Identification of a Novel Severe Hyperglycaemic Diabetes Subgroup in Chinese Individuals with Type 2 Diabetes and Its Epigenetic Characterisation

Background and aims: Type 2 diabetes is a heterogeneous condition with clinically distinct subgroups of prognostic significance. This study aimed to identify a novel subgroup among Chinese individuals with type 2 diabetes and explore its epigenetic mechanisms through subgroup-specific methylation risk scores (MRSs).

Materials and methods: We analysed two independent cohorts comprising 12,678 individuals with type 2 diabetes (4,813 from the Hong Kong Diabetes Register [HKDR]; 7,865 from the Hong Kong Diabetes Biobank [HKDB]). Individuals were clustered by age at diagnosis, BMI, HbA1c, HDL-C, and C-peptide using the k-means algorithm, stratified by sex. Cox regression predicted clinical outcomes. A subset of HKDR participants underwent genome-wide DNA methylation profiling (Illumina 450K array). MRSs were developed via limma-based differentially methylated position identification followed by elastic net regression.

Results: Beyond replicating known subgroups (SIDD, SIRD, MOD, MARD, MDH), we identified a novel subgroup — severe hyperglycaemic diabetes (SHD) — characterised by younger age at onset (43.6 ± 11.6 years), longer diabetes duration (8.7 ± 7.5 years), markedly elevated HbA1c (10.5 ± 1.4%), and low C-peptide levels (383.9 ± 281.7 pmol/L). Over 14.6 years of follow-up, individuals with SHD had higher incidence of cardio-renal complications than the MARD subgroup. EWAS identified TXNIP as a SHD-specific differentially methylated site. The SHD-MRS demonstrated high predictive accuracy (AUC: 0.774 discovery; 0.710 internal replication) using two CpG sites, and was associated with increased risk of chronic kidney disease and end-stage renal disease (FDR < 0.05).

Conclusion: SHD is a novel diabetes subgroup among Chinese individuals, characterised by younger onset, severe hyperglycaemia, and worse prognosis detectable at early stages of the condition. The SHD-MRS, derived from two CpG sites, highlights distinctive epigenetic features of this subgroup and supports the potential of methylation-based scores for diabetes subtyping and risk stratification.
