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Background: Altered memory processes are thought to be a key mechanism in the etiology of anxiety disorders, but little is known about
the neural correlates of fear learning and memory biases in patients with social phobia. The present study therefore examined whether patients with social phobia exhibit different patterns of neural activation when confronted with recently acquired emotional stimuli. Methods:
Patients with social phobia and a group of healthy controls learned to associate pseudonames with pictures of persons displaying either a
fearful or a neutral expression. The next day, participants read the pseudonames in the magnetic resonance imaging scanner. Afterwards,
2 memory tests were carried out. Results: We enrolled 21 patients and 21 controls in our study. There were no group differences for
learning performance, and results of the memory tests were mixed. On a neural level, patients showed weaker amygdala activation than
controls for the contrast of names previously associated with fearful versus neutral faces. Social phobia severity was negatively related to
amygdala activation. Moreover, a detailed psychophysiological interaction analysis revealed an inverse correlation between disorder
severity and frontolimbic connectivity for the emotional > neutral pseudonames contrast. Limitations: Our sample included only women.
Conclusion: Our results support the theory of a disturbed corticolimbic interplay, even for recently learned emotional stimuli. We discuss
the findings with regard to the vigilance–avoidance theory and contrast them to results indicating an oversensitive limbic system in patients
with social phobia.

Introduction
Social phobia is one of the most prevalent and burdensome
anxiety disorders.1 In addition to threat-focused information
processing, early experiences and learning mechanisms are assumed to constitute a psychological vulnerability for the onset
and maintenance of pathological anxiety.2 Two well-established
models of social phobia include memory biases, as relevant for
self-perception,3 and/or for preferred processing of negative information before and after a social situation.4 While there is

broad evidence for disorder-related attentional biases (see the
study by Maidenberg and colleagues5), findings on memory
biases in patients with social phobia are still contradictory (see
the review by Hirsch and colleagues6). Some studies have failed
to find memory alterations for verbal stimuli7 (see the review
by Mitte8). However, particularly when using more salient
social phobia–related stimuli, such as emotional facial expressions, other authors have reported enhanced memory for critical faces9,10 and a better performance of patients with social phobia when learning names for aversive faces.11
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Concerning the neural correlates of threat-processing in patients with social phobia, several functional magnetic resonance
imaging (fMRI) studies have suggested a hypersensitivity of
emotion-related limbic areas for fearful and angry faces and for
disorder-relevant words12,13 (see the reviews by Freitas-Ferrari
and colleagues14 and Miskovic and Schmidt15). These results are
in accordance with findings of amygdala hyperactivation in patients with other psychiatric disorders, such as specific phobia16
and major depression;17,18 in those with high trait anxiety;19–21
and after childhood maltreatment.22,23 Altered activation patterns in prefrontal executive brain areas (i.e., prefrontal cortex
[PFC]) have also been reported in patients with social phobia.24–26 Theories suggest that prefrontal activation may downregulate anxiety-sensitive subcortical brain areas.27–29 This interplay may be disturbed in patients with pathological anxiety,
possibly resulting in increased amygdala responsiveness.15,30
Whereas there is considerable evidence of amygdala hyperactivation in patients with social phobia, a potential prefrontal
pathology, particularly the functional interaction between the
amygdala and the PFC, remains to be investigated.
Given the ongoing discussion about the neurobiological
basis of anxiety disorders and the crucial role of memory biases in current theories on social phobia, a closer look at corticolimbic correlates and connectivity related to learning processes in patients with social phobia seems useful. Therefore, in
the present study we applied a statistical learning paradigm
with faces as externally valid stimuli in patients with social
phobia and healthy controls. Statistical learning is a powerful
learning mechanism by which children and adults acquire
novel linguistic information.31,32 It involves an implicit computation of distributional frequencies with which specific items
(e.g., words, speech sounds) occur relative to others or, as is
the case here, with which certain items co-occur. We chose a
statistical learning task to allow one-to-one mapping between
a specific pseudoname and a person, which resembles natural
language acquisition processes.32,33 As such, this method differs from conditioning approaches.34,35 Moreover, statistical
learning is assumed to be an implicit learning mechanism and
is considered by some authors to be better suited than deterministic learning tasks for functional imaging studies owing
to fewer interindividual differences in cognitive strategies
across participants.33 From an experimental viewpoint, another advantage is that all items can occur with the same frequency in different experimental conditions, but the consistency of the coupling to other stimuli varies. In our study,
participants learned to associate pseudonames with faces with
either fearful or neutral expressions and subsequently completed an fMRI measure and several memory tests.
As there is some evidence that patients with social
phobia have better memory of negative facial images, we
expected that they would learn and remember the
pseudonames associated with fearful faces better than
controls. On a neural level, we hypothesized a stronger
activation of the amygdala for the emotional > neutral
pseudonames contrast in the social phobia group, with
this activation being positively associated with disorder
severity. As there is no evidence so far regarding corticolimbic connectivity for recently acquired emotional

stimuli, we merely surmised an influence of disorder
severity on corticolimbic coupling in the patient group.

Methods
Participants
We recruited patients with social phobia and healthy controls
via local newspaper ads and public notices. All participants
were screened by an experienced clinical psychologist (I.L.)
using the SCID interview.36 To be included in the study, patients had to fulfil the criteria of current social phobia according to DSM-IV,37 have no comorbid diagnoses of current major
depression or generalized anxiety disorder, and have no history of psychotic symptoms or substance abuse. Healthy controls had to have no lifetime history of any psychiatric disorder or treatment. All participants had to be psychotropic
medication–free. Further exclusion criteria for both groups
were general MRI contraindications, neurologic illnesses or a
history of seizure or head trauma, and head movements during scanning of more than 2 mm and/or 2°.
All participants completed the German versions of the
Beck Depression Inventory (BDI38), the Trait- and State components of the State-Trait Anxiety Inventory (STAI39), the Social Phobia Scale (SPS) and the Social Interaction Anxiety
Scale (SIAS40). The latter 2 scales were developed as companion scales 40 measuring different aspects of social phobia
symptoms. While the SPS measures the fear of being scrutinized during several activities (e.g., drinking, speaking), the
SIAS assesses fear of social interactions with others. All procedures were approved by the Ethics Committee of the
Medical Faculty of the University of Muenster. The ethical
standards of the Declaration of Helsinki were met. All participants provided written informed consent and received
financial compensation for their participation. Patients were
also offered a complementary psychological consultation.

Stimuli
A total of 72 pictures of 36 different faces (18 men, 18 women,
all white) were taken from the Radboud Face Database.42
Each face was shown in a fearful and in a neutral expression
on a black background. As pseudonames (i.e., nonexisting
names), 36 novel, emotionally neutral word forms were selected. All pseudonames were legal with respect to German
phonotactics (see Breitenstein and Knecht33). Importantly, it
has been determined previously that the pseudonames are
not associated with existing German words and that they are
free of emotional valence,33 thus providing a methodological
advantage over existing names.

Procedure
All participants completed computer-based training 1 day before fMRI scanning. The training was conducted by means of
Presentation Software version 12.1 (Neurobehavioural Systems, Inc.; www.neurobs.com). Participants were trained with
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face–name associations for about 95 min in 7 learning passes,
which were divided by 6 optional breaks. During learning,
each pseudoname was presented visually 28 times: 14 times
with the identical face (always in the same expression;
matches) but only twice with each of 7 other faces (mismatches), balanced for expression across participants. In each
of the 7 learning passes, each name was presented twice in the
match and twice in the mismatch condition, thus the probability of correctly associating the name with a particular (fearful
or neutral) face was at chance level in the first learning pass
and successively increased with each learning pass. Note that
each matching face for a particular pseudoname served as a
mismatch for another pseudoname. To avoid chance associations between specific pseudonames and a particular emotional expression, each name was paired equally often with
the neutral and the fearful expression of the same face across
participants using a Latin square design. This procedure ensured that each item was neutral before learning and that each
item had the same frequency of exposure with regard to negative or neutral pairings. During training, participants were
asked to decide intuitively whether the combinations of
pseudonames and faces matched. They were first shown a fixation cross (white cross in the centre of a black screen, 400–
600 ms), then the pseudoname (700 ms), then another fixation
cross (200–300 ms) and finally the face (1000 ms). An exclamation mark (until button press, up to 2500 ms) finished the trial.
Participants were instructed to indicate their decision (match
or mismatch) via button press while the exclamation mark
was visible. No feedback was provided.
One day after training, participants were presented with
blocks of the pseudonames previously associated with either
fearful or neutral facial expressions in the MRI scanner. They
were instructed to read the names attentively. Six blocks,
each consisting of 6 different pseudonames, were presented
3 times each in pseudorandomized order. The pseudonames
were shown in white at the centre of a black screen for
1500 ms followed by a fixation cross (500 ms) for a total duration of 12 s per block. Each pseudoname block was followed
by an 8 second resting phase (fixation cross), to allow participants to take short pauses. In all, the paradigm took 360 s
(6 min). The stimuli were projected onto a screen at the rear
end of the scanner, using a beamer shielded against radiofrequency interference.
After scanning, the participants performed 2 memory tests.
First, they rated the valence of all pseudonames on a selfassessment manikin43 using a 9-point Likert scale ranging
from 1 = very unpleasant to 9 = very pleasant. Afterwards,
participants completed a multiple-choice test. They were presented with each of the pseudonames with 4 faces from which
they had to choose the 1 that matched the name. Each correct
face was presented with 3 distractor faces, 1 with the same valence and 2 with the opposite valence (emotional v. neutral).
The order of faces was randomized for each question.

Image acquisition
We acquired MRI data using a 3 T scanner (Gyroscan Intera
T3.0, Philips Medical Systems) equipped with Quasar Dual
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gradients (nominal gradient strength in nonenhanced mode
40 mT/m, maximal slew rate 200 mT/m/ms). For spin excitation and resonance signal acquisition, we used a circularly polarized transmit/receive birdcage head coil with a highfrequency reflecting screen at the cranial end. We acquired T2*
functional data using a single-shot echo planar sequence
(whole brain coverage, echo time 30 ms, repetition time 2.3 s,
flip angle 90°, 36 slices, slice thickness 3.6 mm, no gap, matrix
64 × 64 mm, field of view 230 mm, in-plane resolution 3.6 ×
3.6 mm). The slices were tilted 25° from the anterior/posterior
commissure line to minimize dropout artifacts in the orbitofrontal and mediotemporal regions. For SPM processing, the
acquired volumes were resampled to voxels of 2 × 2 × 2 mm.

Statistical analysis
We assessed learning success by testing whether the proportion
of correct answers within the last learning pass differed significantly (p < 0.001) from chance (binomial test, as implemented in
SPSS version 20 [SPSS Inc.]). Only participants who fulfilled
this criterion were included in the subsequent behavioural and
fMRI analyses. The proportion of correct button presses (correct
“match” or “mismatch” answers) were calculated for each
learning pass and separately for pseudonames belonging to
emotional or neutral faces. The resulting proportional values
were arcsine-transformed44 because the homogeneity assumption was violated given the dependency of variance and mean
in binomial distributions.45 We then entered the data into a 7 × 2
× 2 repeated-measures analysis of variance (ANOVA) with
learning pass (1–7) and category of pseudoname (emotional v.
neutral) as within-subjects factors and group (patients v. controls) as a between-subjects factor. Before analyzing the memory tests, we computed the Cronbach α statistic to check their
reliability. Next, the valence ratings and the arcsinetransformed proportions of correct answers in the multiplechoice test were analyzed using 2 × 2 repeated-measures analyses of covariance (ANCOVAs), with emotion as a withinsubjects factor and group as a between-subjects factor. We calculated Bonferroni-corrected post hoc tests to explore the nature of effects. For the 2 memory tests, each participant’s
arcsine-transformed individual proportion of correct answers
in the last learning pass was entered as a covariate of no interest
to control for memory effects due to learning differences.
Functional MRI data were motion-corrected, spatially
normalized to standard Montreal Neurological Institute
(MNI) space, and smoothed with a 6 mm full-width at halfmaximum Gaussian kernel using Statistical Parametric Mapping (SPM8, http://www.fil.ion. ucl.ac.uk/spm). The onsets
and durations of the 2 conditions were modelled with a
canonical hemodynamic response function within the context
of the general linear model. The movement parameters from
the realignment step were further entered as nuisance regressors. Fixed-effects analyses were performed at an individual
level, including the generation of individual contrast maps for
the emotional > neutral pseudoname contrast. The resulting
contrast images were then entered in second-level (group)
random-effects analyses. Again, each participant’s arcsine
transformed proportion of correct answers within the last

J Psychiatry Neurosci 2014;39(3)

Have we met before? Neural correlates of emotional learning in social phobia

learning pass was entered as a covariate of no interest in the
group analysis to control for individual learning differences.
With respect to our hypotheses, we used a 2-sample t test to
compare activations for emotional > neutral pseudoname contrasts. We chose a region of interest (ROI) approach for the left
and right amygdala (defined according to the automated
anatomic labelling (AAL) atlas46 and dilated by 1 mm using the
WFU pickatlas47). In addition, we conducted a whole-brain
analysis to ensure that we did not miss relevant task-related
activations outside the ROI. We explored the association between amygdala activation and disorder severity by conducting a voxel-wise regression analysis, correlating each patient’s
amygdala activity for emotional > neutral pseudoname contrasts with his/her individual SPS and SIAS scores. Furthermore, a psychophysiological interaction (PPI) analysis48 was
conducted to explore task-dependent connectivity patterns
based on the emotional > neutral pseudoname contrasts. Volumes of interest (VOI) included the left or right amygdala,
which were separately defined as seed regions according to
the AAL atlas.46 We used a 2-sample t test based on the resulting contrast images of the PPI analysis for group comparison.
Again, the regression analysis included correlating individual
SPS and SIAS scores with the connectivity analysis for each pa-

Table 1: Demographic and clinical characteristics of patients with
social phobia and healthy controls

Social phobia

Age, yr
29.19 ± 7.98
Education, yr 15.14 ± 1.93
Verbal
111.67 ± 14.09
intelligence†
BDI
14.09 ± 10.12
STAI-T
53.86 ± 11.54
STAI-S
41.38 ± 9.55
SPS
37.67 ± 14.41
SIAS
46.14 ± 14.45

Results
Participants

Group; mean ± SD
Characteristic

tient separately. We used a mask of the whole frontal lobe (defined according to the WFU pickatlas47), including all frontal
areas, for the PPI analysis as well as the regression analysis between disorder severity and the PPI.
The group results were calculated using a combined height
and extend significance threshold based on Monte Carlo
simulations, as implemented in the AlphaSim procedure,49 to
control for multiple statistical testing. Corrected false-positive
detection rates were maintained, with a cluster extent (k) empirically determined by computing 5000 simulations. For the
amygdala ROI, this analysis was based on an uncorrected
threshold of p < 0.05 (k = 29 for each amygdala as the empirically determined cluster extent). Given the undirected hypothesis, for the (much larger) frontal-lobe ROI and the additional whole-brain analysis, we selected a threshold of p <
0.005 (k = 260 for the frontal lobe ROI and k = 389 for the
whole brain).
The results of the regression analyses were checked in a
second step by extracting the significant mean contrast
values for each participant and entering them in a subsequent SPSS multiple regression analysis, predicting each
cluster’s activation by the variables of interest (SPS/SIAS)
as well as BDI, STAI-T, STAI-S, age, years of education,
and verbal intelligence.

Control
29.29 ± 9.14
15.52 ± 1.91
114.14 ± 12.39
1.48 ± 1.54
31.52 ± 3.75
30.61 ± 3.51
3.62 ± 3.75
8.38 ± 5.88

t value
0.04
0.64
0.61
–5.65
–8.43
–4.85
–10.48
–11.09

p value*
0.97
0.52
0.55
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

BDI = Beck Depression Inventory; SD = standard deviation; SIAS = Social Interaction
Anxiety Scale; SPS = Social Phobia Scale; STAI-S = State–Trait Anxiety Inventory,
state version; STAI-T = State–Trait Anxiety Inventory, trait version.
*2-tailed.
†Assessed with the Mehrfachwahl–Wortschatz–Intelligenztest.41

Twenty-one patients with social phobia and 21 healthy controls
participated in our study. Table 1 summarizes the demographic
and clinical characteristics of the 2 groups. All participants were
native German speakers and had normal or corrected-to-normal
vision. Five participants in the patient group and 4 in the control
group were left-handed. Comorbid diagnoses in the patient
sample were specific phobia (n = 2), currently remitted anorexia
Table 3: Repeated-measures ANOVA and ANCOVA for the
pseudoname training and the memory tests in patients with social
phobia and healthy controls
Response; comparison
Pseudoname training*
Learning pass, F2,240
Learning pass × group, F2,240

Table 2: Pseudoname training and memory test results in patients
with social phobia and healthy controls
Group; mean ± SD
Result
Pseudoname training*
Emotional
Neutral
Multiple choice test†
Emotional
Neutral
Valence rating‡
Emotional
Neutral

Social phobia
80.18 ± 10.83
85.05 ± 11.04

Control
79.41 ± 11.49
82.06 ± 10.21

68.76 ± 20.06
73.62 ± 16.99

69.81 ± 20.73
72.12 ± 17.80

4.85 ± 0.73
5.33 ± 0.71

5.14 ± 0.45
5.18 ± 0.52

SD = standard deviation.
*Data refer to the proportion of correct responses (%) in the last learning pass.
†Proportions of correct responses are reported as percentages.
‡Higher scores indicate more positive pseudoname ratings.

Emotion, F1,40
Emotion × group, F1,40
Learning pass × emotion, F6,240
Learning pass × emotion ×
group, F6,240
Group, F1,40
Multiple choice test,* F1,39
Emotion
Emotion × group
Group
Valence rating, F1,39
Emotion
Emotion × group
Group

p value

Partial η2

151.51
0.24

< 0.001
0.79

0.791
0.006

21.74
1.06

< 0.001
0.31

0.352
0.026

F

2.24

0.040

0.053

1.01

0.42

0.025

0.29

0.59

0.007

2.01
0.96

0.17
0.33

0.049
0.024

0.51

0.48

0.013

0.00
4.55

0.95
0.039

0.000
0.104

0.23

0.64

0.006

ANCOVA = analysis of covariance; ANOVA = analysis of variance.
*Analysis based on the arcsine-transformed proportions of correct answers.
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nervosa (n = 1), panic disorder (n = 1) and currently remitted depressive disorder (n = 6). Some patients received current (n = 3)
or former (n = 7) psychotherapeutic treatment (post hoc analyses revealed no differences within the patient group regarding
behavioural data or brain responses as a function of treatment).
Intercorrelations between the clinical measures can be found in
the Appendix, Table S1, available at jpn.ca.

Functional imaging data
A whole-brain analysis of general task-related effects revealed robust activations of areas related to perception (e.g.,
temporal and occipital cortex), emotion regulation (e.g., the
whole frontal gyrus) and limbic areas, such as the amygdala,
the cingulate gyrus and the hippocampus, underlining the
appropriateness of the task to elicit responses in crucial
emotion-related brain regions.

Behavioural data
Pseudoname training
In the course of training, the numer of correct responses (correct “match” or “mismatch” answers) increased significantly
from chance level (51.86%) to about 82% in the last learning
pass (Tables 2 and 3). Learning increased in a linear fashion
(F1,40 = 223.35, p < 0.001). Overall, neutral pseudonames were
learned better than emotional pseudonames (t = 4.86, p <
0.001). The emotion × learning pass interaction was due to
significantly better hit rates for neutral than for emotional
pseudonames in learning passes 1 and 4–7 (all t > 2.50, p <
0.05), but not in learning passes 2 and 3 (all t < 1.82, p > 0.05).
Memory tests
Both memory tests showed a sufficient internal consistency
(Cronbach α = 0.78 for the valence rating and α = 0.83 for
the multiple-choice test). Patients with social phobia rated
the valence of pseudonames more negatively for emotional
than for neutral pseudonames (t = 3.34, p = 0.002), whereas
the control group rated the valence of pseudomyms similarly (t = 0.30, p = 0.77), resulting in a significant emotion ×
group interaction (Table 3). There were no other main effects or interactions in the valence rating, and there were
no significant effects at all in the multiple-choice test (Tables 2 and 3).

ROI analysis comparing amygdala activation
to emotional > neutral pseudonames
The 2-sample t test revealed that controls showed a stronger
activation of the left amygdala than patients with social phobia for the emotional > neutral pseudoname contrast (MNI
coordinates x, y, z = –30, 2, –26, t39 = 2.82, p = 0.029, corrected,
k = 54 voxels; Fig. 1). The additional whole-brain analysis for
the same contrast revealed no other significant differences
between the groups.
Psychophysiological interaction analysis
The PPI analysis based on the emotional > neutral pseudoname contrast did not reveal any significant clusters within
frontal regions that differed between patients and controls.
Regression analysis with SPS and SIAS scores
The regression analyses within the patient group revealed a
negative correlation between the activation of both the left and
right amygdala to the emotional > neutral pseudoname contrast and the SPS score (left amygdala: MNI coordinates x, y,
z = –18, 4, –20, t18 = 4.06, p < 0.001, r = –0.69, k = 223 voxels;
right amygdala: MNI coordinates x, y, z = 30, 6, –28, t18 = 3.72,
p = 0.017, r = –0.66, k = 70 voxels; Fig. 2). Similarly, there was a
negative correlation between the SIAS score and the activation
of the left amygdala when comparing emotional and neutral

2.0
0.4

Emotional > fixation cross

1.4

fMRI contrast value

Neutral > fixation cross
2.1

0.2

0

0.7
–0.2

Controls

Patients

t

Fig. 1: Coronal view (Montreal Neurological Institute [MNI] coordinate y = 2) depicting the significant cluster of the comparison between healthy controls and patients with social phobia
based on the emotional > neutral pseudonames contrast. The bar graphs depict the mean
contrast values for emotional pseudonames > fixation cross and neutral pseudonames > fixation cross contrasts extracted from MNI coordinates x, y, z = –30, 2, –26. Error bars represent
standard errors of the mean. fMRI = functional magnetic resonance imaging.
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pseudonames (MNI coordinates x, y, z = –18, 2, –16, t18 = 3.89,
p = 0.020, r = –0.68, k = 67 voxels). In the subsequent multiple
regression analysis predicting the activation of the significant
clusters by SPS, SIAS, BDI, STAI-T, STAI-S, age, years of education and verbal intelligence, the strong influence of the SPS
and SIAS, respectively, remained virtually unchanged (β =
–0.51 for the correlation with the SPS and β = –0.58 for the correlation with the SIAS, all p < 0.05).
Figure 3 and Table 4 show the results of the regression
analysis between SPS and SIAS score and the outcome of the
PPI analysis. Most importantly, disorder severity, as indicated by the SIAS, was inversely related to the coupling between the right and left amygdala and several frontal regions
for the comparison of emotional and neutral pseudonames.
There were no significant correlations between the PPI analysis and the SPS. Again, all significant correlations remained
stable when including the SPS, BDI, STAI-T, STAI-S, age,
years of education and verbal intelligence into the analyses
(all β > –0.54, all p < 0.05).

Discussion
Our findings provide further evidence for aberrant neural connectivity patterns and alterations in amygdala activation in
patients with social phobia, although the latter occurred in the
opposite direction than expected. First, for the contrast of
pseudonames associated with fearful faces versus those associated with neutral faces, contrary to our hypothesis, patients with
social phobia showed decreased rather than increased amygdala activation compared with controls. A regression analysis in
the patient group revealed that amygdala activation to emotional > neutral pseudoname contrasts even decreased as a function of social phobia severity. Correlating task-dependent connectivity (PPI) with social phobia severity revealed that with
increasing disorder severity (SIAS score), the connectivity between the amygdala and several frontal regions (Brodmann
areas [BA] 6, 8, 10, 11 and 32) decreased. The behavioural data

A

–r
0.6

B

0.40

Neutral > fixation cross

0.4

Emotional > fixation cross

0.2

showed no group differences with respect to the performance in
pseudoname learning or memory tests except for the more negative valence ratings for emotional than for neutral pseudonames in the patient group but not in the control group.
Our results on amygdala activation and its negative correlation with disorder severity seem to be in contrast with those
of several previous reports on limbic hyperactivity in social
phobia.14,15,30,50 However, previous studies applied very salient
stimuli, such as emotional faces or well-known existing
words, which all have the potential to provoke immediate
and strong emotional reactions. In contrast, the pseudonames
used in our study did not carry any emotional salience by
themselves. They were associated with emotional stimuli
only 1 day before the fMRI measurement and might thus
have a less established and less accessible emotional salience.
One prominent model of information processing in anxiety
disorders is the vigilance-avoidance theory.51 This approach
suggests that anxiety leads to a preferred processing of
threatening information in initial stages of stimulus processing but to avoidance in later stages. Given that accessing the
meaning of very recently acquired emotional stimuli might
require a deeper and more conscious processing than the
rather automatic processing of faces or long-known words, it
is possible that patients with social phobia do not activate
aversive information about the emotional quality of the
pseudonames. This idea is especially highlighted by the negative correlation between disorder severity and amygdala
activation to emotional pseudonames that we observed
(Fig. 2A). In contrast, controls might not feel threatened and
have no need to avoid the pseudonames’ emotional connotation, resulting in the expected pattern of amygdala activation
(see the study by LaBar and Cabeza52 for an overview on the
association between amygdala activation and memory). This
pattern of results contradicts the theories presented in the introduction that consider amygdala hyperactivation in combination with PFC-related emotion regulation alterations to
be a crucial factor in pathological anxiety (see the review by

0.00

–0.40

0.40

0.00

–0.40

–0.80
0

20

40
SPS score

60

0

20

40
SPS score

60

Fig. 2: Association of the patients’ Social Phobia Scale (SPS) scores with left and right amygdala responsiveness to emotional > neutral
pseudoname contrasts (coronal view, Montreal Neurological Institute [MNI] coordinate y = 0). The scatter plots depict the correlations
between the SPS score and the (A) emotional pseudonames > fixation cross contrast and (B) the neutral pseudonames > fixation cross
contrast at the maximum of the left panel (MNI coordinates x, y, z = –18, 4, –20).
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Miskovic and Schmidt15). On the other hand, amygdala hypoactivation for less salient and less accessible anxietyrelated stimuli may help to explain why stimuli that strongly
induce anxiety constitute such an excessive demand to the
limbic–prefrontal system, resulting in the reported aberrant
amygdala and PFC response patterns.
Considering that the interplay between prefrontal and limbic
regions might be disturbed in patients with pathological anxiety,15 we expected an influence of social phobia severity on corticolimbic coupling. Although the association we observed
between disorder severity and connectivity between the amygdala and the premotor cortex/frontal eye field (BA 6 and 8) is
difficult to interpret, the negative correlations with the anterior
and orbitofrontal cortex (BA 10 and 11) and the middle cingulate gyrus (BA 32) are of considerable interest. Both regions are
considered to be part of a central executive network, which,
among other functions, is assumed to implement control when
subcortical limbic areas are downregulated.53,54 Social phobia
has been associated with several frontal pathologies, such as
decreased activation in the orbitofrontal cortex (OFC)55 and dorsolateral PFC (DLPFC)56 and reduced connectivity within the

PFC57 and between the amygdala and the medial OFC,24 and
with abnormal white-matter tracts connecting the amygdala
and the PFC.58 More specifically, it has been suggested that less
inferior areas, such as BA 10, exert an inhibiting influence on
the amygdala, possibly mediated by the OFC.29 Interestingly,
Demenescu and colleagues26 recently reported a positive correlation of anxiety severity with left dorsal, but not ventromedial amygdala–PFC coupling during fearful face viewing, in
a combined group of patients with social phobia or panic disorder; they interpreted the finding as a possible correlate of
anxiety-driven hypervigilance. Complementing these findings,
our data from a pure social phobia sample using nonestablished emotional stimuli revealed a negative association between disorder severity and the connectivity to the amygdala
for more dorsally located areas as well as the OFC. This weaker
connectivity might represent less deep emotional processing,
such as less vigilance and less use of emotion regulation strategies, possibly owing to a more general avoidance of anxietyrelated stimuli that is especially present in severely affected patients and when less salient emotional stimuli are used. Our
finding has 2 implications. First, our results support the view of
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Fig. 3: Negative association of the patients’ Social Interaction Anxiety Scale (SIAS) scores and the
connectivity between the left amygdala and frontal regions rendered on an anatomic template in
Montreal Neurological Insititute space. The scatter plot depicts the negative correlation of the mean
cluster activation values and the SIAS scores. fMRI = functional magnetic resonance imaging.

Table 4: Results of the multiple regression analysis between psychophysiological interactions (emotional >
neutral pseudonames) and the Social Interaction Anxiety Scale in patients with social phobia*
MNI coordinates
Anatomic region
Left amygdala seed
SFG, SFG (orbital),
MFG, Medial frontal gyrus (orbital)
Right amygdala seed
SFG (medial), SFG,
SMA, MCG

BA

Cluster size

x

y

z

r value

p value

10, 11

386

–34

64

6

–0.84

0.011

6, 8, 32

325

12

32

60

–0.74

0.023

BA = Brodmann area; MCG = middle cingulate gyrus; MFG = middle frontal gyrus; MNI = Montreal Neurological Institute;
SFG = superior frontal gyrus; SMA = supplementary motor area.
*p < 0.005, uncorrected (corrected at p < 0.05 on the cluster level using the AlphaSim procedure, which resulted in an empirically
determined cluster-extent threshold of k = 260 voxels).
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disturbed interplay between cortical and subcortical regions,
even for recently learned emotional stimuli. Second, given that
the corticolimbic connectivity with areas related to emotion
regulation was weaker in more severely affected patients, it is
not likely that the decreased amygdala activation in these patients for the emotional > neutral pseudoname contrast was
due to inhibiting influences by BA 10, 11 or 32.
However, and aside from prefrontal activation, other authors stressed the relevance of sensory areas in early stages of
emotion processing.59 It is thus tempting to speculate that in
patients with social phobia, a disruption of emotional processing might have occurred before relevant frontal areas
were affected. This coping mechanism might no longer work
for stimuli that induce strong anxiety, leading to the frequently reported limbic hyperactivation in response to
threatening information, which may represent the vigilance
part of the vigilance–avoidance theory (see the study by
Larson and colleagues60 for comparison).
On a behavioural level, we expected to find better learning
and memory results for emotional pseudonames in the patient group than in controls. This assumption was not supported by our results. In both groups, neutral pseudonames
were learned better than emotional pseudonames. This result
is in accordance with a previous finding,7 but contradicts the
view that emotional information has a processing advantage
in memory.52 Thus, further research is needed to explore the
circumstances under which memory biases for emotional material occur. Except for the valence rating, where in contrast to
controls patients with social phobia rated emotional pseudonames more negatively than neutral ones, we found no group
differences in the pseudoname training or the multiple-choice
test; this finding is in accordance with those of some previous
studies7,8 but in contrast to those of other studies.9–11 However,
avoidance mechanisms in the patient group could also account for the absence of group differences in explicit memory
tests, such as the multiple-choice task. More implicit memory
biases might thus only become obvious in a memory test in
which pseudonames are not consciously recalled but rated
(see the study by Mitte8 for contradicting results).

Limitations
Some limitations must be acknowledged. First, all participants
performed the pseudoname training on their own without the
assistance of an investigator. However, we included only those
participants whose learning success fulfilled a strong criterion
(see the Methods section). This ensured that all included participants carefully performed the training. Second, as pointed
out by other authors,61,62 there is evidence for genetic influence
on amygdala activation and connectivity in patients with social phobia. This should be addressed by future studies. As in
many previous studies (see the review by Miskovic and
Schmidt15), we used faces with fearful expressions as emotional
stimuli in the learning task. However, it is yet unknown which
negative facial expression is most suitable for the pathology of
social phobia, for statistical learning or any other paradigm.
This is of special relevance, as there are also some results indicating altered neural responses to neutral faces in patients with

social phobia.63 With respect to the lack of increased amygdala
activation in response to emotional versus neutral pseudonames in patients in the present study, it might be questioned
whether the patients perceived the fearful faces used in the
learning task as threatening. However, given the current literature and the differences in valence ratings between emotional
and neutral pseudonames in the patient group that were in the
expected direction, we consider it unlikely that the emotional
quality of fearful faces was insufficient. Future studies, however, should include subjective ratings of the facial stimuli. An
important difference between our study and others is that
most studies used facial expressions as stimuli in the scanner,
but we did not. Furthermore, we included only female participants in our study, limiting the generalizability of our results.
On the other hand, the generally greater prevalence of social
phobia in women1 is reflected, and additional variance owing
to existing differences in brain activation between men and
women64 has been avoided. Another limitation is that we did
not control for menstrual cycle, which has been shown to influence brain activation.65 Finally, according to the current state of
the literature, we chose a hypotheses-driven approach mainly
focusing on selected brain regions (i.e., the amygdala and the
frontal cortex) to allow the comparison of our results with
brain activation in response to facial images or to existing
words. However, to our knowledge, our study is the first that
uses statistical learning in combination with fMRI in patients
with social phobia. Future studies might also investigate activation of the hippocampus given its importance in fear learning66 as well as temporal and occipital brain areas being relevant for language but also emotion processing.

Conclusion
Our work provides supporting evidence for distorted corticolimbic connectivity in patients with social phobia. In our
data, this finding is particularly highlighted by alterations in
connectivity between the amygdala and frontal areas related
to disorder severity. Contrary to our expectation, using a statistical learning paradigm we found decreased amygdala
activation in patients with social phobia compared with controls for recently learned emotional stimuli. Future research
should thus consider different approaches to investigate the
functional role of the amygdala and the relevance of corticolimbic interactions in pathological anxiety.
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