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Introduction

Social anxiety disorder (SAD) is a highly prevalent psychiat-
ric condition.1 The core feature of the disorder is a marked 
and persistent fear of social situations in which the person is 
exposed to unfamiliar people or possible scrutiny by others.2

A condition of great interest in relation to the study of SAD 
is Williams–Beuren syndrome (WBS), a rare neurodevelop-
mental disorder caused by a heterozygous deletion of 25–
28  genes on chromosome band 7q11.23.3 Williams–Beuren 
syndrome is associated with abnormal development across 

multiple cognitive, emotional and social domains, which 
leads to a unique phenotype characterized by an uneven pro-
file in cognitive functions and a distinctive social profile.4 Pa-
tients with SAD and WBS show major differences in terms of 
genetics, development and cognitive profiles; both show 
compromised abilities in some overlapping areas and, to 
some extent, display opposite behaviours in these domains. 
For instance, the main characteristic of the WBS social pheno-
type is a markedly increased social drive, particularly toward 
strangers.4,5 Thus, whereas people with SAD are typically shy 
and withdrawn when faced with unfamiliar people and 
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Background: Social anxiety disorder (SAD) and Williams–Beuren syndrome (WBS) are 2 conditions with major differences in terms of 
 genetics, development and cognitive profiles. Both conditions are associated with compromised abilities in overlapping areas, including so-
cial approach, processing of social emotional cues and gaze behaviour, and to some extent they are associated with opposite behaviours in 
these domains. We examined common and distinct patterns of brain activation during a facial emotion processing paradigm in patients with 
SAD and WBS. Methods: We examined patients with SAD and WBS and healthy controls matched by age and laterality using functional 
MRI during the processing of happy, fearful and angry faces. Results: We included 20 patients with SAD and 20 with WBS as well as 
20 matched controls in our study. Patients with SAD and WBS did not differ in the pattern of limbic activation. We observed differences in 
early visual areas of the face processing network in patients with WBS and differences in the cortical prefrontal regions involved in the top–
down regulation of anxiety and in the fusiform gyrus for patients with SAD. Compared with those in the SAD and control groups, participants 
in the WBS group did not activate the right lateral inferior occipital cortex. In addition, compared with controls, patients with WBS hypoacti-
vated the posterior primary visual cortex and showed significantly less deactivation in the right temporal operculum. Participants in the SAD 
group showed decreased prefrontal activation compared with those in the WBS and control groups. In addition, compared with controls, 
participants with SAD showed decreased fusiform activation. Participants with SAD and WBS also differed in the pattern of activation in the 
superior temporal gyrus, a region that has been linked to gaze processing. Limitations: The results observed in the WBS group are limited 
by the IQ of the WBS sample; however, the specificity of findings suggests that the pattern of brain activation observed for WBS is more 
likely to reflect a neurobiological substrate rather than intellectual impairment per se. Conclusion: Patients with SAD and WBS showed 
common and specific patterns of brain activation. Our results highlight the role of cortical regions during facial emotion processing in individ-
uals with SAD and WBS.
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 social settings,6 individuals with WBS display outgoing, hy-
persocial behaviour, and they exhibit an unusual attraction to 
unfamiliar people.4,5,7 Similarly, people with SAD typically 
fear and avoid eye contact,8 whereas individuals with WBS 
show an unusual degree of attention and fixation toward 
faces and eyes.9,10 It should be noted, however, that the pat-
tern of social fearlessness observed in individuals with WBS 
coexists with high levels of nonsocial anxiety.11

Atypical emotion processing is another feature shared by in-
dividuals with WBS and SAD. The evidence indicates that peo-
ple with WBS show reduced ability to detect social threat sig-
nals, such as perceiving negative emotions through facial 
expressions and voices,12 or to detect angry faces,13 but they 
show a positive bias toward processing happy faces.14 By con-
trast, people with SAD are typically hypervigilant to facial ex-
pressions, and they rapidly avoid facial stimuli perceived as 
threatening.15 Evidence from neuroimaging studies of SAD and 
WBS suggests that alterations in regions involved in the threat-
detecting system may underlie the aberrant patterns of facial 
emotion processing in individuals with these disorders and 
may contribute to explaining part of the neural substrate of the 
exaggerated/diminished fear responses to social cues that char-
acterize SAD and WBS, respectively.16 Research on WBS has re-
ported diminished amygdala response to negative facial ex-
pressions17–19 and heightened amygdala response to happy 
faces.18 Regarding SAD, hyperactivation of limbic regions has 
been a widely replicated finding across studies.16 Abnormal 
functioning of cortical prefrontal regions involved in the top–
down modulation of anxiety has also been proposed to be a 
core deficit in patients with SAD20–23 and may contribute to ab-
normal regulation of the amygdala in those with WBS.17

With the aim of identifying common and specific neural cor-
relates during facial emotion processing in patients with SAD 
and WBS, to our knowledge, we compared for the first time 
fMRI neural responses during a facial emotion processing para-
digm among adults with SAD and WBS and healthy controls. 
We predicted that major differences would emerge in the acti-
vation of brain regions involved in the fear response, including 
limbic regions, such as the amygdala, and in cortical prefrontal 
regions involved in the top–down regulation of this response.

Methods

Participants

We recruited patients with SAD, patients with WBS and 
healthy controls of both sexes aged 18–60 years to participate 
in the study. Participants were matched by chronological age 
and laterality. 

Individuals with SAD were recruited using a poster adver-
tisement. Interested individuals contacted the study centre 
and underwent a preliminary phone interview. They then 
completed a screening visit and a physical examination. To 
be included in the study, they had to be outpatients with a 
primary psychiatric diagnosis of generalized SAD based on 
DSM-IV-TR criteria2 and the Mini- International Neuro-
psychiatric Interview (MINI)24 and have a  Liebowitz Social 
Anxiety Scale (LSAS)25 score greater than 50. Patients with 

relevant medical or neurologic disorders or other DSM-IV 
Axis-I disorders were not considered for inclusion. In addi-
tion, we excluded individuals receiving any current psycho-
therapy or pharmacological treatment. Participants with 
WBS were recruited from the Hospital del Mar (Barcelona), 
in collaboration with the Spanish National and Regional WBS 
Associations. We confirmed the diagnosis of WBS in all par-
ticipants using molecular methods, documenting a 1.55Mb or 
1.83Mb heterozygous deletion at 7q11.23. Participants with 
WBS were evaluated with the MINI interview to confirm ab-
sence of SAD. Healthy controls were recruited using a poster 
advertisement. Interested individuals contacted the study 
centre and underwent a preliminary telephone interview. We 
assessed healthy controls using the MINI psychiatric inter-
view to ensure absence of psychiatric conditions, and they 
underwent a complete psychical examination. To be in-
cluded, controls had to have an LSAS score lower than 30. All 
participants (SAD, WBS, control) were required to be free of 
any history of substance dependence or current substance 
abuse, confirmed with urine toxicity and breath alcohol 
screening. The presence of a prosthesis or metal pacemaker 
was an exclusion criterion common to all 3 groups.

Behavioural assessments included the LSAS25 for social 
anxiety, the State–Trait Anxiety Inventory (STAI)26 for gen-
eral anxiety, the use of a 0–100  mm visual analogue scale 
(VAS) for rating state anxiety, and the Hamilton Rating Scale 
for Depression (HAM-D).27 Written informed consent was 
obtained from all participants. For the WBS group, written 
informed consent was also obtained from parents. The study 
was approved by the local ethics committee (CEIC-IMAS, 
CEIC-H.Clínic, Barcelona) and was in compliance with the 
Declaration of Helsinki.

Facial emotion processing task

We assessed participants using a slightly modified version of 
the facial emotion processing task developed by Hariri and col-
leagues28; the task we used was identical to the paradigm de-
scribed by Paulus and colleagues.29 During each 5-s trial, partici-
pants were presented with a target face (centre top) and 2 probe 
faces (bottom left and right) and were instructed to match the 
target to the probe expressing the same emotion; this was done 
by pressing a button in either their left or right hand in accord-
ance with the position of the chosen probe. A block consisted of 
6 consecutive trials in which the target face was happy, fearful 
or angry, and the probe faces included 2 of these 3 possible emo-
tions (i.e., happy, fearful or angry). During the control (shape) 
condition, participants completed 5-s trials involving ovals or 
circles in an analogous configuration, and they were instructed 
to match the shape of the probe to the target. A total of 9 30-s 
blocks of faces (3 happy, 3 fearful and 3 angry) and 3 30-s blocks 
of the control condition were presented in a pseudorandomized 
order. A fixation cross was  interspersed between each block 
(15-s duration). For each trial, response accuracy and response 
latency (reaction time) were obtained. The paradigm was pre-
sented visually on a laptop computer running presentation soft-
ware (www.neurobehavioralsystems.com). The stimuli were 
displayed with MRI-compatible high-resolution goggles 
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 (VisuaStim Digital System, Resonance Technology Inc.). Partici-
pants’ responses were registered using a right- and a left-hand 
response device based on optical fibre transmission (Nordic 
NeuroLaboratories).

Functional MRI acquisition

Images were obtained using a 1.5 T Signa Excite system 
(General Electric) equipped with an 8-channel phased-array 
head coil and single-shot echoplanar imaging (EPI). Func-
tional sequences consisted of gradient recalled acquisition in 
the steady state under the following parameters: repetition 
time (TR) 2000 ms, echo time (TE) 50 ms, pulse angle 90°, 
field of view (FOV) 24 cm, 64 × 64 pixel matrix, 4 mm slice 
thickness plus an interslice gap of 1 mm. Twenty-two inter-
leaved slices parallel to the anterior–posterior commissure 
line were acquired to cover the whole brain. The functional 
time series consisted of 256 consecutive image sets obtained 
over 9 min. We also acquired an anatomic 3-dimensional 
(3D) fast spoiled gradient (SPGR) inversion-recuperation pre-
pared sequence with 130 contiguous slices (TR 11.8 ms, TE 
4.2 ms, flip angle 15°, FOV 30 cm, acquisition matrix 256 × 
256 pixels, slice thickness 1.2 mm) for each participant.

Image processing and statistical analysis

We used a Microsoft Windows platform running MATLAB 
version 7 (The MathWorks Inc.) and Statistical Parametric Map-
ping software (SPM8; The Wellcome Department of Imaging 
Neuroscience). Image preprocessing involved motion correc-
tion, spatial normalization and smoothing using an 8 mm full-
width at half-maximum Gaussian filter. Data were normalized 
to the standard SPM EPI template and resliced to 2 mm isotro-
pic resolution in Montreal Neurological Institute (MNI) space. 
High-quality functional images were obtained in all cases. We 
performed a coverage check in the amygdala. No cases with 
relevant signal drop or anatomic distortion were identified. No 
cases with mean volume-to-volume translation above 0.25 mm 
were included. Mean volume-to-volume translation, however, 
significantly differed among the groups (WBS: 0.12 ± 0.08 mm; 
SAD: 0.045 ± 0.03 mm; control: 0.035 ± 0.01; WBS > SAD and 
WBS > HC, p < 0.001). Mean volume-to volume translation was 
used as a regressor in the group (second-level) analyses as a 
procedure to remove motion effects as previously described.30

First-level (single-subject) SPM contrast images were esti-
mated for the following task effects of interest: all faces > 
shapes, fearful faces > shapes, angry faces > shapes and 
happy faces > shapes. For each participant, different task re-
gressors were created for each task condition (cross fixation, 
shapes, angry, fear and happy) by specifying the onset and 
duration of each task block (multiple regressors option). A 4-s 
delay was applied to each separate regressor to account for 
the hemodynamic response delay, and a high-pass filter was 
used to remove low-frequency noise (1/128 Hz). The result-
ing first-level contrast images for each participant were then 
carried forward to second-level random effects (group) analy-
ses. We used 1-sample and 2-sample t tests to estimate signifi-
cant within- and between-group activation effects. In addi-

tion, SPM maps were generated, showing the correlation 
between brain activation and individual LSAS scores in par-
ticipants with SAD and WBS. The ordinary least squares 
(OLS) model of SPM was used for this procedure. Results 
were considered to be significant with clusters above 
1.032 mL (129 voxels) at a height threshold of p < 0.005, which 
satisfied the family-wise error (FWE) rate correction of pFWE < 
0.05 according to recent Monte Carlo simulations.31 As  an a 
priori key region of interest with a reduced anatomic volume, 
the amygdala region was additionally analyzed using small 
volume correction (SVC) and a threshold of pFWE < 0.05.

Additional statistical analyses included Student t tests to 
compare participants’ performance during fMRI assessment 
(accuracy rates and mean reaction time) and to test for differ-
ences in sample characteristics.

Results

Sample characteristics

We included 20 patients with SAD, 20 with WBS and 20 controls 
(age range 18–30 yr) in our study. The SAD group was notably 
homogeneous; participants all had the generalized type, with 
childhood onset of symptoms and significant distress and inter-
ference in the patient’s life, but with no current treatment that 
could confound the study results. Among patients in the WBS 
group, 19 had a 1.55Mb and 1 had a 1.83Mb heterozygous dele-
tion at 7q11.23. Their mean IQ was 55 (WAIS-III scale; total IQ: 
55, verbal IQ: 62, performance IQ: 57). Table 1 shows the sample 
characteristics. Participants in the SAD group scored signifi-
cantly higher on social anxiety (LSAS) and trait anxiety (STAI-T) 
than those in the WBS and control groups. State anxiety scores 
before the fMRI session (both STAI-S and VAS), denoting antici-
patory anxiety, were significantly higher in participants with 
SAD and WBS than in controls. After the experimental session, 
state anxiety scores were almost normalized in the WBS group 
but remained at higher levels in the SAD group.

Behavioural performance during fMRI

Appendix 1, available at jpn.ca, shows mean reaction times 
and accuracy rates for each group. Overall, participants with 
WBS responded significantly slower (234 ms slower on aver-
age) across all conditions (fear, angry, happy, control-shape) 
than those with SAD or controls (p < 0.001). There were no 
significant differences in reaction times between the SAD and 
control groups in any of the 4 conditions. Accuracy rates 
were higher for participants with SAD and controls than for 
participants with WBS (SAD: 98.69%, mean no. of errors 
0.95 ± 0.84; control: 99.62%, mean no. of errors 0.28 ± 0.66; 
WBS: 73.62%, mean no. of errors 19 ± 11.1; p < 0.001).

Functional MRI results during the Hariri task

Williams–Beuren syndrome
In the 1-sample analysis, the matching task for all faces 
 (angry, fearful, happy, all-faces v. shapes) compared with the 
control shape condition was associated with significant 
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 activation in the visual cortex, the right fusiform gyrus, the 
lateral temporal cortex, the amygdala, the prefrontal cortex 
and the anterior cingulate cortex (ACC; Table 2). Overall, the 
specific analysis for the happy, angry and fearful conditions 

showed similar patterns of activation involving these regions 
(Appendix 1). However, matching happy faces produced sig-
nificant activation in the right amygdala (MNI coordinates: 
x,  y, z = 28, 4, –28; cluster size 60 (SVC); t = 3.65) and left 

Table 2: Regions showing significant activation during the processing of emotional faces (all faces v. shapes)

SAD, n = 20 WBS, n = 20 Healthy control, n = 20

Brain region MNI space
Cluster 

size t* MNI space
Cluster

size t* MNI space
Cluster 

size t*

Visual cortex R 18, –98, 2 14070 10.10 36, –96, –8 11972 6.75 30, –94, –6 25123 13.43

L –14, –98, 2 14070 7.38 –36, –94, –8 11972 6.88 –26, –96, –6 25123 12.26

Lateral occipital area R 46, –78, –2 14070 5.96 — — — 44, –82, –6 25123 9.31

L — — — — — — — — —

Fusiform gyrus R 38, –54, –24 14070 7.21 40, –48, –20 11972 4.93 40, –50, –24 25123 9.01

L –40, –54, –18 14070 6.35 — — — –38, –54, –20 25123 9.00

Lateral temporal cortex R 66, –16, 10† 1311† 4.31† 64, –18, –16 139 3.35 — — —

L — — — — — —

Superior temporal gyrus R 44, –24, 12† 1311† 2.98† — — — — — —

L –58, –32, 12† 1822† 4.04† — — — –54, –28, 10† 1101† 3.43†

Amygdala R 28, 4, –28‡ 20‡ 3.34‡ 16, –6, –20 342 5.03

L — — — –20, –8, –10 79‡ 4.03 –16, –4, –22 166 4.10

Prefrontal cortex R 44, 18, 26 1667 5.18 44, 22, 34 547 4.29 48, 18, 28 1651 5.97

L — — — –40, 24, 24 2005 4.66 –54, 20, 32 3762 6.08

Anterior cingulate 
cortex

R 0, 30, 32† 1304† 4.89† 12, 18, 42 197 4.51 4, –26, 54† 215† 3.05†

L — — — — — — — — —

FWE = family-wise error; L = left; MNI = Montreal Neurological Institute; R = right; SAD = social anxiety disorder; WBS = Wlliams–Beuren syndrome.  
*Statistics correspond to a corrected threshold pFWE < 0.05 estimated using Monte Carlo simulations.  
†Shows deactivation.  
‡ Denotes small volume correction, pFWE < 0.05.

Table 1: Demographic and clinical characteristics of study participants

Group; mean ± SD* Statistical test (p value) 

Characteristic SAD, n = 20 WBS, n = 20 Control, n = 20 SAD v. WSB SAD v. control WSB v. control

Age, yr 25.05 ± 5.25 25.42 ± 5.3 25.65 ± 6.31 t36.527 = –0.662
(0.51)

t36.724 = –0.736
(0.75)

t33.353 = 0.205
(0.84)

Sex, male:female 14:6 11:9 12:8 χ2 = 3.801  
(0.15)

χ2 = 3.801  
(0.15)

χ2 = 3.801  
(0.15)

LSAS total score 75.8 ± 14.7 14.3 ± 9.2 13.1 ± 8.6 t32.008 = 15.827
(< 0.001)

t30.679 = 16.432
(< 0.001)

t37.810 = –0.406
(0.69)

STAI-Trait total score 33.1 ± 11.4 19.5 ± 12.3 11.7 ± 7.4 t37.751 = 3.629
(0.001)

t32.825 = 7.031
(< 0.001)

t31.285 = 1.588
(0.022)

STAI-State Total Score

Before fMRI 32.1 ± 7.2 21.9 ± 14.4 9.6 ± 6.4) t28.129 = 2.840
(0.008)

t37.506 = 10.334
(< 0.001)

t31.285 = –2.412
(0.002)

After fMRI 24.6 ± 6.4 9.3 ± 8.1 9.4 ± 8.3 t36.116 = 6.579
(< 0.001)

t35.767 = 6.424
(< 0.001)

t37.980 = 0.058
(0.95)

VAS state anxiety

Before fMRI 49.2 ± 21.4 33.6 ± 30 8.3 ± 22.2 t32.964 = 2.160
(0.038)

t19.505 = 11.940
(0.001)

t33.213 = –2.424
(0.021)

After fMRI 35.4 ± 27.4 5 ± 9 7.6 ± 12.5 t30.670 = 4.078
(0.001)

t25.196 = 4.944
(0.001)

t36.185 = 0.586
(0.56)

HAM–D 5.0 ± 4.4 2.6 ± 3.9 0.95 ± 1.4 t34.639 = 1.720  
(0.94)

t20.576 = 3.856
(0.001)

t22.358 = 1.734
(0.10)

HAM-D = Hamilton Rating Scale for Depression; LSAS = Liebowitz Social Anxiety Scale; SAD = social anxiety disorder; STAI = State-Trait Anxiety Inventory; VAS = visual 
analogue scale; WBS = Wlliams–Beuren syndrome.  
*Unless indicated otherwise.
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amygdala (MNI coordinates: x, y, z = –12, –2, –12; cluster size 
634; t = 4.73), whereas no amygdala activation was observed 
under the angry or fearful conditions (Appendix 1).

Between-group analyses showed that compared with the 
SAD and control groups, the WBS group showed an absence of 
activation in the right inferior occipital area (Fig. 1; Table 3). 
Moreover, we found that relative to controls, participants with 
WBS showed significantly less activation in the posterior region 
of the primary visual cortex (occipital pole) and significantly 
less deactivation in the right middle temporal gyrus/temporal 
operculum and the right supplementary motor area (Table 3). 
Overall, the specific analysis for the happy, angry and fearful 
conditions showed similar patterns of activation for these re-
gions (Appendix 1). However, we found that whereas no 
 between-group differences in the deactivation in the temporal 
operculum under the happy or angry conditions emerged, 
matching fearful faces (fearful v. shapes) yielded to less deacti-
vation in the bilateral temporal operculum and the insular re-
gion in the WBS group than in the control group (Appendix 1).

Social anxiety disorder
In the 1-sample analysis the matching task for all faces 
 (angry, fearful, happy, all faces v. shapes) compared with the 
control shape condition was associated with significant acti-
vation in the visual cortex, right lateral occipital area, fusi-

form gyrus, amygdala and prefrontal cortex and with signifi-
cant deactivation in the lateral temporal cortex, superior 
temporal gyrus and right ACC (Table 2). The specific analysis 
for the happy, angry and fearful conditions showed similar 
patterns of activation involving these regions (Appendix 1).

Between-group analyses for matching faces (all faces v. 
shapes) showed that relative to the WBS and control groups, 
the SAD group showed significantly less activation in the pre-
frontal cortex and lateral temporal cortex (more activation in 
the WBS and control groups v. more deactivation in the SAD 
group). Additionally, we found that compared with controls, 
patients with SAD showed less activation in the bilateral fusi-
form gyrus, left precuneus and cerebellum (more activation in 
controls, more deactivation in patients with SAD). Compared 
with the WBS group, the SAD group showed decreased activa-
tion in the left superior temporal gyrus (more activation in the 
WBS group, more deactivation in the SAD group; Fig. 2 and 
Table 3). Overall, the emotion- specific analysis showed similar 
patterns of activation for most of these regions (Appendix 1). 
However, the specific analysis for the angry condition (angry 
v. shapes) revealed additional decreased activation in a cluster 
extending to the left orbitofrontal cortex, left amygdala, left 
stratium and left caudate in patients with SAD relative to con-
trols (MNI coordinates: x, y, z = –10, –4, 20; cluster size 7068; t = 
4.07; Appendix 1).

Fig. 1: Differential activation between groups in response to matching emotional faces and the control shape condition (all faces v. shapes). 
(A) Between-group differences for matching emotional faces (all faces) compared with the control shape condition. (B) Within-group map 
showing significant activation for the Williams–Beuren syndrome (WBS) group for the same contrast. The blue circle reflects the lateral occipi-
tal area, with no activation in the WBS group. HC = healthy controls; SAD = social anxiety disorder.

HC > WBS 

0

t values

1 2 3 4 5 0

t values

1 2 3 4 5 0

t values

1 2 3 4 5 6

A BSAD > WBS WBS 
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Correlation of brain activation with LSAS scores

Correlational analyses showed that there were no significant 
positive or negative correlations between LSAS scores and 
brain activation in any of the 4 conditions in either the SAD 
or the WBS groups.

Discussion

Using fMRI the present study examined, to our knowledge, 
for the first time common and specific patterns of brain activa-
tion during a facial emotion matching task among patients 
with SAD, patients with WBS and healthy controls. Contrary 
to our expectations, limbic activity did not differ among the 
groups. Instead, we observed major differences in early visual 
areas of the face processing network32 in patients with WBS 
and in cortical prefrontal regions involved in the top–down 
regulation of anxiety21 and the fusiform gyrus in patients with 
SAD. Interestingly, we found that the SAD and WBS groups 

differed in the activation in the superior temporal gyrus 
(STG), a region that has been linked to gaze processing.33

Specific findings in the WBS group

Previous studies of WBS have reported a diminished amyg-
dala response to negative facial expressions17–19 and a height-
ened amygdala response to happy faces,18 a pattern that 
might explain part of the hypersocial fearless behaviour typ-
ical of this population. We did not observe significant differ-
ences in amygdala activation between the WBS group and ei-
ther the SAD or control groups. It should be noted, however, 
that although no significant between-group differences 
emerged, the between-groups analysis revealed that whereas 
matching angry or fearful faces did not produce amygdala 
activation in the WBS group, there was significant bilateral 
amygdala activation under the happy condition, a pattern 
that resembles findings reported in previous studies.18–20

Another finding in our WBS group was that relative to con-
trols, matching faces (v. matching shapes) produced signifi-
cantly less activation in the posterior region of the primary 
 visual cortex corresponding to the foveal vision,34 which is re-
sponsible for visual acuity and processing of features and fine 
details.35 Furthermore, in comparison with both the SAD and 
control groups, the WBS group did not activate the right lateral 
inferior occipital cortex, a region that might correspond to the 
so-called occipital face area (OFA; for a review see the study by 
Pitcher and colleagues36). Human lesion studies37 and trans-
cranial magnetic stimulation (TMS) studies have provided 
strong evidence that the right OFA plays a major role in face 
processing,36,38–40 particularly the processing of face parts.41,42

Traditional hierarchical feed-forward models of visual pro-
cessing32,36 maintain that the involvement of the OFA in face 
processing is restricted to the initial feature-based analysis that 
is then fed forward to other higher-order face-selective re-
gions, such as the fusiform face area (FFA) in the fusiform 
 gyrus in order to process complex aspects. However, available 
data from brain-damaged patients43 and fMRI studies44 has 
challenged the notion that face processing occurs in a strictly 
hierarchical feed-forward manner. For instance, it has been ob-
served that face-preferential activation in higher -order visual 
regions of the right hemisphere, such as the FFA, as observed 
in the present study, can emerge in the absence of OFA activa-
tion45 and even in the presence of structural damage to this re-
gion.43 Furthermore, evidence from TMS studies suggests that 
the OFA might be involved in other higher-level perception 
abilities,38 such as the discrimination of facial expressions,46 
identity47 or judgment of trustworthiness from faces.48 On this 
basis, Atkinson and Adolphs38 proposed a more interactive 
model in which higher-level face perception abilities rely on an 
intact face-processing network, including the OFA, whereas 
lower-level categorization abilities, such as discriminating 
faces from objects, can be achieved without OFA. Other auth-
ors even propose a nonhierarchical model in which the FFA is 
responsible for holistically early face detection, whereas the 
OFA contributes to subsequent refinement through fine-
grained analysis of facial features.43,49 The potential involve-
ment of the OFA in higher-perceptual abilities, such as the 

Table 3: Differential activation between groups in response to 
matching emotional faces and the control shape condition (all faces 
v. shapes)

All faces v. shapes Cluster size
MNI 

space t*

SAD > HC — — —

SAD < HC† — — —

Left medial prefrontal cortex 361 –8, 18, 56 3.96

Left lateral prefrontal cortex 989 –42, 24, 24 4.23

Right fusiform gyrus 649 30, –74, –16 3.54

Left fusiform gyrus 245 –28, –74, –10 3.59

Left precuneus 1611 –4, –68, 42 3.81

Right lateral temporal cortex 172 68, –28, –10 4.28

Left lateral temporal cortex 362 –62, –44, –14 3.79

Cerebellum 764 12, –56, –46 4.20

HC > WBS

Right primary visual cortex 449 18, –98, 6 3.70

Left primary visual cortex 159 –16, –98, –2 3.16

Right lateral occipital area 375 42, –62, 8 3.85

HC < WBS‡

Right medial temporal gyrus 
temporal operculum

130 64, –18, –16 3.45

Right supplementary motor 
area

425 12, –18, 68 3.16

SAD > WBS

Right lateral occipital area 351 48, –68, 2 4.04

SAD < WBS†

Medial prefrontal cortex/
ACC

430 –4, 50, 16 3.29

Left dorsal prefrontal cortex 602 –24, 30, 40 4.07

Left superior temporal gyrus 185 –52, –42, –14 3.95

Right lateral temporal cortex 381 64, –20, –18 4.34

Left lateral temporal cortex 177 –58, –46, –12 3.84

ACC = anterior cingulate cortex; HC = healthy controls; MNI = Montreal Neurological 
Institute; SAD = social anxiety disorder; WBS = Wlliams–Beuren syndrome.  
*Statistics correspond to a corrected threshold pFWE < 0.05 estimated using Monte 
Carlo simulations.  
†More activation in controls, more deactivation in SAD.  
‡More deactivation in controls.
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 discrimination of facial expressions46 and judgment of trust-
worthiness from faces,48 is interesting in light of existing evi-
dence showing that individuals with WBS have difficulty 
identifying facial emotional expressions12–14 and that they tend 
to perceive unfamiliar faces abnormally positively.7

In our study, individuals with WBS showed hypoactiva-
tion in the posterior region of the primary visual cortex, cor-
responding to foveal vision, as well as absence of activation 
in the right OFA. Similar to the SAD and control participants, 
however, participants with WBS showed significant activa-
tion in the right fusiform gyrus. Taken together our results 
suggest that individuals with WBS might fail to accurately 
process facial features and fine-grained details, with a more 
coarse/holistic impression being produced instead. This 
could be related, at least in part, to the low-level visual phe-
notype described in patients with WBS, characterized by de-
creased retinal thickness, abnormal optic disk concavity and 
impaired magnocellular pathway, involved in the detection 
of temporal changes in the visual scene.50 The documented 
dorsal stream vulnerability and impaired 3D visual integra-
tion in patients with WBS is associated with distinct neural 
correlates and cognitive strategies to reach visual coher-
ence.51,52 The information from facial features and fine-
grained details might be critical not only for accurate process-
ing of facial expressions,46 but also for the rapid detection of 
threat-related signals, such as fearful faces.53,54

Deficient input from visual areas may also have contrib-
uted to the absence of an amygdala response to threat-related 
faces observed in our study. Interestingly, Sarpal and col-
leagues55 reported significant reductions in functional con-
nectivity between the FFA and the amygdala during the pre-
sentation of threatening faces. Since a previous study in the 
same sample found diminished amygdala activation to 

threatening faces,17 Sarpal and colleagues proposed that in-
put from facial stimuli from ventral stream areas might gain 
less access to amygdala and regulatory prefrontal regions 
and contribute to the reduced amygdala activation and asso-
ciated lack of social fear in patients with WBS.55 Overall, our 
results extend previous findings by suggesting that deficient 
input from face-processing regions conveying fine-grained 
information that is important for accurately processing facial 
expressions and detecting threat signals might contribute to 
the fearless social phenotype and difficulties in detecting 
threat-related signals that is typical this population.

Finally, we observed that relative to controls, participants 
with WBS showed less deactivation in the right middle tem-
poral gyrus and the temporal operculum. Deactivation in 
these regions has been shown to be modulated by task de-
mand, with more demanding tasks producing greater deacti-
vation, particularly in the insular cortex.56 As matching faces 
is a more complex task than matching shapes, our results 
may indicate that the greater deactivation expected for the 
more difficult condition (face matching) did not emerge in 
the WBS group, reflecting the relative strength and salience 
to faces typical of this population. Moreover, emotion- 
specific analysis showed that whereas differences in deacti-
vation for these regions did not emerge in the WBS group 
 under the happy or angry conditions, matching fearful faces 
(a more difficult emotion to process for a typical control) 
yielded to less deactivation in the bilateral temporal opercu-
lum and insular region in the WBS group than in the control 
group, a pattern that might further reflect the impaired pro-
cessing of fear typical of this population. Task-invariant pat-
terns associated with task difficulty have also been reported 
in previous studies of WBS.17 Furthermore, some of these re-
gions, such as the insula, are thought to mediate awareness 

Fig. 2: Differential activation between groups in response to matching emotional faces and the control shape condition (all faces v. shapes). 
Between-group analysis maps show differences in brain activation in response to matching emotional faces (all faces) and the control shape 
condition. HC = healthy control; SAD = social anxiety disorder; WBS = Williams–Beuren syndrome.
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by integrating cognitive, interoceptive and affective informa-
tion,57 and previous evidence has shown that functional and 
structural alterations in this region predict specific measures 
of the hypersocial personality in patients with WBS.58 Thus, 
another possible explanation is that the pattern of deactiva-
tions observed in the WSB group may reflect an alteration in 
the awareness processes mediated by this region.

Specific findings in the SAD group

With regards to SAD, our major finding was that relative to 
the WBS and control group, participants with SAD showed 
no enhanced limbic response, with decreased activation in 
medial/dorsal prefrontal regions. However, under the angry 
condition, participants with SAD showed less activation in 
the left amygdala and surrounding areas than controls.

Although several studies have reported an exaggerated 
limbic response in patients with SAD (see the study by Binelli 
and colleagues16) others have failed to find limbic hyperactiv-
ity20–22 or have even found a decreased amygdala response.59 
For example, Pujol and colleagues20 used a paradigm in 
which participants viewed prerecorded videos of themselves 
performing a task in front of an audience, a highly distressing 
situation for patients with SAD. The study found normal 
subcortical and limbic response with reduced activation in 
cortical prefrontal areas in patients with SAD compared with 
controls. In this line, Ziv and colleagues22 examined behav-
ioural and brain responses using 3 distinct socioemotional 
tasks in a sample of participants with SAD. They found that 
negative emotion ratings were greater in the SAD group 
across all tasks, although there were no differences in brain 
responses in the amygdala and insula between the SAD and 
control groups on any of the tasks. However, differential 
brain responses between groups were observed in frontal, oc-
cipital and temporal regions. The authors explained these re-
sults by suggesting that ratings of negative emotion might be 
less tightly coupled with increased limbic activity than typ-
ically thought, and they further proposed that deficits in 
higher cognitive processes involved in emotion regulation 
may be a core deficit of SAD. Using the same tasks and the 
same sample, the authors then examined the neural response 
while participants were instructed to downregulate negative 
emotion reactions.23 The study found that relative to controls, 
patients with SAD showed reduced late brain responses in 
prefrontal regions, particularly when reappraising harsh 
faces. In addition, the study found that reduced late re-
sponses in the prefrontal cortex in patients with SAD were 
related to less reduction in negative emotion ratings when re-
appraising negative self-beliefs. In line with these studies, we 
found that patients with SAD showed normal limbic activity 
(except in the angry condition), with decreased activation in 
cortical prefrontal regions involved in the top–down mech-
anisms of emotion regulation.21 Our results therefore extend 
previous findings by demonstrating abnormal prefrontal ac-
tivity in the SAD group compared with both the WBS and 
control groups, supporting the notion that deficient cognitive 
regulation may be a core feature of SAD.20–23

We also found that relative to controls, patients with SAD 

showed decreased activation in the bilateral fusiform gyrus. 
This result is consistent with those of an earlier study of SAD 
that found fusiform hypoactivation in response to faces.60 
However, other studies in this context have reported fusi-
form hyperactivity61–63 or no fusiform activation at all.64,65 Re-
cently, Frick and colleagues63 found increased reactivity in 
the bilateral fusiform gyrus in response to fearful as opposed 
to neutral faces as well as greater fusiform connectivity with 
the right amygdala in patients with SAD compared with con-
trols. At first sight, it may seem that our results contradict 
those reported by Frick and colleagues63; however, in our 
study, people with SAD showed decreased fusiform activa-
tion and decreased amygdala reactivity under the angry con-
dition (i.e., precisely in response to an expression that is par-
ticularly threatening to individuals with SAD).

Interestingly, a previous study in a nonclinical sample of 
patients with social anxiety found a modulation effect from 
the fusiform gyrus to the amygdala in response to facial emo-
tion.66 In that study, social anxiety ratings were associated 
with amygdala response only after controlling for the partici-
pants’ level of activation in the fusiform gyrus. Furthermore, 
fusiform response to fearful faces showed a negative correla-
tion only with those behavioural assessments related to avoid-
ance. Hypoactivation of the fusiform gyrus has also been re-
ported by studies of autism-spectrum disorder (ASD)67 and in 
Fragile X syndrome,68 2 conditions that show a relevant clin-
ical overlap with SAD, including the characteristic gaze 
avoidance. In the context of ASD and Fragile X syndrome, hy-
poactivation of the fusiform gyrus is thought to arise from di-
minished gaze fixation,67,68 while variations in eye fixation 
modulate amygdala activation in those with ASD.67

Taken together our findings suggest that fusiform hypoac-
tivation may reflect the use of avoidance strategies and/or 
diminished gaze fixation to facial stimuli during the task by 
patients with SAD. This would further explain inconsisten-
cies in the results regarding fusiform reactivity, both among 
previous studies60–63 and within individual studies,61 since 
this reactivity may vary depending on the use of avoidant 
strategies and the type of paradigm adopted.61 Further 
 studies using eye-tracking methodology are necessary to con-
firm this hypothesis. The pattern of fusiform hypoactivity 
and decreased amygdala activation observed in participants 
with SAD relative to controls in response to angry faces fits 
with previous findings that suggest a modulator effect from 
the fusiform gyrus to amygdala activation in response to 
emotional faces, particularly those expressing threat.66

Common finding: the role of eye gaze

We found that relative to participants with SAD, those with 
WBS showed greater activation in the left STG. Note that dif-
ferences in brain activation for the STG emerged only in the 
SAD versus WBS comparison. This is an interesting finding, 
as the STG region has been strongly implicated in eye-gaze 
processing,33 and lesions in this region produce important 
difficulties in gaze contact.69 This result seems to fit nicely 
with the pattern of gaze avoidance typical of patients with 
SAD8 as well as with the increased attention and fixation to 
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eyes and gaze that is characteristic of those with WBS.9 How-
ever, these conclusions remain speculative because no eye-
tracking system was used in our study and because the para-
digm we used may not be adequate for such a purpose.

Limitations

A number of further limitations should also be mentioned. 
The face paradigm adopted in our study was not designed to 
discriminate between the effect of different emotional expres-
sions, as different emotions (target and probes) appear in each 
picture. The brain activation results observed in the WBS 
group are limited, and may be partly mediated by the cogni-
tive profile (IQ) of our WBS group. Relative to participants in 
the SAD and control groups, those in the WBS group showed 
significant differences in accuracy rates and reaction times. 
However, the specificity of findings suggests that the pattern 
of brain activation observed in the WBS group is not entirely a 
result of immature cognitive profile. Previous  studies re-
ported abnormal patterns of brain activation in response to 
emotional faces in samples with WBS with a similar IQ to our 
participants compared with both typically developing and de-
velopmentally delayed controls.17–19 Therefore, our results are 
more likely to be proximal to reflect a neurobiological sub-
strate rather than intellectual impairment per se.

Conclusion

To our knowledge, this study is the first to compare the neural 
responses to emotional faces in patients with SAD and WBS, 
2 conditions that are, to some extent, opposed to one another 
when it comes to certain clinical features. Contrary to our expec-
tations, the SAD and WBS groups did not differ in the pattern of 
activation in limbic regions. Instead, we observed major differ-
ences between the groups in visual areas of the face processing 
network and in distal cognitive areas involved in the top–down 
control of anxiety. Relative to participants in the SAD group, 
those in the WBS group showed greater activation in the STG, a 
region that has been related to gaze processing. Taken together 
our results highlight the role of cortical regions during facial 
emotion processing in patients with SAD and WBS and suggest 
that alterations within and between the regions involved in the 
face processing network, the fear response and the top–down 
mechanisms of anxiety regulation may underlie the altered pro-
cessing of facial emotional cues and partially explain the social 
phenotype of exaggerated/diminished responses to social 
threat typical of patients with SAD and WBS.
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