumatic stress disorder. Biol Psychiatry 2000, 47:769-776.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

Page 11 of 13

Hendler T, Rotshtein P, Yeshurun Y, Weizmann T, Kahn |, Ben-Bashat D,
Malach R, Bleich A: Sensing the invisible: differential sensitivity of visual
cortex and amygdala to traumatic context. Neuroimage 2003, 19:587-600.
Chen S, Li L, Xu B, Liu J: Insular cortex involvement in declarative
memory deficits in patients with post-traumatic stress disorder. BMC
Psychiatry 2009, 9:39.

American Psychiatric Association: Diagnostic and statistical manual of mental
disorders: DSM-IV-TR. 4 edition. Washington, DC: American Psychiatric
Association; 2000.

Vasterling JJ, Proctor SP, Amoroso P, Kane R, Heeren T, White RF:
Neuropsychological outcomes of army personnel following deployment
to the Iraq war. JAMA 2006, 296:519-529.

Foa EB, Kozak MJ: Emotional processing of fear: exposure to corrective
information. Psychol Bull 1986, 99:20-35.

Krause ED, Kaltman S, Goodman LA, Dutton MA: Avoidant coping and
PTSD symptoms related to domestic violence exposure: a longitudinal
study. J Trauma Stress 2008, 21:83-90.

Foa EB: Psychological processes related to recovery from a trauma and
an effective treatment for PTSD. Ann N Y Acad Sci 1997, 821:410-424.
Liberzon |, Sripada CS: The functional neuroanatomy of PTSD: a critical
review. Prog Brain Res 2008, 167:151-169.

Sierra M, Berrios GE: Depersonalization: neurobiological perspectives. Bio/
Psychiatry 1998, 44:898-908.

Lanius RA, Williamson PC, Boksman K, Densmore M, Gupta M, Neufeld RW,
Gati JS, Menon RS: Brain activation during script-driven imagery induced
dissociative responses in PTSD: a functional magnetic resonance
imaging investigation. Biol Psychiatry 2002, 52:305-311.

Falconer E, Bryant R, Felmingham KL, Kemp AH, Gordon E, Peduto A,
Olivieri G, Williams LM: The neural networks of inhibitory control in
posttraumatic stress disorder. J Psychiatry Neurosci 2008, 33:413-422.

New AS, Fan J, Murrough JW, Liu X, Liebman RE, Guise KG, Tang CY,
Charney DS: A functional magnetic resonance imaging study of
deliberate emotion regulation in resilience and posttraumatic stress
disorder. Biol Psychiatry 2009, 66:656-664.

Phan KL, Britton JC, Taylor SF, Fig LM, Liberzon I: Corticolimbic blood flow
during nontraumatic emotional processing in posttraumatic stress
disorder. Arch Gen Psychiatry 2006, 63:184-192.

Britton JC, Phan KL, Taylor SF, Fig LM, Liberzon I: Corticolimbic blood flow
in posttraumatic stress disorder during script-driven imagery. Biol
Psychiatry 2005, 57:832-840.

Matthews SC, Strigo IA, Simmons AN, O'Connell RM, Reinhardt LE,

Moseley SA: A multimodal imaging study in U.S. veterans of Operations
Iragi and Enduring Freedom with and without major depression after
blast-related concussion. Neuroimage 2011, 54(Suppl 1):569-575.
Matthews SC, Strigo IA, Simmons AN, Yang TT, Paulus MP: Decreased
functional coupling of the amygdala and supragenual cingulate is
related to increased depression in unmedicated individuals with current
major depressive disorder. J Affect Disord 2008, 111:13-20.

Stein MB, Simmons AN, Feinstein JS, Paulus MP: Increased amygdala and
insula activation during emotion processing in anxiety-prone subjects.
Am J Psychiatry 2007, 164:318-327.

Arce E, Simmons AN, Lovero KL, Stein MB, Paulus MP: Escitalopram effects
on insula and amygdala BOLD activation during emotional processing.
Psychopharmacology (Berl) 2008, 196:661-672.

Paulus MP, Feinstein JS, Castillo G, Simmons AN, Stein MB: Dose-
dependent decrease of activation in bilateral amygdala and insula by
lorazepam during emotion processing. Arch Gen Psychiatry 2005,
62:282-288.

Strigo IA, Simmons AN, Matthews SC, Grimes EM, Allard CB, Reinhardt LE,
Paulus MP, Stein MB: Neural correlates of altered pain response in
women with posttraumatic stress disorder from intimate partner
violence. Biol Psychiatry 2010, 68:442-450.

Nestler EJ, Barrot M, DiLeone RJ, Eisch AJ, Gold SJ, Monteggia LM:
Neurobiology of depression. Neuron 2002, 34:13-25.

Phillips ML, Drevets WC, Rauch SL, Lane R: Neurobiology of emotion
perception |. Biol Psychiatry 2003, 54:504-514.

LeDoux JE: Emotion circuits in the brain. Ann Rev Neurosci 2000,
23:155-184.

Hariri AR, Holmes A: Genetics of emotional regulation: the role of the
serotonin transporter in neural function. Trends Cogn Sci 2006, 10:182-191.


http://www.ncbi.nlm.nih.gov/pubmed/14512211?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10379518?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10379518?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9137116?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9137116?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18639236?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18639236?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17898336?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17898336?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17898336?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19625997?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19625997?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16919522?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16919522?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15555677?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15555677?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16919525?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16919525?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16919525?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16891563?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16891563?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12151279?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12151279?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17525984?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17525984?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17525984?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20573339?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20573339?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20573339?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17525984?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17525984?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17525984?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15753240?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15753240?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15753240?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16199845?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16199845?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16199845?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15737660?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15737660?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15737660?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16216534?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16216534?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16038681?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16038681?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16038681?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19091328?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19091328?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10812035?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10812035?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12880790?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12880790?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19538748?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19538748?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16882958?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16882958?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2871574?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2871574?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18302182?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18302182?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18302182?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9238220?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9238220?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18037013?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18037013?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9807645?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12208637?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12208637?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12208637?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18787658?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18787658?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19589502?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19589502?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19589502?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16461862?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16461862?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16461862?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15820703?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15820703?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20451622?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20451622?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20451622?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18603301?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18603301?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18603301?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18603301?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17267796?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17267796?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15753241?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15753241?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15753241?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20553750?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20553750?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20553750?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11931738?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12946879?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12946879?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10845062?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16530463?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16530463?dopt=Abstract

Simmons et al. Biology of Mood & Anxiety Disorders 2011, 1:6
http://www.biolmoodanxietydisord.com/content/1/1/6

52.

53.

54.

55.

56.

57.

58.

59.

60.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Brown SM, Hariri AR: Neuroimaging studies of serotonin gene
polymorphisms: exploring the interplay of genes, brain, and behavior.
Cogn Affect Behav Neurosci 2006, 6:44-52.

Gilboa A, Shalev AY, Laor L, Lester H, Louzoun Y, Chisin R, Bonne O:
Functional connectivity of the prefrontal cortex and the amygdala in
posttraumatic stress disorder. Biol Psychiatry 2004, 55:263-272.

Shin LM, Orr SP, Carson MA, Rauch SL, Macklin ML, Lasko NB, Peters PM,
Metzger LJ, Dougherty DD, Cannistraro PA, Alpert NM, Fischman AJ,
Pitman RK: Regional cerebral blood flow in the amygdala and medial
prefrontal cortex during traumatic imagery in male and female Vietnam
veterans with PTSD. Arch Gen Psychiatry 2004, 61:168-176.

Seedat S, Warwick J, van Heerden B, Hugo C, Zungu-Dirwayi N, Van
Kradenburg J, Stein DJ: Single photon emission computed tomography in
posttraumatic stress disorder before and after treatment with a selective
serotonin reuptake inhibitor. J Affect Disord 2004, 80:45-53.

Liberzon |, Britton JC, Phan KL: Neural correlates of traumatic recall in
posttraumatic stress disorder. Stress 2003, 6:151-156.

Simmons AN, Paulus MP, Thorp SR, Matthews SC, Norman SB, Stein MB:
Functional activation and neural networks in women with posttraumatic
stress disorder related to intimate partner violence. Biol Psychiatry 2008,
64:681-690.

Mayberg HS, Liotti M, Brannan SK, McGinnis S, Mahurin RK, Jerabek PA,
Silva JA, Tekell JL, Martin CC, Lancaster JL, Fox PT: Reciprocal limbic-
cortical function and negative mood: converging PET findings in
depression and normal sadness. Am J Psychiatry 1999, 156:675-682.

Egner T, Etkin A, Gale S, Hirsch J: Dissociable neural systems resolve
conflict from emotional versus nonemotional distracters. Cereb Cortex
2008, 18:1475-1484.

Etkin A, Egner T, Peraza DM, Kandel ER, Hirsch J: Resolving emotional
conflict: a role for the rostral anterior cingulate cortex in modulating
activity in the amygdala. Neuron 2006, 51:871-882.

Hartley CA, Phelps EA: Changing fear: the neurocircuitry of emotion
regulation. Neuropsychopharmacology 2010, 35:136-146.

Chen CH, Suckling J, Ooi C, Fu CH, Williams SC, Walsh ND,
Mitterschiffthaler MT, Pich EM, Bullmore E: Functional coupling of the
amygdala in depressed patients treated with antidepressant medication.
Neuropsychopharmacology 2008, 33:1909-1918.

Anand A, Li Y, Wang Y, Wu J, Gao S, Bukhari L, Mathews VP, Kalnin A,
Lowe MJ: Activity and connectivity of brain mood regulating circuit in
depression: a functional magnetic resonance study. Biol Psychiatry 2005,
57:1079-1088.

Etkin A, Prater KE, Schatzberg AF, Menon V, Greicius MD: Disrupted
amygdalar subregion functional connectivity and evidence of a
compensatory network in generalized anxiety disorder. Arch Gen
Psychiatry 2009, 66:1361-1372.

Straube T, Glauer M, Dilger S, Mentzel HJ, Miltner WH: Effects of cognitive-
behavioral therapy on brain activation in specific phobia. Neuroimage
2005.

Mayberg HS, Lozano AM, Voon V, McNeely HE, Seminowicz D, Hamani C,
Schwalb JM, Kennedy SH: Deep brain stimulation for treatment-resistant
depression. Neuron 2005, 45:651-660.

Seminowicz DA, Mayberg HS, Mclntosh AR, Goldapple K, Kennedy S,

Segal Z, Rafi-Tari S: Limbic-frontal circuitry in major depression: a path
modeling metanalysis. Neuroimage 2004, 22:409-418.

Phillips ML, Drevets WC, Rauch SL, Lane R: Neurobiology of emotion
perception II. Biol Psychiatry 2003, 54:515-528.

Drevets WC, Price JL, Simpson JR, Todd RD, Reich T, Vannier M, Raichle ME:
Subgenual prefrontal cortex abnormalities in mood disorders. Nature
1997, 386:824-827.

Sheline YI, Barch DM, Donnelly JM, Ollinger JM, Snyder AZ, Mintun MA:
Increased amygdala response to masked emotional faces in depressed
subjects resolves with antidepressant treatment: an fMRI study. Biol
Psychiatry 2001, 50:651-658.

Siegle GJ, Steinhauer SR, Thase ME, Stenger VA, Carter CS: Can't shake that
feeling: event-related fMRI assessment of sustained amygdala activity in
response to emotional information in depressed individuals. Bio/
Psychiatry 2002, 51:693-707.

Siegle GJ, Thompson W, Carter CS, Steinhauer SR, Thase ME: Increased
amygdala and decreased dorsolateral prefrontal BOLD responses in
unipolar depression: related and independent features. Biol Psychiatry
2007, 61:198-209.

73.

74.

75.

76.

77.

78.

79.

80.

82.

83.

84.

85.

86.

87.

88.

89.

90.

92.

93.

94.

Page 12 of 13

Aron AR, Behrens TE, Smith S, Frank MJ, Poldrack RA: Triangulating a
cognitive control network using diffusion-weighted magnetic resonance
imaging (MRI) and functional MRI. J Neurosci 2007, 27:3743-3752.
Ochsner KN, Gross JJ: The cognitive control of emotion. Trends Cogn Sci
2005, 9:242-249.

George MS, Ketter TA, Parekh PI, Rosinsky N, Ring HA, Pazzaglia PJ,
Marangell LB, Callahan AM, Post RM: Blunted left cingulate activation in
mood disorder subjects during a response interference task (the
Stroop). J Neuropsychiatry Clin Neurosci 1997, 9:55-63.

Paus T: Primate anterior cingulate cortex: where motor control, drive and
cognition interface. Nat Rev Neurosci 2001, 2:417-424.

Margulies DS, Kelly AM, Uddin LQ, Biswal BB, Castellanos FX, Milham MP:
Mapping the functional connectivity of anterior cingulate cortex.
Neuroimage 2007, 37:579-588.

Lane RD, Fink GR, Chau PM, Dolan RJ: Neural activation during selective
attention to subjective emotional responses. Neuroreport 1997,
8:3969-3972.

Kennedy DP, Redcay E, Courchesne E: Failing to deactivate: resting
functional abnormalities in autism. Proc Natl Acad Sci USA 2006,
103:8275-8280.

Marsh R, Zhu H, Schultz RT, Quackenbush G, Royal J, Skudlarski P,

Peterson BS: A developmental fMRI study of self-regulatory control. Hum
Brain Mapp 2006, 27:348-863.

Foa EB, Stein DJ, McFarlane AC: Symptomatology and psychopathology of
mental health problems after disaster. J Clin Psychiatry 2006, 67(Suppl
2):15-25.

Krystal JH, Bennett AL, Bremner JD, Southwick SM, Charney DS: Toward a
cognitive neuroscience of dissociation and altered memory functions in
post-traumatic stress disorder.Edited by: Friedmen MJ, Charney DS,
Deutsch AY. Neurobiological and clinical consequences of stress: from
normal adaptions to PTSD. New York: Raven Press; 1995:239-68.

Hopper JW, Frewen PA, van der Kolk BA, Lanius RA: Neural correlates of
reexperiencing, avoidance, and dissociation in PTSD: symptom
dimensions and emotion dysregulation in responses to script-driven
trauma imagery. J Trauma Stress 2007, 20:713-725.

Lanius RA, Williamson PC, Densmore M, Boksman K, Gupta MA, Neufeld RW,
Gati JS, Menon RS: Neural correlates of traumatic memories in
posttraumatic stress disorder: a functional MRI investigation. Am J
Psychiatry 2001, 158:1920-1922.

Lanius RA, Williamson PC, Bluhm RL, Densmore M, Boksman K, Neufeld RW,
Gati JS, Menon RS: Functional connectivity of dissociative responses in
posttraumatic stress disorder: a functional magnetic resonance imaging
investigation. Biol Psychiatry 2005, 57:873-884.

Jackowski AP, Douglas-Palumberi H, Jackowski M, Win L, Schultz RT,

Staib LW, Krystal JH, Kaufman J: Corpus callosum in maltreated children
with posttraumatic stress disorder: a diffusion tensor imaging study.
Psychiatry Res 2008, 162:256-261.

Werner NS, Meindl T, Engel RR, Rosner R, Riedel M, Reiser M, Fast K:
Hippocampal function during associative learning in patients with
posttraumatic stress disorder. J Psychiatr Res 2009, 43:309-318.

Shin LM, Whalen PJ, Pitman RK, Bush G, Macklin ML, Lasko NB, Orr SP,
Mclnerney SC, Rauch SL: An fMRI study of anterior cingulate function in
posttraumatic stress disorder. Biol Psychiatry 2001, 50:932-942.

Kim MJ, Chey J, Chung A, Bae S, Khang H, Ham B, Yoon SJ, Jeong DU,
Lyoo IK: Diminished rostral anterior cingulate activity in response to
threat-related events in posttraumatic stress disorder. J Psychiatr Res
2008, 42:268-277.

Craig AD: Interoception: the sense of the physiological condition of the
body. Curr Opin Neurobiol 2003, 13:500-505.

Simmons A, Strigo 1A, Matthews SC, Paulus MP, Stein MB: Initial evidence
of a failure to activate right anterior insula during affective set shifting
in posttraumatic stress disorder. Psychosom Med 2009, 71:373-377.

Hoge CW: Deployment to the Irag war and neuropsychological sequelae.
Jama 2006, 296:2678-2679, author reply 2679-2680.

First MB, Spitzer RL, Gibbon M, Williams JBW: Structured Clinical Interview for
DSM-IV-TR Axis | Disorders, Research Version, Non-patient Edition. (SCID-lI/NP)
New York: New York Biometrics Research, New York State Psychiatric
Institute; 2002.

Beck AT, Ward CH, Medelson M, Mock J, Erbaugh J: An inventory for
measuring depression. Arch Gen Psychiatry 1961, 4:561-571.


http://www.ncbi.nlm.nih.gov/pubmed/16869228?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16869228?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14744467?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14744467?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14757593?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14757593?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14757593?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15094257?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15094257?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15094257?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/13129808?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/13129808?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18639236?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18639236?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10327898?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10327898?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10327898?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17940084?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17940084?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16982430?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16982430?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16982430?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19710632?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19710632?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17987064?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17987064?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15866546?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15866546?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19996041?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19996041?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19996041?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15748841?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15748841?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15110034?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15110034?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12946880?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12946880?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9126739?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11704071?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11704071?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11983183?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11983183?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11983183?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17027931?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17027931?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17027931?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17409238?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17409238?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17409238?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15866151?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9017529?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9017529?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9017529?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11389475?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11389475?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17604651?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9462476?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9462476?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16702548?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16702548?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16421886?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16822092?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16822092?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17955540?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17955540?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17955540?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17955540?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11691703?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11691703?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15820708?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15820708?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15820708?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18296031?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18296031?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18490028?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18490028?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11750889?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11750889?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17400251?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17400251?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12965300?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12965300?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19398499?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19398499?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19398499?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17164450?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/13688369?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/13688369?dopt=Abstract

Simmons et al. Biology of Mood & Anxiety Disorders 2011, 1:6
http://www.biolmoodanxietydisord.com/content/1/1/6

95.

96.

97.

98.

99.

101.

102.

103.

Bernstein DP, Fink L, Handelsman L, Foote J, Lovejoy M, Wenzel K,

Sapareto E, Ruggiero J: Initial reliability and validity of a new
retrospective measure of child abuse and neglect. Am J Psychiatry 1994,
151:1132-1136.

Breslau N, Davis GC: Posttraumatic stress disorder: the etiologic specificity
of wartime stressors. Am J Psychiatry 1987, 144:578-583.

Blake DD, Weathers FW, Nagy LM, Kaloupek DG, Gusman FD, Charney DS,
Keane TM: The development of a Clinician-Administered PTSD Scale. J
Trauma Stress 1995, 8:75-90.

Liberzon I, Phan KL: Brain-imaging studies of posttraumatic stress
disorder. CNS Spectr 2003, 8:641-650.

Admon R, Lubin G, Stern O, Rosenberg K, Sela L, Ben-Ami H, Hendler T:
Human vulnerability to stress depends on amygdala’s predisposition
and hippocampal plasticity. Proc Natl Acad Sci USA 2009, 106:14120-14125.

. Cardinal RN, Parkinson JA, Hall J, Everitt BJ: Emotion and motivation.

Neurosci Biobehav Rev 2002, 26:321-352.

Boynton GM, Engel SA, Glover GH, Heeger DJ: Linear systems analysis of
functional magnetic resonance imaging in human V1. J Neurosci 1996,
16:4207-4221.

Talairach J, Tournoux P: Co-planar stereotaxic atlas of the human brain: 3-
dimensional proportional system: an approach to cerebral imaging New York,
NY: Thieme Medical Publishers, Inc; 1998.

Morris JS, Friston KJ, Buchel C, Frith CD, Young AW, Calder AJ, Dolan RJ: A
neuromodulatory role for the human amygdala in processing emotional
facial expressions. Brain 1998, 121(Pt 1):47-57.

doi:10.1186/2045-5380-1-6
Cite this article as: Simmons et al: Altered amygdala activation during
face processing in Iraqi and Afghanistani war veterans. Biology of Mood
& Anxiety Disorders 2011 1:6.

Page 13 of 13

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BioMed Central



http://www.ncbi.nlm.nih.gov/pubmed/8037246?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8037246?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3578567?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3578567?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7712061?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15079138?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15079138?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19666562?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19666562?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12034134?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8753882?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8753882?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9549487?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9549487?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9549487?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Results
	Demographic, psychiatric and behavioral results
	Neuroimaging results (region of interest analyses)
	Brain-behavior correlations
	Functional connectivity results

	Discussion
	Conclusions
	Methods
	Subjects
	Psychiatric measures
	Stimulus and apparatus
	Image acquisition
	fMRI analysis pathway/image processing
	Single subject
	Group analysis

	Functional connectivity analysis
	Statistical analysis

	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References

