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INTRODUCTION METHODS CONCLUSIONS

e Chronological age is the strongest but incomplete e Cohort: ADNI, n =179 with matched blood DNAm, structural MRI, and APOE/clinical e An AD-focused cross-modal deep model
AD risk factor. covariates; conversion follow-up (55 conversions). (MRI->DNAm) is the top-performing integration
: : e Features: AD-prioritized CpGs (implicated in AD by epigenome-wide meta-analysis; method and matches MRI brain-age for predicting
* DNAm clocks and MRI brain-age index Zhang L et al I3021) and bfain—(blor;d concordant \ép(pif(4 332 total), plus 85 FrZeSurfer AD conversion.
complementary systemic vs neurostructural ' ) ’ ’ .
| P Y SY structural MRI regions. Blood DNAm and MRI capture corr)pl.emenjcary,
aging. . _ . . near-orthogonal aging axes, two distinct windows
e Brain age (and DNAm age) = a model trained to predict chronological age from that on AD-relevant aging.

e Existing clocks are disease-agnostic, limiting AD-
specific insight.

modality’s features (e.g., the 85 MRI regions). e Regularized, cross-validated benchmarking

e Age-acceleration = predicted - actual age (positive = older-appearing), tested vs. time provides a principled foundation for multimodal
e Objective: benchmark integration strategies for to AD conversion by Cox (age, sex, education, APOE). AD-risk aging biomarkers.
an AD-focused biological-age index. e Integration: late fusion, latent-factor models (PCA/CCA/MOFA2/AJIVE/NMF), and cross-

modal deep autoencoders; compared by repeated 5x5 cross-validation (held-out FUTURE DIRECTIONS
Harrell’s C-index).

Biological Aging Alzheimer’s

Processes Disease Biology p B p . p . e . .
General physiological and AD-Risk Distinct AD-specific A ® Add|t|0na| analyses and eXte rnal Va||d at|0n are
neurobiological aging - - pathological mechanisms ) ] ge - . . . . . .
ﬁ : i Con o Blood DNAm Biological-age Acceleration AD conversion ongoing; full manuscript in preparation.
« * Epigenetic drift / with AD susceptibility * Amyloid-B pathology + MRI . . .
£, model . -
I ‘ odels T risk e Treat cross-modal discordance (Brain+ / Blood+)

as an AD phenotype; resolve each subtype with
CSF AB/tau, amyloid- & tau-PET, and

vascular/WMH markers.
RESULTS e Anchor biological-age training on AD-relevant

endpoints, not chronological age.

e o ;}Sﬁ ¢ o Neuroimmune aging
inflammatory aging J _ ﬁ e Tau pathology
: 1 @ e AD-pattern regional atrophy
o Vascular & S Oe ~
@ metabolic aging :
\82n o Synaptic dysregulation

e Global brain aging Q \ e Selective regional
}  (cortical thinning, é§% Epigenetic drift in neurodegeneration

WM decline) \ AD-related pathways .

o Vascular-BBB decline > o Microglial activation

Cross-modal MRI-DNAmM age-acceleration is the top method, at MRI brain-age level; _ .
DNAm-only and classical integration stay near chronological age e Test the pace question: does baseline blood
|

DNAmM predict future MRI atrophy pace?

Cross-modal DL (age-sup.)

MRI-only
PRIOR EVIDENCE Cross-modal DL (unsup.)
Late fusion -

e Use brain-specific / 2nd-generation methylation
signatures to raise blood signal-to-noise.

0-630 : e Larger, diverse, externally-validated cohorts with
paired DNAmM + MRI and longitudinal follow-up.

. . . Chronological age- | E 0-6038
e Blood DNAmM and MRI brain-age index distinct ;
L - DNAM-only {E S —o-605
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