
Visual processing disruption as a core driver of generalized 
anxiety disorder
The neurobiological architecture of generalized anxiety 

disorder (GAD) reveals an unexpected protagonist: the 

visual processing system. Recent research uncovers how 

inflammation in the lateral geniculate nucleus (LGN) 

cascades through multiple neural networks, creating the 

complex symptomatology of GAD through disrupted 

gamma oscillations, hormone deficiencies, and inflammatory 

feedback loops that fundamentally alter how the brain 

processes both visual information and anxiety.

The LGN-hypothalamic axis creates cascading hormone deficiencies

The lateral geniculate nucleus serves as more than a visual relay station—it functions as a critical neuroendocrine regulator 

through the geniculohypothalamic tract, which projects directly to the suprachiasmatic nucleus (SCN). When LGN 

inflammation disrupts this pathway, it triggers a cascade of hormone deficiencies that mirror GAD's diverse symptoms. 

Research demonstrates that LGN lesions alter circadian activity rhythms and reduce neuropeptide Y immunoreactivity in the 

SCN, fundamentally disrupting the hypothalamic-pituitary axis (HPA).1

This disruption manifests in four critical hormone 

deficiencies. Alpha-melanocyte stimulating hormone (MSH) 

deficiency, resulting from reduced pro-opiomelanocortin 

cleavage, correlates with increased inflammation, pain 

sensitivity, and sleep disturbances—with social isolation 

studies showing significant MSH reduction in the 

paraventricular nucleus and amygdala.2 Melatonin deficiency 

shows strong negative correlations with anxiety symptoms 

(r = -0.44, p = 0.002),3 while beta-endorphin deficiency 

appears in significantly lower plasma concentrations in 

anxiety disorders, contributing to chronic pain and impaired 

stress coping.4 Vasoactive intestinal peptide (VIP) deficiency, 

with similar negative correlations to anxiety symptoms (r = 

-0.44 to -0.50), reduces amygdala-orbitofrontal connectivity 

and disrupts emotional regulation.5



Each hormone deficiency creates distinct symptom clusters that collectively produce GAD's heterogeneous presentation. 

MSH deficiency drives inflammatory pain and circadian disruption; melatonin deficiency causes primary insomnia and 

immune dysfunction;6 beta-endorphin deficiency leads to widespread pain and emotional lability;7 VIP deficiency produces 

panic features and gastrointestinal symptoms.8 This multi-hormone disruption explains why GAD presents with such varied 

symptomatology across patients.

Gamma wave patterns reveal a paradox of hyperactivity and deficiency

The relationship between gamma oscillations (25-40 Hz) and anxiety presents a striking paradox that illuminates GAD's 

underlying mechanisms. During active worry states, GAD patients demonstrate gamma hyperactivity in posterior brain 

regions, including occipital areas (P3, P4, T5), with medium to large effect sizes (d = 0.94-1.15) compared to controls. Yet 

during rest, these same patients show significant gamma deficits, with negative correlations between anxiety levels and 

gamma power in occipital regions (r = -0.480 to -0.510).9

This pattern suggests that GAD involves a fundamental dysregulation of cortical excitability rather than simple 

overactivation. The visual cortex shows increased cerebral blood flow during worry induction, with worry severity correlating 

significantly with bilateral visual area activation.10, 11, 12 Magnetic resonance spectroscopy reveals metabolic strain through 

altered choline/creatine ratios in the prefrontal cortex, providing the first evidence linking metabolic alterations to 

functional deficits in working memory processing with emotion-inducing distractors.13

The gamma dysregulation connects directly to future-oriented worry and catastrophic thinking.14, 15 Virtual reality studies 

demonstrate that standardized catastrophic scenarios effectively elicit anxiety through visual presentation,16 while 

neuroimaging reveals that anticipation of aversive visual stimuli activates the right insula in anxiety-prone individuals.17 This 

creates an integrated threat-detection network where visual cortex hyperactivity feeds catastrophic cognitions, which in 

turn maintain gamma dysregulation. Remarkably, neurofeedback targeting occipital alpha and theta waves shows significant 

symptom reduction, with GAD-7 scores decreasing from 14.67±3.11 to 3.67±1.55 after just 15 sessions.15, 18

Inflammatory cascades link visual hypersensitivity to widespread symptoms

The inflammatory underpinnings of visual processing dysfunction in GAD involve two key markers that create self-

perpetuating cycles.19, 20, 21 Complement component C4a, elevated in chronic inflammatory states, contributes to synaptic 

pruning mechanisms that alter neural connectivity.22 Research shows that C4 cleavage generates fragments contributing to 

C3 activation, with complement C3 levels increasing in the prefrontal cortex following chronic stress.23 Transforming 

growth factor beta-1 (TGF-β1) demonstrates complex associations with anxiety—lower levels correlate with more severe 

mood symptoms, while chronic stress leads to TGF-β1 release driving fibrosis and altered connective tissue properties.24

Visual hypersensitivity emerges as both symptom and driver of inflammation. Patients with panic disorder show 

photophobia scores three times higher than healthy controls, with significant positive correlation between photophobia 

severity and panic disorder severity.25 This light sensitivity isn't merely uncomfortable—it triggers physiological cascades. 

Fluorescent lights can induce panic attacks with measurable increases in heart rate and blood pressure,26 while the anxiety-

induced fight-or-flight response causes pupil dilation, making bright lights more intense and creating a feedback loop of 

sensory overwhelm.27

The connection between visual hypersensitivity, sleep disturbances, and chronic pain reveals integrated inflammatory 

pathways.28 Sensory processing sensitivity correlates positively with both stress (r = 0.344) and sleep quality disturbances (r 

= 0.242).29 Children with sensory sensitivities report significantly higher sleep anxiety (effect size = 0.79) and sleep onset 

delay (0.95).29 This sleep disruption further compromises the brain's capacity to process sensory input, while insufficient 

sleep exacerbates inflammatory markers, creating cascading dysfunction.30 Chronic stress increases intraocular pressure, 



putting patients at risk for optic nerve damage,31 while binocular vision dysfunction forces eye muscles to overexert, causing 

headaches and triggering panic attacks.32

Executive function shows compensatory patterns masking visual strain

The cognitive profile in GAD reveals a sophisticated 

compensatory mechanism where the brain maintains 

abstract reasoning abilities despite underlying visual 

processing inefficiencies. Neuropsychological studies 

consistently demonstrate preserved or enhanced abstract 

reasoning alongside significantly impaired processing speed

—a dissociation that appears mediated by altered frontal-

occipital connectivity.

Research using comprehensive neuropsychological batteries shows that despite significant psychopathological burden, GAD 

patients exhibit intact cognitive functioning with effect sizes actually favoring the GAD sample on some measures.33 

However, processing speed deficits are robust, with effect sizes ranging from r = -0.53 to -0.40.34 This pattern reflects 

compensatory hyperactivation in prefrontal executive networks—neuroimaging reveals increased functional activity in top-

down attentional networks that maintain task effectiveness through inefficient neural recruitment.12

The visual processing system's role proves critical. Studies demonstrate that visual information profoundly impacts executive 

functions, with the lateral geniculate nucleus showing selective attention modulation that influences higher cognitive 

processes. When visual processing demands exceed capacity, there's increased interference from irrelevant distractors, 

leading to compensatory recruitment of additional neural resources.35, 36 This creates a situation where abstract reasoning 

remains intact through metabolically costly compensation, while processing speed suffers from the inefficiency of these 

alternative pathways.

Altered connectivity patterns provide the neurobiological substrate. Neuroimaging reveals bidirectional connectivity 

between ventromedial prefrontal cortex and object-sensitive lateral occipital cortex during visual tasks,37 with anxiety 

associated with lower white matter fractional anisotropy in the inferior fronto-occipital fasciculus.38 Social anxiety disorder 

meta-analyses show hyperactivation of medial parietal and occipital regions with reduced connectivity between parietal and 

limbic/executive networks—a "disconnection of the medial parietal hub" that extends current frameworks for 

understanding anxiety disorders.39

Psychosomatic reinforcement creates self-perpetuating inflammatory cycles

The psychosomatic aspects of GAD reveal how gamma wave overwhelm and visual strain create top-down reinforcement of 

inflammatory processes through sophisticated bidirectional mechanisms.19, 40 The Executive Homeostatic Network—

comprising the anterior cingulate cortex, prefrontal cortex, and insula—mediates top-down emotional and cognitive 

contributions to inflammation.19, 41 Research demonstrates that 40 Hz gamma stimulation rapidly activates NF-κB and 

MAPK signaling pathways within minutes, leading to increased cytokine expression (IL-6, IL-4, M-CSF) that differs from 

acute inflammatory responses.19

Central sensitization emerges as a key mechanism where the central nervous system intensifies nerve signals, causing more 

intense sensory experiences than normal.42 This high-activity state correlates strongly with trait anxiety, sensory 

hypersensitivity profiles, and defensive personality types.19, 43 The visual cortex shows altered responses in anxiety patients

—hyperresponsivity to stimuli with lack of habituation creates continuous sensory overwhelm that maintains inflammatory 

states.11, 12, 19
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The bidirectional brain-body communication operates through multiple pathways.44 Ascending vagal sensory and spinal 

visceral pathways carry inflammatory signals to the hypothalamus and thalamus, reaching executive homeostatic network 

regions. Simultaneously, medial prefrontal cortex output to autonomic control regions enables top-down emotional and 

cognitive influences on inflammation.19, 41, 44 Peripheral cytokines access the CNS through circumventricular organs, active 

transport mechanisms, and vagal nerve signaling, while activated monocytes traffic to perivascular spaces during 

inflammation.19, 44

This creates a self-perpetuating cycle: sensory overwhelm triggers cortical hyperactivity in the ACC, PFC, and visual 

processing areas; this activates inflammatory pathways via the HPA axis and direct neural mechanisms; inflammation 

increases neural sensitivity to stimuli; enhanced sensory reactivity triggers more cortical hyperactivity; the cycle becomes 

chronic and self-maintaining.19 Worry and hypervigilance effects compound this—inflammation increases negative 

attentional bias toward threatening visual stimuli, while chronic worry activates the dorsal ACC, creating a neural alarm 

system that perpetually processes visual threats.19, 45, 46, 47, 48

Conclusion

The research reveals GAD as fundamentally a disorder of visual-neuroendocrine-inflammatory integration rather than purely 

psychological dysfunction. The pathway from LGN inflammation through circadian disruption to hormone deficiencies 

provides a unifying framework explaining GAD's diverse symptomatology.21, 49 The paradoxical gamma wave patterns—

hyperactivity during worry, deficiency at rest—suggest fundamental cortical dysregulation rather than simple 

overactivation.50 The preservation of abstract reasoning through compensatory mechanisms that sacrifice processing speed 

reveals the metabolic cost of maintaining function with disrupted visual processing.

These findings suggest revolutionary therapeutic approaches: anti-inflammatory interventions targeting LGN and thalamic 

structures; circadian rhythm therapy to restore LGN-SCN signaling; hormone replacement for identified deficiencies; visual 

processing rehabilitation through targeted neurofeedback;18 and integrated treatments addressing the entire visual-

neuroendocrine-inflammatory axis.19, 21 Understanding anxiety through the lens of visual system dysfunction opens entirely 

new avenues for both research and treatment, moving beyond traditional psychological frameworks to address the 

biological substrate of this debilitating condition.
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