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Resumo 

Revisão da Literatura: As perturbações de ansiedade são uma das perturbações mais prevalentes e 

interferentes. A investigação acerca dos correlatos neurais da ansiedade, como a espessura cortical, 

pode proporcionar uma melhor compreensão dos mecanismos neurais subjacentes a diferenças 

individuais em perfis distintos de sintomas de ansiedade e vulnerabilidade a perturbações de 

ansiedade. Objetivo: Esta Scoping Review pretende sumariar a literatura publicada desde 2004 no 

contexto de estudos pré-clínicos, clínicos, e de ciência básica, no que diz respeito à associação entre 

espessura cortical e medidas de ansiedade em uso, de forma a determinar o papel da espessura 

cortical como um fator de vulnerabilidade ao desenvolvimento de perturbações de ansiedade. 

Métodos: A revisão seguiu as orientações da metodologia de Arksey e O’Malley. As pesquisas 

foram realizadas em bases de dados eletrónicas (PubMed, PsycINFO e PsycARTICLES, e Web of 

Science) e lista de referências de estudos-chave. Dois investigadores avaliaram independentemente 

os resumos e texto completo dos artigos de acordo com os critérios de inclusão, extraíram e 

organizaram os dados. Sínteses quantitativas (i.e., numéricas) e qualitativas (i.e., abordagem 

narrativa) foram realizadas de modo a caracterizar os estudos incluídos e a encontrar lacunas no 

conhecimento. Resultados: Um total de 17 artigos foi incluído na revisão final. Todas as 

publicações reportaram estudos transversais, com a maioria (n = 16) a adotar abordagens surface-

based para a estimativa de espessura cortical. De um modo geral, associações estatisticamente 

significativas entre espessura cortical e medidas/processos de ansiedade foram encontradas, para 

instrumentos de autorrelato (e.g., Inventário de Estado-Traço de Ansiedade), medidas 

psicofisiológicas (e.g., respostas galvânicas da pele), e neuroimagem funcional. Conclusões: 

Diferenças na espessura cortical em diversas regiões cerebrais encontraram-se associadas a várias 

medidas e processos subjacentes a ansiedade. Regiões de potencial interesse incluem o córtex 

orbitofrontal medial, o córtex pré-frontal ventromedial, a insula, as áreas temporoparietais, e o 

córtex cingulado anterior. Alterações na espessura cortical regional podem constituir um fator de 

vulnerabilidade ao desenvolvimento de perturbações de ansiedade, embora investigação adicional 

acerca desta associação seja necessária, nomeadamente com populações saudáveis ou através de 

desenhos longitudinais. Não obstante, a possibilidade de uma relação bidirecional não pode ser 

excluída. 

Palavras-chave: espessura cortical, ansiedade, perturbações de ansiedade, medo, 

condicionamento, avaliação, medidas de ansiedade, vulnerabilidade 
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Abstract 

Background: Anxiety disorders are amongst the most common and interfering disorders. Research 

on the neural correlates of anxiety, such as cortical thickness, may provide a better understanding 

of the neural mechanisms underlying individual differences in what concerns distinctive profiles of 

anxiety symptoms and vulnerability to anxiety disorders. Objective: This scoping review aims to 

summarize the literature published since 2004 in the context of pre-clinical, clinical, and basic 

science studies, concerning the association between cortical thickness and anxiety measures in use, 

to determine the role of cortical thickness as a vulnerability factor for the development of anxiety 

disorders. Design: Our review followed the guidelines of the Arksey and O'Malley methodology. 

Searches were conducted in electronic databases (PubMed, PsycINFO and PsycARTICLES, and 

Web of Science) and reference lists of key studies. Two researchers independently screened the 

abstracts and full-text articles according to the eligibility criteria, as well as extracted and charted 

the data. Quantitative (i.e., numerical) and qualitative (i.e., narrative approach) syntheses were 

conducted to characterize the included studies and find gaps in knowledge. Results: A total of 17 

articles were included in the final review. All publications reported cross-sectional studies, with the 

majority (n = 16) employing surface-based approaches to the measurement of cortical thickness. 

Overall, statistically significant associations between cortical thickness and measures/processes of 

anxiety were found, for self-report instruments (e.g., State-Trait Anxiety Inventory), 

psychophysiological measures (e.g., skin conductance reponses), and functional neuroimaging. 

Conclusions: Differences in cortical thickness across several brain regions were found to be 

associated with different measures and processes underlying anxiety. Regions of potential interest 

include the medial orbitofrontal cortex, the ventromedial prefrontal cortex, the insula, the temporo-

parietal areas, and the anterior cingulate cortex. Alterations in regional cortical thickness may be a 

vulnerability factor for the development of anxiety disorders, although more research into this 

association is needed, namely with healthy population or within longitudinal designs. Nonetheless, 

the possibility of a bidirectional relationship cannot be excluded.  

Keywords: cortical thickness, anxiety, anxiety disorders, fear, fear conditioning, 

assessment, anxiety measures, vulnerability 
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Association Between Cortical Thickness and Anxiety Measures: A Scoping Review 

Anxiety disorders are amongst the most prevalent psychiatric disorders worldwide, with 

one out of fourteen people fulfilling the diagnostic criteria across their lifespan (Baxter et al., 2013). 

According to the Diagnostic and Statistical Manual of Mental Disorders (5th ed.; DSM-5; American 

Psychiatric Association [APA], 2013), anxiety disorders include generalized anxiety disorder 

(GAD), panic disorder (PD), specific phobias (SP), agoraphobia, social anxiety disorder (social 

phobia; SAD), separation anxiety disorder, selective mutism, substance/medication-induced 

anxiety disorder, and anxiety disorder due to another medical condition. It is important to note that 

obsessive-compulsive disorder (OCD), acute stress disorder, and posttraumatic stress disorder 

(PTSD) are no longer considered anxiety disorders by DSM-5 (APA, 2013). 

Anxiety disorders are an excessive reaction of fear or anxiety, which are common human 

reactions with an adaptive function, signaling danger and helping to become more alert and 

prepared. Although there is a significant overlap between fear and anxiety, the two can be 

distinguished. For instance, fear entails a response to an immediate and identifiable threat. 

Alternatively, anxiety comprehends a more prolonged state of apprehension and tension to 

uncertain future events (Duval et al., 2015). Nevertheless, fear conditioning is able to produce 

behavioral symptoms underlying anxiety disorders (e.g., avoidance; Graham & Milad, 2011). 

 Anxiety disorders are characterized by cognitive, behavioral, somatic, and emotional 

components (APA, 2013). There are several measures that attempt to assess the distinctive fear and 

anxiety components, namely: clinical self-report measures (e.g., Beck Anxiety Inventory [BAI; 

Beck et al., 1988], The State-Trait Anxiety Inventory [STAI; Spielberger et al., 1983]), 

psychophysiological measures (e.g., galvanic skin response, heart rate variability), functional 

neuroimaging (e.g., functional magnetic resonance imaging [fMRI], electroencephalography), 

neuroendocrine measures (e.g., cortisol levels), behavioral measures (e.g., reaction time), genetic 

(e.g., 5-HTTLPR), and epigenetic measures (e.g., serotonin pattern of methylation).  

Fear conditioning processes are one of the mechanisms by which the development and 

maintenance of pathological anxiety is thought to occur (Lonsdorf et al., 2017). Abnormal fear 

conditioning processes, namely fear acquisition and conditioned fear-generalization, have been 

found to be associated with the pathogenesis of anxiety disorders (Tinoco-González et al., 2015). 

The fear response acquisition and extinction can be studied using experimental classical 

conditioning procedures, including fear acquisition, fear extinction, extinction recall and return of 

fear manipulations (e.g., renewal). However, the risk factors for the development of anxiety 

disorders and their interaction is not yet clear due to the complex combination of biopsychosocial 

factors. 
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In an attempt to unveil the complexity of the fear response and anxiety disorders, 

translational neuroscience research (e.g., neuroimaging) has focused on the identification of 

perturbations in the brain structure, as well as on the determination of altered brain circuits that lay 

behind anxiety disorders, to inform and predict treatment response and guide the development  of 

new treatments (Gold et al., 2017; Shin & Liberzon, 2010). In this context, research has been 

exploring the neural biomarkers of anxiety and its related processes. A neural biomarker is “any 

measurable indicator of functional brain activity or morphological change of a disease or behavior 

that could be correlated with a single aspect of the disease process” (Donzuso et al., 2014, p. 505). 

Several indices of structural changes in the brain are currently under study as potential 

neural biomarkers of anxiety disorders. In the last years, cortical grey matter has drawn researchers’ 

particular interest. Cortical grey matter is defined as the grey matter contained between the grey-

white interface and the pia mater (Hanford et al., 2016; Winkler et al., 2010). Its integrity can be 

evaluated through measures of volume, surface area, and thickness (Hanford et al., 2016). Grey 

matter volume is a composite of cortical surface area (SA) and cortical thickness (CT), with these 

two latter indices measuring the columnar organization of the cortex (Hanford et al., 2016; Panizzon 

et al., 2009). However, cortical SA and CT are distinct, both globally and regionally (Hanford et 

al., 2016; Panizzon et al., 2009; Winkler et al., 2010). Cortical SA is associated with the number of 

cortical columns1, while CT represents the number of cells within a column (Hanford et al., 2016; 

Panizzon et al., 2009; Rakic, 1988).  

CT is commonly defined as the distance between two corresponding points on the pial and 

the white matter boundaries of the neocortex (Das et al., 2009). The thickness of the human cerebral 

cortex has an overall average of approximately 2.5-2.8 mm, usually varying between 1 and 5 mm 

(Makris et al., 2006). CT can be a useful biomarker, as it may offer an adequate understanding of 

disease progression, the identification of related brain regions, and possibly support clinical 

diagnosis and clinical decision regarding treatment options (Hutton et al., 2008). Methods using 

CT seem to be sensitive in detecting structural abnormalities (Hutton et al., 2009), allowing to 

explore the structural correlates of anxiety as vulnerability factors (see, for example, the automated 

method developed by Fischl and Dale [2000], to accurately measure CT). However, because 

measurements of CT are based on different definitions and methods across studies, the field is 

lacking between studies comparisons (Das et al., 2009). 

Changes in CT have been found in normal, neurodegenerative development (e.g., Singh et 

al., 2006), and psychiatric disorders, such as major depressive disorder (MDD; for a review, see 

Suh et al., 2019) and anxiety disorders (e.g., Kang et al., 2017; Syal et al., 2012). In what concerns 

 
1 The cerebral cortex comprehends a sheet of neurons in organized layers intersected by columns (Rakic, 
1988). The functional unit of the cortex is the cortical column, which consists of an array of iterative neuronal 
groups (Rakic, 2007). 
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anxiety disorders, differences in CT across brain regions have been associated with individual 

differences in anxiety-related measures. For example, trait-anxiety has been negatively associated 

with CT in the right medial orbitofrontal cortex (mOFC; Kühn et al., 2011) and anxiety scores 

measured by the Hamilton Scale for Anxiety (HARS) were found to be associated with an increased 

CT of the anterior cingulate cortex (ACC; Donzuso et al., 2014). However, in another study 

(Blackmon et al., 2011), statistically significant associations between CT and trait-anxiety were 

found in left temporo-parietal regions. Thus, scattered findings across diverse brain regions have 

been reported regarding the association between CT and measures of anxiety.  

Rationale 

Evidence from studies on functional, biochemical, and structural neural data support the 

identification of biomarkers of risk for the development of anxiety disorders (Blackmon et al., 

2011). Even though there has been a significant progress towards the development of the neural 

correlates of anxiety, to what extent changes in CT contribute to the development of anxiety 

disorders is still unclear. By conducting a scoping review aimed to scope the field of CT and its 

association with extant classic anxiety measures, we will have the opportunity to map the available 

literature, towards the identification of discrepancies and commonalities across studies. 

Objectives 

The main goal of this scoping review is to inform about the association between CT and 

anxiety-related measures. In specific, we aim to: (a) systematically identify and describe the studies 

about CT in what concerns magnetic resonance imaging (MRI) pre-processing and data analysis 

methods, and (b) summarize the main findings across anxiety disorders and healthy controls (HC). 

Thus, the following research questions were formulated: 

1. What is the state of the art concerning neuroimaging analysis and methods to measure 

and estimate CT? 

2. What is known about the association between CT and measures of anxiety and fear? 

3. What is known about the association between fear conditioning/fear extinction and 

CT? 

4. What are the gaps in the current knowledge regarding the association between CT and 

anxiety-related measures? 

Methods 

The process of the scoping review was guided by the Arksey and O'Malley (2005) 

methodology framework of six stages, further developed by Levac et al. (2010) and the Joanna 

Briggs Institute (Peters et al., 2020). The research team found the methodology of the scoping 
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review more appropriate because of the broad research questions formulated, aiming to perform a 

comprehensive scope of the existing research and literature. 

In accordance with the optional consultation phase of the Arksey and O’Malley (2005) 

methodology, three experts on neuroimaging were consulted once and asked to provide insights 

beyond what is reported in the literature. Specifically, they provided input regarding: (a) the 

relevance of the association between CT and anxiety measures, (b) the key terms of the search, (c) 

authors of importance in the field, (d) the main gaps in the field, and (e) the main implications of 

the current study. 

Protocol  

The research questions, objectives, and methods (e.g., eligibility criteria) of the scoping 

review were chosen and stated a priori and described in a protocol (Sobral et al., 2020; Appendix 

A). This protocol was drafted using the guidelines and items of the Preferred Reporting Items for 

Systematic reviews and Meta-analyses extension for Scoping Reviews (PRISMA-ScR; Tricco et 

al., 2018).  

Eligibility Criteria 

  To be included in the present review, the studies had to meet the following inclusion 

criteria:  

(a) The study had to have CT as one of the outcome measures. 

(b) The study focus had to be on the study of anxiety or fear, including fear conditioning 

and extinction. The following anxiety-related measures were considered: clinical self-

report measures, psychophysiological measures (skin conductance response [SCR] and 

heart rate variability), neurophysiological measures (fMRI), behavioral measures 

(avoidance), and measures of expectancy regarding fear response learning. Given the 

broader and multidisciplinary field, other measures of interest (e.g., genetics) were not 

included in the current review. 

(c) The study had to evaluate the association between CT and anxiety-related measures. 

(d) The study had to be conducted with healthy individuals or individuals diagnosed with 

at least one anxiety disorder (according to DSM-IV, DSM-IV-TR, DSM-5 and ICD-

10), aged between 18-60 years old. As anxiety and mood disorders often occur 

together, comorbidities between these two clinical diagnoses were included. OCD, 

acute stress disorder, and PTSD were excluded due to not being currently considered 

anxiety disorders. Aging was preliminarily excluded (> 60 years old), due to the 

expected and well-known negative correlations between age and CT in healthy aging 

(Salat et al., 2004), unless the studies in question controlled for age.  

(e) The article had to be written in English or Portuguese.  
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(f) The article had to be published between 2004-2020, given the technological progress 

of neuroimaging and the diffusion of CT methods and analysis after this year.  

Papers were excluded if they did not meet the previous inclusion criteria or if the design of 

the study was qualitative, an opinion article or a review. 

Information Sources and Search Strategy 

 A comprehensive literature search was conducted on the following electronic databases, 

from inception until January 17, 2020: PubMed, PsycINFO and PsycARTICLES (through Ovid), 

and Web of Science. In accordance with the methodology for scoping reviews from the Joanna 

Briggs Institute (Peters et al., 2020), a three-step strategy was used. The first search was conducted 

in the PubMed database, with the terms “(cortical thickness AND anx*) OR (cortical thickness 

AND fear)”. After this initial search, keywords searched in all fields of the retrieved articles were 

analyzed, as well as the index terms. The next step included a second search across all databases, 

involving the identified key terms (Appendix B). Language (English and Portuguese) and time 

frame (2004-2020) limits were applied. In order to include all relevant papers, we also searched the 

reference lists of included articles. The final search strategy conducted in PsycINFO database can 

be found in Appendix C.   

Selection of Sources of Evidence 

The final search results were exported into the program Rayyan (Ouzzani et al., 2016), 

where one reviewer (MS) removed the duplicates across databases. Two reviewers (MS and SM) 

independently screened the title and abstracts of the retrieved articles, checking if they were eligible 

for the next step, a full-text retrieval. The selected full-text articles were analyzed by the same two 

reviewers, in terms of the eligibility criteria. Inter-rater disagreements were resolved through 

discussion until a consensus was reached. When the full consensus was not obtained, a third 

investigator (AG) provided her input. Cohen’s kappa coefficient was used to calculate inter-rater 

agreement on study selection, based on the guidelines by Landis and Koch (1977): k < .00 as poor, 

k ≤ .20 as slight, k ≤ .40 as fair, k ≤ .60 as moderate, k ≤ .80 as substantial, and k > 0.81 as almost 

perfect agreement. 

Data Charting Process  

The set of articles (17) was split into two (9 and 8) and assigned to a reviewer (MS and 

SM). The two reviewers independently extracted data from the assigned set of eligible articles and 

reviewed each other’s extraction. After the comparison of each reviewer’s charted data, 

disagreements were resolved through discussion between reviewers and with a third reviewer (AG) 

as well. A data-charting form was developed a priori by the authors (MS, SM and AG), based on 

common variables across articles.  
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Data Items 

The following domains were included in the data-extraction form: study, sample 

information (sample condition, sample size, mean age, sex, comorbidities and medication status, 

when applicable), methods (study design, setting, exclusion criteria, whole-brain or region-of-

interest [ROI], scanner strength, software used to process images, pre-processing methods, 

processing methods, quality check, statistical analysis, controlled variables, measures of anxiety 

and, when suited, fear procedure) and results (effect/no effect, direction of effect and brain regions 

implicated). 

Critical Appraisal of Individual Sources of Evidence 

Although this scoping review aims to map comprehensively all the available evidence, the 

research team sought to perform a critical appraisal of individual sources of evidence. The 

assessment of the methodological quality of the research was done using the Joanna Briggs Institute 

Critical Appraisal Checklist for Analytical Cross-Sectional Studies (Appendix D; Moola et al., 

2020). This tool has been approved after an extensive peer review. Even though the checklist is 

mainly designed for use in systematic reviews, we thought it would be equally helpful for a scoping 

review. This checklist is comprised of eight questions, with four possible answers (yes, no, unclear 

or not applicable). It assesses the definition of exclusion criteria, the description of participants and 

setting, the measurement of the exposure and condition, the identification of cofounding factors 

and strategies to deal with these, the measurement of outcomes, and the statistical analysis 

employed. We adapted this checklist to the current scoping review, in the sense that exposure and 

condition pertain to CT and anxiety disorders, and the outcome concerns results according to 

anxiety measures. Results will be reported in terms of the overall appraisal (include, exclude, seek 

further info). However, this quality assessment will not be used to exclude studies in the present 

scoping review, but instead will be an additional source of information regarding the quality of the 

studies included.  

Synthesis of Results 

 The articles were grouped according to the fear/anxiety response component assessed: self-

report measures, psychophysiological measures (e.g., SCR), and fMRI. The findings were 

synthesized through a tabular and narrative format. This was carried out by the primary author (MS) 

and reviewed by AG. A PRISMA flow diagram was also used to report the final results.  
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Results 

Selection of Sources of Evidence 

 After the removal of duplicates, 286 citations were reviewed. Of these, 243 were excluded 

based on the title and abstract. Of the remaining 43 full-text articles assessed for eligibility, 26 were 

excluded for different reasons: not assessing or reporting CT data (e.g., brain connectivity or 

volume only; n = 5), wrong type of diagnosis/condition or excluded comorbidities (e.g., OCD; n = 

6), use of another measure of anxiety not included in the present review (e.g., genetic; n = 2), wrong 

publication type (e.g., review; n = 1), not assessing or reporting any measurement of anxiety (e.g., 

trauma or behavioral inhibition; n = 5), anxiety not being the primary outcome (e.g., MDD was the 

primary focus; n = 3), and not assessing the association between anxiety measures and CT (n = 4). 

Subsequently, 17 articles were included in this review (Figure 1). 

 The inter-rater agreement for the selection of papers in the full-text phase was almost 

perfect (k = .843, p < .001). 

Figure 1 

Flow-Chart of the Selection of Sources of Evidence 
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Critical Appraisal Within Sources of Evidence 

 The majority of studies (n = 15) can be considered of a high quality. However, three studies 

showed inadequate reporting, inadequate definition of exclusion criteria, and inadequate 

consideration of cofounding factors. Table 1 depicts the listed studies and the overall appraisal per 

study. The critical assessment step, including critical assessment items, can be found in detail in 

Appendix E. 

Table 1 

Critical Appraisal of Sources of Evidence Results 

Study Overall Appraisal 

Include Exclude Seek Further Info 

Asami et al. (2018) X   

Blackmon et al. (2011) X   

Brühl et al. (2014) X   

Carnevali et al. (2019) X   

Cha et al. (2014) X   

Donzuso et al. (2014) X   

Hartley et al. (2011)   X 

Kang et al. (2017) X   

Kühn et al. (2011) X   

Maggioni et al. (2019) X   

Milad et al. (2005)   X 

Milad et al. (2007)   X 

Molent et al. (2018) X   

Rosso et al. (2010) X   

Syal et al. (2012) X   

Zhao et al. (2017) X   

Winkelmann et al. (2016) X   

Characteristics of Sources of Evidence and Synthesis of Results 

 In order to better answer the scoping review questions, a summary of the literature 

is presented according to conceptual categories. The methodological characteristics of the 

included studies are presented in Table 2 and Table 3, while the main findings are reported 

in Table 4 and Table 5, according to the type of anxiety measure included (self-report or 

others). 
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Methodological Characteristics of the Included Studies 

 Study Characteristics. As presented in Table 2, regarding study design and setting, all 

included studies (n = 17) were cross-sectional, quantitative, nonexperimental, and nonclinical2 

(Asami et al., 2018; Blackmon et al., 2011; Brühl et al., 2014; Carnevali et al., 2019; Cha et al., 

2014; Donzuso et al., 2014; Hartley et al., 2011; Kang et al., 2017; Kühn et al., 2011; Maggioni et 

al., 2019; Milad et al., 2005, 2007; Molent et al., 2018; Rosso et al., 2010; Syal et al., 2012; 

Winkelmann et al., 2016; Zhao et al., 2017). Of the 17 studies, 15 employed the FreeSurfer package 

software to process neuroimages (Asami et al., 2018; Blackmon et al., 2011; Brühl et al., 2014; 

Carnevali et al., 2019; Cha et al., 2014; Donzuso et al., 2014; Hartley et al., 2011; Kang et al., 2017; 

Kühn et al., 2011; Maggioni et al., 2019; Molent et al., 2018; Rosso et al., 2010; Syal et al., 2012; 

Winkelmann et al., 2016; Zhao et al., 2017), while two do not offer sufficient information for the 

clarification of this parameter (Milad et al., 2005, 2007). 

The majority of studies reported the existence of exclusion criteria (n = 14; Asami et al., 

2018; Blackmon et al., 2011; Brühl et al., 2014; Carnevali et al., 2019; Donzuso et al., 2014; Hartley 

et al., 2011; Kang et al., 2017; Kühn et al., 2011; Maggioni et al., 2019; Molent et al., 2018; Rosso 

et al., 2010; Syal et al., 2012; Winkelmann et al., 2016; Zhao et al., 2017).  

 Regarding scanner strength, 10 studies reported 3.0 T (Blackmon et al., 2011; Brühl et al., 

2014; Cha et al., 2014; Hartley et al., 2011; Kang et al., 2017; Kühn et al., 2011; Molent et al., 

2018; Rosso et al., 2010; Syal et al., 2012; Winkelmann et al., 2016 [study sample]; Zhao et al., 

2017), while seven studies reported 1.5 T (Asami et al., 2018; Carnevali et al., 2019; Donzuso et 

al., 2014; Maggioni et al., 2019; Milad et al., 2005, 2007; Winkelmann et al., 2016 [replication 

sample]).  

Four studies performed a whole-brain analysis (Asami et al., 2018; Blackmon et al., 2011; 

Syal et al., 2012; Zhao et al., 2017), while nine opted for a ROI analysis (Carnevali et al., 2019; 

Cha et al., 2014; Donzuso et al., 2014; Hartley et al., 2011; Kang et al., 2017; Maggioni et al., 2019; 

Milad et al., 2007; Molent et al., 2018; Rosso et al., 2010) and three integrated the two approaches 

(Brühl et al., 2014; Kühn et al., 2011; Milad et al., 2005). Also, one study employed a cluster-based 

analysis (Winkelmann et al., 2016). 

Considering the ROI analysis, the following regions were included in the studies assessing 

self-report measures of anxiety (n = 12): medial and lateral OFC (n = 4; Carnevali et al., 2019; 

Donzuso et al., 2014; Maggioni et al., 2019; Molent et al., 2018), caudal and rostral ACC (n = 3; 

 
2 Cross-sectional refers to the concurrent evaluation of the variables (at one point in time). Quantitative 
methodology pertains to the way of testing theories through the analysis of the relationship between variables. 
Nonexperimental/correlational research corresponds to research without the manipulation of variables (Field, 
2009). Nonclinical setting refers to studies that observe psychological/physiological basic processes but 
aren’t conducted in a clinical setting. 
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Carnevali et al., 2019; Donzuso et al., 2014; Molent et al., 2018), caudal and/or rostral middle 

frontal cortex (n = 2; Asami et al., 2018; Molent et al., 2018), posterior cingulate cortex (n = 2; 

Carnevali et al., 2019; Molent et al., 2018), isthmus cingulate (n = 2; Carnevali et al., 2019; Molent 

et al., 2018), superior frontal (n = 2; Carnevali et al., 2019; Molent et al., 2018), insula (n = 4; 

Carnevali et al., 2019; Kang et al., 2017; Molent et al., 2018; Rosso et al., 2010), temporal pole (n 

= 2; Kang et al., 2017; Molent et al., 2018), pars triangularis (n = 1; Kang et al., 2017), precentral 

gyrus (n = 1; Maggioni et al., 2019), fusiform gyrus (n = 2; Maggioni et al., 2019; Molent et al., 

2018), postcentral gyrus (n = 1; Maggioni et al., 2019), entorhinal (n = 1; Molent et al., 2018), 

inferior and/or superior parietal cortex (n = 2; Maggioni et al., 2019; Molent et al., 2018), supra 

marginal (n = 1; Molent et al., 2018), and lateral occipital (n = 1; Molent et al., 2018). 

 Regarding the studies assessing other anxiety measures (n = 6), the main regions selected 

were as follows: ventromedial prefrontal cortex (vmPFC; n = 3; Cha et al., 2014; Hartley et al., 

2011; Winkelmann et al., 2016), dorsal ACC (n = 2; Hartley et al., 2011; Milad et al., 2007); rostral 

ACC (n = 2; Carnevali et al., 2019; Milad et al., 2005), caudal ACC (n = 1; Carnevali et al., 2019), 

posterior cingulate cortex (n = 1; Carnevali et al., 2019), isthmus cingulate gyrus (n = 1; Carnevali 

et al., 2019), insular cortex (n = 2; Carnevali et al., 2019; Hartley et al., 2011), prefrontal cortex (n 

= 2; Carnevali et al., 2019; Hartley et al., 2011), subcallosal cortex (n = 1; Milad et al., 2005), and 

mOFC (n = 1; Milad et al., 2005). 

 

 

 

 

 

 

 

 

 

 



 

Association Between Cortical Thickness and Anxiety Measures: A Scoping Review 17 

 

Table 2 

General Characteristics of the Included Studies (n = 17) 

Study Study design Setting Exclusion criteria 
Whole-

brain/ROI 
Scanner 
strength 

Asami et al. 
(2018) 

Cross-sectional, 
quantitative, 

nonexperimental 
Nonclinical 

Age < 19 or > 57; IQ < 75; left-handedness; history of epilepsy, 
head trauma with loss of consciousness, neurological disorders, or 
substance abuse; comorbid psychiatric disorders, other than MDD 

Whole-brain 1.5 T 

Blackmon et 
al. (2011) 

Cross-sectional, 
quantitative, 

nonexperimental 
Nonclinical 

Prior history of depression, anxiety, psychosis, substance abuse, 
psychotropic medication use, or neurological disorders; BAI score 

greater than 26 or BDI-II score greater than 29; left-handedness 
Whole-brain 3.0 T 

Brühl et al. 
(2014) 

Cross-sectional, 
quantitative, 

nonexperimental 
Nonclinical 

Pregnancy; excessive consumption of alcohol, cigarettes, and 
caffeine; contraindications against MRI; prior CBT; current and 

previous mental and neurological disorders 
Both 3.0 T 

Carnevali et al. 
(2019) 

Cross-sectional, 
quantitative, 

nonexperimental 
Nonclinical 

Age < 18; past head injury or neurological disorders; prior history 
of major medical or psychiatric disorder (other than GAD); 

cognitive impairment; history of substance or alcohol abuse or 
dependence; diagnosis of heart disease; obesity; pregnancy, 

claustrophobia or other general MRI exclusions 

ROI 1.5 T 

Cha et al. 
(2014) 

Cross-sectional, 
quantitative, 

nonexperimental 
Nonclinical Not available ROI 3.0 T 

Donzuso et al. 
(2014) 

Cross-sectional, 
quantitative, 

nonexperimental 
Nonclinical 

Neurological or psychiatric disorders; substance abuse or other 
medical problems; vascular brain lesions, brain tumor, and/or 

marked cortical and/or subcortical atrophy on MRI scan; cognitive 
impairment 

ROI 1.5 T 
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Study Study design Setting Exclusion criteria 
Whole-

brain/ROI 
Scanner 
strength 

Hartley et al. 
(2011) 

Cross-sectional, 
quantitative, 

nonexperimental 
Nonclinical Absence of an initial SCR (n = 3) or failure to acquire a CR (n = 3) ROI 3.0 T 

Kang et al. 
(2017) 

Cross-sectional, 
quantitative, 

nonexperimental 
Nonclinical 

Current diagnosis or lifetime history of schizophrenia, bipolar 
disorder, anxiety disorders other than PD, alcohol and substance 

abuse or dependence, mental retardation, serious medical or 
neurological disorders, pregnancy, or any contraindications to MRI 

ROI 3.0 T 

Kühn et al. 
(2011) 

Cross-sectional, 
quantitative, 

nonexperimental 
Nonclinical 

Medical, neurological and psychiatric disorders; subjects with a 
family history (first degree) of axis I disorder; abnormalities in the 

MRI, general medical disorders, or any clinically relevant 
abnormalities 

Both 3.0 T 

Maggioni et al. 
(2019) 

Cross-sectional, 
quantitative, 

nonexperimental 
Nonclinical 

Other comorbid axis I disorders, neurological or medical disorders 
with possible effect on brain development; history of traumatic 

head injury with loss of consciousness; and alcohol or substance 
abuse 

ROI 1.5 T 

Milad et al. 
(2005) 

Cross-sectional, 
quantitative, 

nonexperimental 
Nonclinical Not available Both 1.5 T 

Milad et al. 
(2007) 

Cross-sectional, 
quantitative, 

nonexperimental 
Nonclinical Not available ROI 1.5 T 

Molent et al. 
(2018) 

Cross-sectional, 
quantitative, 

nonexperimental 
Nonclinical 

History of traumatic head injury with loss of consciousness and 
neurological or medical illness 

ROI 3.0 T 

Rosso et al. 
(2010) 

Cross-sectional, 
quantitative, 

nonexperimental 
Nonclinical 

Current or past Axis I diagnoses, besides SAP; MRI 
contraindications 

ROI 3.0 T 
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Study Study design Setting Exclusion criteria 
Whole-

brain/ROI 
Scanner 
strength 

Syal et al. 
(2012) 

Cross-sectional, 
quantitative, 

nonexperimental 
Nonclinical 

Comorbid psychiatric disorder for clinical sample, psychiatric 
disorders for HC 

Whole-brain 3.0 T 

Winkelmann 
et al. (2016) 

Cross-sectional, 
quantitative, 

nonexperimental 
Nonclinical 

Current Axis I/II mental disorder, technical errors in SCR or 
irreparable artifacts in the structural MRI data 

ROI 
(Clusters) 

3.0 T; 
Replication 

sample: 1.5 T 

Zhao et al. 
(2017) 

Cross-sectional, 
quantitative, 

nonexperimental 
Nonclinical 

Neurological disorder or other axis I psychiatric disorders, axis II 
antisocial or borderline personality disorders, history of drug 
dependence or abuse, pregnancy, and major physical illness 

Whole-brain 3.0 T 

Note. ROI = region-of-interest, MDD = major depressive disorder, BAI = Beck Anxiety Inventory, BDI-II = Beck Depression Inventory-II, MRI = magnetic 

resonance imaging, CBT = cognitive behavioral therapy, GAD = generalized anxiety disorder, SCR = skin conductance response, CR = conditioned response, 

PD = panic disorder, SAP = specific animal phobia, HC = healthy control. 
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 Image Processing Methods and Estimation of CT. As presented in Table 3, in terms of 

the methods used for measuring CT, almost all studies (n = 16) reported a surface-based approach 

(Asami et al., 2018; Blackmon et al., 2011; Brühl et al., 2014; Carnevali et al., 2019; Cha et al., 

2014; Donzuso et al., 2014; Hartley et al., 2011; Kang et al., 2017; Kühn et al., 2011; Maggioni et 

al., 2019; Milad et al., 2005, 2007; Molent et al., 2018; Syal et al., 2012; Winkelmann et al., 2016; 

Zhao et al., 2017), consisting of, generally, image registration, intensity normalization, smoothing, 

brain extraction and segmentation, surface extraction, inflation or parameterization, and surface 

mapping (Fischl & Dale, 2000). One study (Rosso et al., 2010) used the topological cortical 

parcellation (TCP) system, starting with volumetric segmentation data. The segmentation and 

parcellation of the cerebral cortex occurred through the Cardviews software and then CT 

differences were computed using FreeSurfer.  

Studies differed in the Gaussian Kernel used, with the most commonly reported being 10 

mm full-width at half-maximum (FWHM; n = 5; Asami et al., 2018; Blackmon et al., 2011; Cha et 

al., 2014; Donzuso et al., 2014; Zhao et al., 2017), followed by 13 mm FWHM (n = 2; Milad et al., 

2005, 2007), 30 mm FWHM (n = 1; Brühl et al., 2014), 5 mm FWHM (n = 1; Hartley et al., 2011), 

20 mm FWHM (n = 1; Kühn et al., 2011) and 15 mm FWHM (n = 1; Winkelmann et al., 2016). 

Six studies did not report the gaussian kernel used (Carnevali et al., 2019; Kang et al., 2017; 

Maggioni et al., 2019; Molent et al., 2018; Rosso et al., 2010; Syal et al., 2012). Considering quality 

checking, 11 studies mention visually inspecting the cortical surfaces and manually correcting 

inaccuracies when necessary (Brühl et al., 2014; Hartley et al., 2011; Kang et al., 2017; Kühn et 

al., 2011; Maggioni et al., 2019; Milad et al., 2005, 2007; Molent et al., 2018; Syal et al., 2012; 

Winkelmann et al., 2016; Zhao et al., 2017). The remaining studies do not disclose this parameter 

(n = 6; Asami et al., 2018; Blackmon et al., 2011; Carnevali et al., 2019; Cha et al., 2014; Donzuso 

et al., 2014; Rosso et al., 2010). 
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Table 3 

MRI Processing Methods of the Included Studies (n = 17) 

Study Pre-processing  Processing Quality check 
Software used to 
process images 

Asami et al. 
(2018) 

FreeSurfer pre-processing packagea  
The data were smoothed using a Gaussian kernel 

with FWHM of 10 mm 

FreeSurfer 
surface-based 

analysisb 
Not available 

FreeSurfer (version 
5.3.0) 

Blackmon et al. 
(2011) 

FreeSurfer pre-processing packagea  
The data were smoothed using a Gaussian kernel 

with FWHM of 10 mm 

FreeSurfer 
surface-based 

analysisb 
Not available 

FreeSurfer (version 
5.0.0) 

Brühl et al. 
(2014) 

FreeSurfer pre-processing packagea  
The data were smoothed using a Gaussian kernel 

with a FWHM of 30 mm 

FreeSurfer 
surface-based 

analysisb 

Images were visually inspected for 
inaccuracies and none of the 

segmentations had to be excluded 

FreeSurfer (version 
4.5.0) 

Carnevali et al. 
(2019) 

FreeSurfer pre-processing packagea  
FreeSurfer 

surface-based 
analysisb 

Not available 
FreeSurfer (version 

n.a.) 

Cha et al. (2014) 

FreeSurfer pre-processing packagea  
For a vertex-wise analysis, the data were 

smoothed with a surface-based Gaussian kernel 
with FWHM of 10 mm 

FreeSurfer 
surface-based 

analysisb 
Not available 

FreeSurfer (version 
n.a.) 

Donzuso et al. 
(2014) 

FreeSurfer pre-processing packagea  
Smoothing of data used a circularly symmetrical 
Gaussian kernel with FWHM of 10 mm, with a 

SD of 10 mm 

FreeSurfer 
surface-based 

analysisb 
Not available 

FreeSurfer (version 
4.05) 

Hartley et al. 
(2011) 

FreeSurfer pre-processing packagea  
The data were smoothed with a surface-based 

Gaussian kernel with FWHM of 5 mm 

FreeSurfer 
surface-based 

analysisb 

Images were visually inspected and 
inaccuracies were manually corrected 

FreeSurfer (version 
n.a.) 
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Study Pre-processing Processing  Quality check 
Software used to 
process images 

Kang et al. 
(2017) 

FreeSurfer pre-processing packagea  
FreeSurfer 

surface-based 
analysisb 

Images were visually inspected and 
inaccuracies were manually corrected 

FreeSurfer (version 
5.3.0) 

Kühn et al. 
(2011) 

FreeSurfer pre-processing packagea  
The data were smoothed with a surface-based 

Gaussian kernel with FWHM of 20 mm 

FreeSurfer 
surface-based 

analysisb 

Images were visually inspected and 
inaccuracies were manually corrected 

FreeSurfer (version 
n.a.) 

Maggioni et al. 
(2019) 

FreeSurfer pre-processing packagea  
FreeSurfer 

surface-based 
analysisb 

Images were visually inspected and 
inaccuracies were manually corrected 

FreeSurfer (version 
5.3.0) 

Milad et al. 
(2005) 

FreeSurfer pre-processing packagea  
The data were smoothed with a surface-based 

Gaussian kernel with FWHM of ≈ 13 mm 

FreeSurfer 
surface-based 

analysisb 

Images were visually inspected, and 
inaccuracies were manually corrected 

Insufficient 
information 

Milad et al. 
(2007)c 

see Milad et al. (2005) 
see Milad et al. 

(2005) 
See Milad et al. (2005) 

Insufficient 
information 

Molent et al. 
(2018) 

FreeSurfer pre-processing packagea  
FreeSurfer 

surface-based 
analysisb 

Images were visually inspected and 
inaccuracies were manually corrected 

FreeSurfer (version 
5.3.0) 

Rosso et al. 
(2010) 

TCP systemd 
Cardviews and 

FreeSurfer 
analysis 

Not available  
Cardviews and 

FreeSurfer (version 
n.a.) 

Syal et al. 
(2012) 

FreeSurfer pre-processing packagea  
 

FreeSurfer 
surface-based 

analysisb 

Images were visually inspected and 
inaccuracies were manually corrected 

FreeSurfer (version 
4.5) 
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Study Pre-processing Processing  Quality check 
Software used to 
process images 

Winkelmann et 
al. (2016) 

FreeSurfer pre-processing packagea  
The data were smoothed with a surface-based 

Gaussian kernel with FWHM of 15 mm 

FreeSurfer 
surface-based 

analysisb 

Images were visually inspected and 
inaccuracies were manually corrected 

FreeSurfer (version 
5.0) 

Zhao et al. 
(2017) 

FreeSurfer pre-processing packagea  
The data were smoothed with a surface-based 

Gaussian kernel with FWHM of 10 mm 

FreeSurfer 
surface-based 

analysisb 

Segmentation results were visually 
inspected and manually edited by adding 

control points, if necessary 

FreeSurfer (version 
5.1.0) 

Note. FWHM = full-width at half-maximum, n.a. = not available, TCP = topological cortical parcellation. 
a The FreeSurfer pre-processing package includes nonuniformity correction and registration to stereotaxic space, removal of intensity inhomogeneity artifacts, 

and optionally normalized intensities. 
b The FreeSurfer surface-based analysis consists of five steps: (1) masking the brain and tissue classification into cortical gray matter, (2) surface fitting (fitting 

two polyhedral meshes to the inside [white/gray] and outside [pial, gray/cerebrospinal fluid] boundaries of the cortex), (3) thickness measurements (measuring 

CT as the distance between the grey matter and the grey/white matter boundary surfaces), (4) surface-based smoothing, and (5) surface-based alignment of the 

thickness maps (Wagstyl & Lerch, 2018). For more details see Fischl and Dale (2000). 
c This study analyzed data collected in Milad et al. (2005). 
d MRI intensities were normalized. The cerebral cortex was segmented and parcellated using the Cardviews software, following a manual procedure, while 

cortical surface analysis was computed using FreeSurfer. The surface was tessellated, smoothed, and inflated, and the cortical parcellation map was overlayed 

on the inflated surface. An intensity gradient was created as a function of the distance from the white matter surface. The exterior surface was generated by 

being pushed outward from the white matter surface and thickness maps were then created across the cerebral cortex. A FreeSurfer algorithm was used to create 

the “pial” surface, while the white matter surface was transferred to spherical coordinates and registered to the average Montreal Neurological Institute (MNI) 

brain. For more details see Makris et al. (2006).
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CT and Measures of Anxiety 

The most frequently used measures of anxiety in the included studies were self-report 

anxiety-related symptoms/processes (n = 12; Asami et al., 2018; Blackmon et al., 2011; Brühl et 

al., 2014; Carnevali et al., 2019; Donzuso et al., 2014; Kang et al., 2017; Kühn et al., 2011; 

Maggioni et al., 2019; Molent et al., 2018; Rosso et al., 2010; Syal et al., 2012; Zhao et al., 2017), 

followed by psychophysiological (n = 5; Carnevali et al., 2019; Hartley et al., 2011; Milad et al., 

2005, 2007; Winkelmann et al., 2016), and fMRI (n = 1; Cha et al., 2014).  

Self-Report Measures of Anxiety Symptoms. Regarding self-report measures of anxiety 

related-symptoms or processes, the following were reported (Table 4): STAI or STAI-trait scale (n 

= 5; Blackmon et al., 2011; Brühl et al., 2014; Carnevali et al., 2019; Donzuso et al., 2014; Kühn 

et al., 2011), HARS (n = 3; Donzuso et al., 2014; Maggioni et al., 2019; Molent et al., 2018), BAI 

(n = 2; Blackmon et al., 2011; Kang et al., 2017), Anxiety Sensitivity Index-Revised (ASI-R; n = 

1; Kang et al., 2017), and the 16-item Anxiety Sensitivity Index (ASI; n = 1; Rosso et al., 2010). 

Additionally, the following measures to assess clinical/symptom severity were reported: Penn State 

Worry Questionnaire (PSWQ; n = 1; Carnevali et al., 2019), Panic Disorder Severity Scale (PDSS; 

n = 2; Asami et al., 2018; Kang et al., 2017), Liebowitz Social Anxiety Scale (LSAS; n = 3; Brühl 

et al., 2014; Syal et al., 2012; Zhao et al., 2017), Social Phobia Scale (SPS; n = 1; Brühl et al., 

2014), and Social Interaction Anxiety Scale (SIAS; n = 1; Brühl et al., 2014). 

In terms of the analytical strategy selected, the most common analyses undertaken were 

correlations (n = 9; Asami et al., 2018; Brühl et al., 2014; Carnevali et al., 2019; Kang et al., 2017; 

Maggioni et al., 2019; Molent et al., 2018; Rosso et al., 2010; Syal et al., 2012; Zhao et al., 2017), 

namely Pearson’s (n = 5; Kang et al., 2017; Maggioni et al., 2019; Molent et al., 2018; Rosso et al., 

2010; Syal et al., 2012) or Spearman’s correlations (n = 1; Asami et al., 2018). Of these, five studies 

reported the use of partial correlations (Carnevali et al., 2019; Maggioni et al., 2019; Molent et al., 

2018; Syal et al., 2012; Zhao et al., 2017), while one used bivariate correlations (Brühl et al., 2014). 

The General Linear Model (GLM) was also used (n = 2; Blackmon et al., 2011; Rosso et al., 2010), 

as well as the multiple regression (n = 1; Donzuso et al., 2014), post hoc stepwise linear regressions 

(n = 1; Kühn et al., 2011) and the t-statistics with regression approach (n = 1; Kühn et al., 2011). 

Nine studies included samples of patients with anxiety disorders (Asami et al., 2018; Brühl 

et al., 2014; Carnevali et al., 2019; Kang et al., 2017; Maggioni et al., 2019; Molent et al., 2018; 

Rosso et al., 2010; Syal et al., 2012; Zhao et al., 2017), namely PD (n = 3; Asami et al., 2018; Kang 

et al., 2017; Maggioni et al., 2019), SAD (n = 3; Brühl et al., 2014; Syal et al., 2012; Zhao et al., 

2017), GAD (n = 3; Carnevali et al., 2019; Maggioni et al., 2019; Molent et al., 2018) and SP (n = 

1; Rosso et al., 2010). Studies observing samples of patients with anxiety disorders compared their 

data with a group of HC. Three studies observed only healthy individuals (Blackmon et al., 2011; 
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Donzuso et al., 2014; Kühn et al., 2011). Regarding comorbidities, the most frequently reported 

was current or past history of MDD or depressive episode (n = 3; Asami et al., 2018; Brühl et al., 

2014; Molent et al., 2018), followed by personality disorders (n = 1; Maggioni et al., 2019). Two 

studies reported comorbid anxiety disorders, namely PD and agoraphobia (n = 1; Kang et al., 2017) 

and GAD and SP (n = 1; Molent et al., 2018). 

Six studies observing clinical samples state the use of medication (n = 6; Asami et al., 2018; 

Brühl et al., 2014; Kang et al., 2017; Maggioni et al., 2019; Molent et al., 2018; Syal et al., 2012), 

namely antidepressant (e.g., selective serotonin reuptake inhibitors; n = 5; Asami et al., 2018; Brühl 

et al., 2014; Kang et al., 2017; Maggioni et al., 2019; Molent et al., 2018), benzodiazepines (n = 3; 

Asami et al., 2018; Kang et al., 2017; Molent et al., 2018), and antipsychotic (n = 1; Molent et al., 

2018). One study reported one patient who used benzodiazepines intermittently (Syal et al., 2012). 

Three of the clinical samples were medication free (Carnevali et al., 2019; Rosso et al., 2010; Zhao 

et al., 2017).  

Across the included studies, the most commonly controlled variables were age (n = 9; 

Blackmon et al., 2011; Carnevali et al., 2019; Donzuso et al., 2014; Kühn et al., 2011; Maggioni et 

al., 2019; Molent et al., 2018; Rosso et al., 2010; Syal et al., 2012; Zhao et al., 2017) and sex (n = 

6; Donzuso et al., 2014; Kühn et al., 2011; Maggioni et al., 2019; Molent et al., 2018; Rosso et al., 

2010; Zhao et al., 2017), followed by average CT (n = 2; Carnevali et al., 2019; Rosso et al., 2010), 

diagnosis (n = 1; Maggioni et al., 2019), scan site (n = 1; Rosso et al., 2010) and intracranial volume 

(n = 1; Syal et al., 2012). Three studies did not disclose the existence of controlled variables for the 

analysis of the association between CT and anxiety measures, although variables such as age were 

controlled in previous analysis (e.g., analysis of covariance; Asami et al., 2018; Brühl et al., 2014; 

Kang et al., 2017). 

Regarding the findings about the association between CT and STAI, in what concerns 

studies observing clinical samples, one study with SAD patients did not find a statistically 

significant effect between these variables (Brühl et al., 2014). However, a second study that 

assessed GAD patients (Carnevali et al., 2019) found a statistically significant negative association 

between STAI and the CT in the left mOFC and right isthmus cingulate gyrus, both in GAD and 

HC. Amongst the studies comprising only healthy individuals, one did not find statistically 

significant effects (Donzuso et al., 2014), while two others did find a significant association 

between STAI-trait scale and CT (Blackmon et al., 2011; Kühn et al., 2011). Blackmon et al. (2011) 

found a positive association between anxiety scores and the CT in the left temporo-parietal region, 

spanning the posterior portion of the superior temporal sulcus and the inferior parietal region. Kühn 

et al. (2011) found a negative association between anxiety scores and the CT in the right mOFC 

(right gyrus rectus). 
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Considering HARS, in clinical studies, focusing on PD patients (n = 1; Maggioni et al., 

2019) and GAD patients  (n = 2; Maggioni et al., 2019; Molent et al., 2018), statistically significant 

effects were not found. However, although not statistically significant, a tendency for a positive 

association was found between HARS scores and CT in the left middle temporal cortex in one study 

with GAD patients (Molent et al., 2018). In terms of healthy population, one study (Donzuso et al., 

2014) found a statistically significant positive association between HARS and the CT of the caudal 

and rostral ACC. Also, the authors found that HARS scores were significantly predicted by the 

anatomical variance (Donzuso et al., 2014).  

With regard to BAI, a study focusing on PD (Kang et al., 2017) found a statistically 

significant positive association between CT and BAI scores in the left parts triangularis. In a sample 

of healthy individuals, one study (Blackmon et al., 2011) found a statistically significant positive 

association for this instrument in the lateral OFC and temporo-parietal regions, with the latter 

spanning the posterior portion of the superior temporal sulcus and the inferior parietal region.  

Concerning ASI-R, one study (Kang et al., 2017; PD) found a statistically significant 

positive association between CT and ASI-R scores in the left pars triangularis, as well as a negative 

association in the right temporal pole. For ASI, the study by Rosso et al. (2010) found statistically 

significant effects in both the GLM and correlations analysis. First, the authors found a significant 

interaction between group and ASI scores, with higher ASI scores predicting increased CT in the 

right anterior insula, in the SAP group. Second, there was a positive association between ASI scores 

and CT in the right anterior insula in SAP subjects, but not in HC (Rosso et al., 2010).  

With relation to PSWQ, one study (Carnevali et al., 2019) found a statistically significant 

negative association between PSWQ and CT in the left mOFC and right isthmus cingulate gyrus, 

both in the GAD group and in HC. 

Considering PDSS, a statistically significant negative association between PDSS and CT 

was found in the left rostral middle frontal cortex (Asami et al., 2018), as well as a statistically 

significant positive association in the left pars triangularis (Kang et al., 2017), in PD patients. 

In terms of the LSAS instrument, two studies found statistically significant effects, namely 

a positive association between LSAS and CT in the right anterior insula (Brühl et al., 2014) and a 

negative association in the left postcentral cortex (Syal et al., 2012), in SAD patients. Although not 

statistically significant, a negative association was found between LSAS and CT in the right 

postcentral cortex (Syal et al., 2012). One study (Zhao et al., 2017) did not find statistically 

significant effects. For SPS, Brühl et al. (2014) found a statistically significant positive association 

between SPS scores and CT in the right anterior insula and parahippocampal gyrus in SAD patients. 

Finally, one study did not find statistically significant effects regarding the association between 

SIAS and CT (Brühl et al., 2014). 
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Table 4 

Association Between CT and Self-Report Measures of Anxiety (n = 12) 

Studya 
Measures of 

anxiety 

Sample information  Main findings 

Group (n) Comorbidity 
Medication 

status 

Mean 
age 

(SD) 

Sex 
(M/F) 

 
Significant 

effect 
Direction of 

effect 
Brain regions 

Asami et 
al. (2018) 

PDSS 

PD  
(n = 38) 

Past history 
of MDD  
(n = 6) 

Medicated 
38.8 

(10.1) 
13/25 

 

Yes 
Negative 

association (PD 
group) 

Left rostral middle 
frontal cortex 

HC  
(n = 38) 

Not 
applicable 

Not applicable 
37.8 

(10.3) 
13/25 

 

Blackmon 
et al. 
(2011) 

BAI and 
STAI-trait 

scale 

BAI  
(n = 25) 

Healthy 
sample 

Not applicable 40 (12) 13/12 
 

Yes for BAI 
Positive 

association 
lOFC and temporo-

parietal regions 

STAI-trait  
(n = 18) 

Healthy 
sample 

Not applicable 39 (11) 10/8 

 
Yes for STAI-

trait 
Positive 

association 
Left temporo-

parietal regions 

Brühl et al. 
(2014) 

STAI-trait 
scale, LSAS, 

SPS, and 
SIAS 

SAD 
(n = 46) 

Current 
depressive 

episode  
(n = 1) 

Medicated, 
stable for at 

least 4 weeks 

33.13 
(10.61) 

29/17 

 
Yes for the ROI 

analysis and 
LSAS 

Positive 
association 

(SAD group) 
Right anterior insula 

HC  
(n = 46) 

Not 
applicable 

Not applicable 
32.96 
(8.87) 

29/17 

 
Yes for the ROI 

analysis and 
SPS 

Positive 
association 

(SAD group) 

Right anterior insula 
and 

parahippocampal 
gyrus 
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Studya 
Measures of 

anxiety 

Sample information  Main findings 

Group (n) Comorbidity 
Medication 

status 

Mean 
age 

(SD) 

Sex 
(M/F) 

 
Significant 

effect 
Direction of 

effect 
Brain regions 

Carnevali 
et al. 
(2019) 

STAI-trait 
and PSWQ 

GAD  
(n = 17) 

None 
Medication 

free 
30.7 
(2.0) 

All 
female 

 

Yes for both 
STAI-trait and 

PSWQ 

Negative 
association in 
both groups 

Left mOFC and 
right isthmus 

cingulate gyrus HC  
(n = 18) 

Not 
applicable 

Not applicable 
27.2 
(1.7) 

All 
female 

 

Donzuso et 
al. (2014) 

STAI and 
HARS 

Healthy  
(n = 121) 

Not 
applicable 

Not applicable 
38.7 

(15.1) 
54/67 

 

Yes for HARS, 
but not for 

STAI 

Positive 
association 

Caudal and rostral 
ACC 

Kang et al. 
(2017) 

PDSS, ASI-
R, and BAI 

PD  
(n = 47) 

Agoraphobia 
(n = 29) 

Medicated 
38.09 
(9.96) 

22/25 

 

Yes, between 
CT and PDSS, 

ASI-R, and 
BAI scores 

Positive 
association 
(PD group)  

Left pars 
triangularis 

HC  
(n = 30) 

Not 
applicable 

Not applicable 
34.87 
(8.80) 

16/14 

 

Yes, between 
CT and ASI-R 

score 

Negative 
association  
(PD group) 

Right temporal pole 
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Studya 
Measures of 

anxiety 

Sample information  Main findings 

Group (n) Comorbidity 
Medication 

status 

Mean 
age 

(SD) 

Sex 
(M/F) 

 
Significant 

effect 
Direction of 

effect 
Brain regions 

Kühn et al. 
(2011) 

STAI-trait  
Healthy 
(n = 34) 

Not 
applicable 

Not applicable 30.5 (?) 14/20 

 

Yes 
Negative 

association 
Right mOFC (right 

gyrus rectus) 

 
 
 
Maggioni 
et al. 
(2019) 

 
 

HARS 

GAD  
(n = 11) 

Personality 
disorders  
(n = 2) 

Medicated 
42.43 

(11.53) 
4/7 

 

No Not applicable Not applicable PD  
(n = 11) 

Personality 
disorders  
(n = 3) 

Medicated 
33.55 
(9.53) 

5/6 
 

HC  
(n = 21) 

Not 
applicable 

Not applicable 
36.03 

(13.46) 
7/14 

 

 
 
Molent et 
al. (2018) 

 
 

HARS 

GAD  
(n = 31) 

MDD  
(n =1), SP  

(n = 1), 
SP and past 

MDD  
(n =1) 

Medicated 
43.77 

(14.61) 
11/20 

 

Nob Not applicable Not applicable 

HC  
(n = 31) 

Not 
applicable 

Not applicable 
39.68 

(13.48) 
14/17 
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Studya 
Measures of 

anxiety 

Sample information  Main findings 

Group (n) Comorbidity 
Medication 

status 

Mean 
age 

(SD) 

Sex 
(M/F) 

 
Significant 

effect 
Direction of 

effect 
Brain regions 

Rosso et al. 
(2010) 

ASI 

SAP  
(n = 19) 

None 
None for at 

least 4 weeks 
prior 

28.68 
(6.36) 

5/14 

 
Significant 

group x ASI 
interaction in 

the GLM model 

Higher AS 
predicted 
increased 

thickness in 
SAP  

Right anterior insula 

HC  
(n = 20) 

Not 
applicable 

Not applicable 
29.70 
(6.22) 

9/11 

 
Significant 

effect in 
correlation 

analysis 

Positive 
association 

between ASI 
scores and CT 

in SAP 

Right anterior insula 

Syal et al. 
(2012) 

LSAS 

SAD  
(n = 13) 

None 
Intermittent  

(n = 1) 
35.3 

(11.8) 
8/5 

 

Yes 
Negative 

association in 
SAD groupc 

Left postcentral 
cortex 

HC  
(n = 13) 

Not 
applicable 

Not applicable 
 

33.6 
(11.2) 

 
8/5 

 
 

 

Zhao et al. 
(2017) 

LSAS 

SAD  
(n = 24) 

None 
Medication 

free 
24.5 
(4.0) 

15/9 

 

No Not applicable Not applicable 

HC  
(n = 41) 

Not 
applicable 

Not applicable 
27.1 
(7.2) 

26/15 
 

Note. M = male, F = female, PDSS = Panic Disorder Severity Scale, PD = panic disorder, HC = healthy control, MDD = major depressive disorder, BAI = Beck 

Anxiety Inventory, STAI = State-Trait Anxiety Inventory, lOFC = lateral orbitofrontal cortex, LSAS = Liebowitz Social Anxiety Scale, SPS = Social Phobia 



 

Association Between Cortical Thickness and Anxiety Measures: A Scoping Review 31 

 

Scale, SIAS = Social Interaction Anxiety Scale, SAD = social anxiety disorder, ROI = region-of-interest, PSWQ = Penn State Worry Questionnaire, GAD = 

generalized anxiety disorder, mOFC = medial orbitofrontal cortex, HARS = Hamilton Scale for Anxiety, ACC = anterior cingulate cortex, ASI-R = Anxiety 

Sensitivity Index-Revised, CT = cortical thickness, SP = specific phobia, ASI = 16-item Anxiety Sensitivity Index, SAP = specific animal phobia, GLM = general 

linear model, AS = anxiety sensitivity. 
a It should be noted that all the studies have the same study design (cross-sectional, quantitative, nonexperimental). 
b Although not statistically significant, the authors found a positive correlation tendency between HARS score and CT in the left middle temporal cortex. 
c A similar tendency (negative association) was noted for the right postcentral cortex, although not statistically significant. 
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Psychophysiological and Neurophysiological/Neuroimaging Measures. In terms of 

psychophysiological and neurophysiological measures of anxiety (Table 5), the SCR was the most 

commonly collected index, associated with one or more classical fear conditioning procedures (fear 

acquisition, fear extinction, fear recall, and/or fear renewal; n = 4; Hartley et al., 2011; Milad et al., 

2005, 2007; Winkelmann et al., 2016). One study collected heart rate variability during rest 

(Carnevali et al., 2019), and another collected fMRI data during a fear generalization task (Cha et 

al., 2014).  

Three of the studies observed healthy individuals (Milad et al., 2005, 2007; Winkelmann 

et al., 2016) and two studies compared a sample of medication-free GAD patients with a group of 

HC (Carnevali et al., 2019; Cha et al., 2014). Another study did not report the status of the sample 

(Hartley et al., 2011). 

Regarding the statistical analysis performed, the most common estimations used were the 

GLM (n = 4; Carnevali et al., 2019; Hartley et al., 2011; Milad et al., 2005; Winkelmann et al., 

2016) and correlations (n = 3; Cha et al., 2014; Milad et al., 2005, 2007). Across studies, the authors 

controlled the following variables: age (n = 3; Carnevali et al., 2019; Cha et al., 2014; Winkelmann 

et al., 2016), sex (n = 1; Winkelmann et al., 2016), experimental group (n = 1; Cha et al., 2014), 

intracranial volume (n = 1; Cha et al., 2014), global mean CT (n = 1; Carnevali et al., 2019), and 

the individual level of acquired fear across fear acquisition phases (n = 1; Winkelmann et al., 2016). 

Three studies did not report the control of variables (Hartley et al., 2011; Milad et al., 2005, 2007). 

Regarding neurophysiological/neuroimaging measures, one study (Cha et al., 2014) found 

a statistically significant negative association between the CT in the left vmPFC and the vmPFC 

decreased discriminative blood-oxygen-level-dependent (BOLD) response. Also, the CT of the 

vmPFC was found to be a significant predictor of variance of the vmPFC fear generalization 

gradient, in a multiblock linear regression analysis.  

Considering heart rate variability, one study (Carnevali et al., 2019) found that the natural 

logarithm of vagally-mediated heart rate variability (ln[vmHRV])3 was predicted by the CT of the 

left caudal ACC, explaining 14% of the variance. This measure was also predicted by a significant 

interaction between Group and the CT of the left caudal ACC, with this interaction explaining 18% 

of the variance in the model. When post hoc tests were conducted, it showed that the CT of the left 

caudal ACC significantly predicted ln(vmHRV) in HC, but not in GAD patients.  

 Regarding the acquisition phase of the fear procedure, two studies found statistically 

significant effects for the association between CT and SCRs (Hartley et al., 2011; Milad et al., 

 
3 In this study, the root mean square successive difference (RMSSD) was derived as a reliable index of 
vagally-mediated heart rate variability (vmHRV). A natural algorithm (ln[vmHRV]) was calculated to 
account for the non-normal distribution of vmHRV values. 
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2007). Hartley et al. (2011) found that larger conditioned SCRs were associated with increased CT 

in the posterior insula/temporal operculum region (i.e., the CT of these regions was positively 

associated with fear acquisition). Although uncorrected, the CT of the following regions were also 

found to be positively associated with SCRs (Hartley et al., 2011): right and left medial temporal 

gyrus, right inferior temporal gyrus, right transverse temporal gyrus, left fusiform gyrus, right 

posterior cingulate sulcus, right medial occipital gyrus, and left inferior frontal gyrus. Milad et al. 

(2007), on the other hand, found that dACC thickness was positively associated with conditioned 

responses to the conditioned stimulus signaling fear (CS+), as indexed by SCR.  

 In terms of the extinction learning phase, one study found a statistically significant negative 

association between the CT of three clusters (in the subgenual area of the right vmPFC, in the pars 

orbitalis of the left OFC, and in the medial frontal gyrus of the right OFC) and the SCRs collected 

during extinction learning. That is, individuals with a thicker vmPFC and OFC demonstrated faster 

extinction learning (Winkelmann et al., 2016).  

 Considering the extinction recall procedure, two studies found statistically significant 

effects (Hartley et al., 2011; Milad et al., 2005). Milad et al. (2005) found a negative association 

between the thickness of the right mOFC and the SCRs when processing the conditioned stimulus 

during extinction recall (one day after extinction learning). Hartley et al. (2011) found that the 

thickness of a small region of the left vmPFC was positively associated with extinction retention 

(individuals with a thicker cortex in this region exhibited greater fear inhibition), but this effect did 

not survive multiple comparisons correction. 

 Finally, Milad et al. (2005) found a significant positive correlation between CT of the 

mOFC and the left superior parietal cortex and the SCRs during the fear renewal phase. 
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Table 5 

Association Between CT and Other Anxiety Measures (n = 6) 

Studya 
Classical fear 
conditioning 

procedure 

Other 
measures of 

anxiety 

Sample information 

Main findings 
Group (n) Comorbidity 

Medication 
status 

Mean age 
(SD) 

Sex 
(M/F) 

Carnevali et 
al. (2019) 

Not applicable 

Vagally-
mediated 

Heart Rate 
Variability 
(vmHRV) 

GAD  
(n = 17)  

None 
Medication 

free 
30.7 (2.0) 

All 
female 

ln(vmHRV)b was predicted by the 
CT of the left caudal ACC and by 
a significant interaction between 

group and the CT of the left 
caudal ACC. Post hoc tests 

showed that the CT of the left 
caudal ACC strongly predicted 

ln(vmHRV) in HC, but not in the 
GAD group. HC (n = 18) 

Not 
applicable 

Not 
applicable 

27.2 (1.7) 
 

Cha et al. 
(2014) 

Fear acquisition 
(generalization 

task) 

 vmPFC 
BOLD 

reactivity 
(fMRI) 

GAD  
(n = 32)   

MDD  
(n = 17) 

Medication 
free for at 

least 6 
months prior 

Age 
matched: 
22.3 (4.5) 

All 
female 

Negative association between the 
CT of the left vmPFC and the 

vmPFC BOLD response during a 
generalization task. 

HC (n = 25) 
Not 

applicable 
Not 

applicable 
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Studya 
Classical fear 
conditioning 

procedure 

Other 
measures of 

anxiety 

Sample information 
Main findings 

Group (n) Comorbidity 
Medication 

status 
Mean age 

(SD) 
Sex 

(M/F) 

Hartley et al. 
(2011) 

Fear reduction 
through classical 

extinction or 
cognitive 
regulation 

SCR  

Cognitive 
regulation 
(n = 18) 

 

Not 
applicable 

Not 
applicable 

Not 
available 

9/9 

Positive association between CT 
in the posterior insula/temporal 

operculum and conditioned SCRs, 
during acquisition. 

Positive association between CT 
and fear acquisition and 
regulation (uncorrected)c 

No significant association 
between the extinction retention 
measure and CT of the vmPFCd 

No significant association 
between the measure of 

intentional cognitive regulation 
and CT in the ROIs 

Extinction 
(n = 12) 

Not 
applicable 

Not 
applicable 

Not 
available 

6/6 

Milad et al. 
(2005) 

Fear acquisition, 
fear extinction, 
extinction recall 
and fear renewal  

SCR  
Healthy  
(n = 14) 

Not 
applicable 

Not 
applicable 

Not 
available 

8/6 

Significant positive association 
between CT of the mOFC and the 
extinction retention index in recall 

and renewal phases. The same 
was not true for SC, rACC or 

dACC. 

The CT of the left superior 
parietal cortex exhibited a 
positive association with 

extinction retention in the renewal 
phase only. 
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Studya 
Classical fear 
conditioning 

procedure 

Other 
measures of 

anxiety 

Sample information 

Main findings 
Group (n) Comorbidity 

Medication 
status 

Mean age 
(SD) 

Sex 
(M/F) 

Milad et al. 
(2007) 

Fear acquisition 
and extinction 

SCR  
Healthy  
(n = 14) 

Not 
applicable 

Not 
applicable 

Not 
available 

8/6 

Positive association between 
CT in the dACC region and the 
SCRs to the CS+, but not to the 

CS- or differential SCR. 

Winkelmann 
et al. (2016) 
 
 
 
 

Fear acquisition 
and extinction 

 
 
 
 

SCR 
 
 
 

 

Study 
(n = 68)  

Not 
applicable 
(healthy)  

Not 
applicable 

21.79 
(2.72)  

48/20 
No significant association 

between CT and the SCRs across 
the 18 extinction trials. 

Replication 
sample  
(n = 53) 

Not 
applicable 
(healthy) 

Not 
applicable 

21.83 
(2.98) 

35/18 

 Significant positive associations 
between the differential SCRs of 
the first extinction learning block 

and the CT of three cortical 
clusters: subgenual area of the 

right vmPFC, the pars orbitalis of 
the left orbitofrontal cortex; and 
the medial frontal gyrus of the 

right orbitofrontal cortex 

Note. M = male, F = female, GAD = generalized anxiety disorder, HC = healthy control, ln(vmHRV) = natural logarithm of vagally-mediated heart rate 

variability, CT = cortical thickness, ACC = anterior cingulate cortex, vmPFC = ventromedial prefrontal cortex, BOLD = blood-oxygen-level-dependent, fMRI 

= functional magnetic resonance imaging, MDD = major depressive disorder, SCR = skin conductance response, ROI = region-of-interest, mOFC = medial 

orbitofrontal cortex, SC = subcallosal cortex, rACC = rostral anterior cingulate cortex, dACC = dorsal anterior cingulate cortex, CS+ = conditioned stimulus, CS- 

= a stimulus that is not paired with the shock. 
a. All the studies have the same study design (cross-sectional, nonexperimental and quantitative). 
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b  The non-normal distribution of vmHRV values was accounted for by calculating its natural logarithm, ln(vmHRV). 
c  In the following regions: right posterior insula, right and left medial temporal gyrus, right inferior temporal gyrus, in the acquisition covariate of the cognitive 

regulation data set; left superior parietal lobule, left fusiform gyrus, left postcentral gyrus, left superior temporal gyrus, right precuneus, right and left medial 

temporal gyrus, in the regulation covariate of the cognitive regulation data set; right transverse temporal gyrus, left fusiform gyrus, right posterior cingulate 

sulcus, right medial occipital gyrus, left inferior frontal gyrus, right posterior insula/temporal operculum, in the acquisition covariate of the extinction data set; 

left superior temporal gyrus and left and right medial temporal gyrus, in the regulation covariate of the extinction data set. 
d A small region of the left vmPFC correlated positively with the index of extinction retention, using a lowered peak voxel threshold of p = .003. However, this 

correlation did not survive multiple comparisons correction. 
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Discussion 

Summary of Evidence 

To the best of our knowledge, this scoping review is the first do address the association 

between CT and anxiety-related measures and to systematically identify and describe the studies 

about CT in what concerns MRI pre-processing and data analysis. The findings from the 17 

identified studies suggest that there is a significant relationship between CT and several measures 

of anxiety across individual subjects, healthy or anxious.  

 In what concerns methodological options, the results show that the software FreeSurfer and 

its surface-based approach is the most used application for the measurement and analysis of CT. 

This may be due to the fact that FreeSurfer is an access-free, robust, reliable and accurate tool, 

added to its relatively easiness to navigate and its multiple features gathered in one unique software 

(Gransjøen, 2015).  

 However, the lack of a standard methodological practice and a standard practice for 

reporting the methods and results of CT analysis should be noted. The included studies differed in 

the methods undertaken, namely the statistical approach (whole-brain or ROI), the quality checking 

of the segmentation data, the Gaussian Kernel used, the scanner strength, and the sample size. 

Although most studies report controlling for variables identified in the literature as susceptible to 

influence the results (e.g., age and sex; Luders et al., 2006; Salat et al., 2004), the selection of 

controlled variables was diverse. This was also observed in the critical appraisal performed, where 

the main areas of inadequate quality pertain to the definition of exclusion criteria and cofounding 

factors. Finally, the included studies differed in the reporting of statistical results (corrected and 

uncorrected). As a result, caution is warranted when interpreting the findings, as there may be 

differences in the statistical power of the analysis and the resulting findings, increasing variability 

to the field.  

Studies focusing on healthy samples might inform about potential vulnerability factors, 

even if cross-sectional. The reviewed findings indicate the possible existence of a significant 

relationship between higher anxiety scores, as assessed by self-report measures (STAI-trait scale, 

BAI and/or HARS), and differences in CT. Across studies, anxiety seems to be associated with a 

thickening of the left temporo-parietal regions (Blackmon et al., 2011) and thinning of the right and 

left mOFC (Carnevali et al., 2019; Kühn et al., 2011). Higher scores on the PSWQ scale, assessing 

pathological worry, were also associated with thinning of the left mOFC (Carnevali et al., 2019).  

The temporo-parietal junction (TPJ) is thought to be involved in several processes, such as 

multisensory integration, social cognition and stimulus-driven attention functions (Eddy, 2016). In 

relation to adults, one study found that adolescents showed reduced activation in the TPJ during 

extinction recall compared to late extinction (Ganella et al., 2018). However, this region has not 
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been notably studied considering anxiety disorders, to the best of our knowledge. Alternatively, 

inferior parietal regions have been found to be involved in contextual fear conditioning (Alvarez et 

al., 2008). Additionally, CT alterations have been reported in the left inferior parietal regions in 

anxiety disorders, namely a decreased thickness in GAD patients (Abdallah et al., 2012) and an 

increased thickness in SP patients (Rauch et al., 2004). With respect to the left posterior superior 

temporal cortex, this region has been implicated in social information processing, and seems to be 

dysfunctional in SAD patients (Gentili et al., 2008). Also, a significant positive association between 

trait anxiety and activation in this region has been previously reported (Fonzo et al., 2015). Taken 

together, these studies support the interest of the temporo-parietal regions in the development of 

anxiety disorders.  

The mOFC, component of the vmPFC, has been previously associated with anxiety 

disorders in MRI and fMRI studies, namely in terms of its reduced volume and abnormal activation 

(Shin & Liberzon, 2010; Xue et al., 2018). For example, its reduced function has been consistently 

associated with anxiety disorders, through various cognitive and symptom provocation paradigms 

(Craske et al., 2009; Milad & Rauch, 2007). Considering the right mOFC, decreased CT of this 

region has been found in SAD (Syal et al., 2012) and GAD patients with comorbid MDD (Canu et 

al., 2015). In terms of CT alterations in the left mOFC, the results are discrepant. Whereas one 

study found increased CT in the left mOFC in GAD patients (Abdallah et al., 2012), another study 

found the opposite (Carnevali et al., 2019). This may be due to methodological differences of the 

studies or to other idiosyncratic variables at play.  

The mOFC region is known to connect and project to other brain regions, such as the ventral 

striatum, the amygdala, the hypothalamus, and the hippocampus. These projections are suggested 

to be significantly involved in reward-oriented behavior and in emotional decision-making process. 

Additionally, the mOFC and the vmPFC have been implicated in fear extinction processes, such as 

extinction recall (Milad & Rauch, 2007). Indeed, vmPFC thickness independently explained the 

individual variability in the vmPFC fear generalization gradient in one of the reviewed studies (Cha 

et al., 2014), and the increased thickness of the right mOFC was correlated with greater extinction 

memory, assessed by SCRs, in another study (Milad et al., 2005). Additionally, the finding that 

pathological worry (PSWQ) was associated with thinning of the left mOFC (Carnevali et al., 2019) 

supports the influence of autonomic responsivity, through suppression by the mOFC (Craske et al., 

2009). 

In what concerns the measurement instruments, higher scores in the STAI-trait scale were 

associated with decreased thickness in the right isthmus cingulate gyrus in HC (Carnevali et al., 

2019). This region was also found to be thinner in GAD patients (Carnevali et al., 2019). In relation 

to BAI, an association between higher scores and increased thickness of left OFC regions was found 

(Blackmon et al., 2011). However, the left lOFC region has been reported to be thinner in GAD 
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(Abdallah et al., 2012; Maggioni et al., 2019), SAD (Zhao et al., 2017) and PD (Maggioni et al., 

2019). Finally, higher scores in HARS were associated with increased thickness of the caudal and 

rostral ACC (Donzuso et al., 2014). These regions have been found to be thinner in GAD (Carnevali 

et al., 2019) and SAD (Zhao et al., 2017). Interestingly, vmHRV was also found to be significantly 

predicted by the CT of the left caudal ACC in HC (Carnevali et al., 2019). These findings point to 

an apparent contradiction regarding the association between CT and anxiety measures, in the sense 

that the direction of the effect seems to inverse in subjects with a clinical diagnosis or with the 

severity of anxiety.  

 Considering clinical samples, the selected studies did not allow for the assessment of 

vulnerability as they were cross-sectional. Thus, any assumptions concerning vulnerability factors 

or causality would be merely speculative. As such, the interpretation of the results will pertain to 

the association between the severity of anxiety and CT differences across the clinical conditions, 

keeping in mind that the associations may always be at least bidirectional within a complex system 

of factors. Current consensus is that the etiology of anxiety involves a multifactorial interaction 

between genetic vulnerability and environmental factors (e.g., stressful situations). Recently, 

epigenetic factors have also been implicated in the development of anxiety disorders. Exposure to 

stressful environmental conditions can trigger and encode persistent epigenetic reprogramming, 

which have the ability to change brain interactions with the environment (Règue-Guyon et al., 

2018). Thus, other vulnerability factors may play a role in the development of anxiety disorders 

and act as mediators of the relationship between CT and anxiety, such as biological vulnerability 

factors (e.g., genetic, epigenetic, anxiety sensitivity). In order to better assess the role of CT in the 

development of anxiety disorders, longitudinal study designs or studies including monozygotic or 

dizygotic twins are needed.  

Regarding the association between CT and clinical severity, an increased thickness of the 

right anterior insula was found to be associated with clinical severity in SAD and SP, through SPS 

and LSAS (Brühl et al., 2014) and ASI (Rosso et al., 2010), respectively. This is in accordance with 

the literature regarding the role of the insula in the mediation of fear and anxiety (Gogolla, 2017). 

In this sense, the evidence suggests a potential role of the insula as a translational component of 

anxiety disorders, considering a dimensional approach to psychopathology.  

In relation to PD, significant positive correlations were found in the left pars triangularis 

for both BAI, ASI-R and PDSS (Kang et al., 2017), as well as a negative correlation in the right 

temporal pole for ASI-R (Kang et al., 2017) and left rostral middle frontal cortex for PDSS (Asami 

et al, 2018). Functional and structural neuroimaging studies have also extensively revealed that the 

prefrontal and temporal cortex could be associated with the pathogenesis of PD (Coplan, & Lydiard, 

1998; Fontaine et al., 1990). For SAD, clinical severity (LSAS and SPS) was negatively associated 

with the thickness of the left postcentral cortex (Syal et al., 2012), and positively associated with 
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the thickness of the parahippocampal gyrus (Brühl et al., 2014). This is in line with studies in SAD 

that have found that mental imagery resulted in activity in the left postcentral gyrus (Kilts et al., 

2006), as well as greater BOLD responses observed in the parahippocampal gyrus (Goldin et al., 

2009). Considering GAD, clinical severity (STAI and PSWQ) appears to be associated with 

decreased thickness of the left mOFC and right isthmus cingulate gyrus (Carnevali et al., 2019). 

Conversely, mOFC volumes were previously positively associated with worry scores in GAD 

patients (Mohlman et al., 2009). Future studies should attempt to assess and compare these different 

morphological outcomes (e.g., volume, thickness, surface area).  

It should be noted that divergent results occurred across the different clinical conditions. 

That is, the relationship between STAI scores and CT was significant in GAD patients in the left 

mOFC and right isthmus cingulate gyrus (Carnevali et al., 2019), but not for SAD (Brühl et al., 

2014). Future replication studies are warranted to evaluate these discrepancies. Taking these 

associations into account, altered CT in the identified regions may be a neural correlate of the 

disorder in question but not a psychopathological dimension.  

Overall, two factors should be accounted when interpreting the available findings across 

studies. First, the majority of included patients in clinical samples were taking medication. 

Although the effects of a particular medication on CT have not been fully elucidated, changes in 

CT due to long-term medication in-take cannot be ruled out as potential cofounders. Second, there 

was a high rate of comorbidity in clinical samples, namely with MDD. Patients who present anxiety 

and depression comorbidity are known to show increased clinical severity and higher rates of 

chronicity (Hirschfeld, 2001). Although there is a significant overlap in the neural system 

disfunction of MDD and anxiety disorders (Hamilton et al., 2015), they have unique features as 

well. This comorbidity could potentially cofound the present findings. However, considering the 

present direction of clinical neuroscience, the specific variations between studies might 

demonstrate the contribution of multiple structural abnormalities to the development of the broad 

categories of affective disorders (Williams, 2016).  

In this way, another gap in knowledge pertains to how comorbidities may impact the 

association between CT and anxiety, either in terms of mood disorders (e.g., MDD) or other anxiety 

disorders. Due to the strong evidence of similar etiological and maintenance processes underlying 

depressive and anxious psychopathology, transdiagnostic processes should be considered. These 

disorders share similar genetic and environmental risk factors (e.g., “triple vulnerabilities” theory; 

Barlow et al., 2016). Therefore, changes in CT in specific regions of fundamental functional 

systems could potentially be considered as a translational component of vulnerability. This is 

compatible with the Research Domain Criteria (RDoC) framework, focused on the identification 

of common and core mechanisms underlying multiple disorders, such as cognition, negative affect, 

and arousal (Cuthbert, 2014; Newby et al., 2015).  
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 Anxiety disorders can also be conceptualized as involving disturbances in the fear circuitry 

responsible for the fear response (Graham & Milad, 2011). Taken together, the reviewed findings 

point to differences in CT in several brain regions that are associated with distinctive phases of the 

fear response, and some contributing simultaneously to more than one. Firstly, an increased 

thickness of the posterior insula/temporal operculum and of the dACC appears to be associated 

with fear learning (Hartley et al., 2011; Milad et al., 2007). Secondly, the thickness of the vmPFC 

was associated with both faster extinction learning (Winkelmann et al., 2016) and larger extinction 

retention (Hartley et al., 2011). Thirdly, the mOFC seems to be negatively involved in extinction 

recall and positively involved in fear renewal phases (Milad et al., 2005). Finally, the thickness of 

the OFC is positively associated with fear extinction learning (Winkelmann et al., 2016). These 

regions have been previously reported in the literature as being activated during fear conditioning 

processes (Sehlmeyer et al., 2009) and represent areas of particular interest for the development 

and treatment of anxiety disorders, as differences in CT may interfere with treatment response.   

Overall, CT appears to be a precursor of the development of anxiety disorders, as well as a 

contributing factor to their clinical severity. As previously mentioned, it is not possible to dismiss 

the possibility of a bidirectional relationship between these two variables. Replication studies are 

warranted to assess the divergent results noted, as well as studies evaluating the association between 

CT differences and other anxiety measures, such as the Anxiety Attitude and Belief Scale (Brown 

et al., 2000). Finally, studies should also assess if differences in CT may be related to specific 

components of anxiety (e.g., respiratory somatic symptoms, worry, apprehension) and the well-

known desynchrony presented between measures (McLean & Woody, 2001). This is in line with 

evidence that shows conflicting results concerning the association between CT and cognitive, 

neural, autonomic arousal, and behavior measures of anxiety. 

Limitations 

This study is not without limitations. First, the search was limited to English and Portuguese 

languages. Second, as it is a review, the analysis was limited to the information reported in the 

included studies. However, a quality assessment of the reviewed articles was performed and found 

that the majority of the included articles were of a high quality. Third, due to being out of the scope 

of the review, not all anxiety measures were included (e.g., neuroendocrine, genetic, and 

epigenetic). Also, we did not search grey literature. Finally, the present scoping review could be 

extended to other processes underlying anxiety, as we focused solely on fear conditioning 

processes. 

Conclusions and Recommendations  

Alterations in CT may act as a vulnerability factor for the development of anxiety disorders, 

as seen by findings in healthy population studies and in studies concerning fear conditioning 
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processes. Several brain regions seem to be of interest in clinical anxiety, namely the mOFC, the 

vmPFC, the insula, the TPJ and the ACC. These findings may enhance our understanding of the 

role of the CT in developing anxiety disorders, although more studies are warranted to confirm the 

findings of some of the reviewed studies. 

Implications for Future Research 

This scoping review aimed to summarize the main methods and findings pertaining to the 

association between CT and measures of anxiety. The findings here reported may support the 

understanding of the mechanisms underlying the development of anxiety disorders, namely the 

association between CT and measures of anxiety, and inform the design of future studies.  
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Appendix A 

Scoping Review Protocol 

Protocol for a Scoping Review 

 Title: Association Between Cortical Thickness and Measures of Anxiety: A Scoping 

Review 

 Registration: Open Science Framework 

 Start Date: September 2019 

 Anticipated Completion Date: July 2020 

 Funding: - 

 Stage of review at time of the submission: Data analysis 

 Ethics and Dissemination: As the scoping review entails the mapping of the existing 

evidence through the synthetization of information of available studies, no data was further 

collected, and no ethical approval was required. Results will be disseminated through 

scientific outcomes such as publication of the scoping review in peer reviewed international 

journals.  

Theoretical Framework 

Anxiety disorders are a significant condition in general population, affecting up to one third 

during their lifetime (Bandelow & Michaelis, 2015). According to the Diagnostic and Statistical 

Manual of Mental Disorders (5th ed.; DSM-5; American Psychiatric Association [APA], 2013), 

these disorders include generalized anxiety disorder, panic disorder, specific phobias, agoraphobia, 

social anxiety disorder (social phobia), separation anxiety disorder, among others. In DSM-5, 

obsessive-compulsive disorder (OCD), acute stress disorder, and posttraumatic stress disorder 

(PTSD) are no longer considered anxiety disorders (APA, 2013).  

Anxiety disorders are an excessive reaction of fear or anxiety, characterized by cognitive, 

behavioral, somatic, and emotional components (APA, 2013). These components can be assessed 

through different types of measures, namely clinical self-report (e.g., Beck Anxiety Inventory [BAI; 

Beck et al., 1988]), psychophysiological (e.g., galvanic skin response, heart rate variability), 

neuroendocrine (e.g., cortisol levels), behavioral (e.g., reaction time), functional neuroimaging 

(e.g., functional magnetic resonance imaging [fMRI], electroencephalography), genetic (e.g., 5-

HTTLPR), and epigenetic measures (e.g., serotonin pattern of methylation). However, the meaning 

of the assessment scores across some measures of anxiety remains unclear, such as The State-Trait 

Anxiety Inventory (STAI; Spielberger et al., 1983) and the Hamilton scale for anxiety (HARS; 

Hamilton, 1959). That is, what their scores reflect is still uncertain (do they measure similar aspects 
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of anxiety or do the scores reflect different aspects of the biological mechanisms underlying 

anxiety?; Donzuso et al., 2014). 

Abnormal fear conditioning processes, such as fear acquisition, are one of the mechanisms 

to have been found to be associated with the pathogenesis of anxiety disorders (Tinoco-González 

et al., 2015). Nonetheless, the interaction between biopsychosocial risk factors to the development 

of anxiety disorders is not yet clear. As a result, translational neuroscience research has aimed to 

identify brain structure alterations and fundamental circuits underlying anxiety disorders, in order 

to better predict treatment response and guide the development of new treatments (Gold et al., 2017; 

Shin & Liberzon, 2010). Thus, the biomarkers of anxiety and its related processes have been 

increasingly researched.  

Cortical thickness (CT) could potentially be considered as a biomarker of interest in the 

study of anxiety disorders. CT is commonly defined as the shortest distance between two 

corresponding points on the pial and the white matter boundaries of the neocortex (Das et al., 2009). 

The thickness of the human cerebral cortex has an overall average of 2.5-2.8 mm, usually varying 

between 1 and 5 mm (Makris et al., 2006). This measure may offer an adequate understanding of 

disease progression and possibly support clinical diagnosis and decision regarding treatment 

options (Hutton et al., 2008). Methods using CT are considered sensitive in the detection of 

structural abnormalities (Hutton et al., 2009), allowing for the opportunity to explore neural 

correlates of vulnerability to anxiety. 

Changes in CT have been previously reported in normal and neurodegenerative 

development (e.g., Singh et al., 2006) and psychiatric disorders, such as major depression (for a 

review, see Suh et al., 2019). In relation to anxiety disorders, differences in CT across brain regions 

have been associated with individual differences in anxiety symptoms (Donzuso et al., 2014; Kühn 

et al., 2011). Nonetheless, scattered results are found across studies. For example, trait-anxiety has 

been negatively associated with CT in the right medial orbitofrontal cortex (mOFC; Kühn et al., 

2011), but in another study significant effects were not found for this measure (Donzuso et al., 

2014). 

Rationale. Evidence from studies on functional and structural neural data support the 

identification of biomarkers of risk for the development of anxiety disorders (Blackmon et al., 

2011) and discrepancies between studies. According to Pink et al. (2017), such discrepancies across 

studies may be due either to methodological differences or to other unknown mechanisms that may 

lie behind changes in CT and that are to date not fully understood. 

 Even though there has been a significant progress towards the development of the neural 

correlates of anxiety, to what extent changes in CT contribute to the development of anxiety 

disorders is still unclear. By conducting a scoping review aimed to scope the field of CT and its 
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association with extant classic anxiety measures, we will have the opportunity to map the available 

literature, towards the identification of discrepancies and commonalities across studies. 

Objectives. The objectives of the scoping review are: (a) to systematically identify and 

describe the nature of the available studies regarding the topic at hand (namely MRI pre-processing 

methods and data analysis used), (b) to summarize the main findings of the reviewed studies, and 

(c) to understand the association between CT and anxiety to better inform the mechanisms behind 

the development of anxiety disorders. 

Consequently, the following research questions were formulated:  

1. What are the most common methods used to estimate CT? 

2. What are the most common methods or processes used to measure anxiety? 

3. What is known from the literature regarding the association between CT and measures 

of anxiety or related processes (e.g., fear acquisition)? 

4. What are the gaps in the current knowledge regarding the association between CT and 

anxiety? 

Even though these are the central questions, the research team might add additional ones 

based on the process of searching and selecting the relevant studies, as scoping reviews are an 

iterative process. 

Methods 

Protocol and Study Design. The scoping review methodology, “a form of knowledge 

synthesis that addresses an exploratory research question aimed at mapping key concepts, types of 

evidence, and gaps in research related to a defined area or field by systematically searching, 

selecting and synthesizing existing knowledge” (Colquhoun et al., 2014, p. 1292-94), will be 

undertaken. The process of the scoping review will be guided by the Arksey and O'Malley (2005) 

methodology framework of six stages, further developed by Levac et al. (2010) and the Joanna 

Briggs Institute (Peters et al., 2017): (1) Identification of the research question(s), (2) Identification 

of relevant studies, (3) Selection of studies based on the inclusion and exclusion criteria, (4) 

Extraction and charting the data, (5) Collating, summarizing and reporting the findings, and (6) 

Expert consultation. The optional last phase will be undertaken and three experts on neuroimaging 

will be consulted once and asked to provide insights beyond what is reported in the literature. 

The research team found the methodology of the scoping review more appropriate because 

of the broad research questions formulated, aiming to perform a comprehensive scope of the 

existing research and literature. 
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This protocol was drafted using the guidelines and items of the Preferred Reporting Items 

for Systematic reviews and Meta-analyses extension for Scoping Reviews (PRISMA-ScR; Tricco 

et al., 2018). 

Eligibility Criteria. This protocol will follow the PCC (Population, Concept and Context) 

mnemonic. 

Population/Types of Participants. Participants should be human, young adults or adults 

(age range 18-60), with at least one clinical diagnosis of anxiety disorder (according to DSM-IV, 

DSM-IV-TR, DSM-5, and ICD-10) or healthy subjects. As anxiety and mood disorders often occur 

together, comorbidities between these two clinical conditions will be included. OCD, acute stress 

disorder and PTSD will be excluded due to not being currently considered anxiety disorders. Aging 

will be preliminarily excluded (> 60 years old), due to the expected and well-known negative 

correlations between age and CT in healthy aging (Salat et al., 2004), unless the studies control for 

age.  

Concept. All CT methods and analysis will be included. The following anxiety-related 

measures will be included: clinical measures of self-report, psychophysiological measures (skin 

conductance response, heart rate variability), neurophysiological measures (fMRI), behavioral 

measures (avoidance), and measures of expectancy and learning of fear response. Genetic, 

epigenetic, neuroinflammatory, and neuroendocrinal measures are considered out of the scope of 

the current review. 

Context. The research clinical setting can be pre-clinical, clinical or translational. 

Geographical location will not be limited. 

Study Designs. Randomized controlled trials (RCTs), experimental studies, cohort studies, 

pre-clinical studies, and non-clinical studies will be included. Opinion articles, qualitative studies, 

and reviews (systematic reviews, meta-analysis, evidence maps, evidence syntheses) will be 

excluded.  

Other. Only publications written in English or Portuguese will be considered for inclusion. 

Given the technological progress of neuroimaging, only studies from the last fifteen years will be 

selected (from 2004 to January 2020). 

Information Sources. The present scoping review will include articles retrieved from the 

following electronic databases: PubMed, PsycINFO and PsycARTICLES, and Web of Science. In 
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order to include all relevant articles in the scoping review, we will also check the reference lists of 

key studies.  

Search Strategy. In accordance with the methodology for scoping reviews from the Joanna 

Briggs Institute (Peters et al., 2017), a three-step strategy will be utilized. Firstly, a search of the 

PubMed database will take place, with the terms “(cortical thickness AND anx*) OR (cortical 

thickness AND fear)”. After this initial search, keywords searched in all fields of the retrieved 

articles will be analyzed, as well as the index terms. The next step will include a second search 

across databases, involving the identified key terms. Language and time frame limits will be 

applied. The program Rayyan (Ouzzani et al., 2016) will be used to manage the references. The 

searches will be conducted in January 2020. 

Selection of Sources of Evidence. The selection process for the included sources of 

evidence will begin with the exclusion of duplicated articles across the databases. This process will 

consist of two steps, a title and abstract review and a full-text review. In the first step, two members 

of the research team will independently screen the title and abstracts of retrieved articles, checking 

if they are eligible for the next step, a full text retrieval. In the second step, the selected full-text 

articles will be analyzed, in terms of the inclusion and exclusion criteria. Inter-rater 

discrepancies/disagreements will be resolved through discussion until a consensus is reached. If the 

full consensus is not obtained, a third investigator will provide his input. 

Data Charting Process and Data Items. The two reviewers will independently extract 

data from the eligible articles. A data-charting form will be developed a priori, based on 

characteristics of the study (authors, year of publication, study design, setting), methods (measures 

of anxiety, pre-processing methods, whole brain vs. region-of-interest, estimation of CT methods, 

method of statistical analysis, software used to process images, scanner strength, indication of 

manual editing for quality assurance, controlled variables), participants (sample size, age, sex, 

sample status [healthy or anxious], diagnosis included, medication status) and results (effect vs. no 

effect, direction of effect, brain regions implicated in significant results). After the comparison of 

each reviewer’s charted data, disagreements will be resolved through discussion and a third 

reviewer as well.  

Critical Appraisal of Individual Sources of Evidence. Since our scoping view aims to 

map the available literature and aggregate findings, we will perform a critical appraisal of individual 

sources of evidence but will consider all individual studies regardless its quality. To this end, we 

will use the Checklist for Analytical Cross-Sectional Studies of the Joanna Briggs Institute (Moola 

et al., 2020). 
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Synthesis of Results. The findings will be presented through a tabular and narrative format 

and a PRISMA flow diagram will be used to report the results. Data analysis will then involve 

numeric and narrative approaches, in order to compare the included studies and find gaps in 

knowledge. The research team will address the gaps in the literature, as one of the main objectives 

of the scoping review. 

Discussion 

Implications. This scoping review will help design future studies and develop the 

understanding of the association between CT and anxiety.  

Dissemination. An article reporting the process and results of the scoping review will be 

submitted to journals with peer review and impact factor, Q1 or Q2.  

Strengths of the Study. The research team will conduct a comprehensive and broad 

literature search of several electronic databases, and a quality assessment of the reviewed articles 

will be performed. 

Limitations of the Study. The search will be limited to English and Portuguese languages, 

and the scope of the review does not include a comprehensive approach to all anxiety measures, 

leaving behind a few innovative measures (e.g. neuroendocrine, genetic, and epigenetic 

biomarkers). 
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Appendix B 

Identified Key Terms Across the Databases 

Database Key terms 

Web of Science 
TS=((cortical thickness) AND (anx* OR anxiety disorders) AND (mri OR 
anatomical)) OR TS=((cortical thickness) AND (fear acquisition OR fear 

extinction OR fear conditioning OR fear) AND (mri OR anatomical)) 

PubMed 
((“cortical thickness”) AND (anx* OR anxiety disorders) AND (mri OR 
anatomical)) OR ((“cortical thickness”) AND (fear acquisition OR fear 
extinction OR fear conditioning OR fear) AND (mri OR anatomical)) 

PsycINFO and 
PsycARTICLES 
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Appendix C 

Final Search Strategy for the PsycINFO Database  

Database: APA PsycArticles Full Text, APA PsycInfo <2004 to January Week 2 2020> 

Search Strategy: 

-------------------------------------------------------------------------------- 

1     (cortical thickness and (anx* or anxiety disorders) and (mri or anatomical)).mp. [mp=ti, ab, tx, 

ct, hw, tc, id, ot, tm, mh]  

2     (cortical thickness and (fear acquisition or fear extinction or fear conditioning or fear) and (mri 

or anatomical)).mp. [mp=ti, ab, tx, ct, hw, tc, id, ot, tm, mh]  

3     1 or 2  
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Appendix D 

Joanna Briggs Institute Critical Appraisal Checklist for Analytical Cross-Sectional Studies 

 

Reference 

Moola, S., Munn, Z., Tufanaru, C., Aromataris, E., Sears, K., Sfetcu, R., Currie, M., Lisy, K., 

Qureshi, R., Mattis, P., & Mu, P. (2020). Chapter 7: Systematic reviews of etiology and 

risk. In E. Aromataris & Z. Munn (Eds.), Joanna Briggs Institute Reviewer's Manual (pp. 

219-272). The Joanna Briggs Institute. https://doi.org/10.46658/JBIRM-19-01 
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Appendix E 

Critical Appraisal of Individual Sources of Evidence 

Study Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 7 Item 8 
Asami et al. (2018) Yesa Yes Yes Yes Yes Yes Yes Yes 
Blackmon et al. (2011) Yes Yes Yes No Yes Yes Yes Yes 
Brühl et al. (2014) Yes Yes Yes Yes Unclear Unclear Yes Yes 
Carnevali et al. (2019) Yes Yes Yes Yes Yes Yes Yes Yes 
Cha et al. (2014) No Yes Yes Yes Yes Yes Yes Yes 
Donzuso et al. (2014) Yes Yes Yes Yes Yes Yes Yes Yes 
Hartley et al. (2011) Unclear Unclear Yes Unclear Unclear Unclear Yes Yes 
Kang et al. (2017) Yes Yes Yes Yes Yes Yes Yes Yes 
Kühn et al. (2011) Yes Yes Yes Yes Yes Yes Yes Yes 
Maggioni et al. (2019) Yes Yes Yes Yes Yes Yes Yes Yes 
Milad et al. (2005) Unclear Nob Yes Unclear No No Yes Yes 
Milad et al. (2007) Uncleara No Yes Unclear No No Yes Yes 
Molent et al. (2018) Yes Yes Yes Yes Yes Yes Yes Yes 
Rosso et al. (2010) Yes Yes Yes Yes Yes Yes Yes Yes 
Syal et al. (2012) Unclear Yes Yes Yes Yes Yes Yes Yes 
Zhao et al. (2017) Yes Yes Yes Yes Yes Yes Yes Yes 
Winkelmann et al. (2016) Unclear Yes Yes Yes Yes Yes Yes Yes 

Note. The following questions correspond to the items: Item 1 (“Were the criteria for inclusion in the sample clearly defined?”), Item 2 (“Were the study subjects 

and setting described in detail?”), Item 3 (“Was the exposure [cortical thickness] measured in a valid and reliable way?”), Item 4 (“Were objective, standard 

criteria used for measurement of the condition [anxiety disorders or absence of disorder]?”), Item 5 (“Were cofounding factors identified?”), Item 6 (“Were 

strategies to deal with cofounding factors stated?”), Item 7 (“Were the outcomes [anxiety-related measures] measured in a valid and reliable way?”), and Item 8 

(“Was appropriate statistical analysis used?”). Possibility of answers include “Yes”, “No”, “Unclear” and “Not Applicable”.  
a The exclusion/inclusion criteria were reported in a previous study. 


