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Objectives : Disorders of mineral and bone metabolism (CKD-MBD) are clinical hallmarks of chronic 

kidney disease (CKD) progression, characterized by a complex interplay between serum calcium, 

phosphate, and parathyroid hormone (PTH). In this study, we aimed to identify distinct mineral 

metabolism phenotypes using multiple group-based trajectory modeling (GBTM) and evaluate their 

association with long-term kidney outcomes.  

Methods : Using data from the KNOW-CKD cohort, we performed multiple GBTM to identify distinct 

phenotypes based on the longitudinal patterns of serum calcium, phosphate, and PTH. The primary 

outcome was a composite kidney outcome (≥50% decline in eGFR, doubling of serum creatinine, 

initiation of dialysis, or kidney transplantation). To evaluate the independent prognostic value of the 

identified trajectory phenotypes, model performance was validated by comparing the C-index and 

assessing risk reclassification through Net Reclassification Improvement (NRI) with scatter plots.  

Results : Among the 1,541 patients analyzed, multiple GBTM identified five distinct mineral 

metabolism phenotypes. In a multivariable Cox model, Group 1 was associated with a significantly 

elevated risk of kidney failure compared to the other groups (Hazard Ratio [HR], 1.703; 95% CI, 

1.291–2.246; P < 0.001) compared to the rest of the cohort. Conversely, Group 2 demonstrated the 

most favorable prognosis, showing a marked reduction in risk (HR, 0.477; 95% CI, 0.346–0.658; P < 

0.001). Using the MICE-imputed dataset, the C-index improved from 0.7746 in the baseline model to 

0.7824 in the full model (P = 0.022). The scatter plot of predicted risks visually confirms this 

redistribution, illustrating that longitudinal mineral trajectories offer refined risk stratification beyond 

traditional static measurements.  

Conclusions : This study demonstrates that the integrated longitudinal patterns of mineral 

metabolism markers provide superior prognostic information for CKD progression compared to single-

point measurements. Our findings suggest that accounting for these dynamic patterns allows for 

earlier intervention and more personalized management within the CKD-MBD framework.  
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