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Abstract
Functionally, anxiety serves to increase vigilance towards aversive stimuli and improve the ability
to detect and avoid danger. We have recently shown, for instance, that anxiety increases the ability
to a) detect and b) instigate defensive responses towards aversive and not appetitive face stimuli in
healthy individuals. This is arguably the key adaptive function of anxiety, yet the neural circuitry
underlying this valence-specific effect is unknown. In the present translational study, we sought
evidence for the proposition that dorsomedial regions of the prefrontal (DMPFC) and cingulate
cortex constitute the human homologue of the rodent prelimbic and are thus associated with
increased amygdala responding during this adaptive threat bias in anxiety. To this end, we applied
a novel functional connectivity analysis to healthy subjects (N=20) identifying the emotion of
fearful and happy faces in an fMRI scanner under anxious (threat of unpredictable foot shock) and
non-anxious (safe) conditions. We showed that anxiety significantly increased positive DMPFC-
amygdala connectivity during the processing of fearful faces. This effect was a) valence-specific
(it was not seen for happy faces), b) paralleled by faster behavioral response to fearful faces, and
c) correlated positively with trait anxiety. As such we provide the first experimental support for an
anxiety-mediated, valence-specific, DMPFC-amygdala aversive amplification mechanism in
healthy humans. This may be homologous to the rodent prelimbic-amygdala circuit and may,
given the relationship with trait anxiety, underlie vulnerability to anxiety disorders. This study
thus pinpoints a key neural mechanism in adaptive anxiety and highlights its potential link to
maladaptive anxiety.
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1 Introduction
Anxiety is adaptive; its functional role is to facilitate sensory processing and prompt rapid
activation of defense mechanisms (Baas et al. 2006; Cornwell et al. 2007); especially in
response to threatening stimuli (Blanchard et al. 2011; Davis et al. 2009; Grillon 2008). We
have recently shown, for instance, that threat of shock-induced anxiety selectively increases
a) detection of (Robinson et al. 2011a) and b) psychophysiological defense responses
towards (Grillon and Charney 2011) fearful faces while at the same time having no effect on
detection or response to happy faces. This affective bias can significantly improve survival
chances. For instance, when anxiously walking home at night, this bias might improve the
ability to detect and respond to a mugger waiting in the dark. It is arguable, in fact, that this
bias towards threat is the key adaptive function of anxiety. Yet the neural circuitry
underlying this crucial effect is unknown. The present study thus aims to clarify the
functional connectivity underlying the threat-specific affective bias in anxiety.

Recent research in rodents has highlighted a medial prefrontal cortical (prelimbic)-amygdala
circuit which can increase behavioral responses to threat (Sierra-Mercado et al. 2011). More
specifically, stimulation of the prelimbic region increases, via excitatory top-down neurons,
activity within the amygdala and subsequent behavioral fear responses (Sierra-Mercado et
al. 2011; Vidal-Gonzalez et al. 2006). A human homologue of this top-down aversive
amplification mechanism could thus plausibly drive the selective bias towards fearful faces
in anxiety. Milad et al. have demonstrated, on the basis of regions critical for fear
conditioning in healthy individuals and in PTSD, that dorsal regions of the cingulate and
medial-prefrontal cortex in humans are functionally equivalent to the rodent’s prelimbic
(Milad et al. 2009; Milad et al. 2007). This is consistent with the observation that dorsal
regions of the prefrontal cortex and cingulate show positive connectivity with the amygdala
(Etkin et al. 2011) and with the observation that the same dorsal regions (specifically the
dorsomedial prefrontal cortex; DMPFC) are most consistently activated by induced anxiety
in healthy individuals (Mechias et al. 2010). However, the functional connectivity between
these regions during anxiety and, specifically, their relationship with the adaptive threat bias
is unknown. We thus sought evidence for the proposition that DMPFC-amygdala
connectivity can promote a bias towards threat in anxious, healthy, humans.

We adapted the task used in our prior behavioral and psychophysiological studies for fMRI.
Healthy volunteers identified fearful and happy faces while they experienced anxiety
induced via threat of unpredictable foot-shock. We predicted an enhanced behavioral
response to fearful, but not happy, faces during threat (Robinson et al. 2011a). Moreover, as
stimulation of the prelimbic in rodents underlies an increase in amygdala-mediated aversive
behavior during anxiety, we expected to see positive coupling between the DMPFC
(Mechias et al. 2010; Milad et al. 2007) and the amygdala in a functional connectivity
analysis (Etkin et al. 2011; Vidal-Gonzalez et al. 2006) and, more specifically, increased
positive coupling between the DMPFC and the amygdala during processing of fearful faces
under induced anxiety (Robinson et al. 2011a).

2 Materials and methods
Right-handed volunteers (N=23; 3 subjects were subsequently excluded due to response box
failure; final N=20; 8 females) aged between 18–50 successfully passed a screening
procedure. Physical and mental health of the participants was determined by a physical
examination performed by a physician, a clinical interview conducted by a trained
psychologist using the Structured Clinical Interview for the DSM-IV (First et al. 2002), and
self-report of medication and drug use confirmed by urine toxicology analysis. Exclusion
criteria included: psychotropic drug exposure within 3 weeks, major medical or neurological
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illness; illicit drug use or alcohol abuse within 1 year; lifetime history of alcohol or drug
dependence; psychiatric disorders; current pregnancy or breast feeding; structural brain
abnormalities on MRI; general MRI exclusions. Participants provided informed consent as
approved by the NIMH Combined Neuroscience IRB and were monetarily compensated for
their time. Subjects completed the Spielberger state/trait anxiety questionnaire (Spielberger)
(mean trait 32, mean state 26).

2.1 Task design
A schematic of the paradigm is presented in Figure 1. The task was programmed in eprime
(Psychology Software Tools, Inc,USA). A face stimulus (1000ms) (Ekman and Friesen
1976) was followed by a jittered (2000–4000ms) fixation cross. Subjects identified the
emotion of the face (“happy” or “fearful”) during the stimulus presentation using a response
box (left and right button counterbalanced) with their right hand. Thirty-seconds of fixation
at the start and end of each run served as a baseline for fMRI analysis. Reaction time (RT)
and performance accuracy were analysed in 2(threat,safe)*2(fearful,happy) ANOVAs,
simple effects were Bonferonni adjusted.

2.1.1 Threat procedure—The threat procedure was based upon previous translational
psychophysiology paradigms (Grillon et al. 2008; Grillon et al. 2009) adapted for
neuroimaging (e.g., (Cornwell et al. 2007; Hasler et al. 2010). There were 3 scanning runs.
Each run consisted of 3 alternating (counterbalanced) safe and threat conditions (14 faces
per condition) separated by a 4000–6000ms jitter. The words “You are now safe from
shock” or “You are now at risk of shock” were presented at the start of each condition. A
blue border surrounded safe trials and a red border surrounded threat trials. Prior to the task,
subjects went through a shock work-up procedure to control for individual differences in
shock tolerance. A single unpredictable shock was delivered to the foot (DS7A;
Digitimer,UK) during one of the three threat conditions on each run (3 per subject). Efficacy
of the manipulation was verified at the end of each run by asking subjects to retrospectively
rate how afraid, anxious and happy they felt (on a scale of 1–10) during each condition.

2.2 Functional imaging procedure
A GE Signa HDXT 3-Tesla 940 scanner was used to acquire structural and functional
images. The functional sequence comprised 3 EPI sessions of 255 volume acquisitions: flip
angle 90°; repetition time=2000ms; echo time=30ms; FOV=22×22 cm; slice
thickness=3.5mm; slice spacing 0mm; matrix=64×64 sagittal slices with ASSET to increase
coverage area. The first 10 volumes from each session were discarded to allow for
magnetisation equilibrium prior to acquisition. The structural sequence comprised an
MPRAGE anatomical reference image: flip angle 10°; repetition time=7200ms; echo
time=3000 ms; inversion time=450; FOV=24×24cm; slice thickness=1.0mm; slice
spacing=0mm; matrix=224×224 for spatial coregistration and normalisation.

2.2.1 Image analysis—Images were pre-processed and analyzed using SPM8 (Functional
Imaging Laboratory, Institute of Neurology, UK). Preprocessing consisted of within-subject
realignment, coregistration, segmentation, spatial normalization and spatial smoothing.
Functional scans were coregistered to the MPRAGE structural image, which was processed
using a unified segmentation procedure combining segmentation, bias correction and spatial
normalization; the same normalisation parameters were then used to normalise the EPI
images. Finally the EPI images were smoothed with a Gaussian kernel of 8 mm full-width at
half-maximum. The canonical hemodynamic response function and its temporal derivative
were used as covariates in a general linear model.
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2.2.1.1 Event related analysis: At the first level we built a model for each subject based on
event-related onsets (0 duration) for our variables of interest: 1) fearful faces under
threat[TF]; 2) happy faces under threat[TH]; 3) fearful faces under safe[SF]; and 4) happy
faces under safe[SH]. We also included ‘nuisance’ variables (0 duration): 1) threat block
onset/offset; 2) safe block onset/offset; 3) movement parameters; 4) shock onset. Aside from
these events, the task consisted of jittered fixation periods, including 30s of fixation at the
beginning and end of the task, which constituted the implicit baseline. At the second level,
we entered the activity associated with the 4 variables of interest for each subject into a
2(threat)*2(face) flexible-factorial design. A whole-brain voxel-wise analysis was
performed alongside region-of-interest (ROI) analyses for 1) a sphere with a 5mm radius
around the MNI rDMPFC peak 6,38,38 identified by Mechias et al (2010), 2) the 8mm
ventral prefrontal cortex (vPFC) sphere (±24,34,−12)used by Indovina et al. 2011 and 3) for
the anatomically-defined amygdala (Tzourio-Mazoyer et al. 2002). The Mechias et al. peak
was selected on the basis that it was identified in meta-analysis across multiple instructed
threat studies and thus plausibly more robust, and less subject to bias, than a peak identified
by any one individual study. Following this, to more precisely specify interactions,
standardized betas from the 6, 38, 38 peak identified by Mechias et al (2010) were extracted
for each trial type using a custom script and analyzed in a 2(threat,safe) *2(fear,happy)
ANOVA in SPSS. Simple effects were Bonferonni adjusted.

2.2.1.2 Connectivity analysis: For first level connectivity analysis we extracted, for each
subject, a deconvolved time course averaged across the right amygdala cluster identified
within the anatomical right amygdala ROI in the group event-related analysis (all
trials>baseline). This timecourse was then included in a generalized PPI model alongside a
psychological regressor and a PPI regressor for each of the four variables of interest (as
above) as well as the movement parameters. The resulting PPI connectivity estimates were
then taken into a 2(threat)*2(face) second level flexible-factorial design. Whole brain and
rDMPFC ROI connectivity analysis proceeded as above, with activity representing estimates
of connectivity with the right amygdala cluster. All imaging coordinates are presented as
MNI coordinates.

3 Results
3.1 Manipulation check

Subjects rated themselves as significantly more anxious (F(1,18)=114,p<0.001;6.1vs1.6)
and afraid (F(1,18)=81,p<0.001;5.4vs1.4), and significantly less happy
(F(1,18)=32,p<0.001;3.5vs6.5) during threat of shock relative to safe conditions.

3.2 Behavioral
Consistent with hypotheses, there was a significant condition x valence interaction in RT
(F(1,19)=10.6,p=0.004). Subjects were significantly faster to respond to fearful faces under
threat relative to safe conditions (F(1,19)=14.7,p<0.001), despite no difference in the
response to happy faces across conditions (F(1,19)=0.03,NS). Moreover, this led to a trend
towards a negative bias (faster responses to fearful relative to happy faces) under the threat
condition (F(1,19)=4.1,p=0.058), which was not present under the safe condition
(F(1,19)=1.3,p=0.26; Figure 2A). By contrast, there was no condition x valence interaction
in accuracy data (F(1,19)=0.51,NS), probably due to ceiling effects (mean accuracy
89%,SD8%).
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3.3 Functional Imaging
3.3.1 Event Related
rDMPFC: Whole brain analysis revealed a condition x valence interaction (contrast:[TH-
TF]-[SH-SF]) within the DMPFC (whole brain peak at 8,34,38,p(uncorrected)=0.001;
Figure 2B) as well as dorsalateral PFC and the supramarginal gyrus (Table S1A). A small
volume correction (see methods) around the peak highlighted in the meta analysis (Mechias
et al. 2010) revealed the same (8,34,38), peak (T=3.28,p(FWE voxel-level-
corrected)=0.004).

Extracting data from the Mechias peak (6,38,38) revealed a main effect of threat
F(1,19)=4.6,p=0.044 driven by increased activation during threat relative to safe. Mean RT
(across all trials) correlated with mean hemodynamic activity (across all trials) in the
rDMPFC: faster responses were associated with increased heamodynamic activity (1-tailed
Spearman’s rho;R=−0.42,p=0.03; Figure 2D), indicating a linear relationship between the
rDMPFC and behavior. The significant threat by valence interaction (F(1,19)=8.9,p=0.007)
was, nevertheless, driven by lowest activity during happy faces under safe conditions
(Figure 2C) and so did not explain the behavioral findings.

vPFC: No condition × valence interaction was seen in the vPFC ROI used by Indolova et al
2011, even at the liberal threshold of p<0.003 uncorrected.

Amygdala: Activity was greater across all trials>baseline in the anatomical right amygdala
(peak voxel=24, 2,−12;T=3.68,p(FWE voxel-level corrected)=0.003; Figure 3Ai). There was
also a trend towards increased activity during threat>safe (T=2.56,p(uncorrected)=0.006), a
trend towards a condition x valence interaction (T=2.04,p(uncorrected)=0.022) and a trend
towards increased activity for fearful faces under threat relative to safe
(T=1.72,p(uncorrected)=0.044).

3.3.2 Connectivity
rDMPFC-amygdala: Whole brain flexible factorial analysis of a condition × valence
interaction (contrast:[TF-TH]-[SF-SH]) in connectivity to a right amygdala seed (Figure
3Ai) revealed a significant connectivity difference in, most strongly, the DMPFC and dorsal
anterior cingulate (Table S1B and figure 3Aii: whole brain DMPFC peak at
10,34,40,p(uncorrected)<0.001 and p(FWE cluster-corrected) =0.01). ROI analysis revealed
an adjacent peak at 8,34,40 (T=3.78,p(FWE voxel-level-corrected)=0.001).

Extracted data from the independently selected Mechias peak (6,38,38) revealed positive
coupling during all trials (i.e. as rDMPFC activity increases, so does activity within the
amygdala) and a main effect of threat (F(1,19)=7.2,p=0.015) driven by increased coupling
under threat. Moreover, there was a threat by valence interaction (F(1,19)=10.2,p=0.005;
Figure 3B) driven by increased coupling during fearful faces under threat relative to safe
(F(1,19)=30.0,p<0.001), and no change during the processing of happy faces
(F(1,19)=0.07,NS) thus paralleling the behavioral findings. Moreover, there was a
significant negative correlation between coupling for fearful faces under threat and reaction
time for fearful faces under threat. Thus, the strongest coupling was associated with the
fastest responses (1- tailed Pearson’s; r=−0.4,p=0.04; figure 3D). Coupling and reaction
time did not correlate for any of the other trial types.

vPFC-amygdala: No condition × valence was seen in the vPFC ROI used by Indolova et al
2011, even at the liberal threshold of p<0.003 uncorrected.
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3.3.3 Relationship with trait anxiety—Amygdala-rDMPFC coupling for fear faces
under threat (and no other trial; safe fear, r=0.07; safe happy, r= 0.4; threat happy, r=0.2)
correlated with trait anxiety (2- tailed Spearman’s rho;r=0.5,p=0.03; Figure 3C). Similarly,
there was a significant correlation between trait anxiety and A) the increase in coupling
across conditions for fearful (threat fear minus safe fear; 1-tailed Spearman’s
rho;r=0.4,p=0.04) but not happy faces (r=−0.3); and B) the decrease in reaction time for
fearful (2-tailed Spearman’s rho;r=−0.5,p=0.04) but not happy faces (r=−0.3). Thus, the
more vulnerable an individual is to anxiety, the greater the positive amygdala-rDMPFC
coupling, the greater the anxiety-potentiated coupling and the faster the anxiety-potentiated
speed for fearful faces. There was no correlation between trait anxiety and activity for any
trial type in the regions of interest in the event-related analysis.

4 Discussion
This study sought to outline the neural mechanism underlying the adaptive bias towards
threat in anxiety. Consistent with hypotheses, the dorsomedial prefrontal cortex showed
positive connectivity with the amygdala but, more importantly, anxiety increased this
connectivity as well as the response speed during the identification of fearful faces, while
having no effect on behavior or connectivity during the identification of happy faces. This
therefore provides the first experimental evidence of a valence-specific anxiety-mediated
aversive amplification mechanism in humans which may be the homologue of the rodent
prelimbic-amygdala circuit. Moreover, we demonstrate that the greatest anxiety-potentiated
coupling between these regions is seen in those most vulnerable to anxiety disorders.

4.1 Top-down amplification in the adaptive anxiety threat bias
We have previously shown that anxiety can promote the detection of (Robinson et al.
2011a), and defensive responses towards (Grillon and Charney 2011) fearful face stimuli but
the neural mechanism underlying this key adaptive function of anxiety remained
unidentified. In the present study, we applied a novel functional connectivity approach to
resolving this question and saw a pattern of positive connectivity between dorsomedial
prefrontal cortex and the amygdala which was associated with a behavioral bias towards
threatening stimuli. This pattern is consistent with a recent review of connectivity studies
(across a wide array of different tasks), which, broadly speaking, showed a pattern of
positive connectivity with the amygdala in dorsomedial prefrontal cortex (Etkin et al. 2011)
and, perhaps more importantly, suggests that this region of the brain may perform a
comparable function to the prelimbic region in rodents, which can actively excite the
amygdala and increase fear responding (Sierra-Mercado et al. 2011; Vidal-Gonzalez et al.
2006). Moreover, we showed that this positive connectivity was significantly greater during
the viewing of fearful faces under anxious (relative to non-anxious) conditions, and was
associated with increased speed to identify fearful faces under anxious (relative to non-
anxious) conditions. As such, this anxiety-potentiated coupling may represent the
mechanism by which anxiety adaptively increases vigilance towards threat (Grillon 2008;
Grillon and Charney 2011; Robinson et al. 2011a). That is to say, this pattern of positive
connectivity is consistent with a mechanism of aversive amplification. It is not that the
dorsomedial prefrontal cortex and amygdala are more active during anxious relative to non-
anxious conditions; they are more positively coupled during anxiety. As such, when an
emotional stimulus is relevant to the task being performed, dorsomedial regions of the
prefrontal cortex may amplify amygdala responses. This is broadly consistent with the
DMPFC regions activated when subjects are told to explicitly up-regulate their response to
aversive stimuli (Ochsner and Gross 2005) and suggests that this effect is unique to aversive
responses. Specifically, the same effect was not seen for matched happy face stimuli during
this task arguing against a role in appetitive processing or a general salience effect.
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4.2 Relationship with maladaptive anxiety
A key question is to what extent a mechanism like this may relate to vulnerability to anxiety
disorders. Excessive, unchecked activity within the adaptive process of cell division can lead
to a pathological state of cancer. Along the same lines, the adaptive threat-bias mechanism
outlined in the present paper may, if experienced to excess or chronically, underlie the
maladaptive threat-biases in disorders such as generalized anxiety disorder or post-traumatic
stress disorder. The present data in fact support this proposition. Specifically, anxiety-
potentiated coupling during fearful faces correlated positively with trait anxiety. That is to
say, the more vulnerable an individual is to an anxiety disorder as measured by increased
trait anxiety(Clark and Watson 1991), the more they recruit the putative top-down aversive
amplification mechanism. Indeed a recent study showing hyperactivity within these same
regions in the healthy twins of PTSD sufferers suggests that this may have a genetic basis
(Shin et al. 2011). Thus, if the putative DMPFC-amygdala amplification mechanism is
recruited too readily or chronically, it may lead to sustained attentional bias for threat and an
interpretation of the world as a dangerous place. This may then increase anxiety, further
promote the threat bias, and trigger a full-blown anxiety disorder in vulnerable individuals.
This would then, in turn, explain why, once an individual suffers from an anxiety disorder,
they show increased dorsal prefrontal responses to aversive stimuli alongside increased
amygdala responses (Milad et al. 2009; Mobbs et al. 2010).

4.3 Relationship with top-down inhibition
It is, however, important to acknowledge that many recent accounts of anxiety outline how
increased detection of aversive stimuli can be a result of failed top-down inhibition rather
than excessive amplification. Specifically, in the face of anxious distractors (in, for example,
stroop tasks), individuals with either anxiety disorders or vulnerability to anxiety disorders
fail to ‘top-down’ inhibit responses to aversive distractors (Bishop 2007; Etkin et al. 2011;
Etkin et al. 2010; Mogg et al. 1993). This results in increased ‘attentional capture’ by these
aversive stimuli and a failure to complete the non-emotional primary task (e.g. identification
of word color in stroop tasks) (Bishop 2007). These effects have been linked in translational
research to a failure to extinguish fear responses (Bishop 2007; Milad et al. 2009; Quirk and
Beer 2006) driven by a failure of the infralimbic region–a region directly adjacent to the
prelimbic - to inhibit amygdala responses to aversive stimuli (Milad et al. 2009; Quirk and
Beer 2006). In humans, the functional equivalent of this infralimbic inhibition failure (Etkin
et al. 2010; Indovina et al. 2011; Milad et al. 2009) is thought to be reduced activity in
ventral regions of the prefrontal and cingulate cortex that results in reduced ability of these
cortical regions to inhibit aversive responses in the amygdala (Bishop 2007; Milad et al.
2009; Milad et al. 2006; Quirk and Beer 2006). In the present study we did not see an
inhibitory effect in the ventral prefrontal cortex, which is likely because the present task did
not require the inhibition of any distractor. Subjects were asked to identify (and not inhibit)
fearful and happy faces. If, by contrast, we had asked subjects to identify, say, houses whilst
they were also shown fearful faces, then we would likely have seen reduced inhibition of
these distracting responses to aversive faces in anxiety. To borrow an analogy from the
introduction of this paper, if amplification is necessary to detect a mugger on the street, the
inhibitory mechanism is necessary when a mugger appears on the TV whilst you are trying
to complete your tax return. In the first instance, the mugger is a direct threat which could
get in the way of getting home safely, while in the second instance, the mugger is a non-
threatening distraction from the present task. It is likely that both hyperactivity within a top-
down aversive amplification mechanism and hypoactivity within a top-down aversive
inhibition mechanism may underlie trait vulnerability to anxiety disorders (such a pattern
has, in fact, recently been shown in individuals vulnerable to the recurrence of mood
disorders (Kerestes et al. 2011)), but that the precise effect observed is dependent upon
demands of the task adopted. As an aside, it is worth nothing that these effects in anxiety
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may be distinct from those in depression, in which recent findings show (albeit with a
different reward and punishment reversal-learning paradigm) that an appetitive (and not
aversive) specific deficit may be driven by attenuated activity within frontal-striatal
pathways (Robinson et al. 2011b).

4.4 Limitations
It is important to note that the PPI connectivity analysis we adopted cannot determine
direction of connections (Friston et al. 1997) or the neuronal pathways driving correlations.
It will thus take further research to clarify directionality and circuitry. Moreover, although
there are apparent discrepancies in labels for broadly similar activations across studies, it is
important to recognize that the dorsal medial prefrontal cortex and cingulate are spatially
close and there is substantial overlap across the clusters identified in the present connectivity
findings and the clusters with nominally different peaks in other studies (Bishop 2007; Etkin
et al. 2011; Knight et al. 2004; Mechias et al. 2010; Milad et al. 2007; Mobbs et al. 2009;
Mobbs et al. 2010; Phelps et al. 2004; Shackman et al. 2011) to name but a few). It is thus
possible that these studies all identify the same region and that differences in scanners,
participants and task design drive at least some of the spatial discrepancies. Nevertheless,
future comparison of different paradigms within the same sample, perhaps with higher
resolution fMRI (e.g. 7T), combined with receptor-targeted PET imaging, may allow us to
disentangle regional differences in function.

5 Conclusion
We provide novel functional connectivity evidence for a putative dorsal top-down
amplification mechanism in healthy individuals, whereby increased positive coupling
between the amygdala and DMPFC may drive the adaptive threat bias in anxiety. This
crucial anxiety-mediated, positive coupling-driven, threat bias has never previously been
delineated and provides a translational link to the rodent prelimbic-amygdala circuit.
Moreover, this coupling is stronger in those more vulnerable to anxiety disorders, indicating
that hyperactivity within a putative adaptive mechanism may also contribute to the
maladaptive state of anxiety.
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Highlights

• Anxiety adaptively increases vigilance to aversive stimuli

• We used fMRI to examine emotional face processing during induced anxiety

• Increased dMPFC-amygdala coupling was associated with increased aversive
vigilance

• Correlates with trait anxiety and may thus drive anxiety disorder vulnerability

• May be the human homologue of the rodent prelimbic-amygdala circuit
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Figure 1. Task overview
Subjects (N=20) identified happy and fearful faces under alternating safe (non-anxious) and
threat of shock (anxious) conditions.
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Figure 2. rDMPFC activity and aversive behavior
*=p<0.05
A)Anxiety induced by threat of shock significantly reduces reaction time (RT) to fearful, but
not happy faces
B)rDMPFC shows a threat x valence interaction in activation. Crosshairs point to 6, 38, 38
(Mechias et al. 2010) image presented at P<0.005 uncorrected for display purposes.
C)Breakdown of task effects in rDMPFC fails to explain behavior
D)Collapsed across all trials, greater activity in rDMPFC is associated with reduced reaction
time R=−0.42,p(one tailed)=0.03
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Figure 3. rDMPFC-amygdala coupling and relationship with trait anxiety
*=p<0.05
A)Amygdala is significantly active in all trials>baseline (i; image p(FWE corrected)<0.05)
and shows a threat x valence interaction in connectivity with the rDMPFC (ii; image
p(uncorrected)<0.001; crosshairs point to 6, 38, 38).
B)The positive rDMPFC-amygdala connectivity at 6, 38, 38 is significantly greater during
the processing of fearful faces under anxious relative to non-anxious conditions.
C)The strongest positive coupling between the rDMPFC and the amygdala during the
processing of fearful faces in anxious conditions is seen in those most at risk of anxiety
disorders as measured by Spielberger trait anxiety (r=0.5, p(2-tailed)=0.03).
D)The strongest coupling is also seen during the fastest responses to fearful faces in anxious
conditions (r=−0.4, p(1-tailed)=0.04).
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