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Abstract
Background: Artificial intelligence (AI) algorithms are being increasingly used in health-related research especially in analysis of retinal images. This has raised issues around algorithmic bias especially in relation to the independent identification of age, sex and race from these images. The potential contribution of retinal vasculometry to age, sex and race differences in retinal vasculometry (RV) has not been examined at scale.
Methods: We analysed retinal images from 88,052 UK Biobank participants (aged 40 years and above) using a fully automated image analysis program (Quantitative Analysis of Retinal Vessel Topology and Size [QUARTZ]) to examine age, sex and racial differences in RV phenotypes including vessel width, tortuosity, vascular density and within-vessel-segment-variability in width.  Effect modification of associations between RV and cardiovascular disease risk factors by race and sex were examined using interaction tests and multilevel linear regression (allowing for within person clustering) with adjustment for age, sex, race, measurement centre, body mass index, systolic blood pressure, smoking status, and deprivation index. Additional models allowed for haemoglobin A1c, blood lipid levels and exclusion of those with self-reported cardiovascular disease or use of blood pressure lowering medications. 
Results: Compared with whites, Asians and blacks had on average wider arterioles between 1.8µm to 3.3µm; 5 to 6µm narrower venules, 23% to 14% less tortuous arterioles, 8% to 18% more tortuous venules, respectively; reduced vascular density of approximately 0.55mm2 and greater vessel-segment-width-variability (with p-values in region 1x10-10 to <1x10-300). RV differences between men and women were less pronounced, women had narrower, more tortuous vessels and reduced microvascular density compared with men. RV associations with cardiovascular/metabolic risk markers did not show effect modification by racial/sex groups, except ageing associations with venular vasculometry features were modified by race. 
Conclusions: Age, sex and race influences on RV are highly statistically significant and racial differences are much larger in their magnitude than RV associations with cardiovascular or metabolic risk makers. Age, sex and race inter-relations with retinal features, including RV, may impact on individualised risk prediction models for systemic vascular health, such as incident cardiovascular disease and other age-related health outcomes.

