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Introduction Sample Characteristics

» Sleep EEG microstructure is altered in dementia, but the temporal Dementia free mcii:r;t dementia Zrev;s;ent dementia
N = 2666 - =

Age 61.3 = 8.19 70.7 + 8.94 70.1 = 10.6
> We applied the SuStaln (Subtype and Stage Inference) model to | | Female 1421 (53.3%) 67 (39.9%) 21 (53.8%)

sequence remains unknown.

, nstruct th coar on ttern of EEG microstructures from Non-Hispanic White 2006 (75.2%) 136 (81.0%) 29 (74.4%)
SCONSIILCL INS progression pattern o ICrostructures 1ro Hypertension 515 (19.3%) 62 (36.9%) 20 (51.3%)

cross-sectional PSG data. Diabetes 160 (6.0%) 25 (14.9%) 9 (23.1%)

C L : . Benzodiazepine use 376 (14.1%) 25 (14.9%) 8 (20.5%)
» We evaluated associations between inferred stages, incident Follow-up time (days) 3650 + 1140 3390 + 1130 5390 + 1310

dementia and mortality. Death 53 (2.0%) 32 (19.0%) 7 (17.9%)

Methodology

Cohort Sleep Microstructure Feature Selection SuStaln Clinical Outcomes

- Human Sleep Project « Spectral power « Case-control discrimination » Infers temporal Cox proportional hazards

:\r/l‘"ab driag”tfsgc PSC?H . Wilcoxon tests ordering of events from Outcomes
assachusetts General Hospita . Delta slope Effect size > 0.3 i : y
2010 - 2020 3 CI’(ZjSS SeCt'_OTaI (gata, Incident dementia
e -« Spindle = * Remove correlated features g G ETIGRES e all-cause mortality

» Cases: All-cause dementia Spearman p > 0.7
(ICD codes) . Slow oscillation - Model s.electlon via . Covariates

_ - Align abnormality direction cross-validated log- age, sex, race/ethnicity,
. Controlg.. no .major . Spindle-SO coupling 1 value = 1 abnormality likelihood education., |
neurological disease hypertension, diabetes
. Inclusion: A 50 [ 228 features in total J [ 5 features selected J [ 1 subtype identified J smoking, BMI

nciusion. Age =2 sleep medication use

Inferred Temporal Progression of Sleep EEG Abnormalities Late stage: 4x Dementia Risk, 3x Mortality Risk
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Log—rank P < 0.0001 === Stage = 3-4
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Stage 5: Fast spindle density | | | | | | |
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3 Incident Dementia Dementia free Dementia Risk Death Risk
Event Position N (%) N (%) HR (95% Cl) HR (95% CiI)

Stage O (ref) 38 (22.6% 1414 (53.0%) 1.00 1.00
Positional variance diagram Stage 1-2 10.1% 385 (14.5%)  1.06 (0.59, 1.92) 1.09 (0.49, 2.42)

17 (

Darker colors indicate higher probability of event ordering. o .

Log-likelihood ratio test supported one pattern instead of =2 subtypes. Stage 3-4 26 (15.5% 423 (15.9%) 2.11(1.23,3.61) 1.52(0.72, 3.22)
87 (51.8% 444 (16.7%) 4.13 (2.27, 7.52) 2.93 (1.30, 6.61)

Ten-fold cross-validation confirmed the robustness of the inferred event ordering. Stage 5

Conclusion

» We applied a novel disease progression model to resolve the temporal sequence of sleep microstructural decline in dementia development.

» Early alterations involve theta activity and slow oscillations, followed by spindle-SO coupling disruption and spindle loss, consistent with evolving dysfunction in
arousal regulation, slow-wave generation, and thalamocortical network.

» Advanced stages were independently associated with 2x to 4x dementia risks and 3x mortality risk.

» Sleep EEG represent promising biomarkers for dementia risk stratification and progression monitoring.
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