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Background: Diabetes patients often experience Multiple Long-Term Conditions (MLTCs), with
cardiovascular disease as one of the most common. Statins are widely prescribed for
cardiovascular risk reduction, but their longitudinal impact on diabetes and its complications, such
as retinopathy remains unclear. Additionally, the impact of socioeconomic factors and gender
inequalities on the burden and progression of MLTCs is not well understood, potentially
aggravating inequities in patient safety.

Objectives: This study aims to: (1) Map and model the longitudinal MLTC trajectories in statin-
treated diabetes patients. (2) Investigate the predictive value of MLTC trajectories for diabetic eye
disease using Atrtificial Intelligence (Al). (3) Evaluate the causal effect of early statin initiation on
diabetic eye disease. (4) Explore how socioeconomic and gender disparities influence the
trajectory of MLTCs and potential patient outcomes.

Methods: Our study includes 13,391 participants in the UK Biobank with diabetes and extracted
demographics data at baseline (2006-2010) and longitudinal medical histories (from their oldest
EHR until 2019). Townsend Deprivation Index (TDI) is considered a socioeconomic indicator. Statin
initiation, diabetes onset and MLTC trajectories were encoded using time-sequential embeddings.
We trained multiple machine learning models to predict future diabetic eye disease. Causal
inference was conducted to estimate the effect of statin initiation timing. Additionally, our research
integrated Patient and Public Involvement and Engagement (PPIE) through regular weekly
meetings, enabling patients to contribute insights and shape the research.

Results: Mapping the first 15 MLTCs, LightGBM achieved an AUC of 0.87 and F1-score of 0.80 in
predicting diabetic eye disease, significantly improved predictive performance compared with the
baseline model (AUC: 0.74, F1-score: 0.67). Patients with type 2 diabetes exhibited higher TDI
scores than type 1 or unspecified diabetes patients, suggesting greater socioeconomic deprivation.
Gender analyses revealed significant inequalities: female patients experienced both higher
incidence rates and earlier onset of most MLTCs than males. Furthermore, causal analysis
estimated Average Treatment Effect (ATE) using Propensity Score Matching (PSM) and Inverse
Probability of Treatment Weighting (IPTW), showed early statin initiation was associated with a
reduced risk of retinopathy (ATE: -0.63 via PSM; -0.21 via IPTW).

Conclusion: MLTC trajectories provide powerful, interpretable inputs for Al prediction of diabetic
complications. The protective role of early statin use in retinopathy suggests a potential beneficial
window for intervention, offering actionable insights into addressing patient safety inequities.
Continuous PPIE has enriched our research perspective and ensured relevance to patient
priorities.
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Figure 6. Causal Inference using Propensity Score Matching

Figure 3. Baseline features and correlation matrix Figure 4. SHAP plot for model interpretation and Inverse Probability of Treatment Weighting
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