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1 Methods 

1.1 Study participants 

 The study population consisted of 381 cognitively unimpaired (CU) 

elderly participants and 177 patients with mild cognitive impairment (MCI) 

from the prospective and longitudinal Swedish BioFINDER sample (clinical 

trial no. NCT01208675; www.biofinder.se), for which baseline cognitive tests, 

age, education, gender, Ab status and at least 3 follow up data for MMSE 

(including baseline) were available. Among consecutively included patients 

with mild cognitive symptoms, some were classified as MCI and some as 

subjective cognitive decline (SCD). Control participants and patients with 

SCDs were combined to make a group of CU individuals, following research 

guidelines [1]. The participants were recruited between September 2010 and 

December 2014 at three different memory clinics as previously described [2, 

3].  Briefly, clinical assignment of MCI and SCD was performed after patient 

recruitment based on a neuropsychological battery as previously described 

[4]. The subjects were thoroughly assessed for their cognitive complaints by 

physicians with special interest in dementia disorders. The inclusion criteria 

for patients with SCD and MCI were as follows: (i) cognitive complaint; (ii) not 

fulfilling the criteria for dementia; (iii) a Mini-Mental State Examination 

(MMSE) score of 24–30 points; (iv) age 60–80 years; and (v) fluent in Swedish. 

The exclusion criteria were as follows: (i) cognitive impairment that without 

doubt could be explained by a condition other than prodromal dementias; (ii) 

severe somatic disease; and (iii) refusing lumbar puncture or 

neuropsychological investigation. Cognitively normal controls were eligible for 

inclusion if they (i) were aged 60 years old, (ii) scored 28–30 points on the 



Mini-Mental State Examination (MMSE) at the screening visit, (iii) did not have 

cognitive symptoms as evaluated by a physician, (iv) were fluent in Swedish, 

(v) did not fulfil the criteria of MCI or any dementia. The exclusion criteria 

were as follows: (i) presence of significant neurologic or psychiatric disease 

(e.g. stroke, Parkinson's disease, multiple sclerosis, major depression), (ii) 

significant systemic illness making it difficult to participate, (iii) refusing 

lumbar puncture and (iv) significant alcohol abuse. The Regional Ethics 

Committee in Lund, Sweden, approved the study. All subjects gave their 

written informed consent. 

 

1.2 Genotyping and preparation of genetic data 

 Genotyping was conducted using the Illumina platform GSA-MDA v2. 

Subject-level quality control (QC) was conducted before imputation, including 

the removal of sexual incompatibility between chip-inferred sex and self-

reported sex, low call rates (1% cut-off), and extreme heterozygosity.  

Relatedness among the samples was eliminated by removing one participant 

from each pair of close relatives (first or second degree) identified as 𝜋#  ³ 

0.0625. Multi-dimensional scaling was done using PLINK2 [5] to create 

principal components in genetic analyses to account for ancestry.  

 Standard QC steps were performed for SNP-level filter to ensure 

conformity with the reference panel used for imputation (strand continuity, 

names of the alleles, position and assignments for Ref / Alt).  To sum up, for 

imputation 685494 high-quality variants (autosomal, non-monomorphic, bi-

allelic variants with Hardy–Weinberg Equilibrium (HWE) P > 5 × 10-8 and with 

a call rate of > 99%) were used. 



 Imputation was carried out using the Sanger Imputation Server 

(https://imputation.sanger.ac.uk/) with SHAPEIT for phasing [6], Positional 

Burrows-Wheeler Transform (PWBT) [7] for imputation and the entire 

Haplotype Reference Consortium (release 1.1) reference panel [8]. 

 Multi-allelic variants and SNPs with a data imputation score < 0.8 have 

been excluded as part of post-imputation QC and genotype calls with a 

posterior likelihood < 0.9 have been set to fail (i.e. hard-called). SNPs with a 

genotyping rate >0.9 were retained. SNPs with Minor Allele Frequency (MAF) 

³ 5% were taken for the analysis. Further information on the imputation and 

QC process is detailed in https://rpubs.com/maffleur/452627. 

 

1.3 Polygenic Score Calculation 

 Using an r2 < 0.1 threshold over 1000 kb sliding windows (index 

threshold and clumped SNPs of p < 1), linkage-disequilibrium (LD) clumping 

was performed using PLINK’s clump function. LD clumping ensures that 

PRS/PGS calculation is not overloaded by large blocks of correlated SNP sets. 

The APOE gene is the largest known AD risk factor, with strong linkage 

disequilibrium (LD) levels in the region surrounding the locus. SNPs falling 

within the APOE gene region (chr19:44400000-46500000; GRCh37 / hg19 

assembly) were therefore omitted from the dataset. The APOE ε2/ε3/ε4 status 

SNPs (rs7412 and rs429358) genotypes were then reintroduced into the 

dataset to ensure that the genetic risk of APOE was captured. The PRS / PGS 

was determined for each subject by summing up the effective number of 

alleles (0, 1, 2) of the SNPs weighted by the natural logarithm of their 



respective ORs (Odds Ratio). The default formula for PRS calculation in PLINK 

is: 

𝑃𝑅𝑆! =	
∑ 𝑆" ∗ 𝐺"!#
"

𝑃 ∗	𝑀!
 

where the effect size of SNP i is Si; the number of effect alleles observed in 

sample j is Gij; the ploidy of the sample is P (is generally 2 for humans); the 

total number of SNPs included in the PRS is N; and the number of non-

missing SNPs observed in sample j is Mj. If the sample has a missing genotype 

for SNP i, then the population minor allele frequency multiplied by the ploidy 

(MAFi ∗ P) is used instead of Gij. 

Publicly accessible summary statistics from reported GWAS studies (not 

overlapping with our dataset) of AD [9], intelligence [10] and educational 

attainment [11] were used to define PRS for Alzheimer's, PGS for intelligence 

and educational attainment, respectively. We iterated over a variety of values 

(0.05 to 5 × 10−8) to evaluate the appropriate p-value threshold p = 0.05 

[PRS/PGS 1], p = 5 × 10−3 [PRS/PGS 2], p = 5 × 10−4 [PRS/PGS 3],  p = 5 × 

10−5 [PRS/PGS 4], p = 5 × 10−6 [PRS/PGS 5], p = 5 × 10−7 [PRS/PGS 6] and 

the GWAS-level significance thresholds of p = 5 × 10−8 [PRS/PGS 7] creating 

models named PRS/PGS 1-7. 

 

1.4 Statistical Analyses 

 We used linear regression models to investigate the relationship of PGS 

/ PRSs with level and change in MMSE over time. Using the lmer function 

(lme4 package), mixed-effect models were fitted through maximum likelihood 

using R programming (version 4.0.2), using longitudinal MMSE data as 



dependent variable. Random slopes and intercepts were extracted and were 

rank-based inverse normal transformed (INT) to be used as dependent 

variable in the linear regression model. We tested models with the following 

independent variables: age, gender, education, baseline MMSE (not for 

intercept), Ab status, ε2 and ε4 count, top 10 principal component (PC) from 

the principal component analysis (PCA) on the entire set of genotype data and 

the corresponding polygenic scores. Each set of association analysis was 

corrected for family wise error rate (FWER) using Bonferroni correction. All 

associations below Bonferroni corrected p-value of 0.05 were considered 

significant. 

 For the GWAS, we used generalized linear regression models using 

PLINK2 [5] to test for genetic association with longitudinal MMSE scores. The 

models were adjusted for age, gender, education, baseline MMSE (not for 

intercept), APOE ε2 and ε4 count, and top 10 principal component (PC) from 

the principal component analysis (PCA) on the entire set of genotype data. All 

the statistical analysis was conducted in R programming (version 4.0.2) using 

standard R packages. 

 

2 Results 

2.1 GWAS of the rate of cognitive decline  

 We next turned to an exploratory analysis of individual genetic variants 

and rate of cognitive decline adjusting with and without APOE e4 burden. The 

genomic inflation factor for association analysis in both the analysis was close 

to unity (l = 1) indicating a subtle population structure. No variant reached 

genome wide significance, but 18 variants in APOE e4 burden adjusted 



analysis and 22 variants in APOE e4 burden not adjusted analysis were 

significant at suggestive level significance of p £ 5 * 10-5 (supplementary table 

S29, S30). For both the analysis variant rs10492328 (MAF = 0.27) and 

rs4747634 (MAF = 0.06) were the top two hits with almost similar level of 

significance (p = 4.4e-07 and 1.1e-06 respectively). rs10492328 is located 

near a pseudogene GLULP5 and variant rs4747634 is located near an RNA 

gene C10orf16. rs10492328 was associated with cognitive decline (beta = -

0.28) whereas rs4747634 showed a protective effect against the cognitive 

decline (0.54). Recent studies have shown that although pseudogenes are not 

transcribed themselves, they may contribute to regulation of gene expression 

[12], making it possible that the variants identified here modulate cognitive 

decline through regulation of other (unknown) genes 
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adjusting for Aβ-status 
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to test for the change in p-value of association between reduced PRS and Aβ 
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Table S22: Individual level asssccoiton of 33 SNPs of PRS-Alz 5 with 
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Figure S1: Spaghetti plot showing the individual trajectories on the cognitive 

performed based on Mini Mental State Examination (MMSE) score. X-axis 

show the follow up time in years and y-axis show the MMSE score.
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Figure S2: Protein-Protein Interaction network for the protein coding genes 

of the SNPs of  Alz PRS 8.  Nodes represent the proteins and edges indicate 

both functional and physical protein association. The edge line thickness 

indicates the strength of data support at an interaction score ³ 0.4. 


