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1 Introduction 

 

Social anxiety disorder (SAD) is characterized by marked fear or anxiety about one or 

more social situations in which the individual is exposed to possible scrutiny by others 

(1). Anxiety disorders are characterized by cognitive biases in attention and 

hyperreactivity to potential threats (2,3). SAD is associated with aberrant self-referential 

processing and increased self-focused attention in social situations (4) resulting in 

enhancing the awareness of self-relevant emotions, thoughts and internal sensation. 

Excessive self-focused attention is considered important in both generating and 

maintaining pathological social anxiety. (4)  

 

Neuroimaging studies striving to complete a model for the neurobiological mechanisms 

of SAD have linked numerous brain regions with aberrant activity to social cues (5,6). 

Only a handful of functional magnetic resonance imaging(fMRI) intervention studies 

have been carried out to study the neural effects of serotonin reuptake inhibitors (SSRIs) 

on socially anxious individuals although being the first-line pharmacological treatment 

(7,8). The effects of the widely used SSRI escitalopram has a typical acute phase effect 

at 12 weeks of treatment (9). Recent research on major depressive disorder (MDD) 

suggests normalization of aberrant neural activity before the onset of clinical effects (10). 

To our knowledge there is no priori study on the short-term neural effects of escitalopram 

on self-referential tasks in SAD. 

 

The aim of this study is to illuminate discrepancies in the neural systems accounting for 

impaired self-referential processing in SAD. Our goal was also to shed light on the short-

term neural effect of escitalopram and whether it is consistent with correcting 

abnormalities in self-referential processing systems associated with SAD. Finally, we 

wanted to find out whether these hypothesized normalizations of aberrant activity would 

occur before the onset of clinical remission of SAD. To reach aforementioned goals we 

broke down the study in three parts. 

 

In the first part of our study we investigated differences in neural activation between 

healthy controls and patients suffering from SAD. Due to the core role of the amygdala 

in threat and fear processing our hypothesis was to find relatively heightened amygdala 
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activity to social stimuli in SAD compared to the HC group. We expected SAD to have 

diminished activation in the prefrontal cortex, especially regions comprising the cortical 

midline structures, due to current models of SAD suggesting impaired top→ down 

inhibiting regulation of threat mediated from the prefrontal cortex.  

 

In the second part of our study we explored the short-term neural effects of escitalopram 

on self-referential processing in SAD. Our hypothesis was to see attenuation of 

hyperactivity in the amygdala for negative social cues after treatment compared to 

baseline. We expected post-treatment normalization of aberrantly diminished prefrontal 

activity especially in the cortical midline structures suggesting normalization of self-

referential processing in the with the hypothesis of escitalopram normalizing aberrant 

neural activity associated to self-referential in socially anxious patients before the onset 

of clinical effects.  

 

In the third part of our study we evaluated whether the drug elicited any significant 

differences in clinical anxiety symptoms by following the subject’s anxiety levels 

throughout the study. We hypothesized not to see any significant changes in such a short 

period of time. 
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2 Literature review 

 

To get a better grasp of social anxiety disorder we start off by reviewing an overview of 

social anxiety disorder in current literature and what it is. The concept of self and how 

we define it is different depending on context, therefore we review current literature and 

define the self and self-referential processing in neuroimaging followed by how self-

referential is key in understanding the current model of social anxiety disorder. As a 

base to our intervention study we briefly review how escitalopram relates to social 

anxiety and finally what kind of research of similar intervention studies have earlier 

been carried out. 

2.1 Social anxiety disorder 

Social anxiety (SA) is modeled as anxiety that is derived from the mind's perspective of 

others perception of oneself i.e. anxiety stemming from what the mind thinks others think 

about it (11). When this anxiety becomes overwhelming or chronic it is called social 

anxiety disorder (SAD). According to DSM-IV SAD is characterized by marked fear or 

anxiety about one or more social situations in which the individual is exposed to possible 

scrutiny by others (1). SAD is distinguishable from shyness in its greater severity, distress 

and impairment (12). 

  

Anxiety disorders are among the most common psychiatric disorders with a lifetime 

prevalence in Finland of about 12.6%. SAD is the second most common anxiety disorder 

with a 3.1% lifetime prevalence. (13) The onset of SAD may begin as early as in 

childhood or early adolescence. It typically starts early in life and persists into adulthood 

and even old age (12).  

 

Treatment of SAD can include psychotherapy, pharmacotherapy or both. Cognitive 

behavioral therapy is regarded as the first-line psychotherapy in SAD. The first-line 

pharmacological treatment is selective serotonin-reuptake inhibitors (SSRIs) such as 

escitalopram (14).  

 

According to the Heimberg et al. Model(11) the ”perception of an audience stimulates a 

mental representation as seen by the audience, that is, a picture of the mind’s eye of the 
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person with SA of the audience’s picture of him”; creating a base to define SA. The person 

with SAD has negative self-imagery and/or distorted self-perception due to multifactorial 

reasons e.g. negative past social experiences. This biased perspective of the mind 

presumes the audience’s opinion of it is poor. Simultaneously the people with SAD may 

often believe the audience holds a very high, even unattainable, standards of his/her 

performance. These factors summed together leaves the mind in a state of high threat 

evaluation being almost impossible to overcome and leaves the person in a state of 

anxiety. (11)  

 

2.2 Self-referential processing in neuroimaging 

In neuroscience the self-referential processing is defined as “the experience of strongly 

relating to one’s own person” (15). To get a better understanding, efforts in neuroscience 

have tried to paint a more thorough picture of the self by developing systematic methods 

of identifying overlapping processes that unify different conceptions of self (16). A 

multitude of neuroimaging studies have found that self-referential tasks involving 

emotional, verbal, memory and social stimuli elicit neural activity in the brain's cortical 

midline structures (CMS) (15). The CMS consists more specifically of the orbitomedial 

prefrontal cortex (OMPFC), anterior cingulate cortex (ACC), medial prefrontal cortex 

(MPFC) and posterior cingulate cortex (PCC). The OMPFC is thought to generate a 

representation of stimuli as self-referential while the ACC is involved in monitoring self-

referential stimuli. The MPFC is engaged during the self-referential evaluation and finally 

the PCC is involved in integration of self-referential stimuli in the broader context of 

personal experience (17). The default-mode network (DMN) known for the brain's resting 

activity has overlapping regions with the CMS and taken together studies suggest our 

sense of self may be a result from a specific interplay between the DMN and CMS(18). 

 

2.3 The neural model of social anxiety disorder 

The wide range of anxiety disorders have different emotional processing patterns 

(19).Current research suggests a complex multi-network model in SAD with regions of 

aberrant activation and functional connectivity. The emotion network consisting of the 

amygdala, bed nucleus stria terminalis(also referred as extended amygdala), anterior 

insula, ventromedial prefrontal cortex, hypothalamus, periaqueductal grey, dorsal raphe 

nucleus, locus coeruleus and fusiform gyrus is considered hyper-responsive both in 
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response to threatening stimuli and at rest. The motivation network comprising the 

substantia nigra/ventral tegmental area, ventral striatum, dorsal anterior cingulate cortex 

and ventromedial prefrontal cortex is suggested to be active particularly in acquiring 

nonsocial rewards and avoiding punishment. Fitting the pattern elicited by SAD patients. 

The cognitive control network is made of the posterior cingulate cortex, dorsal anterior 

cingulate cortex, prefrontal cortex and parietal cortex. Both the emotional and cognitive 

control networks are diminished both during instructed and unprompted socially stressful 

situations, although having a heightened prefrontal attention system. The DMN or self-

referential network is highly active and extensively connected both at rest and during self-

referential critique. (6)  

 

Overall, the hyperactive bottom-up activation with and decreased ability to mediate top-

down regulation is the current neural model in SAD. Aberrant activation of 

aforementioned systems may contribute to biased self-referential in SAD. Data on 

aberrant neural activation and functional connectivity in aforementioned regions has 

emerged increased interest in mapping the neural models to better understand the 

psychopathology of internalizing disorders e.g. major depressive disorder and social 

anxiety disorder. 

 

2.4 Escitalopram as a treatment in social anxiety disorder 

Serotonin reuptake-inhibitors (SSRIs) have the most evidence in pharmacological 

treatment of SAD (20). Although complete understanding of the SAD pathophysiology 

is understood, serotonergic, dopaminergic and noradrenergic systems are thought to play 

a key role in social anxiety. Literature suggests serotonin re-uptake inhibitors to increase 

levels of free serotonin in the neural synaptic by blocking reuptake of serotonin thus 

increasing serotonin mediated signaling (21). Escitalopram is a commonly used SSRI 

with a proven efficacy in the treatment of SAD (22). The acute phase of SSRI treatment 

is 12 weeks followed by an assessment and usually continued with a maintenance 

treatment (23). Although some studies suggest an onset of symptom relief after 2 weeks 

of treatment (24). Interestingly enough studies on short-term usage of escitalopram in 

MDD suggests normalization of activation on self-referential processes within a week 

(10) before the onset of clinical effects. 
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2.5 Earlier fMRI studies on the effects of SSRIs on social anxiety 

disorder 

An abundance of neuroimaging has been carried out to update the neurofunctional model 

of SAD. While a multitude of intervention studies focusing on CBT only a handful of 

research on the effects of SSRIs on SAD has been published. In earlier interventional 

SSRI studies using paroxetine, sertraline and escitalopram as pharmacological agents the 

intervention period has lasted 8-12 weeks (25).  

 

An 8-week study on the effects of paroxetine on SAD patients concluded reduced 

activation in the insula, thalamus and subgenual/anterior cingulate cortex (26). Another 

8-week paroxetine intervention study with a gender identification task of angry, happy 

and neutral faces revealed a reduced functional connectivity (FC) between the left 

temporal pole and left hippocampus in SAD patients particularly during angry faces 

compared to healthy controls (HC).  

 

At the end of treatment the FC increased significantly compared to pretreatment 

baseline.(27) A third paroxetine intervention study with an eye contact-aversion task with 

a 8-week paroxetine treatment intervention concluded SAD patients having elevated 

neural responses to eye contact in the right parahippocampal gyrus, right inferior parietal 

lobule, right supramarginal gyrus, right posterior cingulate and right middle occipital 

cortex with respect to healthy controls. Within group analysis of SAD patients pre- vs. 

post-treatment showed a decrease in neural response to directed vs. averted gaze in 

regions including left insula, right middle temporal gyrus, right precentral gyrus, right 

posterior cingulate gyrus, precuneus and left superior occipital gyrus. Correlates of 

symptomatic improvement significantly associated with change in LSAS during 

treatment within SAD group included also left inferior frontal gyrus, left subgenual 

anterior cingulate, right middle frontal gyrus, left caudate, right anterior cingulate and 

right dorsal cingulate gyrus, left and right lentiform nucleus, right thalamus,right and left 

posterior cingulate, right paracentral lobule, right and left precuneus, left inferior parietal 

lobule.(28)  
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In a 12-week open-label sertraline trial socially anxious subjects showed normalization 

of hyperreactive activation in amygdala and attenuated MPFC activation (29). Finally, 

the only escitalopram self-referential escitalopram study was a 12-week open-label study 

on regional brain volume and suggested a structural grey matter decrease in bilateral 

superior temporal cortex, vermis and left cerebellum after treatment. To our knowledge 

no previous double-blinded escitalopram intervention fMRI studies on self-referential has 

been done. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



8 
 

3 Methods 

3.1 Participants 

 

We recruited 20 healthy controls (HC) and 38 subjects with DSM-IV social anxiety 

disorder diagnosed with the SCID-I/P by a trained research psychologist. The recruiting 

was done through University of Helsinki and Aalto University emailing lists and with 

fliers placed in the waiting room of Helsinki Finnish student health service. The subjects 

were consented and screened with the Structured Clinical interview for DSM-IV Axis II 

Disorders(30), Mood Disorder Questionnaire(MDQ), Liebowitz Social Anxiety 

Scale(LSAS) and Beck’s Anxiety Inventory(BAI).The subjects were screened for the 

following exclusion criteria: borderline, schizoid or schizotypal personality, bipolar or 

any psychotic disorder; lifetime substance dependence, last-year substance abuse, last 

month over 24/16 standard doses of alcohol/week; last month use of any illicit substance 

or last 3 month use of cannabis; unstable somatic illness; antidepressant medication use 

in last 4 months and use of antipsychotics, mood stabilizers, systemic corticosteroids, β-

blockers or daytime benzodiazepines; any contraindication for Magnetic Resonance 

Imaging(MRI). Healthy controls were screened not to have any current psychiatric 

disorder that would have led to treatment seeking and/or intervention. 

 

Due to excessive head movement during the fMRI scan three HC and four SAS were 

excluded. One HC was excluded due to technical error. Leaving a total of 16 healthy 

controls and 35 SAS in the healthy vs. SAD study. In the intervention study due to four 

dropouts and one subject’s excessive head movement the study ended up having 31 

subjects with 14 in the drug group and 17 in the placebo group. 

 

3.2 Statistical analysis 

We used SPSS Statistics Software version 26 (IBM Corporation, Armonk, NY, USA) to 

perform statistical analysis on age, gender and anxiety inventories. STAI-Y1 scores for 

each group and measurement was calculated respectively. To evaluate significant 

differences in age, gender and anxiety scores we performed independent samples t-tests. 

Additionally, repeated measures ANOVA with Huynh-Feldt correction was performed 

on time*group interactions on STAI-Y1 scores to evaluate short-term clinical effects of 

escitalopram over time. The statistical significance threshold was set to p<0.05. 
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3.3 Task and stimuli for fMRI 

The fMRI experiments were conducted at the Advanced Magnetic Imaging (AMI) Centre 

of the Aalto University in Espoo using a 3T magnetic resonance imaging system. The 

subjects performed an emotional categorization task to provoke self-referential 

processing. The stimuli consisted of 60 adjectives describing 30 positive (e.g. honest, 

reliable, sympathetic) and 30 negative (e.g. irresponsible, selfish, lazy) personality 

features in Finnish and 20 neutral words, namely 10 times “left” [vasen] and 10 times 

“right” [oikea]. Between stimuli a fixation cross was used as a resting state. The words 

were presented in an event-related design for 1000ms, in random-order with an inter-

stimulus interval randomly varying between 5000 ms and 9500 ms.  

 

The participants were asked to imagine overhearing a group of talking about him or her 

using the word presented on the screen. The participants were asked to imagine how they 

would feel and categorize the words whether they perceived it as positive or negative as 

quickly and accurately as possible. They were asked to press the left button of the 

response key box (index finger) if the word was positive (i.e. they would feel pleasant 

when being described with the word) and right button (middle finger) if the word was 

negative (i.e. they would feel unpleasant). When the word “left” was presented they were 

asked to press the left button and when the word “right” was presented, the right button. 

The stimuli was delivered using Presentation software (31). 

 

3.4 fMRI acquisition and analysis 

The MRI was performed on a 3 T MAGNETOM Skyra whole-body scanner (Siemens 

Healthcare, Erlangen, Germany) at the Advanced Magnetic Imaging Centre, Aalto 

NeuroImaging, Aalto University School of Science, Espoo, Finland. The images were 

acquired with a T2*-weighted echo-planar imaging (EPI) sequence consisting of 33 slices 

(TR 1700 ms, TE 24 ms, FOV 202 mm, flip angle 70°, voxel size 3×3×4 mm, ascending 

interleaved acquisition with no gaps between slices). A total of 385 volumes were 

acquired, preceded by three dummy scans to avoid equilibration effects. T1-weighted 

structural images were acquired at a resolution of 1×1×1 mm (TR 2530 mm, TE 3.3 mm). 

 

Functional MRI data were preprocessed and analyzed with MATLAB version r2014a and 

SPM8 software (32). The EPI images were corrected for slice acquisition time, realigned 
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to the first scan by rigid-body transformation to correct head movements and co-

registered to the individual’s structural MRI. The anatomical image was then normalized 

to standard template (Montreal Neuroimaging Institute template) using SPM’s unified 

segmentation/normalization algorithm (New Segment tool)(33), and the resulting 

deformation field was applied to the EPI images. Finally, EPI images were smoothed with 

Gaussian kernel of FWHM 8. 

 

Analysis of head movement was performed with DBAPI processing pipeline software. 

(34) Exclusion criteria for head movement was mean framewise displacement >0.2 or 

head movement exceeding >3.0mm.  

 

A first-level (within-subject) general linear model (GLM) was set up with three self-

explanatory variables - negative adjectives, positive adjectives and neutral words. 

Realignment parameters were added to account for motion-related variance. Stimulus 

duration was set to 5000 ms. A high-pass filter of 128 s and AR (1) modelling of temporal 

autocorrelation was applied. Several individual images were computed for the following 

contrasts: positive adjectives > negative adjectives, positive adjectives>neutral words, 

negative adjectives>neutral words, all adjectives>neutral words, positive adjectives>rest, 

negative adjectives>rest, neutral words>rest. These individual contrast images were set 

up in a new GLM for the second-level analysis to generate SPM t-maps. The statistical 

threshold was set to p<0.05, FDR corrected at cluster level (primary uncorrected voxel-

wise threshold at p<0.01) (28). 

 

To reveal differences in brain-regions involved in self-referential processing between 

socially anxious subjects and healthy controls we performed two-sample t-tests between 

aforementioned groups with the contrast images extracted from the first-level GLM.  

 

To determine the effects of the one-week treatment of escitalopram we performed an 

analysis of variance (ANOVA) using the contrast images acquired from the same first-

level GLM. To verify the groups had no significant differences in the beginning of the 

trial a two-sample t-test was performed on the placebo vs. escitalopram group. 

 

Region of interest (ROI) analyses were performed individually with predetermined masks 

of right and left insula, right and left amygdala, medial prefrontal cortex and anterior 
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cingulate gyrus (ACC) respectively (10,19). Predetermined ROIs were created with 

SPM8 toolbox WFUpickatlas (35) using Automatic anatomical labeling (AAL) atlas (36). 

To create unique masks from the HC vs SAD study to be implemented in the intervention 

study SPM8 toolbox MarsBar (37) was used. All ROI statistical parameters were 

extracted using MarsBar. 

 

To estimate blood-oxygen-level-dependent (BOLD)-signal changes over time we 

extracted eigenvalues from each first-level variable vs rest (e.g. positive adjectives>rest) 

and used this data to calculate signal differences and directions. 

 

3.5 Questionnaires 

 

The intervention group completed a State-Trait Anxiety Index Y1(STAI-Y1) 

questionnaire before and after both fMRI scans to evaluate anxiety levels. 
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4 Results 

 

4.1 Demographics 

4.1.1 Healthy control versus social anxiety disorder 

No statistically significant differences (p>0.05) were found between groups in respect to 

age but the SAD group was female dominant (27/35) compared to the healthy controls 

group (7/16) (p=0.032 t = -0.334). 

 

Table 1. Demographics of the healthy control vs. social anxiety disorder study 

Group Healthy controls Social anxiety disorder 

Subjects (n) 16 35 

Gender(m/f) 9/7 8/27 

Age mean (SD) 24.2(3.3) 25.0(4.0) 

 

4.1.2 Escitalopram versus placebo 

No significant differences (p>0.05) was found between the groups age or gender. 

Table 2. Demographics of the escitalopram vs. placebo study 

Group Escitalopram Placebo 

Subjects(n) 14 17 

Gender(m/f) 4/10 3/14 

Mean age (SD) 25.79(4.02) 24.65(4.26) 
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4.2 Between group fMRI analysis 

4.2.1 Healthy control vs. social anxiety disorder - whole brain analysis 

 

The control group showed increased activation in the dorsolateral prefrontal 

cortex(dlPFC), specifically in the left inferior frontal gyrus, for negative adjectives with 

respect to positive adjectives(negative adjectives>positive adjectives), p=0.036 FDR-

corrected at cluster level(primary voxel-wise threshold p=0.008). Peak t-score=4.34 

locating in the left inferior frontal gyrus. Aforementioned cluster also covered regions of 

the left inferior operculum, sub lobar extra-nuclear white matter and parts of the left 

precentral gyrus, left putamen and left insula. Signal changes compared to rest see 

supplements. (Supplement 1) 

 

 

Figure 1. Panel above illustrating increased neural activation in left inferior gyrus, frontal inferior 

operculum and putamen in the contrast negative adjectives>positive adjectives p=0.036 FDR-corrected at 

cluster level(primary voxel-wise threshold p=0.008.Cluster threshold set to 350 voxels for illustration 

purposes.*Heat map legend indicating positive T-score.  
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Figure 2. Increased activation to negative adjectives with respect to positive adjectives in the healthy control 

group compared to the social anxiety disorder group. 

 

In the contrast negative adjectives>neutral words the control group elicited increased 

activation in the compared to the SAD group, p=0.008 FDR-corrected at cluster level 

(primary voxel-wise threshold 0.009). The cluster peak t-score = 3.93 being in the 

precentral gyrus. This cluster also covered parts of the left postcentral gyrus. 

 

Figure 3. Healthy control group showing increased activation in the left precentral gyrus negative adjectives 

with respect to neutral words in the healthy control group compared to the social anxiety disorder group 

p=0.008 FDR-corrected at cluster level(primary voxel-wise threshold p=0.009). Cluster threshold set to 

350 for illustration purposes. 

 

Increased activation in the left precentral gyrus was seen in the contrast all 

adjectives>neutral words p=0.013 FDR-corrected (primary voxel-wise threshold 

p=0.005). Peak t-score=3.85 in the left precentral gyrus. The cluster also covered parts of 

the left postcentral gyrus. 

 

No other significant results were seen in any other contrast. The regions of activation with 

peak t-scores are summarized in table 2. 
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Figure 4. Healthy control group showing increased activation in the left precentral gyrus negative adjectives 

with respect to neutral words in the healthy control group compared to the social anxiety disorder group 

p=0.013 FDR-corrected at cluster level(primary voxel-wise threshold p=0.005). Cluster threshold set to 

100 for illustration purposes. 

 

Table 3. Regional activations to healthy controls > social anxiety disorder group.  

Region Contrast p p-

FDR 

K T Z MNI 

Left inferior 

frontal gyrus BA9 

Negative 

adjectives>positive 

adjectives 

0.008 0.036 780 4.34 3.97 -50, 4,28 

Left sub-lobar 

extra-nuclear 

white matter 

        3.57 3.35 -

28,12,14 

Left frontal 

inferior operculum 

        3.45 3.25 -40,6,22 

 Left precentral 

gyrus BA 6 

Negative 

adjectives>neutral 

words 

0.009 0.008 1177 3.93 3.65 -56,-8,50 
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 Left precentral 

gyrus** 

        3.65 3.40 -18,-

20,82 

 Left paracentral 

lobule 

        3.57 3.35 -14,-

12,66 

 Left precentral 

gyrus 

All adjectives>neutral 

words 

0.005 0.013 696 3.85 3.56 -22,-

22,80 

 Left precentral 

gyrus 

        3.67 3.43 -34,-

18,72 

 Left postcentral 

gyrus 

        3.51 3.38 -44,-

18,55 

Regions extracted from the AAL atlas. P = p-value primary threshold. P-FDR = p-value (FDR-corrected at 

cluster level). K = cluster size(voxels). T = t-score. Z = z-score. MNI = Coordinates in Montreal 

Neurological Institute -space (x,y,z).*Region from visual inspection of cluster. 
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4.2.2 Healthy control vs. social anxiety disorder - region of interest analysis 

Analysis of priori determined ROIs showed significantly (p=0.0465, t=1.71) increased 

neural activation to all adjectives with respect to neutral words in the right amygdala 

compared to the SAD group. No other significant (p<0.05) differences between groups 

were identified in any other contrasts in the predetermined ROIs. 

 

Figure 5. Region of interest analysis of the right amygdala shows increased activation in healthy controls 

compared to socially anxious individuals for all adjectives with respect to neutral words p=0.0465, 

t=1.71.Illustration of the right amygdala region of interest made with WFUpickatlas toolbox in spm(lower 

panel). 
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4.3.1 Escitalopram vs. placebo - whole brain analysis 

 

A whole brain ANOVA revealed no clusters of significant activation(p<0.05). 

4.3.2 Escitalopram vs. social anxiety disorder - region of interest analysis 

 

We extracted the unique ROI of significant difference from the healthy vs. SAD whole 

brain analysis. Due to the big volume of the region we reduced the ROI to the 500 most 

significant voxels from the ROI. A new ROI was created with the cluster size of 453 

voxels with the same peak activation coordinates at -50, 4, 28(x,y,z MNI-coordinates). 

Significantly increased activation was identified in the escitalopram group compared to 

the placebo group in the contrast negative adjectives>positive adjectives p=0.04176, 

t=1.76. No other significant activations were identified in any other ROI. 

 

Figure 6. After a 7 day intervention escitalopram intervention the drug group showed increased activation 

compared to baseline with respect to the placebo group for the contrast negative adjectives>positive 

adjectives in the ROI analysis of a uniquely masked region consisting of the left inferior frontal gyrus 

p=0.04176, t=1.76.  
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4.4 Anxiety severity analysis  

 

Preceding the second fMRI the intervention group recorded less anxiety with a -5.39-

overall score, though exceeding the threshold of significance(p=0.054). Prior to 

intervention there were no differences in anxiety between groups. No significant results 

yielded repeated measures ANOVA. Full disclosure of STAI-1 scores in the supplements 

(supplement 1). 

 

5 Discussion 

In the whole brain fMRI analysis of healthy controls vs. social anxiety disorder the SAD 

group elicited decreased activation compared to HC for the contrasts negative 

adjectives>positive adjectives, negative adjectives>neutral words and all 

adjectives>neutral words in the left IFG and left precentral gyrus when accounting for the 

changes compared to rest. Further analysis of priori determined ROI revealed decreased 

right amygdala activation in SAD compared to HC for all adjectives>neutral words.  

 

The whole brain ANOVA of the intervention study did not yield any significant results. 

Further analysis of a uniquely identified ROI consisting of the left IFG from the healthy 

vs. controls analysis revealed increased activation in favor of the escitalopram group 

compared to placebo in the contrast negative adjectives>positive adjectives. After 7 days 

of intervention no significant changes in clinical anxiety scores were recorded.  

 

Our comparison study between HC vs SAD highlights the role of left IFG and left 

precentral gyrus in self-referential processing. While the HC group had increased left 

precentral gyrus activation in the contrast all adjectives>neutral words in comparison to 

the SAD-group, there was only seen increased precentral gyrus activation in the contrasts 

negative adjectives>neutral words but not any significant differences in activation was 

seen in the contrast positive adjectives>neutral words. This may indicate the negative 

adjective i.e. negative social cue dominance accounting for the significant difference in 

all adjectives>neutral words. Taking aforementioned contrasts into account these findings 

indicate increased left precentral activation to negative social cues but not neutral words 

or positive social cues in the HC-group compared to SAD-group.   
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The healthy controls showed increased activity in the left IFG in the contrast negative 

adjectives>positive adjectives compared to the SAD-group indicating an increased left 

IFG activity to negative social cues but not negative social cues.  

 

Earlier research suggests the left precentral gyrus is involved in evaluating prosocial traits 

to the self (38). Our study indicates increased activity to negative social cues in HC 

compared to SAD in overlapping regions of the left precentral gyrus. This may be 

suggestive of impaired prosocial trait evaluating of the self in response to specifically 

stimuli of negative valence in social context in individuals suffering from SAD. For 

example when a person suffering from SAD is evaluating if a group of people are 

threatening and should engage socially overhearing a negative word might act as a social 

cue, diminishing the ability to evaluate the situation and making it difficult to reappraise 

the cue as non-threatening. This is in line with previous literature (12). 

 

In a study of negative affectivity and self-focus the left precentral gyrus was associated 

with increased activation to negative valence pictures relating to self compared to positive 

valence pictures relating to the self(39). This builds onto the theory of inhibitory top→ 

down regulation to the CMS. As our study indicates increased left precentral gyrus 

activation to negative social cues in HC compared to SAD suggesting people with SAD 

has a diminished ability to respond with inhibitory modulation to social cues of negative 

valence. 

 

The left inferior frontal gyrus has been linked to inner speech and that it is often used 

while working on various self-reflection tasks (40). While SAD is attributed to difficulties 

in reappraising a social cue as non-threatening(41)  this could be viewed based on the 

results of our study that negative social cues diminishes the ability to inner speech thus 

hindering the ability to reappraise the situation and stay ruminating in the situation. This 

feeds back into the theory of impaired top→ down regulation in SAD. 

 

The region of interest analysis of the right amygdala elicited surprising results by 

indicating HC having heightened activation for social cues with respect to neutral stimuli 

compared to the SAD group being contradictory to current literature suggesting anxiety 

traits associated with amygdala activation.(42)  
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In the intervention study our main results consisted of increased left IFG activity for 

negative adjectives>positive adjectives in the drug group compared to the placebo group 

in a uniquely defined ROI extracted from the HC vs. SAD trial. This increase of activity 

in the left IFG activity may suggest upregulation of top→ down inhibitory control on 

threat evaluation. 

 

The increase in left IFG activity may increase inner speech (40) and mediate the 

upregulation of top→ down inhibitory control thus resulting in less negatively biased self-

referential and finally leading to remission of SAD over time.  

 

These findings of aberrant neural activity in the left IFG and the study indicative of 

escitalopram normalizing it; coupled with the data that we did not find any significant 

differences in anxiety scores between the drug and placebo group we can conclude the 

normalization of aberrant neural activity arises before the onset of clinical remission. 

 

Our study is in line with the current model of SAD suggesting diminished top→down 

regulation of threat evaluation. The normalization of aberrant neural activity to negative 

social cues arising before the onset of clinical remission in regions involved with inner 

speech may suggest escitalopram increases the ability to self-talk by increasing resilience 

to negative social cues. This in turn may make it easier to learn new cognitive models of 

reappraising situations and in the long-term overcome SAD. This theory would be in line 

with increased remission rates when combining SSRIs with CBT. 

 

More research is needed to illuminate us if the effects of SSRIs increase the ability for 

inner-speech and if this speeds up the process of learning new cognitive models mediating 

the way to increase resilience towards negative social cues. 
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6 Conclusions 

 

In conclusion our study suggests social anxiety disorder may be associated with a 

diminished ability to reappraise negative social cues and appears to be due to insufficient 

activation of the left inferior frontal gyrus in response to socially threatening stimuli. Our 

study suggests that escitalopram may induce normalization of the left inferior frontal 

gyrus before the clinical effects are established. 
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Supplement 1. Signal changes compared to rest 

 

 

Figure in supplement 1. Mean signal changes compared to rest for all valences extracted from the significant cluster 

in the contrast negative adjectives>positive adjectives comprising regions of left inferior gyrus in the HC vs. SAD 

trial. SAD = social anxiety disorder, HC = healthy control. 

 

Supplement 2. Anxiety severity results 

Preceding the second fMRI the intervention group recorded less anxiety with a -5.39-

overall score, though exceeding the threshold of significance(p=0.054). Prior to 

intervention there were no differences in anxiety between groups. No significant results 

yielded repeated measures ANOVA. 

Group Escitalopram Placebo 

STAI-Y1 score Mean (SD) Mean (SD) 

Week 0 pre-fmri 40.86(8.19) 41.89(7.11) 
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Week 0 post-fmri 44.31(12.81) 42.53(10.90) 

Week 1 pre-fmri 36.84(5.98) 42.24(8.08) 

Week 1 post-fmri 34.64(7.58) 37.00 (9.83) 

 


