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Abstract
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Many features of posttraumatic stress disorder (PTSD) can be linked to exaggerated and
dysregulated emotional responses. Central to the neurocircuitry regulating emotion are functional
interactions between the amygdala and the ventromedial prefrontal cortex (vmPFC). Findings
from human and animal studies suggest that disruption of this circuit predicts individual
differences in emotion regulation. However, only a few studies have examined amygdala-vmPFC
connectivity in the context of emotional processing in PTSD. The aim of the present research was
to investigate the hypothesis that PTSD is associated with disrupted functional connectivity of the
amygdala and vmPFC in response to emotional stimuli, extending previous findings by
demonstrating such links in an understudied, highly traumatized, civilian population. 40 AfricanAmerican women with civilian trauma (20 with PTSD and 20 non-PTSD controls) were recruited
from a large urban hospital. Participants viewed fearful and neutral face stimuli during functional
magnetic resonance imaging (fMRI). Relative to controls, participants with PTSD showed an
increased right amygdala response to fearful stimuli (pcorr<.05). Right amygdala activation
correlated positively with the severity of hyperarousal symptoms in the PTSD group. Participants
with PTSD showed decreased functional connectivity between the right amygdala and left vmPFC
(pcorr <.05). The findings are consistent with previous findings showing PTSD is associated with
an exaggerated response of amygdala-mediated emotional arousal systems. This is the first study
to show that the amygdala response may be accompanied by disruption of an amygdala-vmPFC
functional circuit that is hypothesized to be involved in prefrontal cortical regulation of amygdala
responsivity.
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Introduction
PTSD is a highly debilitating anxiety disorder that develops in some individuals after
exposure to trauma. Among the general population, PTSD is estimated to affect
approximately 7% (Kessler et al., 2005), and a critical question for the field is why this
disorder develops in some, but not others, following severe trauma exposure. An increasing
body of evidence shows that in addition to combat veterans, the risk for traumatic life
experiences and PTSD is especially high among impoverished individuals living in urban
settings with high violence exposure, with trauma rates at nearly 88% and PTSD prevalence
at 46% (Alim et al., 2006; Gillespie et al., 2009; Liebschutz et al., 2007; Schwartz, Bradley,
Sexton, Sherry, & Ressler, 2005).
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After a traumatic event, symptoms may develop that interfere with everyday function,
including increased emotional arousal and hypervigilance, reexperiencing the traumatic
event, and avoidance of trauma reminders. Because these symptoms only persist in a subset
of people who experience trauma, one important goal of PTSD research is to identify
characteristics that confer resilience or vulnerability for the disorder. Current
neurobiological models of PTSD posit that neural circuits typically involved in healthy
emotion regulation are disrupted in PTSD (Liberzon & Sripada, 2007; Shin, Rauch, &
Pitman, 2006). The goal of the current research was to examine the neural circuits involved
in emotion processing in a high-risk urban civilian sample of traumatized African American
women.
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A wealth of functional neuroimaging evidence has shown that PTSD symptoms are
associated with increased activation of the amygdala and insula, brain regions that are
involved in initiating and coordinating emotional arousal responses (e.g., Fonzo et al., 2010;
Rauch et al., 2000; Shin et al., 2005; Simmons et al., 2011). In addition, PTSD has been
associated with decreased activation of prefrontal regions involved in emotion regulation
such as the ventromedial prefrontal cortex (vmPFC) and rostral anterior cingulate cortex
(ACC; Jovanovic et al., 2012; Milad et al., 2009; Rougemont-Bucking et al., 2011; Shin et
al., 2001; Shin et al., 2005; Williams et al., 2006). A meta-analysis of neuroimaging studies
of anxiety disorders found that reduced vmPFC activation is specific to PTSD, and is not
consistently observed in studies of other anxiety disorders (Etkin & Wager, 2007). Evidence
from studies of overt emotion regulation and fear extinction in healthy participants suggests
that the vmPFC and rostral ACC are involved in decreasing arousal responses to negative
emotional stimuli (Etkin, Egner, & Kalisch, 2011; Kim & Hamann, 2007; Milad, Wright, et
al., 2007; Ochsner, Bunge, Gross, & Gabrieli, 2002).
Examining connectivity between the amygdala and vmPFC can provide a more direct test of
the hypothesis that PTSD involves a disruption of medial prefrontal regulation of amygdala
responses to emotional stimuli. Recent diffusion tensor imaging (DTI) evidence suggests
that white matter integrity is compromised in the cingulum bundle, a major pathway
between the amygdala and vmPFC/ACC (Fani, King, et al., 2012). Similarly, examination of
resting state functional connectivity, which often parallels structural connectivity, has shown
decreased functional coupling between the amygdala and vmPFC in PTSD (Sripada et al.,
2012).
Only a small number of studies have examined amygdala functional connectivity in
response to emotionally arousing stimuli in PTSD, with mixed findings relating to the
J Psychiatr Res. Author manuscript; available in PMC 2014 October 01.
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strength of connectivity between the amygdala and vmPFC. In response to angry face
stimuli, PTSD participants showed decreased connectivity in a circuit involving the
amygdala, insula, and dorsal ACC (Fonzo et al., 2010). In contrast, PTSD participants
recalling traumatic or emotionally negative autobiographical memories showed increased
amygdala functional connectivity with the vmPFC relative to controls (Gilboa et al., 2004;
St Jacques, Botzung, Miles, & Rubin, 2011). The variability in findings may relate to
differences in the experimental tasks used, or in the populations examined. Previous studies
examined PTSD related to recent intimate-partner violence, accidental injury, and among a
general civilian population, respectively. In addition, these studies did not include
traumatized controls and thus did not differentiate the effects of trauma versus PTSD on
amygdala connectivity (Fonzo et al., 2010; St Jacques et al., 2011), or included participants
who were taking psychotropic medications at the time of the scan (Gilboa et al., 2004).
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In the present study, we investigated the effects of PTSD on amygdala responses to threat
cues (fearful facial expressions) and on the functional coupling of the amygdala with other
brain areas, in a highly traumatized sample of African-American women. The primary
comparison was between unmedicated participants with or without current PTSD, matched
for degree of trauma exposure. Little previous work has examined the neural processing of
emotional stimuli in an urban civilian population with very high levels of trauma. We
hypothesized that PTSD would be associated with an increased amygdala response, and with
decreased functional connectivity between the amygdala and vmPFC/ACC, in response to
fearful stimuli.

Materials and Methods
Participants
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Forty African-American women ages 18 – 59 were recruited through an ongoing study of
risk factors for PTSD. Participants were approached in the general medical clinics of Grady
Memorial Hospital, a publicly funded hospital that serves economically disadvantaged
individuals in Atlanta, Georgia. High rates of trauma and posttraumatic symptoms have been
previously observed within this patient population (e.g., Binder et al., 2008). The hospital
population is >85% African-American, and therefore we only included subjects with selfreported African-American race/ethnicity to enhance data homogeneity, in addition to the
fact that this is an under-represented group in psychiatric imaging research studies. All
participants were screened and met the following inclusion criteria: no neurological
disorder, psychosis, current psychotropic medication, or metal clips or implants. Individuals
who endorsed a history of bipolar disorder, schizophrenia or any other psychotic disorder
were also excluded. Due to the high co-morbidity of PTSD and depression, participants with
depression were not excluded. Participants had normal or corrected-to-normal vision. Urine
tests for pregnancy and illegal drug use (cocaine, marijuana, opiates, amphetamines,
methamphetamines) were conducted 24 hours prior to the MRI scan, and individuals who
showed positive results for pregnancy or drugs were excluded. Men were not included in the
current study, as significant sex differences have been observed in the neural processing of
emotional stimuli (Stevens & Hamann, 2012). All participants provided written informed
consent prior to participating. Participants received monetary compensation for their time.
The institutional review board of Emory University approved the study procedures, and
testing took place at Grady Memorial Hospital and the Biomedical Imaging Technology
Center at Emory University Hospital.
Psychological assessment
The Modified PTSD Symptom Scale (PSS; Foa & Tolin, 2000) was used to assess PTSD
symptoms, and the Traumatic Events Inventory (TEI) was used to assess types and severity
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of trauma experience. Anxiety levels were assessed using the State Trait Anxiety Inventory
(STAI; Spielberger, Gorsuch, & Lushene, 1970). Childhood trauma was assessed using the
Childhood Trauma Questionnaire (CTQ; Bernstein et al., 1994; Scher, Stein, Asmundson,
McCreary, & Forde, 2001). These measures have been used in our previous studies with this
population (Binder et al., 2008; Fani, Jovanovic, et al., 2012; Schwartz et al., 2005).
Traumatic experiences were assessed using the TEI and CTQ during recruitment, and the
additional psychological measures were administered during a laboratory visit one day prior
to the MRI scan. PTSD diagnosis was based on DSM-IV-TR criteria (presence of trauma;
presence of at least one reexperiencing symptom; presence of at least 3 avoidant/numbing
symptoms; presence of at least 2 hyperarousal symptoms; occurrence for at least one
month), as assessed by the PSS. All participants had experienced at least one trauma, and
PTSD diagnosis was used to classify participants into PTSD and traumatized control (TC)
groups. PTSD diagnoses were verified for a subset of participants (55%) using the CAPS.
Diagnoses using CAPS and PSS were positively correlated, Spearman’s rho = .57, p = .006.
Table 1 lists clinical and demographic characteristics of each group.
Procedure
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Eight fearful and eight neutral (4 male and 4 female) faces were selected from the stimulus
set of Ekman and Friesen (1976). Stimuli were projected onto a 24-inch screen at a
resolution of 1280 × 1024 using EPrime 2.0 software (Psychology Software Tools,
Pittsburgh, PA). Blocks of fearful and neutral stimuli (15 blocks each) were presented in a
pseudorandom order. Each block was composed of all eight faces presented in a random
order. Each face stimulus was presented for 500 ms, followed by a 500 ms presentation of a
fixation cross. After every 10th block, a 10000 ms rest period with the instruction “relax and
look at the screen” was presented. Face stimuli were presented at a size of 4.3 × 6.7″ on a
black background, and the fixation cross and instructions were presented in white 18-point
Courier New font on a black background. Participants were instructed to pay attention to the
faces, but did not make any behavioral response, in order to minimize motion artifacts and
neural activation unrelated to processing the visual stimulus.
Brain imaging acquisition and analysis
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Brain imaging data were acquired on a Siemens 3.0 Tesla Magnetom Trio TIM whole-body
MR scanner (Siemens, Malvern, PA) using a 12-channel head coil. Functional images were
acquired using the Z-SAGA pulse sequence (Heberlein & Hu, 2004) to minimize signal loss
due to susceptibility artifacts. Each scan volume contained 30 axially acquired 4mm thick
images with an in-plane resolution of 3.44 × 3.44 mm2 utilizing the parameters: pulse
repetition time 3000 ms, echo time 1= 30 ms, echo time 2 = 67 ms, at a flip angle of 90 deg.
Structural images were acquired using a gradient-echo, T1-weighted pulse sequence
(TR=2600ms, TE=3.02ms; 1mm×1mm×1mm voxel size). The echo-planar imaging (EPI)
data were slice-timed and realigned using AFNI software and the matrix to coregister the
EPI images to the anatomical image was calculated using FMRIB Software Library (FSL).
The anatomical image was registered and normalized into standard Montreal Neurological
Institute (MNI) space using FSL and the resulting matrix was combined with the
coregistration matrix and applied to the EPI images. The functional images were then
smoothed with an 8mm Gaussian kernel.
Individual participants’ imaging data were analyzed using first level general linear models
implemented using statistical parametric mapping software (SPM5; Holmes & Friston,
1998). For each participant, the evoked hemodynamic responses for blocks of fearful and
neutral stimuli were modeled with a boxcar function representing the onset and 8000 ms
duration of the block, convolved with a canonical hemodynamic response function, as
implemented in SPM5. Participant-specific motion parameters were included as regressors
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of non-interest. Statistical contrasts between conditions (e.g., fearful vs. neutral) were
assessed using linear contrasts. Contrast images representing the linear comparison of beta
values for the fearful versus neutral conditions were constructed for each participant, and
were entered into group-level random effects analysis to identify clusters of significant
activation. To address the a priori prediction that the PTSD and TC groups would differ in
amygdala activation, we additionally examined group differences using small-volume
correction within a bilateral amygdala region of interest (ROI), defined anatomically using
the SPM Anatomy Toolbox (Eickhoff et al., 2005).

NIH-PA Author Manuscript

Task-based functional connectivity analyses were conducted using the CONN toolbox
(http://web.mit.edu/swg/software.htm), a toolbox that allows for flexible analyses of
connectivity that are conceptually similar to psychophysiological interaction analysis. Seed
regions were defined anatomically using the mean time course across voxels within the right
and left amygdala ROIs. For each voxel within the whole-brain mask, covariance with
amygdala activation during responses to fearful face stimuli was contrasted with covariance
with amygdala activation during responses to neutral faces. Individual participants’ motion
parameters and main effects of task condition were modeled as nuisance covariates. Nontask-specific covariance between regions was controlled by examining statistical contrasts of
connectivity for fearful relative to neutral face stimuli, such that results included only
regions that showed significantly increased connectivity with the amygdala for fearful
relative to neutral faces. The resulting contrast images for individual participants then
entered group-level analyses comparing PTSD and TC participants.
Analyses of regional activation and functional connectivity were conducted using a
combined height-extent threshold to correct for multiple comparisons. Monte Carlo
simulation was implemented using AlphaSim within the REST toolbox for SPM5 (Song et
al., 2011). This method for establishing a height-extent threshold represents a “principled”
approach to controlling the family-wise error rate, allowing for similar control of type 1
error across studies (Bennett, Wolford, & Miller, 2009). The corrected height-extent
threshold was calculated for voxels within a gray matter mask based on the ICBM 152subject atlas. For whole-brain analyses, a cluster-forming threshold of p < .01 was used, and
when combined with a cluster size of k = 19 resulted in a corrected probability of p < .043,
(voxel-wise probability p < .0006). The a priori threshold for the ROI analysis of amygdala
activation was determined for voxels within the bilateral anatomical amygdala ROI. A
cluster-forming threshold of p < .05 was used, and when combined with a cluster size of k =
11 resulted in a corrected probability of p < .049 (voxel-wise probability p < .005).

Results
NIH-PA Author Manuscript

Group characteristics
Table 1 shows demographic and clinical characteristics for each group. The PTSD and TC
groups did not differ in the number of different types of traumas experienced, the amount of
childhood trauma experienced, age, or monthly income. PTSD and TC did not differ in state
anxiety just prior to entering the MRI scanner. Relative to TC, PTSD participants had
greater PTSD symptoms, and greater trait anxiety. PTSD participants also had lower levels
of education than TC.
FMRI activation in response to fearful facial expressions
Participants in the PTSD group showed bilateral activation within the amygdala ROI in
response to fearful relative to neutral faces (left: k = 65, Z = 3.13, x,y,z = −32, −4, −20, pcorr
< .05; right: k = 70, Z = 2.69, x,y,z = 40, −4, −28, pcorr < .05), overlapping the majority of
the left and right anatomical regions. Participants in the TC group also showed bilateral
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amygdala activation (left: k = 44, Z = 2.65, x,y,z = −28, −12, −12, pcorr < .05; right: k = 15,
Z = 2.31, x,y,z = 24, −4, −28, pcorr < .05). Relative to TC, the PTSD group showed an
increased response to fearful faces in the right amygdala (k = 11, Z = 2.5, x,y,z = 20, 0, −16,
pcorr < .05), as shown in Figure 1.
In the analysis of whole-brain regional activation in response to fearful relative to neutral
faces (Table 2 and Figure S1), both PTSD and TC groups showed activation of visual areas
such as the fusiform gyrus and inferior occipital gyrus, and activation of the temporal cortex,
and middle cingulate gyrus. PTSD participants showed greater responses than TC in a
cluster containing peaks in the right temporal pole, right nucleus accumbens, and right
entorhinal cortex. This cluster overlapped the right amygdala. The PTSD group also showed
greater responses to fearful faces than the TC group in the superior frontal gyrus, bilaterally.
The PTSD group showed decreased responses relative to TC in the right postcentral gyrus.
Correlation between fMRI activation and PTSD symptom severity
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To further characterize the relationship between PTSD and the increased right amygdala
response to fearful faces, we examined linear correlations between the right amygdala
response, trauma experience, and PTSD symptoms (Figure 2). Taking the mean contrast
value for fearful relative to neutral faces across all voxels of the anatomical right amygdala
ROI, correlations were performed with the sum of different types of trauma experiences on
the TEI (TEI total), and with symptom severity (PSS total) and PSS subscales for
reexperiencing, avoidance, and hyperarousal symptoms, respectively. Neither trauma
experience nor total symptom severity correlated with right amygdala responses for the
PTSD or TC groups, ps > .10. For the PTSD group, right amygdala responses correlated
positively with hyperarousal symptoms, R2 = .21, p = .04, but not with reexperiencing or
avoidance symptoms, ps > .10. For the TC group, no significant correlation was observed
for reexperiencing, avoidance, or hyperarousal symptoms, ps > .10.
To examine regions outside the amygdala, correlations were performed between symptom
severity (PSS total score), and the contrast of fearful relative to neutral faces for each voxel
within the whole brain. Results are shown in Figure S2. When the PTSD and TC groups
were examined separately, activation for fearful relative to neutral faces did not correlate
with symptom severity in any region. When all participants were examined irrespective of
PTSD diagnosis, symptom severity correlated positively with activation in a cluster in
anterior medial PFC overlapping the right and left superior frontal gyrus (k = 29, Z = 3.02,
x,y,z = 12, 64, 16, pcorr < .05), and a cluster overlapping the left inferior frontal gyrus and
the left anterior insula (k = 28, Z = 2.80, x,y,z = −24, 16, −12, pcorr < .05). No region
displayed a significant negative correlation with symptom severity.
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Functional connectivity with the amygdala
For fearful relative to neutral faces, within-groups analysis of the PTSD group (Table 3)
showed increased functional connectivity between the left amygdala seed and the anterior
cingulate cortex and left caudate. The PTSD group also showed increased functional
connectivity between the right amygdala seed and bilateral temporal lobe regions, the left
postcentral gyrus, and right cerebellum. Within-groups analysis of the TC group (Table 3)
showed increased functional connectivity between the left amygdala seed and left subgenual
cingulate cortex and orbitofrontal cortex, left superior parietal gyrus, and left pre- and
postcentral gyri. TC participants also showed increased functional connectivity between the
right amygdala seed and bilateral orbitofrontal cortex, the left superior parietal gyrus, and
right cerebellum.
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In the between-group comparisons (Table 3, Figure 3), PTSD showed less connectivity than
TC between the right amygdala and a cluster in the subgenual cingulate cortex. This cluster
overlapped with the area for which the TC group showed a significant within-groups effect
for right amygdala connectivity. PTSD also showed greater connectivity than TC between
the left amygdala and a cluster in right dorsolateral prefrontal cortex with a peak in the
inferior frontal gyrus, and between the right amygdala and a cluster in the right globus
pallidus. However, these clusters were not observed to show significant connectivity with
the left amygdala in the within-groups analysis of PTSD participants. To examine whether
connectivity between the amygdala and subgenual cingulate cortex was related to PTSD
symptom severity, we examined correlations between PSS total score and the contrast value
representing connectivity for fearful relative to neutral faces, extracted from the peak of the
subgenual cingulate cluster. Although the PTSD group showed less connectivity than TC
between the amygdala and subgenual cingulate, individuals with PTSD showed a significant
positive correlation between symptom severity and amygdala – subgenual cingulate
connectivity, R2 = .37, p = .004. TC individuals showed a non-significant negative
correlation between symptom severity and amygdala-subgenual cingulate connectivity, R2
= .15, p = .10. When all participants were examined irrespective of diagnosis, symptom
severity as a predictor of functional connectivity was best described by a quadratic, inverted
u-shaped function. Curve fit regression analysis showed that a linear function was not
significant, R2 = .04, p = .21, the quadratic term accounted for significant variance, R2 = .33,
p = .001.

Discussion
In the present study, we investigated amygdala activation and functional connectivity with
the vmPFC in response to fearful stimuli, in traumatized participants with and without
PTSD. The findings were consistent with the hypotheses that PTSD would be associated
with enhanced amygdala responses to fearful emotional stimuli and changes in the networks
that include the amygdala. Right amygdala responses were greater in the PTSD group,
accompanied by decreased task-related functional connectivity between the right amygdala
and vmPFC (subgenual cingulate cortex). Further, the PTSD group showed a significant
correlation between right amygdala responses and hyperarousal symptoms, but not trauma
experience, reexperiencing, or avoidance symptoms. This finding suggests that exaggerated
amygdala reactivity in PTSD is specifically related to the hyperarousal component of the
disorder. Taken together, the findings are consistent with current neurocircuitry theories of
emotion dysregulation PTSD (e.g., Liberzon & Sripada, 2007; Shin et al., 2006), showing
differences in an amygdala-vmPFC circuit involved in processing emotional stimuli.
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The finding that participants with PTSD showed increased amygdala responses to fearful
stimuli is consistent with previous observations in PTSD (e.g., Bryant et al., 2008; Fonzo et
al., 2010; Shin et al., 2005). Meta-analytic evidence indicates that this pattern is observed
reliably across neuroimaging studies (Etkin & Wager, 2007; Patel, Spreng, Shin, & Girard,
2012). A strength of the current investigation was that group differences in amygdala
reactivity and functional connectivity were not confounded by trauma experience. The
PTSD and control groups did not differ in the number of traumas experienced, but only in
their PTSD status. A major outstanding question regarding the role of the amygdala in PTSD
has been whether exaggerated amygdala reactivity reflects a trait which pre-disposes
individuals to develop PTSD symptoms in response to a trauma, or whether it reflects a
maladaptive reaction which develops after the trauma has occurred. The current findings
cannot address this issue directly, but provide initial evidence to suggest that increased
amygdala activation is not a product of trauma exposure.
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Because the current sample was drawn from a relatively understudied population
experiencing high levels of trauma, we had the opportunity to further investigate links
between amygdala activation and trauma exposure. In contrast with the sample typically
examined in studies of PTSD after acute trauma, the majority of these participants
experienced more than one traumatic event (M = 5.6) that would meet PTSD criterion A. It
is therefore notable that amygdala reactivity was not related to the number of traumas
experienced. Instead, we observed that the amygdala response to fearful stimuli was related
to hyperarousal symptoms in PTSD, such that individuals who reported more severe
hyperarousal symptoms showed greater amygdala reactivity. Similarly, total PTSD symptom
severity correlated with activation in anterior medial PFC in BA 10, and left inferior frontal
gyrus/insula. The medial PFC region was located in frontopolar cortex bilaterally, rostral to
vmPFC and anterior cingulate cortex, an area that has been shown to correlate positively
with symptoms of anhedonia and anxiety in major depressive disorder (Keedwell, Andrew,
Williams, Brammer, & Phillips, 2005). Further clarification of the relationship between
amygdala activation, trauma exposure, and PTSD risk will be critical to understanding
PTSD psychopathology. This question would be best addressed by longitudinal investigation
examining whether amygdala reactivity before a traumatic event is predictive of PTSD
development after trauma.
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Several lines of evidence suggest that amygdala function is modulated by the vmPFC (which
includes the orbitofrontal cortex and anterior cingulate cortex). Neuroanatomical research in
macaques indicates that the amygdala and vmPFC are densely and bi-directionally
interconnected (Amaral & Price, 1984; Barbas & de Olmos, 1990; Ghashghaei & Barbas,
2002), and rodent research indicates that the medial prefrontal cortex exerts an inhibitory
influence over amygdala activity (Quirk, Likhtik, Pelletier, & Paré, 2003; Vidal-Gonzalez,
Vidal-Gonzalez, Rauch, & Quirk, 2006). Prefrontal inhibition of the amygdala has also been
found using structural equation modeling of limbic circuits in humans (Stein et al., 2007).
This circuit appears to play a central role in emotion regulation. For example, human
neuroimaging studies show that medial prefrontal activation correlates positively and
amygdala activation correlates negatively with cognitive emotion regulation (Etkin et al.,
2011; Ochsner et al., 2002) and fear extinction (Milad, Wright, et al., 2007). Deficits in the
ability to regulate emotion and extinguish learned fear are key phenotypic elements of PTSD
(Bradley et al., 2011). Previous neuroimaging studies have found that PTSD is associated
with changes in functional networks centered around the ACC and vmPFC, but these studies
have not probed interactions with the amygdala (Fonzo et al., 2010; Lanius et al., 2010;
Lanius et al., 2004; Milad, Wright, et al., 2007), or found increased functional coupling with
the amygdala (Gilboa et al., 2004; St Jacques et al., 2011). In contrast, we observed for the
first time a decrease in the functional coupling of the amygdala and vmPFC during the
processing of emotional stimuli, a finding that is consistent with non-human research and
the phenotypic pattern of emotion dysregulation in PTSD.
Several factors may explain the discrepancy between the current findings and those of
previous studies. The current study addressed limitations of previous research by including
only non-medicated individuals, and by balancing the PTSD and non-PTSD groups for level
of trauma. Perhaps more importantly, however, the vmPFC area showing decreased
connectivity with the amygdala in PTSD in the current study differed slightly in location
from areas showing increased connectivity in previous studies. We observed that PTSD was
associated with decreased connectivity between the amygdala and a specific subregion of
the vmPFC: the subgenual cingulate cortex, BA 25. Two previous studies observed that
PTSD was associated with increased functional connectivity between the amygdala and
more rostral regions of the vmPFC, in BA 32 (St Jacques et al., 2011) and BA 24 (Gilboa et
al., 2004). Findings from fear conditioning in rodents point to heterogeneity of function
among different subregions of the vmPFC. The infralimbic subregion of rodent vmPFC
J Psychiatr Res. Author manuscript; available in PMC 2014 October 01.
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seems to underlie fear extinction and exerts an inhibitory influence over the amygdala,
whereas the prelimbic subregion underlies fear expression and exerts an excitatory influence
over the amygdala (Milad & Quirk, 2002; Vidal-Gonzalez et al., 2006). The subgenual
cingulate (BA25) is hypothesized to be homologous with rodent infralimbic cortex, whereas
BA 32 and 24 are hypothesized to be homologous with rodent prelimbic cortex (Milad,
Quirk, et al., 2007; Myers-Schulz & Koenigs, 2012; Quirk & Beer, 2006; Slattery,
Neumann, & Cryan, 2011). The current findings may therefore be compatible with previous
findings, such that emotional dysregulation features of PTSD may involve disrupted
connectivity between the amygdala and BA 25, as well as enhanced connectivity between
the amygdala and BA 32 and 24.
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Interestingly, functional connectivity and PTSD symptom severity were associated in a
quadratic, U-shaped curve, such that individuals with the lowest and highest symptom
severity scores showed greatest connectivity between amygdala and subgenual cingulate.
This pattern resulted in an overall group difference with the TC group showing greater
connectivity than PTSD, but within the PTSD group, symptoms and connectivity were
positively correlated. Several interpretations are possible. Highly symptomatic individuals
may recruit greater PFC engagement in order to inhibit overactive amygdala activity.
Alternatively, the direction of connectivity may differ between the two extremes in
symptoms, i.e., among highly symptomatic individuals the amygdala may drive
connectivity, whereas among asymptomatic individuals the PFC may drive connectivity. It
is important to note that the current analyses of functional connectivity indicate only
connectivity strength, indexing the correlation between regional time courses, and do not
allow conclusions regarding directional or causal relations between regions. Future
investigations that include indices of structural connectivity, or the time-course of neural
activation would more clearly elucidate the direction of amygdala – PFC interactions, and
relationships with PTSD symptoms.
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The finding of decreased amygdala-subgenual cingulate connectivity may be of relevance to
PTSD treatment approaches. Among vmPFC subregions, the subgenual cingulate cortex
(BA 25) shares the highest density of projections with the amygdala, and sends more
projections to the amygdala than it receives (Ghashghaei, Hilgetag, & Barbas, 2007). This
region has served as a target for deep-brain stimulation in severe refractory depression,
producing a marked reduction in symptoms and long-term remission (Holtzheimer et al.,
2012; Mayberg et al., 2005). Treatment studies of PTSD indicate symptom improvement
correlated with increased activation of the anterior cingulate, across several treatment
strategies including psychotherapy (Felmingham et al., 2007; Peres et al., 2007), and
pharmacological intervention using SSRIs (Fani et al., 2011; Fernandez et al., 2001; Seedat
et al., 2004). Such findings suggest that plasticity in this region provides a neural substrate
for PTSD symptom improvement. Relatively little research has addressed PTSD treatment
effects on the circuit between the amygdala and vmPFC. Because of the centrality of this
circuit to healthy emotion regulation, therapeutic or pharmacological treatments that
increase structural or functional connectivity between these regions may provide a fruitful
target for intervention.
It is notable that we did not observe the decreased medial prefrontal activation in response to
fearful stimuli that is often observed in studies of PTSD (e.g., Jovanovic et al., 2012). It
appeared that the task did not strongly engage this region. Neither the PTSD nor control
group showed vmPFC activation in response to the fearful relative to neutral stimuli. In
contrast with previous studies that have identified impairments in medial prefrontal
activation (Fani, Jovanovic, et al., 2012; Jovanovic et al., 2012), the current study employed
a passive viewing task, and did not require participants to engage in a behavioral response to
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the fearful or neutral stimuli. Further replication is needed, testing the same hypotheses
using a task that more strongly engages the vmPFC.
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This study included several limitations that must be acknowledged. First, future research
would benefit from the inclusion of a non-traumatized control group, allowing group
comparisons that would account for independent effects of trauma (i.e., PTSD & TC > nontraumatized control), PTSD (PTSD > TC), and resilience (TC > non-traumatized control &
PTSD). In the current study, we were only able to account for effects of PTSD independent
of trauma. Second, PTSD diagnoses were made using the PSS, rather than through a
clinician-administered interview. Future studies would benefit from PTSD diagnosis through
such interviews, and by defining diagnosis criteria and PTSD symptom severity using
independent measures. In addition, although the participants were screened for psychiatric
co-morbidities, only a subset of participants completed a clinician-administered interview
for psychiatric diagnoses. Therefore, potentially co-morbid disorders may have been present.
Third, this study included only female participants; the findings may not generalize to men.
Fourth, the participants viewed stimuli that depicted Caucasian faces, raising the possibility
that social out-group biases may influence neural responses. The primary reason for
selecting this task was that it has been well validated in the literature (e.g., Breiter et al.,
1996; Shin et al., 2005), however, future work should examine neural responses to AfricanAmerican faces. Fifth, the findings may be influenced by the fact that the PTSD group was
less educated than the traumatized control group. This is notable given that lower education
level may be a risk factor for PTSD (Brewin, Andrews, & Valentine, 2000).
In summary, the current findings demonstrate that PTSD is associated with enhanced
amygdala activation and reduced functional connectivity between the amygdala and vmPFC
among civilian women drawn from an all-traumatized population at high risk for PTSD.
This study expands on previous research in that it shows that amygdala reactivity is
positively correlated with hyperarousal symptoms of PTSD on a continuum in addition to
diagnostic categorization. These findings provide support for a model of PTSD in which the
neural substrates supporting healthy emotion regulation are disrupted. Future research
should include investigation of whether amygdala-vmPFC connectivity before a trauma is
predictive of PTSD development, and the effects of current treatment approaches on this
circuit.
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Figure 1. Increased amygdala response to fearful stimuli in PTSD subjects

Increased right amygdala response to fearful stimuli in the posttraumatic stress disorder
(PTSD) group, relative to the traumatized control (TC) group, pcorr < .05. Results are
displayed in neurological orientation on a representative single-subject template brain in
MNI space. Bar graph shows the mean contrast estimate across voxels in the right amygdala
cluster, for the Fear > Neutral contrast, and error bars show standard error of the mean.
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Figure 2. Relationship between amygdala response and trauma or PTSD symptoms
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Correlations between the right amygdala response to fearful stimuli, trauma experience, and
posttraumatic stress disorder (PTSD) symptoms are shown. The right amygdala response
was extracted as the mean of all voxels within the anatomically-defined amygdala ROI, for
the fearful > neutral faces contrast. The right amygdala response correlated only with
hyperarousal symptoms in the PTSD group.
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Figure 3. Differential functional connectivity with amygdala in PTSD vs. Trauma Control

Group differences in functional connectivity with the amygdala, for fearful relative to
neutral images are shown. Clusters showing differences in connectivity with either the left
or right amygdala seed are overlaid on a representative single-subject template brain, pcorr
< .05. Blue-green color scale: significantly decreased connectivity in posttraumatic stress
disorder (PTSD) relative to traumatized control (TC) participants. Red-yellow color scale:
significantly increased connectivity in PTSD relative to TC participants.
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Table 1

Group characteristics.
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Trauma Control (n = 20)

PTSD (n = 20)

M (SD)

M (SD)

41.1 (10.7)

35.7 (12.5)

1.5

6.7 (6.0)

27.1 (7.9)

9.2**

Intrusive

1.6 (2.0)

7.0 (2.7)

7.1**

Avoidance/Numbing

2.4 (2.5)

11.3 (3.7)

9.0**

Hyper-arousal

2.7 (3.0)

8.9 (3.1)

6.5**

5.7 (2.3)

5.7 (2.6)

0.1

t

Demographic Variable
Age
PTSD symptoms (PSS)

# traumas, different types (TEI)
Childhood trauma (CTQ)

NIH-PA Author Manuscript

43.9 (19.3)

45.9 (16.7)

0.3

Emotional abuse

9.0 (3.7)

9.7 (4.3)

0.5

Physical abuse

8.5 (3.5)

7.5 (3.8)

0.9

Sexual abuse

9.5 (6.3)

11.5 (6.6)

1.0

State anxiety (STAI)

30.9 (9.7)

35.0 (11.0)

1.2

Trait anxiety (STAI)

33.2 (8.6)

42.1 (9.6)

3.1**

Years Education

%

%

Mann-Whitney U

<12th grade

5.0

5.3

2.1*

12th grade/high school graduate

25.0

47.4

GED

0.0

5.3

Some college/technical school

35.0

36.8

College/tech school graduate

35.0

5.3

$0–249

20.0

22.2

$250–499

15.0

11.1

$500–999

30.0

38.9

$1000–1999

20.0

16.7

$2000+

15.0

11.1

Monthly income
0.3

*

p < .05
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**

p < .01
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Mid. Temporal G.

R

R

R
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Thalamus

R

Mid. Cingulate G.
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R

Fusiform G.
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24

36

28
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24

28
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−32

L
R

Mid. Frontal G.

−4

16

−32

−40

52

52

16

36

−64

−40

−52
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−40

−20

−32

x

−44

−28
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0

8

−80

−72

−12
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−12

4
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−52

−56

−56

−56

−44

−48

−16
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0

y
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0

−12
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−20

−12

−8

−24

−8

−24
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−20

4

8
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8

−28

−8

−16

z

MNI Coordinates

L

R

Mid. Cingulate G.

Sup. Frontal G.

Sup. Frontal G.

L

R

Mid. Temporal G.

Orbitofrontal Cortex

Orbitofrontal Cortex

R

Globus Pallidus

R

L

Fusiform G.

Temporal Pole

L

R

Calcarine Fissure

Mid. Temporal G.

R

R

Mid. Temporal G.

Sup. Temporal G.

L

L

Putamen

Inf. Temporal G.

L

HEM

Amygdala

PTSD

Region

2.98

3.40

2.65

3.08

3.43

2.54

2.87

2.96

2.86

3.31

3.59

2.79

3.11

3.83

2.87

3.16

3.34

2.79

3.04

3.49

2.72

3.64

4.17

2.69

3.05

3.23

Z*

(LM)
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(LM)

(LM)
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(LM)

34

27

(LM)

(LM)
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(LM)
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40

(LM)

(LM)
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(LM)

(LM)

160

(LM)

(LM)

236

(LM)

(LM)
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Regional activation for fearful relative to neutral faces
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L

Postcentral G.

PTSD < TC
R

R

Sup. Frontal G.
Cerebellum

L

Sup. Frontal G.

R

R

Entorhinal Cortex
Sup. Frontal G.

R

Nucleus Accumbens

Temporal Pole

R

Inf. Occipital G.

PTSD > TC

L
R

Inf. Occipital G.

40

L

60

24

−20

−8

12

12

16

36

36

−36

−40

R

Insula
Cerebellum

36

32

36

R

R

x

R

Putamen

Putamen

Heschl G.

HEM

−24

−76

60

64

64

−12

4

12

−80

−80

−80

−8

4

−16

−36

y

52

−44

20

8

12

−20

−12

−24

−12

−12

−20

−8

4

−4

16

z

3.34

3.21

2.89

4.23

4.34

2.63

2.84

3.25

4.08

4.21

4.27

2.75

2.83

2.84

2.96

Z*
k

26

20

(LM)

(LM)

169

(LM)

(LM)

57

(LM)

(LM)

1430

(LM)

(LM)

37

(LM)

Significant clusters reported for a whole brain height-extent-corrected threshold of p < .05
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Right Amygdala

Left amygdala

TC

Right amygdala

Left amygdala

PTSD

Seed

L
L
L

Mid. Temporal G.

Sup. Frontal G.

Postcentral G.

Inf. Parietal G.

R
R

Orbitofrontal Cortex

R

L

Orbitofrontal Cortex

Orbitofrontal Cortex

G. Rectus

L

L

G. Rectus

L

Med. Frontal G.

L

L

Precentral G.

Precentral G.

L

L

Postcentral G.

Postcentral G.

L

Sup. Parietal G.

L

L

Sup. Parietal G.

L

Orbitofrontal Cortex

L

R

R

Orbitofrontal Cortex

Subgenual Cingulate

Cerebellum

Cerebellum

L

R

Postcentral G.

R

Mid. Temporal G.

L

Inf. Temporal G.

L

Caudate

HEM

Ant. Cingulate

Region

16

12

16

−4

−4

−12

−40

−28

−48

−28

−40

−28

−36

−12

−8

−4

24

28

−44

−36

−20

−12

44

68

−8

−12

x

60

68

48

48

32

−12

−16

−20

−28

−40

−40

−60

−56

20

28

28

−28

−40

−20

−20

−4

−8

0

−32

20

28

y
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−12

−4

−20

−20

56

68

56

48

44
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68
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−28

−12

−20

−28

−28

28

40

68

−32

−28

−24

−4

−4

z

MNI Coordinates

3.19

3.21

3.26

2.81

3.42

2.63

3.05

3.08

2.47

2.94

3.09

4.23

4.33

2.5

3.24

3.34

2.63

2.69

2.58

2.71

3.59

3.67

3.57

3.74

2.77

3.14

Z*

(LM)

(LM)
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(LM)

72

(LM)

(LM)

51

(LM)

45

(LM)
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55

(LM)

(LM)
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(LM)

20

(LM)

21
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26

(LM)
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Functional connectivity with the amygdala for fearful relative to neutral faces
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* No significant clusters
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L

--

R

R
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R

Cerebellum
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Sup. Parietal G.

Region
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0
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−28

x
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36

−8
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−52

−60

y
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4
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−36
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z

2.71

2.72

3.34

3.65

3.24

3.6

Z*

(LM)
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Significant clusters reported for a whole brain height-extent-corrected threshold of p < .05
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