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1.THEORETICAL BACKGROUND 

1.1. Introduction and Research Problem 

 

1.1.1. Anxiety Disorders 

Anxiety is a fundamental emotional response to perceived threat, present from early life and 

expressed along a continuum of intensity. While it is typically adaptive by promoting avoidance of 

potential danger, it becomes maladaptive when it is excessive, persistent, and interferes with daily 

functioning (Pine et al., 2009). In such cases, anxiety disorders may develop and are characterized by 

heightened anxiety, physiological arousal, avoidance behaviors, and associated distress or functional 

impairment (American Psychiatric Association. Diagnostic Statistical Manual Mental Disorders: 

DSM-5 5th edn, n.d.). The differentiation between anxiety disorders largely depends on the situational 

context and the specific triggers that precipitate these symptoms (Kowalchuk et al., 2022). Evidence 

from a large meta-analysis suggests that approximately 6.5% of children and adolescents worldwide 

meet diagnostic criteria for an anxiety disorder (Polanczyk et al., 2015). Lifetime prevalence rates are 

substantially higher, with estimates from the United States suggesting that between 20% and 30% of 

individuals will experience an anxiety disorder at some point during their lifetime (CDC, 2026).  

 

1.1.2. Social Anxiety Disorder 

According to the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-

5), social anxiety disorder (SAD) is characterized by persistent fear and anxiety in social situations, 

often leading to avoidance and significant impairment in social or academic/professional areas. The fear 

is typically disproportionate to the actual threat and must persist for at least six months. In addition, the 

symptoms cannot be better explained by substance use, another mental disorder, or a medical condition 

(American Psychiatric Association. Diagnostic Statistical Manual Mental Disorders: DSM-5 5th edn, 

n.d.). 

 

1.1.3. Cognitive Mechanisms in Social Anxiety Disorder 

Several theoretical models have been proposed to explain the maintenance of SAD in adults 

(Clark, 1995; Heimberg et al., 2014; Hofmann, 2007; Rapee & Heimberg, 1997), with substantial 

empirical support for their key mechanisms. Although adapted models have been developed for younger 

populations (Leigh & Clark, 2018; Spence & Rapee, 2016; Wong & Rapee, 2016), empirical evidence 

in children and adolescents remains more limited and less consistent (Halldorsson & Creswell, 2017). 

Existing findings (Rapee et al., 2024) suggest that pediatric social anxiety is associated with heightened 

expectations of negative evaluation (Erath et al., 2007; Kley et al., 2011), negative self-perceptions of 

performance (Alfano et al., 2006; Lau et al., 2023), and increased self-focused attention (Blöte et al., 

2014), although some studies report mixed results (Halldorsson et al., 2019; Leigh et al., 2023).  

Cognitive-behavioural models of social anxiety disorder emphasize the role of biased 

information processing in the development and maintenance of symptoms (Clark & McManus, 2002; 

Heimberg et al., 2014). One key bias is interpretation bias, whereby individuals tend to assign negative 

or catastrophic meanings to ambiguous or mildly negative social situations (Chen et al., 2020). Another 

key bias is attentional bias, commonly defined as either rapid orienting toward threatening stimuli 

(Bantin et al., 2016) or difficulty disengaging from them, relative to neutral cues (Fox et al., 2002).  

Anticipatory anxiety represents the affective component of a broader maladaptive cognitive 

process referred to as anticipatory or pre-event processing (Wong, 2016). The anticipatory processing 

involves reviewing potential outcomes, focusing on predicted anxiety, recalling past social failures, 

generating negative self-images, and forecasting poor performance or social rejection (Vassilopoulos 

et al., 2017; Wong, 2016).  
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1.1.4. Neuroimaging in Psychiatry 

Advances in neuroimaging are transforming psychiatric research by enabling more precise 

mapping of brain structure and function across multiple levels, from molecules to large-scale networks. 

Noninvasive neuroimaging measures may serve as valuable indicators of individual differences, as 

psychiatric disorders can be understood in terms of  brain dysfunction (Doehrmann et al., 2013). 

Since its introduction in 1990, fMRI has become a widely used, non-invasive technique for 

investigating brain function, offering high spatial resolution and broad applicability across research 

domains (Glover, 2011). It measures the blood oxygen level-dependent (BOLD) signal, reflecting 

changes in neural activity during both task-related and resting-state processes (Nosari et al., 2024).  

 

1.1.5. Neural Variability in Psychiatry 

Despite progress toward precision medicine, psychiatry still lacks robust biomarkers. A major 

limitation lies in the low reliability and limited validity of commonly used neuroimaging measures 

(Elliott et al., 2020; Noble et al., 2019), which undermines their predictive value. These challenges 

cannot be addressed by increasing sample sizes alone, emphasizing the need for neural metrics with 

greater reliability, validity, and clinical utility (Tsikonofilos et al., 2025). In fMRI research, brain 

function is typically inferred from mean activation, calculated by averaging signals over time within 

individuals. This approach assumes that mean activation captures the most meaningful neural signal, 

treating variability as noise rather than informative activity (Garrett, et al., 2013a). Moment-to-moment 

brain signal fluctuations, once considered noise, are now recognized as meaningful indices of neural 

function, providing complementary insights into cognition, development, and clinical conditions 

(Garrett et al., 2013b).  

  

1.1.6. Evidence Based Psychological Interventions in Anxiety Disorders 

Extensive empirical research for treating childhood anxiety disorders supports cognitive 

behavioural therapy (CBT) (Cartwright-Hatton et al., 2011; Dickson et al., 2022; James et al., 2020), 

which is widely recognized as the gold-standard psychological intervention (Stiede et al., 2023). In 

adults, a recent meta-analysis (Öst et al., 2023) found that CBT for anxiety disorders in routine clinical 

settings leads to large reductions in anxiety and depression symptoms at both post-treatment and follow-

up. Nevertheless, treatment outcomes remain variable. Meta-analytic findings from randomized 

controlled trials indicate recovery rates ranging from 47-66% in children and adolescents (Warwick et 

al., 2017), highlighting the need to identify reliable predictors of therapeutic response. Moreover, 

although CBT is well established as an effective treatment for various mental disorders (Cuijpers et al., 

2013), its face-to-face format can be hindered by factors such as cost, limited access, and stigma (Gunter 

& Whittal, 2010; Mohr et al., 2010). Internet-delivered CBT (iCBT) has emerged as a promising 

alternative that may help overcome these barriers (Andersson, 2016).  

 

1.2. Relevance of the Research Problem 

Anxiety disorders are among the most common mental health conditions worldwide and 

typically emerge in childhood, adolescence, or early adulthood. This pathology has wide-ranging 

impacts on mental and physical health (GBD 2017 Disease and Injury Incidence and Prevalence 

Collaborators, 2018), leading to social difficulties, reduced quality of life, increased economic burden, 

and an increased risk of suicide (Chen et al., 2025). Because of the wide variability in clinical 

presentation, frequent comorbid psychiatric conditions, and the disorder’s chronic course, identifying 

individuals at risk and differentiating between anxiety disorder subtypes remains challenging, limiting 

the ability to tailor optimal interventions. The development of reliable biomarkers remains a critical 

objective, given their potential to improve early risk identification and diagnostic precision. Beyond 

detection, such markers could offer insight into the marked heterogeneity of anxiety disorders 
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symptomatology, enable more objective staging of severity, and support the stratification of patients 

into clinically meaningful subgroups for targeted interventions (Lisboa et al., 2023). 

 

1.3. Current State of the Art 

Experts from the National Institutes of Health and the U.S. Food and Drug Administration 

introduced a framework defining biomarkers as “a characteristic that is objectively measured and 

evaluated as an indicator of a normal biological process, a pathological process, or a biological response 

to a therapeutic intervention” (FDA-NIH Biomarker Working Group, 2016). Efforts to identify 

objective biomarkers in psychiatry originated from early links between brain pathology and dementia 

(Context of use, 2026; Kalia & Costa E Silva, 2015) and have expanded to include neuroimaging, EEG, 

cognitive and behavioral measures, genetic and omics approaches (Abi-Dargham et al., 2023), 

physiological (Mens et al., 2025), blood (Niculescu et al., 2015; Niculescu & Le-Niculescu, 2022) and 

digital biomarkers (Mulinari, 2024). Despite this progress, psychiatric classification in the Diagnostic 

and Statistical Manual of Mental Disorders (American Psychiatric Association. Diagnostic Statistical 

Manual Mental Disorders: DSM-5 5th edn, n.d.) remains symptom-based, as most biomarkers lack 

sufficient validity and clinical applicability (Cuthbert et al., 2026).  
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2. RESEARCH OBJECTIVES AND OVERVIEW OF THE METHODOLOGY 

2.1 General Aim 

This thesis aimed to investigate neural correlates of anxiety across the lifespan, with a focus on 

their potential as biomarkers. This perspective is in line with dimensional models of psychopathology, 

such as the Research Domain Criteria (RDoC) framework (Insel, 2014), which prioritizes the 

integration of neurobiological and behavioral data over traditional diagnostic categories. By focusing 

on underlying mechanisms, this approach aims to delineate more homogeneous subgroups, thereby 

improving diagnostic precision and enabling the development of more targeted and effective 

interventions. In line with this goal, precision approaches in psychiatry and clinical psychology seek to 

move beyond the traditional one-size-fits-all model by using objective markers to guide individualized 

treatment selection, optimize therapeutic outcomes, and enhance clinical decision-making (Williams & 

Whitfield Gabrieli, 2024). Moreover, beyond the primary objective, a secondary aim was to examine 

cognitive processes, such as interpretation bias in adolescents and anticipatory processing in adults, in 

relation to social anxiety, highlighting the importance of capturing a comprehensive picture of 

psychopathology.  

2.2. Specific Objectives 

The first objective of this thesis was to systematically and critically evaluate the existing MRI-

based evidence on neural correlates associated with CBT in children and adolescents with anxiety 

disorders (Study 1). More specifically, (1) we integrated findings on brain changes following CBT 

across studies, and (2) we explored pre-treatment neural indicators that may predict clinical 

improvement in this population (Study 1). 

The second objective focused on mapping the relationships between interpretation biases and 

social anxiety in adolescents using a network analysis approach. Specifically, (1) we examined how 

different forms of interpretation bias (hostile, threatening, and neutral) are associated with various 

subclinical expressions of social anxiety, and (2) we tested whether these network structures remain 

consistent across age and sex (Study 2). 

The third specific objective was to characterize moment-to-moment neural variability during 

an anticipatory public speaking task using a whole-brain PLS framework. Specifically, we (1) examined 

whether neural variability differed between speech anticipation and the baseline conditions, both within 

and between groups (SAD vs. healthy controls), and (2) examined the association between neural 

variability and the severity of social anxiety symptoms (e.g., LSAS-SR) (Study 3).  

The last specific objective was to investigate moment-to-moment neural variability in SAD in 

relation to treatment-related symptom severity change (ΔLSAS-SR). Specifically, (1) we examined 

whether pre-intervention neural variability predicts symptom improvement, (2) whether neural 

variabilility is modulated by iCBT and ABM, and (3) if changes in neural variability are associated with 

symptom-severity change. Additionally, (4) differences in treatment-symptom severity change between 

interventions were explored (Study 4). 
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3. ORIGINAL RESEARCH 

3.1. Study 1. Neuroimaging Anxious Children and Adolescents Before and After Cognitive 

Behavioral Therapy: A Systematic Review 

3.1.1. Introduction  

Anxiety disorders are the most prevalent mental health condition in children and adolescents 

with worldwide point prevalence estimated at 6.5% (Polanczyk et al., 2015).  If left untreated, anxiety 

disorders can lead to a wide range of severe and long-lasting consequences, including an increased risk 

of substance abuse, suicidal behaviors, and the development of additional mental and physical health 

issues (Asselmann et al., 2018; Strawn et al., 2021). Clinical guidelines, systematic reviews and meta-

analyses suggest cognitive behavioral treatment (CBT) as first-line treatment for anxiety disorders 

(Higa-McMillan et al., 2016), with a post-treatment recovery rate of approximately 60% in youth 

(Warwick et al., 2017). Although research supports CBT as an effective approach to reducing anxiety 

symptoms, a significant proportion of individuals do not reach remission within a 12-week treatment 

period (Bertie & Hudson, 2021; Ginsburg et al., 2011). These findings highlight the need for treatment 

development and refinement efforts to prioritize enhancing response and remission rates in this 

population.  

Compared to behavioral or clinical indicators, neuroimaging markers may be stronger 

predictors of treatment response (Gabrieli et al., 2015), and the development of these indicators has the 

potential to identify specific neurobiological mechanisms to improve personalized treatment 

approaches in the future (Sequeira et al., 2021). However, there is no current systematic review of the 

literature including a critical assessment of the validity or limitations of CBT related studies including 

neuroimaging investigations. Given these gaps, a comprehensive evaluation of the field is necessary to 

clarify the clinical relevance of neuroimaging in pediatric anxiety. 

The aim of the present study is twofold: (1) to systematically review the existing literature on 

brain changes associated with CBT in youths diagnosed with an anxiety disorder, and (2) to synthesize 

the literature on pre-treatment brain predictors of clinical improvement in children and adolescents with 

anxiety disorders.  

 

3.1.2. Methods  

We conducted this systematic review in accordance with PRISMA guidelines. The protocol 

was registered a priori in February 2019 (PROSPERO CRD42019126340).  

3.1.2.1. Literature search 

Systematic searches were conducted in the electronic databases PubMed, Web of Science, 

ProQuest on 27 October 2025. No date restriction was used. Titles and abstracts were screened. We 

used a combination of the following keywords: CBT, MRI, anxiety disorder, child OR adolescent. 

3.1.2.2. Study selection 

3.1.2.2.1. Inclusion criteria 

We included studies that met the following criteria: published in a peer-reviewed journal; 

utilized neuroimaging techniques (e.g., magnetic resonance imaging - MRI) to identify specific brain 

regions (functional: task-based and/or resting state, or structural); examined neural changes associated 

with CBT treatment (either pre- and post-intervention or as predictors of response); evaluated CBT as 

a stand-alone intervention or combined with other forms of psychotherapy; focused on children or 

adolescents (up to 18 years old) with a primary clinical diagnosis of an anxiety disorder (including 

social anxiety, separation anxiety, specific phobia, agoraphobia, panic disorder, or generalized anxiety 

disorder) as defined by international diagnostic criteria (e.g., DSM-IV, DSM-5); and were published in 

English. 
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3.1.2.2.2. Exclusion criteria  

Studies not evaluating children and adolescents were excluded (N=2). If the anxiety disorder 

was not the primary disorder, the study was not included, and all studies employing neuroimaging 

methods other than MRI (e.g., electroencephalography) were excluded. Also, dissertations, conference 

abstracts, single case studies, reviews of the literature or non peer-reviewed articles were not included 

in the current review. 

3.1.2.3. Data extraction 

Data regarding participants' demographics (mean age, percentage of female participants), 

sample size of the CBT group, the primary diagnosis, duration of the CBT intervention, the comparison 

group, the measure used for clinical improvement, the effect size can be found in Table 1 and Table 2.  

3.1.2.4. Quality assessment 

Two independent reviewers verified all the studies according to the Risk of Bias in Non-

randomised studies of Interventions tool (ROBINS-I) (Sterne et al., 2016), and Risk of Bias 2 (RoB) 

(Higgins et al., 2016). In those cases where disagreements arose, the two independent reviewers 

discussed with a third author. 

 

3.1.3. Results 

3.1.3.1. Characteristics of the included studies 

After conducting systematic searches in the electronic databases, 532 articles that fulfilled the 

criteria were identified. After removing duplicates (69 duplicates), 463 abstracts were screened, 446 of 

them were excluded because they were not related to the subject. Finally, full texts of the remaining 17 

studies were evaluated which resulted in further two exclusions (articles did not focus on children or 

adolescents). The remaining 15 studies were included in the review. See Figure 1 for the Prisma flow 

diagram. 

The age range of the children and adolescents included in these studies was between 6 and 18 

years, with a generally higher proportion of females than males (see Table 1 and 2 for details). Several 

studies (n=10) also included healthy control participants, matched for age and other demographic 

characteristics. 
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Table 1 

Characteristics of the included studies on neural changes from before to after CBT (primary aspect) 

Study Total patients N  

(% Females)* 

Mean age  

(SD)* 

Primary  

diagnosis 

Treatment(s) Comparator Clinical  

outcome(s) 

Pre-post Cohen’s d 

Maslowsky et al., 

2010 

7 (57.1%) 13.4 (1.7) GAD 8 w. CBT 8 w. SSRI 

(fluoxetine), and HC 

PARS 1.56 

Strawn et al., 

2016** 

9 (77.8%) 12.9 (2.0) GAD, SP, SP at risk 

for BD 

12 w. MBCT-C No PARS Not reported 

Burkhouse et al., 

2018 

9 (77.8%) 14.6 (2.7) GAD, SP, SAD 12 w. CBT 12 w. SSRI 

(sertraline), and HC 

PARS, MASC, 

LSAS 

2.66 

Haller et al., 2024** 69 (77.8%) 12.8 (3.0) GAD, SP, SAD 12 w. CBT + 

ABMT*** 

HC PARS, CGI-I 0.90 

Abbreviations: SD=standard deviation, CBT=Cognitive Behavioral therapy, ABMT=Attention Bias Modification Treatment, HC=healthy control, GAD=generalized anxiety disorder, SP=social 

phobia, SAD=separation anxiety disorder, BD=bipolar disorder, PARS=Pediatric Anxiety Rating Scale,CGI-I= Clinical Global Impression - Improvement scale, MASC=Multidimensional Anxiety 

Scale for Children, LSAS=Liebowitz Social Anxiety Scale for Children and Adolescents. *Only for CBT; **Also included a part of prediction; ***Active/sham computerized. 

 

Table 2  

Characteristics of the included studies about neural predictors of CBT outcomes (primary aspect) 
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Study Total CBT 

patients N (% 

Females)* 

Mean age (SD)* Primary diagnosis Treatment Comparator Outcome Pre-post Cohen’s d 

McClure et al., 

2010 

7 (NR) 11.8 (1.8) GAD, SP 8 w. CBT 8 w. SSRI 

(fluoxetine) 

CGI-S, CGI-I 2.34 

Kujawa et al., 

2016 

17 (64.7%) 13.1 (3.4) GAD, SP, SAD Up to 18 s. CBT 12 w. SSRI 

(sertraline) 

PARS 2.19 

Burkhouse et al., 

2017 

16 (68.8%) 14.5 (3.0) GAD, SP Up to 18 s. CBT 12 w. SSRI 

(sertraline) 

PARS 2.58 

White et al., 2017 54 (59.3%) 12.1 (2.8) GAD, SP, SAD Up to 12 w. CBT+ 

placebo/active 

ABMT** 

HC PARS 1.33 (active 

ABMT); 1.00 

(placebo ABMT) 

 
1.16 

Gold et al., 2017 75 (58.7%) 12.1 (3.0) GAD, SP, SAD Minimum 3 s. CBT + 

active/placebo 

ABMT*** 

HC PARS 1.19 

Burkhouse et al., 

2020 

28 (53.5%) 12.7 (3.7) GAD, SP Up to 18 s. CBT 12 w. SSRI 

(sertraline) 

PARS 2.36 

Sequeira et al., 

2021 

50 (NR) 11.0 (1.5) GAD, SP, SAD 16 w. CBT 16 w. CCT, and 

HC 

PARS 2.75 treatment 

responders/ 0.24 

non-responders § 

 

1.49 
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Abbreviations: NR=Not reported; SD=Standard deviation; GAD=Generalized anxiety disorder; SP=Social phobia; SAD=Separation anxiety disorder; AD=Anxiety disorder; PARS=Pediatric 

anxiety rating scale, CGI-S=Clinical Global Impression Severity scale; CGI-I=Clinical Global Impression - Improvement scale, CCT=Child Centered Therapy, CBT=Cognitive Behavioral 

therapy, ABMT=Attention Bias Modification Treatment; s.=session. 

*Only for CBT; **From 5-12th CBT session; ***Only 40 participants, beginning 5th week; §Cohen’s d not reported across all participants receiving CBT. 

 

 

 

Byrne et al., 2025 121 (60.3%) 12.8 (2.6) GAD, SP, SAD 12 w. CBT + 9 w. 

active/sham gamified 

ABMT 

HC PARS, CGI-I 0.88 (active 

ABMT); 1.23 (sham 

ABMT) 

 

1.05 

Linke et al., 2025 80 (≈62.1%) 12.5 (2.9) GAD, SP, SAD 8–12 w. CBT + 

active/sham ABMT 

HC PARS NR 

Westbrook et al., 

2025 

67 (62.7%) 11.13 (1.37) GAD, SP, SAD 16 s. CBT 16 s. CCT, and 

HC 

PARS NR 

Zugman et al., 

2025 

54 (61%, dataset 

A); 15 (67%, 

dataset B) 

13.1 (2.7; dataset 

A); 13.2 (3.4; 

dataset B) 

any DSM-5 AD 12 w. CBT +  active/ 

sham ABMT (dataset 

A); 8 w. CBT (dataset 

B) 

HC  PARS 1.52 (dataset A); 

0.95 (dataset B) 

 
1.23 

 

Total: 1.73 
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Figure 1. Prisma flow diagram 

 

3.1.3.2. Quality of assessment 

While many studies show a low risk of bias, there are instances where biases are unclear, 

particularly in terms of attrition and reporting, which may require further attention. Medication 

reporting was largely sufficient throughout the studies, though inconsistencies remain in a few cases. 

The documentation of inclusion and exclusion criteria was mostly robust, although not universally 

consistent. Moreover, four studies (Burkhouse et al., 2020; Maslowsky et al., 2010; McClure et al., 

2007; Strawn et al., 2016) relied solely on ROI-based analyses, resulting in a relatively narrow 

analytical perspective and limiting comparability with studies using whole-brain approaches. 

 

3.1.3.3. Neural changes from before to after cognitive behavioral therapy  

Eight studies examined neural changes from pre- to post CBT, and six of these (Byrne et al., 

2025; Haller et al., 2024; Linke et al., 2025; Strawn et al., 2016; Westbrook et al., 2025; White et al., 

2017) also investigated pre-treatment predictors of treatment outcome. 

Neural response in the ACC (Burkhouse et al., 2018; Strawn et al., 2016)  and insula (Strawn 

et al., 2016)  increased from pre to post CBT (2/8, 25%; 1/8, 12.5%, respectively) and these changes 

were further correlated with clinical symptom improvements (see Figure 2A, 2C).  

 

3.1.3.4. Neural predictors of CBT outcomes 

Neural response in the ACC (K. L. Burkhouse et al., 2017; Sequeira et al., 2021; Strawn et al., 

2016) and amygdala-related activity or connectivity (Byrne et al., 2025; Maslowsky et al., 2010; White 

et al., 2017) was found to predict CBT outcomes in 3 studies (3/13, 23%). A small portion of studies 

(2/13, 15%) found insula (Strawn et al., 2016; White et al., 2017) and precuneus/cuneus (Byrne et al., 

2025; Westbrook et al., 2025) activity or connectivity, postcentral gyrus (Kujawa et al., 2016; White et 

al., 2017)  activity and  nucleus accumbens activity or structure (Burkhouse et al., 2020; Sequeira et al., 

2021)  to predict treatment outcome (see Figure 2B, 2D). 
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Figure 2. Study findings and activation patterns 

 

3.1.4. Discussion 

The aim of the present study was to systematically review studies on 1) neural changes before 

and after CBT in youths with anxiety disorders, and 2) neural predictors of clinical improvement after 

CBT. Some convergence across the reviewed literature suggests the involvement of the ACC, insula, 

amygdala. ACC and insula showed increased activity from pre- to post-CBT (2/8, 25%, and 1/8, 12.5% 

of studies, respectively), which was correlated with symptom changes. In addition, activity or 

connectivity in these regions was identified as a pre-treatment predictor of CBT outcomes (3/13, 23%, 

and 2/13, 15% of studies, respectively). Furthermore, amygdala activity or connectivity was also 

reported as a predictor of treatment outcome (3/13, 23%).  While the current number of studies 

investigating neural markers of CBT in youth is relatively small, these results highlight the feasibility 

of identifying potential neural markers and predictors of CBT outcomes, which could enhance 

personalized interventions and improve clinical outcomes. However, there are several key limitations 

in the current literature that need to be addressed in future studies. 

A minority of studies included in this review emphasized network-level analyses rather than 

focusing solely on individual brain regions. Specifically, only three studies (Haller et al., 2024; Linke 

et al., 2025; Sequeira et al., 2021) broadened their focus to include networks like the reward circuitry, 

the salience and attentional pathways, moving away from an emphasis on singular and isolated regions 

(e.g., amygdala).  

The clinical profile of participants can influence therapeutic outcomes, with factors such as age, 

primary disorder, comorbidities, symptom severity, and social support shaping the course of 

psychopathology. In the present review, most participants were between 10 and 16 years old, and GAD 

was the most common primary diagnosis across all studies. This likely reflects the higher prevalence of 

GAD in adolescents compared to younger children (Rapee et al., 2023), but this also limits the 

generalizability of current findings to other common psychiatric disorders. 
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Another critical consideration is the variability in treatment modalities. Several studies 

combined cognitive behavioral therapy (CBT) with adjunctive interventions, such as active or sham 

attention bias modification training (ABMT) or mindfulness-based cognitive therapy. This 

methodological diversity complicates direct comparisons between standalone CBT and CBT integrated 

with other therapeutic approaches.  

The variability in CBT protocols across studies, such as Social Effectiveness Therapy for 

Children, Coping CAT, or the CAT Project (Kendall & Hedtke, 2006), poses challenges for 

synthesizing results. Most studies employed the CAT protocol (Coping CAT or CAT Project) for CBT 

(Burkhouse et al., 2020; Burkhouse et al., 2018, 2017; Byrne et al., 2025; Gold et al., 2017; Kujawa et 

al., 2016; Linke et al., 2025; Westbrook et al., 2025; Zugman et al., 2025), which has been shown to 

effectively reduce anxiety symptoms in children and adolescents (Lenz, 2015). Moreover, this protocol 

is diagnosis-specific, targeting generalized anxiety, separation anxiety, and social anxiety. As a result, 

the current findings cannot be readily generalized to other CBT protocols tailored for panic disorder, 

specific phobias, or selective mutism, or to conditions.  

The success of therapy is influenced not only by the chosen treatment approach but also by 

therapists’ expertise, patient engagement, and individual differences such as comorbidities. Notably, 

only one study (Strawn et al., 2016) assessed children's involvement in therapy during the midpoint of 

treatment, utilizing the Therapeutic Alliance Scale for Children, and one study (Maslowsky et al., 2010) 

accounted for patients’ comorbidities. Regarding methodological quality and our risk of bias estimation, 

all studies raised concerns in at least one domain (e.g., attrition, concurrent medication, or 

inclusion/exclusion bias).  

Reliability, the consistency of a measure under similar conditions, is fundamental to its utility 

in both research and clinical settings (Elliott et al., 2020). Recent meta-analyses (Elliott et al., 2020; 

Noble et al., 2019) have highlighted the strikingly low test-retest reliability of traditional fMRI measures 

such as functional connectivity and task-based fMRI. Measures with low reliability inherently limit 

their predictive power, hindering their use as biomarkers or forecasting clinical outcomes. Byrne et al. 

(2025) documented poor test–retest reliability for amygdala connectivity and no evidence of treatment-

specific neural change, further reinforcing concerns that dot-probe–based connectivity measures lack 

the stability required for clinical translation. By contrast, Linke et al. (2025) showed that neural 

efficiency demonstrated moderate test–retest reliability across an 11–18-week interval, an uncommon 

level of stability for youth fMRI metrics, supporting its potential viability as a reproducible biomarker. 

 

3.1.5. Limitations and future directions 

This systematic review highlights several limitations that should be considered when 

interpreting the findings. The literature on our topic contains a limited number of studies, with 

significant heterogeneity in the methods employed. As a result, conducting a meta-analysis of the 

available research is currently not feasible. Additionally, the small or limited sample sizes in the studies 

may lead to findings that are less generalizable, statistically weaker, and potentially influenced by 

sample bias. An additional limitation in the current body of research is the notable variation in 

methodological approaches, including differences in imaging paradigms and data analysis techniques. 

The study samples were heterogeneous in terms of clinical presentations, with many participants 

exhibiting comorbid conditions. An important consideration is the feasibility of fMRI-based prediction 

in clinical settings. While MRI is a less accessible technology globally, the number of hospitals with an 

MRI is on the rise. Importantly, if MRI is demonstrated to be effective for clinical prediction, this could 

justify increased funding and drive efforts to enhance its accessibility and availability in healthcare 

systems. 

We propose future research to address limitations highlighted in this review. Nearly half of the 

studies (7/15) are currently relatively small (N<30), and larger studies are necessary to increase 
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statistical power to test the generalizability of results to new unseen individuals. While our review 

included a wide range of ages (6-18 years), adolescents are overrepresented in the literature, and future 

studies should also target younger individuals (i.e., 6-9 years) and incorporate developmental 

perspectives on anxiety disorders. Furthermore, in most of the reviewed studies, there are more female 

participants, which also limit the generalizability of the current findings in the literature. 

Regarding practical applicability, while neuroimaging biomarkers such as ACC, insular, or 

amygdala activity show promise for predicting differential treatment responses, their clinical utility 

remains limited. Comparative studies evaluating multiple treatment approaches based on distinct 

biotypes are scarce, leaving clinicians to default to standard first-line options. Nonetheless, pediatric 

neuroimaging has made important strides toward closing this gap. 

 

3.1.6. Conclusions 

This systematic review highlights the potential of neuroimaging to enhance our understanding 

of CBT-related changes in youths with anxiety disorders. While promising, the field faces challenges 

due to methodological inconsistencies, small sample sizes, and limited replication. Future research 

should prioritize larger studies, standardized protocols, and rigorous validation techniques to improve 

reliability and clinical applicability. 
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3.2. Study 2. Mapping Associations Between Interpretation Bias and Adolescent Social Anxiety: 

A Network Analysis 

 

3.2.1. Introduction 

Adolescence constitutes a critical developmental window during which profound 

transformations occur in neural architecture, cognitive abilities, and socio-emotional adaptation 

(Andrews et al., 2021; Dahl et al., 2018; Global Accelerated Action for the Health of Adolescents (AA-

HA!) - Second edition, n.d.). During this transition, peer relationships become increasingly central, and 

adolescents display heightened neural responsivity, attentional bias, and emotional sensitivity to social 

signals and evaluative feedback (Blakemore & Mills, 2014; Cheng et al., 2024; Sequeira et al., 2025). 

Within this developmental context, social fears serve an adaptive function by fostering attunement to 

group norms and safeguarding social acceptance (Gilbert, 2001). Yet, when apprehension regarding 

potential negative evaluation is amplified beyond normative levels, these fears can crystallize into 

persistent avoidance and distress (Sequeira et al., 2025). This maladaptive trajectory may culminate in 

social anxiety disorder (SAD), a condition that most frequently has its onset during adolescence and is 

often  a chronic and deeply impairing condition (Alves et al., 2022).  

Social anxiety exists on a continuum of severity, with many adolescents reporting substantial 

symptoms without meeting diagnostic thresholds (Knappe et al., 2015; Spence & Rapee, 2016). 

However, even at subclinical levels, social anxiety is linked to significant functional impairment and 

heightened risk for additional mental health problems (Knappe et al., 2009a; Tillfors & Van Zalk, 2015). 

The global prevalence of social anxiety disorder among adolescents has been estimated at 8.3% (Salari 

et al., 2024), with up to half of them reporting subclinical symptoms of social anxiety (Aune et al., 

2022; Jefferies & Ungar, 2020; Mörtberg et al., 2022; Ranta et al., 2024; Walder et al., 2025). Therefore, 

progress in the field should outline the developmental course of social anxiety symptoms within the 

broader population and elucidate the mechanisms underlying the onset of anxiety disorders.  

 

3.2.1.1. Relationship between interpretation biases and social anxiety symptoms 

One promising cognitive mechanism is interpretation bias, which has been reliably linked to 

anxiety in both pediatric and adult population  (Chen et al., 2020; Rozenman et al., 2024) and suggested 

as a potential pathway through which anxiety is transmitted from parents to their offspring (Subar & 

Rozenman, 2021). This bias appears to represent a dimensional feature of adolescent social anxiety 

(Loscalzo et al., 2018), evident not only in clinical SAD but also in manifestations of social anxiety 

within the general population (Haller et al., 2016; Miers et al., 2008; Rodgers et al., 2022; Yu et al., 

2019).  

Interpretation biases can manifest as hostile, where ambiguous social situations are perceived 

as intentionally harmful, or as threatening, where such situations are perceived as signaling potential 

danger (Dapprich et al., 2024). Usually, anxiety disorders are associated with threatening interpretation 

bias (Barrett et al., 1996; Waite et al., 2015), whereas disruptive behavior disorders are linked to hostile 

interpretation bias (Martinelli et al., 2018; Verhoef et al., 2019). Yet, evidence shows overlap (Barrett 

et al., 1996; Bell-Dolan, 1995; Reid et al., 2006), with anxious children also showing hostile bias and 

aggressive children displaying threatening bias, likely due to their shared roots in the fight-or-flight 

system (Andrews et al., 2021; Granic, 2014).   

3.2.1.2. Network theory 

To better understand how cognitive variables interact with symptoms of SAD, the network 

theory of psychopathology offers a valuable framework (Borsboom, 2017; Borsboom & Cramer, 2013; 

Fried & Cramer, 2017). This perspective conceptualizes mental disorders not as the result of a single 

hidden cause but as systems of interrelated elements, symptoms and other relevant variables, that 

mutually influence one another (Borsboom, 2017). Therefore, network analysis provides a 
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methodological approach for modeling these dynamics, treating symptoms and cognitive factors as 

nodes and their statistical associations as edges. Unlike classical latent variable models, which assume 

that a disorder reflects an underlying factor and rely on factor structures specified a-priori, network 

models capture the entire pattern of relations among variables (Borsboom, 2017). This enables 

researchers to examine which nodes are most central, which clusters of symptoms or cognitions form 

‘communities’, and which connections may represent potential leverage points for intervention 

(Borsboom & Cramer, 2013; Epskamp, Borsboom, et al., 2018; Epskamp & Fried, 2018). 

3.2.1.4. Objective 

The present study had two primary aims. The first was to investigate the dynamic associations 

among distinct types of interpretation biases (hostile, threatening, and neutral) and various 

manifestations of sub-clinical levels of social anxiety in adolescents. The second aim was to examine 

the invariance of these network structures across adolescent sex and age. 

 

3.2.2. Methods 

3.2.2.1. Sample  

Participants were 1,431 adolescents (714 females; 693 males; Mage=12.87, SD age = 1.06; range 

= 10–16 years). Data were collected from students in grades 5–8 across nine schools from 5 counties 

(Alba, Brașov, Cluj, Satu Mare and Suceava), N = 178 in the fifth grade, N = 392 in the sixth grade, N 

= 429 in the seventh grade, and 362 in the eighth grade. The sample was ethnically diverse, comprising 

Romanian (n = 1384), Hungarian (n = 9), Roma (n = 6), German (n = 2), and adolescents from other 

ethnic backgrounds (n = 27).  

3.2.2.2. Measures 

Interpretation bias was evaluated with Ambiguous Social Scenario Task-Youth Version (ASST) 

(Dapprich et al., 2022). This measure presents 10 brief social situations, each followed by three 

alternative interpretations reflecting hostile, threatening, or neutral appraisals. An example would be: 

“Some people you know are looking at you and start talking to each other. Would you think …” and the 

possible answers could be: neutral - “They are looking into my direction randomly.”, threatening - 

“They are probably gossiping about me” and hostile -  “They look really stupid.”; all the items can be 

found in (Dapprich et al., 2024). Participants estimate, on a 0–100% visual analogue scale, how likely 

each interpretation would come to mind, which allows simultaneous endorsement of multiple 

interpretations for the same scenario.  

Social Anxiety Symptoms were measured with the Social Anxiety Scale for Adolescents-Short 

Form (SAS-A-SF)  (Nelemans et al., 2019) and assesses three core dimensions of adolescent social 

anxiety - fear of negative evaluation (FNE), social avoidance and distress in novel situations 

(SAD_New), and generalized social avoidance and distress (SAD_General), each represented by four 

items (Alam et al., 2021).  

Socio-economic status (SES) was measured via the Family Affluence Scale  (Currie et al., 

2024), which provides information about family car and laptop ownership, number of holidays and 

child room ownership. 

3.2.2.3. Procedure 

After obtaining informed parental consent and adolescent assent, participants completed a 

standardized battery of self-report questionnaires designed to ensure procedural consistency. The 

instruments were administered in schools, either via a printed QR code or an online link accessible on 

both mobile and desktop devices. Data collection occurred in a confidential and distraction-free 

environment under the supervision of a trained researcher and the class teacher. 

3.2.2.4. Data analysis plan 

All data analyses were carried out in R via the RStudio interface (Posit, n.d.). First, we screened 

the data to ensure values were within acceptable ranges, and we computed the percentage of missing 
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data for each item. We also computed Little’s test to check whether data were missing completely at 

random (Little, 1988). If Little’s test is statistically significant (p < .05), the null hypothesis (MCAR) 

must be rejected and the analyses are conducted under the alternative hypothesis, stating that 

missingness depends on the available scores from the model.  

The network models were estimated as Graphical Gaussian Models (GGMs), in which 

relationships between variables (edges) represent partial correlation coefficients. (Epskamp, Waldorp, 

et al., 2018). All models were estimated with the ‘ggmModSelect’ algorithm (Isvoranu et al., 2022). 

Stability of the edges was tested via a 25% case-drop, 1,000-bootstrap procedure. Regarding centrality, 

we computed bridge expected influence (Jones et al., 2021). This centrality index is computed by adding 

up the values of each edge a node has outside its community. To test the stability of the centrality values, 

we computed the correlation-stability (CS) coefficient. CS represents the percentage of data that can be 

dropped while maintaining the confidence interval of the correlation between the order of the centrality 

indices computed on the full data and on the subsample above .80. CS values higher than .50 are 

regarded as acceptable, and centrality indices are deemed interpretable (Epskamp et al., 2018a).  

We tested the invariance of all networks across adolescents’ biological sex and age 

(preadolescents (≤ 12) vs. adolescents (≥ 13)). Invariance was assessed using the Network Comparison 

Test with 1,000 permutations (van Borkulo et al., 2019).  

For the first network, estimated using the total scores of ASST and SAS, missing data were 

handled via univariate item-level imputation. Finally, for the networks estimated at the ASST item level 

together with the SAS total scores, missing data were handled via Full Information Maximum 

Likelihood. Note that the SAS total scores were computed from data after the univariate item-level 

imputation. The data and R scripts used in this study are publicly available online 

(https://osf.io/gst4n/overview?view_only=80f41c731cb34ad9bcd94512e3e01ab2). 

 

3.2.3. Results 

3.2.3.1. Descriptive statistics 

Missing data at the item level ranged from 0.07% for information on the adolescent’s sex to 

31.52% for item ASST_8B. For the SAS items, the average percentage of missing data was 0.54% 

(median = 0.56, range: 0.35 - 0.70), whereas for the ASST items it was 20.48% (median = 20.68, range: 

10.13 (ASST_5B) - 31.52 (ASST_8B)). Regarding missingness patterns, Little’s test was not 

statistically significant (χ² = 14716, df = 24499, p = .999), indicating that the missing completely at 

random (MCAR) hypothesis cannot be rejected. The assumption of univariate normality was supported: 

skewness ranged from −0.18 to 1.5, and kurtosis ranged from −1.41 to 0.83. However, multivariate 

normality was not supported (Henze-Zirkler test = 5724, p < .001).  

3.2.3.2. Network for the total score  

For the first network, with total scores, including ASST (threatening, hostile, and neutral 

interpretations) and SAS (Fear of Negative Evaluation, Social Avoidance and Distress-New, Social 

Avoidance and Distress-General), we obtained excellent fit indices (RMSEA = 0.035, CFI = 1.00, TLI 

= 0.99). Threatening interpretation had positive connections with all three SAS subscales, the strongest 

being with Fear of Negative Evaluation (see Figure 3). This connection was replicated in 100% of 1,000 

bootstrap samples using 75% subsamples of the total data, indicating a stable connection. Stable 

connections (present in more than 80% of bootstrap estimates) were also found between threatening 

interpretation and Social Avoidance and Distress–General (positive; present in 96% of subsample 

estimates), as well as between hostile interpretation and Social Avoidance and Distress-General 

(negative; present in 86% of the estimates). 

https://osf.io/gst4n/overview?view_only=80f41c731cb34ad9bcd94512e3e01ab2
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Regarding centrality, the correlation-stability (CS) coefficient for bridge expected influence 

was excellent (CS = .75), supporting the interpretation of the centrality indices. The highest bridge 

expected influence level was observed for threatening interpretation (see Figure 4), followed by fear of 

negative evaluation. The lowest centrality (negative bridge expected influence) was observed for hostile 

interpretation. 

 

 

 

 

 

 

 

Figure 3. Network Associations Between Social Anxiety Dimensions and Interpretation Biases 

 

 

Figure 4. Bridge Expected Influence Across Social Anxiety Dimensions and Interpretation Bias Nodes 

 

3.2.3.3. Network between threatening interpretation scenario and SAS total scores  

For this network we obtained excellent fit indices (RMSEA = 0.029, CFI = 0.99, TLI = 0.99). 

The strongest connection was between ASST-10A (‘Now that all of them know, they are definitely 

going to gossip about me.’) and fear of negative evaluation (see Figure 5). This connection was 
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replicated in 97% of 1,000 bootstrap samples using 75% subsamples of the total data, indicating a 

stable connection. Another stable connection between communities (present in more than 85% 

estimates) was between ASST-9C (‘Why doesn't he like me? I hope nobody saw that I just got the 

push.’) and fear of negative evaluation.  

Regarding centrality, the correlation-stability (CS) coefficient for bridge expected influence 

was excellent (CS = .75), supporting the interpretation of the centrality indices. The highest centrality 

level was observed for fear of negative evaluation (see Figure 6), followed by ASST-9C, Social 

Avoidance and Distress-General, and ASST-10A. 

 

 
Figure 5. Network Structure of Threatening Interpretations and Social Anxiety 

 

Figure 6. Bridge Expected Influence of Threatening Interpretation Items and Social Anxiety 

Dimensions 

 

3.2.3.4. Network between hostile interpretation scenario and SAS total scores  

For this network we obtained good fit indices (RMSEA = 0.025, CFI = 0.99, and TLI = 0.99). 

The strongest connection was between ASST-2B (‘I find the woman annoying, too’) and fear of negative 

evaluation (see Figure 7). This connection was replicated in 73% of 1,000 bootstrap samples using 75% 

subsamples of the total data, indicating a relatively stable connection. A worth mentioning edge 
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(negative valence) was between ASST-1C (‘They just don't look at me by chance but they are certainly 

interested in what I say.’) and fear of negative evaluation (replicated in 57% of the subsamples). The 

rest of the connections between communities were not worth mentioning as they were not replicated in 

at least 50% of the bootstraps.     

Regarding centrality, the correlation-stability (CS) coefficient for bridge expected influence 

was excellent (CS = .67), supporting the interpretation of the centrality indices. The highest centrality 

level was observed for fear of negative evaluation, followed by ASST-2B, while the lowest (negative 

valence) was for ASST-1C. 

 

Figure 7. Network Structure of Hostile Interpretations and Social Anxiety Dimensions 

 

3.2.3.5. Network between neutral interpretation scenario and SAS total scores  

For this network we obtained excellent fit indices (RMSEA = 0.025, CFI = 0.99, TLI = 0.99). 

The strongest connection was between ASST-1A (‘They did not expect me to start talking.’) and Social 

Avoidance and Distress-General (see Figure 8). This connection was replicated in 99% of 1,000 

bootstrap samples using 75% subsamples of the total data, indicating a stable connection.  

Regarding centrality, the correlation-stability (CS) coefficient for bridge expected influence 

was excellent (CS = .75), supporting the interpretation of the centrality indices. The highest centrality 

level was ASST-1A and the lowest (negative) was for ASST-4B (‘He greets everyone like this.’). 
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Figure 8. Network Structure of Neutral Interpretations and Social Anxiety Dimensions 

 

3.2.3.6. Network invariance across the sex and age 

Regarding the network estimated at the level of total scores, we found no significant differences 

with respect to adolescents’ sex in the total connectivity strength of the network (p = .665), or in the 

connection patterns (network structure) (p = .075). However, for the connection between threatening 

and hostile interpretation we found a sex significant difference (p = .029): the edge was weaker in males 

(edge weight = 0.29) than in females (edge weight = 0.43). We found no significant differences with 

respect to adolescents’ age in the total connectivity strength of the network (p = .847), or in the 

connection patterns (network structure) (p = .083). However, for the connection between fear of 

negative evaluation and neutral interpretation, we found a significant age difference (p = .029): the edge 

was weaker in preadolescents (edge weight = 0.00) than in adolescents (edge weight = −0.14). 

 

3.2.4. Discussion 

The main objective of the present study was to explore how different types of interpretations 

(hostile, threatening, neutral) are associated with social anxiety symptoms within the general adolescent 

population. We further examined whether these associations vary as a function of sex and age. In 

addition, group differences were investigated both at the level of edge weights and at the centrality level 

of the nodes. 

The present study provides robust evidence that interpretation biases are closely linked to social 

anxiety symptoms in adolescents. Consistent with the current literature (Chen et al., 2020; Stuijfzand et 

al., 2018; Subar et al., 2022), threatening interpretations showed the strongest association with fear of 

negative evaluation. At the total-score level, threatening interpretations exhibited the highest bridge 

expected influence, highlighting their role as a key link between cognitive biases and anxiety symptoms. 

Given the cross-sectional nature of the data, no causal conclusions can be drawn. However, the observed 

link between social anxiety and threatening interpretations is in line with theoretical frameworks that 

conceptualize emotional disorders as systems of interconnected cognitive, affective, physiological, and 

behavioral components (Chorpita et al., 1998; Dapprich et al., 2024; Schniering & Rapee, 2004).  

Compared to threatening interpretations, the hostile interpretation network showed a more 

limited and less consistently replicated pattern of associations with social anxiety symptoms. These 

results indicate that threatening interpretations occupy a central role within the network of social 

anxiety, whereas hostile attributions may reflect related but less specific processes.  
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The network analysis of neutral interpretations revealed that the strongest and most stable 

connection was between the neutral interpretation “They did not expect me to start talking” (ASST-1A) 

and Social Avoidance and Distress-General. This finding suggests that even ostensibly neutral or 

ambiguous interpretations may be closely linked to avoidance-related aspects of social anxiety. While 

this pattern is consistent with cognitive models emphasizing biased processing of social information 

(Clark & Wells, 1995), the cross-sectional nature of the data precludes conclusions regarding the 

directionality of this association.  

Overall, the network connectivity and structure of social anxiety and interpretation biases were 

consistent across sex and age in adolescents, with only a few specific differences. The observed age-

related difference may suggest developmental increases in sensitivity to social evaluation (Waite et al., 

2015). This interpretation is consistent with research indicating that fear of negative evaluation plays a 

central role in linking social comparison processes to maladaptive outcomes, particularly in socially 

evaluative contexts (Feng et al., 2025; Henricks et al., 2023; Li et al., 2023). However, given the cross-

sectional nature of the data, these findings should be interpreted cautiously and warrant further 

investigation using longitudinal designs. 

  

3.2.5. Limitations and Future Directions 

This study has several limitations. Its cross-sectional, self-report design precludes causal 

inference and may be influenced by social desirability. Future work should replicate these findings using 

longitudinal designs, as well as behavioral measures, to clarify the temporal direction of associations 

and test whether interpretation bias prospectively predicts changes in social anxiety.  

Despite these limitations, the network approach revealed robust, interpretable patterns. Future 

research should investigate whether these networks generalize to clinical populations and across 

cultures. Another important direction for future research would be to incorporate measures of functional 

impairment within network models to better understand how interpretation biases relate to clinically 

meaningful outcomes. Additionally, future studies should consider the use of more objective and multi-

indicator assessments of key constructs, such as social anxiety and interpretation bias. Recent evidence 

suggests that network models based on single indicators may be substantially affected by measurement 

error, which can impair the reliability and stability of estimated associations (de Ron et al., 2022).  

 

3.2.6. Conclusions 

This study examined the network linking hostile, threatening, and neutral interpretation biases 

with social anxiety symptoms in adolescents. Threatening interpretations showed the strongest and most 

consistent associations, particularly with fear of negative evaluation, highlighting their important role 

in adolescent social anxiety. In contrast, hostile interpretations showed fewer and less consistently 

replicated associations, suggesting a more limited and less specific relationship with social anxiety 

symptoms. Network structures were largely similar across sex and age with minor edge-level 

differences. 
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3.3. Study 3. Moment-to-Moment Neural Variability During Anticipation of Public Speaking in 

Social Anxiety Disorder 

 

3.3.1. Introduction 

As the lifetime burden of mental disorders continues to rise, there is still a lack of reliable brain-

based markers to support precise diagnosis and treatment of prevalent conditions such as social anxiety 

disorder (SAD) (Williams & Whitfield Gabrieli, 2024). Cognitive-behavioural frameworks of SAD 

(Clark, 1995; Rapee & Heimberg, 1997) suggest that negative self-imagery and anticipation of adverse 

outcomes heighten anxiety, promoting avoidance and safety behaviours that hinder learning and 

maintain maladaptive outcomes (Morrison et al., 2016). Despite its clinical relevance, the anticipatory 

processes underlying pre-event anxiety remain relatively underexplored in the literature (Vassilopoulos 

et al., 2017).   

Neuroimaging, particularly functional magnetic resonance imaging (fMRI), aims to parse the 

heterogeneity of processes underlying SAD by identifying distinct patterns of circuit-level dysfunction 

(Williams & Whitfield Gabrieli, 2024). However, resting-state fMRI primarily captures intrinsic brain 

activity in the absence of externally driven cognitive processes (Mizzi et al., 2024), and task-based 

experiments, largely centered on emotional face processing (Yu et al., 2021), remain limited in 

ecological validity. These limitations highlight the need for experimental approaches that better 

approximate real-world social-evaluative contexts. Paradigms that simulate the anticipation of, or 

exposure to, socially threatening situations, such as public speaking, could offer a valuable framework 

for investigating the dynamic psychophysiological processes underlying anxiety as it unfolds in real 

time (Miskovic & Schmidt, 2012).  

Advances in fMRI have improved the understanding of SAD neurobiology (Bas-Hoogendam 

& Westenberg, 2020). However, recent meta-analytic findings highlight the limited reliability of both 

task-based and resting-state fMRI when evaluated using conventional metrics such as functional 

connectivity and mean brain activation (Elliott et al., 2020; Noble et al., 2019). 

Against this backdrop, moment-to-moment fluctuations in brain activity, commonly indexed as 

signal variability (e.g., the standard deviation of the blood oxygen level-dependent [BOLD] signal over 

time), are increasingly recognized as meaningful aspects of neural function rather than mere noise 

(Garrett et al., 2010b), given their enhanced predictive power and promising reliability (Garrett et al., 

2011; Garrett et al., 2013a). Although brain signal variability has gained increasing attention in recent 

years (Garrett et al., 2013b; Tsikonofilos et al., 2025), its investigation in anxiety disorders is still scarce, 

with only a few studies addressing its relevance for diagnosis (Li et al., 2019) and treatment prediction 

(Månsson et al., 2022). 

Therefore, current research is constrained by limited ecological validity and measurement 

reliability, alongside a predominant reliance on region-of-interest (ROI)-based approaches. To address 

these limitations, we used a whole-brain, voxel-wise Partial Least Squares (PLS) (McIntosh & Lobaugh, 

2004) approach to examine moment-to-moment neural variability during an ecologically valid 

anticipatory public speaking task. We tested whether variability differs between social-evaluative threat 

and a baseline condition, within and between groups (SAD vs. healthy controls). A second objective is 

to investigate the relationship between neural variability (speech anticipation vs baseline) and the 

severity of social anxiety symptoms.  

 

3.3.2. Methods 

3.3.2.1. General procedure 

In the current study, participants were drawn from a previously conducted randomized 

controlled trial (ClinicalTrials.gov identifier: NCT01312571), described in detail in prior 

publications  (Månsson et al., 2015, 2016; Månsson et al., 2013). Although the present study was not 
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preregistered but relies on data collected under this preregistered protocol. All participants provided 

written informed consent, and the study was approved by the local ethics committee. Briefly, 

participants with SAD and healthy controls completed an anticipatory speech anxiety task during a 

single fMRI session.  

3.3.2.2. Participants 

Recruitment was conducted primarily through online and media advertisements. Individuals 

completed web-based self-report measures assessing social anxiety, depression, and MRI safety 

eligibility. Those meeting preliminary criteria underwent a structured diagnostic telephone interview. 

Diagnoses of SAD were established using structured clinical interviews based on DSM-IV criteria 

(SCID-I; First & Gibbon, 2004). Healthy participants were screened using the Mini-International 

Neuropsychiatric Interview (MINI; Sheehan et al., 1998) to confirm the absence of psychiatric 

disorders. Eligibility criteria required participants to be at least 18 years old, without neurological 

disorders or suicidal ideation, and not engaged in concurrent psychological treatment. Individuals 

receiving pharmacological treatment were included only if their dosage had remained stable for a 

minimum of three months prior to participation.  

The final sample included a total of 50 participants: 26 individuals with SAD (mean age: 

32.27±9.63, 84.6% females, mean Liebowitz Social Anxiety Scale - Self Report (LSAS-SR): 

76.31±18.72) and 24 healthy controls (mean age: 31.58±9.38, females 70.8%, mean LSAS-SR: 

21.29±11.55). 

3.3.2.3. Clinical assessment 

We assessed symptom severity of SAD using the self-report version of the LSAS-SR, a well-

established measure with high internal consistency (α ≥ 0.79) and strong agreement with the clinician-

administered version (r = 0.78–0.85, p < 0.01) (Baker et al., 2002). 

 

Figure 9. Experimental design during fMRI. Panel AI. Baseline: Participants passively observed a 2-

minute sequence of randomly presented numbers. Panel B II. Speech anticipation: Participants watched 

a 2-minute countdown while getting ready to speak in front of an audience, designed to elicit 

anticipatory social anxiety. 
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3.3.2.4. Image acquisition, preprocessing and neural variability estimation 

Functional MRI data were collected using a 3T. Neural variability was quantified as the 

standard deviation of the BOLD signal (SDBOLD) across time within each condition, computed 

voxelwise for each participant. This measure captures the amplitude of moment-to-moment fluctuations 

in neural activity over the duration of each run and provides an index of temporal variability 

independent of mean activation (see also (Garrett et al., 2010b; Månsson et al., 2022).  

3.3.2.5. fMRI experimental task 

In this experiment, participants were instructed to prepare for a public speech following the 

scanning session. The task comprised two conditions (baseline and speech anticipation), both performed 

during MRI scanning (Figure 9).  

3.3.2.6. Data analysis 

In MATLAB (version R2024a; The MathWorks, Inc.), we applied partial least squares (PLS) 

analysis, a multivariate technique, was used to identify latent variables (LVs) capturing the maximal 

covariance between whole-brain neural variability and external variables (e.g., task conditions or 

behavior) (McIntosh & Lobaugh, 2004). This approach is well-suited for neuroimaging data, as it 

captures spatially distributed conditions (e.g., anticipation and baseline), groups (e.g., SAD and HC), 

and interaction effects across the whole brain rather than testing each voxel independently (Mihalik et 

al., 2022).  

The reliability of voxel saliences was evaluated via bootstrap resampling (1000 iterations), and 

bootstrap ratios (BSRs; salience divided by bootstrap standard error) exceeding ±3.5 threshold were 

considered robust. The statistical significance of each latent variable was assessed using permutation 

testing (1000 permutations).  

To complement the multivariate analyses, brain scores derived from the significant latent 

variable were subsequently analyzed using Linear Mixed-Effects Model (LMM). These models were 

implemented in Python (Version 3.12; Python Software Foundation) using the statsmodels (Version 

0.14.6) to examine the effects of condition (baseline vs. speech anticipation) and group (SAD vs. HC) 

on neural variability while controlling for age and sex.  

 

3.3.3. Results 

Question 1: Does task-based neural variability differ between the speech anticipation 

and a baseline condition in SAD patients, relative to healthy controls? 

PLS identified one statistically significant latent variable explaining 70.82% of cross-block 

covariance (permuted p < 0.001). LMM confirmed effects of group (β = 4.691, p = 0.032) and condition 

(β = -6.410, p < 0.001), with no group × condition interaction (p = 0.871). After adjusting for age (β = 

-0.214, p = 0.026) and sex (β = 2.949, p = 0.177), the group effect was attenuated and marginal (β = -

4.137, p = 0.051), while the condition effect remained robust (β = -6.410, p < 0.001). Higher neural 

variability was observed during the speech anticipation condition (relative to baseline), and lower neural 

variability in SAD patients compared to HC, across regions reported in Figure 10A, 10B and Table 3. 

Highlighted activations in Figure 10C demonstrate effects on both condition and group: left 

amygdala/hippocampus (Figure 10C), right occipital gyrus (Figure 10D) and right insular cortex (Figure 

10E). 
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Figure 10. A) Individual data points (light gray, jittered) represent subject-level brain scores reflecting 

multivariate pattern expression across brain regions.  B) Brain regions showing significant clusters for 

LV1 reflecting the interaction between condition (baseline vs. speech anticipation) and group (SAD vs. 

HC). C) Mean SDBOLD reflecting LV1 expression in one cluster  (left hippocampus). D) LV1 mean 

SDBOLD expression in the right occipital gyrus. E) LV1 mean SDBOLD expression in the right insular 

cortex. Abbreviations: HC, healthy controls; SAD, social anxiety disorder; LV1, latent variable 1; PLS, partial least squares; 

MC, mean-centering; BSRs, bootstrap ratios; SEM, standard error of the mean. 

 

Table 3 

Significant activations for both the between-condition contrast (baseline vs. speech anticipation) and 

the between-group contrast (SAD vs. HC)  
MNI 

 

  

Cluster Region X Y Z Size BSR 

R Insular Cortex 33.0 -6.0 15.0 2738 7.207 

R Superior Occipital Gyrus 18.0 -99.0 6.0 2492 6.878 

L Ventral Posterolateral Nucleus, Thalamus -18.0 -18.0 6.0 150 6.775 

R Supramarginal Gyrus 60.0 -33.0 42.0 122 6.316 

L Middle Temporal Gyrus -54.0 3.0 -27.0 265 6.292 

L Amygdala/Hippocampus -27.0 -15.0 -18.0 702 6.207 

L Postcentral Gyrus -39.0 -15.0 36.0 253 6.024 

R Middle Temporal Gyrus 57.0 6.0 -27.0 48 5.350 

R Superior Frontal Gyrus (dorsolateral part) 15.0 24.0 60.0 97 5.058 

R Superior Temporal Gyrus 54.0 -15.0 -3.0 91 4.955 

R Mid Frontal Gyrus (dorsolateral part) 39.0 9.0 54.0 28 4.801 

L Inferior Temporal Gyrus -48.0 -45.0 -21.0 23 4.788 

R Inferior Frontal Gyrus (opercular part) 45.0 18.0 6.0 21 4.762 

R Medial Superior Frontal Gyrus 9.0 39.0 42.0 44 4.729 

R Mid Frontal Gyrus (dorsolateral part) 36.0 51.0 3.0 23 4.571 

L Rolandic Operculum -60.0 -3.0 12.0 41 4.525 

R Mid Frontal Gyrus (dorsolateral part) 33.0 30.0 36.0 50 4.500 

L Supplementary Motor Area -6.0 6.0 63.0 22 4.365 
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R Medial Superior Frontal Gyrus 9.0 63.0 27.0 26 4.300 

R Posterior Orbitofrontal Cortex 36.0 30.0 -21.0 23 4.185 

 
Note. Only clusters with size > 20 voxels are reported. Coordinates are in MNI space.  

Abbreviations: BSR - bootstrap ratio, MNI - Montreal Neurological Institute, R - right, L - left, SAD - social anxiety disorder, 

HC - healthy control, Mid - middle. 

 

Question 2: Does task-based neural variability differ between the speech anticipation and the baseline 

condition in patients with SAD? 

In SAD patients, PLS identified a significant condition effect (LV1; 100% covariance, 

permuted p < 0.001), showing higher neural variability during speech anticipation in occipital, 

cerebellar, frontal, and temporal regions, as well as subcortical structures including the striatum 

(putamen, nucleus accumbens), hippocampus, and parahippocampal gyrus (see Table 3, Figure 11). 

Figure 11. A) Individual data points (light gray, jittered) represent subject-level brain scores reflecting 

multivariate pattern expression across brain regions.  B) Brain regions showing significant clusters for 

LV1 reflecting the interaction between baseline vs. speech anticipation conditions. C) Mean SDBOLD 

reflecting LV1 expression in one cluster  (left putamen). D) Mean SDBOLD of LV1 in the left calcarine 

cortex. E) Mean SDBOLD of LV1 in the right nucleus accumbens. Abbreviations: SAD, social anxiety disorder; 

LV1, latent variable 1; PLS, partial least squares; MC, mean-centering; BSRs, bootstrap ratios; SEM, standard error of the 

mean. 

 

Question 3: Does task-based neural variability differ between the speech anticipation and the baseline 

condition in healthy controls? 

In HC, PLS identified a significant condition effect (LV1; 100% covariance, permuted p < 

0.001), indicating higher neural variability during speech anticipation in occipital, cerebellar, frontal, 

temporal, and parietal regions, as well as the insula, amygdala, and caudate nucleus  (see Table 4). 

 

Table 4 

 Clusters for within-group analysis (healthy control) - anticipation vs baseline condition  
MNI 
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Cluster Region 

X Y Z Size BSR 

R Supramarginal Gyrus 60 -45 30 128 -6.918 

L Inferior Occipital Gyrus -12 -99 -9 891 -6.462 

R Insula 36 -9 15 105 -6.322 

R Lingual Gyrus 24 -69 -3 893 -6.207 

L Supplementary Motor Area (SMA) -9 9 69 78 -6.067 

R Cerebellar Crus I 24 -69 -39 118 -5.656 

Subcallosal Cortex -15 24 -12 102 -5.552 

L Mid Temporal Gyrus -57 3 -30 81 -5.522 

White Matter 0 0 -3 37 -5.411 

R Mid Temporal Gyrus 57 -60 12 57 -5.344 

R Precuneus 9 -48 75 36 -5.212 

R Mid Temporal Gyrus 57 -24 -9 91 -5.200 

R Mid Frontal Gyrus (posterior part) 39 36 39 26 -5.152 

L Amygdala -27 0 -24 44 -5.062 

R Middle Temporal Pole 36 3 -33 50 -4.996 

L Precentral Gyrus -21 -24 75 54 -4.965 

R Mid Front. Gyrus (posterior/dorsal part) 39 48 27 37 -4.923 

L Mid Temporal Gyrus -63 -6 -15 94 -4.882 

R Cerebellar Lobule VIII 24 -48 -57 39 -4.876 

R Caudate Nucleus 12 12 12 29 -4.804 

Brain-Stem 9 -36 -27 39 -4.795 

R Mid Temporal Pole 45 12 -39 42 -4.660 

R Sup Front. Gyrus (posterior/dorsal part) 30 63 12 22 -4.512 

 
Note. Only clusters with size > 20 voxels are reported. Coordinates are in MNI space.  

Abbreviations: BSR - bootstrap ratio, MNI - Montreal Neurological Institute, R - right, L - left, HC - healthy control, Mid - 

Middle. 

 

Question 4: Does anticipatory anxiety related neural variability correlate with symptom severity in 

adults with social anxiety disorder? 

Behavioral PLS revealed no statistically significant association between neural variability and social 

anxiety symptom severity in SAD patients (permuted p = 0.431); see figure 12. 

 

Figure 12. A) Association between social anxiety symptom severity (as defined by the LSAS-SR) and 

neural variability during speech anticipation. B) Brain regions showing significant clusters for LV1 

reflecting the association. Abbreviations: SAD, social anxiety disorder; LSAS-SR, the Liebowitz Social Anxiety Scale 

- self-report version; LV1, latent variable 1; BSRs, bootstrap ratios; SEM, standard error of the mean. 
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3.3.4. Discussion  

Our findings showed that brain signal variability increased during speech anticipation in both 

patients with social anxiety disorder and matched healthy controls. SAD patients displayed overall 

lower neural variability compared to healthy controls during both conditions (i.e., baseline and speech 

anticipation) across cortical (e.g., frontal, temporal, parietal, occipital), subcortical (e.g., insula, 

amygdala/hippocampus), and sensorimotor regions. We report no statistically significant association 

between speech anticipation-related neural variability and social anxiety symptom severity. 

The main effect of the group, lower neural variability in SAD  within the 

amygdala/hippocampus, insula, and right superior occipital gyrus, may point to a more stable, trait-like 

characteristic in neural dynamics that is not dependent on task context. Consistent with emerging 

evidence that aberrant neural variability (Tsikonofilos et al., 2025), SAD is characterized by reduced 

brain signal variability.  A recent resting-state study examining GAD (Li et al., 2019) reported reduced 

neural variability in some regions similar to those identified in our study. While overlap with GAD is 

evident in frontal, occipital, and thalamic regions, greater involvement of the insula and amygdala–

hippocampal complex in SAD may reflect disorder-specific socio-emotional and interoceptive 

alterations. 

The lack of a task × group interaction indicates that anticipatory speech anxiety elicited 

comparable increases in neural variability across individuals with SAD and healthy controls, suggesting 

that this response may reflect a general neural mechanism engaged during socio-evaluative threat. 

Neural variability is increasingly understood as a fundamental feature of brain function that supports 

flexible, context-dependent processing rather than reflecting noise (Garrett et al., 2013b; Waschke et 

al., 2021). Within this framework, increased neural variability during speech anticipation may reflect 

an expanded dynamic range that supports adaptive responses to socially evaluative contexts, consistent 

with accounts linking variability to efficient behavior in complex environments (Findling et al., 2025), 

such as social exposures. This interpretation is further supported by prior work showing that SAD 

during speech anticipation is associated with more sustained and less temporally variable amygdala 

responses, with lower variability linked to greater symptom severity (Davies et al., 2017). Together, 

these findings support reduced baseline flexibility in SAD, while suggesting that task-related increases 

in variability during social threat anticipation may reflect adaptive or compensatory neural engagement.  

 

3.3.5. Limitations and future directions 

This study has several limitations. The modest sample size may have limited sensitivity to 

detect robust group and brain-behavior effects. The cross-sectional design precludes inferences about 

causal mechanisms, particularly given age-related attenuation of group differences. Neural variability 

was indexed using SDBOLD, capturing only one aspect of brain dynamics, and the inclusion of medicated 

participants may have further reduced group differences. 

Future studies should use larger longitudinal designs, incorporate complementary measures of 

neural dynamics, and examine associations with behavior, physiology (Renart & Machens, 2014; 

Waschke et al., 2021), and treatment outcomes (Månsson et al., 2022).  

 

3.3.6. Conclusions 

These findings suggest that SAD is characterized by reduced neural variability across 

distributed corticolimbic systems. In contrast, the preserved increase in variability during anticipatory 

social threat across groups indicates that context-dependent modulation of neural dynamics remains 

largely intact, potentially reflecting a conserved mechanism supporting adaptive responses to socio-

evaluative demands.  
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3.4. Study 4. Neural variability changes during cognitive-behavioral therapy in social anxiety 

disorder 

3.4.1. Introduction 

CBT response rates in anxiety disorders remain moderate, with only about half of patients 

achieving sustained benefit (Loerinc et al., 2015), underscoring the need for biologically informed 

markers to guide treatment. Efforts to bridge psychiatry and neuroscience have therefore focused on 

integrating biomarkers into clinical practice, with neuroimaging approaches such as MRI playing a 

central role (Cuthbert et al., 2026). However, task-based fMRI measures relying on mean activity show 

poor test-retest reliability, limiting their clinical utility (Elliott et al., 2020). This has shifted focus 

toward neural variability (Garrett et al., 2010b; Garrett et al., 2013b; Tsikonofilos et al., 2025), which 

may better capture dynamic processes underlying adaptive behavior (Waschke et al., 2021).The present 

study investigated moment-to-moment neural variability during anticipatory anxiety in SAD and its 

relevance for treatment outcomes. Specifically, we examined whether pre-treatment neural variability 

predicts post-treatment symptom change, whether it is modulated by psychological interventions (i.e., 

iCBT and ABM), and whether these changes relate to clinical improvement. Additionally, differences 

in treatment-related symptom change between interventions were explored. Together, these aims assess 

whether neural variability during anticipatory public speech may serve as a biomarker of treatment-

related symptom change in SAD. 

 

3.4.2. Methods 

3.4.2.1. General procedure 

During fMRI scanning, participants performed an anticipatory public speaking task described 

in our previous manuscript. Participants completed self-report measures (e.g., LSAS-SR) before and 

after treatment. Group assignment to iCBT or ABM was determined by an independent researcher 

blinded to the study, using an external randomization tool, with allocation revealed only after the first 

imaging session. 

3.4.2.2. Participants 

The present study is based on the data from a previously preregistered randomized controlled 

trial (ClinicalTrials.gov identifier: NCT01312571).  Ethical approval for the study was obtained from 

the local review board.  The recruitment and screening procedures followed protocols used in earlier 

randomized controlled trials investigating iCBT and ABM (Månsson et al., 2015; Månsson et al., 2013). 

Participants were mainly recruited through online platforms and media advertisements. They first 

completed web-based self-report questionnaires assessing social anxiety, depressive symptoms, and 

MRI eligibility. Individuals who met initial screening criteria then participated in a structured diagnostic 

interview conducted by telephone. Diagnoses of social anxiety disorder were determined using 

structured clinical interviews based on DSM-IV criteria (SCID-I; First & Gibbon, 2004). Inclusion 

criteria specified that participants had to be at least 18 years of age, had a primary diagnosis of SAD, 

be free from neurological conditions and suicidal ideation, and not be currently undergoing 

psychological treatment. A total of 26 participants met the criteria for primary SAD and absence of 

current MDD and were enrolled (mean age = 32.27±9.63, 85% females). Baseline symptom severity 

was high (mean LSAS-SRPRE-TREATMENT = 76.30, SD=±18.72) with a mean reduction of 22.48 points 

(SD= ±17.94) following treatment. Of the initial sample, neuroimaging data from 20 participants were 

included in the pre–post treatment change analyses, with five participants excluded due to withdrawal 

or unusable fMRI data. An additional participant was removed following identification as a multivariate 

outlier based on Mahalanobis distance (7.47), as this case exerted disproportionate influence on the 

results. For the prediction analyses, neuroimaging data were available for 26 participants; however, one 

participant was excluded due to missing LSAS-SR scores, resulting in a final sample of 25 participants. 

http://clinicaltrials.gov/
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During the study, nine participants (five in the iCBT group and four in the ABM group) were receiving 

stable SSRI treatment. 

3.4.2.3. Clinical assessment 

Structured clinical interviews based on DSM-IV criteria were used to diagnose social anxiety 

disorder (SCID-I; First & Gibbon, 2004). Treatment-related changes in social anxiety symptoms were 

evaluated using the self-report version of the Liebowitz Social Anxiety Scale (LSAS-SR).  

3.4.2.4. Image acquisition and preprocessing 

Functional MRI data were collected on a 3T GE. Neural variability was quantified as the 

standard deviation of the BOLD signal (SDBOLD) across time within each condition, computed 

voxelwise for each participant.  

3.4.2.5. fMRI experimental task 

During the experiment, participants were informed that they should deliver a public speech 

after the MRI session, creating an anticipatory context. While undergoing scanning, they completed 

two conditions: a baseline condition and a speech anticipation condition. In the baseline condition, 

participants passively observed a 2-minute stream of randomly generated numbers. In the speech 

anticipation condition, participants viewed a 2-minute countdown and were asked to mentally prepare 

a speech they would later present to an audience. 

3.4.2.6. Treatment 

In this study, CBT was delivered over 9 weeks with weekly therapist feedback provided in 

written form. An evidence-based CBT program for SAD was delivered online, based on previously 

validated protocols (Andersson et al., 2012, 2006), and has also been published as a self-help manual 

in Swedish (Furmark, 2006). As a comparison condition, ABM, a computer-based intervention targeting 

threat-related cognitive biases in SAD, was administered twice weekly over 4 weeks. For more details 

regarding both interventions, see  (Månsson et al., 2013). 

Participants were randomly assigned to iCBT (n=13) or ABM (n=13) by an independent 

blinded researcher, with treatment allocation revealed after the pre-treatment neuroimaging session. 

3.4.2.7. Data analysis 

Partial least squares (PLS) was used to examine the relationship between whole-brain activity 

and behavioral measures.  

Task PLS (mean-centering type 0) was used to isolate condition effects, and behavioral PLS to 

assess the relationship between brain activity patterns and behavioral measures. Neural variability was 

operationalized as the difference between anticipatory and baseline SDBOLD (Speech Anticipation 

SDBOLD - Baseline SDBOLD). Also, for behavioral PLS, we used ΔLSAS (LSAS-SRPOST-TREATMENT - 

LSAS-SRPRE-TREATMENT). Statistical analyses were conducted in Python  (Version 3.12; Python Software 

Foundation) using the statsmodels module (Version 0.14.6).  

 

3.4.3. Results 

Question 1: Does pre-treatment neural variability during anticipatory speech anxiety relative to 

baseline predict treatment-related changes in LSAS-SR scores? 

Behavioral PLS analysis did not show an overall effect, as indicated by permutation testing 

(permuted p = 0.854), see Figure 13.  
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Figure 13. A) Relationship between pre-treatment brain scores (LV1) during anticipatory speech 

anxiety (relative to baseline) and change in LSAS-SR scores following treatment. B) Bootstrap ratio 

map of suprathreshold voxels for the SDBOLD vs. symptom severity model. Abbreviations: SAD, social 

anxiety disorder; LV1, latent variable 1; LSAS-SR, Liebowitz Social Anxiety Scale – Self-Report; BSR, bootstrap ratio. 

 

Question 2: Does moment-to-moment neural variability during anticipatory speech anxiety relative to 

baseline change from pre- to post-treatment? 

Behavioral PLS analysis did not reveal an effect (permuted p = 0.283), with the first latent 

variable (LV1) accounting for 100% of the cross-block covariance. 

 

Question 3: Do changes in moment-to-moment neural variability during anticipatory speech anxiety 

relative to baseline from pre- to post-treatment correlate with treatment-related changes in LSAS-SR 

scores? 

Behavioral PLS analysis did not reveal an effect (permuted p = 0.106), with LV1 accounting 

for the observed cross-block covariance.  

 

Question 4: Does symptom severity change differ between treatment subgroups (ABM vs iCBT)? 

There was no statistically significant difference in symptom severity change between the ABM 

and iCBT groups (β = -5.89, p = 0.42). After controlling for age and sex, there was still no statistically 

significant difference in symptom severity change between ABM and CBT groups (β = -5.29, p = 0.45). 

 

3.4.4. Discussion 

Our study aimed to extend current models of SAD by probing additional underlying processes 

using an ecologically valid task with potential relevance for predicting symptom severity change. A 

deeper understanding of clinical heterogeneity and underlying neurobiology is a critical first step toward 

advancing translational approaches and improving treatment outcomes (Drzewiecki & Fox, 2024). 

While prior work has suggested that task-based neural variability is a reliable and sensitive 

marker of treatment response (Månsson et al., 2022),  outperforming resting-state variability and 

conventional mean-based measures (Tsikonofilos et al., 2025),  the present findings do not support a 

robust or generalizable association between moment-to-moment neural variability and treatment-related 

symptom change in social anxiety disorder. Behavioral PLS analyses revealed no significant 

multivariate effects, indicating that neural variability during anticipatory speech anxiety neither 

predicted symptom change nor captured pre- to post-treatment alterations. However, consistent positive 

correlations between brain scores and symptom change suggest that weak or spatially restricted 

associations may exist. 

Rather than reflecting a simple failure to replicate, these findings highlight the context-

dependent nature of neural variability. While prior studies employed highly controlled, low-demand 

tasks (Månsson et al., 2022), the present anticipatory speech paradigm was designed to enhance 
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ecological validity by capturing clinically relevant anticipatory anxiety in social anxiety disorder. 

However, increased task complexity may introduce greater cognitive and affective heterogeneity, 

potentially reducing signal reliability and obscuring consistent brain–behavior relationships. Consistent 

with this, task selection has been shown to differentially influence reliability, enhancing it in task-

engaged regions while introducing variability across networks (Rai et al., 2024). Together, these 

findings suggest that neural variability may not function as a universal biomarker of treatment-related 

symptom change, but rather as a context-dependent signal whose predictive utility is contingent on task 

structure. 

Methodological factors may further account for the observed discrepancy. Although 

multivariate approaches can enhance sensitivity by integrating information across distributed brain 

regions (Kragel et al., 2020), the PLS method used here is primarily exploratory and does not directly 

assess predictive validity or reliability (McIntosh & Lobaugh, 2004). This may explain the absence of 

significant multivariate effects despite relatively strong correlations between brain scores and symptom 

change. In contrast, prior work demonstrating robust predictive utility combined multivariate modeling 

with cross-validation and test–retest reliability assessments (Månsson et al., 2022). Consistent with this, 

recent evidence suggests that multivariate brain-behavior associations can be replicable in moderate 

sample sizes when appropriate validation strategies, such as cross-validation, are applied; without such 

approaches, effect sizes may be inflated and less likely to replicate (Spisak et al., 2023).  

Taken together, the present findings do not negate a role for neural variability in treatment-

related symptom change, but instead delineate important boundary conditions under which such effects 

may emerge. Specifically, they suggest that the predictive utility of neural variability is likely 

constrained by task design, measurement reliability, and analytical approach. From this perspective, 

neural variability may represent a promising but context-sensitive biomarker, requiring careful 

alignment between experimental paradigm and clinical phenotype to yield meaningful predictions. 

 

3.4.5. Limitations and future directions 

A key limitation is the lack of validation of predictive performance, as the observed brain–

behavior associations were not tested for generalizability beyond the current sample. Consistent with 

recent methodological work, neuroimaging findings should be evaluated based on their ability to predict 

clinically relevant outcomes in independent data. Future studies should therefore incorporate cross-

validation and out-of-sample prediction approaches, examine transdiagnostic generalizability, and use 

longitudinal designs to better establish clinically meaningful biomarkers. 

  

3.4.6. Conclusions 

While neural variability remains a promising candidate marker, the present findings offer only 

modest evidence for its clinical utility in predicting treatment-related symptom change in social anxiety 

disorder. Interpretation is limited by several methodological factors, and the results should not be 

viewed as conclusive. Future work integrating task optimization, reliability assessment, and predictive 

validation will be essential to determine whether neural variability during anticipatory anxiety can serve 

as a clinically meaningful biomarker. 
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4. GENERAL CONCLUSIONS AND IMPLICATIONS 
4.1. General Conclusions 

The growing interest in anxiety disorders is driven by their high prevalence, early onset, 

frequently during childhood or adolescence, persistent course, and the significant impairment they 

impose on individuals, as well as on families and society (Bandelow & Michaelis, 2015; Rapee et al., 

2023). However, they remain underprioritized in mental health care worldwide, receiving less attention 

and resources than conditions like cancer or cardiovascular disease (Wu et al., 2025). 

While standardized interviews are used to improve consistency, the diagnosis of anxiety 

disorders still relies largely on subjective symptom reports and clinician judgment, guided by the DSM-

5 and ICD-11, which may introduce variability and limit diagnostic precision (Liu et al., 2024; Penninx 

et al., 2021). This challenge is compounded by the disorder’s poorly understood etiology and its often 

subtle, insidious onset, which can delay early identification and intervention (Lisboa et al., 2023; Liu et 

al., 2024). Consequently, treatment outcomes remain suboptimal (Higa-McMillan et al., 2016; Lueken 

et al., 2016), with a considerable proportion of patients exhibiting chronic or progressively worsening 

symptoms despite available psychological and pharmacological approaches (Scholten et al., 2013). This 

limitation highlights the need for reliable biomarkers capable of predicting treatment response and 

guiding personalized interventions. A deeper understanding of dysfunctional brain circuits is considered 

essential for improving the diagnosis and treatment of psychiatric disorders, including anxiety disorders. 

Advances in neuroimaging have provided increasingly refined insights into their structural and 

functional underpinnings. Since the introduction of MRI into clinical psychiatry, a key aim has been to 

identify neural correlates, measurable alterations in brain structure or function compared to healthy 

individuals, often conceptualized as biomarkers (Nosari et al., 2024).  

Accordingly, this thesis aimed to investigate neural correlates of anxiety across the lifespan as 

potential biomarkers, contributing to more targeted and effective interventions. Additionally, a 

secondary objective focused on cognitive processes, such as interpretation bias and anticipatory 

processing, in social anxiety across adults and adolescents, emphasizing the need for a comprehensive 

understanding of psychopathology. 

The first step of this research was to systematically synthesize neuroimaging evidence on neural 

changes associated with CBT in youth with anxiety disorders, as well as to identify potential neural 

predictors of treatment response (Study 1). Identifying reliable neural markers capable of predicting 

treatment outcomes is critical for the development of personalized interventions in anxiety disorders 

(Williams & Whitfield Gabrieli, 2024). Across fifteen studies published up to 27 October 2025, findings 

indicated that task-related neural activity increased from pre- to post-treatment in key regions, 

particularly the anterior cingulate cortex (ACC; 2/8, 25%) and, to a lesser extent, the insula (1/8, 12.5%), 

and were associated with symptom improvement. Furthermore, pre-treatment activity or connectivity 

within the ACC and amygdala predicted CBT outcomes in a subset of studies (3/13, 23%), while a 

smaller proportion (2/13, 15%) identified additional regions, including the insula, precuneus/cuneus, 

postcentral gyrus, and nucleus accumbens, as potential predictors. Notably, across studies and 

regardless of whether analyses focused on pre–post changes or predictive markers, the ACC, insula, 

and amygdala emerged as the most consistently reported regions. These patterns likely reflect the 

distinct functional contributions of regions involved in emotion regulation, salience processing, threat 

processing, and reward. Overall, the findings support a network-based model in which CBT response 

is shaped by interactions among these systems. Notably, the ACC emerged as the most consistently 

implicated region, in line with prior meta-analytic evidence demonstrating increased dorsal ACC 

activity in anxious youth relative to healthy controls (Ashworth et al., 2021), underscoring its central 

role in both anxiety-related neural dysfunction and treatment-related brain changes. 
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Next, an empirical study (Study 2) was conducted to examine the network structure of 

interpretation biases (hostile, threatening, and neutral) and their associations with social anxiety 

symptoms in adolescents, as well as the invariance of these networks across age and sex. The sample 

included 1.431 Romanian adolescents (M_age = 12.87, range = 10–17). Network models were 

estimated using Gaussian Graphical Models, and the edge stability and centrality indices were assessed 

via bootstrapping procedures. Our subscale-level network indicated that threatening interpretations 

showed positive associations across all social anxiety dimensions, with the strongest connection 

emerging between threatening interpretations and fear of negative evaluation. Moreover, threatening 

interpretations exhibited the highest bridge expected influence within the network. This is consistent 

with developmental evidence highlighting increased sensitivity to peer evaluation during adolescence 

(Blakemore & Mills, 2014). In contrast, hostile interpretations showed fewer and less stable associations 

with social anxiety symptoms, suggesting they may represent correlates or consequences of social 

anxiety rather than a primary underlying mechanism (Patel et al., 2026). Neutral interpretations were 

linked to social avoidance and distress, indicating that even neutral or non-threatening cues may 

possible contribute to the persistence of anxiety-related behaviors. At the same time, some neutral and 

hostile interpretations were negatively associated with social anxiety symptoms, suggesting a potential 

buffering role of benign social appraisals; however, these associations are correlational, and causality 

cannot be inferred. Finally, the network structure was largely consistent across age and sex, suggesting 

similar interpretation-bias processes and supporting shared intervention targets among adolescents. 

In the third study, we examined neural variability in SAD compared to healthy controls during 

an anticipatory public speaking task. The findings show that individuals with SAD exhibit reduced 

neural variability across multiple cortical regions, including frontal, temporal, parietal, and occipital 

areas, as well as subcortical structures such as the amygdala/hippocampus and insula, and sensorimotor 

regions, suggesting a stable and widespread alteration in neural dynamics that is not limited to a specific 

task context. At the same time, both patients and healthy controls demonstrated increased neural 

variability during speech anticipation, with no significant group differences, indicating that this context-

dependent modulation is preserved and may reflect a general neural response to socio-evaluative threat 

(Garrett et al., 2013b; Waschke et al., 2021). However, our findings indicate that neural variability was 

not significantly associated with symptom severity. Overall, these results highlight neural variability as 

a relevant measure for capturing alterations in large-scale brain dynamics, with potential utility for 

future longitudinal and treatment-focused research (Månsson et al., 2022). 

The last study investigated the role of moment-to-moment neural variability during anticipatory 

speech anxiety in relation to treatment response in social anxiety disorder. Across all analyses, no 

significant effects were observed. Pre-treatment neural variability did not predict symptom 

improvement, neural variability did not change following treatment, and changes in variability were not 

associated with symptom change. Additionally, no differences in treatment-related symptom reduction 

were found between the ABM and iCBT groups. However, the results should be interpreted cautiously 

and viewed as an initial step that opens avenues for further investigation in this domain. 

 

4.2. Implications of the Thesis 

4.2.1. Theoretical Implications 

The main theoretical contributions of this thesis emerge from Studies 1-3, each advancing 

current models of anxiety from complementary perspectives. Study 1 supports a network-based model 

of CBT response, indicating that treatment-related changes is associated with changes in distributed 

systems involved in emotion regulation and salience and threat processing, particularly the ACC, insula 

and amygdala. To our knowledge, this represents the first critical review focusing specifically on neural 

predictors and changes related to CBT in pediatric anxiety disorders diagnosed according to DSM-5 

criteria. 
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Study 2 provides an important refinement of cognitive models of social anxiety by 

demonstrating that interpretation bias is not a unitary construct, but rather a set of content-specific 

processes with different associations to symptom domains. Our findings suggest that threat-related 

interpretations are most strongly connected with social anxiety, particularly fear of negative evaluation, 

underscoring their importance in the cognitive network underlying social anxiety (Chen et al., 2020; 

Subar et al., 2022).  

Study 3 highlights neural variability as a complementary dimension of brain function that may 

not be captured by conventional mean-activation approaches. By demonstrating reduced neural 

variability in SAD alongside preserved context-related increases during socio-evaluative threat across 

cortical (e.g., frontal, temporal, parietal, and occipital), subcortical (e.g., amygdala/hippocampus and 

insula), and sensorimotor regions (e.g., supplementary motor area), these findings suggest that altered 

neural dynamics may represent a stable, disorder-related feature of the condition.  

 

4.2.2. Methodological Implications 

Several important methodological implications emerged from the second and third study 

included in this thesis. 

Study 2 has methodological relevance through the use of a network analytic framework to 

examine interpretation biases and social anxiety symptoms in a large community sample of Romanian 

adolescents. The examination of invariance across age and sex further strengthens the methodological 

contribution of this study, as it moves beyond average group differences and evaluates whether the 

broader architecture of symptom-bias associations remains stable across developmental subgroups. 

Study 3 introduced a whole-brain PLS framework to investigate moment-to-moment neural 

variability during anticipatory public speaking task. This represents a methodological contribution 

because it extends the application of neural variability metrics to a clinically relevant, ecologically 

informed socio-evaluative task in SAD. In contrast to conventional mean-based analyses, the use of 

SDBOLD as an index of neural variability captures fluctuations in ongoing neural signal amplitude and 

therefore provides complementary information about brain dynamics.  

 

4.2.3. Practical Implications 

In addition to its theoretical and methodological contributions, the present thesis also has 

several practical implications. 

First, the findings of Study 1 are relevant for the development of more targeted interventions in 

youth anxiety in the future. Identifying neural correlates associated with CBT response may contribute 

to the longer-term goal of personalizing treatment by helping distinguish which patients are more likely 

to benefit from particular therapeutic approaches.  

In Study 2, the network structure showed substantial invariance across age and sex, indicating 

that interpretation-bias mechanisms associated with social anxiety may function similarly across these 

demographic groups. This finding has practical implications, as it points to the potential for common 

intervention targets among adolescents regardless of age or sex. 

Finally, Study 4 has practical implications for biomarker development and treatment research. 

More broadly, this study highlights the need for future translational research to combine neural, 

behavioral, and clinical indicators when developing clinically useful models of treatment response. 

 

4.3. Limitations and Future Directions of Research 

While this thesis offers meaningful contributions at the theoretical, methodological, and 

practical levels, several limitations should be considered when interpreting its main findings. 

Overall, in the first study, findings remain heterogeneous, likely reflecting substantial 

methodological variability across studies. Differences in task paradigms, sample composition, with a 
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predominance of GAD, and treatment protocols limit comparability. Taken together, although 

neuroimaging markers of CBT response in youth anxiety show promise, the evidence remains 

preliminary. Future work should emphasize larger, well-characterized samples, greater methodological 

standardization, and more reliable measures (e.g., moment-to-moment neural variability) (Garrett et al., 

2011; Garrett et al., 2010b; Garrett et al., 2013b). 

In the second study, its cross-sectional, self-report design limits causal inference and may be 

influenced by shared method variance, as well as by socially desirable responses from participants. 

Future research should replicate these findings using longitudinal designs and behavioral measures. 

Future studies should assess whether our findings extend to clinical populations and different cultural 

contexts.  

In the third study, the small sample size may have reduced power to detect reliable group and 

brain-behavior effects, and the cross-sectional design limits conclusions about causality. Also, neural 

variability was assessed using SDBOLD, capturing only a single facet of brain dynamics, and the inclusion 

of medicated participants may have attenuated group differences. Future research should employ larger 

longitudinal designs, integrate complementary measures of neural dynamics, and examine links with 

behavioral, physiological and treatment-related outcomes.  

In the fourth study, key limitations include the absence of predictive validation, the short task 

duration of only two minutes, and the small sample size. In line with recent methodological 

recommendations, neuroimaging findings should be judged by their capacity to predict clinically 

meaningful outcomes in independent datasets (Scheinost et al., 2019). Accordingly, future research 

should incorporate cross-validation and out-of-sample prediction methods, explore generalizability 

across diagnostic categories, and employ longitudinal designs to strengthen the development of 

clinically relevant biomarkers. 

4.4. Summary of General Conclusions 

Based on the findings of the studies included in this thesis, and in light of the limitations 

outlined above, several overarching conclusions can be drawn. 

1. Neural markers of treatment response in pediatric anxiety appear to involve a distributed 

brain network rather than a single isolated region. Across the reviewed neuroimaging studies, pre-

treatment activity and connectivity in the anterior cingulate cortex and amygdala were associated with 

treatment prediction, while treatment-related neural changes in the anterior cingulate cortex and insula 

were linked to symptom improvement following CBT, highlighting their relevance in treatment-related 

neural processes. 

2.  The network analysis revealed that the strongest association between interpretation bias and 

social anxiety was the association between threatening interpretations and fear of negative evaluation. 

Their centrality and stable associations across symptom dimensions suggest that maladaptive 

interpretive processes may represent an important target for intervention. 

3. The cognitive network structure underlying interpretation biases showed substantial 

invariance across age and sex, indicating that these processes may function similarly across adolescent 

developmental stages and between sexes, and may represent common targets for intervention. 

4. Social anxiety disorder was associated with reduced neural variability across widespread 

cortical and subcortical regions, indicating a disorder-related feature of the condition. 

5. Neural variability did not demonstrate utility as a treatment-response biomarker in the 

investigated context. It neither predicted symptom improvement nor showed treatment-related changes, 

indicating that its clinical relevance may depend on specific task contexts, measurement approaches, or 

analytical strategies. 

 

To summarize, the findings of this thesis support the importance of integrating neural and 

cognitive approaches in understanding anxiety disorders across the lifespan. Although these findings 
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are not yet directly translatable into clinical practice, they provide an important foundation for future 

longitudinal and translational research aimed at improving personalized interventions and biomarker-

guided treatment strategies in anxiety disorders. 

 

 

 

 

 

 



 

 

42 
 

REFERENCES 

 

Abi-Dargham, A., Moeller, S. J., Ali, F., DeLorenzo, C., Domschke, K., Horga, G., Jutla, A., Kotov, R., Paulus, 

M. P., Rubio, J. M., Sanacora, G., Veenstra-VanderWeele, J., & Krystal, J. H. (2023). Candidate 

biomarkers in psychiatric disorders: state of the field. World Psychiatry: Official Journal of the World 

Psychiatric Association (WPA), 22(2), 236–262. https://doi.org/10.1002/wps.21078 

Alam, N., Ahmed, O., Naher, L., & Hiramoni, F. A. (2021). The psychometric properties of Social Anxiety Scale 

for Adolescents (SAS-A) short form-Bangla. Heliyon, 7(8), e07801. 

https://doi.org/10.1016/j.heliyon.2021.e07801 

Alfano, C. A., Beidel, D. C., & Turner, S. M. (2006). Cognitive correlates of social phobia among children and 

adolescents. Journal of Abnormal Child Psychology, 34(2), 189–201. https://doi.org/10.1007/s10802-

005-9012-9 

Alves, F., Figueiredo, D. V., & Vagos, P. (2022). The Prevalence of Adolescent Social Fears and Social Anxiety 

Disorder in School Contexts. International Journal of Environmental Research and Public Health, 

19(19), 12458. https://doi.org/10.3390/ijerph191912458 

American Psychiatric Association. Diagnostic Statistical Manual Mental Disorders: DSM-5 5th edn. (n.d.). APA 

Publish. 

Andersson, G. (2016). Internet-delivered psychological treatments. Annual Review of Clinical Psychology, 12(1), 

157–179. https://doi.org/10.1146/annurev-clinpsy-021815-093006 

Andersson, G., Carlbring, P., Furmark, T., & S. O. F. I. E. Research Group. (2012). Therapist experience and 

knowledge acquisition in internet-delivered CBT for social anxiety disorder: a randomized controlled 

trial. PloS One, 7(5), e37411. https://doi.org/10.1371/journal.pone.0037411 

Andersson, G., Carlbring, P., Holmström, A., Sparthan, E., Furmark, T., Nilsson-Ihrfelt, E., Buhrman, M., & 

Ekselius, L. (2006). Internet-based self-help with therapist feedback and in vivo group exposure for social 

phobia: a randomized controlled trial. Journal of Consulting and Clinical Psychology, 74(4), 677–686. 

https://doi.org/10.1037/0022-006X.74.4.677 

Andrews, J. L., Ahmed, S. P., & Blakemore, S.-J. (2021). Navigating the Social Environment in Adolescence: 

The Role of Social Brain Development. Biological Psychiatry, 89(2), 109–118. 

https://doi.org/10.1016/j.biopsych.2020.09.012 

Ashworth, E., Brooks, S. J., & Schiöth, H. B. (2021). Neural activation of anxiety and depression in children and 

young people: A systematic meta-analysis of fMRI studies. Psychiatry Research. Neuroimaging, 

311(111272), 111272. https://doi.org/10.1016/j.pscychresns.2021.111272 

Asselmann, E., Wittchen, H.-U., Lieb, R., & Beesdo-Baum, K. (2018). Sociodemographic, clinical, and functional 

long-term outcomes in adolescents and young adults with mental disorders. Acta Psychiatrica 

Scandinavica, 137(1), 6–17. https://doi.org/10.1111/acps.12792 

Aune, T., Nordahl, H. M., & Beidel, D. C. (2022). Social anxiety disorder in adolescents: Prevalence and subtypes 

in the Young-HUNT3 study. Journal of Anxiety Disorders, 87, 102546. 

https://doi.org/10.1016/j.janxdis.2022.102546 

Baker, S. L., Heinrichs, N., Kim, H.-J., & Hofmann, S. G. (2002). The liebowitz social anxiety scale as a self-

report instrument: a preliminary psychometric analysis. Behaviour Research and Therapy, 40(6), 701–

715. https://doi.org/10.1016/s0005-7967(01)00060-2 

Bandelow, B., & Michaelis, S. (2015). Epidemiology of anxiety disorders in the 21st century. Dialogues in 

Clinical Neuroscience, 17(3), 327–335. https://doi.org/10.31887/dcns.2015.17.3/bbandelow 

Bantin, T., Stevens, S., Gerlach, A. L., & Hermann, C. (2016). What does the facial dot-probe task tell us about 

attentional processes in social anxiety? A systematic review. Journal of Behavior Therapy and 

Experimental Psychiatry, 50, 40–51. https://doi.org/10.1016/j.jbtep.2015.04.009 

Barrett, P. M., Rapee, R. M., Dadds, M. M., & Ryan, S. M. (1996). Family enhancement of cognitive style in 

anxious and aggressive children. Journal of Abnormal Child Psychology, 24(2), 187–203. 

https://doi.org/10.1007/BF01441484 

Bas-Hoogendam, J. M., & Westenberg, P. M. (2020). Imaging the socially-anxious brain: recent advances and 

future prospects. F1000Research, 9. https://doi.org/10.12688/f1000research.21214.1 

Bell-Dolan, D. J. (1995). Social cue interpretation of anxious children. Journal of Clinical Child Psychology. 

https://doi.org/10.1207/s15374424jccp2401_1 

Bertie, L.-A., & Hudson, J. L. (2021). CBT for childhood anxiety: Reviewing the state of personalised intervention 

research. Frontiers in Psychology, 12, 722546. https://doi.org/10.3389/fpsyg.2021.722546 

Bie, F., Yan, X., Xing, J., Wang, L., Xu, Y., Wang, G., Wang, Q., Guo, J., Qiao, J., & Rao, Z. (2024). Rising 

global burden of anxiety disorders among adolescents and young adults: trends, risk factors, and the 



 

 

43 
 

impact of socioeconomic disparities and COVID-19 from 1990 to 2021. Frontiers in Psychiatry, 15, 

1489427. https://doi.org/10.3389/fpsyt.2024.1489427 

Blakemore, S.-J., & Mills, K. L. (2014). Is adolescence a sensitive period for sociocultural processing? Annual 

Review of Psychology, 65(1), 187–207. https://doi.org/10.1146/annurev-psych-010213-115202 

Blöte, A. W., Miers, A. C., Heyne, D. A., Clark, D. M., & Westenberg, P. M. (2014). The relation between social 

anxiety and audience perception: examining Clark and Wells’ (1995) model among adolescents. 

Behavioural and Cognitive Psychotherapy, 42(5), 555–567. 

https://doi.org/10.1017/S1352465813000271 

Blöte, A. W., Miers, A. C., Van den Bos, E., & Westenberg, P. M. (2019). Negative social self-cognitions: How 

shyness may lead to social anxiety. Journal of Applied Developmental Psychology, 63, 9–15. 

https://doi.org/10.1016/j.appdev.2019.05.003 

Borsboom, D. (2017). A network theory of mental disorders. World Psychiatry: Official Journal of the World 

Psychiatric Association (WPA), 16(1), 5–13. https://doi.org/10.1002/wps.20375 

Borsboom, D., & Cramer, A. O. J. (2013). Network analysis: an integrative approach to the structure of 

psychopathology. Annual Review of Clinical Psychology, 9, 91–121. https://doi.org/10.1146/annurev-

clinpsy-050212-185608 

Burkhouse, K., Jimmy, J., Defelice, N., Klumpp, H., Ajilore, O., Fitzgerald, K., Monk, C., & Luan Phan, K. 

(2020). Nucleus accumbens volume as a predictor of anxiety symptom improvement following CBT and 

SSRI treatment in two independent samples. Biological Psychiatry, 87(9), S16. 

https://doi.org/10.1016/j.biopsych.2020.02.068 

Burkhouse, K. L., Kujawa, A., Hosseini, B., Klumpp, H., Fitzgerald, K. D., Langenecker, S. A., Monk, C. S., & 

Phan, K. L. (2018). Anterior cingulate activation to implicit threat before and after treatment for pediatric 

anxiety disorders. Progress in Neuro-Psychopharmacology and Biological Psychiatry, 84, 250–256. 

https://doi.org/10.1016/j.pnpbp.2018.03.013 

Burkhouse, K. L., Kujawa, A., Klumpp, H., Fitzgerald, K. D., Monk, C. S., & Phan, K. L. (2017). Neural correlates 

of explicit and implicit emotion processing in relation to treatment response in pediatric anxiety. Journal 

of Child Psychology and Psychiatry, and Allied Disciplines, 58(5), 546–554. 

https://doi.org/10.1111/jcpp.12658 

Byrne, M. E., Haller, S. P., Linke, J. O., Lewis, K. M., Berman, E. D., Henry, L. M., Pagliaccio, D., Quezada, D., 

Meyer, M., Abend, R., Kircanski, K., Silverman, W. K., Lazarov, A., Bar-Haim, Y., Brotman, M. A., & 

Pine, D. S. (2025). Gamified Attention Bias Modification Training to augment cognitive-behavioral 

therapy for youth anxiety disorders: A randomized controlled trial. Journal of the American Academy of 

Child and Adolescent Psychiatry. https://doi.org/10.1016/j.jaac.2025.08.010 

Cartwright-Hatton, S., McNally, D., Field, A. P., Rust, S., Laskey, B., Dixon, C., Gallagher, B., Harrington, R., 

Miller, C., Pemberton, K., Symes, W., White, C., & Woodham, A. (2011). A new parenting-based group 

intervention for young anxious children: results of a randomized controlled trial. Journal of the American 

Academy of Child and Adolescent Psychiatry, 50(3), 242-251.e6. 

https://doi.org/10.1016/j.jaac.2010.12.015 

CDC. (2026, February 26). Centers for disease control and prevention. https://www.cdc.gov/index.html 

Chen, J., Short, M., & Kemps, E. (2020). Interpretation bias in social anxiety: A systematic review and meta-

analysis. Journal of Affective Disorders, 276, 1119–1130. https://doi.org/10.1016/j.jad.2020.07.121 

Chen, S., Huang, W., Zhang, M., Song, Y., Zhao, C., Sun, H., Wang, Y., Wang, J., Sun, Y., Zhou, L., Zhu, Y., 

Wang, H., Xu, Z., Bai, Y., & Chang, C. (2025). Dynamic changes and future trend predictions of the 

global burden of anxiety disorders: analysis of 204 countries and regions from 1990 to 2021 and the 

impact of the COVID-19 pandemic. EClinicalMedicine, 79(103014), 103014. 

https://doi.org/10.1016/j.eclinm.2024.103014 

Cheng, T. W., Mills, K. L., & Pfeifer, J. H. (2024). Revisiting adolescence as a sensitive period for sociocultural 

processing. Neuroscience and Biobehavioral Reviews, 164, 105820. 

https://doi.org/10.1016/j.neubiorev.2024.105820 

Chorpita, B. F., Albano, A. M., & Barlow, D. H. (1998). The structure of negative emotions in a clinical sample 

of children and adolescents. Journal of Abnormal Psychology, 107(1), 74–85. 

https://doi.org/10.1037//0021-843x.107.1.74 

Clark, D. M., & McManus, F. (2002). Information processing in social phobia. Biological Psychiatry, 51(1), 92–

100. https://doi.org/10.1016/s0006-3223(01)01296-3 

Clark, D. M., & Wells, A. (1995). A cognitive model of social phobia. In Social phobia: Diagnosis, assessment, 

and treatment (pp. 69–93). The Guilford Press. 

Context of use. (2026, January 21). U.S. Food and Drug Administration; FDA. 

https://www.fda.gov/drugs/biomarker-qualification-program/context-use 

Cuijpers, P., Berking, M., Andersson, G., Quigley, L., Kleiboer, A., & Dobson, K. S. (2013). A meta-analysis of 

cognitive-behavioural therapy for adult depression, alone and in comparison with other treatments. 



 

 

44 
 

Canadian Journal of Psychiatry. Revue Canadienne de Psychiatrie, 58(7), 376–385. 

https://doi.org/10.1177/070674371305800702 

Currie, C., Alemán Díaz, A. Y., Bosáková, L., & de Looze, M. (2024). The international Family Affluence Scale 

(FAS): Charting 25 years of indicator development, evidence produced, and policy impact on adolescent 

health inequalities. SSM - Population Health, 25(101599), 101599. 

https://doi.org/10.1016/j.ssmph.2023.101599 

Cuthbert, B., Ajilore, O., Alpert, J. E., Clarke, D. E., Compton, W. M., Drexler, K., Fung, K. P., Gogtay, N., Kas, 

M. J. H., Kumar, A., Malaspina, D., O’Keefe, V. M., Öngür, D., Tamminga, C., Wainberg, M. L., 

Yonkers, K. A., Yousif, L., Abi-Dargham, A., & Oquendo, M. A. (2026). The future of DSM: Role of 

candidate biomarkers and biological factors. The American Journal of Psychiatry, appi.ajp.20250877, 

appiajp20250877. https://doi.org/10.1176/appi.ajp.20250877 

Dahl, R. E., Allen, N. B., Wilbrecht, L., & Suleiman, A. B. (2018). Importance of investing in adolescence from 

a developmental science perspective. Nature, 554(7693), 441–450. https://doi.org/10.1038/nature25770 

Dapprich, A. L., Derks, L. M., Holtmann, M., Lange, W.-G., Legenbauer, T., & Becker, E. S. (2024). Hostile and 

threatening interpretation biases in adolescent inpatients are specific to callous-unemotional traits and 

social anxiety. European Child & Adolescent Psychiatry, 33(4), 1143–1150. 

https://doi.org/10.1007/s00787-023-02227-3 

Dapprich, A. L., Lange, W.-G., Cima, M., & Becker, E. S. (2022). A Validation of an Ambiguous Social Scenario 

Task for Socially Anxious and Socially Callous Interpretations. Cognitive Therapy and Research, 46(3), 

608–619. https://doi.org/10.1007/s10608-021-10283-9 

Davies, C. D., Young, K., Torre, J. B., Burklund, L. J., Goldin, P. R., Brown, L. A., Niles, A. N., Lieberman, M. 

D., & Craske, M. G. (2017). Altered time course of amygdala activation during speech anticipation in 

social anxiety disorder. Journal of Affective Disorders, 209, 23–29. 

https://doi.org/10.1016/j.jad.2016.11.014 

de Ron, J., Robinaugh, D. J., Fried, E. I., Pedrelli, P., Jain, F. A., Mischoulon, D., & Epskamp, S. (2022). 

Quantifying and addressing the impact of measurement error in network models. Behaviour Research 

and Therapy, 157(104163), 104163. https://doi.org/10.1016/j.brat.2022.104163 

Dickson, S. J., Kuhnert, R.-L., Lavell, C. H., & Rapee, R. M. (2022). Impact of psychotherapy for children and 

adolescents with anxiety disorders on global and domain-specific functioning: A systematic review and 

meta-analysis. Clinical Child and Family Psychology Review, 25(4), 720–736. 

https://doi.org/10.1007/s10567-022-00402-7 

Doehrmann, O., Ghosh, S. S., Polli, F. E., Reynolds, G. O., Horn, F., Keshavan, A., Triantafyllou, C., Saygin, Z. 

M., Whitfield-Gabrieli, S., Hofmann, S. G., Pollack, M., & Gabrieli, J. D. (2013). Predicting treatment 

response in social anxiety disorder from functional magnetic resonance imaging. JAMA Psychiatry 

(Chicago, Ill.), 70(1), 87–97. https://doi.org/10.1001/2013.jamapsychiatry.5 

Drzewiecki, C. M., & Fox, A. S. (2024). Understanding the heterogeneity of anxiety using a translational 

neuroscience approach. Cognitive, Affective & Behavioral Neuroscience, 24(2), 228–245. 

https://doi.org/10.3758/s13415-024-01162-3 

Elliott, M. L., Knodt, A. R., Ireland, D., Morris, M. L., Poulton, R., Ramrakha, S., Sison, M. L., Moffitt, T. E., 

Caspi, A., & Hariri, A. R. (2020). What is the test-retest reliability of common task-functional MRI 

measures? New empirical evidence and a meta-analysis. Psychological Science, 31(7), 792–806. 

https://doi.org/10.1177/0956797620916786 

Epskamp, S., Waldorp, L. J., Mõttus, R., & Borsboom, D. (2018). The Gaussian Graphical Model in Cross-

Sectional and Time-Series Data. Multivariate Behavioral Research, 53(4), 453–480. 

https://doi.org/10.1080/00273171.2018.1454823 

Erath, S. A., Flanagan, K. S., & Bierman, K. L. (2007). Social anxiety and peer relations in early adolescence: 

behavioral and cognitive factors. Journal of Abnormal Child Psychology, 35(3), 405–416. 

https://doi.org/10.1007/s10802-007-9099-2 

FDA-NIH Biomarker Working Group. (2016). BEST (Biomarkers, EndpointS, and other Tools) Resource. 

National Institutes of Health (US). https://www.ncbi.nlm.nih.gov/pubmed/27010052 

Feng, W., Zhang, M.-Y., Bu, Y.-B., & Wang, C.-L. (2025). Fear of negative evaluation mediates and core self-

evaluation moderates the relationship between social comparison orientation and social network 

addiction. Scientific Reports, 15(1), 41417. https://doi.org/10.1038/s41598-025-25327-3 

Findling, C., Romand-Monnier, M., Skvortsova, V., & Koechlin, E. (2025). Neural variability in the medial 

prefrontal cortex contributes to efficient adaptive behavior. Nature Communications, 16(1), 11356. 

https://doi.org/10.1038/s41467-025-66444-x 

First, M. B., & Gibbon, M. (2004). The Structured Clinical Interview for DSM-IV axis I Disorders (SCID-I) and 

the Structured Clinical Interview for DSM-IV axis II Disorders (SCID-II). In M. J. Hilsenroth (Ed.), 

Comprehensive handbook of psychological assessment, Vol (Vol. 2, pp. 134–143). John Wiley & Sons, 

Inc., xvi. https://psycnet.apa.org/fulltext/2004-12821-011.pdf 



 

 

45 
 

Fox, E., Russo, R., & Dutton, K. (2002). Attentional bias for threat: Evidence for delayed disengagement from 

emotional faces. Cognition & Emotion, 16(3), 355–379. https://doi.org/10.1080/02699930143000527 

Fried, E. I., & Cramer, A. O. J. (2017). Moving Forward: Challenges and Directions for Psychopathological 

Network Theory and Methodology. Perspectives on Psychological Science, 12(6), 999–1020. 

https://doi.org/10.1177/1745691617705892 

Gabrieli, J. D. E., Ghosh, S. S., & Whitfield-Gabrieli, S. (2015). Prediction as a humanitarian and pragmatic 

contribution from human cognitive neuroscience. Neuron, 85(1), 11–26. 

https://doi.org/10.1016/j.neuron.2014.10.047 

Garrett, D. D., Kovacevic, N., McIntosh, A. R., & Grady, C. L. (2010b). Blood oxygen level-dependent signal 

variability is more than just noise. The Journal of Neuroscience: The Official Journal of the Society for 

Neuroscience, 30(14), 4914–4921. https://doi.org/10.1523/JNEUROSCI.5166-09.2010 

Garrett, D. D., Kovacevic, N., McIntosh, A. R., & Grady, C. L. (2011). The importance of being variable. The 

Journal of Neuroscience: The Official Journal of the Society for Neuroscience , 31(12), 4496–4503. 

https://doi.org/10.1523/JNEUROSCI.5641-10.2011 

Garrett, D. D., Kovacevic, N., McIntosh, A. R., & Grady, C. L. (2013a). The modulation of BOLD variability 

between cognitive states varies by age and processing speed. Cerebral Cortex (New York, N.Y.: 1991), 

23(3), 684–693. https://doi.org/10.1093/cercor/bhs055 

Garrett, D. D., Samanez-Larkin, G. R., MacDonald, S. W. S., Lindenberger, U., McIntosh, A. R., & Grady, C. L. 

(2013b). Moment-to-moment brain signal variability: a next frontier in human brain mapping? 

Neuroscience and Biobehavioral Reviews, 37(4), 610–624. 

https://doi.org/10.1016/j.neubiorev.2013.02.015 

GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. (2018). Global, regional, and national 

incidence, prevalence, and years lived with disability for 354 diseases and injuries for 195 countries and 

territories, 1990-2017: a systematic analysis for the Global Burden of Disease Study 2017. Lancet, 

392(10159), 1789–1858. https://doi.org/10.1016/S0140-6736(18)32279-7 

Gilbert, P. (2001). Evolution and social anxiety. The role of attraction, social competition, and social hierarchies. 

The Psychiatric Clinics of North America, 24(4), 723–751. https://doi.org/10.1016/s0193-

953x(05)70260-4 

Ginsburg, G. S., Kendall, P. C., Sakolsky, D., Compton, S. N., Piacentini, J., Albano, A. M., Walkup, J. T., 

Sherrill, J., Coffey, K. A., Rynn, M. A., Keeton, C. P., McCracken, J. T., Bergman, L., Iyengar, S., 

Birmaher, B., & March, J. (2011). Remission after acute treatment in children and adolescents with 

anxiety disorders: findings from the CAMS. Journal of Consulting and Clinical Psychology, 79(6), 806–

813. https://doi.org/10.1037/a0025933 

Global Accelerated Action for the Health of Adolescents (AA-HA!) - Second edition. (n.d.). [Video]. Retrieved 

August 26, 2025, from https://www.who.int/publications/i/item/9789240081765 

Glover, G. H. (2011). Overview of functional magnetic resonance imaging. Neurosurgery Clinics of North 

America, 22(2), 133–139, vii. https://doi.org/10.1016/j.nec.2010.11.001 

Gold, A. L., Steuber, E. R., White, L. K., Pacheco, J., Sachs, J. F., Pagliaccio, D., Berman, E., Leibenluft, E., & 

Pine, D. S. (2017). Cortical thickness and subcortical gray matter volume in pediatric anxiety disorders. 

Neuropsychopharmacology: Official Publication of the American College of 

Neuropsychopharmacology, 42(12), 2423–2433. https://doi.org/10.1038/npp.2017.83 

Granic, I. (2014). The role of anxiety in the development, maintenance, and treatment of childhood aggression. 

Development and Psychopathology, 26(4 Pt 2), 1515–1530. 

https://doi.org/10.1017/S0954579414001175 

Gunter, R. W., & Whittal, M. L. (2010). Dissemination of cognitive-behavioral treatments for anxiety disorders: 

Overcoming barriers and improving patient access. Clinical Psychology Review, 30(2), 194–202. 

https://doi.org/10.1016/j.cpr.2009.11.001 

Hall, M., Luo, A., Bhullar, N., Moses, K., & Wootton, B. M. (2025). Cognitive behaviour therapy for social 

anxiety disorder: a systematic review and meta-analysis investigating different treatment formats. 

Australian Psychologist, 60(1), 1–14. https://doi.org/10.1080/00050067.2024.2356804 

Halldorsson, B., Castelijn, S., & Creswell, C. (2019). Are children with social anxiety disorder more likely than 

children with other anxiety disorders to anticipate poor social performance and reflect negatively on their 

performance? Journal of Affective Disorders, 245, 561–568. https://doi.org/10.1016/j.jad.2018.11.021 

Halldorsson, B., & Creswell, C. (2017). Social anxiety in pre-adolescent children: What do we know about 

maintenance? Behaviour Research and Therapy, 99, 19–36. https://doi.org/10.1016/j.brat.2017.08.013 

Haller, S. P., Linke, J. O., Grassie, H. L., Jones, E. L., Pagliaccio, D., Harrewijn, A., White, L. K., Naim, R., 

Abend, R., Mallidi, A., Berman, E., Lewis, K. M., Kircanski, K., Fox, N. A., Silverman, W. K., Kalin, 

N. H., Bar-Haim, Y., & Brotman, M. A. (2024). Normalization of fronto-parietal activation by cognitive-

behavioral therapy in unmedicated pediatric patients with anxiety disorders. The American Journal of 

Psychiatry, 181(3), 201–212. https://doi.org/10.1176/appi.ajp.20220449 



 

 

46 
 

Haller, S. P. W., Raeder, S. M., Scerif, G., Cohen Kadosh, K., & Lau, J. Y. F. (2016). Measuring online 

interpretations and attributions of social situations: Links with adolescent social anxiety. Journal of 

Behavior Therapy and Experimental Psychiatry, 50, 250–256. 

https://doi.org/10.1016/j.jbtep.2015.09.009 

Heimberg, R. G., Brozovich, F. A., & Rapee, R. M. (2014). A cognitive-behavioral model of social anxiety 

disorder. In Social Anxiety (pp. 705–728). Elsevier. https://doi.org/10.1016/b978-0-12-394427-6.00024-

8 

Henricks, L. A., Lange, W.-G., Luijten, M., van den Berg, Y. H. M., Stoltz, S. E. M. J., Cillessen, A. H. N., & 

Becker, E. S. (2023). The longitudinal link between popularity, likeability, fear of negative evaluation 

and social avoidance across adolescence. Journal of Research on Adolescence, 33(3), 720–734. 

https://doi.org/10.1111/jora.12833 

Higa-McMillan, C. K., Francis, S. E., Rith-Najarian, L., & Chorpita, B. F. (2016). Evidence base update: 50 years 

of research on treatment for child and adolescent anxiety. Journal of Clinical Child and Adolescent 

Psychology: The Official Journal for the Society of Clinical Child and Adolescent Psychology, American 

Psychological Association, Division 53, 45(2), 91–113. https://doi.org/10.1080/15374416.2015.1046177 

Higgins, A., Doyle, L., Morrissey, J., Downes, C., Gill, A., & Bailey, S. (2016). Documentary analysis of risk-

assessment and safety-planning policies and tools in a mental health context. International Journal of 

Mental Health Nursing, 25(4), 385–395. https://doi.org/10.1111/inm.12186 

Hofmann, S. G. (2007). Cognitive factors that maintain social anxiety disorder: a comprehensive model and its 

treatment implications. Cognitive Behaviour Therapy, 36(4), 193–209. 

https://doi.org/10.1080/16506070701421313 

Insel, T. R. (2014). The NIMH Research Domain Criteria (RDoC) Project: precision medicine for psychiatry. The 

American Journal of Psychiatry, 171(4), 395–397. https://doi.org/10.1176/appi.ajp.2014.14020138 

Isvoranu, A. M., Epskamp, S., Waldorp, L., & Borsboom, D. (2022). Network Psychometrics with R: A Guide for 

Behavioral and Social Scientists. London: Routledge. 

James, A. C., Reardon, T., Soler, A., James, G., & Creswell, C. (2020). Cognitive behavioural therapy for anxiety 

disorders in children and adolescents. Cochrane Database of Systematic Reviews, 11(11), CD013162. 

https://doi.org/10.1002/14651858.CD013162.pub2 

Jefferies, P., & Ungar, M. (2020). Social anxiety in young people: A prevalence study in seven countries. PloS 

One, 15(9), e0239133. https://doi.org/10.1371/journal.pone.0239133 

Jones, P. J., Ma, R., & McNally, R. J. (2021). Bridge Centrality: A Network Approach to Understanding 

Comorbidity. Multivariate Behavioral Research, 56(2), 353–367. 

https://doi.org/10.1080/00273171.2019.1614898 

Kalia, M., & Costa E Silva, J. (2015). Biomarkers of psychiatric diseases: current status and future prospects. 

Metabolism: Clinical and Experimental, 64(3 Suppl 1), S11-5. 

https://doi.org/10.1016/j.metabol.2014.10.026 

Kendall, P. C., & Hedtke, K. (2006). Coping Cat Workbook. Workbook Publishing. 

Kley, H., Tuschen-Caffier, B., & Heinrichs, N. (2011). Manipulating self-focused attention in children with social 

anxiety disorder and in socially anxious and non-anxious children. Journal of Experimental 

Psychopathology, 2(4), 551–570. https://doi.org/10.5127/jep.014511 

Knappe, S., Beesdo, K., Fehm, L., Höfler, M., Lieb, R., & Wittchen, H.-U. (2009a). Do parental psychopathology 

and unfavorable family environment predict the persistence of social phobia? Journal of Anxiety 

Disorders, 23(7), 986–994. https://doi.org/10.1016/j.janxdis.2009.06.010 

Knappe, S., Sasagawa, S., & Creswell, C. (2015). Developmental Epidemiology of Social Anxiety and Social 

Phobia in Adolescents. In K. Ranta, A. M. La Greca, L.-J. Garcia-Lopez, & M. Marttunen (Eds.), Social 

Anxiety and Phobia in Adolescents: Development, Manifestation and Intervention Strategies  (pp. 39–

70). Springer International Publishing. https://doi.org/10.1007/978-3-319-16703-9_3 

Kowalchuk, A., Gonzalez, S. J., & Zoorob, R. J. (2022). Anxiety disorders in children and adolescents. American 

Family Physician, 106(6), 657–664. https://www.ncbi.nlm.nih.gov/pubmed/36521463 

Kragel, P. A., Han, X., Kraynak, T. E., Gianaros, P. J., & Wager, T. D., Ph. D. (2020). fMRI can be highly reliable, 

but it depends on what you measure. In PsyArXiv. https://doi.org/10.31234/osf.io/9eaxk 

Kujawa, A., Swain, J. E., Hanna, G. L., Koschmann, E., Simpson, D., Connolly, S., Fitzgerald, K. D., Monk, C. 

S., & Phan, K. L. (2016). Prefrontal reactivity to social signals of threat as a predictor of treatment 

response in anxious youth. Neuropsychopharmacology: Official Publication of the American College of 

Neuropsychopharmacology, 41(8), 1983–1990. https://doi.org/10.1038/npp.2015.368 

Lau, N., Zhou, A. M., Yuan, A., Parigoris, R., Rosenberg, A. R., & Weisz, J. R. (2023). Social skills deficits and 

self-appraisal biases in children with social anxiety disorder. Journal of Child and Family Studies, 32(9), 

2889–2900. https://doi.org/10.1007/s10826-021-02194-w 

Leigh, E., & Clark, D. M. (2018). Understanding social anxiety disorder in adolescents and improving treatment 

outcomes: Applying the cognitive model of Clark and Wells (1995). Clinical Child and Family 



 

 

47 
 

Psychology Review, 21(3), 388–414. https://doi.org/10.1007/s10567-018-0258-5 

Leigh, E., Percy, R., Clark, D. M., Creswell, C., & Waite, P. (2023). Cognitive and behavioural processes in 

adolescents with social anxiety disorder. Behaviour Research and Therapy, 170(104416), 104416. 

https://doi.org/10.1016/j.brat.2023.104416 

Lenz, A. S. (2015). Meta-analysis of the coping cat program for decreasing severity of anxiety symptoms among 

children and adolescents. Journal of Child and Adolescent Counseling, 1(2), 51–65. 

https://doi.org/10.1080/23727810.2015.1079116 

Linke, J. O., Naim, R., Haller, S. P., Khosravi, P., Scheinberg, B., Byrne, M. E., Harrewijn, A., Leibenluft, E., 

Brotman, M. A., Winkler, A. M., & Pine, D. S. (2025). Reduced threat-related neural efficiency: A 

possible biomarker for pediatric anxiety disorders. The American Journal of Psychiatry, 

appi.ajp.20241043, appiajp20241043. https://doi.org/10.1176/appi.ajp.20241043 

Lisboa, J. R. F., Souza, J. D. R., Gomes, F. V., Guimarães, F. S., & Crippa, J. A. S. (2023). Biomarkers in anxiety 

disorders. In Biomarkers in Neuropsychiatry (pp. 233–265). Springer International Publishing. 

https://doi.org/10.1007/978-3-031-43356-6_15 

Little, R. J. A. (1988). A Test of Missing Completely at Random for Multivariate Data with Missing Values. 

Journal of the American Statistical Association, 83(404), 1198–1202. https://doi.org/10.2307/2290157 

Liu, W., Zhou, B., Li, G., & Luo, X. (2024). Enhanced diagnostics for generalized anxiety disorder: leveraging 

differential channel and functional connectivity features based on frontal EEG signals. Scientific Reports, 

14(1), 22789. https://doi.org/10.1038/s41598-024-73615-1 

Liu, X., Jiao, G., Zhou, F., Kendrick, K. M., Yao, D., Gong, Q., Xiang, S., Jia, T., Zhang, X.-Y., Zhang, J., Feng, 

J., & Becker, B. (2024). A neural signature for the subjective experience of threat anticipation under 

uncertainty. Nature Communications, 15(1), 1544. https://doi.org/10.1038/s41467-024-45433-6 

Loerinc, A. G., Meuret, A. E., Twohig, M. P., Rosenfield, D., Bluett, E. J., & Craske, M. G. (2015). Response 

rates for CBT for anxiety disorders: Need for standardized criteria. Clinical Psychology Review, 42, 72–

82. https://doi.org/10.1016/j.cpr.2015.08.004 

Loscalzo, Y., Giannini, M., & Miers, A. C. (2018). Social anxiety and interpretation bias: examining clinical and 

subclinical components in adolescents. Child and Adolescent Mental Health, 23(3), 169–176. 

https://doi.org/10.1111/camh.12221 

Lueken, U., & Hahn, T. (2016). Functional neuroimaging of psychotherapeutic processes in anxiety and 

depression: from mechanisms to predictions. Current Opinion in Psychiatry, 29(1), 25–31. 

https://doi.org/10.1097/YCO.0000000000000218 

Lueken, U., Zierhut, K. C., Hahn, T., Straube, B., Kircher, T., Reif, A., Richter, J., Hamm, A., Wittchen, H.-U., 

& Domschke, K. (2016). Neurobiological markers predicting treatment response in anxiety disorders: A 

systematic review and implications for clinical application. Neuroscience and Biobehavioral Reviews, 

66, 143–162. https://doi.org/10.1016/j.neubiorev.2016.04.005 

Månsson, K. N. T., Frick, A., Boraxbekk, C.-J., Marquand, A. F., Williams, S. C. R., Carlbring, P., Andersson, 

G., & Furmark, T. (2015). Predicting long-term outcome of Internet-delivered cognitive behavior therapy 

for social anxiety disorder using fMRI and support vector machine learning. Translational Psychiatry, 

5(3), e530. https://doi.org/10.1038/tp.2015.22 

Månsson, K. N. T., Salami, A., Frick, A., Carlbring, P., Andersson, G., Furmark, T., & Boraxbekk, C.-J. (2016). 

Neuroplasticity in response to cognitive behavior therapy for social anxiety disorder. Translational 

Psychiatry, 6(2), e727. https://doi.org/10.1038/tp.2015.218 

Månsson, Kristoffer N. T., Carlbring, P., Frick, A., Engman, J., Olsson, C.-J., Bodlund, O., Furmark, T., & 

Andersson, G. (2013). Altered neural correlates of affective processing after internet-delivered cognitive 

behavior therapy for social anxiety disorder. Psychiatry Research, 214(3), 229–237. 

https://doi.org/10.1016/j.pscychresns.2013.08.012 

Månsson, Kristoffer N. T., Waschke, L., Manzouri, A., Furmark, T., Fischer, H., & Garrett, D. D. (2022). Moment-

to-moment brain signal variability reliably predicts psychiatric treatment outcome. Biological 

Psychiatry, 91(7), 658–666. https://doi.org/10.1016/j.biopsych.2021.09.026 

Martinelli, A., Ackermann, K., Bernhard, A., Freitag, C. M., & Schwenck, C. (2018). Hostile attribution bias and 

aggression in children and adolescents: A systematic literature review on the influence of aggression 

subtype and gender. Aggression and Violent Behavior, 39, 25–32. 

https://doi.org/10.1016/j.avb.2018.01.005 

Martinelli, C., & Shergill, S. S. (2015). Everything you wanted to know about neuroimaging and psychiatry, but 

were afraid to ask. BJPsych Advances, 21(4), 251–260. https://doi.org/10.1192/apt.bp.114.013763 

Maslowsky, J., Mogg, K., Bradley, B. P., McClure-Tone, E., Ernst, M., Pine, D. S., & Monk, C. S. (2010). A 

preliminary investigation of neural correlates of treatment in adolescents with generalized anxiety 

disorder. Journal of Child and Adolescent Psychopharmacology, 20(2), 105–111. 

https://doi.org/10.1089/cap.2009.0049 

McClure, E. B., Adler, A., Monk, C. S., Cameron, J., Smith, S., Nelson, E. E., Leibenluft, E., Ernst, M., & Pine, 



 

 

48 
 

D. S. (2007). fMRI predictors of treatment outcome in pediatric anxiety disorders. Psychopharmacology, 

191(1), 97–105. https://doi.org/10.1007/s00213-006-0542-9 

McIntosh, Anthony Randal, & Lobaugh, N. J. (2004). Partial least squares analysis of neuroimaging data: 

applications and advances. NeuroImage, 23 Suppl 1, S250-63. 

https://doi.org/10.1016/j.neuroimage.2004.07.020 

Mens, J., Masthoff, E., Bogaerts, S., & Heus, P. (2025). Using physiological biomarkers in forensic psychiatry: a 

scoping review. Frontiers in Psychiatry, 16, 1580615. https://doi.org/10.3389/fpsyt.2025.1580615 

Miers, Anne C., Blöte, A. W., Bögels, S. M., & Westenberg, P. M. (2008). Interpretation bias and social anxiety 

in adolescents. Journal of Anxiety Disorders, 22(8), 1462–1471. 

https://doi.org/10.1016/j.janxdis.2008.02.010 

Mihalik, A., Chapman, J., Adams, R. A., Winter, N. R., Ferreira, F. S., Shawe-Taylor, J., Mourão-Miranda, J., & 

Alzheimer’s Disease Neuroimaging Initiative. (2022). Canonical correlation analysis and partial least 

squares for identifying brain-behavior associations: A tutorial and a comparative study. Biological 

Psychiatry: Cognitive Neuroscience and Neuroimaging, 7(11), 1055–1067. 

https://doi.org/10.1016/j.bpsc.2022.07.012 

Miskovic, V., & Schmidt, L. A. (2012). Social fearfulness in the human brain. Neuroscience and Biobehavioral 

Reviews, 36(1), 459–478. https://doi.org/10.1016/j.neubiorev.2011.08.002 

Mizzi, S., Pedersen, M., Rossell, S. L., Rendell, P., Terrett, G., Heinrichs, M., & Labuschagne, I. (2024). Resting-

state amygdala subregion and precuneus connectivity provide evidence for a dimensional approach to 

studying social anxiety disorder. Translational Psychiatry, 14(1), 147. https://doi.org/10.1038/s41398-

024-02844-9 

Mohr, D. C., Ho, J., Duffecy, J., Baron, K. G., Lehman, K. A., Jin, L., & Reifler, D. (2010). Perceived barriers to 

psychological treatments and their relationship to depression. Journal of Clinical Psychology, 66(4), 

394–409. https://doi.org/10.1002/jclp.20659 

Morrison, A. S., Brozovich, F. A., Lee, I. A., Jazaieri, H., Goldin, P. R., Heimberg, R. G., & Gross, J. J. (2016). 

Anxiety trajectories in response to a speech task in social anxiety disorder: Evidence from a randomized 

controlled trial of CBT. Journal of Anxiety Disorders, 38, 21–30. 

https://doi.org/10.1016/j.janxdis.2015.12.006 

Mörtberg, E., Jansson Fröjmark, M., Van Zalk, N., & Tillfors, M. (2022). A longitudinal study of prevalence and 

predictors of incidence and persistence of sub-diagnostic social anxiety among Swedish adolescents. 

Nordic Psychology, 74(3), 152–170. https://doi.org/10.1080/19012276.2021.1943498 

Mulinari, S. (2024). Aligning digital biomarker definitions in psychiatry with the National Institute of Mental 

Health Research Domain Criteria framework. NPP - Digital Psychiatry and Neuroscience, 2(1), 15. 

https://doi.org/10.1038/s44277-024-00017-6 

Nelemans, S. A., Meeus, W. H. J., Branje, S. J. T., Van Leeuwen, K., Colpin, H., Verschueren, K., & Goossens, 

L. (2019). Social Anxiety Scale for Adolescents (SAS-A) Short Form: Longitudinal Measurement 

Invariance in Two Community Samples of Youth. Assessment, 26(2), 235–248. 

https://doi.org/10.1177/1073191116685808 

Niculescu, A. B., Levey, D., Le-Niculescu, H., Niculescu, E., Kurian, S. M., & Salomon, D. (2015). Psychiatric 

blood biomarkers: avoiding jumping to premature negative or positive conclusions. Molecular 

Psychiatry, 20(3), 286–288. https://doi.org/10.1038/mp.2014.180 

Niculescu, Alexander B., & Le-Niculescu, H. (2022). Precision medicine in psychiatry: biomarkers to the 

forefront. Neuropsychopharmacology: Official Publication of the American College of 

Neuropsychopharmacology, 47(1), 422–423. https://doi.org/10.1038/s41386-021-01183-3 

Noble, S., Scheinost, D., & Constable, R. T. (2019). A decade of test-retest reliability of functional connectivity: 

A systematic review and meta-analysis. NeuroImage, 203(116157), 116157. 

https://doi.org/10.1016/j.neuroimage.2019.116157 

Nomi, J. S., Bolt, T. S., Ezie, C. E. C., Uddin, L. Q., & Heller, A. S. (2017). Moment-to-moment BOLD signal 

variability reflects regional changes in neural flexibility across the lifespan. The Journal of Neuroscience: 

The Official Journal of the Society for Neuroscience, 37(22), 5539–5548. 

https://doi.org/10.1523/JNEUROSCI.3408-16.2017 

Nosari, G., Delvecchio, G., Diwadkar, V. A., & Brambilla, P. (2024). Brain imaging in psychiatry. In Tasman’s 

Psychiatry (pp. 1285–1316). Springer International Publishing. https://doi.org/10.1007/978-3-030-

51366-5_115 

Öst, L.-G., Enebrink, P., Finnes, A., Ghaderi, A., Havnen, A., Kvale, G., Salomonsson, S., & Wergeland, G. J. 

(2023). Cognitive behavior therapy for adult anxiety disorders in routine clinical care: A systematic 

review and meta-analysis. Clinical Psychology, 30(3), 272–290. https://doi.org/10.1037/cps0000144 

Penninx, B. W., Pine, D. S., Holmes, E. A., & Reif, A. (2021). Anxiety disorders. Lancet, 397(10277), 914–927. 

https://doi.org/10.1016/S0140-6736(21)00359-7 

Pine, D. S., Helfinstein, S. M., Bar-Haim, Y., Nelson, E., & Fox, N. A. (2009). Challenges in developing novel 



 

 

49 
 

treatments for childhood disorders: lessons from research on anxiety. Neuropsychopharmacology: 

Official Publication of the American College of Neuropsychopharmacology, 34(1), 213–228. 

https://doi.org/10.1038/npp.2008.113 

Polanczyk, G. V., Salum, G. A., Sugaya, L. S., Caye, A., & Rohde, L. A. (2015). Annual research review: A meta-

analysis of the worldwide prevalence of mental disorders in children and adolescents. Journal of Child 

Psychology and Psychiatry, and Allied Disciplines, 56(3), 345–365. https://doi.org/10.1111/jcpp.12381 

Posit. (n.d.). [Video]. Retrieved September 14, 2025, from https://www.posit.co/ 

Rai, S., Graff, K., Tansey, R., & Bray, S. (2024). How do tasks impact the reliability of fMRI functional 

connectivity? Human Brain Mapping, 45(3), e26535. https://doi.org/10.1002/hbm.26535 

Ranta, K., Aalto-Setälä, T., Heikkinen, T., & Kiviruusu, O. (2024). Social anxiety in Finnish adolescents from 

2013 to 2021: change from pre-COVID-19 to COVID-19 era, and mid-pandemic correlates. Social 

Psychiatry and Psychiatric Epidemiology, 59(1), 121–136. https://doi.org/10.1007/s00127-023-02466-4 

Rapee, R. M., & Heimberg, R. G. (1997). A cognitive-behavioral model of anxiety in social phobia. Behaviour 

Research and Therapy, 35(8), 741–756. https://doi.org/10.1016/s0005-7967(97)00022-3 

Rapee, Ronald M., Creswell, C., Kendall, P. C., Pine, D. S., & Waters, A. M. (2023). Anxiety disorders in children 

and adolescents: A summary and overview of the literature. Behaviour Research and Therapy, 

168(104376), 104376. https://doi.org/10.1016/j.brat.2023.104376 

Rapee, Ronald M., McLellan, L. F., Carl, T., Hudson, J. L., Parker, E., Trompeter, N., & Wuthrich, V. M. (2024). 

Testing theoretical processes that maintain paediatric social anxiety: A comparison between children and 

adolescents with social anxiety disorder, other mental disorders, and non-clinical controls. Behaviour 

Research and Therapy, 183(104638), 104638. https://doi.org/10.1016/j.brat.2024.104638 

Rapee, Ronald M., & Spence, S. H. (2004). The etiology of social phobia: empirical evidence and an initial model. 

Clinical Psychology Review, 24(7), 737–767. https://doi.org/10.1016/j.cpr.2004.06.004 

Reid, S. C., Salmon, K., & Lovibond, P. F. (2006). Cognitive Biases in Childhood Anxiety, Depression, and 

Aggression: Are they Pervasive or Specific? Cognitive Therapy and Research, 30(5), 531–549. 

https://doi.org/10.1007/s10608-006-9077-y 

Ren, J., Ma, L., Wu, W., Qiu, J., Zhang, Z., Hong, Y., Wang, Z., Hou, X., Jin, J., Hu, W., Wu, Y., Chen, X., Luo, 

J., Fan, C., Wang, K., & Li, X. (2025). Activation likelihood estimation meta-analysis of the effects of 

cognitive behavioral therapy on brain activation in the treatment of depression and anxiety disorders. 

Depression and Anxiety, 2025, 3557367. https://doi.org/10.1155/da/3557367 

Renart, A., & Machens, C. K. (2014). Variability in neural activity and behavior. Current Opinion in 

Neurobiology, 25, 211–220. https://doi.org/10.1016/j.conb.2014.02.013 

Rodgers, N. H., Lau, J. Y. F., & Zebrowski, P. M. (2022). Examining the Effects of Stuttering and Social Anxiety 

on Interpretations of Ambiguous Social Scenarios Among Adolescents. Journal of Communication 

Disorders, 95, 106179. https://doi.org/10.1016/j.jcomdis.2021.106179 

Rozenman, M., Sweeny, T. D., McDonagh, D. C., Jones, E. L., & Subar, A. (2024). Anxious youth and adults 

share threat-biased interpretations of linguistic and visual ambiguity: A proof of concept study. Journal 

of Anxiety Disorders, 105, 102878. https://doi.org/10.1016/j.janxdis.2024.102878 

Salari, N., Heidarian, P., Hassanabadi, M., Babajani, F., Abdoli, N., Aminian, M., & Mohammadi, M. (2024). 

Global prevalence of social anxiety disorder in children, adolescents and youth: A systematic review and 

meta-analysis. Journal of Prevention (2022), 45(5), 795–813. https://doi.org/10.1007/s10935-024-

00789-9 

Scheinost, D., Noble, S., Horien, C., Greene, A. S., Lake, E. M., Salehi, M., Gao, S., Shen, X., O’Connor, D., 

Barron, D. S., Yip, S. W., Rosenberg, M. D., & Constable, R. T. (2019). Ten simple rules for predictive 

modeling of individual differences in neuroimaging. NeuroImage, 193, 35–45. 

https://doi.org/10.1016/j.neuroimage.2019.02.057 

Schniering, C. A., & Rapee, R. M. (2004). The Relationship Between Automatic Thoughts and Negative Emotions 

in Children and Adolescents: A Test of the Cognitive Content-Specificity Hypothesis. Journal of 

Abnormal Psychology, 113(3), 464–470. https://doi.org/10.1037/0021-843X.113.3.464 

Scholten, W. D., Batelaan, N. M., van Balkom, A. J., Wjh Penninx, B., Smit, J. H., & van Oppen, P. (2013). 

Recurrence of anxiety disorders and its predictors. Journal of Affective Disorders, 147(1–3), 180–185. 

https://doi.org/10.1016/j.jad.2012.10.031 

Sequeira, S. L., Rodman, A. M., Nesi, J., & Silk, J. S. (2025). Social threat and adolescent mental health. Nature 

Reviews Psychology, 1–15. https://doi.org/10.1038/s44159-025-00484-4 

Sequeira, S. L., Silk, J. S., Ladouceur, C. D., Hanson, J. L., Ryan, N. D., Morgan, J. K., McMakin, D. L., Kendall, 

P. C., Dahl, R. E., & Forbes, E. E. (2021). Association of neural reward circuitry function with response 

to psychotherapy in youths with anxiety disorders. The American Journal of Psychiatry, 178(4), 343–

351. https://doi.org/10.1176/appi.ajp.2020.20010094 

Sheehan, D. V., Lecrubier, Y., Sheehan, K. H., Amorim, P., Janavs, J., Weiller, E., Hergueta, T., Baker, R., & 

Dunbar, G. C. (1998). The Mini-International Neuropsychiatric Interview (M.I.N.I.): the development 



 

 

50 
 

and validation of a structured diagnostic psychiatric interview for DSM-IV and ICD-10. The Journal of 

Clinical Psychiatry, 59 Suppl 20, 22-33;quiz 34-57. https://www.ncbi.nlm.nih.gov/pubmed/9881538 

Spence, S. H., & Rapee, R. M. (2016). The etiology of social anxiety disorder: An evidence-based model. 

Behaviour Research and Therapy, 86, 50–67. https://doi.org/10.1016/j.brat.2016.06.007 

Spisak, T., Bingel, U., & Wager, T. D. (2023). Multivariate BWAS can be replicable with moderate sample sizes. 

Nature, 615(7951), E4–E7. https://doi.org/10.1038/s41586-023-05745-x 

Sterne, J. A., Hernán, M. A., Reeves, B. C., Savović, J., Berkman, N. D., Viswanathan, M., Henry, D., Altman, 

D. G., Ansari, M. T., Boutron, I., Carpenter, J. R., Chan, A.-W., Churchill, R., Deeks, J. J., Hróbjartsson, 

A., Kirkham, J., Jüni, P., Loke, Y. K., Pigott, T. D., … Higgins, J. P. (2016). ROBINS-I: a tool for 

assessing risk of bias in non-randomised studies of interventions. BMJ (Clinical Research Ed.), 355, 

i4919. https://doi.org/10.1136/bmj.i4919 

Stiede, J. T., Trent, E. S., Viana, A. G., Guzick, A. G., Storch, E. A., & Hershfield, J. (2023). Cognitive behavioral 

therapy for children and adolescents with anxiety disorders. Child and Adolescent Psychiatric Clinics of 

North America, 32(3), 543–558. https://doi.org/10.1016/j.chc.2022.12.001 

Strawn, J. R., Cotton, S., Luberto, C. M., Patino, L. R., Stahl, L. A., Weber, W. A., Eliassen, J. C., Sears, R., & 

DelBello, M. P. (2016). Neural function before and after mindfulness-based cognitive therapy in anxious 

adolescents at risk for developing bipolar disorder. Journal of Child and Adolescent 

Psychopharmacology, 26(4), 372–379. https://doi.org/10.1089/cap.2015.0054 

Strawn, J. R., Lu, L., Peris, T. S., Levine, A., & Walkup, J. T. (2021). Research Review: Pediatric anxiety disorders 

- what have we learnt in the last 10 years? Journal of Child Psychology and Psychiatry, and Allied 

Disciplines, 62(2), 114–139. https://doi.org/10.1111/jcpp.13262 

Stuijfzand, S., Creswell, C., Field, A. P., Pearcey, S., & Dodd, H. (2018). Research Review: Is anxiety associated 

with negative interpretations of ambiguity in children and adolescents? A systematic review and meta-

analysis. Journal of Child Psychology and Psychiatry, and Allied Disciplines, 59(11), 1127–1142. 

https://doi.org/10.1111/jcpp.12822 

Subar, A. R., Humphrey, K., & Rozenman, M. (2022). Is interpretation bias for threat content specific to youth 

anxiety symptoms/diagnoses? A systematic review and meta-analysis. European Child & Adolescent 

Psychiatry, 31(9), 1341–1352. https://doi.org/10.1007/s00787-021-01740-7 

Subar, A. R., & Rozenman, M. (2021). Like parent, like child: Is parent interpretation bias associated with their 

child’s interpretation bias and anxiety? A systematic review and meta-analysis. Journal of Affective 

Disorders, 291, 307–314. https://doi.org/10.1016/j.jad.2021.05.020 

Tillfors, M., & Van Zalk, N. (2015). Easier to accelerate than to slow down: Contributions of developmental 

neurobiology for the understanding of adolescent social anxiety. In Social anxiety and phobia in 

adolescents: Development, manifestation and intervention strategies (pp. 71–94). Springer International 

Publishing/Springer Nature. https://doi.org/10.1007/978-3-319-16703-9_4 

Tsikonofilos, K., Kumar, A., Ampatzis, K., Garrett, D. D., & Månsson, K. N. T. (2025). The promise of 

investigating neural variability in psychiatric disorders. Biological Psychiatry, 98(3), 195–207. 

https://doi.org/10.1016/j.biopsych.2025.02.004 

van Borkulo, C., Epskamp, S., Jones, P., Haslbeck, J., & Millner, A. (2019). NetworkComparisonTest: Statistical 

Comparison of Two Networks Based on Three Invariance Measures (2.2.1). https://CRAN.R-

project.org/package=NetworkComparisonTest 

Vassilopoulos, S. P., Brouzos, A., & Moberly, N. J. (2017). The predictors of anticipatory processing before a 

social-evaluative situation. Journal of Experimental Psychopathology, 8(4), 443–454. 

https://doi.org/10.5127/jep.061116 

Verhoef, R. E. J., Alsem, S. C., Verhulp, E. E., & De Castro, B. O. (2019). Hostile Intent Attribution and 

Aggressive Behavior in Children Revisited: A Meta-Analysis. Child Development, 90(5), e525–e547. 

https://doi.org/10.1111/cdev.13255 

Waite, P., Codd, J., & Creswell, C. (2015). Interpretation of ambiguity: Differences between children and 

adolescents with and without an anxiety disorder. Journal of Affective Disorders, 188, 194–201. 

https://doi.org/10.1016/j.jad.2015.08.022 

Walder, N., Berger, T., Hürzeler, D., McDougal, E., Edbrook-Childs, J., & Schmidt, S. J. (2025). Prevention and 

treatment of social anxiety disorder in adolescents: mixed method randomised controlled trial of the 

guided online intervention SOPHIE. Scientific Reports, 15(1), 25141. https://doi.org/10.1038/s41598-

025-10193-w 

Warwick, H., Reardon, T., Cooper, P., Murayama, K., Reynolds, S., Wilson, C., & Creswell, C. (2017). Complete 

recovery from anxiety disorders following Cognitive Behavior Therapy in children and adolescents: A 

meta-analysis. Clinical Psychology Review, 52, 77–91. https://doi.org/10.1016/j.cpr.2016.12.002 

Waschke, L., Kloosterman, N. A., Obleser, J., & Garrett, D. D. (2021). Behavior needs neural variability. Neuron, 

109(5), 751–766. https://doi.org/10.1016/j.neuron.2021.01.023 

Westbrook, C. A., Schlund, M., Silk, J. S., Forbes, E. E., Ryan, N. D., Dahl, R. E., McMakin, D. L., Kendall, P. 



 

 

51 
 

C., Mannarino, A., & Ladouceur, C. D. (2025). The role of reward-related brain activity in response to 

treatment and later depression severity: data from a randomized controlled trial in early adolescents with 

anxiety disorders. Translational Psychiatry, 15(1), 286. https://doi.org/10.1038/s41398-025-03388-2 

White, L. K., Sequeira, S., Britton, J. C., Brotman, M. A., Gold, A. L., Berman, E., Towbin, K., Abend, R., Fox, 

N. A., Bar-Haim, Y., Leibenluft, E., & Pine, D. S. (2017). Complementary features of attention bias 

modification therapy and cognitive-behavioral therapy in pediatric anxiety disorders. The American 

Journal of Psychiatry, 174(8), 775–784. https://doi.org/10.1176/appi.ajp.2017.16070847 

Williams, L. M., & Whitfield Gabrieli, S. (2024). Neuroimaging for precision medicine in psychiatry. 

Neuropsychopharmacology: Official Publication of the American College of 

Neuropsychopharmacology, 50(1), 246–257. https://doi.org/10.1038/s41386-024-01917-z 

Wong, Q. J. (2016). Anticipatory processing and post‐event processing in social anxiety disorder: An update on 

the literature. Australian Psychologist, 51(2), 105–113. https://doi.org/10.1111/ap.12189 

Wong, Q. J. J., & Rapee, R. M. (2016). The aetiology and maintenance of social anxiety disorder: A synthesis of 

complimentary theoretical models and formulation of a new integrated model. Journal of Affective 

Disorders, 203, 84–100. https://doi.org/10.1016/j.jad.2016.05.069 

Xie, S., Zhang, X., Cheng, W., & Yang, Z. (2021). Adolescent anxiety disorders and the developing brain: 

comparing neuroimaging findings in adolescents and adults. General Psychiatry, 34(4), e100411. 

https://doi.org/10.1136/gpsych-2020-100411 

Zugman, Andre, Ringlein, G. V., Finn, E. S., Lewis, K. M., Berman, E., Silverman, W. K., Lebowitz, E. R., Pine, 

D. S., & Winkler, A. M. (2025). Brain functional connectivity and anatomical features as predictors of 

cognitive behavioral therapy outcome for anxiety in youths. Psychological Medicine, 55(e91), e91. 

https://doi.org/10.1017/S0033291724003131 

 


