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Abstract

Objective—Generalized social phobia (gSP), also known as generalized social anxiety disorder,
is characterized by excessive fear of scrutiny by others and pervasive avoidance of social
interactions. Pathophysiological models of gSP implicate exaggerated reactivity of the amygdala
and insula in response to social evaluative threat, making them plausible targets for treatment.
Although selective serotonin reuptake inhibitor (SSRI) treatment is known to be an effective
treatment, little is known about the mechanism by which these agents exert their anxiolytic effects
at a brain level in gSP.

Method—We acquired functional magnetic resonance imaging (fMRI) data of brain response to
social signals of threat (fearful/angry faces) in twenty-one GSAD patients before and after they
completed 12 weeks of open label treatment with the SSRI sertraline. For comparison, nineteen
healthy control (HC) subjects also underwent two fMRI scans, 12 weeks apart.

Results—Whole-brain voxel-wise analysis of variance revealed significant GroupxTime
interactions in the amygdala and the ventral medial prefrontal cortex (vmPFC). Follow up
analyses showed that treatment in gSP subjects: 1) reduced amygdala reactivity to fearful faces
(which was exaggerated relative to HCs prior to treatment); and 2) enhanced vmPFC activation to
angry faces (which was attenuated relative to HCs prior to treatment). However, these brain
changes were not significantly related to social anxiety symptom improvement.

Conclusions—SSRI treatment response in gSP is associated with changes in a discrete limbic-
paralimbic brain network, representing a neural mechanism by which SSRIs may exert their
actions.
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Introduction

Generalized social phobia (herein ‘gSP’), also known as generalized social anxiety disorder,
is characterized by an exaggerated and pervasive fear and avoidance of scrutiny by others.
Social phobia is very common (1), typically originates prior to adolescence, foretells
significant functional impairment and psychiatric comorbidity including anxiety, mood and
substance use disorders, and does not remit unless adequately treated (2—4). Patients with
gSP exhibit an enhanced bias for social signals that convey threat such as faces of anger,
contempt, and/or fear (5), which may arise from dysfunction of discrete brain regions that
appraise these signals.

A recent meta-analysis revealed that in most studies, gSP patients exhibit exaggerated
reactivity particularly in amygdala and insula to social cues that signal threat or situations
that evoke anxiety (6), regions involved in processing danger signals and generating
negative affective experiences, including fear (7, 8). Given its central role in the
pathophysiology of anxiety disorders (9), the amygdala in particular is thought to be a key
target of anxiolytic interventions (10). Abnormalities in prefrontal areas functionally and
anatomically connected to the amygdala/insula such as the anterior cingulate (ACC) and
medial prefrontal (mPFC) cortices have also been implicated in gSP, albeit less consistently
(11-18). As such, dysfunction of these regions may also serve as plausible targets for
therapeutic intervention in gSP.

Selective-serotonin reuptake-inhibitors (SSRIS) are an evidence-based treatment for gSP (2).
Consistent with other ‘activation’ neuroimaging studies in clinically depressed subjects (19,
20), there is some evidence that effective treatment with anti-anxiety pharmacotherapy
(SSRIs, nefazodone, tiagabine) reduces the heightened amygdala, insula and ACC responses
to social evaluative threat in gSP patients (16, 21-23), while /ncreasing activity in the
ventral mPFC (vmPFC) (14, 16). Interestingly, some evidence suggests that acute
administration of SSRIs appears to down-regulate amygdala hyper-responsivity to threat-
relevant stimuli in healthy participants (24, 25), supporting the effects observed in animal
models (26); however, acute SSRIs have also been shown to up-regulate amygdala reactivity
to emotional faces (27) so the evidence is mixed and could be attributed a number of factors
(e.g., healthy vs. ill, acute vs. subacute vs. chronic; anxiety vs. depression). Findings of
treatment enhancing vmPFC function are of particular interest and relevance as this region
has been implicated in implicit and explicit emotion regulation of anxious states (28, 29).
Besides the studies measuring regional cerebral blood flow using positron emission
tomography (PET) that have highlighted pharmacotherapy effects on brain activity in gSP
(14, 16, 21-23), there is surprisingly little corroborating empirical evidence from studies that
use fMRI to examine if SSRI treatment similarly resolves the amygdala, insula, and/or
medial frontal dysfunction in relation to processing social signals of threat commonly
observed in gSP.

The goal of the present study was to address this gap in evidence. In the context of an open-
label 12 week clinical trial of the SSRI sertraline in gSP patients, we used fMRI coupled
with a validated facial expression (fearful, angry, happy) processing task to examine the
change in amygdala-insula-medial frontal (e.g., ACC, vmPFC) function during perception of
social threat cues before and after SSRI treatment (pre-treatment [PreTx] scan and post-
treatment [PostTx] scan, respectively). For comparison and to control for effects of re-
exposure to threat stimuli with repeated scanning, we enrolled a group on healthy control
(HC) volunteers who were also scanned twice, 12 weeks apart. We predicted that SSRI
pharmacotherapy (PostTx versus PreTx) would ‘normalize’ aberrant brain responses in gSP
subjects observed at baseline — specifically, by attenuating amygdala, insula and ACC and
enhancing vmPFC responses to social signals of threat. Moreover, we hypothesized that
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these changes would parallel clinical response to treatment such that PostTx versus PreTx
change in brain activation would correlate with PostTx versus PreTx change in generalized
social anxiety symptom severity. Although this hypothesis was confined to a prioriareas of
interest (amygdala, insula, ACC, mPFC), we also conducted an exploratory hypothesis to
examine the neural correlates of treatment response (i.e., improvement in social anxiety
symptoms from pre- to post-treatment) across the entire brain.

Twenty-one untreated (e.g., unmedicated and not in psychotherapy) gSP and nineteen
healthy control (HC) volunteers participated in this study. This study was conducted at the
University of Chicago (gSP n=12; HC n=14) and at the University of Michigan (gSP n=9;
HC n=5). Each subject underwent a screening evaluation involving structured clinical
interviews and assessments by trained clinicians and semi-structured medical and
psychiatric interviews with the study psychiatrist (KLP). All subjects were characterized
with the: 1) Structured Clinical Interview for DSM-1V (SCID); 2) Liebowitz Social Anxiety
Scale (LSAS); 3) Hamilton Depression Rating Scale (HAM-D); 4) Hamilton Anxiety Rating
Scale (HAM-A); 5) Beck Depression Inventory (BDI); and 6) Spielberger Trait-State
Anxiety Inventory (STAI). Table 1 details the demographic and clinical characteristics of
the subjects. Additional inclusion/exclusion criteria and subject characteristics can be found
Supplemental Methods. All subjects provided written informed consent, and the study was
approved by both local university hospital institutional review boards.

SSRI Sertraline Treatment

fMRI Task

Treatment consisted of the SSRI sertraline hydrochloride in an open-label, fixed-dosing
design over 12 weeks. Patients were evaluated at weeks 1, 2, 4, 8, and 12 by the study
psychiatrist (KLP) in medication management sessions to assess symptom change and
adverse events, with the target dose of 100mg/day reached after 2 weeks; clinical response
was measured with the Clinical Global Impression-Improvement (CGI-I) scale. Although we
did not measure sertraline blood levels, the study psychiatrist and staff inquired about
missed doses and conducted a pill count to confirm the subject report. No subject in the
study ever missed more than 2 consecutive daily doses over the course of the 12 week study,
and no subject regularly (>3 times) missed the dose. After eight weeks, the dose of sertraline
was increased from 100 to 150mg/day (maximum dose) based on clinical response
according to CGI-I1 scores (if there is no or minimal improvement [CGI-I score>2]). At study
completion, all participants were on stable doses of sertraline for at least 4 weeks before the
post-treatment (PostTx) fMRI scan, which occurred 12 weeks after starting and while on
medication.

Brain activation was assessed using a modified version of the Emotional Face Matching
Task [EFMT] (30), which has been previously validated and described in our
pharmacological fMRI studies in healthy (31) and gSP (32) subjects. This task was designed
to isolate brain (e.g., amygdala, insula) response to signals of threat (angry and fearful faces)
against those that do not convey any perceived threat (happy faces); the contrast of angry/
fearful expression against happy expressions (herein referred to as *AvH’ and ‘FvH’) allows
specificity for the threat signal while matching the non-emotional face element. Also, prior
evidence in our laboratory (12, 13) has specifically shown that gSP subjects would differ in
their limbic-frontal reactivity to threat (angry/fearful) but not non-threat (happy) signals, and
that this “activation’ difference is less evident in healthy controls (33); in other words, in
order to maximize the activation ‘signal’ for the SSRI treatment to target, we chose to

Biol Psychiatry. Author manuscript; available in PMC 2014 February 15.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Phan et al.

Page 4

contrast threatening against happy faces which yields the most robust and consistent finding
of exaggerated amygdala reactivity in gSP based on our (12, 13) and others’ previous work
(6) and given that contrasts between threat against neutral faces or against fixation/shapes
were less powered to detect gSP versus HC differences (12, 13). Moreover, prior work had
also suggested that different face expressions may convey different messages about the
‘source’ of threat (e.g., direct threat from angry faces, indirect threat from fearful faces) and
may differentially engage amygdala, insula, ACC and mPFC (34). Moreover, findings from
prior studies have suggested that patients with gSP exhibit different brain patterns of
response relative to controls depending on processing fearful versus angry faces (35),
including evidence previously reported on this cohort showing the EFMT task effects (18).
Collectively, this evidence prompted us to examine effects of SSRI treatment of brain
responses to angry and fearful faces separately.

In brief, this task involved photographs from a validated set of face stimuli (36) 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 as the target face (top). The target and congruent
probe faces displayed one of three expressions (fearful, angry or happy), and the other
(incongruent) probe face always displayed a neutral/non-emotional expression. The
paradigm consisted of 18 blocks total (9 blocks of matching emotional faces with each target
expression of fearful, angry or happy interleaved with 9 blocks of matching shapes [a non-
specific/"baseline™ condition]). Participants used right handed button press to record
response.

fMRI Data Acquisition

This study was conducted on two separate 3 Tesla GE Signa System (General Electric;
Milwaukee, WI) scanners using the same standard radiofrequency coil — one at the
University of Chicago (gSP n=12; HC n=14) and another the University of Michigan (gSP
n=9; HC n=5). However, all scanning was performed with blood oxygen-level dependent
(BOLD)-sensitive whole-brain fMRI using the same GE software (LX 8.3, Neuro-optimized
gradients) and acquired using the exact same T2*-weighted reverse spiral gradient-recall
echo sequence (echo time=25ms, repetition time=2000ms, 64x64 matrix, flip angle=77°,
field of view=24cm, 3.75mm? inplane voxels, 30 contiguous 5mm axial slices/volume)
optimized to minimize susceptibility artifacts in the regions of interest such as the amygdala.
A high-resolution T1 scan was also acquired for anatomical localization.

fMRI Data Preprocessing

All the participants included in this analysis met inclusion criteria for minimal head
movement (>2mm or >2degrees of displacement) during both scans. The first four volumes
from each run were discarded to allow for T1 equilibration effects. Data were preprocessed
and analyzed using statistical parametric mapping (SPM5; Wellcome Department of
Cognitive Neurology, London; www.fil.ion.ucl.ac.uk/spm). The scans were analyzed using
conventional steps: 1) temporally/slice-time, motion corrected; 2) warped (non-linear) to a
canonical brain in Montreal Neurologic Institute (MNI) space; 3) resampled to 2 mm?3
voxels; 4) smoothed with an 8 mm3 kernel. The time series was processed with: 1) canonical
hemodynamic response function; 2) a 128-second high-pass filter; 3) corrections for serial
correlations (e.g., autoregressive model of the order 1); and 4) global normalization.
Realignment (i.e., movement) parameters were included in the model to correct for motion
artifacts.

Using a box-car model, a priori defined linear contrasts of interest (AvH and FvH) were
generated for each subject, and then entered into a second-level general linear model treating
subject as a random effect (i.e., a random effects analysis). An analysis of variance
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(ANOVA) using Group (gSP, HC) and Time (PreTx/scan 1, PostTx/scan 2) as between- and
within-subjects factors, respectively, was conducted to test for main effect of Group, main
effect of Time, and Group x Time interactions. Significance testing for the a priori
hypothesis that a Group x Time interaction would emerge in the amygdala, insula, ACC
and/or mPFC was set at p<0.05, family-wise-error corrected for multiple comparisons within
these predetermined anatomical regions of interest (ROISs) (37). To clarify significant Group
x Time interactions in these areas, parameter estimates (p weights, arbitrary units [a.u.]) of
brain activation, an index of BOLD signal change from these ROIs was extracted from each
subject and plotted for each group at each scan/time point, followed by independent and
paired ttests. For a whole-brain exploratory analysis to examine effects outside of ROIs, we
set the significance at p<0 .005 (uncorrected) with a cluster extent threshold of greater than
20 contiguous voxels (volume>160mm3) to balance between type | and type Il errors (38),
consistent with prior fMRI studies of gSP (39, 40). Anatomical localization was determined
using stereotaxic atlases using the MNI coordinate system (37). In order to test the
secondary hypothesis that brain activation changes would parallel clinical response to
treatment, a Pearson correlation coefficient analysis was conducted between the extracted
BOLD signal treatment change (ApgsTx-preTx) from significant ROIs and the treatment
change (AposTx-PreTx) iN LSAS social anxiety severity scores; significance set at p<0.05,
with a Bonferroni correction for the number of correlations performed.

To obviate bias towards a limited set of a prioribrain regions, an exploratory whole-brain
voxel-wise analysis was conducted to examine the relationship between changes in social
anxiety symptom severity (LSASApgstx-preTx) @nd changes in brain response
(FVHAPposTx-PreTx: AVHAposTx-preTx) USINg the user-specific regression analysis within
SPM. For this exploratory analysis, we set the significance at p < 0 .005 (uncorrected) with a
cluster extent threshold of greater than 20 contiguous voxels (volume > 160mm3).

Treatment Effects on Social Anxiety Severity

After 12 weeks of sertraline treatment, social anxiety severity, as indexed by the LSAS
score, dropped significantly from a Mean (SD) of 82.29 (13.02) to 44.71 (25.44) (t=7.24, p<
0.001), nearly a 50% reduction and similar to prior SSRI trials in gSP (2). The large effect
size observed here may in part be due to the entry criteria which excluded prior failure of
response to sertraline or another SSRI. At PostTx, two-thirds of the gSP group (14 of 21)
were considered to be ‘Responders’ as rated to be ‘very much improved’ or ‘much
improved’ (CGI-I score of 1 or 2), and 7 of 21 patients had a CGI-1 score of >2 treatment
and considered ‘Non-Responders’.

Behavioral Performance and Treatment Effects

Participants performed the on-line EFMT very well, averaging > 90% correct responses
within two seconds of the trial duration. Repeated-measures analysis of variance for
measures of accuracy and response times showed no significant main effect of Group, main
effect of Time, or Group x Time interactions to any emotion (fearful, angry, happy) (all g5 >
0.05).

fMRI Activation Results

Whole-brain voxel-wise ANOVA revealed a significant Group x Time interaction for left
amygdala reactivity to fearful (vs. happy) faces and for left orbital frontal gyrus/vmPFC
reactivity to angry (vs. happy) faces (Table 2, Figure 1).
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Follow-up analysis within the amygdala ROI revealed that its reactivity to fearful faces is
greater in the gSP group than the healthy control (HC) group at pretreatment (gSPpreTx >
HCscan1, £ < 0.05) and is attenuated by treatment (SPpreTx > 9SPpostTx: £ < 0.05). At
PostTx/Scan 2, the amygdala response to fearful (vs. happy) faces in gSP was no longer
greater than that in HCs. Of note (as shown in Figure 1), within the gSP group, the left
amygdala exhibited a robust activation to fearful faces at the PreTx scan (MNI coordinates,
[-16, -2, —14], Zscore = 3.28, volume = 712mm?3, peorectes < 0.05), which was no longer
evident at PostTx. Also we confirmed that the SSRI effect observed from pre- to post-
treatment was driven by a significant attenuation of amygdala reactivity to fearful faces and
not simply by an enhancement of amygdala reactivity to happy faces (see Supplementary
Figure S1).

Follow-up analysis within the vmPFC ROI revealed that its reactivity to angry faces is
attenuated in the gSP group compared to the HC group at pre-treatment (gSPpre.Tx <
HCgscan 1, < 0.05) and is enhance by treatment (gSPpye-Tx < 9SPpost-Tx, £ < 0.05). At
PostTx/Scan 2, no group differences were observed in vmPFC response (gSPpostTx <
HCscan2, £> 0.1). Of note (as shown in Figure 1), within the gSP group, the vmPFC
exhibited a robust deactivation to angry faces at the PreTx scan ([0, 44, —8], Z-score = 3.22,
volume = 712mm3, peosrected < 0.05), which was no longer evident at PostTx.

In addition, we conducted post hoc analyses to confirm that the observed effects in the
amygdala and vmPFC were not driven by differences between the two sites of data
collection. First, whole-brain voxel-wise comparison between the two scanners did not yield
a significant difference in activation in the amygdala reactivity to fearful faces or vmPFC
response to angry faces. Second, using extracted parameter estimates of activation from the
amygdala and vmPFC ROIs, we conducted a repeated measures ANOVA on Group, Time,
and Site as factors and did not observe significant main effect of Site or interactions with
Site (all pg > 0.1).

Pearson correlational analyses of treatment change (AposTx - preTx) iN LSAS social anxiety
severity scores and BOLD signal treatment change (Apgstx-PreTx) iN @mygdala and in
vmPFC did not yield any significant relationships (0s>0.005, uncorrected). The exploratory
whole-brain voxel-wise regression analysis between social anxiety symptom severity
(LSASApgsTx-PreTx) and brain activation change (FYHAposTx-preTs; AVHAPosTx-PreTx)
showed that decreasing social anxiety was primarily associated with decreases in visual and
parietal cortical areas to angry and fearful faces, and with increases in superior temporal
gyrus response to angry faces and increases in postcentral and mid cingulate gyrus response
to fearful faces (Table 3). This analysis did not reveal that Pre-Tx to Post-Tx change in
LSAS was related to change in amygdala, insula, ACC or mPFC.

Additional results from post hoc analysis separating treatment ‘Responders’ and ‘Non-
Responders’ in amygdala and vmPFC reactivity, correlations between amygdala and vmPFC
reactivity at after treatment, and correlational and regression analysis between change in
brain activity with change in depressive symptoms can be found in the Supplemental
Results.

DISCUSSION

The goal of the present study was to examine the effect of treatment on brain responses to
social signals of threat (angry, fearful faces) in patients with gSP in the context of an open-
label 12 week clinical trial of the SSRI sertraline, an FDA-approved, evidence-based
treatment for gSP (2). As predicted, we observed that SSRI treatment in gSP subjects
reduced left amygdala reactivity to fearful faces, which had been exaggerated relative to
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HCs prior to treatment. Second, we observed that SSRI treatment in gSP subjects enhanced
left vmPFC response to angry faces, which had been attenuated relative to HCs prior to
treatment. However, these brain changes were not directly associated with the extent of
social anxiety symptom improvement.

Interestingly, exaggerated amygdala reactivity to negative emotion processing (e.g., threat /
‘harsh’ faces, symptom provocation, aversive images) has been frequently observed in a
number of prior functional imaging studies in social phobia and other anxiety disorders (6).
Moreover, exaggerated reactivity in the amygdala is consistent with its role in fear
expression (41) making it a most plausible brain target for SSRI intervention in gSP (2).
SSRIs (e.g., citalopram) and other pharmacological interventions (e.g., neurokinin-1
antagonist GR205171) that are effective at reducing social anxiety symptoms have been
shown to reduce amygdala reactivity in patients with gSP (21, 22). Together, these results
support the hypothesis that SSRI medications exert their effects on the extent to which
amygdala responds to threatening stimuli in gSP. However, it should be noted that these
effects on brain activity, particularly amygdala reactivity to emotional faces, may not be
related to clinical change (e.g., social anxiety symptom improvement) given that prior
studies have shown that SSRIs even when administered acutely (one dose) down-regulate
amygdala hyper-responsivity to fearful face stimuli even in healthy volunteers, without
psychiatric illness (24, 25, 42), and observation supported by animal studies (26).
Collectively, these data suggest that SSRIs modify the extent to which the amygdala
responds to social cues that signal danger in the environment (43).

Although prior brain based models of gSP have primarily focused on exaggerated reactivity
of amygdala, the vmPFC has recently gained increased attention in relation to its role in
anxiety psychopathology (28). Amongst prefrontal regions, the vmPFC has been posited to
play a unique role in regulation of emotion (44, 45), particularly in the regulation of
exaggerated anxiety states (28, 29). Here we observed that SSRI treatment enhanced vmPFC
response to angry faces, and that at post-treatment, vmPFC response was negatively
correlated with amygdala reactivity to fearful faces. The vmPFC has been previously shown
to be hypo-active during symptom provocation in gSP (46, 47). Prior imaging studies of gSP
have similarly shown effects on vmPFC following tiagabine and nefazodone treatments (14,
16). Because less is known about vmPFC as a plausible target for treatment, these findings
require replication and further dissection in future studies.

The observation that SSRI treatment attenuates amygdala reactivity to social signals of
threat in gSP is consistent with prior evidence from studies of patients with major
depression, who also show exaggerated amygdala reactivity to negative faces before
treatment (19, 20, 48) suggesting the effects may be common across these disorders. In
studies of depressed subjects, SSRI effects on prefrontal cortex and ACC have also been
reported. For example, SSRI antidepressant treatment has been shown to increase
dorsolateral prefrontal cortex (DLPFC) response to fearful faces (49) in depressed adults and
decreased orbitofrontal frontal and subgenual ACC response to fearful faces in depressed
adolescents (50). Using sad faces as probes, Fu and colleagues showed that symptomatic
improvement following SSRI treatment was associated with a reduction in pregenual ACC
response (48). Although insufficient evidence exists to differentiate SSRI’s brain mechanism
of action in anxiety disorders from that in depression, available data point to a common node
of action in the amygdala in terms of attenuation of exaggerated reactivity, whereas its
effects on ACC reactivity to socio-emotional information may be more related to depression,
consonant with prior evidence of increased resting ACC metabolism at baseline that is
reversed by SSRI treatment (51). Future studies are much needed to investigate the
commonalities and differences in brain sites of action of SSRI pharmacotherapy in anxiety
and depression using the same socio-emotional probes.
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These findings should be considered in the context of notable limitations of the study. First,
the study design lacked a placebo or wait-list control, and therefore, the neural and clinical
findings cannot be causally attributed to SSRI treatment and could be related to a number of
plausible factors not related to treatment such as natural course of the illness over the 3
month period, differential regression to the mean in patients and controls and/or to placebo/
expectancy effects (23, 52), though clinical effects of this magnitude are highly unlikely due
to placebo. Second, although similar in size to recent functional neuroimaging studies on
SSRI treatment effects in depression, our small sample size may have increased risk for false
negatives, and may have contributed to not finding treatment effects in the insula and ACC.
Moreover because the fMRI studies occurred in two different sites, unknown and
unestimated variance in imaging data not accounted for from two different scanners may
have contributed to an increased risk of false negatives. In addition, because most of the gSP
group was considered to have a positive treatment response, the study may not have had
sufficient power to detect a significant correlation between changes in brain activation with
that in symptom severity or to examine differences in brain changes between treatment
responders (n=14) versus non-responders (n=7). The exploratory whole-brain symptom
change regression analysis (Table 3) suggests that brain areas correlating with SSRI
treatment response may not be localized within the amygdala, insula, ACC or mPFC.
Although these observations fit with a broader model incorporating a larger set of brain
targets relevant to the pathophysiology of gSP (9, 35), the exploratory nature of these
findings warrant replication and further investigation. Because the neural changes amygdala
and vmPFC were unrelated to social anxiety symptom improvement, we caution against
interpreting those changes as being directly related to treatment response. Third, our
findings cannot be generalized to other anxiety disorders or to other pharmacologic
treatments or psychosocial interventions such as cognitive behavioral therapy (CBT) (21),
also proven to be effective in treating gSP. Future studies are needed to determine if the
brain effects observed here are specific to SSRIs as a treatment or shared across any
therapeutic modality as long as the treatment is effective.

In conclusion, our findings provide evidence that treatment with the SSRI sertraline
attenuates amygdala and enhances vmPFC reactivity to social signals of threat in patients
with generalized social anxiety disorder. Future studies with randomized placebo-controlled
and/or comparative active treatment designs and larger samples are needed to determine
whether SSRI treatment effects are mediated by these specific patterns of brain changes, so
that we can better delineate mechanisms of therapeutic actions of SSRIs and other effective
treatments and predictors of treatment response.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Brain changes after 12 weeks of sertraline treatment in patients with generalized social
phobia. Brain maps depict whole-brain voxel-wise ANOVA F-map showing significant
GroupxTime interactions in the amygdala and ventral medial prefrontal cortex (vmPFC) in
response to fearful and angry faces, respectively. Bar graphs depict extracted BOLD signal
change from amygdala and vmPFC clusters showing: 1) Amygdala reactivity to fearful faces
is greater in the generalized social phobia (gSP) group than the healthy control (HC) group
at pre-treatment (9SPpre-1x > HCscan 1, £ < 0.05) and is attenuated by treatment (gSPpre-Tx >
9SPpest- Tx: £ < 0.05); and 2) vmPFC reactivity to angry faces is less in the gSP group than
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the HC group at pre-treatment (gSPpre-Tx < HCscan 1, £ < 0.05) and is enhanced by treatment
(9SPpre-x < 9SPpost- Tx, £ < 0.05).
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