
 1 

SUPPLEMENTARY MATERIAL  
S1.1 Neuropsychological Evaluation  
 The following tests were used in the neuropsychological assessment: Mini Mental State 
Examination [1], the Greek Verbal Learning Test [2], the Medical College of Georgia Complex 
Figure Test (copy condition, recognition, immediate and delayed recall and recognition) [3], a 
semantic and phonological verbal fluency test [4], subtests of the Greek version of the Boston 
Diagnostic Aphasia Examination short form and selected items from the Complex Ideational 
Material Subtest [5], the Greek Trail Making Test [6], an abbreviated form of Benton’s Judgment 
of Line Orientation [7], the Clock Drawing Test [8], as well as a graphical sequence task and 
motor programming [9]. Subsequently, we computed z-scores for each test variable using the 
raw scores of the participants without a dementia or mild cognitive impairment (MCI) 
diagnosis. Α composite score for global cognition (global cognition score) was calculated 
through summation of the individual z-scores, in which higher scores were consistent with 
better cognitive performance. 
 
S1.2 Genotyping and imputation in HELIAD 
 Genome-wide genotyping was performed at three different centers (the Centre 
National de Recherche en Génomique Humaine [CNRGH, Evry, France], the Life&brain center 
[Bonn, Germany], and the Erasmus Medical University [Rotterdam, The Netherlands]) using 
the Illumina Infinium Global Screening Array, as part of the European Alzheimer & Dementia 
Biobank (EADB) project. Base calling of raw reads was performed at CNRGH. 
 Variants included in the removal marker list by Illumina were excluded, and only 
variants for which the full-length probes aligned uniquely on GRCh38 genome without 
mismatches were kept. Variant intensity quality control (QC) was conducted for all autosomal 
variants according to established thresholds, and sex-check was performed using chromosome 
X variants [10]. Subsequently, sample QC was performed using the PLINK v1.9 software. 
Samples with a missingness rate of more than 5%, sex inconsistencies, or with a heterozygosity 
rate deviating more than six standard deviations (SD) from the mean, were excluded. To 
identify population outliers, Principal Component Analysis (PCA) using the 1000 Genome 
Project phase 3 reference panel was performed, and the combined dataset was projected onto 
two dimensions, using the flashPCA2 software [11]. To control for cryptic relatedness, one 
individual from each pair of samples with a kinship coefficient of more than 0.125 (cut-off for 
second-degree relatives) was excluded. Furthermore, variants with a missingness rate of more 
than 5% in at least one genotyping center, or with a significant differential missingness test (p 
<10-10), were excluded. The Hardy-Weinberg equilibrium test (p <5*10-6) was performed only in 
controls, and for each genotyping center/country separately. 
 To improve imputation accuracy, imputed variant frequencies were compared against 
two reference panels, the population of the Haplotype Reference Consortium v1.1 (HRC) [12], 
excluding samples from the 1000 Genome Project, and the Genome Aggregation Database v3 
(gnomAD) [13], using the chi-square test. Variants with a x2 >3,000 in both HRC and gnomAD, 
or with a x2 >3,000 in one reference panel and not present in the other, were excluded. Finally, 
genome-wide association studies (GWAS) were performed between controls across genotyping 
centers to assess for potential frequency differences between genotyping centers, using the 
SNPTEST software [14], under an additive model and adjusting for associated principal 
components. Variants with a significant Likelihood Ratio Test at p <10-5 were excluded. Finally, 
ambiguous variants with a minor allele frequency (MAF) of ≤5% were removed, and only one 
copy of any duplicated variants was retained, prioritizing the one with the lowest missingness 
rate. 
 Samples and variants satisfying the aforementioned QC metrics were imputed on the 
Michigan Imputation Server (v1.2.4) [15], using the TOPMed Freeze 5 reference panel. Phasing 
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and imputation were performed using the EAGLE v2.4 and Minimac4 v4-1.0.2 software, 
respectively. Apolipoprotein E isoforms were determined by the coding SNPs rs429358 and 
rs7412 genotypes, using the SNP array data. 
 
S1.3 Polygenic Risk Scores Thresholds  
 As each PRS threshold comprises a distinct set of SNP, we used logistic regression 
models with aMCI/AD as outcome and the different thresholds as the primary predictors. To 
control for potential cryptic relatedness between subjects [16] or unexpected genotyping errors 
[17], models were adjusted the first two principal components of genetic ancestry (PC1, PC2 
derived from the PCA command in PLINK version 1.9) and APOE ε4 genotype.  
 We computed the area under the curve (AUC) for each of the 10 distinct thresholds 
(pT). The PRS with the best classification accuracy area under the curve, which was pT<0.3, 
consisting of 64331 SNPs, was considered to exhibit superior discriminatory ability between 
presence and absence of WHM pathology, and was, therefore, used as the measure of the 
genetic predisposition for WHM burden in subsequent analyses (Table S1). 
 
 
Table S1: Number of SNPs included at each PRS WMH calculated at different GWAS  P-value thresholds. 
AUC area together with p value of each PRS derived from a logistic regression with outcome aMCI/AD 
status, adjusted for APOE e4 genotype, PC1 and PC2. 

GWAS1 pT 2 Number of SNPs3 Exp (B) AUC4 P-value 
5e-8 30 0.816 0.514 0.190 

0.0001 298 0.937 0.442 0.610 
0.001 1307 0.912 0.449 0.526 
0.01 6500 1.170 0.498 0.279 
0.05 20149 1.262 0.530 0.129 
0.1 32222 1.311 0.545 0.083 
0.2 50504 1.395 0.561 0.034 
0.3 64331 1.422 0.567 0.028 
0.4 75199 1.385 0.559 0.037 
0.5 83820 1.355 0.557 0.048 

1 genome-wide association study,  2  p-value threshold, 3 single nucleotide polymorphism, 4 area under curve.  
Bold letters indicate statistical significance (p <0.05). 
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