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Abstract 

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder characterized by considerable 
heterogeneity in clinical presentation and progression. Building upon the framework proposed by Lars 
Lau Raket et al. in Statistical Disease Progression Modelling in Alzheimer Disease, we use a statistical 
approach for modelling disease age using the Alzheimer’s Disease Neuroimaging Initiative (ADNI) 
database. 

The method provides a common time-scale representation of disease progression by aligning 
individual cognitive trajectories using a Bayesian hierarchical joint model that simultaneously operates 
on the response (cognitive scales) and the disease time (age). To capture the cognitive decline, we 
employ a nonlinear mixed-effects model. 

Our primary contribution is a two-stage modularization approach that decouples the computationally 
intensive estimation of disease age from the subsequent covariate analysis. First, a single, covariate-
free model is fit once to establish posterior distributions for each patient's disease age. The power of 
this modular design lies in the second stage: it enables the rapid and rigorous exploration of numerous, 
distinct covariate models—including joint models for multiple endpoints—without needing to re-run the 
expensive initial fit. This process formally propagates the parameter uncertainty captured in the 
disease age posteriors. 

The second-stage model is specifically designed to address real-world data challenges, including 
covariate missingness, the non-normal distribution of biomarkers, and the harmonization of data from 
different assays. This framework provides a robust method for assessing biomarker influence in the 
context of cognitive decline. By improving personalized prognostication and facilitating more effective 
therapeutic stratification, our methodological refinements advance the statistical modelling of AD 
progression. 

 

 

  


