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ABERRANT AMYGDALA–FRONTAL CORTEX

CONNECTIVITY DURING PERCEPTION OF FEARFUL
FACES AND AT REST IN GENERALIZED SOCIAL

ANXIETY DISORDER
Katherine E. Prater M.S.,1 Avinash Hosanagar M.D.,2 Heide Klumpp Ph.D.,3 Mike Angstadt B.S.,2 and

K. Luan Phan, M.D.1,2,3,4∗

Background: Generalized social anxiety disorder (gSAD) is characterized by
exaggerated amygdala reactivity to social signals of threat, but if and how the
amygdala interacts with functionally and anatomically connected prefrontal cor-
tex (PFC) remains largely unknown. Recent evidence points to aberrant amyg-
dala connectivity to medial PFC in gSAD at rest, but it is difficult to attribute
functional relevance without the context of threat processing. Here, we address
this by studying amygdala–frontal cortex connectivity during viewing of fear-
ful faces and at rest in gSAD patients. Methods: Twenty patients with gSAD
and 17 matched healthy controls (HCs) participated in functional magnetic res-
onance imaging of an emotional face matching task and a resting state task.
Functional connectivity and psychophysiological interaction analysis were used
to assess amygdala connectivity. Results: Compared to HCs, gSAD patients ex-
hibited less connectivity between amygdala and the rostral anterior cingulate
cortex (ACC) and dorsolateral prefrontal cortex (DLPFC) while viewing fear-
ful faces. gSAD patients also showed less connectivity between amygdala and
rostral ACC at rest in the absence of fearful faces. DLPFC connectivity was
negatively correlated with LSASFear (where LSAS is Liebowitz Social Anxiety
Scale). Conclusions: Task and rest paradigms provide unique and important
information about discrete and overlapping functional networks. In particular,
amygdala coupling to DLPFC may be a phasic abnormality, emerging only in the
presence of a social predictor of threat, whereas amygdala coupling to the rostral
ACC may reflect both phasic and tonic abnormalities. These findings prompt fur-
ther studies to better delineate intrinsic and externally evoked brain connectivity
in anxiety and depression in relation to amygdala dysfunction. Depression and
Anxiety 30:234–241, 2013. C© 2012 Wiley Periodicals, Inc.
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INTRODUCTION
Generalized social anxiety disorder (gSAD) is a com-
mon psychiatric disorder characterized by excessive and
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pervasive fear of the potential for scrutiny by oth-
ers during social situations.[1, 2] It emerges early, fore-
tells significant psychiatric comorbidity, and leads to
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substantial occupational and social impairment.[2] The
disorder is thought to manifest from an underlying at-
tention and memory bias for social signals of threat (e.g.
angry/fearful faces)[3] and an exaggerated fear response
during anticipation [4] and perception of social evaluative
threat.[5]

Prominent in most brain models of gSAD is the
amygdala,[6] which plays a key role in fear responses,[7]

social information processing,[8] and the perception of
salient emotional stimuli.[9] Evidence of a link between
amygdala hyperactivity and symptom severity suggests
it is a core deficit in the pathophysiology of gSAD.[10]

Although less commonly implicated,[11] abnormalities
within the prefrontal cortex (PFC) are hypothesized to
underlie gSAD patients’ failure to effectively modulate
amygdala reactivity, consequently leading to enhanced
anxiety, social threat perception, and/or reticence to en-
gage in social interactions.[12] Consistent with this hy-
pothesis, gSAD patients show atypical reactivity to the
detection of social signals of threat in areas such as the an-
terior cingulate cortex (ACC),[10, 13] and dorsal and ven-
tral medial PFC (mPFC).[14] Given their strong recipro-
cal structural connections with the amygdala,[15] discrete
areas of the PFC are well positioned to play a significant
role in the regulation of fear and emotional responding.
In particular, it has been suggested that engagement of
dorsal PFC may reflect voluntary, conscious appraisal-
regulation functions whereas ventral PFC may reflect
more implicit (less effortful, less conscious) processes of
emotion regulation.[16, 17]

These cognition–emotion interactions suggest a dy-
namic interplay between the PFC and the amygdala.
Recently, advances in neuroimaging analysis techniques
have permitted the examination of amygdala–frontal
networks at rest (“resting-state functional connectiv-
ity” [RS-FC]). In the absence of an overt task to iso-
late cognitive and/or emotional function, assessment
of RS-FC allows the study of disturbance of net-
works at baseline, which may allow for interpretation
of a broader (e.g. more pervasive) deficit leading to
diverse levels of psychopathology. For example, rest-
ing state (RS) studies have shown that gSAD patients
exhibit aberrant patterns of amygdala–ventral mPFC,
amygdala–cingulate, and frontal–frontal cortex connec-
tivity compared to healthy controls’ (HCs) networks
(e.g. [18–20]).

However, beyond recognizing that evidence of dis-
turbed connectivity from amygdala to mPFC/ACC iso-
lated to the RS may relate to an intrinsic brain disor-
ganization or disconnection, it is difficult to interpret
its functional relevance in relation to underlying abnor-
mal perception of social signals of threat and/or anxi-
ety responses in gSAD. Although studies of gSAD using
cognitive–emotional probes have implicated PFC dys-
function, few have directly examined how PFC dysfunc-
tion relates to amygdala reactivity.[21–23] Thus, much rel-
evant to gSAD, a disorder characterized by exaggerated
amygdala reactivity to social evaluative threat, it is im-

portant to analyze both task and RS data together to
better delineate if disturbances in amygdala–frontal net-
works are present only on task (i.e. in the presence of overt
social threat processing), present only at rest (i.e. inde-
pendent of task and in the absence of overt social threat
processing), or present both on task and at rest. Conver-
gent and divergent findings across both data sets would
lead to a more refined and comprehensive brain model of
gSAD. In particular, such approaches may disambiguate
if amygdala–frontal disorganization represents a tonic
(spontaneous, task independent) versus phasic (evoked,
task dependent) phenomena.

Here, we examined the amygdala-frontal functional
connectivity (FC) of 37 participants (20 gSAD patients
and 17 HCs) from whom we collected BOLD signal fluc-
tuations using functional magnetic resonance imaging
(fMRI) during both a task involving social signals of threat
(e.g. fearful faces) and the RS. Based on prior data and
theory, we hypothesized that gSAD patients would ex-
hibit aberrant (less) connectivity between amygdala and
dorsal portions of the PFC (dorsal/rostral ACC, dorsal
mPFC, dorsolateral PFC [DLPFC]), areas implicated
in conscious appraisal-regulatory functions, observable
particularly during the viewing of fearful faces, whereas
aberrant (increased) amygdala connectivity to more ven-
tral portions of PFC (ventral/subgenual ACC, ventral
mPFC, orbitofrontal cortex [OFC]), implicated in expe-
riential functions, would be observed only at rest.

MATERIALS AND METHODS
PARTICIPANTS

Twenty right-handed patients with gSAD and 17 matched HCs
participated in the study. Psychiatric diagnostic classification of par-
ticipants was based on administration of the Structured Clinical In-
terview for DSM-IV (SCID-IV). gSAD participants were additionally
verified to have gSAD based on the clinician-administered Liebowitz
Social Anxiety Scale (LSAS). HCs were required to be free of prior
or current psychiatric disorder. Trained clinicians, including a board-
certified psychiatrist (K.L.P.) conducted all clinical assessments. All
participants provided written informed consent and the study was ap-
proved by the institutional review boards at both the University of
Michigan and the University of Chicago.

Table 1 shows the participants’ demographic and clinical charac-
teristics. Two gSAD patients were on a selective serotonin reuptake
inhibitor with no change in medication or dosage for at least 8 weeks
prior to the scan. All other participants were free of psychoactive med-
ications at the time of scanning and urine toxicology screens were
negative for all participants on scan day. No patients had a major de-
pressive episode or substance abuse within a 6-month period prior to
scanning. Some gSAD patients had psychiatric comorbidity (n = 3 with
current specific phobia, one of whom also had current generalized anx-
iety disorder; n = 1 had current obsessive-compulsive disorder; and n
= 1 with current panic disorder); of note, for all patients, gSAD was
the primary, most clinically salient diagnosis at the time of study entry.

EXPERIMENTAL TASKS
All participants performed both the emotional face matching

task (EFMT) and the RS scan following conventional procedures
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TABLE 1. Participant demographic and clinical
characteristics

Group Mean (SD)
gSAD Control t-value P-value

Age 25.95 (5.39) 25.71 (7.15) 0.12 .907
Gender 9 M / 11 F 7 M / 10 F 0.06a .815
LSAS 79.35 (15.41) 7.94 (7.05) 18.56 <.001
BDI 14.35 (8.33) 0.82 (1.07) 7.19 <.001
STAI-T 46.45 (11.88) 26.00 (3.04) 7.42 <.001

aχ2 analysis.
LSAS, Liebowitz Social Anxiety Scale; BDI, Beck Depression Inven-
tory; STAI-T, Spielberger State-Trait Anxiety Inventory—Trait.

previously described by our and other groups in healthy and gSAD
subjects.[19,24,25] The EFMT, a variant of the task originally de-
scribed by Hariri et al.,[26] is designed to isolate amygdala response
to social signals of threat. In brief, this task involved photographs
from a validated set of face stimuli [27] presented in a block-design
during which participants view a trio of faces and select one of two
faces (bottom) that expressed the same emotion (happy, fearful, or
angry) as the target face (top). The identity of all three faces was al-
ways different, and an equal number of male and female faces were
used in the task. The face-matching task was interspersed with an
identical geometric shape matching task. There were 18 blocks in
the task, three of each of the three emotions, and a correspond-
ing nine blocks of shape matching. Each block lasted 20 s with
five presentations of either faces or shapes per block. The order
of emotion blocks was counterbalanced across participants, however
the task always began with face matching and alternated with shape
matching.

The RS scan is designed to probe intrinsic connectivity patterns
at rest; subjects were instructed to fixate on a crosshair on a blank
gray screen, relax, and let their mind wander without falling asleep for
5 min.

FUNCTIONAL MRI PARAMETERS
Images were acquired on two identical 3.0T GE Signa scanners

using the standard radiofrequency head coil and associated software
(LX 8.3, Neuro-optimized gradients, General Electric, Fairfield CT,
USA). Seven participants (four gSAD, three HCs) were scanned on one
scanner and the remaining participants were scanned on an identical
scanner at a different institution. There was no difference between
image acquisition parameters or processing steps between scanners.
Whole-brain fMRI scans were acquired using a T2-weighted reverse
spiral gradient-recall echo sequence (TR = 2,000 ms, TE = 25 ms,
64 × 64 matrix, flip angle of 77◦, FOV = 240 mm, 3.75 mm2 inplane
voxels) with 30 contiguous 5-mm axial slices per volume.

FUNCTIONAL MRI DATA ANALYSIS
Data were preprocessed and analyzed using Statistical Parametric

Mapping 5 (SPM5; http://www.fil.ion.ucl.ac.uk/spm). The first four
volumes from each task run and the first eight volumes from each
resting run were discarded to allow for T1 equilibration effects. Im-
ages were realigned to correct for motion, corrected for errors in slice
timing, spatially transformed to standard Montreal Neurological In-
stitute space using the echo-planar imaging template provided with
SPM5, resampled every 2 mm using sinc interpolation and smoothed
with an 8-mm full-width–half-maximum Gaussian kernel to decrease
spatial noise prior to statistical analysis. Translational movement in

millimeters (x, y, z) and rotational motion in degrees (pitch, roll, yaw)
was calculated based on the SPM5 parameters for motion correction.
None of the participants had movement greater than 2 mm translation
or 2◦ rotation.

In order to extract signal from a region of interest (ROI) that is
robust, yet unbiased to any one particular emotional expression (fear-
ful face, happy face) or to any one particular group (gSAD, HC), we
used a “functional” localizer ROI approach that also takes into ac-
count anatomical constraints.[28] We defined an amygdala seed de-
rived from the functional activation of the “all faces” versus “all shapes”
task contrast of the second-level general linear model with a thresh-
old of P < .001. Results from the conjunction of task activation from
both groups were confined within the automated anatomical labeling
(AAL)-defined amygdala.[29] The resulting right amygdala ROI “seed”
was 696 mm3 in volume and the left amygdala ROI “seed” was 1,008
mm3 in volume.

To examine amygdala–frontal connectivity to fearful faces, we em-
ployed conventional steps using Psychophysiological Interaction (PPI)
analysis.[30] PPI analysis allows us to isolate the context-dependent
coupling (“PPI-FC”) pattern during the task of perceiving social sig-
nals of threat and comparing two-face stimuli directly allows us to de-
confound nonsalient features that are common to both types of stimuli.
For the PPI analysis, the interaction term of the amygdala seed time
series with the task parameters (fearful versus happy) was the variable
of interest. The time series of the seed itself as well as the task covari-
ate and the six movement parameters were all included as effects of no
interest.

RS-FC was implemented using conventional methods previously
described.[31] Importantly, we used the same right and left amygdala
seeds for both of the two (PPI-FC and RS-FC) connectivity analyses. In
brief, the resting data were first bandpass filtered between frequencies
of .008 to .1 to limit the analysis to RS frequencies of interest.[32] The
seed ROI time series was used as a covariate of interest in a first-level
model for each participant to provide whole-brain correlation values.
The six motion parameters and the global signal were covariates of no
interest.

All second-level analyses for between-group results consisted of
random effects models. For between-group comparisons (two sam-
ples t-test), we set a whole-brain voxel-wise significance threshold
for peak voxel significance at P < .05, cluster-level corrected
for multiple comparisons across the entire brain (cluster vol-
ume > 28,048 mm3, for the PPI-FC analysis; cluster volume >

25,512 mm3 for the RS-FC analysis); these cluster-level thresholds
were calculated using Monte-Carlo simulations (AFNI AlphaSim,
http://afni.nimh.nih.gov/afni/doc/manual/AlphaSim). After multiple
comparison correction, the AAL toolbox for SPM was used to fur-
ther identify the surviving clusters by computing the volume of
each cluster overlapping the anatomical regions defined by the AAL.
Within significant clusters, we searched for those PFC regions a pri-
ori hypothesized to exert group differences in amygdala connectivity
(ACC, mPFC, DLPFC, OFC). Results are given as peak Z-score of
the cluster and volume of each a priori region within those signif-
icant clusters. To clarify group differences, β weights (an estimate
of connectivity strength in arbitrary units) were extracted from 5-
mm–radius spheres surrounding the peak voxel within the a priori
region.

POST HOC CORRELATION ANALYSIS
We conducted post hoc Pearson’s correlations between symptom

severity measures and the connectivity β weights from peak ROIs de-
scribed above. Beta weights were correlated with LSAS total score as
well as the LSASFear and LSASAvoidance subscales. Correlations were
Bonferroni corrected for multiple comparisons leading to a significance
threshold of P < .008.
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RESULTS
BEHAVIORAL RESULTS

Both groups performed the EFMT well, achieving
means of >90% accuracy and reaction time <2,000 ms
on average per trial. Overall, there was no main ef-
fect of group or group × emotion interaction on ac-
curacy (gSAD patients M = 94.99, SE = 0.75; HCs M =
94.88, SE = 0.64) or reaction time (gSAD patients M =
1,471.84, SE = 46.50; HCs M = 1,400.63, SE = 54.17;
all Ps > .05).

FUNCTIONAL MRI RESULTS
Task Activations. The EFMT is designed to detect

between group differences in amygdala activity,[10, 14]

and thus, we restrict our report of activations to be-
tween group results. gSAD patients showed greater right
amygdala activity than HCs in the fearful versus happy
faces contrast (P < .05, cluster extent > 200 voxels).
There were no differences in amygdala activity between
gSAD patients and controls when viewing angry faces
versus happy faces even at this low threshold, thus we
restricted our subsequent connectivity analysis to fear-
ful versus happy faces. There were no group differences
in activation seen in the ACC; however, gSAD patients
did show greater activity than HCs in DLPFC regions
(P < .05, cluster extent > 1,000; Table S1).

Connectivity. We report and discuss here group
differences in amygdala connectivity to discrete frontal
brain areas for which we had an a priori hypothesis,
namely within the ACC, mPFC, OFC, and DLPFC
(Table 2). We display the findings as (1) between-groups
whole-brain voxel-wise t-maps; and (2) mean (SEM) ex-
tracted β weights for each group to clarify the within-
group connectivity driving the group differences (Fig. 1).
Of note, using scanner as a covariate of no interest to re-
move any potential confound in the data made no change
to the results described. For connectivity findings out-
side of our hypothesized frontal regions see Tables S2
and S3.

Fearful versus Happy Face Connectivity (PPI-
FC). From both the left and right amygdala, within
the medial frontal wall, gSAD patients exhibited less
connectivity to rostral ACC during viewing of fearful
minus happy faces than HCs (Fig. 1, Table 2). From
both the left and right amygdala, at the lateral prefrontal
wall, gSAD patients exhibited less connectivity to bilat-
eral DLPFC during viewing of fearful minus happy faces
than HCs (Fig. 1, Table 2). In contrast, we did not ob-
serve any a priori areas in the medial or lateral PFC
that showed greater connectivity to either left or right
amygdala in the gSAD group compared to HCs. We did
not observe group differences in amygdala connectivity
to mPFC or OFC during perception of fearful (versus
happy) faces.

Rest Connectivity (RS-FC). From both the left
and right amygdala, within the medial frontal wall,
gSAD patients exhibited less connectivity with rostral

ACC than HCs (Fig. 1, Table 2); of note, only the
ACC cluster connected to right amygdala exhibited a
group difference significant for cluster-level correction
for multiple comparisons. We did not observe group
differences in amygdala connectivity with DLPFC,
mPFC, or OFC at rest. In order to eliminate concern
about the global signal regression introducing false
negatives into our results,[33] a RS-FC analysis without
the use of global signal regression was conducted and
yielded similar results (Table S4).

Overlap between RS-FC and PPI-FC. We ex-
plored the overlap between the ACC connectivity find-
ings for both the PPI-FC and the RS-FC using a con-
junction analysis. The connectivity findings showed a
shared volume of 3,456 mm3, indicating that the ACC
cluster showing hypoconnectivity to amygdala during
threat perception overlaps approximately 40% with the
ACC cluster showing hypoconnectivity to amygdala at
rest.

Post Hoc Correlation Analysis. We found that
right amygdala connectivity with right DLPFC in the
PPI-FC analysis was significantly correlated with the
LSASFear subscale symptom measure in gSAD patients
(r = −.595, P = .006). No other connectivity measures
showed significant correlations with LSAS total score,
LSASFear subscale, or LSASAvoidance subscale.

Additional Analysis. In order to account for poten-
tially confounding effects, connectivity analyses (RS-FC
and PPI) were reconducted excluding the gSAD patients
on medications, the gSAD patients with comorbid psy-
chiatric disorders, and the seven participants scanned at
a different institution, all of which yielded similar results.

DISCUSSION
To the best of our knowledge, this is the first study

to directly examine and report amygdala functional con-
nectivity engaged by an emotional/cognitive task and at
rest in the same group of gSAD patients in comparison to
HCs. Using two complementary analyses of functional
connectivity to examine aberrant patterns shared across
tasks, we confirmed our hypothesis that gSAD patients
would exhibit less connectivity between amygdala and
dorsal–rostral areas of the PFC, specifically the ACC
and DLPFC during viewing of fearful minus happy faces.
Interestingly, we also observed less amygdala to rostral
ACC connectivity in gSAD patients at rest. Thus, aber-
rant amygdala-ACC connectivity may exist even at rest
in the absence of a social signal of threat, whereas aber-
rant amygdala-DLPFC connectivity may be revealed
only during social threat perception. Contrary to our hy-
potheses, we did not observe group differences in amyg-
dala connectivity to ventral portions of the PFC at rest.

GROUP DIFFERENCES IN ACTIVITY VERSUS
CONNECTIVITY

Group differences in activity to the EFMT were found
in the amygdala and DLPFC for gSAD patients greater
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TABLE 2. Between group differences in amygdala connectivity to fearful faces and at rest in a priori areas

Cluster Z MNI Coordinate
Scan Region Volume (mm3) x y z

Right amygdala
Threat connectivity 3.46

ACC 649 14 38 22
DLPFC 860 44 46 4

Left amygdala
Threat connectivity 4.44

ACC 82 8 20 22
DLPFC 47 −24 −6 48

Right amygdala
Rest connectivity 3.39

ACC 772 −2 8 24
Left amygdala:a

Rest Connectivity 3.78
ACC 650 −4 34 −6

Cluster-level significance set at P < .05, whole brain corrected for multiple comparisons. Within each significant cluster, Z-score (bold) and
associated a priori region are noted along with Montreal Neurological Institute (MNI) atlas coordinates of peaks. Of note, the volume is specifically
that contained within the anatomically defined a priori region, not the total cluster volume. ACC, anterior cingulate cortex; DLPFC, dorsolateral
prefrontal cortex.
aAlthough this ACC region did not fall within a cluster that survived correction for multiple comparisons (italics), given its similarity in extent and
location to the pattern observed in relation to the right amygdala, we include it here for completeness.

than HCs on the fearful versus happy faces contrast. In-
terestingly, although gSAD patients showed greater ac-
tivity in DLPFC, indicating what initially might have
been interpreted as greater explicit emotion regulation
in the presence of a social signal of threat,[34] connec-
tivity between amygdala and DLPFC was decreased in
gSAD patients as compared to HCs, which has previ-
ously been interpreted as less emotion regulation.[12, 22]

These seemingly conflicting results indicate the impor-
tance of both activation and connectivity analyses, as
activity within a single region may be high, but com-
munication between different brain regions may be in-
terrupted in a given disorder.

Additionally, no activation differences were found in
ACC during the task, whereas significant differences
were found between groups for the connectivity anal-
yses. ACC is known to play an important role in regu-
lating activity within the amygdala,[16, 21] and thus, al-
though activity in this region may not differ, differ-
ences in connectivity between amygdala and ACC in-
dicate dysregulation of the limbic system, which may
underlie the symptamatology of gSAD. Both the find-
ings in DLPFC and ACC underscore the need for both
activation and connectivity analyses in future studies, as
one provides information about individual regions of the
brain, and the other provides information about how
networks may be communicating with each other. Dif-
ferences in one analysis alone may not provide a com-
plete picture of changes in brain function within a given
disorder.

AMYGDALA–FRONTAL CONNECTIVITY
ABNORMALITIES ACROSS FEARFUL FACES AND
AT REST

In gSAD patients, we observed less amygdala con-
nectivity to the frontal cortex that was localized in the
same general rostral ACC area during both fearful mi-
nus happy faces and at rest. More specifically, gSAD pa-
tients demonstrated an inverse pattern of connectivity
to HCs. This finding suggests that aberrant amygdala–
ACC connectivity in gSAD may exist at baseline even in
the absence of any detection of social threat in the en-
vironment, and that the pattern reflects both phasic and
tonic abnormality in this circuit. Rostral ACC is thought
to provide feedback to amygdala by modulating the ex-
tent to which it responds to social evaluative threat and
other salient emotional signals.[21] Failure to recruit ros-
tral ACC in the regulation of a provoked or unprovoked
anxiety state may lead to persistent amygdala activity of-
ten seen in gSAD across a variety of social–emotional
threat-related tasks[11, 14] due to decreased attentional
control and an increased attentional bias for threat.[35]

The decreased connectivity seen across rest and task po-
tentially illustrates the increased vigilance for threaten-
ing information seen in gSAD patients in the absence of
a threat cue (i.e. at rest),[35] and their decreased emo-
tion regulation and increased response to threat when a
threatening cue is present (i.e. during viewing of fearful
faces).[5]

Recently, Hahn et al.[19] also demonstrated reduced
amygdala connectivity to rostral ACC/ventral mPFC
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Figure 1. Top panel shows results from whole-brain voxel-wise statistical t-map of less amygdala connectivity to the rostral ACC and
DLPFC during viewing of fearful faces minus happy faces; bar graphs show extracted measure of connectivity within each group. Bottom
panel shows results from whole-brain voxel-wise statistical t-map of less amygdala connectivity to the rostral ACC during rest; bar graphs
show extracted measure of connectivity within each group. Color scale reflects t-score. GSAD, generalized social anxiety disorder; HC,
healthy control.

in social phobic patients at rest. It should be noted,
however, that using different connectivity analytic ap-
proaches (“effective connectivity” as determined by
Granger causality analysis [GCA] and independent com-
ponent analysis [ICA]), Liao et al.[18, 25] observed in-
creased amygdala to ventral mPFC or ACC connectivity
in subjects with social anxiety disorder during the RS.
Of note, the patient sample in those studies had a lower
mean LSAS score (almost 30 points lower than the cur-
rent cohort), and many of those subjects may not have
the more severe, pervasive, generalized subtype of social
phobia seen in our participant population. Additionally,
as noted by the authors,[25] findings from the ICA or
GCA approaches may be interpreted to reflect global
functional connectivity or directional influence across
all voxels in the brain, whereas findings from a seed-
based connectivity method such as the one employed
here may be interpreted to reflect local undirected func-
tional connectivity. Thus, the differences in aims and
analytic approach to RS data may account for some of
the differences reported between studies.

Nevertheless, our finding here indicates that the
deficit in amygdala–ACC connectivity may be relevant
to a brain model of gSAD involving abnormalities that
both persist at the baseline state and during social signals
of threat. The current finding of group differences is also
consistent with evidence in generalized anxiety disorder
in which decreased connectivity between rostral ACC

and amygdala is associated with a failure of implicit emo-
tion regulation,[36] and with major depressive disorder,
where patients exhibit decreased amygdala to ACC con-
nectivity in response to emotion processing.[37] These
results indicate a possible commonality across anxiety
disorders, and perhaps across both anxiety and depres-
sive disorders. Similar aberrant connectivity patterns at
rest and during task indicate that this differential con-
nectivity between fear-generating (amygdala) and fear-
regulating (rACC) regions may underlie the pervasive
attention, interpretive, and memory bias for threatening
information and persistent negative self-reflection seen
in patients with gSAD.[35]

AMYGDALA–FRONTAL CONNECTIVITY
ABNORMALITIES SPECIFIC TO FEARFUL FACES

In gSAD patients, we observed less amygdala to
DLPFC connectivity during viewing of fearful minus
happy faces but not at rest. Again, gSAD patients show an
inverse pattern of connectivity to HCs. The current find-
ing of reduced connectivity of amygdala with DLPFC
in gSAD patients is similar to the findings of Danti
et al.[22] and Goldin et al.[12] Lateral PFC, known
for its broad role in cognition, is involved in explicit
emotion regulation.[34] Therefore, aberrant connectivity
between amygdala and this region could result in
the maladaptive response of a regulation region when
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(and only when) social signals of threat are present.
This pattern of decreased connectivity with the DLPFC
only during task but not during rest supports the no-
tion of impaired effortful engagement of this area in
gSAD, perhaps leading to their increased responsive-
ness to threat.[5] Interestingly, decreased amygdala and
DLPFC coupling was observed only when gSAD pa-
tients were viewing fearful faces, the increased cogni-
tive resources needed to regulate emotions provoked by
these threatening cues seem to be impaired in gSAD
patients, potentially leading to the increased amygdala
activity seen in multiple studies.[11, 14] This data further
support the role of parallel, complementary analyses of
both PPI-FC and RS-FC and considering brain function
across more than just one task.

AMYGDALA–FRONTAL CONNECTIVITY
ABNORMALITIES AND GSAD
SYMPTOMATOLOGY

A behavioral measure of anxiety quantified by the
LSASFear was negatively correlated with right amyg-
dala connectivity with DLPFC during viewing of fear-
ful faces. These results indicate that as the severity
of the disorder increases, connectivity between amyg-
dala and DLPFC decreases, presumably leading to
increased amygdala activity and decreasing emotion reg-
ulation. This decrease in emotion regulation may un-
derlie gSAD patients’ increased response to threaten-
ing social information.[5] Recently, Liao et al.[18] have
shown a correlation between amygdala connectivity and
the LSASAvoidance subscale during the RS while our find-
ings are specific to during task. Correlations between
symptom measures and connectivity seen in multiple
studies indicates that amygdala connectivity during task
and rest needs to be further studied as a potential tool
for understanding the anxiety symptoms seen in gSAD.

LIMITATIONS AND FUTURE DIRECTIONS
The current findings should be considered in the con-

text of several noteworthy limitations. Two of our gSAD
patients were on medication at the time of study partic-
ipation and additionally five patients had comorbid anx-
iety disorders. Although all analyses for this study were
run excluding these patients and the results remained
the same, the sample size may have introduced the risk
of false negatives. Additionally, the current analysis and
discussion were confined to detection of specific clus-
ters exhibiting group differences that were localized to
areas of the brain that are known to be functionally and
anatomically connected to the amygdala (albeit inclusive
of large regions of medial and lateral PFC), and hence
findings can only be interpreted within the context of
this limited set of a priori regions. The use of a block
fMRI design and a PPI-based connectivity analysis pro-
hibited a more comprehensive examination of effective
connectivity, including exploiting the trial-to-trial tem-
poral dynamics of amygdala activity to ascertain the di-
rectional influence of amygdala on specific PFC regions

and vice versa. Additionally, although the current task
has been validated as a tool for detecting and under-
standing differential amygdala activity between groups,
it focuses on face emotion perception, does not embody
all aspects of emotion processing, and does not require
direct emotional engagement when viewing the faces,
and therefore interpretations of emotion processing in
general or emotion regulation due to the fearful faces are
limited. Future studies are needed to replicate and ex-
tend the current results and to address these important,
unanswered questions.

CONCLUSION
The major contribution of the approach described is

the use of functional connectivity analysis in gSAD and
HCs for both a task involving perception of social threat
and the RS to begin to elucidate the extent to which
amygdala hyper-reactivity in gSAD is due to intrinsic
prefrontal disorganization versus exaggerated activation
in response to external emotionally salient signals. Our
results indicate that task and rest paradigms each provide
unique and important information about brain function
in gSAD patients. Although abnormalities emerged in
lateral PFC regions only in the presence of fearful faces,
those in mPFC regions were evident across the fear-
ful faces and rest states, suggesting that amygdala cou-
pling to DLPFC may be a phasic abnormality whereas
its coupling to the mPFC may reflect both phasic and
tonic abnormalities. Patients with the generalized form
of social anxiety disorder studied here show a constant
attention bias for threatening information;[35] we believe
the dysregulated amygdala connectivity with ACC seen
during both threat perception and task may be related
to this altered attention state both in the presence and
absence of threat-related cues. Dysregulated amygdala
connectivity with DLPFC is seen only during the di-
rect perception of threatening information and may be
related to a decrease in emotion regulation and the in-
crease in response to threatening social information seen
in gSAD,[5] especially as this particular finding was cor-
related with the LSASFear subscale, indicating a potential
relationship with increased intensity of fear symptoms.
These findings prompt further studies to better delineate
the functional relevance of amygdala–frontal networks
and similar approaches that account for task-dependent
and task-independent patterns of intrinsic and externally
evoked brain connectivity in health and disease.
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