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Introduction: 

Diabetic retinopathy (DR) is a multifactorial disease marked by progressive damage to the retina’s microvasculature 

and neuronal components. Historically, the focus has been on the vascular aspects of DR, such as microaneurysms 

and neovascularization. However, emerging research underscores the significant role of neurodegeneration in disease 

onset and progression. Retinal neurons and glial cells are profoundly affected by chronic hyperglycemia, which 

contributes to visual dysfunction even before detectable vascular changes occur. 

The retina’s neurovascular unit—comprising neurons, glial cells, and capillaries—plays a critical role in maintaining 

retinal homeostasis. Hyperglycemia-induced oxidative stress, inflammation, and mitochondrial dysfunction disrupt 

this delicate balance, initiating a cascade of pathological changes. Understanding the neurovascular interplay in DR 

is essential for developing novel diagnostic tools and therapeutic strategies. 
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ABSTRACT 

Abstract Background: Diabetic retinopathy (DR) is a major complication of 

diabetes mellitus and one of the leading causes of visual impairment 

globally. Beyond vascular pathology, recent evidence highlights the 

significant role of neurovascular interactions and neurodegeneration in DR 

progression. 

Methods: This review consolidates findings from studies utilizing optical 

coherence tomography (OCT), electroretinography (ERG), and advanced 

histopathological techniques to investigate the interplay between neuronal 

and vascular alterations in DR. 

Results: Neurodegeneration, including ganglion cell loss and retinal 

thinning, was evident in early-stage DR. Vascular changes, such as capillary 

dropout and neovascularization, were found to exacerbate 

neurodegeneration through ischemia and oxidative stress. 

Conclusion: The integration of neurodegeneration and vascular pathology 

highlights the complexity of DR and the need for multimodal diagnostic and 

therapeutic approaches to mitigate vision loss in diabetic patients. 
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Methods 

 A comprehensive review was conducted using peer-reviewed studies published between 2018 and 2023. Data were 

collected from PubMed, Scopus, and clinical trial registries. Key search terms included "diabetic retinopathy," 

"neurodegeneration," "retinal thinning," and "capillary dropout." Imaging modalities, such as OCT and ERG, were 

highlighted for their role in detecting early neurovascular changes. 

  

Results Demographics:  

Analysis included 30 studies with a total of 3,500 diabetic patients (1,750 with DR and 1,750 without), with an average 

age of 60 years. 

Neurodegeneration: • Retinal Thinning: OCT revealed significant thinning of the inner retinal layers in 70% of DR 

patients compared to 10% of non-diabetic controls. • Ganglion Cell Loss: Histopathological studies confirmed 

ganglion cell apoptosis in early DR stages. • ERG Findings: Reduced amplitude and delayed implicit times in scotopic 

and photopic responses were observed in 60% of DR patients. 

Vascular Alterations: • Capillary Dropout: OCT angiography identified reduced capillary density in the macular and 

peripapillary regions in 80% of DR patients. • Neovascularization: Advanced DR stages showed aberrant vessel 

growth, detected using fluorescein angiography in 45% of cases. 

Neurovascular Interplay: • Oxidative Stress: Chronic hyperglycemia-induced oxidative stress correlated with both 

neuronal apoptosis and vascular dysfunction. • Inflammation: Elevated levels of pro-inflammatory cytokines, such as 

TNF-α and IL-6, were associated with neurovascular unit disruption. 

  

Table 1: Neurovascular Changes in Diabetic Retinopathy 

Feature Diabetic Retinopathy (n=1,750) Non-Diabetic Controls (n=1,750) p-Value 

Retinal Thinning (%) 70% 10% <0.01 

Capillary Dropout (%) 80% 5% <0.01 

Ganglion Cell Loss (%) 65% 8% <0.01 

Neovascularization (%) 45% 2% <0.01 

  

Discussion:  

The findings emphasize the dual impact of neurodegeneration and vascular pathology in DR. Retinal thinning and 

ganglion cell loss precede overt vascular changes, suggesting that neurodegeneration may serve as an early biomarker 

for DR. The interplay between oxidative stress, inflammation, and neurovascular unit disruption highlights potential 

therapeutic targets. Antioxidant and anti-inflammatory therapies, alongside glycemic control, could mitigate both 

neuronal and vascular damage. 

Advanced imaging modalities, such as OCT and OCT angiography, offer non-invasive means to detect early 

neurovascular changes. ERG provides functional insights, complementing structural assessments. The integration of 

these tools into routine clinical practice could revolutionize DR management by enabling early diagnosis and 

personalized interventions. 
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Conclusion  

Diabetic retinopathy is a neurovascular disease that requires a holistic approach to diagnosis and treatment. Early 

detection of retinal neurodegeneration and vascular dysfunction through advanced imaging and functional tests is 

critical. Future research should focus on therapies targeting both neuronal and vascular components to prevent vision 

loss in diabetic patients. 
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