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Abstract
Cognitive behavioral therapy (CBT) is “gold standard” psychotherapy for social anxiety disorder
(SAD). Cognitive models posit that preferential processing of threat mediates excessive forms of
anxiety, which is supported by exaggerated amygdala, insula, and cortical reactivity to threatening
socio-emotional signals in SAD. However, little is known about neural predictors of CBT success
or the mechanisms by which CBT exerts its therapeutic effects. Functional magnetic resonance
imaging (fMRI) was conducted during responses to social signals of threat (fearful/angry faces)
against positive signals (happy faces) in 14 patients with SAD before and after 12 weeks of CBT.
For comparison, 14 healthy control (HC) participants also underwent two fMRI scans, 12 weeks
apart. Whole-brain voxel-wise analyses showed therapeutic success was predicted by enhanced
pre-treatment activation to threatening faces in higher-order visual (superior and middle temporal
gyrus), cognitive, and emotion processing areas (dorsal anterior cingulate cortex, dorsomedial
prefrontal cortex). Moreover, a group by time interaction was revealed in prefrontal regions
(dorsomedial, medial gyrus) and insula. The interaction was driven by relatively greater activity
during threat processing in SAD, which significantly reduced after CBT but did not significantly
predict response to CBT. Therefore, pre-treatment cortical hyperactivity to social threat signals
may serve as a prognostic indicator of CBT success in SAD. Collectively, CBT-related brain
changes involved a reduction in activity in insula, prefrontal, and extrastriate regions. Results are
consistent with cognitive models, which associate decreases in threat processing bias with
recovery.
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1. Introduction
Generalized social anxiety disorder (gSAD), also known as social phobia, is one of the most
common anxiety disorders in the United States (Kessler et al., 2005). It is characterized by
excessive fear and avoidance in a range of interpersonal situations that involve potential
scrutiny by others (American Psychiatric Association, 2000). It begins early in life (Otto et
al., 2001) and leads to severe impairment, substantially undermining educational attainment,
employment, and relationship opportunities (Hambrick et al., 2003; Safren et al., 1996/1997;
Schneier et al., 1994). The disorder often precedes and is co-morbid with other psychiatric
illnesses such as depression, substance abuse, and additional anxiety disorders (Schneier et
al., 1992).

Cognitive theories of anxiety posit preferential attention to threat-relevant signals is a core
factor in the development and maintenance of gSAD and other excessive forms of anxiety
(Beck and Clark, 1997; Beck et al., 2005; Eysenck, 1992; MacLeod et al., 2002; Wells and
Matthews, 1994; Williams et al., 1988). Threat bias occurs throughout stages of information
processing (Beck and Clark, 1997); accordingly, enhanced processing of threat cues during
goal-directed attention (Pessoa et al., 2002) is an index of bias. Functional magnetic
resonance imaging (fMRI) studies indicate attentional bias to threat in gSAD is subserved in
part by exaggerated activation to threatening facial expressions in the amygdala and/or
insula, which are key limbic/paralimbic structures involved in emotion generation and
processing (Adolphs et al., 1995; Craig, 2009; Critchley, 2009; Davidson, 2000; Davis and
Whalen, 2001; Jones et al., 2010). Exaggerated cortical response has also been observed in
gSAD both to, and in anticipation of, threat (Etkin and Wager, 2007; Freitas-Ferrari et al.,
2010). While not as consistently demonstrated as subcortical hyperactivity, exaggerated
activity has also been shown in the anterior cingulate cortex (ACC) in gSAD (Amir et al.,
2005; Blair et al., 2008; Goldin et al., 2009; Phan et al., 2006) a component of the anterior
attention system involved in the detection of salient cues (Posner and Petersen, 1990). Other
prefrontal cortex (PFC) regions serving executive functions (Bush et al., 2000; Etkin et al.,
2011) have been implicated in gSAD such as dorsomedial, dorsolateral, and medial
orbitofrontal cortex (Goldin et al., 2009; Stein et al., 2002; Tillfors et al., 2002) as well as
higher-level visual regions (inferior occipital, fusiform gyrus, superior temporal sulcus;
Evans et al., 2008; Goldin et al., 2009; Straube et al., 2004) engaged in social cognition
(Adolphs 1999; Fusar-Poli et al., 2009). Collectively, evidence is building to show that
emotional dysregulation in gSAD is mediated by exaggerated reactivity to signals of socio-
emotional threat distributed among limbic/paralimbic, prefrontal, and extrastriate regions.

Despite advances in delineating the pathophysiology of gSAD, little is known about baseline
neural correlates that predict treatment response or brain-based changes following cognitive-
behavioral therapy (CBT), first-line psychotherapy for gSAD and other anxiety disorders
(Heimberg, 2002; Hofmann and Smits, 2008). CBT aims to reduce anxiety symptoms
through the modification of negative beliefs (e.g., cognitive restructuring) and behavior
(e.g., exposure to fears; Beck et al., 2005). Greater response to treatment is associated with
greater reductions in anxiety symptoms, negative beliefs, impairment (Brown et al., 1995;
Hofmann and Smits, 2008; Hope et al., 1995), and attentional bias to threat stimuli (Mattia
et al., 1993; Pishyar et al., 2008). Findings suggest that therapeutic response is associated
with enhanced implicit emotion regulation, though it is not a direct target of treatment per
se. Therefore, activity in regions implicated in emotional perception (e.g., evaluation of
stimulus) and response to threat signals may predict recovery or change with treatment.

Successful CBT treatment in gSAD has been shown to be predicted by exaggerated pre-
treatment activation to angry faces in dorsal and ventral occipitotemporal regions
(Doehrmann et al., 2013), secondary visual areas involved in the decoding and processing of

Klumpp et al. Page 2

Prog Neuropsychopharmacol Biol Psychiatry. Author manuscript; available in PMC 2014 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



cues relevant to motivational state (Lang and Bradley 2010; Sabatinelli et al., 2013).
Heightened activation in these higher-level visual areas has been proposed to correspond
with emotion regulation capacity, which CBT is intended to enhance. Consequently, patients
with less ability to effectively regulate emotions prior to undergoing treatment may
experience reduced benefit from CBT (Doehrmann et al., 2013). Other baseline biomarkers
of recovery in anxiety are ACC and amygdala. In a study of post-traumatic stress disorder
(Bryant et al., 2008), CBT success was predicted by reduced ACC engagement and reduced
amygdala response to subliminal fearful faces (i.e., masked). Thus, less reactivity to fear-
evoking stimuli in this population is a good prognostic indicator of recovery with CBT
(Bryant et al., 2008).

With regard to social anxiety and treatment-related changes in brain activity, a positron
emission tomography study showed responders, regardless of treatment type (CBT or
medication), exhibited reduced amygdala and ACC activity during symptom provocation
involving a public speaking challenge (Furmark et al., 2002). Would analogous changes in
brain activity be obtained outside of symptom elicitation, specifically, when merely
processing threatening social signals? To our knowledge, this has yet to be investigated with
regard to CBT in gSAD. However, fMRI studies of specific phobia comprising threat-
relevant images provide clues. For example, in a study by Straube et al. (2006), baseline
insula and ACC hyperactivity to spider images in phobics was significantly reduced in
patients who completed CBT but not in a wait-list group of patients. Pre-treatment
dorsolateral prefrontal response to spider stimuli has also been shown to decrease in patients
after completing CBT (Paquette et al., 2003). Though findings have not always been
replicated (Schienle et al., 2007), the extant data suggest that CBT exerts an attenuating
effect on limbic-prefrontal reactivity to threat stimuli.

The objective of the present study was to evaluate neural predictors of CBT response and
treatment-related brain-based changes to threat-relevant stimuli in gSAD. Accordingly, we
used a perceptual face processing paradigm validated to isolate brain response to signals of
threat (Hariri et al., 2002, 2005) before and after 12 weeks of manualized CBT (Hope et al.,
2006). For comparison and to control for the effects of re-exposure to threat stimuli with
repeated scanning, we enrolled a group of healthy control (HC) volunteers who were also
scanned twice, 12 weeks apart.

Based on the literature and cognitive theory, we hypothesized symptom improvement would
be predicted by greater pre-treatment activity in higher-level visual areas (e.g.,
occipitotemporal cortex) and less ACC and amygdala activity. Regarding brain changes, we
hypothesized CBT would reduce exaggerated reactivity to threat faces in limbic/paralimbic
areas (i.e., amygdala and insula), visual cortex, ACC and other medial PFC areas (e.g.,
dorsomedial, orbitofrontal) given their role in appraisal, response expression, and regulation
(Bush et al., 2000; Etkin et al., 2011).

Furthermore, we hypothesized changes in activation would match clinical response to
treatment such that post- versus pre-treatment changes in brain activation would correlate
with changes in gSAD symptom severity.

2. Method
2.1. Ethics statements

All participants provided written informed consent in accordance with the Declaration of
Helsinki and as approved by the Institutional Review Boards of the University of Michigan
Medical School.
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2.2 Participants
Fourteen individuals diagnosed with gSAD, who were not in psychotherapy, were identified
through local community advertisement and via referrals from an outpatient psychiatric
clinic. Fourteen demographically-matched HC were recruited through community
advertisements. All participants completed the Structured Clinical Interview for DSM-IV
(SCID; First et al., 1997) conducted by licensed clinicians in conjunction with measures of
symptoms and negative mood such as the Liebowitz Social Anxiety Scale (LSAS)
(Liebowitz, 1987) and Beck Depression Inventory (BDI) (Beck et al., 1996). Regarding
symptoms, an LSAS total score cut off of 55 was used to capture levels of symptom severity
that ranged from the moderate to the severe (Heimberg et al., 1999). Clinical response was
measured with the Clinical Global Impression-Improvement (CGI-I) scale, a clinician-based
rating that takes into consideration symptom severity and changes in a patient’s functioning
over time. All participants were free of psychotropic medications except for two individuals
with gSAD, who were on a stable dose of bupropion for at least 8 weeks before the study
with no changes in medication during the study. None of the gSAD participants had a
current major depressive episode, severe depression symptoms (i.e., BDI score of 30 or
greater; Beck et al., 1996), recent substance abuse/dependence (within 6 months of study),
or any 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. Table 1 details the demographic
and clinical characteristics of the participants.

Patients received 12 weeks of manualized individual CBT (Hope et al., 2006), which
consisted of one 60-minute session per week, conducted by a licensed clinical psychologist
under the supervision of a licensed clinical psychologist with expertise in CBT and clinical
trial investigations involving CBT to ensure adherence to treatment. CBT comprised
psychoeducation, cognitive restructuring, in vivo exposures, and relapse prevention (Hope et
al., 2006).

2.3 fMRI Task
During scanning, all participants performed a modified emotional face matching task
designed to isolate key subcortical emotion processing areas (e.g., amygdala, insula) to
signals of threat (i.e., angry, fearful faces) from non-threatening stimuli (happy faces). Prior
evidence from our laboratory (Phan et al., 2006, 2013) and others (Stein et al., 2002) has
shown that patients with gSAD differ significantly in their fronto-limbic reactivity to
threatening (angry/fearful) but not non-threat (happy) signals, whereas this differential
response is less evident in healthy volunteers (Fitzgerald et al., 2006). To maximize the
activation ‘signal’ for CBT effects, we contrasted threatening against happy faces, rather
than neutral faces, fixation crosses or shapes, as this contrast results in more robust and
consistent findings of exaggerated limbic reactivity in gSAD based on our (Phan et al., 2006,
2013) and others’ previous work (Etkin and Wager, 2007; Freitas-Ferrari et al., 2010).
Moreover, we contrasted angry versus happy faces (AvH) and fearful against happy faces
(FvH) allowing us to examine potential separate effects for the type of threat signal based on
evidence that angry and fear differentially perturb emotion processing circuitry (Fusar-Poli
et al., 2009; Whalen et al., 2001), which may influence treatment-related brain changes. For
example, in patients with gSAD, brain changes in response to a selective-serotonin reuptake-
inhibitor related to angry and fearful faces occur in different ways, such that, effective
treatment attenuated amygdala reactivity to FvH (not AvH) and enhanced ventral medial
prefrontal cortex activity to AvH (not FvH) (Phan et al., 2013).
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The task comprised photographs from a validated set of face stimuli (Gur et al., 2002)
presented in a block-design, during which participants viewed a trio of faces (one target at
top, two probes on bottom) and selected by right-handed button press which probe matched
the target facial expression. The target and congruent probe faces displayed one of three
expressions (fearful, angry, or happy), while the incongruent probe face always displayed a
neutral expression. The paradigm consisted of 18 experimental 20-second blocks: 9 blocks
of matching emotional faces with each target expression of angry, fearful, or happy
interleaved with 9 blocks of matching shapes (triangles, circles, squares) as a sensorimotor
control condition, which were counterbalanced across 2 runs for a total task time of 6
minutes. Each task block contained 4 sequential matching trials, 5 seconds each. Therefore,
the inter-stimulus interval for faces, the main blocks of interest, was 20 seconds.

2.4 fMRI Data Acquisition
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 4-channel GE Quadrature sending and receiving head coil. Images were acquired with 30
axial, 5-millimeter (mm) thick slices using a standard T2*-sensitive gradient echo reverse
spiral acquisition sequence (2 second repetition time; 25 millisecond (ms) echo time; 64 ×
64 matrix; 24 centimeter field of view; flip angle 77°; 3.75 × 3.75 × 5 mm final voxel size).
A high-resolution, T1-weighted volumetric anatomical scan was also acquired in the axial
plane (9 ms repetition time, 1.8 ms echo time; 256 × 256 matrix; 256 mm field of view; flip
angle 15°; 124 slices; 1.2 mm slice thickness) at the same position as the functional images
for anatomical localization.

2.5 fMRI Data Preprocessing
Data from all participants were visually examined for movement during the scan and
participants with moderate to extreme motion (movement greater than 3 mm in any direction
or 3 degrees of displacement across each functional run) were excluded 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.fil.ion.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.

Using a box-car model, contrasts of interest (AvH and FvH) were generated for each
participant and then entered into a second-level general linear model treating participants as
a random effect (i.e., a random effects analysis). To evaluate predictors of treatment
response, contrasts of interest from gSAD pre-treatment scans were entered into a whole-
brain analysis of covariance, regressing LSAS change (ΔPreTx - PostTx) while initial severity
(LSASPreTx) was controlled for as a regressor of no interest. Consistent with prior fMRI
studies of gSAD concerning whole-brain analysis (Amir et al., 2005; Evans et al., 2008;
Gentili et al., 2008; Phan et al., 2013), significance was set at p<0.001 (uncorrected) with a
cluster extent threshold of greater than 10 contiguous voxels (volume > 80 mm3). This type
of joint intensity and cluster size threshold is within the recommended threshold to attain a
suitable balance between Type I and Type II errors (Lieberman and Cunningham, 2009).

To examine changes in activation, a whole-brain analysis of variance (ANOVA) using
Group (gSAD, HC) and Time (pre-treatment/scan 1, post-treatment/scan 2) as between- and
within-subjects factors, respectively, was conducted to test for main effects of Group and
Time, as well as for Group x Time interactions. Significance was again set at p<0.001
(uncorrected) with a cluster extent threshold of greater than 10 contiguous voxels.
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To identify anatomical labels for whole-brain findings in SPM8, we used the Automated
Anatomical Labeling (AAL) atlas based on the Talairach Daemon database (Lancaster et al.,
1997, 2000; Tzourio-Mazoyer et al., 2002). To illustrate the magnitude and direction of
activation, parameter estimates of peak activation (βweights, arbitrary units [a.u.]) were
extracted from spherical (10-mm diameter) regions of interest from each participant and
submitted to post hoc scatter plots of the regression analyses, t-tests for ANOVA findings,
and examination of associations between ANOVA findings and symptom severity in the
Statistical Package for the Social Sciences (SPSS) (Chicago, IL version 18).

3. Results
3.1 Behavioral Performance

Probe identification accuracy averaged 93% within two seconds of the trial duration
indicating participants followed instructions. A 2 (Group: gSAD, HC) × 2 (Time: Scan 1,
Scan 2) x 3 (Emotion: Angry, Fearful, Happy) ANOVA with repeated measures on the last
two factors showed a main effect of Emotion [F(2, 52) 35.22, p<0.001] but no main effect of
Group, Time, or Group x Time interaction (all ps > 0.05). Simple effects analysis revealed
that all participants were more accurate at matching happy (mean accuracy ± standard
deviation %: 97.2 ± 7.9%) than angry faces (86.6 ± 10.0%; p<0.001) and more accurate at
matching fearful (96.0 ± 6.3%) than angry faces (p<0.001). No difference emerged between
happy and fearful faces (p=0.30). See Figure 1(A) for accuracy per trial type.

Regarding response times for accurate trials, an ANOVA showed main effects of Emotion
[F(2, 52) 27.51, p<0.001] and Time [F(1, 26) 6.16, p<0.020]. There was no main effect of
Group or Group x Time interaction (all ps > 0.05). Simple effects showed all participants
were faster at matching happy (mean reaction time ± standard deviation: 1355 ± 326 ms)
than angry faces (1553 ± 338 ms; p<0.001) and faster for fearful (1404 ± 326 ms) than angry
faces (p<0.001). Response times were similar for happy and angry faces (p=0.12). See
Figure 1(B) for reaction times per trial type.

3.2 Treatment Effects on Social Anxiety Severity
After 12 weeks of individual CBT, gSAD symptom severity, as assessed with LSAS,
significantly decreased from an average of 71.2 ± 9.6 to 49.9 ± 20.6 (t=4.01, p<0.001).
Based on the CGI-I, about 70% of the gSAD group (10 of 14 patients) were considered to be
‘Responders’ as they were rated to be ‘very much improved’ or ‘much improved’ (CGI-I
score of 1 or 2) while 4 of 14 patients had a CGI-I score of >2 post-treatment and were, thus,
considered ‘Non-Responders’.

3.3 fMRI Results
3.3.1. Brain predictors—Controlling for initial severity (LSASPreTx), greater pre-
treatment response to fearful faces (vs. happy) corresponded with greater symptom
improvement following CBT (ΔPreTx - PostTx) in visual (e.g., superior temporal region
comprising angular gyrus) (Figure 2) and prefrontal regions (e.g., medial orbitofrontal)
(Figure 3). This analysis did not reveal significant covariation with treatment response to
activity in the amygdala or insula.

With regard to angry faces (vs. happy), symptom improvement was predicted by enhanced
baseline activity in visual areas (i.e., middle temporal and angular gyri). Analogous to
fearful faces, no significant effects involved amygdala or insula activity. See Table 2 for all
significant regression results comprising both fearful and angry expressions.
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3.3.2. Brain changes—Whole-brain voxel-wise ANOVAs for fearful faces (vs. happy)
and angry faces (vs. happy), respectively, were used to evaluate global brain changes, which
were followed up with simple effects analyses in SPSS. For fearful faces (vs. happy), a main
effect of Group for fusiform gyrus was revealed but no main effect of Time or Group x Time
interaction was evident. Follow-up analysis showed gSAD relative to HC exhibited
heightened fusiform response to fear.

ANOVA results for angry (vs. happy) faces revealed a main effect of Group but not Time.
The Group finding was driven by activity in the parahippocampal gyrus, which was
enhanced in HC compared to gSAD. Importantly, there was a significant Group x Time
interaction for right insula and prefrontal regions, specifically right medial orbitofrontal and
right dorsomedial PFC (e.g., superior medial frontal gyrus in AAL) to angry (vs. happy)
faces (Table 3, Figures 4 and 5).

Follow-up analysis within these regions of interest showed reactivity to angry (vs. happy)
faces was greater in the gSAD group than in healthy controls (HC) at pre-treatment
(gSADPreTx > HCScan1, p<0.05) and was significantly reduced after treatment (gSADPreTx >
gSADPostTx, p<0.05). Within group analysis revealed that pre-treatment activity in insula,
medial frontal gyrus, and dorsomedial PFC significantly decreased after treatment while
activity in these regions between Scan 1 and Scan 2 did not significantly change in the HC
group.

3.3.3. Correlation between brain changes and symptom severity—Pearson
correlational analyses between treatment change (ΔPreTx - PostTx) in social anxiety severity
scores (i.e., LSAS) and BOLD signal treatment change (ΔPreTx - PostTx) evident in ANOVA
findings regarding angry (vs. happy) faces, specifically, insula, medial frontal gyrus, and
dorsomedial PFC, did not reveal any further significant relationships (ps>0.05).

4. Discussion
To our knowledge this is the first cognitive behavioral therapy (CBT) study in patients with
generalized social anxiety disorder (gSAD) to use fMRI to evaluate both neural predictors of
treatment response and the general effects of CBT on brain activity to social threat signals.
We observed that the majority of patients benefitted from CBT and, as hypothesized, greater
symptom reduction was predicted by greater pre-treatment activity to threat (i.e., fearful
faces) in higher-level visual regions; namely, superior and middle temporal gyri and inferior
frontal gyrus, implicated in the detection and appraisal of socio-emotional cues (Adolphs,
1999; Fusar-Poli et al., 2009). Amygdala activity did not emerge as a marker of recovery as
was demonstrated in post-traumatic stress disorder to subliminal threat cues (Bryant et al.,
2008). Moreover, while anterior cingulate cortex (ACC) was apparent, it was increased, not
decreased, pre-treatment activity that corresponded with CBT success. Methodological
differences may have contributed to inconsistent findings. In addition to bilateral dorsal
ACC (i.e., anterior cingulum in Table 2), symptom improvement was predicted by baseline
hyperactivity to fearful faces in dorsomedial prefrontal and orbitofrontal regions, implicated
in appraisal, fear response, and/or regulatory functions (Etkin et al., 2011; Northoff et al.,
2006; Rothkirch et al., 2012). Though the pattern of pre-treatment activity predicting
symptom improvement was mainly for fearful faces, activity in the middle temporal gyrus
for angry faces also positively covaried with recovery suggesting greater reactivity in
higher-order visual areas to threat in general predicts CBT success. These results replicate
prior evidence that exaggerated activation to threatening faces in extrastriate cortex, but not
limbic regions, can foretell CBT success in gSAD (Doehrmann et al., 2013). Together with
our prefrontal findings, greater pre-treatment activation to threat faces appears to reflect a
hypersensitive system capitalized on by CBT. For example, individuals with neural
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substrates that drive inflated perceptions of, and/or reactivity to, external threat cues may be
more likely to experience reductions in anxiety level or altered perceptions of threat when
engaging in cognitive restructuring or exposure exercises in a therapeutic environment.

Regarding changes in brain pathophysiology, patients with gSAD relative to healthy
controls (HC) exhibited pre-treatment exaggerated insula, but not amygdala, activity to
angry (vs. happy) faces, which significantly decreased in patients after 12 weeks of CBT. No
significant changes emerged after 12 weeks in the HC group. The null amygdala result here
is somewhat surprising. One possibility is our use of happy faces as a contrast to angry/
fearful faces, which we based on fronto-limbic findings that the contrast differentiates gSAD
from healthy volunteers (Phan et al., 2006, 2013; Stein et al., 2002). Though not a consistent
finding, happy faces can elicit amygdala reactivity in social anxiety (Evans et al., 2008;
Straube et al., 2005), potentially due to negative interpretations of the expression
(unapproachable, mocking; Campbell et al., 2009; Coles and Heimberg, 2005). Given our
small sample size, individual differences in the interpretation of happy may have reduced
our ability to find significant amygdala effects. Nevertheless, our hypothesis regarding
treatment-related reductions in subcortical activity was partially supported due to insula
findings. Insula contributes to the representation of feelings by bringing afferent signals to
awareness (Craig, 2009; Critchley et al., 2004) and aversive interoceptive cues or inaccurate
interpretations of bodily state are thought to underlie anxiety (Paulus and Stein, 2006, 2010)
as evidenced by insula hyperactivity in gSAD (Etkin and Wager, 2007; Freitas-Ferrari et al.,
2010). The CBT-related reduction in insula activity to angry faces in gSAD has also been
shown in post-CBT spider phobics to negative images (Schienle et al., 2007; Straube 2006)
and indicates CBT may help remediate aberrant activity that contributes to emotional
awareness by attenuating reactivity during evaluation of threat. Pre-/post-treatment brain
changes in the gSAD group to angry faces were also evident in the dorsomedial prefrontal
and orbitofrontal areas relative to the HC group. Again, activation significantly decreased in
the gSAD group after CBT and no significant changes were demonstrated in the HC group.

Concerning other group effects, there were regions that discriminated activity between our
gSAD and HC sample but remained unaffected by CBT. Main effects of Group at baseline
showed heightened fusiform response to fearful (vs. happy) faces in gSAD; meanwhile, the
HC group demonstrated greater parahippocampal activation for angry (vs. happy) faces. We
hesitate to interpret these preliminary, exploratory results, as we did not have a priori
hypotheses regarding these regions.

Furthermore, in contrast to our hypothesis, symptom severity did not correlate with brain
activation after treatment suggesting effects on brain activity, particularly insula reactivity to
emotional faces, may not be related to clinical change. Alternatively, conventional symptom
measures may not be an optimal probe of neural modification to salient cues. For example,
in a specific phobia study by Schienle et al. (2007), a CBT-related reduction in insula
activity to spider pictures correlated with a reduction in somatic panic symptoms as opposed
to phobic severity. Thus, an assessment that taps into the function of a region of interest may
serve as a more sensitive index of treatment-related brain change.

Our preliminary findings indicate CBT success was predicted by baseline hyper-reactivity to
fearful faces in higher-order visual and prefrontal areas. Whereas CBT-related changes were
observed as reductions in insula and prefrontal activity to angry faces in gSAD. Fearful
expressions signal danger in the environment and its biological relevance pertains to the
facilitation of defense mechanisms (Öhman and Mineka, 2001). Unlike angry facial
expressions, which convey direct interpersonal aggression, the source of threat
communicated by fear is more ambiguous (Ewbank et al., 2009; Fox et al., 2007; Whalen,
1998). Therefore, results could in part be due to an individual’s more elaborative
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interpretation of fearful faces, for instance, the extent to which it is relevant to oneself.
Together, exaggerated response to fearful faces may be a particularly useful prognostic
indicator while angry faces may be a more sensitive probe of CBT effects.

Of note, activity in the medial orbitofrontal gyrus was observed at the level of neural
predictors for fearful faces and group effects for angry faces. This region is a network
comprising the ventral medial prefrontal cortex and medial division of orbitofrontal cortex
(Ongur et al., 2003; Ongur and Price, 2000), which underlie various executive functions
(Cardinal et al., 2002; Etkin et al., 2011; Kringelbach and Rolls, 2004; Phillips, 2003; Rolls,
2004; Schoenbaum and Roesch, 2005). Most relevant in the context of our perceptual
matching task is its involvement in evaluative functions and emotional response. Insofar as
predictors are concerned, the correspondence between exaggerated pre-treatment activity in
medial orbitofrontal gyrus to fearful faces and CBT response indicates the greater the
capacity to appraise an ambiguous signal of danger, the more likely CBT will be successful.
On the other hand, medial orbitofrontal response in gSAD to angry faces may reflect
heightened emotional reactivity to cues of aggression, which subsequently decreases with
treatment. In summary, threat type may reveal distinguishable medial orbitofrontal functions
in the context of neural predictors of CBT success and treatment-related mechanisms of
modification.

4.1. Limitations
Our study is not without notable limitations. First, the study design lacked a wait-list control
group; therefore, neural and clinical findings cannot be causally attributed to CBT and could
be related to a number of factors not related to treatment such as natural course of the illness
over the 12-week period, differential regression to the mean in patients and controls, and
neural habituation effects. Second, our small sample size may have increased risk for false
negatives, and may have contributed to not finding baseline differences or treatment effects
in the amygdala. Third, 2 of the 14 participants with gSAD were taking bupropion; though
the medication was stable before entering the study and remained unchanged during the
study, any influence it may have had on results cannot be ruled out. Additionally, because
the majority of patients were considered to have had a positive response to CBT, 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=10) versus non-responders (n=4). The pre-treatment
exploratory whole-brain regression analysis (Table 2) suggests that brain areas correlating
with CBT response may not be localized within the amygdala or insula. Although these
observations fit with a broader model incorporating a larger set of brain targets relevant to
the pathophysiology of gSAD (Freitas-Ferrari et al., 2010; Hofmann et al., 2012; Shin and
Liberzon, 2010), the exploratory nature of these findings, and lack of independent evaluators
of treatment fidelity and symptom change, warrants replication and further investigation.
Because pre-treatment/post-treatment neural changes were unrelated to social anxiety
symptom improvement, we caution against interpreting those changes as being directly
related to treatment response. Moreover, results cannot be generalized to other anxiety
disorders or to other treatments such as pharmacologic interventions also proven to be
effective in treating gSAD. Future studies are needed to determine if the brain effects
observed here are specific to CBT or shared across any therapeutic modality as long as the
treatment is effective.

5. Conclusions
Our findings provide evidence CBT success is predicted by greater pre-treatment cortical
reactivity to threat and that CBT reduces limbic-cortical activity to social signals of threat in
patients with generalized social anxiety disorder. The observation that neural predictors and
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mechanisms of change were modulated by angry and fearful faces suggest type of socio-
emotional threat signal should be considered when evaluating neural markers. Future studies
that employ a more comprehensive set of threat stimuli with randomized placebo-controlled
and/or comparative active treatment designs and larger samples are needed to determine
whether CBT effects are mediated by these specific patterns of brain changes so that we can
better delineate mechanisms of therapeutic actions of CBT and other effective treatments
and predictors of treatment response.
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Highlights

Cognitive behavioral therapy (CBT) is a common psychotherapy for anxiety
disorders

Baseline activity in visual, emotion, and cognitive areas correlated with CBT success

CBT-related changes included decreases in emotion processing and regulatory
regions
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Figure 1.
A) Mean responses as a percentage of correctly matched angry, fearful, and happy faces at
Time 1 and Time 2 in gSAD and HC. B) Mean reaction times in milliseconds for correctly
matched angry, fearful, and happy faces at Time 1 and Time 2 in gSAD and HC. gSAD,
Generalized Social Anxiety Disorder; Healthy Control (HC)
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Figure 2.
A) Regressing LSAS change (ΔPreTx - PostTx) while initial severity (LSASPreTx) is
controlled for as a regressor of no interest; brain map depicts whole-brain analysis of
covariance showing enhanced superior temporal gyrus reactivity to fearful faces in gSAD
displayed on statistical t-map at p<0.001. B) Scatter plot of the regression analyses depicting
extracted parameter estimates of activation from superior temporal gyrus region of interest
showing greater response to CBT in gSAD is predicted by enhanced superior temporal gyrus
reactivity to fearful faces.
LSAS, Liebowitz Social Anxiety Scale; CBT, Cognitive Behavioral Therapy; gSAD,
Generalized Social Anxiety Disorder.
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Figure 3.
A) Regressing LSAS change (ΔPreTx - PostTx) while initial severity (LSASPreTx) is
controlled for as a regressor of no interest; brain map depicts whole-brain analysis of
covariance showing increased medial orbitofrontal gyrus reactivity to fearful faces in gSAD
displayed on statistical t-map at p<0.001. B) Scatter plot of the regression analyses depicting
extracted parameter estimates of activation from medial orbitofrontal region of interest
showing greater response to CBT in gSAD is predicted by greater medial orbitofrontal gyrus
reactivity to fearful faces.
LSAS, Liebowitz Social Anxiety Scale; CBT, Cognitive Behavioral Therapy; gSAD,
Generalized Social Anxiety Disorder.

Klumpp et al. Page 18

Prog Neuropsychopharmacol Biol Psychiatry. Author manuscript; available in PMC 2014 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4.
A) Brain map depicting whole-brain voxel-wise ANOVA F-map at p<0.001 showing a
significant Group x Time interaction in the insula in response to angry faces. B) Bar graph
depicts extracted BOLD signal change from insula region of interest showing insula
reactivity to angry faces is greater in gSAD than the HC group at pre-treatment (gSADPre-
Tx > HCScan 1, p<0.02) and is reduced by treatment (gSADPre-Tx > gSADPost-Tx,
p<0.002). gSAD, Generalized Social Anxiety Disorder; Healthy Control (HC)
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Figure 5.
A) Brain map depicting whole-brain voxel-wise ANOVA F-map at p<0.001 showing a
significant Group x Time interaction in the medial orbitofrontal gyrus in response to angry
faces. B) Bar graph depicts extracted BOLD signal change from medial orbitofrontal region
of interest showing medial orbitofrontal reactivity to angry faces is greater in gSAD than the
HC group at pre-treatment (gSADPre-Tx > HCScan 1, p<0.02) and is reduced by treatment
(gSADPre-Tx > gSADPost-Tx, p<0.001). gSAD, Generalized Social Anxiety Disorder;
Healthy Control (HC)
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