Multimodal Al Platform For Early Neurodegenerative Disease Prediction
Using Gait And Blood Epigenetics

A cross-modal Al model integrating gait biomechanics and cfDNA methylation biomarkers will outperform single-modality approaches in detecting early
Alzheimer's disease risk and MCI, yielding higher diagnostic accuracy, greater sensitivity, and reduced false negative rates.

Rhea Doshi, Ashkan Novin PhD, and Roshni Patel MD

PHASE I : FunCtional Gait AnalySiS Phase I: Functional / Motor Biomarkers

“"CW""" Gait Feature Transformer 1; “““U,:m
CERENOVA (300Hz Smart Mat & » (47 F m" - ) i {LHud,{I" d=| 128) » Acc 93.4% > o ) )
343 Gait Parameter Feature Importance (Top 12) Video) Sens 92.1% | Spec 94.7% 50% False-Negatwe Reduction
N=100 | 47 Features | Transformer Model < 0.005
p .
; T | _ - Phase I1: Cognitive Assessment (Ground Truth
GAIT #5 "'f, 1;:: “i)g; Stride Length Variability 0.186 g ( } - . Crnss-Mﬂdal
‘ SharaWidindsl PATIENT N=100 MoCA stmlhutmn i .
3 MoCA Testing Cognitive 69 Normal (=26) 22 Mild (21-25) Attention Fusion
Dual-Task Cost (DTC) (Montreal Cognitive = Classification - 5 Moderate (11-20) 4 Severe (<10) o Healthy MCI
Cadence Variability Assessment) (Score 0-30) Gait vs. MoCA: r = —0.94 Accuracy: 96.7%
adence Variabil p{ n*m]
Stance Phase Asymmetry Sens 95.5% | SPEK: O7.8%
W — Phase II: Cellular / Molecular Damage < $500
Early AD Per Screen
Gait Velocity (Dual) w m-m
Swing Phase Duration Blood Draw _h" Hm _.’ Classifier _.' Sm-ﬂtFﬂﬁ e J
(cfDNA Extraction) (5 CpG Markers)

Trunk Sway (ML)

Step Length Ratio

Arm Swing Asymmetry

ROC Curve Comparison: Gait vs cfDNA vs Fusion
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The +2.9% AUC fusion gain translates to a 50% false-
negativereduction (p<0.005), patients missed by either pipeline alone
areidentified when both modalities work together.
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PHASE II: Molecular Epigenetics

LAB WORKFLOW FOR cfDNA METHYLATION PROFILING
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Methylation Level by Sex & Diagnosis

PERIPHERAL BLOODSTREAM & BIOMARKER ORIGIN & - Methylated cfDNA :I Unmethylated
cfDNA fragment

(brain-derived)

(50M/50F) was deliberately balanced to detect sex-based
biomarker differences.

Peripheral Bloodstream

Metnyiated (P B—————— This liquid biopsy approach detects epigenetic
cfDNA (041

(brain-deriveo) {1 A SO et i il ol B - neurodegeneration signatures from a simple blood draw,
[' | Unmethylated i s : ' N -~y - i) m B - : - ] I/lObI/‘aln lmaglng I"equlf'ed

* cfDNA

fragment

Key Findings:
» Methylation levels differ by sex across all disease stages
(p<0.02)
* cfDNA concentration shows sex-dependent variation
e - — — . - (p<0.01), with AD females exhibiting higher circulating

i A Top Markers: Femate ve Male cell-free DNA

* Fragment size ratios (sub-nucleosomal: 0.18 healthy —

0.27 MCI — 0.41 AD) show parallel trends at different
magnitudes by sex
» Top CpG markers (CpG-A01, CpG-B03) diverge between
sexes iIn MCI — AD progression, with females showing
steeper methylation trajectories
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e Blood-Brain Barrier Signal: Apoptotic and necrotic
Ornen = Untistiited ;SSHE: A | ed = MBCHYASec A0S B) cells release fragmented cell-free DNA into the
bloodstream. Methylation patterns on these
fragments serve as tissue-of-origin signatures,
enabling detection of neurodegeneration from a
peripheral blood draw. We detect a distinct sub-
nucleosomal shift (<150bp fragments) and
progressive hypermethylation at neuroinflammation
loci. Sub-nucleosomal ratios show clear disease
progression: Healthy 0.18, MCI 0.27, AD 0.41.
SHAP analysis 1dentifies the most predictive
molecular features: CpG-A01 (14.2%), CpG-B03
(11.8%), Sub-nucleosomal ratio (6.8%).
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Clinical Impact Translational Roadmap Future

Diagnostic Cost & Accuracy Comparison IRBIPilot This study demonstrates that multi-modal fusion of gait biomechanics (Transformer, N=100) and cfDNAmethylation

§7,000 - N=100 Active (SVM-RBF, N=38) achieves 96.7% diagnostic accuracy (AUC 0.991), significantlyoutperforming either unimodal
pipeline alone. The +2.9% AUC fusion gain translates to a 50% false-negativereduction (p<0.005), clinically, this means
y) fewer missed pre-symptomatic cases. Sex-stratified analysisconfirms fusion eliminates sex-based performance gaps
| Very High (96.7%) szggflg(g;;:& (Female AUC 0.994, Male AUC 0.997), critical forequitable deployment. At <8500 per test vs. $6,000+ for
§3,000 - neuroimaging, NeuroStride enables scalablepopulation-level screening. Limitations include single-site recruitment and
2,000 - §1.200 3 3 mode.st Phase 11 sample S1Z€; multi—center Vali(.lation .(N=.200+) 1s underway. This 1s the first platform to cqmbine
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———— SaMD Classification simple blood drawand 10-minute gait assessment, no bram imaging required.
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