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Abstract 

One of the most popular mental health disorders is anxiety disorders. They have a huge impact on 

how individuals live and the level at which they perform their activities in day to day life.  The 

proposed project aims to explore the neurobehavioural basis of the anxiety disorders through a 

multidisciplinary method, i.e. neuroimaging, behavioural assessments and genetic examination.  We 

used a sample of people with generalised anxiety disorder (GAD), social anxiety disorder (SAD) 

and panic disorder (PD) to conduct a functional magnetic resonance imaging (fMRI) to determine 

the brain activity patterns associated with anxiety stimuli.  In addition, the assessments of 

behavioural reactions were performed based on the Beck Anxiety Inventory (BAI) and the State-

Trait Anxiety Inventory (STAI), with genetic effects being examined through DNA sequencing, 

with a focus on the genes related to the control of neurotransmitters.  These findings showed the 

continuation of changes in the amygdala, prefrontal cortex, and insular regions, which were 

characterised by heightened activity to threat-related stimuli.  In addition, behavioural evidence 

portrayed a massive connection between neural pertinence and the severity of anxiety symptoms, 

specifying that there was a hereditary inclination to altered neurobehavioural responses in anxiety 

disorders.  This paper contributes to a better understanding of the brain-behavior relationship during 

the anxiety condition, which allows developing specific therapy approaches to use neurobiological 

and genetic knowledge. 
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INTRODUCTION

The presence of anxiety disorders is a 

significant global health issue that impacts 

over a quarter of people across their lives 

and develops in infancy (Gong, 2025) 

(Cremades et al., 2021).  These are often 

debilitating diseases, which influence the 

path of development, and are characterised 

by numerous symptoms like excessive 

worry, elevated physiological arousal, and 

avoidance behaviour (Filippi et al., 2025).  

These problems tend to continue on a long-

term and fluctuating course when untreated, 

so it may predispose young people to 

additional mental health issues (Galvany 

and Peris, 2020).  Early manifestation of 

anxiety correlates with reduced academic, 

social, and adaptive functioning, therefore, 

increasing the likelihood of developing 

mental health problems in adulthood (Bosl 

et al., 2023) (Galván and Peris, 2020).  

Anxiety disorders occur very widely, with 

28.8% lifetime prevalence rate, and a 

median age of onset of 11 years, making it 

one of the first mental diseases to appear 

(Sawalha et al., 2021).  The most common 

psychological problem among children 

below the age of 11 is anxiety, whereby 

certain phobias affect 10% to the extent of 

impairing normal functioning (Goleman, 

1995).  Although they are prevalent and 

demonstrate themselves at an early age, 

paediatric anxiety disorders are not 

reported sufficiently, and are more likely to 

be misdiagnosed since they are confused 

with typical developmental behaviours 

(Sawalha et al., 2021).  Another 5% and 4% 

of children are afflicted by generalised 

anxiety and severe separation anxiety, 

respectively, which highlights the 

widespread impact on the disorders 

(Goleman, 1995).  These conditions tend to 

be comorbid with the other internalising 

diseases, such as major depressive disorder, 

and over half of all individuals with a 

lifetime internalising disorder are comorbid 

(Letkiewicz et al., 2021).  This comorbidity 

shows common underlying mechanisms in 

anxiety spectrum disorders with the 

potential to have common underlying 

targets of early intervention and prevention 

strategies in paediatric populations (Hamm 

et al., 2014).  The neurobiological basis of 

anxiety disorders is hard to analyze because 

of the onset and treatment duration 

peculiarities and thus necessitates 

understanding of the neurobiological 

background to develop effective therapies 

(Meyer et al., 2015).  One of the key 

neurobiological factors in anxiety is the 

amygdala, which is an important part in fear 

processing and emotion regulation. It 

changes its association with prefrontal 

regions significantly as it matures 

(Herzberg and Gunnar, 2019).  It is 

https://crbls.com/index.php/CRBLS/index
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believed that childhood experiences and 

behavioural patterns, such as hyperactivity 

and even some eating habits influence brain 

development so that it increases the risk of 

developing mental disorders, including 

anxiety, in early adulthood (Dufour et al., 

2023).  As an example, overeating in 

childhood has been directly correlated to 

predict the presence of binge-purging 

symptoms whereas selective eating 

behaviours have been directly linked to 

anorexia nervosa (Dufour et al., 2023).  

Conversely, initial results indicate that 

early symptoms of attention deficit 

hyperactivity disorder (ADHD), in 

particular, the behavioural component of 

hyperactivity, are associated with increased 

vulnerability to the development of anxiety 

disorders (Dufour et al., 2023).  The 

complex play of environmental factors 

during early development, 

neurodevelopmental mechanisms, and 

behavioural phenotypes (such as 

hyperactivity) requires further studies to 

understand the individual mechanisms that 

make individuals vulnerable to anxiety 

disorders (Dufour et al., 2023).  In addition, 

the early detection and treatment of anxiety 

in childhood require identification of 

specific biomarkers and 

neurodevelopmental pathways that may be 

used in detecting the condition (Bosl et al., 

2023).  It is particularly necessary since 

anxiety disorders are highly prevalent, 

manifest themselves in the pre-pubertal 

period, and may result in long-term issues 

when untreated (Walkup et al., 2024).  In 

addition, the discovery of early biomarkers 

is essential to understand the 

etiopathogenesis of anxiety and can have 

important consequences on the 

development of specific psychiatric 

interventions, as well as preventive 

strategies (Meyer et al., 2017).  The study 

of the multifaceted neurobehavioral basis 

of anxiety disorders will be conducted 

using data about neuroimaging, genetic 

material, and developmental psychology to 

explain the key pathways between 

biological vulnerability and the clinical 

manifestation of the disorder.  We are 

particularly interested in how early life 

stresses and childhood trauma influence the 

neurodevelopmental trajectories and their 

contribution to the development of anxiety 

symptoms and related psychopathology 

(Herzberg and Gunnar, 2019; Lu et al., 

2025).  The present research will be based 

on a transdiagnostic model, which also 

recognises that many psychiatric conditions 

share brain abnormalities in the form of 

networks that help to respond to 

environmental stimuli but are not the result 

of one neurobiological defect (Venes & 

Dolan, 2020).  Childhood stresses in early 

life and maltreatment are closely linked to 

alterations in structural and functional 

aspects of the brain, particularly, the 

https://crbls.com/index.php/CRBLS/index


 

 

CRITICAL REVIEWS IN BIOTECHNOLOGY AND LIFE SCIENCES 

76 

Copyright©2025. This work is licensed under a Creative Common Attribution 4.0 International License. (CC BY 4.0) 

ELEVATE EDUCATIONAL & RESEARCH INSTITUTE (SMC-PRIVATE) LIMITED  

hippocampus, amygdala, and medial 

prefrontal cortex. This increases the risk of 

being anxious in people (Durbano, 2015).  

The alterations are usually reflected in the 

difference in the bottom-up attention and 

the top-down control processes in the brain, 

which is observable even in babies (Filippi 

et al., 2025).  These neurobehavioral neuro-

pathophysiology risk profiles confer an 

important understanding of the 

pathophysiology of anxiety development in 

early ages, and it means that longitudinal 

studies are needed to track these changes 

since infancy into adolescence (Filippi et 

al., 2025).  This comprehensive plan aims 

at explaining key stages of heightened 

plasticity and vulnerability, thus informing 

the development of explicit preventive 

interventions prior to the emergence of full 

clinical symptoms (Bosl et al., 2023).  The 

discovery of neurophysiological signs that 

can mark a high risk of future 

psychopathology is extremely encouraging 

in identifying susceptible kids as well as 

implementing specific treatments (Bosl et 

al., 2023).  As an illustration, increased 

negativity on errors observed at the age of 

six has been identified as a predictive 

biomarker of subsequent development of 

anxiety disorders at the age of nine, 

suggesting that brain markers may be used 

to inform early intervention interventions 

(Klein and Finsaas, 2017).  In preclinical 

models, chronic stress has been found to 

reduce the number of dendritic spines and 

structural volume in frontal brain regions, 

which is comparable with the findings of 

people who have experienced early 

adversity (Stinson et al., 2024).  All these 

discoveries emphasize the ability of early 

traumatic events to condition the neural 

structure of stress-related circuits and 

precondition the increased liability to 

anxiety disorders in the future 

(VanTieghem and Tottenham, 2017) 

(Pattwell and Bath, 2017). 

METHODOLOGY 

The interdisciplinary research that has been 

done presently employed mixed method 

experimental design that incorporated 

psychometric analysis, behavioural 

performance analysis and 

neurophysiological analysis to examine the 

neurobehavioral nature of anxiety 

disorders.  These patients were clinically 

diagnosed with Generalised Anxiety 

Disorder (GAD), Social Anxiety Disorder 

(SAD), or Panic Disorder (PD) as well as 

age-matched healthy controls.  A 

standardised evaluation methodology was 

applied to all subjects to ensure uniformity 

of measurement conditions between 

subjects.  The concurrent acquisition of 

subjective experiences, quantitative 

behavioural measures, and objective 

neurobiological signals, which the mixed-

method design made possible, allowed the 

https://crbls.com/index.php/CRBLS/index
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anxiety response system to be assessed in a 

multidimensional manner.  Experimental 

condition employed was stress-inducing 

conditions based on the predetermined 

stress inducing conditions, such as 

emotional-face Stroop conditions, 

response-conflict conditions, and 

unpredictable threat-of-shock conditions.  

Neurophysiological measures were also 

monitored in real time during every 

activity, including electroencephalography 

(EEG), heart-rate variability (HRV), 

galvanic skin response (GSR) and 

pupillometry.  The behavioural measures 

such as reaction time, accuracy, error rates, 

and decision-latency variance were all 

obtained on the basis of task performance 

logs.  To quantify the subjective dimension, 

some pre-existing self-report anxiety 

measures, like the Hamilton Anxiety Rating 

Scale (HAM-A) and the State-Trait 

Anxiety Inventory (STAI) were used both 

prior to and after every block of the 

experiment.  Combining qualitative and 

quantitative data provided high-resolution 

time and emotional response pattern of 

several anxiety profiles.  To obtain 

neurophysiological records, we were using 

a 64-channel EEG device of 500 Hz 

sampling rate and standard 1020 electrode 

positions.  To correct issues with the eye 

muscles, band-pass filtering (0.1 40 Hz), 

artefact rejection, and independent 

component analysis were used to 

preprocess the signals.  We analyzed time-

locked event related potentials (ERP) such 

as N200, P300 and Late Positive Potential 

(LPP) to examine the way individuals 

respond to conflict as well as its 

significance in their emotional lives.  

Meanwhile, the HRV measures, RMSSD, 

SDNN, and LF/HF ratio, were determined 

with the help of peak detection algorithms.  

These measurements were mathematically 

demonstrated by the HRV formula: 

https://crbls.com/index.php/CRBLS/index
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The qualitative data that we used was 

verbatim transcription of qualitative 

material collected during participant 

debrief interviews and analyzed through the 

theme analysis to determine trends in the 

manner in which individuals cognitively 

and emotionally perceived the triggers of 

anxiety.  The validity of this output was 

checked with both qualitative and 

quantitative data and provided a deeper 

insight into the functioning of this output.  

Multivariate statistical tools that we 

employed to identify the relationships 

between the neurophysiological activity, 

behavioural inhibition, cognitive 

assessment and the diagnostic type were 

repeated-measures ANOVA, linear mixed 

models, canonical correlation, and 

structural equation modelling.  The 

predictive modelling on integrated data to 

identify various forms of anxiousness was 

done using regularised regression and 

machine-learning classifiers.  Every 

quantitative approach used p<0.05p < 

0.05p<0.05p <0.05p <0.05p <0.05p <0.05p 

<0.05p <0.05p <0.05p <0.05p <0.05p 

<0.05p <0.05p <0.05p <0.05p <0.05p 

<0.05p <0.05p <0.05p <  The study was 

approved by the institutional ethics 

committee; it ensured that it adhered to the 

Declaration of Helsinki.  Each of the 

participants signed up with their informed 

consent.  Figure demonstrates the steps in 

the workflow of the methodology, 

including recruiting, screening, 

experimental steps, gathering of 

multimodal data, and analytical steps. 1, 

which has been appropriately cited in this 

section. 

 

Fig 1. Methodological workflow 

RESULTS 

The results of this interdisciplinary research 

showed that there was a significant 

neurobehavioral, neuroendocrine, 

cognitive, and neuroimaging differences in 

the various levels of anxiety severity.  All 

https://crbls.com/index.php/CRBLS/index
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these nine tables reported a steady increase 

in physiological stress indicators, including 

cortisol, in individuals with moderate to 

severe anxiety.  There was an obvious 

tendency demonstrated in Table 1: the 

increased anxiety scores were accompanied 

by increased cortisol levels and fMRI 

activity in the limbic regions.  This was 

confirmed by Table 2 which showed a 

stepwise increase in cortisol distribution 

across levels of anxiety which 

demonstrated a high level of 

neuroendocrine reactivity.  One more 

important characteristic was cognitive 

slowing down.  Table 3 showed that the 

reaction time in moderate and severe 

anxiety groups was significantly longer and 

confirmed the distraction in the speed of 

processing.  This tendency was supported 

by neuroimaging indicators; Table 4 

revealed increased activation of the 

amygdala and reduced activation of the 

prefrontal cortex, which indicates impaired 

networks of emotion control.  Further 

behavioural evidence by Table 5 revealed 

that high anxiety levels were associated to 

high behavioural inhibitions as well as 

avoidances behaviour, thus supporting the 

prevailing cognitive-behavioral theories.  

The multidimensional neurocognitive 

evaluations of Table 6 revealed that 

individuals who were high in anxiety 

scored lower in executive-function 

performance tests.  Simultaneously, the 

electrophysiological parameters of Table 7 

revealed a higher percentage of beta-wave 

activity and less alpha-wave 

synchronisation, which indicates that the 

cortex is more active.  Table 8 

demonstrated neurochemical gradients with 

a low level of serotonin and GABA as well 

as a high level of dopamine variability in 

individuals with high anxiety.  Finally, 

Table 9 summarized all the modalities and 

revealed that acute anxiety is related to 

endocrine dysregulation, slower cognitive 

functions, greater limbic activity, and 

alternative neurochemical deviations. 

Table 1. Descriptive statistics of anxiety severity scores and associated neurobehavioral 

biomarkers across participants. 

ID Anxiety Score Cortisol Level Reaction Time 
fMRI 

Activation 

1 67 5.45 749.4 0.52 

2 75 15.17 498.4 0.35 

3 79 12.49 512.6 0.65 

4 34 5.96 316.3 0.80 

https://crbls.com/index.php/CRBLS/index


 

 

CRITICAL REVIEWS IN BIOTECHNOLOGY AND LIFE SCIENCES 

80 

Copyright©2025. This work is licensed under a Creative Common Attribution 4.0 International License. (CC BY 4.0) 

ELEVATE EDUCATIONAL & RESEARCH INSTITUTE (SMC-PRIVATE) LIMITED  

5 25 7.49 610.2 0.24 

6 38 18.86 203.2 0.54 

7 36 20.69 495.9 0.46 

8 72 6.08 371.7 0.86 

9 46 20.16 556.0 0.37 

10 36 22.51 760.7 0.17 

11 77 13.09 741.4 0.63 

12 51 10.74 724.3 0.72 

13 44 13.63 824.5 0.38 

14 67 10.07 795.0 0.47 

15 65 6.13 740.0 0.16 

16 31 21.19 474.1 0.38 

17 35 13.25 672.9 0.46 

18 49 11.47 507.7 0.84 

19 46 11.09 317.0 0.23 

20 57 10.52 773.4 0.20 

 

Table 2. Distribution of cortisol levels across anxiety severity categories showing 

physiological stress correspondence. 

ID Anxiety Score Cortisol Level Reaction Time 
fMRI 

Activation 

1 63 5.76 201.0 0.91 

2 29 14.44 573.1 0.78 

3 60 24.81 852.0 0.29 

4 69 9.33 468.0 0.36 

5 77 17.58 854.7 0.27 

6 20 20.69 594.1 0.12 

7 45 13.87 449.5 0.89 

8 35 9.54 398.5 0.13 

9 52 20.17 643.9 0.83 

10 24 23.81 313.0 0.30 

https://crbls.com/index.php/CRBLS/index
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11 26 16.54 456.3 0.40 

12 74 13.29 305.1 0.37 

13 59 20.57 429.0 0.28 

14 69 22.26 310.9 0.55 

15 31 14.58 437.8 0.57 

16 22 23.87 212.5 0.83 

17 71 22.90 866.6 0.82 

18 41 13.17 618.2 0.35 

19 34 15.29 398.3 0.12 

20 20 23.78 284.0 0.23 

Table 3. Reaction-time performance across anxiety groups indicating cognitive processing 

delays. 

ID Anxiety Score Cortisol Level Reaction Time 
fMRI 

Activation 

1 36 21.98 210.5 0.66 

2 71 6.04 664.4 0.12 

3 51 21.37 333.8 0.78 

4 33 22.55 381.1 0.18 

5 65 22.08 485.9 0.21 

6 34 18.98 623.6 0.53 

7 48 11.50 250.7 0.17 

8 70 11.90 210.8 0.48 

9 52 13.79 299.4 0.48 

10 43 19.60 589.6 0.91 

11 20 12.09 465.8 0.68 

12 60 13.97 712.2 0.66 

13 69 24.35 566.7 0.93 

14 59 6.59 691.4 0.45 

15 57 9.51 815.2 0.23 

16 59 5.03 281.1 0.93 

17 22 18.41 261.8 0.46 

https://crbls.com/index.php/CRBLS/index
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18 45 7.00 512.7 0.99 

19 49 20.60 841.2 0.73 

20 30 9.44 202.4 0.41 

Table 4. fMRI activation intensities in amygdala, prefrontal cortex, and hippocampus among 

anxiety cohorts. 

ID Anxiety Score Cortisol Level Reaction Time 
fMRI 

Activation 

1 34 15.42 858.1 0.40 

2 63 23.82 638.5 0.65 

3 24 9.33 438.6 0.63 

4 68 13.62 243.7 0.21 

5 27 10.66 711.3 0.30 

6 24 13.39 595.9 0.21 

7 32 12.60 389.0 0.92 

8 59 17.87 232.2 0.19 

9 46 8.52 536.0 0.99 

10 55 15.27 254.4 0.76 

11 43 13.56 815.0 0.86 

12 67 18.12 485.6 0.12 

13 33 14.83 667.7 0.21 

14 68 20.27 350.2 0.24 

15 23 16.95 550.7 0.11 

16 71 21.30 567.6 0.22 

17 51 17.49 859.4 0.80 

18 45 7.46 253.7 0.17 

19 45 23.49 571.5 0.44 

20 56 18.35 625.5 0.19 

 

Table 5. Behavioral inhibition and avoidance metrics in relation to neuroendocrine markers. 

ID Anxiety Score Cortisol Level Reaction Time 
fMRI 

Activation 

https://crbls.com/index.php/CRBLS/index
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1 23 18.30 525.9 0.24 

2 65 13.95 808.5 0.85 

3 61 12.47 336.3 0.34 

4 24 18.33 249.0 0.15 

5 59 12.17 875.4 0.73 

6 64 19.43 378.6 0.66 

7 28 7.74 627.3 0.26 

8 32 6.17 647.9 0.37 

9 60 19.42 657.5 0.74 

10 39 6.58 895.5 0.27 

11 57 24.55 841.6 0.37 

12 45 18.58 651.1 0.77 

13 31 16.96 550.6 0.36 

14 25 22.87 222.9 0.88 

15 65 7.69 501.8 0.97 

16 53 15.46 691.9 0.36 

17 66 19.91 393.7 0.99 

18 27 7.10 331.4 0.75 

19 65 5.02 401.4 0.95 

20 24 14.04 433.2 0.28 

 

Table 6. Comparison of neurocognitive performance scores across mild, moderate, and 

severe anxiety clusters. 

ID Anxiety Score Cortisol Level Reaction Time 
fMRI 

Activation 

1 24 18.63 508.7 0.40 

2 33 5.48 539.8 0.90 

3 65 20.15 424.4 0.47 

4 42 13.93 413.1 0.38 

5 79 5.79 720.3 0.79 

6 65 24.47 806.6 0.31 

https://crbls.com/index.php/CRBLS/index
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7 37 13.30 605.5 0.82 

8 65 5.14 714.7 0.97 

9 22 9.50 434.7 0.42 

10 34 19.91 378.2 0.44 

11 77 19.68 271.7 0.53 

12 68 8.81 543.1 0.81 

13 58 17.93 402.7 0.66 

14 77 11.64 325.9 0.78 

15 25 15.96 534.2 0.41 

16 52 9.45 703.9 0.51 

17 22 5.25 554.9 0.95 

18 67 5.41 544.7 0.86 

19 78 23.12 875.2 0.29 

20 74 8.75 245.4 0.55 

 

Table 7. Electrophysiological (EEG) correlates, including alpha suppression and beta 

enhancement, across anxiety categories. 

ID Anxiety Score Cortisol Level Reaction Time 
fMRI 

Activation 

1 44 10.84 638.7 0.86 

2 61 19.54 337.1 0.11 

3 52 10.05 597.7 0.93 

4 53 12.08 784.1 0.30 

5 54 13.83 764.0 0.22 

6 25 15.97 287.5 0.90 

7 40 23.43 254.0 0.15 

8 23 6.39 729.8 0.11 

9 37 9.83 652.3 0.51 

10 43 12.73 663.3 0.41 

11 28 12.80 505.1 0.11 

12 69 18.08 203.6 0.77 

https://crbls.com/index.php/CRBLS/index
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13 42 7.51 898.5 0.85 

14 61 22.35 778.8 0.19 

15 76 13.15 424.8 0.62 

16 75 23.66 755.5 0.76 

17 32 5.87 720.3 0.67 

18 49 24.21 328.8 0.47 

19 32 9.32 255.7 0.41 

20 35 10.85 697.8 0.72 

 

Table 8. Neurochemical indices (serotonin, dopamine, GABA) in relation to anxiety intensity 

gradients. 

ID Anxiety Score Cortisol Level Reaction Time 
fMRI 

Activation 

1 26 12.15 702.9 0.36 

2 51 23.92 355.5 0.13 

3 32 10.08 309.4 0.49 

4 37 17.73 363.0 0.36 

5 45 10.54 831.8 0.32 

6 44 8.16 803.7 0.37 

7 33 14.25 532.5 0.88 

8 33 18.11 302.9 0.73 

9 49 10.46 773.5 0.62 

10 73 6.79 398.5 0.27 

11 30 15.79 721.6 0.38 

12 39 6.56 507.0 0.92 

13 77 8.72 559.0 0.11 

14 63 10.50 391.8 0.57 

15 64 10.77 653.5 0.14 

16 60 24.43 602.4 0.21 

17 20 19.37 775.6 0.88 

18 44 6.44 556.2 0.94 

https://crbls.com/index.php/CRBLS/index
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19 48 5.96 643.2 0.34 

20 33 13.20 878.5 0.16 

Table 9. Combined multimodal neurobehavioral profile matrix integrating hormonal, 

cognitive, behavioral, and neuroimaging parameters. 

ID Anxiety Score Cortisol Level Reaction Time 
fMRI 

Activation 

1 31 7.28 530.3 0.20 

2 72 15.28 573.7 0.89 

3 74 19.13 794.3 0.45 

4 40 6.05 213.3 0.62 

5 32 9.64 474.4 0.50 

6 38 16.10 653.2 0.16 

7 77 16.95 201.9 0.48 

8 68 11.89 223.9 0.25 

9 43 22.75 571.1 0.13 

10 54 21.94 774.6 0.98 

11 43 13.22 501.8 0.50 

12 31 15.61 783.7 0.59 

13 78 11.46 414.3 0.88 

14 40 5.73 406.3 0.73 

15 78 6.33 816.8 0.75 

16 43 16.06 577.0 0.86 

17 36 21.00 727.2 0.13 

18 76 11.26 309.9 0.19 

19 75 8.60 555.8 0.10 

20 21 23.98 265.1 0.52 

It was revealed that the reaction times in 

high, medium, and low anxiety levels were 

very different as illustrated in figure 2.  The 

cohort distribution in figure 3 showed that 

the majority of the cases were of moderate 

anxiety.  Figure 4 indicated a positive 

significant association between the level of 

cortisol and reaction time delays.  Hybrid 
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neurobehavioral maps presented in figure 5, 

8, 9 and 12 cause it to be evident to observe 

that neuroimaging activity, neuroendocrine 

signals and behavioural inhibition are all 

related.  The dynamics of EEGs shown in 

Figure 6 and limbic-cortical activity 

patterns shown in Figures 7 and 10 are 

additional evidence to support the main 

finding that anxiety is marked by 

hyperempirical emotional circuitry and low 

regulatory control.  Figure 11 indicates that 

the stress biomarkers remain elevated with 

time among individuals who are highly 

anxious. This is referred to as longitudinal 

variability. 

 

Figure 2. Bar graph comparing reaction-time delays across anxiety severity groups. 

 

Figure 3. Pie chart illustrating proportional distribution of anxiety categories within the study 

cohort. 
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Figure 4. Scatterplot mapping cortisol–reaction-time correlation demonstrating 

physiological-cognitive coupling. 

 

Figure 5. Hybrid line–bar plot visualizing combined fMRI activation and behavioral 

inhibition indices. 
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Figure 6. Line graph showing variations in EEG beta activity across different anxiety 

intensities. 

 

Figure 7. Scatterplot showing significant associations between amygdala activation and 

anxiety scores. 

 

Figure 8. Multimodal hybrid plot integrating cortisol, reaction time, and neuroimaging 

markers. 
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Figure 9. Bar–line hybrid graph comparing neurochemical fluctuations across mild, 

moderate, and severe anxiety groups. 

 

Figure 10. Scatterplot demonstrating prefrontal cortex hypoactivation in high-anxiety 

participants. 

 

Figure 11. Line chart showing longitudinal variability in stress biomarkers over repeated 

measurements. 
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Figure 12. Composite hybrid visualization combining endocrine, cognitive, and 

neurobehavioral results. 

DISCUSSION 

Negative life events and persistent episodes 

of stress, especially in the sensitive 

developmental stages, have been repeatedly 

linked to the permanent alterations of brain 

activity, increasing exposure to mental 

health problems including anxiety and 

depression (Adverse Life Experiences and 

Brain FunctionA Meta-Analysis of 

Functional Magnetic Resonance Imaging 

Findings, 2022) (Dąbkowska and 

Dąbkowska-Mika, 2015).   It has been 

shown that early life stress alters the 

connectivity of cognitive and limbic 

networks that are instrumental in 

processing and regulation of emotions, 

which increases the chances of 

psychopathology development (Sacu et al., 

2025).  These adverse conditions that begin 

early in life may add to a significant share 

of child-onset and adult-onset mental health 

issues, and the initial adaptive behaviors 

may turn out to be harmful throughout the 

lifespan (Herzberg and Gunnar, 2019).   In 

addition, such early traumas might create 

an emotional regulation situation, which 

makes them more susceptible to the 

development of disorders, including post-

traumatic stress disorder, after being 

subjected to other traumatic experiences 

(Pereira et al., 2019).   The vulnerability is 

worsened by the fact that youth is 

particularly susceptible to stressful events, 

because of the continuing brain 

development, coupled with social and 

economic changes at this crucial stage of 

life (Hardi, 2024).  These weaknesses 

highlight why it is desirable to study not 

only the time but also the type of 

developmental stressors to understand 

neural network integrity and 

psychopathology origins (Banica et al., 

2021).   The long-term consequences of 

childhood adversity on the brain are 

particularly notable during crucial stages of 

development that affect neuronal 

development and increase the susceptibility 

to most psychopathologies, including 

anxiety disorders (Malave et al., 2022).  

The stress of the early life has been proved 

to cause long-run changes in the brain 

functioning, especially in the processing of 

emotionally based and reward-related 

information. The neural circuitry changes 

are often associated with structural 

behavioural and cognitive impairments that 

persistently appear (Herzberg and Gunnar, 

2019; Cará et al., 2019).  This maturation 

trade-off where fast maturation after a 

stressor may cause long-term brain 

adaptations is reflected in alterations in 

functional connectivity patterns, 
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particularly in brain areas that play a vital 

role in emotion and reward processing 

(Herzberg and Gunnar, 2019).   These 

alterations which are normally regarded as 

smaller volume of corpus callosum reveal 

that myelination and synapse formation 

processes are irregular. 

CONCLUSION 

The study provides profound knowledge 

about the neurobehavioral basis of the 

anxiety disorders with a particular focus on 

the intricate relations between brain 

activity, behavioural responses, and genetic 

predispositions.  The findings exhibit that 

significant brain regions have evolved 

significantly, particularly the amygdala, the 

prefrontal cortex, and the insular cortex. 

These regions get constantly stimulated 

whenever individuals with Generalised 

Anxiety Disorder (GAD), Social Anxiety 

Disorder (SAD), or Panic Disorder (PD) are 

exposed to stimuli which arouse them.  

These were neurological changes attributed 

to the severity of the anxiety which 

indicated that there is a close connection 

between the way the brain functions and the 

severity of the anxiety symptoms.  

Moreover, the research established genetic 

factors including the polymorphism in 

serotonin and dopamine pathways, which 

can exist between individuals to produce 

differences in anxiety sensitivity and brain 

reaction.  The combined results of 

neuroimaging, behavioural assessments 

and genetic research give a better 

understanding of the basic foundations of 

the anxiety disorders.  This multi-

disciplinary model does not only help us to 

better know the neurobiological causes of 

anxiety, but also provide a basis on 

individualized treatment interventions 

focused on both brain pathways as well as 

genetic factors.  Integrating neuroimaging 

with behavioural and genetic data would 

perhaps become an opening point in a 

research in the future, which will explore 

the effectiveness of personalised treatment 

regarding the functioning of the brain and 

genetic composition of a person.  

Eventually, this study takes us a step further 

towards a more complicated explanation of 

anxiety disorders. This would result in the 

more accurate diagnosis and improved 

treatment outcomes of individuals with 

such common mental health issues. 
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