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Social anxiety disorder (SAD) is associated with aberrant self-referential processing (SRP) such as increased self-focused 
attention. Aberrant SRP is one of the core features of SAD and is also related to therapeutic interventions. Understanding 
of the underlying neural correlates of SRP in SAD is important for identifying specific brain regions as treatment targets. 
We reviewed functional magnetic resonance imaging (fMRI) studies to clarify the neural correlates of SRP and their 
clinical implications for SAD. Task-based and resting fMRI studies have reported the cortical midline structures including 
the default mode network, theory of mind-related regions of the temporo-parietal junction and temporal pole, and the 
insula as significant neural correlates of aberrant SRP in SAD patients. Also, these neural correlates are related to clinical 
improvement on pharmacological and cognitive-behavioral treatments. Furthermore, these could be candidates for the 
development of novel SAD treatments. This review supports that neural correlates of SAD may be significant biomarkers 
for future pathophysiology based treatment.
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INTRODUCTION

Social anxiety disorder (SAD), one of the common psy-
chiatric disorders with a lifetime prevalence rate of 
12.1%,1) is thought to develop at an early age and prog-
ress to other psychiatric disorders, such as depressive dis-
order and drug abuse.2) SAD is characterized by marked 
fear with respect to social situations, which expose the in-
dividuals to possible scrutiny by others.3) As a response to 
the fearful social stimuli, emotional hyper-reactivity and 
dysregulation of emotion have been observed in SAD.4,5) 
Besides the emotional hyper-reactivity to fearful stimuli, 
SAD patients show hypersensitivity to self-related 
feedback.6)

Self-referential processing (SRP) is the process of relat-
ing information to the self7); this is aberrantly heightened 
in SAD during social situations.8) SAD patients frequently 
focus their attention on detailed monitoring and ob-
servation of themselves in social situations.9) This feature 
of awareness of the self as a social object is known as 
“public self-consciousness”, which is heightened in 
SAD.10,11) Consequently, they show excessive self-fo-
cused attention during social situations.12,13) They are also 
sensitive to evaluation by others and tend to ruminate 
about themselves or view themselves from the per-
spective of the observer.14) Exaggerated SRP has been sug-
gested not only as one of the important components of the 
explanatory models of SAD,12,13) but also as the focus of 
therapeutic intervention such as cognitive-behavioral 
therapy (CBT).15) This self-focused cognitive process has 
been linked to dysfunction in the brain regions involved 
in SRP and the theory of mind (ToM).16,17) In functional 
neuroimaging, SRP has been associated with the cortical 
midline structures (CMS) as well as the ToM-related 
regions.7) CMS such as the medial prefrontal cortex 
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(MPFC) and posterior cingulate cortex (PCC)/precuneus 
are known to play a critical role in SRP,7,18) and share 
common features with intrinsic activity of the default 
mode network (DMN).19) ToM or mentalizing, the ability 
to read the minds of others, is mediated by a brain net-
work including the MPFC, temporo-parietal junction 
(TPJ), posterior end of superior temporal sulcus (pSTS), 
and temporal pole (TP).20,21) According to simulation 
theory, it is proposed that an observer attributes mental 
states to another person by using one’s own mind as a 
model of the other mind, suggesting that self-related in-
formation may play an anchor point for understanding 
others22,23) Thus, ToM may depend on SRP such as 
self-reflection.

Previous functional magnetic resonance imaging (fMRI) 
studies on SAD have mainly investigated emotional re-
activity to various facial expressions, and have found sig-
nificant hyperactivation in the limbic/paralimbic regions 
including the amygdala,24-26) anterior cingulate cortex 
(ACC),27) and insula.25,28) Especially, the predominant 
finding implicating the amygdala indicates that this region 
and its connections play a crucial role in SAD.4) Beyond 
the amygdala, hyperactivation of the brain regions related 
with SRP and ToM has been observed during SRP in 
SAD.6) Previous fMRI studies on SAD have found that the 
activation of SRP- and ToM-related regions was normal-
ized by CBT and cognitive reappraisal29,30) as well as 
pharmacotherapy,31,32) implying that changes in SRP may 
be important in the treatment of SAD.

Resting state fMRI research on the functional con-
nectivity in brain network has attracted greater attention 
as a tool to elucidate the neurobiological basis of psychi-
atric disorders, including Alzheimer’s disease, major de-
pressive disorder (MDD), and schizophrenia.33) Resting 
state functional connectivity (RSFC) measures the tempo-
ral correlation of spontaneous blood oxygen level-de-
pendent (BOLD) signals between spatially distant brain 
regions without an explicit task.33,34) Traditional activation 
paradigms cannot assess network connectivity and its ab-
normality related to the alterations of intrinsic neural ac-
tivity of BOLD signals observed in resting state fMRI.35) 
Meanwhile, RSFC provides a broader network representa-
tion of the functional architecture of the brain.34) Given 
that proper connection and harmonious interaction be-
tween brain regions are critical for optimal brain function-
ing, investigations of RSFC may offer a better under-

standing of the underlying neurobiology of SAD.36) 
Further, considering that SRP is believed to predominate 
at resting state,37) differences of RSFC between SAD pa-
tients and controls could reflect intrinsic functional ab-
normalities related to SRP in SAD. Recently, pattern clas-
sification of RSFC has been applied to discriminate pa-
tients with SAD from controls.38,39)

Based on the advances in our understanding of the neu-
rocircuitry of SAD, growing literature has begun to em-
phasize important alterations of SRP and its neural corre-
lates in SAD.40) Here, we present a review of functional 
neuroimaging studies on investigation of the neural corre-
lates of aberrant SRP in SAD. First, we reviewed the cur-
rent findings drawn from task-based fMRI studies that ad-
dressed the role of CMS and other brain regions during 
SRP in SAD. These studies were discussed together with 
related literature to facilitate the elucidation of the under-
lying role of CMS and other regions in aberrant SRP of 
SAD. Along with this, we reviewed the neural correlates 
of SRP that have been implicated in SAD. Furthermore, 
given the function of DMN involvement in SRP,19,41,42) we 
summarized the results of RSFC data that suggest abnor-
malities of DMN function in SAD, which could result in 
aberrant SRP. Finally, we considered current evidence 
suggesting that the neural activities associated with aber-
rant SRP may be normalized by various therapeutic 
interventions. Through a literature review, we elaborated 
on the underlying neural correlates of aberrant SRP in 
SAD and discussed their clinical implications.

MAIN FINDINGS

Neural Correlates of SRP
SRP is defined as the process by which a person be-

comes aware that specific contents of the stimuli are 
strongly related to one’s own self.7) To date, the neural 
correlates of SRP have been extensively investigated using 
self-referential stimuli of various domains such as verbal, 
memory, and emotion. Previous task-based fMRI studies 
on SRP used a rather broad definition of self-related tasks 
describing all tasks where some content had to be related 
to the persons themselves.7) Meta-analysis of fMRI studies 
on self has revealed that SRP is mediated by CMS includ-
ing the MPFC, medial orbitofrontal cortex (OFC), ACC, 
and PCC/precuneus.7,18) These anatomical brain regions 
may be considered as a functional unit for several 
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reasons. First, co-activation among the separate CMS has 
been observed in various paradigms.18) Second, strong 
functional connectivity among the CMS has also been re-
ported during self-referential tasks.43) Third, the CMS 
show high resting state activity/interconnectivity and 
task-induced deactivation. This distinctive functional 
characteristic overlaps with the DMN activity reflecting 
intrinsic brain functions.42,44) The DMN, a set of tempo-
rally correlated brain regions, is more active during rest-
ing state and deactivated during attention-demanding 
tasks.42,44) This network includes the MPFC, PCC/pre-
cuneus, TPJ, and angular gyrus. As an intrinsically or-
ganized network, the DMN engages in stimulus-in-
dependent, self-generated thought during resting con-
ditions,19,41,42) and plays a pivotal role in self-conscious 
and self-related mental representations.45)

The CMS are presumed to mediate introspective proc-
essing such as reflection, evaluation, and recollection of 
oneself46-48) as well as emotional and reward pro-
cessing.49,50) According to neuroscience literature, the 
function of the MPFC has been divided between the dor-
sal and ventral regions, with the dorsal MPFC being more 
associated with mentalizing51-53) and the ventral MPFC 
more responsible for affective aspects of SRP.54) Further, 
the dorsal MPFC has also been known to be engaged in 
introspective processing including evaluation and re-
flection of oneself46,47,55) and SRP that involves personal 
semantic facts.56) Along with the insula, the ACC forms the 
salience network, and plays a key role in attentional 
control.57,58) The ACC appears to be important for direct-
ing attention towards self during self-reflection,54) and can 
be a possible mediator of post-event rumination.59) As a 
central hub of the DMN, the PCC is thought to be in-
volved in evaluating whether a certain stimulus is self-re-
lated by consulting the autobiographical memory.19,54) 
Besides the CMS, other brain regions including the insula, 
TPJ, and TP are assumed to be involved in SRP.19,54,60) The 
insula has been associated with interoceptive sensation, 
the monitoring of the internal emotion-related physio-
logical state61-64) and bodily self-consciousness.65) The TPJ 
and TP have been mainly suggested as the neural corre-
lates of ToM,20) but both the brain regions are also in-
volved in self-referential information processing, such as 
bodily self-consciousness and coherent self-percep-
tion19,54,66) and perspective taking.67) The inferior parietal 
lobule (IPL), which is considered a part of the mirror neu-

ron system has been implicated in bodily self-perception 
including self-face recognition68,69) and attention process 
such as salience detection.70)

Aberrant SRP in SAD
Generally, self-focused attention is regarded as an 

awareness of self-referential and internally generated in-
formation, which is composed of information regarding 
bodily states, thoughts, attitude, memories, emotions, and 
moods.71) When confronted with a social situation, SAD 
patients tend to shift their attention to a process of de-
tailed, self-focused observation, and this enhances the 
awareness of self-relevant thoughts, emotions, and in-
ternal sensation.12) Excessive self-focused attention is im-
portant in generating as well as maintaining pathological 
social anxiety.12,13) The cognitive model of social anxiety 
proposes that aberrantly increased self-focused attention 
during social situations is a core feature of SAD because it 
enhances access to negative thoughts and feelings con-
cerning the self, and prevents the patient with SAD from 
observing objective external information that may dis-
confirm negative fears and expectations.12) Accordingly, 
exaggerated self-focused attention seems to have a neg-
ative impact on the self-concepts and intensifies social 
anxiety.72,73) Furthermore, it may induce a bias towards an 
unpleasant awareness of the observable self12,14) as well as 
poor social performance and social withdrawal.73-75) 
Finally, excessive self-focused attention was found to de-
crease along with improvements of social anxiety follow-
ing successful CBT,8,73) suggesting that the attentional 
strategies that reduce self-focused attention should be 
considered in the treatment of SAD. This characteristic of 
increased self-focused attention may be connected to ab-
normal activation of the brain regions related to SRP. In 
line with the hypothesis of increased self-focused atten-
tion, abnormal activation of the CMS has been observed 
repeatedly during exposure to self-referential or dis-
order-related stimuli in SAD.16,17,31,76-79)

One of core concerns of SAD patients is the fear of be-
ing negatively evaluated by others.80) Owing to attention 
to the observable self, SAD patients show heightened 
public self-consciousness than those of other anxiety dis-
orders such as panic disorder or as observed in controls 
during social situations,11,81) and the degree of public 
self-consciousness has been found to correlate positively 
with the severity of social anxiety.10,82) Furthermore, 
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heightened public self-consciousness in SAD patients al-
lows them to see themselves from the perspective of the 
other person as an actor in social situations, and this 
“observer perspective” is in contrast to a “field per-
spective” in which the individuals view a situation from 
their own perspective.83) SAD patients rather than the con-
trols were more likely to adopt an observer perspective,83) 
which as compared to a field perspective was associated 
with more negative thoughts and increased anxiety.84) 
Further, SAD patients ultimately fear the notion of the ob-
servable self as a target of disapproval from others,80) and 
engage in a detailed review or post-event rumination on 
their performance following a social situation.12,13) 
Considering the excessive preoccupation with the evalua-
tion by others in SAD, these patients may excessively 
monitor not only their performance or mental representa-
tions but also the mental state of others, indicating the 
dysfunction of brain regions involved in ToM. Several 
fMRI studies on SAD examining the mentalizing or SRP re-
ported abnormal activation of the ToM-related 
regions.78,85,86)

Self-referential Task Implicating Involvement of CMS, 
Insula and ToM-related Regions in SAD

First, an fMRI study to directly investigate SRP using the 
self- versus other-referential criticism and praise revealed 
selectively increased BOLD signals in response to self-ref-
erential criticism within both, the MPFC and amygdala, in 
SAD patients as compared with those in controls.16) Also, 
functional connectivity between the MPFC and amygdala 
was significantly increased for SAD patients than controls 
in response to self-referential criticism.16) These findings 
suggest that abnormal hyperactivation of the MPFC may 
result from hypersensitivity to salient self-referential stim-
uli as well as post-event rumination. An fMRI study apply-
ing tasks related to negative self-beliefs found increased 
activation of the CMS (MPFC and PCC/precuneus), an-
gular gyrus, IPL, amygdala, and parahippocampal gyrus 
while reacting to negative self-belief versus asterisk count-
ing in SAD.77) In one study,78) positive and negative social 
trait adjectives were presented to SAD patients during an 
SRP task. SAD patients showed hyperactivity in the CMS 
(MPFC, subgenual ACC, and PCC/precuneus) and lan-
guage processing regions (ventrolateral PFC) as well as 
visual processing regions (fusiform and lingual gyrus) dur-
ing SRP. SRP occurs following social transgressions, and 

unintentional transgressions could lead to embarrassment 
particularly in SAD.76) In the fMRI study investigating so-
cial norm processing, SAD patients as compared with the 
controls showed markedly increased activation to unin-
tentional than the intentional transgressions, within the 
ventral MPFC.76) Given the hypervigilance to self-evalua-
tion during embarrassing events in SAD, abnormal hyper-
activation of the ventral MPFC may reflect an increased 
propensity of self-focused attention.

For a detailed examination of self-referentiality, specifi-
cally whether increased BOLD signals of the MPFC result 
from an exaggerated representation of their own opinions 
or those of others, an fMRI study,17) which used the com-
ments of the first or second person viewpoint, identified 
significant groups (SAD and controls) based on viewpoint 
interactions in the ventral MPFC. SAD patients exhibited 
increased BOLD signals to second relative to first person 
viewpoint, whereas the controls showed increased signals 
to the first relative to second viewpoint. In addition, de-
creased BOLD signals of the ventral MPFC to first person 
viewpoint in SAD significantly correlated with the severity 
of symptoms. Meanwhile, SAD patients compared with 
controls showed increased activations in the dorsal MPFC 
to self-referential comments irrespective of viewpoints. 
Therefore, these distinct activation patterns of the MPFC 
may reflect not only an increased tendency to adopt the 
observer perspective, but also enhanced self-focused at-
tention or evaluation on self-referential comments. In line 
with SAD, hyperactivation of the MPFC was found during 
self-focused attention in subjects with high social anxiety 
than subjects with low social anxiety, and the degree of 
MPFC activation was positively correlated with the level 
of self-focused attention.87)

Instead of self-referential verbal stimuli, social stimuli 
capable of possibly inducing SRP have been used in pre-
vious fMRI studies on SAD. Being looked at in front of oth-
ers may provoke self-focused attention and/or observer 
perspective as well as feelings of scrutiny in SAD. A study 
found abnormal activation to eye contact in the posterior 
CMS and other regions related to SRP in SAD.31) 
Compared with controls, SAD patients showed increased 
activation in the PCC and IPL during direct eye contact 
compared with away from eye contact, reflecting height-
ened SRP such as increased self-focused attention and ex-
perience of observer perspective. A study focusing on the 
DMN revealed a lower deactivation of PCC/precuneus in 
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SAD patients than controls during a face perception task, 
suggesting that impairment of the DMN may be related 
with self-focused attention in SAD.88) On the contrary, a 
significantly decreased activation of the PCC/precuneus 
while performing a social situation task was reported in 
SAD patients than in controls.89) Another study with high 
and low socially anxious individuals found a significant 
positive correlation between the PCC activation for the 
contrast, self-focused versus outward attention, and the 
trait of self-focused attention in high socially anxious 
individuals.87)

Recently, two fMRI studies using disorder-related visual 
scenes have reported the hyperactivation of the CMS 
(dorsal MPFC and PCC/precuneus) and insula as well as 
amygdala in response to disorder-related versus neutral 
scenes in SAD.90,91) In one fMRI study92) investigating the 
attentional bias toward internal and external social 
threats, participants were exposed to internal threat 
(pulse-sounds) and external threat (facial crowds) while 
performing a visual search task. SAD patients showed in-
creased activation in the PCC and middle temporal gyrus 
in response to the external threat and positive correlation 
between the PCC activation and severity of social anxiety. 
Additionally, significant interaction effects of internal and 
external focuses were observed in the PCC and visual oc-
cipital cortex in SAD patients. Interaction effect within the 
PCC may result from increased self-focused attention 
while looking at the self through the observer perspective 
in front of others. While focusing on the internal threat, a 
prominently increased activation of the rostral ACC, in-
sula, and OFC was demonstrated in SAD patients, and in-
sula activation during the internal focus was positively 
correlated with the level of social anxiety. A study explor-
ing the neural correlates of anticipatory anxiety has 
shown an increased activation of the insula during antici-
pation of public speech evaluated by others in SAD pa-
tients than in controls.93) In aspects of self-relatedness, the 
insula mediates not only the processing of emotional 
self-referential stimuli,7,94) but also social anxiety-related 
interoceptive sensibility.95)

A recent fMRI study found increased activation in the 
ToM-related regions as well as the CMS and insula during 
self-referential working memory tasks in SAD.86) In this 
study, subjects underwent fMRI scanning while perform-
ing a working memory task consisting of faces with 
self-referential positive or negative evaluative comments. 

Compared with controls, SAD patients showed increased 
activation in the CMS (dorsal MPFC and PCC), insula, and 
TPJ during encoding, and TPJ activation was positively 
correlated with the level of the fear for negative 
evaluation. The prominent hyperactivation of the CMS 
and TPJ during encoding may result from not only in-
creased self-focused attention, but also excessive mentali-
zation or increased tendency of adopting the observer 
perspective. In another fMRI study96) using a self-focused 
emotion regulation task, SAD patients as compared with 
the controls demonstrated hyperactivation in the PCC and 
ToM-related regions such as the TPJ and pSTS during the 
viewing of aversive compared with neutral pictures, sug-
gesting increased bodily self-consciousness and height-
ened adoption of the perspective of others. Boehme et 
al.87) asked high and low socially anxious subjects to focus 
their attention either inwardly or outwardly when watch-
ing a simulated social situation. Compared to low socially 
anxious subjects, high socially anxious subjects showed 
increased activation in the MPFC, TPJ, and TP during 
self-focused attention. Furthermore, SRP was accom-
panied by increased activation in the MPFC, PCC, and TP 
in individuals with subclinical social anxiety.97) 
Collectively, these findings suggest that abnormal hyper-
activation of the ToM-related brain regions as well as the 
CMS may be associated with atypical processing of 
self-referential information in SAD.

To summarize, although the number of fMRI studies fo-
cusing on SRP in SAD is limited, evidence from these 
studies consistently suggests hyperactivation of the CMS, 
ToM-related regions and insula during SRP (Table 1 and 
Fig. 1). Overall hyperactivity of these regions may reflect 
aberrant SRP such as increased self-focused attention and 
heightened public self-consciousness, which underlines 
the psychopathology of SAD.

Resting State Functional Abnormalities of DMN in 
SAD

Resting single photon emission computed tomography 
study on SAD reported alteration of regional cerebral 
blood flow (rCBF) in critical regions of the DMN.98) In this 
study, SAD patients as compared with the controls 
showed increased perfusion in the frontal cortex and de-
creased perfusion in the precuneus. In a fluorodeox-
yglucose-positron emission tomography (PET) study,99) 
decreased glucose metabolism at rest was found in the 
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Table 1. Task-based fMRI studies investigating self-referential processing in SAD

Study Sample Type of task and stimuli Main findings

Blair et al. 
(2008)16)

17 SAD
17 HC

Self- versus other-referential comments (positive, 
negative, and neutral)

↑ MPFC and amygdala activation to self-referential 
negative comments in SAD than in HC

Goldin et al. 
(2009)78)

16 SAD Self-referential processing task: positive and negative 
social trait adjectives

↑ MPFC, subgenual ACC, PCC/precuneus and 
ventrolateral PFC activation to positive or negative 
self-referential processing in SAD

Goldin et al. 
(2010)77)

16 SAD Negative self-beliefs task: self-focused, negative 
self-beliefs

↑ MPFC, PCC/precuneus, angular gyrus, IPL, amygdala, 
and parahippocampal gyrus activation to reacting 
negative self-belief in SAD

Blair et al. 
(2010)76)

16 SAD
16 HC

Social norm processing task: intentional and 
unintentional social transgressions

↑ Ventral MPFC to unintentional relative to intentional 
transgressions in SAD than in HC

Blair et al. 
(2011)17)

15 SAD
15 HC

Self-referential comments of 1st or 2nd person viewpoint 
(positive, negative, and neutral)

↑ Ventral MPFC to 2nd relative 1st viewpoint in SAD than 
in HC. Reduced BOLD signals in ventral MPFC to 1st 
viewpoint correlated with severity of social anxiety in 
SAD

Schneier et al. 
(2011)31)

16 SAD
16 HC

Faces simulating 3 directions of eye gaze: direct, averted, 
and neutral

↑ PCC and IPL activation during direct eye contact 
compared to away from eye contact in SAD than in HC

Boehme et al. 
(2013)93)

17 SAD
17 HC

Anticipation of public and evaluated speaking versus 
control condition

↑ Insula activation during anticipation of public speech 
evaluated by others compared to control condition in 
SAD than in HC

Choi et al. 
(2016)92)

20 SAD
20 HC

Visual search task: internal threat (own pulse-sound) and 
external threat (facial crowds)

↑ PCC and middle temporal gyrus activation to external 
threat in SAD

↑ Rostral ACC, insula, and OFC activation to internal 
threat in SAD

Yoon et al. 
(2016)86)

20 SAD
20 HC

Self-referential working memory task: face making a 
positive or negative comment

↑ Dorsal MPFC, PCC, TPJ, and insula activation during 
encoding in SAD than in HC

fMRI, functional magnetic resonance imaging; SAD, social anxiety disorder; HC, healthy controls; ↑, increased; MPFC, medial prefrontal cortex; 
ACC, anterior cingulate cortex; PCC, posterior cingulate cortex; PFC, prefrontal cortex; IPL, inferior parietal lobule; BOLD, blood oxygen 
level-dependent; OFC, orbitofrontal cortex; TPJ, temporo-parietal junction.

Fig. 1. Medial and lateral view of significant neural correlates of aberrant self-referential processing and treatment response consistently observed 
in task-based and resting state functional magnetic resonance imaging studies on social anxiety disorder. Red areas represent the cortical midline 
structures including the default mode network (medial prefrontal cortex, anterior cingulate cortex, and posterior cingulate cortex/precuneus). Purple 
areas represent the theory of mind-related regions (temporo-parietal junction and temporal pole). Yellow areas represent the insula.

MPFC and ACC in SAD patients compared with the con-
trols, implying resting state metabolic abnormalities in the 
DMN. Previous resting state fMRI studies have reported 
abnormalities of DMN functional connectivity in SAD. An 
fMRI study100) applying a regional homogeneity (ReHo) 

method reflecting temporal synchrony of regional BOLD 
signals found decreased coherence within the DMN in-
cluding the MPFC and angular gyrus in SAD patients than 
in the controls, suggesting functional impairment of 
self-related mental representation in the absence of social 
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stimuli. The fMRI study using the graph theory method 
found decreased RSFC strength in the bilateral precuneus 
in SAD patients compared with controls.101) Additionally, 
the RSFC strength in the precuneus exhibited a significant 
negative correlation with illness duration, suggesting the 
underlying role of the precuneus in the neural patho-
physiology of SAD. In fact, the precuneus is a critical hub 
of the DMN, and plays a key role in SRP.45) The study of 
Liao et al.102) applying independent component analysis 
(ICA) found alterations of RSFC in self-referential network 
(SRN) including the DMN in SAD. SAD patients as com-
pared with the controls exhibited increased RSFC in the 
ventral MPFC of the SRN and the dorsal MPFC of the 
DMN, which is consistent with the cognitive model of so-
cial anxiety addressing increased tendency towards 
self-awareness and monitoring in an upcoming social 
situation.13) Furthermore, RSFC strength of the dorsal 
MPFC positively correlated with symptom severity. In 
contrast, decreased RSFC in the PCC/precuneus of the 
DMN was found in SAD patients than in the controls, 
which is in line with a previous finding of lower deactiva-
tion in the PCC/precuneus during specific tasks.88) These 
RSFC abnormalities of the DMN support the cognitive-be-
havioral model of SAD, which theorize that the mode of 
self-focused processing is activated not only during a so-
cial situation, but also prior to and following the social 
situation.12) In an fMRI study by Geiger et al.,103) de-
creased RSFC in the PCC was also observed in SAD pa-
tients than in the controls. In a recent fMRI study,104) RSFC 
was predicted by the diagnostic status within a single uni-
fied analysis of covariance (ANCOVA) model. The au-
thors of this study found significantly increased RSFC 
within the DMN (between the MPFC and PCC) in SAD pa-
tients than in the controls. This result may reflect ex-
cessive introspection and rumination during rest in SAD. 
However, in other fMRI studies on SAD, no significant dif-
ferences of the RSFC within the DMN were found be-
tween SAD patients and controls.92,105)

The fMRI study by Liu et al.38) using multivariate pattern 
analysis (MVPA) explored the potential of RSFC to dis-
criminate SAD patients from controls, and reported a cor-
rect classification rate of 82.5%. In this study, the authors 
found that the consensus functional connections em-
ployed in the discrimination of SAD were largely located 
within or across the DMN, sensory-motor network, visual 
network, and cerebellar regions. Notably, the medial 

OFC and precuneus of the DMN among these regions 
most prominently showed a higher weight than other re-
gions in the classification for SAD. Another study of a rela-
tively large sample exploring the diagnostic potential of 
ReHo underlying the neural correlates of SAD, using 
MVPA, reported that the diagnostic accuracy of ReHo was 
76.25%.39) The MPFC, among the regions showing differ-
ent discriminating values between SAD and control 
groups, was found with the highest weight in SAD 
diagnosis. Beyond the DMN, a recent fMRI study106) ap-
plying functional connectivity density (FCD) analysis in 
conjunction with RSFC and discriminant analysis identi-
fied altered RSFC in self- and ToM-related networks in 
SAD. SAD patients as compared with the controls ex-
hibited decreased long-range FCD in the rostral ACC and 
decreased short-range FCD in the superior temporal gyrus 
(STG), which is involved in the ToM.107) Furthermore, dis-
criminant analysis showed that altered RSFC within the 
STG and between the rostral ACC and superior/middle 
frontal gyrus contributed most prominently to SAD diag-
nosis, with an accuracy of 84.5%.

In summary, in spite of the heterogeneity of the ana-
lytical methods and occasional negative findings,92,105) 
most studies consistently have reported abnormalities of 
RSFC within the DMN in SAD. These DMN functional ab-
normalities may indicate that the aberrant SRP of SAD 
such as anticipatory or post-event rumination takes place 
during resting conditions as well as social situations. In 
addition, emerging evidence suggests that the altered 
RSFC of the DMN in SAD seems to be especially prom-
inent within the CMS. Thus, the altered resting state func-
tional connections within the CMS may be to influence 
the hyperactivity of CMS during self-referential tasks. 
Further, emerging findings from MVPA based on RSFC da-
ta provide evidence for the possibility of RSFC as a poten-
tial diagnostic tool for SAD. Table 2 summarizes the find-
ings of resting state fMRI studies investigating the DMN 
functional connectivity in SAD.

SRP-related Regions as Target of Treatment in SAD
The SRP-related brain regions including the CMS and 

insula have been found to be important for pharmaco-
logic treatment response in SAD. In an oxygen-15 PET 
study,108) SAD patients showed decreased rCBF in re-
sponse to public speaking, in the PCC as well as amygdala 
along with significant symptom reduction after treatment 
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Table 2. Resting state fMRI studies investigating DMN functional connectivity in SAD

Study Sample Examined regions/network and analytic method Main findings

Liao et al. 
(2010)102)

17 SAD
19 HC

Identified 8 resting state networks: independent 
component analysis method

↑ RSFC in ventral MPFC of SRN in SAD than in HC
↑ RSFC in dorsal MPFC of DMN in SAD than in HC
↓RSFC in the PCC/precuneus of DMN in SAD than in HC

Qiu et al. 
(2011)100)

20 SAD
20 HC

Whole brain analysis: regional homogeneity method ↓Coherence in MPFC and angular gyrus within DMN in 
SAD than in HC

Liu et al. 
(2015)101)

20 SAD
20 HC

Whole brain analysis: graph theory method ↓RSFC in the bilateral precuneus in SAD than in HC. 
Negative correlation between RSFC strength in the 
precuneus and the illness duration in SAD

Liu et al. 
(2015)38)

16 SAD
16 HC

Whole brain analysis: multivariate pattern analysis 
method

Medial OFC and precuneus of DMN were the regions with 
the highest weight in diagnosis of SAD

Zhang et al. 
(2015)39)

40 SAD
40 HC

Whole brain analysis:  regional homogeneity and 
multivariate pattern analysis method

MPFC was the region with the highest weight in diagnosis 
of SAD

Rabany et al. 
(2017)104)

8 SAD
19 HC

Identified 3 resting state network: a single unified 
ANCOVA method

↑ RSFC within DMN (MPFC-PCC) in SAD than in HC

fMRI, functional magnetic resonance imaging; DMN, default mode network; SAD, social anxiety disorder; HC, healthy controls; ↑, increased; ↓, 
decreased; RSFC, resting state functional connectivity; MPFC, medial prefrontal cortex; SRN, self-referential network; OFC, orbitofrontal cortex; 
ANCOVA, analysis of covariance; PCC, posterior cingulate cortex.

with the selective serotonin reuptake inhibitor (SSRI), 
citalopram. Warwick et al.109) reported that the resting 
rCBF within the bilateral insula decreased with improve-
ment of social anxiety following pharmacotherapy with 
both, citalopram and moclobemide in SAD. In this study, 
a significant correlation was found between symptom re-
duction and decreased rCBF in the bilateral insula and 
PCC. Schneier et al.31) examined neural responses to the 
SSRI, paroxetine, in SAD patients, for 8 weeks. Compared 
to the baseline, the PCC/precuneus and insula activation 
significantly decreased, and symptom improvement was 
associated with a decrease in BOLD signals in the CMS 
(MPFC, ACC, and PCC/precuneus) and IPL after 
treatment. Giménez et al.32) found decreased neural re-
sponse in the MPFC and ACC compared to the baseline, 
after 8 weeks of paroxetine treatment, in SAD patients 
along with clinical improvement. In contrast, the in-
creased activation of these regions was sustained in the 
placebo group, which showed persistence of elevated 
clinical anxiety until the end of the study. In addition, the 
analysis of RSFC using ICA showed that paroxetine de-
creased the RSFC in the insula and ACC. Particularly, 
both, alterations of the BOLD signals and RSFC in the ros-
tral MPFC, produced by paroxetine significantly corre-
lated with clinical improvement, suggesting that the me-
dial prefrontal regions may be the main areas associated 
with the therapeutic effect of standard SSRI treatments.

Besides pharmacotherapy, several psychological inter-
ventions involving CBT and emotion regulation techni-

ques reported normalization of the abnormal activation of 
SRP- and ToM-related regions in SAD. A study by Klumpp 
et al.29) found that hyperactivation of the CMS (DMPFC 
and medial OFC) and insula at baseline significantly de-
creased after successful CBT in SAD patients. 
Interestingly, greater pretreatment neural response in the 
medial OFC was associated with greater symptom im-
provement following CBT. In another fMRI study96) on 
SAD, increased activation of the dorsal PCC and bilateral 
temporo-parietal regions during exposure to aversive 
stimuli was normalized by emotion regulation through 
self-focused appraisal. Similarly, applying the emotion 
regulation by cognitive control led to significant reduc-
tion of activity within the insula, precuneus, and bilateral 
temporo-parietal regions as well as the amygdala in 
SAD.30)

It is known that SAD can be treated effectively with 
both pharmacological and psychological treatments.110) 
Nevertheless, a substantial number of SAD patients do not 
respond to adequate pharmacotherapy with SSRI or 
CBT,111,112) which underlines the need for development of 
new treatments. Magnetic resonance-guided focused ul-
trasound surgery (MRgFUS) has gained attention as a min-
imally invasive thermal lesioning technique for the treat-
ment of Parkinson’s disease and obsessive-compulsive 
disorder.113,114) Recently, Kim et al.115) reported the case of 
a patient with treatment-resistant MDD who showed re-
markable symptom improvement following bilateral ante-
rior capsulotomy via MRgFUS. There is growing evidence 
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that abnormally increased activity of the anterior CMS 
plays a major role in the development and treatment of 
MDD.116) Considering the hyperactivity of CMS asso-
ciated with aberrant SRP in SAD, the CMS may be the po-
tential target regions for new treatment of SAD applying 
MRgFUS.

CONCLUSION

This review summarized the current findings of func-
tional neuroimaging studies that investigated the neural 
correlates of aberrant SRP in SAD. Despite the clinical im-
portance of SRP, until now, there have been few fMRI 
studies to explore the underlying neural mechanism of 
SRP directly in SAD. Although there are concerns regard-
ing insufficient amount of literature and some discrep-
ancies between studies, there appears to be a common 
convergence on the idea of the CMS playing a crucial role 
in aberrant SRP in SAD. Evidence derived from task-based 
as well as resting state fMRI data supports this hypothesis. 
Abnormal hyperactivation of the CMS during SRP has 
been reported consistently in SAD. In addition, although 
there are some inconsistent findings, abnormalities of the 
RSFC within the DMN have been observed repeatedly 
and its alterations seem to be most prominent in the CMS. 
Therefore, aberrant SRP in SAD appears to be associated 
with the predominant hyperactivation of CMS that may be 
affected by altered functional connections at the resting 
state. In accordance with this, the updated neuro-
biological model of SAD highlights the hyperactivation of 
CMS and insula as well as the amygdala.117) Furthermore, 
this model proposes that functional decoupling of the 
posteromedial hub of DMN (PCC/precuneus) from other 
brain networks (limbic and ventral attention network) 
could lead to deficits in bottom-up activation regulation, 
implying the underlying role of the posterior CMS in SAD. 
In addition, current evidence suggests that the ToM-re-
lated region and insula as well as the CMS may be im-
portant in abnormal SRP and treatment response in SAD 
(Fig. 1). From a clinical perspective, a significant change 
of activities in the SRP-related regions following success-
ful treatments and association of these changes and symp-
tom improvement imply that more specific therapeutic 
approaches, targeting aberrant SRP and its neural corre-
lates, may be candidates for novel effective treatment for 
SAD. Moreover, emerging findings suggesting a mean-

ingful diagnostic potential of RSFC data in distinguishing 
SAD from healthy conditions provides the basis for poten-
tial use of RSFC as a complementary method in clinical di-
agnosis of SAD. Future research to investigate more close 
associations between various neurobiological alterations 
and change of SRP could broaden our understanding re-
garding the distinctive role of SRP in SAD, and contribute 
to the development of novel therapeutic interventions for 
SAD.
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