
Proteomic-based Gemini digital twins enable improved prediction of Alzheimer's disease progression and cognitive decline beyond 

clinical covariates, while identifying biological pathways related to synaptic dysfunction, neuroinflammation, oxidative stre ss, and 

impaired cellular homeostasis that may contribute to disease progression.
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Rates of cognitive decline in Alzheimer’s 

disease (AD) vary across individuals and 

predicting progression and linking it to 

underlying biology remain challenging. 

Aitia’s Gemini digital twin (GDT) 

modeling framework was applied to 

large-scale proteomic data from Global 

Neurodegeneration Proteomics 

Consortium (GNPC) to investigate 

biologically informative predictors of 

cognitive progression rates.

Proteomic Markers Of Heterogeneous Cognitive 

Decline In Alzheimer’s Disease Investigated Using 

Digital Twins

Annual CDR change indicated predominantly stable to moderately progressive 

disease. Proteomic digital twins improved the prediction of CDR and MMSE decline 

beyond clinical covariates. The all-site- and sites-I&J- models highlighted distinct but 

biologically plausible pathways, including synaptic signaling, neuroinflammation, 

oxidative stress, intracellular trafficking, and protein homeostasis.

Aitia’s GDT framework enables modeling 

of cognitive decline using GNPC 

proteomic profiles with improvements in 

prediction beyond clinical covariates, 

while offering biologically informative 

signals related to disease progression, 

particularly in synaptic and inflammatory 

pathways. Future work will focus on 

refining these models by explicitly 

accounting for site-specific variation 

within the causal network framework, 

while preserving biologically relevant 

disease progression signals.
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