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Research progress and prospects of artificial intelligence
technology in systemic disease management based on fundus
imaging
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Given the anatomical and physiological parallels between the retinal, cerebral, and coronary circulatory systems, retinal
characteristics serve as a critical biomarker for systemic diseases, including cardiovascular diseases, neurodegenerative
disorders, and diabetes. The retina provides a unique, non-invasive window into the body’s vascular and neural health,
making it an invaluable tool for disease detection and monitoring. Retinal imaging allows clinicians to assess
microvascular changes, offering early indicators of underlying systemic conditions before clinical symptoms manifest.
These correlations have led to increased interest in leveraging retinal biomarkers for precision medicine and individualized
healthcare approaches. Advances in artificial intelligence (Al), particularly the application of deep learning (DL) models,
have significantly enhanced the accuracy and efficiency of disease detection using retinal imaging. Al-driven techniques
enable the automation of disease screening and predictive modeling of disease onset, thereby transforming traditional
diagnostic processes. Deep learning models, trained on vast datasets of retinal images, can detect subtle microvascular
alterations that might be imperceptible to the human eye. This capability supports the early diagnosis of several systemic
conditions and facilitates timely intervention, potentially improving patient outcomes.

This review examines the role of Al, particularly DL-based methodologies, in the analysis of retinal imaging for systemic
disease prediction. Studies have demonstrated that deep learning algorithms can effectively identify microvascular
abnormalities and retinal nerve fiber layer thinning, which are associated with neurodegenerative diseases such as
Parkinson’s disease and Alzheimer’s disease. By analyzing retinal vasculature and nerve layer integrity, Al can aid in the
early detection of these conditions, enabling better disease management and therapeutic interventions. In the context of
cardiovascular health, Al-powered retinal image analysis enables the quantification of vascular parameters such as vessel
caliber, tortuosity, and branching patterns, which are predictive markers for hypertension, coronary artery disease, and
myocardial infarction. These automated assessments provide a non-invasive alternative to traditional cardiovascular risk
evaluation methods, enhancing the accuracy and accessibility of predictive diagnostics.

Additionally, AI has revolutionized the detection of diabetic retinopathy, a leading cause of blindness worldwide. Deep
learning models can now accurately classify disease severity, monitor progression, and even predict the likelihood of
diabetes-related complications, including chronic kidney disease. The ability of Al to analyze large-scale datasets and
recognize intricate disease patterns has significantly improved diabetic retinopathy screening programs, making them more
scalable and efficient. Despite these promising advancements, several challenges remain. Difficulties in data acquisition,
variability in image quality, and a lack of standardized annotation protocols affect model generalizability and clinical
applicability. Future efforts should focus on curating high-quality, diverse datasets and improving algorithm adaptability
and interpretability. As Al and retinal imaging technologies continue to evolve, this field holds immense potential for
revolutionizing disease screening, precision diagnostics, and health management, ultimately driving the future of
intelligent, personalized healthcare solutions.
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