

Machine learning–based clustering of macrovascular complications in diabetic foot disease: a real-world regional Australian cohort

Aims:
Macrovascular disease is highly prevalent among people with diabetic foot ulceration (DFU), yet the extent to which macrovascular complications cluster within this population and define clinically meaningful phenotypes remains poorly understood. We aimed to identify latent macrovascular phenotypes among individuals with DFU and to characterise their demographic and clinical profiles.
Methods:
We conducted a retrospective observational study of adults with diabetes and DFU (n = 381) in Townsville University Hospital in Queensland. Latent class analysis (LCA) was performed using four macrovascular indicators: ischaemic heart disease (IHD), stroke, peripheral vascular disease (PVD), and heart failure. Model selection was guided by Akaike and Bayesian information criteria. 
Results:
A two-class solution provided the best model fit. Class 1 (n = 94, 24.7%) represented a high macrovascular burden phenotype, while Class 2 (n = 287, 75.3%) represented a lower macrovascular burden phenotype. Individuals in Class 1 were older (68.8 ± 11.5 vs 63.9 ± 13.4 years; p = 0.001) and had significantly worse renal function (eGFR 51.1 ± 27.0 vs 63.6 ± 25.6 mL/min/1.73 m²; p < 0.001). Hypertension, dyslipidaemia, and chronic kidney disease were substantially more prevalent in Class 1 (all p ≤ 0.002). Current smoking was more common in the high macrovascular burden phenotype (40.4% vs 26.5%; p = 0.001) Macrovascular conditions were markedly enriched in Class 1, including IHD (91.5% vs 18.1%;), stroke (34.0% vs 4.2%), PVD (75.5% vs 22.3%), and heart failure (50.0% vs 7.7%) (all p < 0.001). Glycaemic control (HbA1c) did not differ significantly between classes.
Conclusions:
Among people with DFU, LCA identified a distinct high-risk polyvascular phenotype characterised by older age, renal dysfunction, smoking, and a heavy burden of cardiovascular disease. Further prospective studies are needed to validate these phenotypes and to determine whether targeted cardiovascular and smoking-cessation interventions can improve clinical outcomes in this high-risk population.

