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Abstract

Background: Generalized social anxiety disorder (gSAD) is associated with a heightened neural sensitivity to signals
that convey threat, as evidenced by exaggerated amygdala and/or insula activation when processing face stimuli
that express negative emotions. Less clear in the brain pathophysiology of gSAD are cortical top down control
mechanisms that moderate reactivity in these subcortical emotion processing regions. This study evaluated
amygdala, insula, and anterior cingulate cortex (ACC) activity in gSAD with a novel “Emotional Faces Shifting
Attention Task” (EFSAT), an adaptation of perceptual assessment tasks well-known to elicit amygdala response. In
healthy volunteers, the task has been shown to engage the amygdala when attention is directed to emotional
faces and the ACC when attention is directed to shapes, away from emotional faces.

Methods: During functional MRI, 29 participants with gSAD and 27 healthy controls viewed images comprising a
trio of faces (angry, fear, or happy) alongside a trio of geometric shapes (circles, rectangles, or triangles) within the
same field of view. Participants were instructed to match faces or match shapes, effectively directing attention
towards or away from emotional information, respectively.

Results: Participants with gSAD exhibited greater insula, but not amygdala, activation compared to controls when
attending to emotional faces. In contrast, when attention was directed away from faces, controls exhibited ACC
recruitment, which was not evident in gSAD. Across participants, greater ACC activation was associated with less
insula activation.

Conclusions: Evidence that individuals with gSAD exhibited exaggerated insula reactivity when attending to
emotional faces in EFSAT is consistent with other studies suggesting that the neural basis of gSAD may involve
insula hyper-reactivity. Furthermore, greater ACC response in controls than gSAD when sustained goal-directed
attention is required to shift attention away from social signals, together with a negative relationship between ACC
and bilateral insula activity, indicate the ACC may have served a regulatory role when the focus of attention was
directed to shapes amidst emotional faces.
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Background

Generalized social anxiety disorder (gSAD) is characterized
by extreme fears of potential scrutiny encompassing most
social situations [1,2] and, therefore, can lead to impaired
functioning in educational, occupational, and interpersonal
domains [1,3,4]. Clinical manifestations of gSAD reflect a
heightened threat processing system. These include exces-
sive attention to negative social-signals (e.g., angry, fearful
facial expressions [5]); fear-based physiological responses
(autonomic changes) in anticipation of [6,7], or during [8],
anxiety-evoking situations; and negative predictions about
social events [9].

Thus far, models of the neural pathophysiology of gSAD
have focused on an enhanced threat processing system that
have fundamentally evolved from amygdala-centric ‘func-
tional’ brain activation paradigms. In light of the central
role amygdala plays in mediating fear and threat-related
processing [7,10-12], its response to emotional information
has been a predominant focus in affective neuroscience. As
one example, when coupled with functional neuroima-
ging, perceptual matching tasks are designed to isolate the
influence of emotional face content by contrasting a ma-
tching face condition with a sensorimotor control condi-
tion (i.e., matching shapes) and to robustly elicit amygdala
response in healthy volunteers [13-16]. Building on this
paradigm, studies of gSAD have shown amygdala reactivity
to threat exceeds that of healthy individuals [17,18] and the
extent of this reactivity has been shown to reflect symptom
severity [19].

There is increasing evidence that the neural substrates
of gSAD extend beyond the amygdala. In addition, there is
a growing realization that functional neuroimaging para-
digms should move beyond perceptual assessment tasks
that primarily probe subcortical reactivity in key emotion
processing regions. First, accumulating data point to insula
hyper-reactivity in regard to processing negative emotional
information in gSAD [20-27], and evidence of a corre-
lation between anterior insula (aINS) reactivity to threat-
relevant cues and symptom severity [24] also supports the
notion that exaggerated aINS reactivity underlies anxiety
disorders [28,29]. It has been posited that negative beliefs
are mediated by feeling states, a core function of the aINS
[30,31]. That is, aberrant insula activiation in anxiety is
thought to be driven by sensitivity to aversive interocep-
tive signals and/or inaccurate interpretations of ordinary
changes in bodily state [28,29]. Second, the prefrontal cor-
tex (PFC) has reciprocal connections with the amygdala
[32-34] and aINS [30,35-39], yet less is known about pre-
frontal mechanisms in gSAD. The relative gap in know-
ledge may relate to the interest in aberrant amygdala
activation in anxiety and use of perceptual matching tasks,
which are not well-validated to probe PFC regions.

Several functional neuroimaging tasks exist that are
known to robustly recruit PFC areas by engaging cognitive
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functions such as ‘top down’ attentional control—that is,
the ability to effectively resolve the type of conflict that oc-
curs when cognitive goals compete with salient distractors
for limited processing resources [40-48]. For example, to
reflect the competition for processing resources imposed
by distractors, tasks such as the emotional counting
Stroop [48-50], modified dot probe detection [51,52], and
“faces/houses” [40,53] have in common the rapid and si-
multaneous presentation of non-emotional, task-relevant
stimuli and salient distractors (e.g., 500 ms or less;
[40,51-54]). Studies using such tasks have shown that
anxiety-prone [40,41,55,56] and clinically anxious patients
[49,50,57], including those with gSAD [49], exhibit defi-
ciencies in the recruitment of the anterior cingulate cortex
(ACC) and other emotion regulation areas (e.g., dorsolat-
eral PFC) in the presence of threat distractors. Excessive
attention to threat appears to encompass impoverished
top-down control at least when the window of informa-
tion processing is markedly restricted (i.e., when visual
processing is fast).

Current models propose that there is a balance bet-
ween attending to the task at hand and to the emotional
salience that surround the given task. Resolving emo-
tional conflict must occur in the context that salient
emotional cues not only capture but sustain visual atten-
tion [58]. Consequently, prefrontal areas should engage
during the maintenance of goal-directed attention even
when the window of information processing is extended
to that of direct emotion processing.

In order to capture this balance, we adapted the face
matching task into a relatively slow, easy-to-perform
blocked perceptual matching task known as the “Emo-
tional Faces Shifting Attention Task” (EFSAT), which re-
quires subjects to shift their attention towards and away
from emotional faces. In contrast to the traditional
faces-only and shapes-only images, in EFSAT both image
types were configured to be in the same field of view
(Figure 1). Therefore, the instruction to “Match Shapes”

Match Faces

Figure 1 Schematic of an exemplar Match Faces and Match
Shapes blocks in the Emotional Faces Shifting Attention
Task (EFSAT).
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directed attention away from emotional faces whereas
“Match Faces” directed attention towards emotional
faces. Analogous to traditional perceptual assessment
tasks, each matching trial was presented for 4 sec in
back-to-back blocks. In a recent study [59], we demon-
strated the modification was successful as healthy volun-
teers engaged the amygdala to “Match Faces” and the
rostral ACC to “Match Shapes” indicating the ACC ef-
fectively impeded the processing of task-irrelevant emo-
tional faces presented alongside shapes. Thus, EFSAT
complements traditional attentional control paradigms
shown to recruit PFC areas.

In an effort to assess neural correlates of sustained
attentional control in gSAD, participants performed the
EFSAT during functional MRIL. Our predictions for emo-
tion processing (Match Faces > Match Shapes) were indi-
viduals with gSAD compared to demographically matched
healthy controls (HC) would demonstrate: 1) exaggerated
amygdala and anterior insula reactivity, 2) a positive rela-
tionship between activation in these regions and symptom
severity, and 3) subcortical effects would be most pro-
nounced when the faces constituted social signals of threat
(angry and fear). Regarding attentional control (Match
Shapes > Match Faces), we predicted gSAD compared to
HC would exhibit: 1) reduced ACC activation, and 2) defi-
cient ACC response would be most pronounced in the
presence of distracting threat faces. Lastly, given recipro-
cal subcortical-ACC associations, we hypothesized insula
activation to emotion processing would negatively corre-
late with ACC response during attentional control across
participants.

Methods

Participants

Twenty-seven matched HC were recruited through com-
munity advertisements. The current HC group incorpo-
rates six new participants to the cohort in the previous

Table 1 Group characteristics (Mean + SD)
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EFSAT study involving only healthy volunteers [59],
which previously served as a validation of this novel task
and prompted pursuing the current study and informed
the stated hypotheses. Twenty-nine individuals diag-
nosed with gSAD were identified through community
advertisement and an outpatient psychiatric clinic. Par-
ticipants completed the Structured Clinical Interview for
DSM-IV [60] conducted by a licensed psychologist in
addition to measures of symptoms and negative mood,
such as the Liebowitz Social Anxiety Scale “LSAS” [61]
and Beck Depression Inventory “BDI” [62]. All of the
subjects were free of psychotropic medications except
for two individuals with gSAD who were taking a select-
ive serotonin reuptake inhibitor. None of the partici-
pants with gSAD had a current major depressive episode
or severe depression symptoms (i.e., BDI score of 30
or greater; [62]). Furthermore, none of the participants
with gSAD had recent substance abuse/dependence
(within 6 months of study) or a lifetime history of major
psychiatric illness (e.g., bipolar, psychotic disorder).
All participants were between 18 and 55 years of age,
right-handed, and free of current and past major medical
or neurologic illness, as confirmed by a Board Certified
physician. None of the participants tested positive for
alcohol or illegal substances. GSAD and HC groups
were matched for age (t(54) = 0.02, p =0.99), gender (x2(1,
N =56) = 0.25, p = 0.62), and race/ethnicity (x*(3, N = 56) =
4.54, p=0.21). All participants provided written informed
consent, as approved by the Institutional Review Boards
(ethics committee) of the University of Michigan Medical
School in compliance with the Helsinki Declaration. See
Table 1 for group characteristics.

Emotional faces shifting attention task

During fMRI scanning, participants performed the
EFSAT, which consisted of trials depicting a trio of geo-
metric shapes (circles, rectangles, triangles) presented

gSAD (n=29) HC (n=27) t (df=56) p
Age (years) 249+63 249+59 0.02 0.99
Gender 18 F/11 M 15F/12 M
Race/Ethnicity 6Asa/3AA/2H/18C 3Asa/TAA/0H/23C
Social Anxiety Severity 773+154 78+6.3 21.69 <0.001
State Anxiety Level 429+86 240+£54 9.72 <0.001
Trait Anxiety Level 49.1+£84 266+4.0 12.69 <0.001
Depression Level 120+79 067+1.0 741 <0.001

gSAD, Generalized Social Anxiety Disorder participants.

HC, Healthy Control participants.

F, Female.

M, Male.

Asa, Asian American; AA, African American; H, Hispanic; C, Caucasian.
Social anxiety severity measured with the Liebowitz Social Anxiety Scale.

State and trait anxiety levels measured with the Spielberger State-Trait Anxiety Inventory.

Depression level measured with the Beck Depression Inventory.
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alongside a trio of faces within the same field of view
(Figure 1). During the “Match Faces” condition, partici-
pants had to select from one of two bottom faces (one
emotional vs. one neutral) which matched the emotional
expression of the top target face, whereas in the “Match
Shapes” condition, participants selected from the two
top shapes the one matching the bottom target shape.
The faces were chosen from a validated stimulus set
[63], were presented without repetition, and equally rep-
resented both genders.

The task comprised 36 back-to-back blocks: 18 blocks
of matching shapes interleaved with 18 blocks of matching
emotional faces, counterbalanced across two runs. Each
target emotional face condition (angry, fear, happy) was
presented in six 20-second blocks; these were presented
pseudo-randomly, without subsequent repetition of in-
dividual faces. Each block began with a 4 second cue to
either “Match Faces” (attend fo faces) or “Match Shapes”
(attend away from faces) followed by the four sequential
matching trials, each lasting 4 seconds. Participant res-
ponses were recorded via button press.

Functional imaging: acquisition and analysis

Functional imaging was performed with blood-oxygen-
level-dependent (BOLD) sensitive whole-brain fMRI on a
3.0 Tesla GE Signa System (General Electric; Milwaukee,
WI) using a standard radio frequency coil. Images were
acquired with 30 axial, 5-mm-thick slices using a standard
T2*-sensitive gradient echo reverse spiral acquisition se-
quence (2 s repetition time; 25 ms echo time; 64 x 64
matrix; 24 cm field of view; flip angle 77° 3.75 x 3.75 x
5 mm final voxel size). A high-resolution, T1-weighted
volumetric anatomical scan was also acquired for ana-
tomical localization. Data from all participants met the
criteria for quality with minimal motion correction (move-
ments were less than 2 mm in any one direction across
each functional run) and the first 4 volumes from each
run were discarded to allow for T1 equilibration effects.
Conventional preprocessing steps were used in Statistical
Parametric Mapping (SPM8) software package (Wellcome
Trust Centre for Neuroimaging, London www. filion.ucl
ac.uk/spm). Briefly, images were temporally corrected to
account for differences in slice time collection, spatially
realigned to the first image of the first run, normalized to
a Montreal Neurological Institute (MNI) template, and
smoothed with an 8 mm isotropic Gaussian kernel.

A general linear model was applied to the time series,
convolved with the canonical hemodynamic response
function and with a 128 s high-pass filter. Blocks of
Match Faces (shapes in ‘background’) and Match Shapes
(faces in ‘background’) were modeled separately based
on the target emotion or shape (angry, fearful, or happy
/ circle, square, or triangle) resulting in six regressors,
the effects of which were estimated for each voxel for
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each participant and taken to the second level for ran-
dom effects analysis.

A region of interest (ROI)-based Analysis of Variance
(ANOVA) was conducted to test our a priori hypoth-
eses—specifically, within the bilateral amygdala, anter-
ior insula, and anterior cingulate cortex (ACC) as
defined by atlas-based anatomical ROIs with Automated
Anatomical Labeling (AAL) toolbox within SPM, in the
context of main effects of Group (gSAD, HC), Emotion
(angry, fear, happy), and Group by Emotion interaction.
Activations were deemed significant at a p-value of
<0.05, corrected for multiple comparisons within the a
priori anatomically-confined ROI (i.e., a small volume
correction [SVC]). For completeness, we also report ac-
tivation clusters outside a priori ROIs at a whole-brain
threshold of p < 0.001 uncorrected with at least 10 con-
tiguous voxels.

To clarify the direction of activation and to examine
correlations, parameter estimates of peak activation (p
weights, arbitrary units [a.u.]) were extracted from
spherical (10-mm diameter) ROIs from each partici-
pant and submitted to post hoc t-tests in the Statistical
Package for the Social Sciences (SPSS) (Chicago, IL
version 18).

Pearson correlational analyses were conducted to
evaluate the predicted positive relationship between
amygdala and/or insula activation with symptom sever-
ity, and the association between subcortical (amygdala,
aINS) activation and ACC response.

Behavioral data were submitted to a 2 (Group: gSAD,
HC) x 3 (Emotion: fear, angry, happy) ANOVA with re-
peated measures for the Emotion factor for Match Faces
and emotional ‘distractor’ for Match Shapes. All signifi-
cant main effects and interactions were followed up with
two-tailed t-tests, p < 0.05.

Results

Behavioral data: match faces

For accuracy, results revealed a main effect of Emotion
[F(2,108) 4.41, p < 0.016] but no main effect of Group or
Emotion x Group interaction (all p,; > 0.05). The main effect
of Emotion showed participants were more accurate at
matching fearful than angry faces (p < 0.007); no differences
were evident for fearful versus happy (p=0.13) or angry
versus happy faces (p=0.12). Similarly, mean reaction
times (RT) for accurate trials showed a main effect of Emo-
tion [F(2,108) 36.0, p < 0.001] but no main effect of Group
or Emotion x Group interaction (all p; > 0.05). The main ef-
fect of Emotion revealed participants were faster at
matching happy than angry faces (p <0.001) and faster at
matching fearful than angry faces (p < 0.001). There was a
non-significant trend for matching fearful faster than happy
faces (p = 0.08). See Table 2 for behavioral descriptives.


http://www.fil.ion.ucl.ac.uk/spm
http://www.fil.ion.ucl.ac.uk/spm

Klumpp et al. Biology of Mood & Anxiety Disorders 2013, 3:7 Page 5 of 9
http://www.biolmoodanxietydisord.com/content/3/1/7

Table 2 Accuracy and reaction times (in milliseconds) for accurate trials (Mean + SD)

Contrast gSAD (n=29) HC (n=27) t (df=56) p
Accuracy

Attend Angry vs. Shapes 856+1138 866+ 109 0.31 0.76
Attend Fear vs. Shapes 92.7+9.1 90.7 £10.1 0.75 046
Attend Happy vs. Shapes 908+ 11.0 86.3+ 14.2 134 0.19
Attend Shapes vs. Angry (distractor) 94.1+81 93.7+80 0.20 0.84
Attend Shapes vs. Fear (distractor) 90.1 + 144 955+76 1.75 0.09
Attend Shapes vs. Happy (distractor) 912+115 934+75 081 042
Reaction Times

Attend Angry vs. Shapes 1479.6 £405.8 14199+ 2195 0.68 0.50
Attend Fear vs. Shapes 13379+3719 1285.7 +2185 0.63 0.53
Attend Happy vs. Shapes 1303.7 £ 3404 1231.0+ 2074 0.96 0.34
Attend Shapes vs. Angry (distractor) 1021.1 £ 2735 9578+ 1224 1.11 027
Attend Shapes vs. Fear (distractor) 9854 + 2399 946.2 + 1444 0.74 047
Attend Shapes vs. Happy (distractor) 9756 +2364 9443+ 157.7 0.58 0.57

Behavioral data: match shapes

Regarding accuracy, there were no main effects for (dis-
tractor) Emotion or Group and no evidence of a (distractor)
Emotion x Group interaction (all p,>0.05). All partici-
pants exhibited similar accuracy when matching shapes
alongside angry, fearful, and happy distractor faces. Re-
sults for RT were analogous as there were no main effects
for (distractor) Emotion or Group and no (distractor) Emo-
tion x Group interaction (all p; > 0.05). Participants showed
comparable RT among each distractor emotion: shapes-
angry, shapes-fearful, and shapes-happy (all p, > 0.05). See
Table 2 for behavioral descriptives.

Functional MRI

An ANOVA revealed a main effect of Group for anterior
insula and ACC (Table 3). Post hoc t-tests showed greater
bilateral anterior insula activity for gSAD versus HC [left
(=32, 22, 8), F-score=12.02, volume=560 mm>
svecorrected p <0.01; right (32, 26, 4), F-score=8.03,
volume =440 mm?, y.corrected p < 0.03] when attending
to emotional faces (vs. shapes) (Figure 2). Conversely,
gSAD showed less activation in left rostral ACC (rACC)
compared to HC [(-6, 30, -6), F-score = 6.72, volume =
368 mm?>, y.corrected p < 0.05] when attending to shapes
(vs. emotional faces) (Figure 3). The main effect of Emo-
tion and the Group x Emotion interaction were non-
significant in a priori regions.

Correlational analyses

Extent of anterior insula (aINS) reactivity in gSAD
corresponded with the intensity of social anxiety symp-
toms (LSAS-total score) though significance was evident
in the left aINS (r=0.32, p< 0.04, one-tailed) but not
right aINS (r=0.20, p = 0.1, one-tailed). No correlations

emerged for aINS reactivity and general anxiety (ie.,
trait anxiety; [64] or depression level [62] (all p, > 0.05)
in the gSAD group.

We observed a negative relationship between both left
aINS and rostral ACC (r=-0.35, p < 0.009, two-tailed)
and right aINS and rostral ACC (r=-0.45, p<0.001,
two-tailed) (Figure 4). Of note, these correlations
remained significant even after the removal of the HC
and gSAD outliers.

Table 3 Whole-brain voxel-wise analysis of variance

Region MNI Coordinates  Volume F statistic
Main Effect of Group
Anterior insula -32 22 8 560 12.02
32 26 4 440 8.03
Anterior cingulate cortex -6 30 -6 368 6.72
Middle occipital gyrus -30 98 -4 104 16.03
28 -86 4 248 1344
Supramarginal gyrus -64 -42 32 224 14.15
Supplementary motor area 8 -16 52 128 1243
Main Effect of Emotion
Hippocampus -34 -4 -12 104 9.30
Inferior frontal operculum -36 10 26 112 873
Group x Emotion Interaction
Superior frontal gyrus -18 32 54 1080 12.01
Caudate 16 -16 24 184 991
22 0 24 152 8.72
Middle frontal gyrus 40 -2 62 104 848

A priori areas within the atlas-based anatomical regions of interest are shown
in bold.
MNI, Montreal Neurological Institute.
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Figure 2 A priori region of interest: Anterior insula. A) Voxel-wise main effect of group for the contrast Match Faces > Match Shapes, along
with Match Angry > Match Shapes, Match Fear > Match Shapes, and Match Happy > Match Shapes, showing bilateral anterior insula (alNS)
displayed on statistical F-map at p < 0.05; cluster size >10 contiguous voxels (family-wise error corrected for multiple comparisons across small

volumes of interest). Color scale reflects F-score. B) Bar graphs depicting extracted parameter estimates of activation from the aINS ROl within
each group showing Generalized Social Anxiety Disorder exhibited greater bilateral anterior insula activation than Healthy Controls (p < 0.05).
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Discussion

In this functional MRI study, we examined amygdala,
anterior insula (aINS), and anterior cingulate cortex
(ACC) activation in patients with generalized social anx-
iety disorder (gSAD) and demographically matched
healthy controls (HC) with a novel “Emotional Faces
Shifting Attention Task” (EFSAT). The paradigm is an
adaptation of widely used emotional faces matching
tasks known to evoke exaggerated amygdala and/or in-
sula reactivity in gSAD [17,18]. By spatially combining
the traditionally separate faces-only and shapes-only
image trials into one trial within one field of view, atten-
tion was modulated by having it directed towards or
away from emotional faces in order to complete the
matching task.

The primary objective in this study was to evaluate at-
tentional modulation with EFSAT in patients with gSAD.
When attending to emotional content (Match Faces >
Match Shapes), we hypothesized individuals with gSAD
relative to HC would exhibit exaggerated amygdala and
aINS reactivity particularly to threat expressions (angry,
fearful). Our prediction was partially supported. Though
no group effects emerged for amygdala, participants with
gSAD compared to HC showed bilateral aINS hyper-
reactivity when attending to faces, regardless of emo-
tional valence. We also expected a positive correlation
between subcortical reactivity and symptom intensity in
gSAD. In support, greater left aINS reactivity to emo-
tional faces corresponded with greater symptom severity
in gSAD but not with general anxiety or depression

>
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Figure 3 A priori region of interest: Anterior cingulate cortex. A) Voxel-wise main effect of group for the contrast Match Shapes > Match Faces,
along with Match Shapes (Angry distractor) > Match Angry, Match Shapes (Fear distractor) > Match Fear, and Match Shapes (Happy distractor) > Match
Happy, showing anterior cingulate cortex (ACC) displayed on statistical F-map at p < 0.05; cluster size >10 contiguous voxels (family-wise error
corrected for multiple comparisons across small volumes of interest). Color scale reflects F-score. B) Bar graphs depicting extracted parameter estimates
of activation from the ACC ROI activation within each group showing Healthy Controls exhibited ACC activation, whereas, Generalized Social Anxiety
Disorder showed no ‘activation'.




Klumpp et al. Biology of Mood & Anxiety Disorders 2013, 3:7
http://www.biolmoodanxietydisord.com/content/3/1/7

Page 7 of 9

>

4,00

° EHC
WoSAD

200

=200 ~ )

BOLD Response [a.u.]: ACC Shapes > Faces

T T T T T T T
-1.50 -1.00 -0.50 0.00 050 1.00 150

BOLD Response [a.u.]: Right aINS: Faces > Shapes

Controls are coded in green.

Figure 4 Correlation between extent of activation from the anterior cingulate cortex (ACC) ROl and extent of activation in A) right
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level; however, results were weak (i.e., only revealed with
one-tailed t-test). Nevertheless, overall findings substan-
tiate the proposal that interoception, a function of aINS
that aids in bringing bodily state to awareness [30,31],
underlies anxiety by means of negative beliefs that facili-
tate, or are the result of, exaggerated interoceptive sig-
nals [28,29].

When attending away from emotional faces (Match
Shapes > Match Faces), we hypothesized gSAD relative
to HC would exhibit reduced ACC engagement and that
deficient ACC response would be most pronounced in
the presence of distracting threat faces. Evidence of en-
hanced rostral ACC in our HC group is consistent with
its role in regulatory control [40,46,65,66]. Specifically,
its recruitment when attention was shifted to shapes in-
dicates it served a gating function in modulating the
processing of face distractors. We did not find evidence
of group effects for dorsal ACC, another region involved
in the inhibition of emotional processing [45,66] sug-
gesting EFSAT may not tap into regulatory regions asso-
ciated with conflict resolution or stimulus appraisal [66].
Again, our hypothesis was partially supported in that
gSAD showed a lack of rostral ACC response; however,
there was no interaction with the emotional valence of
task-irrelevant faces. To our knowledge, the only other
study of implicit attentional control in gSAD comprised
an event-related emotional conflict task, an emotional
counting Stroop paradigm. Results showed patients with
gSAD or generalized anxiety disorder lacked dorsal ACC

recruitment to congruent and incongruent negative
pictures compared to healthy volunteers [49]. Methodo-
logical differences do not premit direct comparison with
our study, however, evidence of deficient ACC activation
during conflict resolution or sustained goal-directed
attention suggests impoverished ACC plays a role in
excessive attention to emotional information in gSAD
and potentially other disorders of emotion dysregulation.

Across participants, we hypothesized a negative rela-
tionship between ACC response during attentional con-
trol and subcortical (amygdala and/or aINS) reactivity to
emotional faces. The prediction was supported, but only
in aINS and not amygdala. In a previous study, we
showed greater aINS reactivity to threat faces in gSAD
than controls, with reduced functional connectivity be-
tween aINS and dorsal ACC activity in gSAD indicating
exaggerated aINS reactivity was due to a deficiency in
‘top down’ control or appraisal [23]. Here, we observe a
negative aINS-ACC relationship across subjects based
on direct and indirect emotion processing, respectively,
along with evidence of enhanced rostral ACC and re-
duced bilateral aINS activation in the HC group.
Given that the ACC is thought to interact with and/
or modulate aINS response to salient signals, we in-
terpret that individuals who exhibit deficient ACC en-
gagement when attentional control is required are
those who are likely to exhibit enhanced aINS reactiv-
ity when their attention is directed towards emotional
stimuli.
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Conclusions

Findings should be considered in the context of several im-
portant limitations. Due to the lack of a baseline (e.g., fixa-
tion) condition, findings cannot be interpreted in relation
to a change from a non-cognitive and non-emotional task.
The lack of ‘neutral’ target expressions does not permit
dissociation between face and emotion-processing influ-
ences. Additionally, the paradigm failed to elicit differential
amygdala response between gSAD and controls and insula
hyper-reactivity in gSAD was not specific to threat. To-
gether, the task may, in these aspects, not be as sensitive as
traditional perceptual matching paradigms. Interestingly,
subjects with gSAD have been shown to judge happy faces
as less approachable than controls [67]. Although we did
not measure potential interpretation bias, we cannot rule
out the possibility that insula activation in gSAD involved
a less positive judgment of happy faces. Lastly, the gSAD
group exhibited greater levels of depression and general
anxiety (i.e, trait anxiety) than controls; therefore, we can-
not rule out potential influences of depression and general
anxiety on results.

Despite limitations, these findings suggest a simple, vol-
itional shift in attention to and away from emotional faces
differentiates patients with gSAD from healthy controls in
terms of engagement of regions integral to emotion pro-
cessing and attentional control. During direct and indirect
processing of emotional faces, gSAD patients exhibit exag-
gerated insula reactivity and deficient ACC recruitment,
respectively, and different valences, both positive and
negative, of socio-emotional information.
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