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Background: In healthy individuals, voluntary modification of self-relevance has proven effective in regulating subjective emotional experi-
ence as well as physiologic responses evoked by emotive stimuli. As social anxiety disorder (SAD) is characterized by both altered emo-
tional and self-related processing, we tested if emotion regulation through self-focused reappraisal is effective in individuals with SAD.
Methods: While undergoing 3 T functional magnetic resonance imaging, individuals with SAD and matched healthy controls either passively
viewed neutral and aversive pictures or actively increased or decreased their negative emotional experience through the modification of self-
relevance or personal distance to aversive pictures. Participants rated all pictures with regard to the intensity of elicited emotions and self-
relatedness. Results: We included 21 individuals with SAD and 23 controls in our study. Individuals with SAD reported significantly stronger
emotional intensity across conditions and showed a nonsignificant tendency to judge pictures as more self-related than controls. Compared
with controls, individuals with SAD showed an overactivation in bilateral temporoparietal regions and in the posterior midcingulate cortex
during the passive viewing of aversive compared with neutral pictures. During instructed emotion regulation, activation patterns normalized
and no significant group differences were detected. Limitations: As no positive pictures were presented, results might be limited to the
regulation of negative emotion. Conclusion: During passive viewing of aversive images, individuals with SAD showed evidence of neural
hyperreactivity that may be interpreted as increased bodily self-consciousness and heightened perspective-taking. During voluntary increase
and decrease of negative emotional intensity, group differences disappeared, suggesting self-focused reappraisal as a successful emotion

regulation strategy for individuals with SAD.

Introduction

Emotions are proposed to involve a “person-situation interac-
tion that engages attention, has meaning to an individual, and
causes a coordinated yet malleable multisystem response to
the interaction,”” including a subjectively experienced feeling
component.”> Emotion regulation refers to processes that alter
the nature, magnitude and duration of these multisystem re-
sponses and feelings.” Once placed in an emotion-evoking sit-
uation, an individual can deploy attentional mechanisms for

emotion regulation (e.g., through distraction or concentration)
or use “cognitive reappraisal,” whereby he or she modifies
the situation’s emotional importance by reinterpreting the
outcomes and actions of the situation itself (situation-focused
reappraisal) or by altering the situation’s personal relevance
(self-focused reappraisal).

Emotion regulation by self-focused reappraisal has proven
effective in decreasing negative emotional experience* and
altering physiologic responses in both the central* and the
autonomic nervous system."
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Social anxiety disorder

Social anxiety disorder (SAD) is a frequent anxiety disorder
marked by an intense and persistent fear of interpersonal inter-
actions, leading to their avoidance or endurance with distress.
A central component of SAD is the perception of a scrutinizing
audience.” Individuals with SAD are especially afraid of doing
or saying something embarrassing or of showing symptoms of
their anxiety. Social anxiety disorder is classified as a phobic
disorder in DSM-IV (300.23). It has a lifetime prevalence of up
to 12%, with higher rates among girls and women and a mean
symptom onset in late childhood or early adolescence.®

Anxiety disorders are marked by an attentional bias to-
ward aversive stimuli or threat cues,” and emotional hyper-
reactivity or heightened saliency of negative emotional infor-
mation has also been repeatedly observed in individuals with
SAD." These alterations can be understood as stemming
from facilitated bottom—up emotion processing and/or defi-
cient top—down emotion regulation."

In general, when not given explicit instructions on how to
regulate their emotions, patients with anxiety disorders do
not modulate their emotions as well as healthy individuals.”
However, there is evidence that, when instructed, individ-
uals with SAD show the same degree of reduction in nega-
tive emotion as controls.”*"

Social anxiety disorder symptomatology is also marked by
changes in self-related processing: individuals with SAD
show atypical self-referential processing,”” manifesting as in-
creased self-focused attention and a negativity bias concern-
ing self-related beliefs and self-judgments.” Self-related
processes, therefore, are major components in explanatory
models of SAD"™ and are the focus of therapeutic interven-
tions.”” However, it remains unclear how changes in self-
related processing affect self-focused reappraisal performance.

On one hand, increased self-focused attention in individ-
uals with SAD has been suggested to occur at the expense
of external stimuli.” While this is thought to contribute to
SAD symptomatology by inhibiting the processing of non-
negative (e.g., positive) external stimuli, for aversive stimuli
it could facilitate an active decrease of negative emotional ex-
perience through self-focused reappraisal. On the other hand,
affective prioritization of negative stimuli in individuals with
SAD would propose inverse effects, facilitating upregulation
of negative intensity. It is therefore an open question how ef-
fective specifically self-focused reappraisal strategies are in
individuals with SAD regarding both subjective emotional
experience and neural activation patterns.

Neural correlates of aberrant emotion processing
in individuals with SAD

Functional MRI studies of patients with SAD associated in-
creased attention for and processing of social stimuli mainly
with hyperactivation in brain areas subserving emotional ex-
perience, such as the amygdala and insula.** It is important
to note, however, that while self-reported anxiety and sensi-
tivity to negative stimuli are robustly observed, several studies
reported no group differences in insula and amygdala reac-

tivity.*** This suggests that hyperactivation of emotion pro-
cessing areas in patients with SAD depends on experimental
details, such as stimulus type and modality” or task complex-
ity.” In addition, increased activation during the processing
of emotional faces has also been observed in other brain re-
gions, such as the lateral and medial temporal and parietal
cortices.”*

Few fMRI experiments have explicitly studied emotion regu-
lation using pictorial stimuli in patients with SAD: Briihl and
colleagues” instructed individuals with SAD to use the thera-
peutic emotion regulation strategy of “reality checking,” during
which the participant tries to evaluate the “complete reality” like
an outside observer. The authors showed that emotion regula-
tion reduced activity not only in the insula, amygdala and
medial thalamus, but also in widespread temporoparietal and
frontal regions, whereas activation in prefrontal regions was not
altered. The authors concluded that while emotion regulation
influences emotion processing structures, patients with SAD
show disturbed general emotion regulating circuits.

Goldin and colleagues™ used harsh faces (social threat),
violent scenes (physical threat) and nonsocial neutral scenes
(control condition) as stimuli. Participants were instructed to
reinterpret the content of the picture through self-focused
reappraisal for harsh faces (e.g., “This does not involve me”)
and situation-focused reinterpretation for violent scenes (e.g.,
“The person will be okay”). Compared with healthy controls,
patients with SAD showed greater brain activation in various
areas involved in emotional, visual, facial and sensory process-
ing during passive viewing of social threat stimuli compared
with neutral scenes. Self-focused emotion regulation revealed
an underactivation of a multitude of areas related to cognitive
and attention regulation distributed over the entire cortex.

Blair and colleagues® instructed participants to either pas-
sively view pictures, to make a picture’s content more positive
(downregulating a negative and upregulating a positive image)
or to make a picture’s content more negative (upregulating a
negative and downregulating a positive image) without pro-
viding concrete instructions on how to achieve this. Using a
separate task, the study functionally localized active areas dur-
ing top—down attentional control. In both tasks and compared
with controls, patients with anxiety disorders (SAD, general-
ized anxiety disorder or both conditions comorbidly) showed
decreased activation in the dorsal anterior cingulate cortex and
in parietal regions previously implicated in emotion regulation.

In summary, prior brain activation studies in individuals
with SAD have found hyperreactivity of emotional struc-
tures,” which can be effectively downregulated.” In addition,
cognitive control systems were found to be either generally
disturbed® or less efficiently activated” during voluntary
emotion regulation in individuals with SAD. These emotion
regulation areas differed among studies and comprised re-
gions located mainly in the lateral frontal,”* medial frontal™”
and lateral parietal cortices.”*

Hypotheses

Alterations in emotional and self-related processing are cen-
tral to SAD symptomatology. It remains unclear how these
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processes interact and how accessible they are to voluntary
modulation. We therefore tested how effectively individuals
with SAD can use specifically self-focused (compared with
situation-focused) reappraisal to up- and downregulate nega-
tive emotional intensity regarding both the patient’s subject-
ive experience and brain activation patterns.

We expected anxiety to manifest as increased intensity of
negative emotional experience in patients with SAD during
passive viewing of aversive and potentially during neutral
pictures. In the absence of sufficient prior empirical evidence
regarding specifically self-focused reappraisal, no directed
hypotheses were established for group differences in subject-
ive experience during regulation. At the brain level, we hy-
pothesized group differences during both unaltered emo-
tional processing and emotion regulation. Despite differences
in regulation strategies, we followed previous studies and ex-
pected hyperactivity in emotional structures together with
decreased activation in control areas, such as the anterior cin-
gulate and lateral frontoparietal regions, in individuals with
SAD compared with controls.

Methods

Participants

We recruited patients with SAD over the Internet and
through printed advertisements, and we recruited healthy
controls through notices in public spaces and through uni-
versity mailing lists. Groups were matched for sex, age,
handedness (as assessed by the Edinburgh Handedness In-
ventory”), education and weight. Included patients had to
meet DSM-1IV criteria® for current SAD. Diagnostic status
was established in all participants using the structured clin-
ical diagnostic interviews for DSM-IV Axis I (SCID-I*) and
dissociative disorders (SCID-D*) as well as the International
Personality Disorder Examination (IPDE®).

Exclusion criteria were any current mental disorders other
than affective and anxiety disorders; lifetime psychotic, bi-
polar or neurologic disorders; MRI contraindication (e.g.,
magnetic or electronic implants); psychopharmacological
treatment other than antidepressants; current or past abuse of
alcohol/narcotics; pregnancy; claustrophobia; insufficient
proficiency in German; and noise sensitivity or tinnitus. Our
local ethics committee approved our study, and all partici-
pants gave their written informed consent.

Assessment

We assessed symptom severity using the German version of
the self-report Liebowitz Social Anxiety Scale® (Cronbach
o = 0.985). For this questionnaire, 24 items are scored in-
dependently for frequency and duration on 4-point Likert-
type scales. To fully characterize the 2 samples, participants
completed the German versions of the Beck Depression In-
ventory (BDI-IIV), the trait version of the State-Trait Anxiety
Inventory (STAI-T*), the Toronto Alexithymia Scale (TAS-
20%), the Trail-making Test (TMT*) parts A and B, the ques-

tionnaire for functional and dysfunctional self-focused at-
tention (DFS"), the Kentucky Inventory of Mindfulness
Skills (KIMS*), the Emotion Regulation Questionnaire
(ERQ¥), and the Interpersonal Reactivity Index (SPF-IRI*).
As self-focused attention is an integral aspect of SAD symp-
tomatology, we assessed both functional and dysfunctional
forms of self-focused attention (KIMS and DFS). Similarly,
we included a measure of executive functioning (TMT) to
ensure comparability of our 2 samples.

Procedures

Emotion regulation task

In an extended variant of a previously published para-
digm,” participants were shown 54 aversive (valence: mean
3.02 + 0.70; arousal: mean 6.00 + 0.92) and 18 neutral (va-
lence: mean 5.30 + 0.57; arousal mean 3.37 + 0.67) pictures
from the International Affective Picture System (IAPS¥).
Normative ratings for IAPS pictures exist on 9-point scales
of valence (1 = unpleasant, 9 = pleasant) and arousal (1 =
calm, 9 = excited). Three sets consisting of 18 aversive and
6 neutral pictures each were matched for mean valence and
mean arousal and for the depicted number of animals, hu-
mans, human faces, objects of threat and picture lumi-
nance. Stimuli were randomly assigned to 3 runs.
Stimulus—condition pairing and the sequence of conditions
were randomized with the constraint of a maximum of
2 consecutive trials of the same condition. In a slow event-
related design, each picture was presented for 8 seconds
after a 2-second instruction word. Picture presentation was
followed by a rating period of 4 seconds during which par-
ticipants indicated the intensity of their negative emotions
by button press with their right hand on a 7-point Likert-
type scale (1 = weak, 7 = strong). A 10.7-second fixation
period completed the event.

There were 4 instruction conditions: participants were
asked to passively view the pictures, leaving their emotional
experience unaltered during neutral (permit neutral
[PermN]) and aversive pictures (permit aversive [PermA]). In
2 further conditions, emotions were either intensified or
downregulated. Importantly, emotion regulation was
achieved exclusively through self-focused reappraisal, that is,
through altering the personal relevance or subjective distance
to the depicted situation. Instructions in the decrease or dis-
tancing condition (DistA) were to “take the role of a dis-
tanced observer, imagining that the depicted situation does
not concern you.” Example tactics were “taking a profes-
sional distance or imagining the picture to shrink.” For the
increase condition (IncA), participants were asked “to be per-
sonally affected by the situation” potentially by imagining
“to be in the midst of the situation, perceiving smells, noises
and movements” or “letting the image grow.”

Prior to scanning, participants completed a training ses-
sion, including a careful assessment of the strategies used to
ensure self-focused as opposed to situation-focused reap-
praisal. If necessary, the experimenter gave further verbal in-
struction to shape the emotion regulation strategy and the
training session was repeated.
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Functional MRI data acquisition

We obtained images using a Tim Trio 3 T MRI scanner
(Siemens) with a 12-channel head coil at the Berlin Center for
Advanced Neuroimaging. High-resolution T,-weighted
anatomic images were acquired at the beginning of each ses-
sion using a 3-dimensional magnetization-prepared rapid
gradient-echo sequence with 192 sagittal slices of 1 mm thick-
ness, repetition time (TR) 1900 ms, echo time (TE) 2.52 ms,
flip angle 9°, field of view (FOV) 256 mm. During the task, in-
cluding baseline scans at the beginning (10 volumes) and end
(5 volumes) of each run, we recorded 3 x 277 (over 31 min
10 s) functional T,*-weighted volumes with an echo-planar
gradient echo pulse sequence to measure blood oxygen
level-dependent (BOLD) signal changes (TR 2250 ms, TE
25 ms, flip angle 80°, FOV 192 mm), and we acquired
37 slices of 3 mm thickness with 20% distance factor in de-
scending order. We used cushions to minimize head motion
during scanning. Visual stimuli inside the MRI scanner were
delivered through a goggle system (VisualSystem by Nordic
NeuroLab), which was attached to the head coil, carefully ad-
justed for the individual participant and set at a resolution of
800 x 600 pixels with 32-bit colour depth. Responses were
collected using a button box (Current Designs Inc.).

Postscan rating of self-relatedness

After the scan, all pictures were presented again in a new se-
quence for a fixed duration of 5 seconds each. Participants rated
the strength of self-relatedness or “personal association” of each
picture on a 7-point Likert-type scale (1 = weak, 7 = strong).

Training, inscan and postscan experiments were presented
using Presentation software v14.9 (Neurobehavioural Sys-
tems, www.neurobs.com).

Data analysis

Statistical analyses were conducted using SPSS software ver-
sion 20.0 and R software (R Core Team, www.R-project
.org/), applying a statistical threshold of p < 0.05. We tested
the data for normality using the Kolmogorov-Smirnov test
and for homoscedasticity using the Levene test. For group
comparisons, 2-sided independent Student ¢ tests and Welch
t tests were used accordingly. We assessed behavioural
effects using a 2 x 4 mixed-design analysis of variance
(ANOVA) with group as a between-subjects factor and con-
dition as a within-subjects factor, which was complemented
by follow-up analyses. In particular, regulatory success was
analyzed comparing differential ratings in the DistA and the
IncA condition to the PermA baseline between (2-sample
t test) and across groups (1-sample ¢ test).

Functional MRI data analysis

We performed fMRI data analysis using SPM8 (Wellcome
Trust Centre for Neuroimaging, www.fil.ion.ucl.ac.uk/spm/)
on Matlab R2012a (MathWorks). The echo planar imaging
(EPI) data were visualized for signal dropout and excessive

head movement using ArtRepair (Www.nitrc.org/projects
/art_repair/), leading to the exclusion of 1 individual with
SAD. Preprocessing involved realignment to the first image of
each run, unwarping using the acquired fieldmap, coregistra-
tion of the structural T, image onto mean EPI, segmentation of
the T, image into tissue classes (using “New Segment”), cre-
ation of an anatomic group template (from segmented grey
matter, white matter and cerebrospinal fluid), normalization
using individual flow fields and smoothing with a 6 mm full-
width at half-maximum Gaussian kernel using DARTEL. For
each participant, temporal information of the 4 conditions
were convolved with a canonical hemodynamic response
function to model the acquired BOLD signal. Similarly, in-
struction, fixation and rating periods (as 4-second motor
blocks) across conditions as well as the 6 affine motion par-
ameters were included in the model as regressors of no inter-
est. Target contrasts (PermA > PermN, DistA > PermA,
IncA > PermA) were created and transferred to the second
level, where 2-sample t tests extracted group differences.

The fMRI results were thresholded at p < 0.001 and then
corrected for multiple comparisons, resulting in a whole-brain
correction threshold of p < 0.05 by determining individual
cluster extent thresholds with the calculated intrinsic smooth-
ness of the individual T value image, a cluster connection ra-
dius of 3 mm and a 1000-iteration Monte Carlo simulation, us-
ing AlphaSim as implemented in the REST Toolbox version
1.8 (www.restfmri.net/). Anatomic labels were determined
using the AAL atlas* and an amygdala region of interest
(ROI) was created using the AAL implementation in the WFU
PickAtlas version 3.0 (http:/ /fmri.wfubmc.edu/).

Results

Participants

We recruited 23 patients with SAD and 23 controls to partici-
pate in our study. We had to discard fMRI data from 2 indi-
viduals with SAD: 1 patient reported having had visual diffi-
culties, and 1 patient showed excessive, event-related head
movement. Our fMRI analyses were therefore conducted on a
total of 44 participants (21 patients with SAD and 23 controls).
No ratings of self-relatedness were available from 3 individ-
uals so that respective analyses comprised 41 participants
(20 patients with SAD and 21 controls). The demographic and
clinical characteristics of participants are summarized in
Table 1). Patients with SAD had current DSM-IV comorbid
diagnoses (major depression n = 2, dysthymia n = 3, panic
disorder n = 2, obsessive-compulsive disorder n = 1), and
4 patients were taking antidepressants (selective serotonin re-
uptake inhibitors [SSRI] n = 2, selective noradrenaline re-
uptake inhibitors [SNRI] n = 1, tricyclicum n = 1).

Self-report results
Self-reported symptom severity was significantly higher in

patients with SAD than in controls (Table 1), and they re-
ported significantly higher personal distress (SPF-IRI) and
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significantly higher trait anxiety (STAI-T), depressive (BDI-II)
and alexithymic (TAS-20) tendencies. Groups did not differ
in general information processing speed (TMT), but patients
with SAD exhibited more functional and dysfunctional self-
focused attention (DFS) and, convergently, less mindfulness
skill (KIMS). In addition, patients with SAD reported ha-
bitual use of different emotion regulation strategies than con-
trols (ERQ); they more commonly suppressed emotional ex-
pression and less often regulated their emotional experience
through reappraisal.

Ratings of negative intensity and self-relatedness

Ratings of intensity of negative emotion showed equal vari-
ance between groups for all conditions except for PermN (F =
8.74, p = 0.005) and all were normally distributed. The
Mauchly test indicated a violation of the sphericity assump-
tion (% = 24.7, p < 0.001) so that degrees of freedom were
corrected using Greenhouse-Geisser estimates of sphericity
(e =0.79). For the intensity ratings (Fig. 1A and Table 2), there
were significant main effects for the factors condition (F,s ¢ =
388.2,m,%2 = 0.9, p < 0.001) and group (F, , =5.8,m,>=0.12,p =
0.020), with patients with SAD rating stimuli as significantly
more negative. Follow-up analyses of regulatory effects did
not show group differences (DistA — PermA: f,, = 0911, p =
0.37; IncA — PermA: t,, = 0.37, p = 0.72) but behaviourally in-
dicated regulatory success across groups (DistA — PermA:
ty =14, p < 0.001; IncA — PermA: t,; = 6.65, p < 0.001).

In addition to the main effects, a trend toward an interac-
tion emerged (F,y o = 2.73, 0,2 = 0.061, p = 0.06). Post hoc 2-
sample f tests showed that this was mainly driven by PermN,

where individuals with SAD reported significantly more neg-
ative emotional experience. Further division of neutral pic-
tures into 13 social (showing humans and human faces) and
5 nonsocial (showing animals or objects) images and a post
hoc 2 x 2 repeated-measures ANOVA with sociality as a
within-subjects factor (nonsocial v. social) and group as the
between-subjects factor (SAD v. control) revealed main ef-
fects for sociality (F, ,, = 6.25, npz =0.13, p = 0.016) and group
(F, », = 15.75, np2 = 0.273, p < 0.001) as well as the 2 factors’
interaction (F, ,, = 4.69, npz = 0.1, p = 0.036; see the Appendix,
Fig. 51, available at jpn.ca).

Ratings of self-relatedness (Fig. 1B) were homoscedastic
and normally distributed. The main effect of group indicated
that individuals with SAD showed a trend toward stronger
self-relatedness (F, 5, = 3.42, npz = 0.081, p = 0.07). Under
Greenhouse—Geisser correction (¢ = 0.39), there was no effect
of condition (F, 55, = 0.019, p = 0.92) and no interaction (F, ;454 =
0.1,p=0.79).

Across all 4 conditions, the mean intensity rating was cor-
related with the mean self-relatedness rating in the SAD
group (1, = 0.591, p = 0.006), but not in the control group
(ry = 0.074, p = 0.75; Fisher z transformation: z = 1.79, p =
0.074; Fig. 1C).

Brain activation

No significant group differences were detected during pas-
sive viewing of neutral pictures relative to the implicit base-
line. During passive viewing of aversive versus neutral pic-
tures (PermA > PermN), stronger activations of a large
bilateral cluster in early and extrastriate visual cortices

Table 1: Demographic, diagnostic and neuropsychological characteristics of study participants*

Group; mean + SDt

Characteristic SAD Control Statistics p value Cohen d
No. (female:male) 21 (16:5) 23 (18:5) —
Age, yr 30.5+7.17 30.0 +7.99 tir = 0.23 0.82 —
EHI 0.88 + 0.35 0.92+0.15 tiz = 0.59 0.56 —
Educationt Dummy-coded Dummy-coded te=1.11 0.27 —
Weight, kg 66.2 +13.3 67.3+11.5 tiz = 0.29 0.78 —
TMTA, s 27.7 +10.5 24.9+6.8 tsg = 1.02 0.32 —
TMTB, s 62.3+37.4 53.2+18.6 tso = 0.99 0.33 —
LSAS 88.4 +18.2 174+ 16.4 tie = 13.62 < 0.001 4.2
STAI-T 57.7+11.2 34.0+11.4 tiz = 6.94 < 0.001 2.15
BDI-II 21.4+16.5 2.48 + 3.41 t16=5.17 < 0.001 1.66
TAS-20 58.4+9.7 46.6 £ 7.5 tiz = 4.53 < 0.001 1.4
SPF-IRI, PersDist 13.6 £+2.73 9.74+3.15 ti» = 4.35 < 0.001 1.34
ERQ-app 3.34 + 0.81 4.83+1.23 tiz = 4.69 < 0.001 1.45
ERQ-supp 418 +1.33 2.87+1.26 tiz = 3.36 0.002 1.04
KIMS 1111 +16.1 1422 +13.2 tir = 7.03 < 0.001 217
DFS 742 +7A1 64.9+£9.3 tie = 3.71 0.001 1.02

BDI-Il = Beck Depression Inventory; DFS = questionnaire of (dys)functional self-consciousness; EHI = Edinburgh Handedness Inventory;
ERQ-app = Emotion Regulation Questionnaire — reappraisal subscale; ERQ-supp = Emotion Regulation Questionnaire — suppression
subscale; KIMS = Kentucky Inventory of Mindfulness Skills; LSAS = Liebowitz Social Anxiety Scale; SAD = social anxiety disorder;

SD = standard deviation; SPF-IRI, PersDist = Interpersonal Reactivity Index —personal distress subscale; STAI-T = State-Trait Anxiety

Inventory, trait anxiety; TAS-20 = Toronto Alexithymia Scale; TMT = Trail Making Test, parts A and B.
*All group comparisons are 2-sided independent ¢ tests, either Student or Welch (in case of unequal variances).

tUnless otherwise indicated.

FEducation was dummy-coded according to the German education system with increasing number codes corresponding to increasing

mean years of education.
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extending along the cortical midline to the left-lateralized
frontal cortex emerged across all participants. For the same
contrast, individuals with SAD showed significantly stronger
activation than controls in bilateral superior temporal/
inferior parietal cortices and in the posterior midcingulate
cortex (pMCGC; Table 3 and Fig. 2).

No significant group differences at the brain level were ob-
served during the voluntary increase or decrease of emo-
tional intensity through self-focused reappraisal (IncA >
PermA and DistA > PermA, respectively). Contrasts directly
comparing regulatory strategies (IncA > DistA and DistA >
IncA) did not show significant group differences either.
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Fig. 1: Group differences and correlations between ratings of the intensity of negative emotional experience and self-relatedness. Across all
conditions (permit affective [PermA], increase affective [IncA], distance affective [DistA], and permit neutral [PermN]), and compared to healthy
controls, individuals with social anxiety disorder (SAD) show (A) significantly increased intensity of negative emotion in the scanner (F,,, = 5.8,
np2 = 0.12, p = 0.020). The effect was driven by differential ratings in the PermN condition (t,.; = 4.48, d = 1.43, p < 0.001) and there was a
significant effect of condition (F,4 = 388.2, Np2 = 0.9, p < 0.001; Table 2). Follow-up analyses of regulatory effects did not show group differ-
ences but behaviourally indicated regulatory success across groups (DistA — PermA: t,; = 14, p < 0.001; IncA — PermA: t,; = 6.65, p < 0.001).
(B) Patients with SAD showed a nonsignificant trend toward judging aversive and neutral images as more self-related than controls (F, 4 =
3.42, np2 = 0.081, p = 0.07; Table 2). (C) Ratings of self-relatedness, performed outside of the scanner, and of intensity of negative emotion
across all conditions showed a significant positive correlation in the SAD group (r,, = 0.591, p = 0.006) but not in controls (r,, = 0.074, p = 0.75;
Fisher z-transform: z = 1.79, p = 0.07). Error bars indicate standard deviation (SD).

Table 2: Ratings of the intensity of negative emotional experience during passive viewing of
aversive or neutral pictures or during the active increase or decrease of emotional experience
through self-focused reappraisal while watching aversive images*

Group; mean + SDt

Condition; rating SAD Control Statistic p value Cohen d
Intensity of
negative emotion
No. of patients 21 23
PermA 5.26 + 0.75 4.94 +0.82 tiz=1.33 0.19 —
IncA 5.77 + 0.52 5.4 +0.75 tir=1.88 0.07 0.58
DistA 3.28+0.9 3.21+0.88 tie = 0.27 0.79 —
PermN 2.19+0.73 1.41+£0.32 s = 4.48 < 0.001 1.44
Self-relatedness
No. of patients 20 21
PermA 3.69 +1.22 3.22+0.95 tag = 1.37 0.18 —
IncA 3.69 +1.22 3.15+0.94 tas = 1.59 0.12 —
DistA 3.61+1.12 3.26 + 0.98 s = 1.08 0.29 —
PermN 3.58 +1.22 3.24 +1.09 tso =0.94 0.35 —

DistA = voluntary decrease of emotion to aversive images; IncA

= voluntary increase of emotion to aversive images;

PermA = passive viewing of aversive images; PermN = passive viewing of neutral images; SAD = social anxiety

disorder; SD = standard deviation.

*Participants additionally judged all pictures to the degree of self-relatedness. All group comparisons as 2-sided
independent t tests, either Student or Welch (in case of unequal variances). Ratings (mean + SD) were given on a

Likert-type scale from 1 (weak) to 7 (strong). See also Figure 1.
tUnless otherwise indicated.
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Table 3: Coordinates and anatomic labels for overactivations in patients
with social anxiety disorder relative to controls during passive viewing of
aversive compared with neutral images

MNI coordinates Statistics
Hemisphere;
anatomic label X y z t k p value*
Left hemisphere
Supramarginal
54 -39 27 5.57 116 < 0.001
—63 —48 24 4.65 — < 0.001
Superior temporal  —63 -30 18 3.75 — < 0.001
Middle cingulum
-15 -18 42 4.56 66 < 0.001
-12 -30 39 4.46 — < 0.001
Right hemisphere
Rolandic operculum
57 -30 21 4.81 252 < 0.001
39 -33 21 4.29 - < 0.001
Superior temporal 57 -30 3 4.47 — < 0.001

MNI = Montreal Neurological Institute.

*Threshold: p < 0.001, uncorrected at the voxel level with cluster extent threshold of k > 60 to
achieve whole-brain correction at p < 0.05 (calculated using AlphaSim, www.restfmri.net/). See
Figure 2.

Fig. 2: Overactivation of individuals with social anxiety disorder (SAD) compared to controls. For the contrast of passive
viewing of aversive versus neutral pictures, individuals with SAD overactivated bilateral temporoparietal cortices, encom-
passing the superior temporal cortex and supramarginal gyrus/temporoparietal junction as well as the dorsal posterior
cingulate/posterior midcingulate cortex. Numbers describe z coordinates (Montreal Neurological Institute space) of slices.
For peak coordinates and individual thresholds (joint voxel activation and cluster extent), see Table 3.
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Across groups, these contrasts revealed activation in regula-
tion networks (see the Appendix, Figs. S1 and S2 and Table
S1). Distancing compared with unaltered watching of affec-
tive pictures activated bilateral prefrontal and parietal clus-
ters. Increasing emotional intensity was connected to a net-
work comprising the bilateral insula, hippocampal-thalamic
and medial clusters in the supplementary motor area/middle
cingulum and precuneus but also the left-hemispheric lateral
regions around the central fissure. In the same contrast
(IncA > PermA), ROI analyses also showed that the bilateral
amygdala was significantly more active (p < 0.05, family-wise
error—corrected).

Notably, the amygdala was not significantly more active
during unaltered watching of aversive compared with neu-
tral pictures, and in all 3 contrasts, no regions were found in
which activation was significantly stronger in controls than
in patients with SAD.

Discussion

Self-reported characteristics

Reports of increased self-consciousness (DFS) and of altered
emotion regulation (ERQ) in our sample are in line with the ro-
bust finding of heightened self-focused attention’ in patients
with SAD and replicate patient reports of using reappraisal
strategies less habitually and of using suppression to regulate
their emotions more commonly.” Increased alexithymic ten-
dencies in our SAD sample are in line with reported difficulties
of identifying and describing emotion in patients with SAD.*

Ratings of negative intensity and self-relatedness

Across all conditions, individuals with SAD judged their
emotional experiences as more intensely negative than con-
trols. There was a pronounced effect during passive viewing
of neutral stimuli and a tendency during voluntary increase,
but no group differences during passive viewing of and vol-
untary distancing from aversive pictures. This interpretation
bias of perceiving ambiguous or neutral stimuli (particularly
faces) as more negative and threatening has been previously
reported in patients with SAD.” Post hoc analysis suggests
that the observed negativity bias for neutral stimuli in pa-
tients with SAD was differentially modulated by the pres-
ence of humans and human faces (see the Appendix, Fig. S3).

Contrary to our hypothesis, emotional hyperreactivity in
patients with SAD did not manifest as significantly increased
negative intensity of negative emotional experience during
passive viewing of aversive pictures. This may be ascribed to
the fact that static visual stimuli can only evoke a certain level
of negative emotional intensity, leading to a ceiling effect that
levelled out group differences.

The tendency toward generally increased self-relatedness
in the patient group as well as the observation that perceived
self-relatedness of the pictures increased as a function of
emotional experience in the scanner in individuals with SAD
but not in controls possibly reflect the general information-

processing and interpretation bias toward negative content in
patients with SAD.”

Functional MRI results

Across groups, the observed networks replicated results from
comparable studies in healthy participants (see the Appendix,
Fig. S2). Of note, amygdala activation was not selectively in-
creased for passive viewing of aversive compared with neu-
tral pictures as both groups showed amygdala activation in
the latter condition. This may be due to instruction word am-
biguity leading to preparatory activation or processing of un-
certainty in the amygdala.” Processing of neutral stimuli may
have also been biased due to the restriction of the in-scan
rating to (minimally “weak”) negative valence. As passive
viewing of neutral stimuli usually serves as a control condi-
tion alone, studies rarely report specific brain activation.
However, indirect evidence suggests amygdala activation
during passive viewing of neutral pictures in comparable
studies (e.g., Fig. 3 in the study by Kanske and colleagues™).

During passive viewing of aversive compared with neutral
pictures, individuals with SAD showed significantly stronger
activation in a network of lateral temporoparietal regions in
both hemispheres as well as a medial cluster comprising the
dorsal posterior (dPCC) or pMCC than controls. Temporo-
parietal overactivations included the posterior superior
temporal sulcus (pSTS) and supramarginal gyrus (SMG)/
temporoparietal junction (TP]). These regions are assumed to
form part of the “social brain,”” and are activated during the
judging of socioemotional stimuli.”> The SMG/TP] integrates
multisensory information for self-location in space, necessary
for bodily self-consciousness,” and for taking the perspective
of another person to infer his or her goals and intentions.”

The pMCC/dPCC region has previously been implicated
in emotion regulation through cognitive reappraisal.* Other
studies involving unregulated®™ and regulated™ perception of
socioemotional stimuli found this region specifically to be in-
volved in the processing of aversive social stimuli. Together,
these results broadly imply the pMCC/dPCC in the modula-
tion of negative affective responses. Additional evidence for
this involvement comes from findings of functional connec-
tivity between the pMCC/dPCC and the amygdala during
the resting state” and affective face processing.”

Taken together, the overactivation of this temporoparietal—
cingulate network may reflect increased spontaneous (i.e.,
uninstructed) perspective taking and increased bodily self-
consciousness in patients with SAD when confronted with
aversive pictures and not occupied with cognitive tasks.
These 2 features resonate with the fear of potential evaluation
by an audience or of showing anxiety symptoms, which lie at
the core of SAD.

In contrast to the results of Goldin and colleagues,” we
found no neural evidence for altered emotion regulation in
patients with SAD compared with controls. No significant
group differences emerged at the brain level during the vol-
untary increase or decrease of the intensity of negative emo-
tion through self-focused reappraisal (IncA > PermA and
DistA > PermA, respectively). Our results therefore suggest

256 J Psychiatry Neurosci 2014;39(4)



Self-focused emotion regulation in SAD

that self-focused reappraisal eliminates differences between
patients with SAD and controls and is thus a successful emo-
tion regulation strategy for patients with SAD to normalize
their neural activations.

Also contrary to our hypotheses, neither the insula nor the
amygdala showed increased activation in our sample of indi-
viduals with SAD when completing a task in which emotion
was voluntarily regulated or left unaltered during the view-
ing of aversive and neutral pictures. Although the insula and
amygdala have been classically implied in emotional experi-
ence,” recent evidence from neuropsychological patients sug-
gests that feelings persist after bilateral insula lesions” and
that fear and panic still occur after damage to the bilateral
amygdala.” A recent study also found no increased amyg-
dala and insula responses on 3 socioemotional tasks in a
large sample of individuals with SAD.*

Limitations

To ensure ecological validity, we opted not to exclude pa-
tients with concurrent anxiety or affective disorders (other
than bipolar depression) and we allowed the inclusion of
4 patients taking antidepressant medication. We cannot rule
out that these comorbidities or pharmacological substances
might have contributed to the observed effects. Control
analyses excluding the 4 patients using antidepressants did
not significantly alter the results of our study. In particular,
the findings remained that there were no group differences in
brain activation during emotion regulation and that individ-
uals with SAD showed hyperreactivity in a temporoparietal—
cingulate cluster during passive viewing of aversive pictures.
Anxious and depressive tendencies, traits, or symptoms are
not independent and thus share a lot of variance with social
anxiety — the symptom and disorder of interest in our study.
We believe that partialing out all variance explicable by
symptom overlap would have weakened our analyses; there-
fore, we opted not to control for these factors. Future studies
should compare our results to a sample of patients with SAD
but no comorbidities to elucidate possible contribution of de-
pressive disorders to our findings.

Post hoc classification of neutral pictures revealed a select-
ive interpretation bias for socially neutral pictures (depicting
humans and human faces) in patients with SAD. Comparing
brain activation in the PermN condition between groups did
not reveal significant differences, but owing to low stimulus
numbers the power for this comparison was low. As the orig-
inal randomization procedure was not devised for this post
hoc distinction, we could not run a full analysis of brain data
also classifying aversive pictures. As the behavioural results
suggest a differentiation of social and nonsocial threat in pa-
tients with SAD, we will include the factor “sociality” in fu-
ture studies to test its specificity.

As our task design already extended standard experiments
of emotion regulation by including a condition of voluntary in-
crease of emotional intensity, we included only negative and
neutral visual stimuli. There is evidence that the attention bias
in patients with SAD also manifests as diminished processing
of positive (social) information.” Future studies should extend

the investigation of voluntary emotion regulation through self-
focused reappraisal to positively valenced stimuli.

Conclusion

The strongest group differences emerged during passive
viewing of neutral and aversive pictures, for which patients
with SAD showed enhanced reactivity.

Patients with SAD rated neutral stimuli as eliciting signifi-
cantly more negative affect than controls, replicating the
well-known interpretation bias. On the brain level, however,
there was no significant group difference during this condi-
tion. Conversely, during passive viewing of aversive pictures
compared with neutral pictures, patients with SAD overacti-
vated bilateral temporoparietal areas involved in judging
socioemotional stimuli as well as a posterior midcingulate re-
gion implied in modulating negative affective responses, but
showed only a trend toward higher intensity ratings.

While patients with SAD show exaggerated neural and
behavioural reactivity during passive viewing, instructed
emotion regulation evens out the differences from controls,
suggesting that self-focused regulation is a successful behav-
ioural and neural strategy for patients with SAD.
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