
Abnormal Brain Activation and Connectivity to
Standardized Disorder-Related Visual Scenes in

Social Anxiety Disorder

Carina Yvonne Heitmann,1* Katharina Feldker,1 Paula Neumeister,1

Britta Maria Zepp,1 Jutta Peterburs,1 Pienie Zwitserlood,2 and
Thomas Straube1

1Institute of Medical Psychology and Systems Neuroscience, University of Muenster,
Muenster, Germany

2Institute of Psychology, University of Muenster, Muenster, Germany

r r

Abstract: Our understanding of altered emotional processing in social anxiety disorder (SAD) is ham-
pered by a heterogeneity of findings, which is probably due to the vastly different methods and materi-
als used so far. This is why the present functional magnetic resonance imaging (fMRI) study
investigated immediate disorder-related threat processing in 30 SAD patients and 30 healthy controls
(HC) with a novel, standardized set of highly ecologically valid, disorder-related complex visual scenes.
SAD patients rated disorder-related as compared with neutral scenes as more unpleasant, arousing and
anxiety-inducing than HC. On the neural level, disorder-related as compared with neutral scenes evoked
differential responses in SAD patients in a widespread emotion processing network including (para-)lim-
bic structures (e.g. amygdala, insula, thalamus, globus pallidus) and cortical regions (e.g. dorsomedial
prefrontal cortex (dmPFC), posterior cingulate cortex (PCC), and precuneus). Functional connectivity
analysis yielded an altered interplay between PCC/precuneus and paralimbic (insula) as well as cortical
regions (dmPFC, precuneus) in SAD patients, which emphasizes a central role for PCC/precuneus in
disorder-related scene processing. Hyperconnectivity of globus pallidus with amygdala, anterior cingu-
late cortex (ACC) and medial prefrontal cortex (mPFC) additionally underlines the relevance of this
region in socially anxious threat processing. Our findings stress the importance of specific disorder-
related stimuli for the investigation of altered emotion processing in SAD. Disorder-related threat proc-
essing in SAD reveals anomalies at multiple stages of emotion processing which may be linked to
increased anxiety and to dysfunctionally elevated levels of self-referential processing reported in previ-
ous studies. Hum Brain Mapp 37:1559–1572, 2016. VC 2016 Wiley Periodicals, Inc.
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INTRODUCTION

Social anxiety disorder (SAD) is defined by exaggerated
fear in social and performance situations [DSM-IV-TR;
American Psychiatric Association, 2000]. SAD patients are
highly afraid of negative evaluation by others, especially
when they are in the spotlight of attention, as, for exam-
ple, when giving a speech, but also during small talk at
parties and social gatherings [Stangier and Fydrich, 2002].
Models of SAD assume that self-focus is increased, intero-
ceptive information is prioritized, and external information
is processed in a biased manner. Together, this leads to a
biased self-representation in social situations, thereby pro-
voking and maintaining anxiety in such feared situations
[Clark and Wells, 1995; Rapee and Heimberg, 1997].

A growing number of studies have investigated the neu-
ral correlates of SAD. (Para-)limbic structures such as
amygdala, insula, thalamus and globus pallidus, and corti-
cal areas such as prefrontal cortex (PFC), anterior cingulate
cortex (ACC), and superior temporal sulcus (STS) have
been implied at different stages of threat processing in SAD
[Br€uhl et al., 2014; Etkin and Wager, 2007; Freitas-Ferrari
et al., 2010; Gentili et al., 2015a,b; Hattingh et al., 2013; Mis-
kovic and Schmidt, 2012; Schulz et al., 2013]. In addition to
deviations in this fear network, differential activation pat-
terns have been observed in SAD in parieto-occipital areas,
such as posterior cingulate cortex (PCC), precuneus and
cuneus [Br€uhl et al., 2014]. Medial PFC (mPFC), PCC and
precuneus belong to the so-called default mode network
[DMN; Raichle et al., 2001] that is associated with self-
referential processing and emotion regulation.

Activation patterns reported in neuroimaging studies on
affective processing in SAD are inconsistent and seem to
depend on the paradigms and stimulus materials used. While
most studies employed emotional faces as stimuli [Amir
et al., 2005; Phan et al., 2006; Stein et al., 2002; Straube et al.,
2004a], others used disorder-related words [e.g. Schmidt
et al., 2010], evaluative comments [e.g. Blair et al., 2008; Heit-
mann et al., 2014], voices [Quadflieg et al., 2008], or video
clips showing social interaction situations [Boehme et al.,
2014]. Some studies used anticipation of a public speech to
provoke symptoms in SAD [Boehme et al., 2013; Lorberbaum
et al., 2004]. With such diverse stimuli and designs, it is not
surprising that results diverge between studies. Emotional
faces seem to possess increased relevance for SAD [Schulz
et al., 2013], but there is little evidence for specific fear of faces
in SAD, since threat-related rating data are lacking [Evans
et al., 2008; Stein et al., 2002; Straube et al., 2004a; Straube
et al., 2005]. Moreover, faces per se, in the absence of
disorder-relevant context, might not be sufficient to investi-
gate emotion processing because processes such as identity
recognition might interfere [Radua et al., 2014].

Studies applying more disorder-related and anxiety-
inducing stimuli (e.g. words, evaluative comments, antici-
pation of speech) have neglected two aspects important
for understanding disorder-related threat processing in
SAD. First, representativeness, naturalness und relevance

as determinants of ecological validity [Schmuckler, 2001] is
often rather limited for stimuli such as words. Second,
neural responses to threatening stimuli in SAD may differ
depending on the time window in which they occur. Stud-
ies investigating the immediate emotional response to eco-
logically valid, disorder-related stimuli that provoke
anxiety in SAD patients are as yet lacking. The only study,
to our knowledge, was conducted by Nakao et al. [2011],
with eight socially relevant complex scenes that were,
unfortunately, low in ecological validity. For this reason,
the present study validated and used stimuli specifically
related to SAD with a high ecological validity.

Thus, due to heterogeneity of stimulus material and
designs, several aspects of the neural basis of threat proc-
essing in SAD still remain to be elucidated. This particu-
larly applies to interactions between brain structures
relevant for affective processing in SAD. Recently, func-
tional connectivity analysis has been employed to shed
light onto functional brain networks in SAD [Ding et al.,
2011; Liao et al., 2010; Prater et al., 2013]. Findings suggest
altered functional connectivity between amygdala and pre-
frontal structures [Duval et al., 2015] and decoupling of
posteromedial regions in SAD [Br€uhl et al., 2014]. None-
theless, the number of functional connectivity studies in
SAD is still very limited and conclusions remain tentative.

The aim of the present study was to investigate neural
activation and connectivity patterns during emotional
processing in SAD with tailor-made stimuli. A novel,
standardized stimulus set (Social Anxiety Picture Set
Muenster, SAPS-M) consisting of 50 disorder-related and
50 neutral control scenes was used. Scene pictures were
selected to be high in ecological validity and in relevance
for SAD patients. Activity in brain regions assumed to be
critical for affective processing in SAD [Br€uhl et al., 2014;
Etkin and Wager, 2007; Freitas-Ferrari et al., 2010; Mis-
kovic and Schmidt, 2012; Schulz et al., 2013] as well as for
general emotional scene processing [Sabatinelli et al., 2007;
Vuilleumier and Driver, 2007] was analyzed. Moreover,
functional connectivity among these structures was investi-
gated with psychophysiological interaction (PPI) analysis.
Regions of interest (ROIs) were amygdala, insula, thala-
mus, globus pallidus, mPFC, ACC, STS, PCC, precuneus,
and cuneus. We expected to observe (1) hyperactivation in
the above described ROIs for processing of disorder-
related versus neutral scenes in SAD patients, relative to
healthy controls (HC). Next, (2), SAD patients as com-
pared with HC should show altered functional connectiv-
ity between threat-processing regions for disorder-related
as compared with neutral scenes.

MATERIALS AND METHODS

Subjects

Sixty-seven participants took part in this study. SAD
patients were recruited via public notices, local paper ads,
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and from collaborating psychotherapy institutes. HC were
selected from a volunteer database at the Institute of Medi-
cal Psychology and Systems Neuroscience at the Univer-
sity of M€unster, Germany. All participants had normal or
corrected-to-normal vision, were right-handed [Oldfield,
1971], met the general MRI requirements, had no history
of neurological diseases or psychotic disorders, did not
currently take psychotropic medication, and were screened
by a psychologist using the standardized clinical interview
[SCID; Wittchen et al., 1997]. SAD patients fulfilled the cri-
teria for current generalized social anxiety disorder accord-
ing to DSM-IV as main diagnosis. HC were free of any
diagnosis. All participants completed the German version
of the Liebowitz-Social-Anxiety-Scale [LSAS; German ver-
sion; Stangier and Heidenreich, 2004], Social Phobia Scale
[SPS; Stangier et al., 1999], Social Interaction Anxiety Scale
[SIAS, Stangier et al., 1999], and the Beck Depression
Inventory [BDI, Hautzinger et al., 1995]. Participants with
a BDI score >30 (n 5 2 SAD patients) and participants
whose behavioral responses were not recorded properly
due to technical problems (n 5 2 SAD patients) were
excluded from statistical analysis. Two HC with LSAS
scores >30, which suggests a mild form of SAD [Mennin
et al., 2002], were also excluded. The final sample com-
prised of 30 SAD patients (19 females, 11 males) and 30
HC (19 females, 11 males). The groups were matched
according to gender, age, and educational attainment (see
Table I for sample details). Comorbid diagnoses in SAD
patients (n 5 11, multiple entries possible) were current
Major Depression Episode (n 5 4), specific phobia (n 5 7),
Obsessive Compulsive Disorder (n 5 1), and General Anx-
iety Disorder (n 5 1). As expected, SAD patients scored
higher than HC in social anxiety-sensitive questionnaires
(Table I). BDI scores were also significantly increased in
SAD patients, but are comparable with scores reported in
other studies [e.g. Straube et al., 2004a].

The study conforms to the Declaration of Helsinki and
was approved by the ethics committee of the University of
Muenster, Germany. Written informed consent was
obtained from each participant prior to the experiment.
Participants received monetary compensation for
participation.

Stimuli

The stimulus set (SAPS-M) used here was developed in
an extensive pilot study. Initially, 128 scene photographs
thought to evoke social anxiety were either obtained from
an internet-based search using search terms such as “job
interview”, “giving a speech” and “being the center of
attention”, or were specifically created for the purpose.
Clinical experts (n 5 10) evaluated the suitability of these
scenes to elicit fear in SAD patients. The 97 scenes deemed
most suitable were then rated with regard to valence,
arousal and anxiety-induction by eight SAD patients who
were currently under treatment and did not participate in
the actual study, and by eight HC. For 72 scenes, anxiety
ratings differed significantly between SAD patients and
HC. From these 72 pictures, the 50 that discriminated best
between SAD patients and HC were selected as final stim-
ulus set of disorder-related scenes. Scene photos depicted
the following themes (multiple entries possible): giving a
speech (10), job interview (14), round table/discussion (9),
bullying (5), anxious body symptom (3), observation/eval-
uation (9), and request to speak (2).

Fifty neutral scenes were chosen for the control condi-
tion. Neutral scenes were selected based on ecological
validity, taking into account representativeness, natural-
ness and relevance [Schmuckler, 2001], from the Interna-
tional Affective Picture System [IAPS; Lang et al., 2008],
and the Emotional Picture Set [EmoPicS; Wessa et al.,
2010]. Based on a small pilot study, in which four SAD
patients who were not part of the final sample (but had
already participated in the pilot study assessing disorder-
relatedness of the stimulus material) rated these pictures,
39 of these scenes (original IAPS/EmoPics ratings: mean
valence: 5.004 6 0.264; mean arousal: 3.211 6 0.447) were
confirmed as neutral also in SAD (mean ratings in pilot
study: valence: 4.846 6 0.508; mean arousal: 3.871 6 0.845).
In order to obtain a total of 50 neutral scenes, eleven other
scene pictures, similar to the 39 in content and complexity,
were added (obtained from IAPS, EmoPics, or internet
search).

Importantly, disorder-related and neutral scenes were
matched with regard to properties such as central object
(person or object), presence of facial expression, complex-
ity, product-entropy, luminance, and color (all P> 0.05).
The number of illustrated persons and location depicted in
the scene (indoor/outdoor) could not be matched. For task
purposes, five additional scenes (originally EmoPics) were
blurred with Adobe Photoshop CS6 (version 13.0.1, Adobe
Sytems Inc., San Jose, CA). All in all, the final stimulus set

TABLE I. Mean age, mean educational attainment

(years) and mean scores (6standard deviation) for social

anxiety-related questionnaires (LSAS, SPS, SIAS) and

Beck Depression Inventory (BDI) for patients suffering

from social anxiety disorder (SAD) and healthy

controls (HC)

SAD
(M 6 SD)

HC
(M 6 SD) t-value

P value
(two-tailed)

Age 27.5 6 7.74 27.07 6 5.35 0.252 0.802
Education 12.7 6 1.32 13.27 6 1.05 20.165 0.07
LSAS 67.2 6 15.78 9 6 6.44 18.7 �0.001
SPS 32.27 6 12.01 12.01 6 3.28 13.18 �0.001
SIAS 44.67 6 12.85 9.03 6 6.04 13.75 �0.001
BDI 10.73 6 7.57 1.17 6 2.73 6.51 �0.001

M 5 mean; SD 5 standard deviation. LSAS, Liebowitz social anxi-
ety scale; SPS, social phobia scale; SIAS, social interaction anxiety
scale; BDI, beck depression inventory.
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consisted of 50 disorder-related scenes (for SAD patients),
50 neutral scenes, and five blurred pictures.

Experimental Task

Hundred scene pictures, 50 disorder-related and 50 neu-
tral (with a resolution of 600 dpi), and five blurred pic-
tures were each shown once in randomized order for 800
ms in the center of a black screen. Stimulus presentation
was controlled by Presentation software (version 17.2,
Neurobehavioral Systems, Albany, CA). Between stimulus
presentations, a white fixation cross occurred for an aver-
age time period of 3,915 ms (jittered between 1,280 ms and
15,320 ms). To increase signal discriminability [Dale, 1999],
the random stimulus sequence was optimized using the
“optimal sequencing” (optseq) algorithm (http://www.
surfer.nmr.mgh.harvard.edu/optseq/). Participants viewed
scene pictures passively. To ensure attention to the scenes,
they were instructed to press a button with the right index
finger whenever they saw a blurred picture. No partici-
pant had more than one omission. Trials with blurred pic-
tures were excluded from behavioral and fMRI analysis.
Completion of the experimental task took approximately 9
min.

Recording and Analysis of Behavioral Data

Outside the scanner and after fMRI testing, participants
rated the 50 disorder-related and 50 neutral scenes. Nine-
point Likert scales were used to assess valence (1 5 “very
unpleasant” to 9 5 “very pleasant”), arousal (1 5 “not
arousing” to 9 5 “very arousing”), and anxiety levels sub-
jects had experienced during picture presentation (1 5 “not
anxious” to 9 5 “very anxious”). Rating was computer-
based, with each scene presented for 2 s, followed by the
three rating scales, until participants responded.

Statistical analyses were performed using IBM SPSS Sta-
tistics 22 software (Armonk, New York). Valence, arousal
and anxiety ratings were analyzed by means of repeated-
measures analyses of variance (ANOVAs) with emotion
(disorder-related or neutral) as within-subjects factor and
group (SAD or HC) as between-subjects factor. For the
ANOVAs, a probability level of P� 0.05 was considered
statistically significant. Post hoc t-tests used to resolve
interactions were Bonferroni-corrected for multiple com-
parisons (corrected significance level P< 0.0125).

Functional MRI Data

Anatomical and functional MRI data were acquired with
a 3T magnetic resonance scanner (“Magnetom PRISMA,”
Siemens, Erlangen; GER) using a 20-channel head-neck coil.
Functional data were measured using a T2*-weighted echo-
planar sequence (TE 5 30 ms, flip angle 5 908, matrix 5 92
3 92 voxels, FOV 5 208 mm2, TR 5 2,080 ms). 255 volumes
of 36 axial slices (thickness 5 3 mm, 0.3 mm gap, in plane

resolution 5 2.26 mm 3 2.26 mm) were acquired. To mini-
mize susceptibility artifacts in inferior parts of anterior
brain areas, the volumes were tilted approximately 208

from the AC/PC line. A shimming field was applied before
functional imaging to reduce external magnetic-field inho-
mogeneities. A high-resolution T1-weighted anatomical vol-
ume with 192 slices was also recorded.

Pre-processing and analysis of functional data were per-
formed using Brain Voyager QX software (version 2.4,
Brain Innovation, Maastricht, NL). The first ten volumes
were discarded from analysis to secure steady-state tissue
magnetization. Volumes were realigned to the first volume
to minimize effects of head movements on data analysis.
No participant showed excessive head movement (>1
voxel). Further data preprocessing comprised spatial
(6 mm full-width half-maximum isotropic Gaussian kernel,
FWHMK) as well as temporal (low pass filter: 2.8 s; high
pass filter: 10 cycles in time course) smoothing. Anatomi-
cal and functional images were co-registered and normal-
ized to Talairach space [Talairach and Tournoux, 1988].
Finally, volumes were resampled to voxels of 2 3 2 3

2 mm, and slice time correction was applied.
Multiple linear regression of the signal time course at

each voxel was calculated with adjustment for autocorrela-
tion following a global AR(2) model. The expected blood
oxygenation level-dependent (BOLD) signal change for
each predictor was modeled by a canonical double-gamma
hemodynamic response function (HRF). The two predic-
tors of interest were disorder-related scene and neutral
scene. First, voxel-wise statistical maps were generated
and predictor estimates (beta weights) were computed for
each individual. Second, a random-effects group analysis
of the individual contrasts was calculated. Analyses were
conducted for specific regions of interest (ROIs), defined a
priori according to Automated Anatomical Labeling atlas
[Maldjian et al., 2003; Tzourio-Mazoyer et al., 2002] and
transformed into Talairach space according to Lancaster
et al. [2007] using ICBM2TAL in Matlab (version 8.2, The
MathWorks Inc, Natick, MA). ROIs were insula (dilated
1 mm in radius), thalamus, globus pallidus, ACC, mPFC,
STS, PCC, precuneus, and cuneus. The analysis of activa-
tion patterns in the amygdala was conducted in accord-
ance with Boll et al. [2013]: ROIs for centromedial,
basolateral and superficial amygdala were taken from the
Anatomy Toolbox [Amunts et al., 2005], and the centrome-
dial and superficial nuclear group will be referred to as
corticomedial amygdala. The anatomical assignment of the
observed activation patterns to an amygdala subregion
was also verified using the anatomical atlas by Mai et al.
[2004]. In addition, we conducted an exploratory whole-
brain analysis to investigate reliable task-related activa-
tions outside the ROIs. Psychophysiological interaction
(PPI) analysis was performed to explore differences
between the groups’ emotion-dependent connectivity pat-
terns within ROIs for the disorder-related>neutral con-
trast. Significant activation clusters within ROIs for the
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contrast disorder-related>neutral that differentiated
between SAD and HC were defined as seed regions. PPI
analysis was conducted with an interaction regressor that
is the product of the HRF-convolved task regressor (psy-
chological factor) and the seed region time course (physio-
logical factor).

Statistical parametric maps resulting from voxel-wise
analyses were considered significant for clusters that sur-
vived cluster-based correction for multiple comparisons.
For ROI- and PPI-analyses, voxel-level threshold was ini-
tially set to P� 0.005 (uncorrected); for exploratory whole
brain analysis, it was set to P� 0.001 (uncorrected). Using a
cluster-level statistical threshold plugin in Brain Voyager
[Goebel et al., 2006], thresholded maps were then submitted
to a ROI-specific correction criterion for the ROI-analysis, or
to a correction criterion based on the whole brain for
exploratory analysis. For analysis of amygdala activations,
correction criterions specific to the subregions were calcu-
lated to avoid missing activations in these small subregions.
Correction criteria were always based on the estimate of
the maps’ spatial smoothness and on an iterative procedure
(Monte Carlo simulation) used to estimate cluster-level
false-positive rates [Forman et al., 1995]. After 1,000 itera-
tions, the minimum cluster size threshold that yielded a
cluster-level false-positive rate of 5% was applied to the sta-
tistical maps. For PPI-analyses, a Bonferroni-corrected
threshold was used (P< 0.00625) due to multiple testing.

To account for dimensional effects between brain activa-
tion and social anxiety, correlational analysis between self-
reported social anxiety measures (LSAS, SPS-, and SIAS-
scores) and extracted mean beta values for all participants
within the ROI analysis-based clusters showing differential

neural effects were calculated (Bonferroni-corrected signifi-
cance level P< 0.00625).

Furthermore, to control for effects of depression in SAD
patients, mean beta values of significant activation patterns
yielded by ROI-analyses in SAD patients were correlated
with BDI-scores (Bonferroni-corrected significance level
P< 0.00625).

RESULTS

Behavioral Data: Valence, Arousal,

and Anxiety Ratings

Mean ratings of valence, arousal and perceived anxiety for
SAD patients and HC according to emotion (disorder-related
versus neutral) are provided in Figure 1. Rating data revealed
significant main effects of emotion (valence: F(1,58) 5 177.871,
P � 0.001; arousal: F(1,58) 5 193.585, P � 0.001; anxiety:
F(1,58) 5 118.441, P � 0.001) and group (valence: F(1,58) 5 57.068,
P � 0.001; arousal: F(1,58) 5 35.938, P � 0.001; anxiety:
F(1,58) 5 66.805, P � 0.001). Moreover, significant emotion 3

group interaction effects emerged, indicating that SAD
patients rated disorder-related as compared with neutral
scenes as more unpleasant (F(1,58) 5 33.247, P � 0.001), more
arousing (F(1,58) 5 66.736, P � 0.001) and more anxiety-
inducing (F(1,58) 5 75.819, P� 0.001) than HC.

fMRI Data: Interaction Emotion by Group

ROI analyses for the contrast disorder-related versus
neutral scenes showed increased brain activation in SAD
patients as compared with HC (see Fig. 2) in right

Figure 1.

Mean valence, arousal and anxiety ratings for disorder-related and neutral scenes in patients suf-

fering from social anxiety disorder (SAD) and healthy controls (HC). Asterisks mark significant

differences (P� 0.0125). [Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]
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Figure 2.

Differential brain activations during disorder-related versus neu-

tral scene processing in patients suffering from social anxiety dis-

order (SAD) as compared with healthy controls (HC). Statistical

parametric maps are overlaid on a T1 scan (P< 0.005 uncor-

rected, P< 0.05 corrected; radiological convention: left

(L) 5 right (R)). SAD patients display enhanced activation in

corticomedial amygdala (y 5 5), insula (y 5 9), thalamus (x 5 25),

globus pallidus (z 5 2), dorsomedial prefrontal cortex (dmPFC)

(x 5 5), posterior cingulate cortex (PCC)/precuneus (x 5 210),

left precuneus (x 5 210) and right precuneus (x 5 6). Diagrams

show contrasts of parameter estimates (disorder-related versus

neutral; mean 6 SE). [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com.]
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corticomedial amygdala (peak voxel Talairach coordinates:
x 5 17, y 5 25, z 5 26, size: 104 mm3, average t-value:
3.065, maximal t-value: 3.901, P< 0.005 uncorrected,
P< 0.05 corrected), left insula (peak voxel Talairach coor-
dinates: x 5 231, y 5 11, z 5 28, size: 608 mm3, average
t-value: 3.112, maximal t-value: 4.109, P< 0.005 uncor-
rected, P< 0.05 corrected), left thalamus (peak voxel
Talairach coordinates: x 5 26, y 5 211, z 5 0, size:
304 mm3, average t-value: 3.977, maximal t-value: 6.601,
P< 0.005 uncorrected, P< 0.05 corrected), left globus pal-
lidus (peak voxel Talairach coordinates: x 5 221, y 5 21,
z 5 2, size: 1,056 mm3, average t-value: 3.543, maximal t-
value: 4.829, P< 0.005 uncorrected, P< 0.05 corrected), left
dorsal mPFC (dmPFC; peak voxel Talairach coordinates:
x 5 25, y 5 41, z 5 33, size: 984 mm3, average t-value:

3.164, maximal t-value: 4.213, P< 0.005 uncorrected,
P< 0.05 corrected), bilateral precuneus (left: peak voxel
Talairach coordinates: x 5 212, y 5 255, z 5 48, size:
1,912 mm3, average t-value: 3.284, maximal t-value: 4.387,
P< 0.005 uncorrected, P< 0.05 corrected; right: peak voxel
Talairach coordinates: x 5 12, y 5 255, z 5 23, size:
336 mm3, average t-value: 2.949, maximal t-value: 3.411,
P< 0.005 uncorrected, P< 0.05 corrected) and left PCC/
precuneus (peak voxel Talairach coordinates: x 5 211,
y 5 253, z 5 26, size: 2872 mm3, average t-value: 3.17,
maximal t-value: 4.402, P< 0.005 uncorrected, P< 0.05 cor-
rected). Note that the PCC/precuneus cluster extended
into left cuneus. For SAD patients, there were no signifi-
cant correlations with BDI-scores (all effects failed to reach
the Bonferroni-corrected significance level of P< 0.00625).

TABLE II. Significant hyperactivations for disorder-related versus neutral scenes in patients suffering from social

anxiety disorder (SAD) relative to healthy controls (HC) as revealed by exploratory whole brain analysis (P�0.001

uncorrected, and P� 0.05 corrected)

Region Lateralization

Talairach coordinates of
peak voxel

Cluster
size (mm3)

t-value
average

t-value
maximumx y z

angular gyrus L 244 275 24 360 3.568 4.171
cerebellum lobule V L 211 242 213 464 3.714 4.929
dmPFC L 26 40 33 392 3.56 4.213
lPFC L 226 55 3 256 3.536 4.075
middle temporal gyrus L 255 239 22 248 3.597 4.159
PCC L 23 241 35 416 3.702 4.389
PCC L 211 254 25 584 3.571 4.402
precentral gyrus L 240 4 35 744 3.637 4.629
precuneus L 211 255 48 816 3.726 4.387
globus pallidus/putamen L 222 21 2 728 3.814 4.829
SPL R 15 253 58 216 3.529 4.165
thalamus L 25 212 21 632 4.19 6.601

dmPFC 5 dorsomedial prefrontal cortex; lPFC 5 lateral prefrontal cortex; PCC 5 posterior cingulate cortex; SPL 5 superior parietal
lobule; L 5 left; R 5 right.

TABLE III. PPI analysis: Significant differences between patients suffering from social anxiety disorder (SAD) and

healthy controls (HC) in connectivity patterns for the contrast disorder-related versus neutral scenes (P�0.005

uncorrected, and P� 0.00625 corrected)

Seed region
Finding
region Lateralization

Talairach coordinates
of peak voxel

Cluster
size (mm3)

t-value
average

t-value
maximumx y z

SAD>HC
PCC/precuneus insula R 28 223 5 512 3.008 3.633

precuneus R 11 259 36 1168 3.067 4.222
precuneus L 21 275 34 1872 3.155 4.289

globus pallidus mPFC R 15 45 8 688 2.95 3.718
ACC R 7 39 0 600 3.007 4.169
amygdala (BL) R 13 21 212 200 2.901 3.454

HC> SAD
dmPFC PCC/precuneus L 25 247 38 464 3.092 4.021

PCC 5 posterior cingulate cortex; mPFC 5 medial prefrontal cortex; ACC 5 anterior cingulate cortex; BL 5 basolateral; L 5 left; R 5 right.
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The extracted mean beta values of these clusters for all
participants showed highly significant correlations with
self-reported social anxiety measures: with all regions for
the LSAS-score (r 5 0.354–0.527, P 5 0.000015–0.005563),
and with all clusters except right precuneus for the SPS-
score (r 5 0.371–0.58, P 5 0.000001–0.003507) and the SIAS-
score (r 5 0.378–0.568, all P 5 0.00002–0.00288).

Results of the exploratory whole-brain analysis are pro-
vided in Table II. Activation patterns revealed by whole
brain analysis were largely consistent with activation clus-
ters yielded by ROI-analysis. Whole brain analysis did
yield additional activations in angular gyrus, cerebellum,
lateral PFC (lPFC), middle temporal gyrus, precentral
gyrus and superior parietal lobule (SPL).

Overall, processing of disorder-related versus neutral
scenes in SAD patients recruited a distributed network of
brain regions previously implied in emotional processing,
particularly in threat processing (e.g. amygdala, insula,
dmPFC, thalamus), alongside with several parietal, pre-
frontal and temporal regions.

fMRI Data: PPI Analysis

PPI analyses investigated functional connectivity between
ROI-Clusters differentiating between SAD patients and HC
for the contrast disorder-related>neutral scenes and other
ROIs. Table III provides connectivity patterns for which

Figure 3.

Differential psychophysiological interactions in patients suffering

from social anxiety disorder (SAD) and healthy controls (HC)

seeded from posterior cingulate cortex (PCC)/precuneus with find-

ings (all SAD>HC) in insula (y 5 218), left precuneus (x 5 24)

and right precuneus (x 5 7), as well as seeded from dorsomedial

prefrontal cortex (dmPFC) with a finding (HC> SAD) in PCC/pre-

cuneus (x 5 24). Statistical parametric maps are overlaid on a T1

scan (P< 0.005 uncorrected, P< 0.05 corrected; radiological con-

vention: left (L) 5 right (R)). Diagrams show contrasts of parameter

estimates (disorder-related versus neutral; mean 6 SE). [Color fig-

ure can be viewed in the online issue, which is available at wileyonli-

nelibrary.com.]
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significant differences between SAD patients and HC were
found. In SAD patients relative to HC, hyperconnectivities
were found for PCC/precuneus with insula and precuneus,
and for globus pallidus with mPFC, ACC, and amygdala
(stretching from basolateral to medial areas). Moreover,
hypoconnectivity was found between left dmPFC and left
PCC/precuneus (see Table III, see Figs. 3 and 4).

DISCUSSION

The aim of the present study was to investigate threat
processing in SAD patients using a novel, standardized set

of complex, ecologically valid disorder-related visual
scenes. Brain activation during scene presentation was
examined using fMRI, and subjective ratings of perceived
valence, arousal and anxiety were obtained. SAD patients
as compared with HC rated disorder-related versus neu-
tral scenes as more unpleasant, more arousing and more
anxiety-inducing. In line with our first prediction, fMRI
data yielded hyperactivations for disorder-related versus
neutral scenes in SAD patients1 in brain structures

1When referring to hyper- or hypoactivation or -connectivity in SAD
patients, this is in relation to HC, unless stated otherwise.

Figure 4.

Differential psychophysiological interactions in patients suffering

from social anxiety disorder (SAD) and healthy controls (HC)

seeded from globus pallidus with findings (all SAD>HC) in

basolateral amygdala (y 5 24), anterior cingulate cortex (ACC;

x 5 5) and medial prefrontal cortex (mPFC; x 5 3). Statistical

parametric maps are overlaid on a T1 scan (P< 0.005 uncor-

rected, P< 0.05 corrected; radiological convention: left

(L) 5 right (R)). Diagrams show contrasts of parameter esti-

mates (disorder-related versus neutral; mean 6 SE). [Color fig-

ure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]
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typically associated with different stages and functions of
emotional processing: amygdala, insula, thalamus, globus
pallidus, dmPFC, precuneus, and PCC. Supporting our
second prediction, PPI analysis underlined the role of the
PCC/precuneus region for disorder-related threat process-
ing in SAD, revealing altered functional connectivity of
this region with insula, dmPFC and precuneus. In addi-
tion, globus pallidus showed hyperconnectivity in SAD
patients as compared with HC with amygdala, mPFC and
ACC. Overall, patterns of (hyper-)activation and altered
functional connectivity in SAD may be linked to increased
anxiety and self-referential processing. In the following
sections, our results will be discussed in detail.

Rating results confirmed that disorder-related scenes
depicted situations SAD patients were indeed afraid of,
thus corroborating their ecological validity. Differential acti-
vation patterns as revealed by fMRI data were suggestive
of implicit emotional processing which emphasizes
increased salience of disorder-related scenes for SAD
patients. Disorder-related versus neutral scenes evoked
hyperactivations in amygdala, insula, globus pallidus, thala-
mus, dmPFC, precuneus, and PCC in SAD patients. These
regions have been discussed as crucial parts of the neural
basis of SAD [e.g. Br€uhl et al., 2014; Gentili et al., 2015a,b].

Amygdala hyperactivation in response to threat is fre-
quently observed in SAD [Blair et al., 2011; Schmidt et al.,
2010; Stein et al., 2002; Straube et al., 2004a]. The recording
and statistical analysis procedures of our study allowed
more precise assessment of activity in amygdala subre-
gions. In SAD patients, disorder-related relative to neutral
scenes evoked hyperactivation in corticomedial amygdala,
more precisely in the central amygdaloid nucleus [cf. Mai
et al., 2004]. Animal studies suggest that the central
nucleus of the amygdala is involved in initiation of auto-
nomic and behavioral responses via connections with sub-
cortical regions [LeDoux, 2003; Pitk€anen et al., 1997]. In
humans, fewer studies have investigated this, but do
report association with similar functions, for example
attentional allocation towards or evaluation of significance
of salient stimuli [Boll et al., 2011; Fr€uhholz and Grand-
jean, 2013; Holland and Gallagher, 1999]. Thus, hyperacti-
vation of the corticomedial amygdala complex in response
to disorder-related scenes in SAD may indicate increased
attention and vigilance when perceiving potential threat.

In addition to amygdala hyperactivation, insula hyperac-
tivation has also been observed in SAD patients in
response to and also during anticipation of potential threat
[Amir et al., 2005; Boehme et al., 2013; Gentili et al., 2009;
Klumpp et al., 2010; Lorberbaum et al., 2004; Straube
et al., 2004a,]. The insula plays an important role in intero-
ceptive processing [Craig, 2009; Critchley et al., 2004],
more specifically for evaluating the emotional salience of
interoceptive stimuli [Menon and Uddin, 2010; Reiman,
1997], and thereby for generating the subjective feeling of
anxiety [Damasio et al., 2000]. Insula hyperactivation in
our data may thus reflect perception of anxiety-related

bodily symptoms and enhanced self-focus, both of which
are core components of models of SAD [Clark and Wells,
1995; Rapee and Heimberg, 1997].

Complementary to amygdala and insula hyperactiva-
tions as indicators of anxious processing, hyperactivation
in the thalamus may point to emotional impact at very
early processing stages. The thalamus is an important
structure for initial sensory integration and processing
[Jones, 2003], and thalamus hyperactivation in SAD might
be the correlate of an early fearful response in reaction to
disorder-related scenes [Br€uhl et al., 2011; Vuilleumier and
Driver, 2007]. Moreover, hyperactivation in globus pal-
lidus, putamen and prefrontal regions in concert with tha-
lamic hyperactivation might reflect recruitment of cortico-
striatal-thalamic-cortical loops [e.g. Alexander and
Crutcher, 1990] in threat processing in SAD.

In addition to its assumed involvement in the cortico-
striatal-thalamic loop [Alexander and Crutcher, 1990], the
globus pallidus is primarily associated with functions in
voluntary movement [e.g. Sztainberg et al., 2011]. Interest-
ingly, hyperactivation in this region during processing of
potential threat in SAD has been described before [Binelli
et al., 2014; Etkin and Wager, 2007; Gentili et al., 2015a,b;
Hattingh et al., 2013]. These studies consider a possible role
of the globus pallidus in modulation of motor aspects in
response to salient emotional stimuli. Along these lines,
globus pallidus hyperactivation in the present study might
reflect modulation of emotion processing due to stimulus
content in an additional domain of emotion processing,
namely in brain structures associated with motor functions.

MPFC, PCC and precuneus as “cortical midline
structures” [Schneider et al., 2008] are crucial components
of the DMN which is involved in self-referential process-
ing and emotional regulation [Raichle et al., 2001]. In line
with this, dmPFC has been directly linked to emotional
awareness [Lane et al., 1997] and attentional allocation
towards emotional stimuli and to their evaluation [Etkin
et al., 2011; Ochsner and Gross, 2005; Phan et al., 2002].
Furthermore, dmPFC is associated with mentalizing of
emotions in other persons [Frith and Frith, 2003; Olsson
and Ochsner, 2008; Vogeley et al., 2001] and retrieval of
self-relevant autobiographic memories [Moran et al., 2009].
Complementing the alleged role of dmPFC in emotional
processing, PCC and precuneus are assumed to be
involved in processes of episodic memory retrieval
[Maddock et al., 2002; Maddock and Buonocore, 1997] and
self-consciousness by maintaining internal representations
[Cavanna and Trimble, 2006; Wolpert et al., 1998]. This is
supported by altered activation patterns in these regions
in anxious patients. Straube et al. [2004b] observed stron-
ger PCC activation in spider phobics confronted with
phobia-related words, and Maddock et al. [2003] in panic
patients in response to threat-related words. These find-
ings were interpreted as correlates of enhanced mnemonic
processing. Gentili et al. [2009] described precuneus and
PCC hyperactivations during performance of cognitive

r Heitmann et al. r

r 1568 r



tasks in SAD and suggested that impairment of the DMN
in social anxiety leads to increased self-focused attention,
thus contributing to the feeling of wariness of others’ judg-
ment. In an additional study, Gentili et al. [2015a,b]
reported symptom severity of social anxiousness to predict
the Hurst Exponent in the PCC/precuneus region, thus
underlining the role of this region for SAD pathophysiol-
ogy. In line with this, brain activations in PCC/precuneus
correlated with LSAS-scores as well as SPS- and SIAS
score (except right precuneus) in the present study.

Results from the present functional connectivity analysis
further support a pivotal role of the PCC/precuneus region
in disorder-related scene processing in SAD, thus corrobo-
rating neurobiological models of SAD [Br€uhl et al., 2014].
PPI analysis revealed altered interplay between PCC/pre-
cuneus and paralimbic (insula) as well as cortical regions
(dmPFC, precuneus) in SAD patients relative to HC: func-
tional connectivity of PCC/precuneus with insula and pre-
cuneus was increased, while hypoconnectivity was
observed between PCC/precuneus and dmPFC. Br€uhl et al.
[2014] described decoupling of the medio-parietal region
which was assumed to lead to deficits in bottom-up activa-
tion regulation. This is in line with the present findings of
hypoconnectivity between dmPFC and PCC/precuneus,
while contrasting with the observed hyperconnectivity
between PCC/precuneus and insula and precuneus. Due to
extensive cortical and subcortical connectivity, the PCC/
precuneus region is regarded as a central transfer point for
information in the brain [Cavanna and Trimble, 2006; Tom-
asi and Volkow, 2011]. Thus, stronger functional connec-
tions between PCC/precuneus and other brain regions in
SAD patients during disorder-related scene processing pos-
sibly reflect more intense processing of these significant
stimuli. This assumption is in line with Dennis et al. [2011]
who suggested anxiety to lead to increased functional con-
nectivity between DMN and insula.

Furthermore, connectivity analysis with globus pallidus
as seed region yielded functional hyperconnectivities with
amygdala, mPFC and ACC. Note that the hyperconnectiv-
ity originating from globus pallidus to amygdala refers to
basolateral and extending into medial parts of the amyg-
dala. To date and to our knowledge, abnormal globus pal-
lidus activation in SAD patients during emotion
processing has only been reported in meta-analytic
approaches [Binelli et al., 2014; Etkin and Wager, 2007;
Gentili et al., 2015a,b; Hattingh et al., 2013]. Thus, the pres-
ent results, that is, the differential effect between SAD
patients and HC as well as the increased functional con-
nectivity of globus pallidus with well-known areas in emo-
tion processing (amygdala, mPFC, ACC) in SAD patients,
reinforce the relevance of this brain structure in social anx-
ious threat processing.

The results of the exploratory analysis, i.e. hyperactiva-
tions of SAD patients in dorsolateral PFC (dlPFC), superior
parietal lobule (SPL), middle temporal and angular gyrus,
may demonstrate modulation of different stages of

emotional processing such as attentional allocation, men-
talizing and emotion regulation by stimulus content (i.e.
disorder-relatedness) in SAD [Diekhof et al., 2011; Etkin
et al., 2011; Kohn et al., 2014; Saxe and Kanwisher, 2003].
Disorder-related scenes thus provoke altered activity and
connectivity in and between brain areas specifically
involved in self-referential processing, and in cognitive
functions such as interoceptive awareness, self-
consciousness, maintenance of internal representations,
evaluation of emotional states, and autobiographic mem-
ory retrieval. These processes are crucial for the formation
of a maladaptive mental self-representation in a potentially
threatening situation in SAD. Maladaptive self-
representation is considered to be a critical point for the
emergence and maintenance of anxiety in SAD patients
[Clark and Wells, 1995; Rapee and Heimberg, 1997]. This
is supported by findings of increased mPFC activation
during autobiographic memory retrieval in a novel photo
paradigm [Cabeza et al., 2004]. Higher dmPFC, PCC and
thalamus activation was also observed in response to emo-
tional pictures, with activation depending on self-
relatedness of the stimuli [Schneider et al., 2008].

Activation patterns for disorder-related scene processing
in SAD in the present study suggest involvement of a
large network of distributed brain regions that have previ-
ously been implicated in threat processing in SAD. Nota-
bly, only few studies to date have succeeded in painting
such a comprehensive picture. For instance, PCC and pre-
cuneus hyperactivation has rarely been reported in studies
using emotional faces, although meta-analytic approaches
and reviews have stressed the importance of this region
[Br€uhl et al., 2014; Gentili et al., 2015a,b]. It seems plausi-
ble that high ecological validity of the stimulus material
may allow for a more thorough investigation of different
aspects of the fear response in SAD.

However, it has to be pointed out that we did not com-
pare results for our new stimulus set with results from
other disorder-related stimuli for SAD, such as emotional
faces. Although we suggest that our stimuli are associated
with high ecological validity, future studies should include
additional behavioral measures to corroborate this state-
ment, and compare results of different classes of stimuli.

A further limitation is that 11 patients with SAD as
main diagnosis also fulfilled the criteria for other psycho-
logical disorders (mainly other anxiety disorders, but also
depression). While comorbid diagnoses may present an
important limitation of the present study, including
patients with comorbid diagnoses does increase represen-
tativeness of the patient sample as well as statistical power
because fewer individuals need to be excluded and sample
sizes of n 5 30 can realistically be reached. Furthermore,
activation patterns in SAD patients did not correlate with
BDI-scores, even though approx. 13% of patients presented
with comorbid MDD.

In sum, we obtained evidence for hyperactivation in
designated areas and for altered connectivity in SAD
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patients when confronted with threatening, disorder-
specific materials. Hyperactivations in a widespread
emotion-processing network including (para-)limbic struc-
tures (e.g. amygdala, insula, thalamus, globus pallidus)
and cortical regions (e.g. dmPFC, PCC, precuneus) were
observed when SAD patients processed disorder-related
scenes. Analysis of amygdala subregions revealed hyper-
activation specifically in corticomedial regions, and more
specifically, in the central nucleus. PPI analysis revealed
altered interplay between PCC/precuneus and paralimbic
(insula) as well as cortical regions (dmPFC, precuneus) in
SAD patients. Hyperconnectivity between globus palidus
and limbic (amygdala) and cortical areas (ACC, mPFC)
was also observed. These results underline a pivotal role
of the PCC/precuneus region and emphasize the relevance
of globus pallidus for threat processing in SAD. Overall,
our findings appear to indicate that stimulus content, that
is, specific relevance for the disorder, modulates multiple
stages of emotion processing in SAD, which may be linked
to enhanced vigilance and interoceptive awareness. This
may affect higher-order cognitive processes such as build-
ing of internal (self-)representations, perspective taking
and episodic memory retrieval. Generally, disorder-related
threat processing in SAD seems to be characterized by
increased anxiety as well as dysfunctionally elevated levels
of self-referential processing.
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