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Two different approaches are used for this analysis: Calculation
Understanding how biological processes drive neurodegeneration 1s essential for 1. Global Model Optimization (ADNI)

improving the prediction and monitoring of Alzheimer’s disease progression. Our group 2. External Validation (UK Biobank)
developed a multiscale mathematical model that simulates the 50-year trajectory of brain
health via 19 coupled ordinary differential equations with 75 parameters [1]. The model
describes interactions between amyloid-f accretion, tau phosphorylation, inflammation
processes, and neuronal degeneration. In previous work [2], we performed a local
sensitivity analysis by perturbing all 75 parameters and pick up the 30 parameters that
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model by first optimizing these parameters using the ADNI cohort, then applying the Age: 59-93 l l Age: 44-82 Adopted from [3]
optimized model to predict neuronal density (expressed as estimated neuronal mass in Cognitively Normal Cognitively Normal

grams) 1n the UK Biobank cohort. (CN) Contrals (n=211) (CN) Controls N= 35,899

Real Neuronal
Comparative _A‘ge Profiles of ADNI and UKBB .
. Cogmtlvel‘y' HomaliContrals®™ = 4 D e n S lty

l

Age start= 30, APOE,

of the MRI

1 ' GUIDING QUESTIONS

MODEL DESCRIPTION

|
|
|
I
estimated brain volume : Age 30 to MRl age
| . |
IAW" | A I Y | l . How well do our simulated trajectories
| | predict real-world neuronal density?
~ Other |
ways : . Can a mechanistic model accurately
) L-BFGS-B algorithm | capture age-related brain atrophy?
Varying 30 parameters I
AB; :
| |
I
Minimize Loss — :
e ADNI optimized | | Compare Predicted Vs,
A3 Density parameters set Real Neuronal Density
e
RESULTS
*
Correlation Analysis: Real vs. Predicted N .. Correlation Analysis: Real vs. Predicted N
o Partici Optimizat o
600 - EZSESS?S;SUW P ! 700 Regression Line
Jolg! o Participants
ADNI -~ .
( ) o600
5 O
¢ 5 2500
@ =
O
= o o O
Mna © 450- S A . 400
a © o 008 @{O% go0 © O
= o O@C’.&w@o’ ) % o | .
| 1 ' Independent | g=aeTyTe}
Figure 1: Proposed in Chamberland et al. 2024 [1], the model 1s composed of 19 ordinary ) i - &° External
differential equations (ODEs) and 75 parameters, covering entities such as the formation of Af3 o Validation
plaques; tau tangles; neuronal death; and microglia/macrophages interactions 1n | o ! (UKBB) | | |
neuroinflammation. 200 300 600
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CONCLUSION

Our validated multiscale mathematical model successfully links mechanistic
biological pathways with biological plausibility when compared to real-world
population data.

Calibrated on ADNI and validated on the UK Biobank, the model precisely predicts
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Exceptional predictive performance across 35,899 unseen individuals demonstrates 2. Faculty of Science and Engineering, Laval University DE CARDIOLOGIE
. 1 . . 1 . . - 3. Centre de Recherche de UInstitut Universitaire de Cardiologie et de POSter #
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Parameter optimization on ADNI yielded a strong baseline correlation of r = 0.73 (n = 211), which generalized beautifully to the independent
UK Biobank cohort (n = 35,899) with an exceptional out-of-the-box correlation of r = 0.85.

The model higher accuracy 1n the UK Biobank 1s attributed to a shorter average simulation timeline (34 years vs. 44 years in ADNI), which
naturally minimized long-term ordinary differential equation (ODE) simulation drift.
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