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Background: Functional brain imaging studies have demonstrated amygdala and insula hyper-reactivity to probes of social threat in par-
ticipants with generalized social anxiety disorder (JSAD). The amygdala and insula are known to serve broad functions in emotional pro-
cessing, including integration of affective information. However, few studies have examined brain responses in socially anxious partici-
pants during general emotional processing. We examined brain response to emotionally evocative images in patients with gSAD and
matched healthy controls. Methods: Eleven patients with gSAD who were not taking psychotropic medications and did not have psychi-
atric comorbidities and 11 matched healthy controls underwent functional magnetic resonance imaging while viewing blocks of emotion-
ally salient (positive, negative, neutral) pictures. Results: Participants with gSAD exhibited enhanced bilateral amygdala and insula reac-
tivity to negative (v. neutral) images compared with healthy controls who did not exhibit enhanced reactivity. Within the gSAD group, the
extent of amygdala activation was correlated with social anxiety severity, whereas the extent of insula activation was correlated with trait
anxiety. Limitations: The small sample size may have limited our ability to detect group differences in other relevant brain regions and
in behavioural measures. Conclusion: In addition to prior findings of probes of social information processing, our findings suggest that
the amygdala and insula responses are hyper-reactive to general emotional images with negative emotional content and that these brain

regions may play divergent roles in their representation of different phenotypes.

Introduction

Generalized social anxiety disorder (gSAD), also known as so-
cial phobia, is characterized by an exaggerated fear of negative
scrutiny across interpersonal interactions. This exaggerated fear
response may be in part due to excessive attention to negative
stimuli'” and /or deficits in processing positive* or ambiguous*®
interpersonal stimuli. The neural correlates of this fear response
have been extensively investigated by social probes of potential
threat (e.g., harsh faces, public speaking, verbal criticism), "
and a recent meta-analysis of functional neuroimaging studies”
confirmed that heightened activation of the amygdala and
insula is a robust and consistent finding in social phobia. The
amygdala and insula are known to serve broad functions in
emotional processing, including mind-body integration of af-
fective information," and their increased sensitivity to nega-
tive social stimuli has been specifically implicated as a neural
marker of social anxiety severity.*">'®

To date, we are not aware of any studies that have exam-
ined brain responses in socially anxious participants during
general (nonsocial, e.g., not faces or public speaking) emo-
tional processing. We compared brain response to complex
and emotionally evocative images in patients with gSAD and
matched healthy controls. We employed stimuli from the
International Affective Picture System (IAPS), a standardized
set of images known to reliably evoke acute and transient
changes in emotional experience and arousal as well as cen-
tral (e.g., amygdala and insula) indices of emotional reactiv-
ity.”” Specifically, we hypothesized that amygdala and insula
reactivity in patients with gSAD would be exaggerated com-
pared with healthy controls in response to general emotional
probes of negative, but not positive, affect. Although it may
be argued that anxious temperament and nonspecific/
general anxiety have overlapping characteristics, the Spiel-
berger Trait Anxiety Inventory (STAI-trait)" measures anx-
iety proneness as a stable temperamental/personality trait
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(e.g., individual differences in the likelihood that people
would experience state anxiety in a stressful situation in their
lifetimes), whereas the Hamilton Anxiety Rating Scale
(HAM-A)" and Liebowitz Social Anxiety Scale (LSAS)*
measure state transitory levels of current generalized, non-
specific anxiety (e.g., anxiety symptoms over the past week)
and social anxiety, and thus represent divergent constructs.”
Interestingly, in individuals with social anxiety or with high
anxiety proneness, the extent of their amygdala and/or
insula reactivity is positively associated with their levels of
trait anxiety and social anxiety but not with their levels of
nonspecific anxiety.*"* Thus, we further hypothesized that
the magnitude of amygdala and/or insula reactivity would
be associated with the level of symptom severity and/or anx-
ious temperament, but not with nonspecific/general anxiety.

Methods

Participants

We recruited participants with gSAD based on DSM-IV
criteria, as confirmed with the Structured Clinical Interview
for DSM-IV (SCID-IV)* with additional probes from the
clinician-administered LSAS,* from the community by adver-
tisement. In addition to the LSAS, participants with gSAD
also completed questionnaires to measure trait anxiety and
clinical symptomatology measures, including the Speilberger
State-Trait Anxiety Inventory (STAI),” Beck Depression
Inventory (BDI)* and the Hamilton Rating Scales for Depres-
sion (HAM-D)* and Anxiety (HAM-A).” Severity of social
anxiety, trait anxiety and general/nonspecific anxiety were
represented by scores on LSAS, STAI-trait and HAM-A, re-
spectively. We recruited matched healthy controls free of
prior or current medical, neurologic and psychiatric illness,
as confirmed by SCID-IV and medical evaluation by a phys-
ician (K.L.P.). Trained clinicians and a board-certified psych-
iatrist (K.L.P.) performed clincal assessments using SCID-
based DSM-1V criteria and clinical judgment based on direct
patient interviews and review of all symptom ratings scores.
All participants provided written informed consent, and the
local university institutional review board approved our
study.

Experimental task

We presented 60 IAPS images showing any of 3 affect condi-
tions (i.e., negative, positive, neutral) (Box 1) in 20-second
blocks (5 images/block, 2 blocks of each valence/run), alter-
nating with 20-second baseline blocks of blank, greyscale im-
ages (6 blocks/run), over 2 functional runs of 4 minutes each.
We did not repeat images, and we counterbalanced block
order. We selected the negative (i.e., unpleasant/aversive)
and positive (i.e., pleasant) images based on normative
ratings of low and high valence (pleasantness), respectively,
with similar levels of subjective arousal.

Before scanning, we introduced participants to the task
and performed a short practice set containing distinct IAPS
images that we did not later present in the scanner. During

functional magnetic resonance imaging (fMRI) scanning, we
instructed participants to identify the general valence of each
image (i.e., negative, positive or neutral) by button-press as
soon as they were able to judge the image. After scanning,
participants rated each image on a 9-point scale for valence
and arousal (1 = most unpleasant/least arousing; 9 = most
pleasant/most arousing).

MRI acquisition and analysis

We performed all scanning with blood oxygen level-
dependent (BOLD) whole-brain fMRI on a 3.0 T GE Signa

Box 1: International Affective Picture System (IAPS) images* by
category and humber

Category, no.

Neutral Positive Negative
1121 1440 1300
1313 1463 2053
1390 1710 2205
1670 1920 2692
1945 1999 2700
2214 2058 2710
2280 2070 2730
2372 2160 2800
2381 2165 2900
2383 2340 3030
2440 2550 3060
2480 2660 3150
2485 4220 3180
2487 4250 3220
2514 4572 3266
2570 4599 3300
2575 4608 6020
2580 4660 6230
2749 5450 6312
2840 5470 6313
2850 5480 6560
2870 5831 6570
2880 5982 7380
4605 7282 8230
5395 7330 9000
5531 7352 9006
5535 7502 9040
5740 8034 9050
6150 8080 9220
7002 8120 9290
7010 8161 9300
7130 8185 9410
7185 8300 9440
7217 8370 9470
7233 8380 9560
7500 8496 9561
7595 8500 9570
9070 8501 9611
9210 8531 9800
9700 8540 9910

*The mean (and standard deviation [SD]) ratings for valence were 5.0975 (0.464459)
for neutral, 7.4415 (0.504658) for positive and 2.4025 (0.544241) for negative images
and the mean (and SD) ratings for arousal were 3.3985 (0.72151) for neutral, 5.4475
(0.820193) for positive and 5.77225 (0.881207) for negative images.
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System (General Electric) using a standard radiofrequency
coil and associated software (LX 8.3, Neuro-optimized gradi-
ents; General Electric). We acquired whole-brain functional
scans using a T,-weighted reverse spiral gradient-recall echo
sequence (echo time [TE] 25 ms, repetition time [TR] 2000 ms,
64 x 64 matrix, flip angle 77°, field of view [FOV] 24 cm,
3.75 mm? inplane voxels, 30 contiguous 5-mm axial slices per
volume) optimized to minimize susceptibility artifacts in the
regions of interest (ROIs).* We also acquired a high-
resolution T-weighted scan (3-dimensional magnetization
prepared rapid gradient echo, or 3D-MPRAGE; TR 25 ms;
min TE; FOV 24 cm; slice thickness 1.5 mm) for anatomic
localization.

Functional MRI data preprocessing

Data from all participants met the criteria for quality with
minimal motion correction (< 3 mm displacement in any one
direction); we included these data in our analyses. We dis-
carded the first 4 volumes from each run to allow for T, equili-
bration effects. We preprocessed and analyzed the data using
statistical parametric mapping (SPM5; Wellcome Department
of Cognitive Neurology). We spatially realigned the scans to
the first scan in each run to correct for head motion, warped
(nonlinear) to an echo-planar image (EPI) template in Mon-
treal Neurologic Institute (MNI) space, resampled them to
2-mm?3 voxels and smoothed them with an 8-mm? kernel to
maximize signal and minimize residual differences in neuro-
anatomy. We combined the general linear model applied to
the time series with the canonical hemodynamic response
function and with a 128-second high-pass filter.”

Statistical analysis

We performed conventional data processing analyses based
on the general linear model using SPM5 software (Wellcome
Department of Cognitive Neurology). We generated linear
contrasts of interest (negative v. neutral, positive v. neutral)
for each participant, and entered them into a second-level
random effects model and 2-sample Student ¢ tests to exam-
ine between-group differences in brain activation. Within
ROIs defined a priori (i.e., amygdala and insula), we set the
significance threshold at pucomecea < 0.005, with an extent of
greater than 10 contiguous voxels to balance between type I
and type II errors.” Outside the ROIs defined a priori, we set
the threshold at p < 0.05, corrected for multiple comparisons
using a false discovery rate method.” Following analyses, we
identified the location of activation foci using MARINA soft-
ware (www.bion.de/index.php?title=MARINA)* based on
the atlas by Tzourio-Mazoyer and colleagues.” Additionally,
we extracted parameter estimates (i.e., B weights, arbitrary
units), an index of activation signal change, from 10-mm
diameter spherical volumes around the peak voxels within
bilateral insula and the amygdala using MarsBaR (http
:/ /marsbar.sourceforge.net), and we used 2-tailed Student ¢
tests for between-group comparisons and calculated Pearson
correlation coefficients with symptom/trait measures (i.e.,
LSAS, STAI, HAM-A); we set significance at p < 0.05, 2-tailed.

Results
Participants

We enrolled 22 right-handed participants (11 with gSAD
and 11 controls) in our study. The groups did not differ sig-
nificantly in age (mean 27.45, standard deviation [SD] 8.96,
range 19-49 yr in the gSAD group v. mean 30.55, SD 7.69,
range 2149 yr in the control group; p = 0.40) or sex (8 men
and 3 women in the gSAD group v. 6 men and 5 women in
the control group; p = 0.38). We were able to collect data
from the STAIL BDI, HAM-D and HAM-A questionnaires for
all participants with gSAD and 7 of the 11 controls. Mean
(SD) self-report scores on LSAS, STAI, HAM-A, HAM-D and
BDI and between-group comparisons are reported in Table 1.
Of note, none of these 3 scores correlated with one another
within the gSAD or control groups (Pearson correlations, all
p>0.05).

All participants were free of psychoactive medications at
the time of scanning and urine toxicology screens at the time
of scanning were negative for all participants. None had cur-
rent or recent (previous 6 mo) depressive episodes, substance
abuse or a history of autism/pervasive developmental disor-
ders, mental retardation or significant medical or neurologic
illness, as verified by the SCID-IV and a medical history
screening. Two patients with gSAD had concurrent general-
ized anxiety disorder; however, it did not precede the onset
of social anxiety symptoms, nor was it more clinically salient
than gSAD.

Behavioural results

Behavioural results are summarized in Table 2. We observed
no significant group-by-condition interactions across valence
categories; participants with gSAD did not differ from con-
trols on ratings of valence or arousal for negative, positive or
neutral picture conditions. Across participants, there was a
significant main effect of condition for both valence and
arousal ratings. Follow-up Student ¢ tests revealed that, rela-
tive to neutral pictures, negative pictures were rated more

Table 1: Self-report measures and between-group comparisons* for
11 participants with generalized social anxiety disorder and 11 healthy
controls

Group; mean (SD)

Measure gSAD Control t,value Cohen d
LSAS 75.91 (14.87) 13.71 (14.26) 8.791 427
STAl-state 41.73 (11.21) 30.14 (7.49) 2.40% 1.22
STAI-trait 46.09 (10.44) 30.42 (4.72) 3.71§ 1.94
BDI 9.45 (5.72) 2.29 (3.30) 3.008 1.53
HAM-D 4.45 (5.94) 0.86 (1.57) 1.55 0.83
HAM-A 4.00 (3.10) 0.71 (1.11) 2.67% 1.41

BDI = Beck Depression Inventory*; gSAD = generalized social anxiety disorder;
HAM-A = Hamilton Rating Scale for Anxiety"; HAM-D = Hamilton Rating Scale for
Depression®; LSAS = Liebowitz Social Anxiety Scale®; SD = standard deviation;
STAI = State-Trait Anxiety Inventory."

*We performed group comparisons using the Student t test for independent groups.
1p < 0.001.

1p<0.01.

§ p<0.05.

298 J Psychiatry Neurosci 2009;34(4)



Amygdala and insula reactivity in patients with gSAD

unpleasant, and positive pictures were rated more pleasant
on valence; negative and positive pictures were rated to be
equally arousing but more arousing than neutral pictures
(data not shown). There were no significant group differ-
ences in accuracy or reaction time in the in-scanner task.

Functional MRI results in amygdala and insula

Compared with controls, participants with gSAD exhibited
more differential activation to negative (> neutral) images in
the right amygdala, extending into the superior temporal

Table 2: Subjective ratings and group-by-condition analysis of variance for 11 participants with generalized

social anxiety disorder and 11 healthy controls

Group; mean (SD)* Group Condition Interaction
Rating gSAD Control F,,, value F,,, value F, ., value
Valence
Negative 2.45 (0.35) 2.1 (0.64) 2.98 323.15t1 0.74
Positive 6.78 (0.82) 6.84 (0.53)
Neutral 5.25 (0.42) 4.99 (0.39)
Arousal
Negative 6.34 (1.12) 6.35 (1.58) 0.13 44.30t 0.30
Positive 5.46 (1.08) 5.49 (1.32)
Neutral 3.30 (1.30) 2.85 (1.56)
In-scan accuracy, %
Negative 82.3 (20.4) 88.6 (14.0) 0.58 3.94% 1.16
Positive 78.2 (22.6) 73.2 (17.5)
Neutral 66.4 (16.6) 76.4 (16.7)
In-scan reaction time, ms
Negative 1605.97 (351.60) 1519.10 (290.56) 0.99 4.42% 0.97
Positive 1689.97 (289.06) 1482.00 (255.91)
Neutral 1749.57 (374.07) 1694.94 (323.63)
gSAD = generalized social anxiety disorder; SD = standard deviation.
*Unless indicated otherwise.
1p < 0.001.
1p < 0.05.
A B Negative > neutral
25 ¢ gSAD
=-10
Y p<0.05 ® Control
7}
z 20 I I p<0.05
=]
> * I I
® 1.5
= . .
© 1.0
-] M -
1%} *
S o5 73 *0e °
> LS e ¢ :
[ :o * o
9 0 ‘ —— N +.
o
(1) 4
8 -051{ ¢ L 1
°
-1.0 L
Left Left Right
Amygdala
0 5
tvalue

Fig. 1: Bilateral amygdala hyperactivity in response to negative (> neutral) images in participants with generalized social anx-
iety disorder (gSAD). (A) Whole-brain, voxel-wise t-map image of group differences depicting greater activation in the bilat-
eral amygdala in patients with gSAD compared with controls. (B) Scatterplot of signal change (negative > neutral images)
within the left and right amygdala volumes for each participant with gSAD (red) and control (green). The t-map is super-
imposed on coronal sections of a canonical brain image (at y-plane coordinates 4 on the right [R], and —10 on the left [L],

using the Montreal Neurologic Institute atlas).
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gyrus, and the left amygdala, extending into the hippocam-
pus (peak voxel [36,4,-28], Z = 3.84, 544 mm? in the right v.
peak voxel [-26,-10,-14], Z = 2.86, 128 mm?3 in the left; Fig. 1).
Compared with controls, participants with gSAD also exhib-
ited more differential activation to negative (> neutral) images
in bilateral insula, extending into the putamen (peak voxel
[36,-6,4], Z = 2.83, 136 mm?® in the right v. peak voxel [48,8,6],
Z = 2.81, 208 mm? also in the right v. peak voxel [-26,10,6],
Z =2.88, 208 mm? in the left; Fig. 2). The 2 groups did not dif-
fer in amygdala nor insula response to positive (> neutral)
images. Of note, we observed no group differences in the
amygdala or insula in the neutral > blanks contrast. Activa-
tion signal (parameter estimates, mean [SD]) was greater in
the amygdala among participants with gSAD than controls
(0.75 [0.52] v. —0.06 [0.42], t,, = 4.04, p = 0.001, Cohend = 1.71
in the right amygdala and 0.59 [0.57] v. —0.05 [0.51], t,, = 2.77,
p =0.012, Cohen d = 1.18 in the left amygdala). Activation sig-
nal (parameter estimates, mean [SD]) was also greater in the
insula among participants with gSAD than controls (0.45
[0.55] v. —0.13 [0.37], t,, = 2.94, p = 0.008, Cohen d = 1.24 in the
right insula and 0.20 [0.35] v. —0.18 [0.24], t,, = 3.00, p = 0.007,
Cohend = 1.27 in the left insula). Among participants with
gSAD, the magnitude of BOLD response to negative (> neu-
tral) images in the right amygdala was associated with the
intensity of social anxiety symptoms (LSAS,,.; r, = 0.62,
p = 0.042) but not with any other symptom/trait measures;
response in the left amygdala was not correlated with any
symptom measures. There were no significant correlations
between insula activation and any symptom measures at the
p <0.05 level. However, the magnitude of both right and left

insula activation was correlated with trait anxiety measures at
the trend level (r, = 0.55, p = 0.08 in the right insula and
7, =0.55, p = 0.08 in the left insula).

Functional MRI results outside a priori ROIs

Outside of the insula and amygdala, there were no ROIs
that survived correction for multiple comparisons for
gSAD > control or control > gSAD in either negative or posi-
tive (v. neutral) pictures.

Discussion

To our knowledge, ours is the first study to evaluate the
neural correlates of general emotional processing in patients
with gSAD. The present study provided evidence of greater
differential amygdala and insula reactivity in participants
with gSAD, relative to matched controls, in response to im-
ages with negative, but not positive, emotional content.
Moreover, we observed that the magnitude of this reactivity
in the amygdala was associated with severity of social anx-
iety, whereas insula reactivity was associated at a trend level
with trait anxiety. These findings add to the growing litera-
ture implicating the amygdala and insula as key components
to a common neural marker of SAD.

Exaggerated amygdala and insular reactivity to negative
emotional stimuli has also been observed in a number of
prior functional brain imaging studies of harsh (e.g., emo-
tionally negative) faces,”*"""* unpleasant anticipation before
public speaking®? and verbal criticism." Similar to our
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Fig. 2: Bilateral insula hyperactivity in response to negative (> neutral) images in participants with generalized social
anxiety disorder (gSAD). (A) Whole-brain, voxel-wise t-map image of group differences depicting greater activation in
bilateral insula in participants with gSAD compared with controls. (B) Scatterplot of signal change (negative > neutral
images) within the left and right insula volumes for each participant with gSAD (red) and control (green). The t-map is
superimposed on axial sections of a canonical brain image (at z-plane coordinates 6 on the right [R], and 8 on the left

[L], using the Montreal Neurologic Institute atlas).
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results, differences between gSAD and comparison partici-
pants in amygdala and insula response to positively valenced
stimuli (e.g., happy faces, verbal praise) have not been ob-
served”®*" in accord with behavioural models linking social
anxiety and negative (but not positive) bias in socio-
emotional information processing.” It should be noted that
Straube and colleagues® have observed amygdala hyper-
reactivity in participants with SAD to both angry and happy
faces. Our findings extend evidence of enhanced amygdala
and insula sensitivity to general emotional images with gen-
eral negative content (e.g., unpleasant/aversive pictures).
The amygdala and insula are heavily interconnected™ and are
believed to play a concerted role in the regulation of auto-
nomic responses, processing negative affective experiences,
and making social judgments (e.g., trustworthiness, ap-
proachability) from facial expressions of emotion,*'*** mak-
ing them highly plausible neural substrates in the patho-
physiology of generalized social phobia."*"

We found that the magnitude of BOLD response to nega-
tive emotional images in the amygdala among participants
with gSAD was correlated with their levels of social anxiety
severity, but not with anxiety temperament (e.g., trait anx-
iety) or nonspecific (e.g., nonsocial) anxiety symptoms. This
is consistent with a number of prior studies*'*'*'* and sug-
gests that amygdala reactivity may be a useful biomarker
with clinical application; amygdala hyper-reactivity is nor-
malized by and predicts effective treatment of social anx-
iety.”* In addition, insula reactivity was related to levels of
trait anxiety at a trend level but not to social anxiety severity.
This is consistent with prior findings showing that anxiety-
prone (e.g., high-trait anxious) individuals exhibit greater
insular reactivity to emotional faces than anxiety-normative
controls, and their levels of trait anxiety predict the extent of
insula activation.”

Limitations

Our study has limitations worth discussion. Although similar
to prior functional neuroimaging studies of gSAD, our sam-
ple size was small, which may have limitited our ability to
detect group differences in other brain regions or in subject-
ive ratings (e.g., type Il error). We were unable to directly test
for differences between groups on processes that may have
contributed to the observed results (e.g., IQ, habituation to
images) because of the study design. This is an important
issue that will need to be addressed in future studies. Addi-
tionally, our controls did not show amygdala activity in re-
sponse to negative images relative to neutral images, similar
to results of some”** but not all prior studies.”* Several fac-
tors may contribute to the inconsistency of these findings.
Prior evidence of amygdala response to negative images in
controls was generated from contrasts with nonimages*'*
and involved passive viewing of images* or implicit process-
ing of negative images,”* whereas the task in our study in-
volved explicit cognitive appraisal/labelling of the emotional
content, which may have diminished amygdala reactivity to
unpleasant pictures in healthy controls.* Moreover, a num-
ber of studies, including some conducted in our laboratory,

have shown that the amygdala is activated when vieweing
neutral pictures”” and thereby diminishes the activation dif-
ference observable in the negative versus neutral contrast.””
Despite limitations, our data suggest that the amygdala
and insula may be key brain regions in the common final
pathway in the neuropathogenesis of SAD, but that they may
play divergent roles in their representation of phenotypic
markers. It may be that amygdala reactivity to probes of neg-
ative emotions or social threat reflects the disease process of
social anxiety rather than a vulnerability marker that in-
creases risk for disease, whereas insula reactivity may be bet-
ter linked to a temperamental risk, or diathesis, toward the
development of social or another anxiety disorder. Therefore,
our findings support the inclusion of the amygdala and
insula as critical components of a brain-based model of SAD.
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