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Early detection of 

Alzheimer’s disease (AD) in 

the preclinical phase is a 

key priority. MRI, and in 

particular FLAIR imaging, 

captures white-matter 

hyperintensities (WMH), 

reflecting vascular burden. 

However, WMH highly 

heterogeneous and often 

considered nonspecific. 

Here, we aim to identify 

latent WMH in the 

European Prevention of 

Alzheimer’s Dementia 

(EPAD) cohort and test 

their associations with fluid 

biomarkers and clinical 

measures. 

We analyzed baseline data 
from 1,720 participants. 
WMH maps were used to 
derive Laplacian 
Components (LC), 
capturing low-dimensional 
representations of lesion 
variability. Associations 
between LC and amyloid-β
42, phosphorylated tau181, 
Clinical Dementia Rating 
(CDR), and Mini-Mental 
State Examination (MMSE) 
scores were assessed 
using regression models 
adjusted for age, sex, and 
APOE genotype. The 
minor allele frequency was 
0.061 for APOE2 and 
0.208 for APOE4.

WMH showed widespread 
but variable spatial 
distribution. Laplacian 
embedding revealed a 
structured low-dimensional 
manifold of lesion 
variability. Specific LC 
showed distinct biological 
associations. 

LC1 was associated with 
clinical severity measured 
by the CDR. LC2 showed 
the strongest association 
with amyloid levels, 
followed by LC3–LC5. LC7 
was associated with 
phosphorylated tau. MMSE 
showed associations only 
with age and APOE4 
genotype, but not with LC.

The associations with 

clinical measures (CDR) 

and fluid biomarkers of 

neurodegeneration support 

the clinical relevance of 

WMH latent patterns in AD, 

with amyloid and tau 

showing distinct 

signatures. Overall, WMH 

variability reflects 

meaningful patterns of 

disease processes. This 

approach provides a new 

framework to interpret 

vascular-related MRI 

alterations in the early 

stages of AD and highlights 

their potential as disease-

relevant markers.
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