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Abstract

:

Developing an anxiety disorder can be the source of further cognitive, behavioral, and emotional struggles, impacting the quality of life of people experiencing such disorders and leading to a burden on health systems. Increased knowledge of the neurobiological events leading to the development of such disorders can be crucial for diagnostic procedures, as well as the selection and adaptation of therapeutic and preventive measures. Despite recent advances in this field, research is still at the initial steps when it comes to understanding the specific neurofunctional processes guiding these changes in the brains of people with an anxiety disorder. This narrative review gathered knowledge from previous studies, with the aim of evaluating the neuroanatomical changes observed in individuals experiencing social or generalized anxiety disorder (SAD, GAD), to further link these anxiety-related structural modifications with brain function abnormalities and the expression of symptoms in individuals experiencing anxiety disorders. In addition, contradictory results are discussed, leading to suggestions for future studies.
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1. Introduction


Disorders belonging to the anxiety spectrum are among the most common mental health issues stirring disability worldwide, affecting approximately 40 million European adults and 30 million Americans during their lifetime [1,2,3]. Divergency in prevalence across countries might likely be due to culturally influenced perspectives on mental health and associated disorders, or risk factors could actually be different between regions [4]. This implies that, although in some populations a high level of awareness on mental health issues may lead to over-diagnosis, in others many individuals might go through life without a condition being “officially” recognized. Nevertheless, current global prevalence of anxiety disorders has been established at 7.3%, with a range from 4.8 to 10.9% [4]. Anxiety is therefore more prevalent than mood disorders, including depression, in multiple countries [4], which explains the growing interest in researching its impacting effects on the brain.



As the sixth leading cause of disability in all countries, anxiety disorders can burden healthcare systems [4]. Their chronic nature can reduce quality of life and evolve to a more complex disability, as sole symptoms and consequent avoidant coping mechanisms and maladaptive behaviors significantly impair multiple aspects of functioning and cause distress in social, occupational or overall daily life [5,6]. Most disorders tend to persist, with patients still highly affected 6 to 12 years after diagnosis in some cases [7], and they are usually not treated until at least 10 years after onset [4].



The term “anxiety” derives from the Latin verb “ango”, which translates as “to constrict”, and the Latin word “angustus”, which means “narrow” [8], reflecting the impairing nature of the condition in mental processing. According to the latest classification from the DSM-5-TR [6], anxiety is defined as “anticipation of future threat”, whereas disorders of this spectrum are defined by their common features of excessive fear and anxiety related to atypical behavior [6]. In anxiety disorders, the anticipation of a possibly harmful context leads to heightened vigilance and avoidance behavior, generally accompanied by physical manifestations [6]. These maladaptive coping strategies often result in impairments of cognitive functions.



This increased vigilance people with an anxiety disorder will experience leads to a tendency to seek potential harmful stimuli, to the detriment of cognitive processes of sensory acquisition, attentional control, memory and higher executive functions [9]. Anxiety has been shown to have a negative impact on cognitive processes and executive functions [10]. Attentional control, in particular, is impaired in individuals with an anxiety disorder [11]. In the presence of a threatening stimulus, attention will be directed and maintained towards this internal (thoughts or feelings) or external distraction, increasing their detection and processing while decreasing their inhibition [10]. When there is no threatening stimulus, anxious individuals tend to direct their attention broadly in anticipation, decreasing the attention resources available for the performance of a task [10]. People with an anxiety disorder show biases in sustained attention towards threats and in selective attention for emotional stimuli, which interferes with the performance of tasks requiring attention [11]. This leads to an increased influence of the stimulus-driven attentional system and decreased influence of the goal-directed attentional system [10]. Biases in attention will lead to biases in the encoding and recalling functions of long-term memory [11]. Anxiety also negatively affects working memory resources [11]. People with an anxiety disorder will have more difficulty in dual tasking, decision making, spatial navigation and shifting function [9,10,11].



With the spectrum of anxiety disorders being relatively vast, only generalized anxiety disorder (GAD) and social anxiety disorder (SAD) will be discussed in this paper for the purpose of identifying structural abnormalities in the development of anxiety symptoms. With a lifetime prevalence and incidence rate of, respectively, 6% of the European population and 5 to 12% of the American population [5,12], GAD and SAD are among the most common subtypes of anxiety disorders. Even though these two are presented as separate disorders in DSM-IV and 5, the position that SAD cannot be separated from GAD has been previously discussed by Showraki et al. [13]. This paper suggests that SAD could be considered as a subtype of GAD. In their study, more than half (56%) of their GAD sample had a social-related anxiety, as opposed to performance-related anxiety, and almost half (49%) had anxiety in both social and performance situations [13]. It therefore makes it difficult to subtract SAD from GAD, and when investigating GAD, one should thus also include SAD.



In both GAD and SAD, there is a modified activity of brain function [5,12,14]. Functional activity abnormalities in the brains of people with GAD can be pointed out, especially in the amygdala (AM), anterior cingulate cortex (aCC) and prefontral cortex (PFC) [5]. There seems to be no consensus on whether activity of the AM increases or decreases, but disruption of intrinsic functional connectivity has been noticed [5]. In GAD, functional connectivity is lower in the prefrontal limbic and cingulate and increased in the prefrontal–hippocampal regions [5] These findings were correlated with the severity of clinical symptoms [5]. Connectivity between the aCC and the AM is impaired in GAD, and this may contribute to the emotional dysregulation manifested by patients [5]. Functional neuroimaging studies have shown that individuals experiencing SAD often present an increased activity in the autonomic nervous system, most likely instigated by alterations to the AM and the hypothalamus–pituitary–adrenal (HPA) axis [12]. Dysfunction to these systems, as well as other structures and areas involved in emotional processing and higher cognitive control, seems to be of crucial importance in understanding the origins of aberrant behavior in patients experiencing SAD [14]. Past research has put into focus that a great number of psychiatric disorders emerge as a consequence of atypical brain development [15]. Although this is not a perfect match, function is also significantly correlated to structure in brain networks [16].



Further understanding of the individual structures and biological circuits presenting divergent functioning in individuals experiencing anxiety disorders can improve comprehension of the manifestations of this condition, as well as possibly facilitate diagnostic and treatment methods. Hence, the purpose of this narrative review is to explore the congruencies in studies researching these systems, commenting on possible advantages this knowledge can bring to future research. For this, a literature review was performed on cortical and subcortical structural changes encountered in patients experiencing GAD and SAD. Following the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines [17], a systematic search of the PubMed and Cochrane Library databases was completed in January 2022 by the first author. Reflecting the relevant published literature, search and MeSH terms were identified that broadly focused on the topic. The final list of terms included neuroanatomy, brain anatomy, neuroanatomical structure, brain markers, neuromarkers, anxiety disorder, mental health disorder and emotional regulation. A manual search of these databases and of relevant gray literature was also completed, with an identical search of all literature performed in July 2023 to determine whether new studies had been published in the time during the construction of this paper. This second search provided no additional results.



The initial literature search aimed to select articles published in the last 5 years, so as to obtain the most up-to-date results. There, however, have been few studies published in the last 5 years on neuroanatomical modifications in patients with GAD or SAD, which resulted in our search being broadened to the last 10 years. Ultimately, studies were included if (a) they were case-controlled studies, (b) they were published in the last 10 years, (c) they were available in full text and in English, (d) they were investigating human adults of all ages, (e) the primary diagnosis of patients was SAD or GAD with a diagnosis matching either DSM-IV or -5 and (f) the outcome was structural magnetic resonance imaging (MRI), including gray matter volumes (GMV), white matter volumes (WMV), cortical thickness (CTh), whole brain volumes, structural connectivity or surface area. We excluded articles if (a) they did not have a healthy control group, (b) children, adolescents, pregnant women were the population of interest, (c) the aim was to test the effectiveness of a treatment, (d) the primary diagnosis of patients was any other disorder than SAD or GAD, (e) the population of interest was healthy subjects with anxious tendencies and (f) the outcome was genetics, chemical interaction and regulation or any functional imagery.



The database search generated 6979 articles (PubMed = 6807, Cochrane Library = 172), with a further 24 articles added via citation pearl growing. Following removal of duplicates, 854 articles were left for further screening based on the inclusion criteria. After abstract screening, 824 articles were excluded as these focused on other primary diagnoses than SAD or GAD, had no control group, had participant groups not of interest to this review or an unclear study design, leaving 30 articles for full text screening. These remaining articles were screened independently against the eligibility criteria, with 13 studies removed at this point. A final sample of 17 studies was agreed for inclusion in the review. Results of the selected studies were then discussed and compared with findings on functional activity abnormalities of similar populations.



Seventeen studies were selected for this review (Table 1). Eight mostly focused on GAD, while the other nine deepened the argumentation to include SAD. Ten of those had GMV as the main outcome measure, being coherent with the initial aims of this literature review, while four emphasized changes in WMV and four other studies described general changes observed in CTh. The different nomenclatures for investigated ROIs reported across the studies have been adapted in this paper for consistency.



Sample sizes of the selected studies ranged from 26 to 131 individuals, with a total of 876 individuals (SAD, n = 268; GAD, n = 158; controls, n = 437), ranging from late adolescence to late adulthood, with the lowest age range at late adolescence (18 years old) and the highest range at late adulthood (58 years old), with children and the elderly being excluded due to developmental issues likely leading to biased results and loss of congruence. Only one study selected by sex, focusing exclusively on male patients [18]; one study omitted the sex distribution in the assessed population [19]; and female population ranged from 30.77 to 84.21% across all other papers. GAD or SAD was the primary confirmed diagnosis of patient groups in all studies. Six studies excluded patients with psychiatric comorbidities, while nine included patients with at least one past or current comorbid psychiatric disorder. Two studies did not mention comorbidities. Depression, across all ranges, was the most recurrent secondary diagnosis when included, present in 71 patients overall. Specific phobia were also present in sixteen patients, nine patients had comorbid panic disorder, four had comorbid obsessive-compulsive disorder, four had eating disorders, two had a substance use disorder and two SAD patients had secondary GAD. The lack of exclusion of psychiatric comorbidities upon participants’ selection is to be expected in these populations, as anxiety disorders are very often comorbid with other subtypes of anxiety disorders or other mental disorders, the most common ones being depression and panic disorder [4,5]. The patient groups of all studies were diagnosed with GAD or SAD according to the DSM-IV or -5, with the addition of supplementary assessments. The selected studies used a total of 22 different scales to assess anxiety diagnosis and other specificities.





 





Table 1. Selected studies, indicating number of participants, patients’ profiles and regions of interest.
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	Authors and Year
	n
	Population of Interest (POI)
	Comorbidities * in the POI
	Regions of Interest





	Brühl et al., 2014 [20]
	92
	33 SAD
	1 MDD
	right dlPFC, right parietal lobe, right TP, right aCC, left anterior INS, AM, HPC



	Frick et al., 2013 [18]
	26
	14 SAD
	1 SpPh, 2 OCD
	left inferior TP



	Frick et al., 2014 [21]
	77
	48 SAD
	3 MDD, 2 PaD, 7 SpPh, 1 OCD
	occipital lobe, FuG, LG



	Hilbert et al., 2015 [22]
	43
	19 GAD
	16 unspecified
	right STR, right superior TP, left occipital lobe, left dlPFC, AM



	Irle et al., 2014 [23]
	131
	67 SAD
	
	superior FuG, SMA, left PRECUN, right ANG, right S1, right inferior PG



	Kawaguchi et al., 2016 [24]
	31
	13 SAD
	6 MDD, 2 PaD, 2 ED
	left anterior INS, right posterior INS, AM, HPC



	Makovac et al., 2016 [25]
	38
	19 GAD
	
	SMG, M1, S1, AM



	Meng et al., 2013 [26]
	39
	20 SAD
	
	THA, right AM, right PRECUN



	Molent et al., 2018 [27]
	62
	31 GAD
	9 MDD, 4 PaD, 2 SpPH, 2 ED, 1 SUD
	right caudal middle FuG



	Moon et al., 2014 [28]
	44
	22 GAD
	not reported
	HPC, midbrain, THA, INS, superior TG, dlPFC



	Moon and Jeong, 2015 [29]
	44
	22 GAD
	22 mild depression
	dlPFC, ALIC, midbrain, vmPFC



	Moon and Jeong, 2016 [30]
	26
	13 GAD
	13 mild depression
	dlPFC, ALIC, midbrain, M1



	Moon and Jeong, 2017 [31]
	40
	20 GAD
	13 unspecified
	dlPFC, ALIC, midbrain, THA, HPC, INS, superior TG



	Syal et al., 2012 [19]
	26
	13 SAD
	
	dlPFC, right INS, right TP, FuG, S1, right M1, right PCG, right SMG, right aCC



	Talati et al., 2013 [32]
	70
	33 SAD
	2 GAD, 11 MDD, 4 SpPh, 1 OCD, 1 SUD
	CB, left PHG, left FuG, SMG, ANG, left middle occipital gyrus, TP, left inferior PFC, left inferior vmPFC, lower right AM, INS, left aCC



	Terlevic et al., 2013 [33]
	33 **
	12 GAD
	
	HPT



	Tükel et al., 2015 [34]
	54
	27 SAD
	
	left PRECUN, right middle TG, right inferior TG, left superior PG, right FuG







SAD: social anxiety disorder; GAD: generalized anxiety disorder; MDD: major depressive disorder; PaD: panic disorders; SpPh: specific phobia; SUD: substance use disorder; ED: eating disorder. AM: amygdala; TP: temporal pole; INS: insula; HPC: hippocampus; aCC: anterior cingulate cortex; HPT: hypothalamus; PFC: prefrontal cortex; vmPFC: ventromedial prefrontal cortex; THA: thalamus; M1: primary motor area/precentral gyrus; S1: primary somatosensory area/postcentral gyrus; SMA: supplementary motor area; PRECUN: precuneus; CB: cerebellum; STR: striatum; ALIC: anterior limb of the internal capsule; TG: temporal gyrus; ANG: angular gyrus; SMG: supramarginal gyrus; LG: lingual gyrus; FuG: fusiform gyrus; PG: parietal gyrus; PHG: parahippocampal gyrus; PCG: paracentral gyrus; OG: occipital gyrus. * past or current. ** the study also comprised 11 patients with PD; data from this group was not extracted.












2. Changes in Prefrontal Areas


The prefrontal cortex (PFC), with its adjacent functional areas, plays a crucial role in cognitive control and executive functions, acting on decision-making processes and in continuous development throughout life [35,36]. Among the different functional subdivisions of the PFC, the dorsolateral prefrontal cortex (dlPFC) seems to undergo stages of hyperactivation during emotional suppression in decision-making events, affecting attention and working memory [37]. Disturbances in these areas with an intricate relationship with the limbic system will unsurprisingly impact emotional regulation and therefore social behavior, as often reported in GAD [37,38]. In these patients, the activation of the left dlPFC is increased in comparison with controls, when participants are exposed to pleasurable (or positive emotional) stimulation [39], while it is decreased during exposure to a negative emotional context [40].



Another highly relevant prefrontal region that experiences maladaptive neuroplastic changes found here is the ventromedial prefrontal cortex (vmPFC). This region is well established in the literature for its role in social processing, as its links with the limbic system, here found acting oppositionally to the AM in emotionally charged responses [19,41]. In SAD, the balance between the vmPFC and AM appears to be disrupted, leading to aberrant inhibition of social threats processing by the latter, leading to deficits in the identification of social cues [19,42], which is another often-reported issue experienced by this population. A clear exemplification of this circuitry adaptation can be seen when patients experiencing GAD undertake face recognition tasks, and functional activity is disrupted in the medial prefrontal cortex (mPFC) [27]. These findings appear congruent in the literature, with abnormal functional activity also being reported in past reviews in the mPFC, vlPFC and dlPFC of patients experiencing GAD [5].



The dlPFC, mainly, of patients has been found to have structural adaptive changes in several studies [19,20,22,23,28,29,30,31]. Some reported an increase in GMV [28], others an increase in CTh on the right dlPFC [19,20], while others observed a decrease in WMV either bilaterally [28,30,31] or on the left side [22]. The vmPFC appears to also undergo structural transformation in patients in three studies, with a decrease in both GMV and WMV [25,28,32]. Functional connectivity was likewise altered in the rest of the PFC of patients in another study [32]. Other functional sites of the frontal cortex were subjected to structural adaptations in patients with anxiety disorders, specifically the areas related to planification, such as the supplementary motor area (SMA), where authors observed an increase in GMV [23], and motor execution, represented by the precentral gyrus (M1) for which studies reported a decrease in both GMV and WMV [19,25,30].



Anatomical alterations occur in frontal regions involved in the modulation of the AM during emotion control, linked to executive functions such as attention, information processing and working memory. Social and emotional processes are impaired in patients with anxiety. Studies investigating patients post-acquired brain injury describe disorders of working memory that seem to be significantly related to the aberrant activation of the dlPFC in the right brain hemisphere [43].




3. Abnormalities in the Parietal Lobe


The parietal lobe is involved in sensory processing and associative loops serving spatial orientation and perceptual events [23,44]. The precuneus (PRECUN), as well as more lateral portions of the superior parietal lobe, (i.e., posterior superior parietal cortex), are activated during visualization of prospective actions, introspection and self-reflection and risk avoidance behavior, assisting in multifactorial decision-making processes [23,45]. In SAD, functional activity of the parietal lobe is increased [46], disrupting PRECUN activity [26]. In GAD, functional connectivity in the supramarginal and posterior superior parietal lobe is likewise aberrant during the processing of emotions [27,47].



Some congruent structural changes were reported in many of the selected studies in the parietal lobe of patients with an anxiety disorder. More precisely, some studies report an increase in CTh in the right parietal lobe [19,20], while others observe an increase in GMV in the left PRECUN [23,34] or a decrease in GMV in the right PRECUN [26]. Authors from another study reported a decrease in WMV in the SMG and in S1 [25], while others observed GMV anomalies in the SMG [25,32] and decreased GMV in S1 [23,25]. Finally, an increase in the GMV of structures of the psPC and piPC were pointed out across studies [23,25,32,34].



The regions of the parietal lobe that experience functional and structural changes seem to be linked with the difficulties in sensorimotor integration, attention, anticipation of others’ intentions, introspection, decision making, and emotional faces processing observed in patients experiencing anxiety disorders. In individuals experiencing anxiety disorders, delayed anticipation has been proposed in relationship with functional impairment of the parietal cortex [23]. Rapid information processing is also impaired in anxiety [48]. Aberrant self-evaluation in the context of social situations and performances, a common symptom in this population, can also be related to the abovementioned regions.




4. Changes in the Temporal Lobe


The temporal lobe, in particular the right temporal pole (TP), has been shown to be involved in social and emotional processing, through the recruitment of socially relevant autobiographical memory influencing decision-making processes, imperative for social behavior [19,49]. Over direct and indirect connections between the TP (bilaterally) with the vmPFC and AM, this region seems to be implicated in the processing of abstract social concepts, while also assisting in processes of empathy, understanding others’ emotional state, interoception and adaptive behavior [19,32,50]. This explains the link between structural abnormalities of the TP area and changes in emotional regulation, affecting social behavior [49].



The processing of negatively charged emotional information has been shown to be related to changes in the inferior temporal gyrus (TG), likely due to the impact of visual responses in social stimuli and emotional faces processing [18,19]. A pattern of inferior TG hyperactivity has been observed in imaging studies, with participants experiencing SAD when submitted to a trigger such as public speaking [51]. Together with the middle TG, the left inferior TG plays an important role in language processing, semantic memory, visual perception and integrating sensory input [34]. The fusiform gyrus (FuG), a neighboring region, is linked to social information processing [19], particularly facial expression recognition with the lingual gyrus (LG) [18,34]. In SAD, emotional face processing is impaired, showing the link between anxiety disorders and structural and/or functional alterations in the FuG, as well as the parahippocampal gyrus (PHG) [18].



A number of the selected studies considered for this review also reported structural changes in the TP in individuals experiencing forms of anxiety [19,20,22,32]. Some studies reported a decrease in GMV in this region bilaterally [32], others an increase in GMV [22] or an increase in CTh [19,20] on the right side only. Authors of two studies also reported structural adaptations in the LG of SAD patients, with one reporting an increase in CTh [18] and the other an increase in GMV [21]. Some of the selected studies also investigated structural alterations in the FuG of people with an anxiety disorder. One reported an increase in CTh [18], while others observed increased GMV uni- or bilaterally [21,32,34]. Some studies described increased GMV in the inferior and middle TG [34], and decreased GMV in the superior TG [28,31] of patients experiencing forms of anxiety. Finally, authors of another study found that the left PHG gyrus of SAD patients had an increase in GMV compared to healthy controls [32]. The structural changes described above can be seen in ROIs with a role in social behavior, emotional processing and interoception. Likewise, these regions have been linked to empathy and the integration of language and visual processing. This relationship between functional regions and the anatomical adaptations they undergo in anxiety disorders helps us to understand the origin of aberrant social and emotional processing in these populations.




5. The Insular Cortex and Interoception


The insular cortex (INS) plays a pivotal role in evaluating, experiencing and expressing internal sensations [52], and consequently, in the modulation of interoceptive thoughts [50]. Patients experiencing anxiety disorders with aberrant interoception over-identify potential social threats. They seem to present INS hyperactivation when presented with a stressor [24], thus reinforcing their initial anxiety response and initiating a vicious circle. This pattern of hyperactivation seems to contribute to further structural changes, such as the loss of CTh [19,20,24,28,31,32], which in part explains the chronic aspect of anxiety disorders.




6. Amygdala and Related Circuits


The AM and the pregenual portion of the aCC are implicated in the modulation of intrinsic and extrinsic emotional processing, directly affecting the perception of self, others and decision-making events related to social interaction, through a process of reciprocal inhibition [18,20,53,54]. In addition, the right AM—hippocampus (HPC) circuit seems to be imperative for the representation of conditioned fear, modulating behavioral responses to perceived threats, playing a crucial role in the modulation of the HPA axis [28,55]. In individuals experiencing disorders of the anxiety spectrum, a hyperactivation of this system is associated with exacerbated systemic responses to perceived threats, leading to an elevated release of cortisol and consequent structural degradation [31].



It seems realistic to expect structural changes in the AM and HPC in patients experiencing a chronic state of anxiety. Still, case-control studies report no significant anatomical changes in these structures in patients diagnosed with anxiety disorders, compared to healthy controls [20,22,24,25], as has been replicated with voxel-based morphometry in another study [56]. Nonetheless, other studies still reported increased CTh in the right aCC [19,20], decreased total volume of the HPT [33], and decreased GMV in the left aCC [32], THA [26,28,31], right AM [26,32] and HPC [28,31], likely indicating that cortical systems involved in threat consolidation, perception and response are more prone to neuroanatomical changes than the AM itself.



In the case-controlled study by Syal et al. [19], regions that report a loss of CTh are directly interconnected with the AM [19]. Decreased connectivity between the AM and the inferior TG, which, as seen before, undergoes structural changes [34], is linked to the aberrant processing of negative social information in SAD patients [19]. Moreover, circuitry abnormalities have been reported in the limbic system in patients with GAD [5,28], in the occipital cortex [57] and the TP [19,20,22,32]. This presumably implies that a greater fronto-temporal circuit is involved in these behavioral responses, with the AM contributing to processing but also acting as a “hub” for this system. Nodal centrality in networks involving the AM seems to be abnormal in patients experiencing SAD, contributing to this hypothesis [58].




7. Limits and Future Perspectives


The limitations of some of the selected articles may have affected the outcomes of the present review, since the number of papers on this specific field is limited, resulting in a liberal criterion for selection. Despite how hormonal changes in the elderly might have an impact on neurocircuitry, the exclusion of studies of this population was not considered a viable option for this review, thus contributing to possible bias [59]. Studies with patients with comorbidities were not excluded, even though this could create a bias due to overlaps between diagnoses interfering in the neuroanatomy of structures. There were inconsistencies in the selection of participants in these papers, with some authors out-selecting comorbidities, while others allowed them to a certain extent, likely to accommodate for the available population of voluntary participants. As mentioned above, the selected studies applied in summary 22 additional scales to aid the diagnostic of anxiety, which could likely raise discrepancies in the selection of patients. This paper does not account for the impact of medication on eventual neuroplastic processes affecting structural development, since the great majority of papers used here did not report on pharmacological treatment. Finally, we could not restrict the diagnosis to DSM-5-TR, which is the best available diagnosis criteria, because this manual was developed in 2013 and revised in 2022, and we included articles beyond this timeframe. No major changes were made between the two manuals to definitions of SAD or GAD [13,14].



There is high variation between the selected studies in the observed neuroanatomical areas that sustained changes, which might be due to both GAD and SAD disorders being included. Even though the study by Showraki [13] has highlighted the intertwining of GAD and SAD, further studies comparing the functional and structural presentation of these disorders is needed [13]. A re-evaluation of the separation or unification of the two disorders might therefore emerge.



Inconsistencies in the selection of participants based on sex could also explain the variation between studies in the observed modified brain areas. Brain structures and connectivity have been shown to be significantly different between healthy male and female participants [60,61]. These differences could in turn have a potential impact on the structural modifications observed in people experiencing anxiety disorders. Studies investigating neuroanatomical changes correlated with sex would be needed to explore this hypothesis.



The question of structural adaptation of the AM—volumetric and/or linked to functional connectivity—might in turn be due to the inclusion of studies with participants presenting psychiatric comorbidities. Although consensus on the presence of functional and structural disruption seems to occur in the literature, the exact nature of this disruption might require further investigation. Samples without comorbidities should be prioritized, whenever possible, as their presence may lead to confounders in both diagnostic criteria and the advent of symptoms.



At last, considering equipment limitations (most studies applied three Tesla scans at best) in the selected papers, studies evaluating structural adaptations with higher precise and more specific behavioral measurements would be helpful to further comprehend the extent of those adaptations. A recurrent issue in this line of investigation is that imaging measures are mostly applied for clinical practice, to then later be processed further and finally used in research. The discrepancy in symptom perception across different cultures is also an issue that seems to lead to great variability of results, impeding coherence.




8. Conclusions


This review highlighted macroscopic presentations of neurological adaptation processes and the most common behavioral presentation in people experiencing disorders of the anxiety. Deficits in emotional processing affecting social behavior in this population were related to structural adaptations mostly found around the dlPFC, TP, SMG, inferior TG, aCC and HPC. The dlPFC, the parietal cortex and the aCC appear as prominent regions of interest related to executive deficits. Deficits in self-awareness and self-evaluation have been linked to adaptations in the PRECUN, TP, INS and aCC, confirming the participation of these areas. In addition, structural changes found in the vmPFC, TP, inferior TG, FuG, LG and PHG of patients experiencing an anxiety disorder appear to be linked with difficulties in social cognition and social behavior.



Some of the regions that undergo adaptive processes in patients experiencing an anxiety disorder—such as the lateral and posterior parietal cortices, PFC, inferior TG and superior FG—are involved in more complex networks (i.e., the Default Mode and Fronto-Parietal Networks), which in turn play a role in the expression of social behavior. Further comprehension of maladaptive structural brain adaptations in people experiencing anxiety disorders could facilitate diagnosis and the evaluation of treatments’ efficacy. The development of screening based on structural neuroimaging of targeted ROIs could also, to a certain extent, lead to the implementation of prevention measures for people experiencing trait anxiety.
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