Supplementary Table 1

Information on genetic variants in PCSK9 (chromosome 1) and HMGCR (chromosome 5) used in the two sample Mendelian randomisation study
on low LDL-cholesterol and risk of Alzheimer’s dementia.

International Genomics of Alzheimer’s
Project (IGAP)
Risk of Alzheimer’s dementia

Global Lipid Genetics Consortium (GLGC)
Results for regression of LDL-cholesterol on genotype

. MAF Effect .
SNP ID Chr Position 1000G allele B SE P-value Odds ratio (95% CI) P-value
CEU

rs12563214 1 55042648 0.07 T -0.0066 0.0104 0.5277 1.01 (0.95-1.08) 0.748
rs1755588 1 55044940 0.02 T -0.0086 0.0195 0.671 0.91 (0.81-1.03) 0.137
rs1655527 1 55045039 0.05 A -0.0032 0.0199 0.8175 0.92 (0.82-1.04) 0.174
rs300273 1 55045930 0.62 A -0.0002 0.0055 0.9521 1.02 (0.99-1.05) 0.218
rs300272 1 55045983 0.38 A -0.0059 0.0182 0.6222 1.02 (0.99-1.05) 0.274
rs300271 1 55046039 0.69 T -0.0008 0.0057 0.7966 1.01 (0.98-1.05) 0.443
rs300269 1 55046392 0.54 A -0.0025 0.0053 0.6988 1.01 (0.98-1.04) 0.428
rs300267 1 55046535 0.61 T -0.001 0.0054 0.9154 1.02 (0.99-1.05) 0.269
rs7531575 1 55047724 0.11 A -0.0089 0.0107 0.4364 1.01 (0.95-1.08) 0.685
rs12563368 1 55048098 0.98 C -0.0027 0.0175 0.8902 1.03 (0.94-1.14) 0.521
rs17110749 1 55048190 0.11 A -0.006 0.0113 0.6936 1.01 (0.95-1.08) 0.719
rs12408715 1 55048942 0.10 C -0.0044 0.0109 0.7728 1.02 (0.95-1.08) 0.634
rs7519073 1 55050632 0.07 T -0.0059 0.0111 0.641 1.01 (0.94-1.08) 0.745
rs2304309 1 55051899 0.98 A -0.0142 0.0171 0.6562 0.94 (0.85-1.04) 0.250
rs573522 1 55052031 0.54 A -0.0047 0.0056 0.4488 1.02 (0.99-1.05) 0.248
rs573411 1 55052071 0.53 A -0.0029 0.0056 0.6538 1.02 (0.99-1.05) 0.252
rs2304308 1 55057958 0.13 A -0.0096 0.0264 0.6852 1.03 (0.93-1.13) 0.609
rs1172779 1 55059295 0.20 A -0.0077 0.0248 0.723 1.04 (0.94-1.14) 0.488
rs1702003 1 55060362 0.14 A -0.0096 0.022 0.6135 1.04 (0.93-1.16) 0.476
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Chr=Chromosome, MAF 1000G CEU=minor allele frequency for the central European population (CEU) in the 1000 Genome database.

SE=Standard error.



Supplementary Table 2

Information on genetic variants used in the overall two sample Mendelian randomisation study on low LDL-cholesterol on risk of Alzheimer’s
dementia.

Genetic variants were not selected by pathway, but by p-value for effect on LDL-cholesterol. Genetic variants in APOE were excluded.

International Genomics of Alzheimer’s
Project (IGAP)
Risk of Alzheimer’s dementia

Global Lipid Genetics Consortium (GLGC)
Results for regression of LDL-cholesterol on genotype

. MAF Effect i

SNP ID Chr Position 1g(IJEOUG allele B SE P-value Odds ratio (95% CI) P-value

rs7541095 1 25761291 0.47 T -0.0324 0.005 3.095E-10 0.99 (0.96-1.02) 0.518
rs2479394 1 55486064 0.71 A -0.0343 0.006 8.498E-10 0.99 (0.95-1.02) 0.393
rs9436961 1 55488831 0.73 A -0.0415 0.006 1.119E-12 1.02 (0.98-1.05) 0.354
rs2479415 1 55498745 0.57 T -0.0460 0.006 2.082E-13 0.96 (0.93-1.00) 0.030
rs2149041 1 55502137 0.83 C -0.0702 0.007 2.49E-24 1.01 (0.97-1.05) 0.618
rs17111503 1 55503448 0.79 A -0.0725 0.007 3.259E-27 0.99 (0.95-1.02) 0.481
rs2479409 1 55504650 0.70 A -0.0671 0.006 1.931E-28 0.98 (0.94-1.01) 0.221
rs11583680 1 55505668 0.14 T -0.0521 0.010 8.976E-09 1.01 (0.96-1.05) 0.826
rs10888897 1 55513061 0.40 T -0.0433 0.007 4.643E-11 1.02 (0.99-1.06) 0.209
rs557435 1 55520864 0.19 A -0.0604 0.007 9.592E-16 1.04 (1.00-1.08) 0.070
rs602705 1 55525726 0.17 T -0.0511 0.007 4.163E-13 1.05 (1.01-1.10) 0.010
rs505151 1 55529187 0.96 A -0.0973 0.014 2.422E-12 0.95 (0.87-1.04) 0.254
rs1475701 1 55638546 0.92 T -0.0992 0.014 1.855E-13 0.96 (0.88-1.04) 0.334
rs287227 1 55656075 0.12 T -0.0753 0.008 2.067E-22 1.04 (1.00-1.09) 0.063
rs4926670 1 55662680 0.08 T -0.0785 0.009 9.421E-18 1.05(0.99-1.11) 0.102
rs2047422 1 55711967 0.39 A -0.0418 0.005 4.474E-14 1.03 (1.00-1.06) 0.054
rs4927207 1 55713628 0.16 A -0.0676 0.007 7.734E-20 1.02 (0.98-1.07) 0.308
rs2647286 1 55716497 0.20 A -0.0515 0.007 2.053E-14 1.01 (0.97-1.05) 0.534
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3.88E-14
2.663E-12
7.487E-12

1.46 (1.42-1.51)
1.02 (0.96-1.08)
0.63 (0.61-0.66)
0.98 (0.93-1.03)
1.01 (0.97-1.04)
1.00 (0.96-1.04)
1.02 (0.99-1.06)
0.98 (0.94-1.01)
1.00 (0.97-1.03)
1.03 (0.99-1.07)
1.00 (0.97-1.04)
1.02 (0.98-1.06)
1.00 (0.97-1.03)
1.00 (0.97-1.03)
1.01 (0.97-1.05)
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0.000
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0.164
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0.288
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0.949
0.522
0.652
0.951
0.473
0.680
0.386
0.984
0.993
0.600
0.889
0.750
0.874

Chr=Chromosome, MAF 1000G CEU=minor allele frequency for the central European population (CEU) in the 1000 Genome database.
SE=Standard error.
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Supplementary Table 3

Prospective risk of Alzheimer’s dementia, vascular dementia, any dementia, and Parkinson’s disease as a function of PCSK9, HMGCR and combined

alleles adjusted for age, sex and birth year.

Alzheimer’s dementia

Vascular dementia

Any dementia

Parkinson’s disease

Alleles N total N events HR N events HR N events HR N events HR
PCSK9 -1 6,557 66 1 18 1 138 1 33 1
0 71931 665 0.89 (0.69-1.15) 174 0.89 (0.54-1.46) 1,467 0.96 (0.80-1.15) 383 0.99 (0.68-1.43)
1 27,396 266 0.93(0.71-1.22) 62 0.81(0.47-1.39) 583 0.98 (0.81-1.19) 144  0.97 (0.65-1.43)
2-4 4,041 32 0.80(0.52-1.22) 6 0.60 (0.24-1.52) 69 0.85(0.63-1.14) 17 0.76 (0.41-1.42)
P for trend=0.72 P for trend=0.22 P for trend=0.68 P for trend=0.47
HMGCR 0 5,725 55 1 19 1 116 1 33 1
1 38,750 349 0.94 (0.70-1.26) 99 0.70 (0.42-1.14) 796  0.98 (0.80-1.19) 212 0.94 (0.64-1.38)
2 63,749 612 1.02 (0.77-1.36) 140 0.63(0.39-1.02) 1,323 1.00(0.83-1.22) 322 0.88(0.61-1.29)
P for trend=0.36 P for trend=0.10 P for trend=0.69 P for trend=0.40
Combined -1to 6,383 57 1 21 1 123 1 31 1
1 30,518 288 1.11(0.83-1.49) 77 0.76 (0.47-1.25) 641 1.15(0.94-1.41) 183 1.20(0.81-1.77)
2 51,790 485 1.11(0.84-1.48) 124 0.74 (0.46-1.18) 1,067 1.11(0.91-1.35) 253 0.96 (0.65-1.42)
3 17,187 165 1.13(0.83-1.54) 33 0.59 (0.34-1.03) 364 1.15(0.93-1.42) 88 1.03(0.67-1.57)
4 2,346 21  1.07 (0.64-1.79) 3 0.41(0.12-1.39) 40  0.94 (0.65-1.36) 12 1.03 (0.51-2.06)

P for trend=0.69

P for trend=0.05

P for trend=0.97

P for trend=0.29
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Number of individuals may vary due to availability of genotypes. P-values are from tests for trend of hazard ratios across ordered alleles.
N=number of individuals.
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Supplementary Figure 1
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Prospective risk of Alzheimer’s dementia, vascular dementia, any dementia, and Parkinson’s disease as a function of baseline low-density-
lipoprotein (LDL)-cholesterol in quintiles (Q1 through Q5). Multifactorially adjusted for age, sex, birth year, smoking as pack years,

alcohol as units per week, physical inactivity, income, education, and menopause for women. Individuals with an event before baseline

were excluded. P values are for test for trend of hazard ratios across ordered groups. N=number of individuals at risk.
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Supplementary Figure 2
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15

Prospective risk of Alzheimer’s dementia, vascular dementia, any dementia, and Parkinson’s disease as a function of baseline low-density-

lipoprotein (LDL)-cholesterol in categories of LDL-cholesterol in individuals not on lipid lowering medication. Multifactorially adjusted

for age, sex, birth year, smoking as pack years, alcohol as units per week, physical inactivity, income, education, and menopause for

women. Individuals with an event before baseline were excluded. P values are for test for trend of hazard ratios across ordered groups.
N=number of individuals at risk.

20



Supplementary Figure 3

Hazard ratio (95% confidence interval)
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Multivariable adjusted hazard ratios for Alzheimer’s dementia, vascular dementia, all dementia, and Parkinson’s disease in the general
population, the Copenhagen General Population Study and the Copenhagen City Heart Study. Solid lines are multivariable adjusted hazard
ratios, and dashed lines indicate 95% confidence intervals derived from restricted cubic spline regression with knots chosen by Akaike
information criterion. The number of knots, between 3 and 7, was chosen according to two criteria to balance best fit and overfitting: 1)
best fit; lowest value of Akaike information criteria (Akaike H. Information theory and an extension of the maximum likelihood principle.
In: Parzen E, Tanabe K, Kitagawa G, eds. Selected papers of Hirotugu Akaike. New York, NY: Springer; 1998 199-213) and 2)
parsimony; if Akaike information criteria were within two of each other for different knots, the lowest number was chosen.
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Supplementary Figure 4
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Associations of potential confounders with low low-density-lipoprotein (LDL)-cholesterol, alleles, Alzheimer’s disease, vascular dementia,
any dementia, and Parkinson’s disease. Potential confounders were dichotomized: age (>55 years versus <55 years), sex (men versus
women), hypertension (yes versus no), smoking (smoking versus non-smoking), physical activity (intermediate and high versus low),
alcohol consumption (>14/21 versus <14/21 units per week for women/men), education (>10 years versus <10 years education), and for
women menopausal status (postmenopausal versus premenopausal). For each potential confounder, logistic regression analysis was used to
calculate age and sex-adjusted odds ratios and p-values for, respectively, a 1 mmol/L lower LDL-cholesterol, a 1 unit increase in allele
score, and for presence versus absence of disease. Correcting for multiple testing using the Bonferroni method, would change the level of
statistical significance to 0.05/8=0.006.
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Supplementary Figure 5
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Prospective risk of Alzheimer’s dementia, vascular dementia, any dementia, and Parkinson’s disease as a function of weighted PCSK9 and
combined allele scores and simple HMGCR and APOE genotypes adjusted for age, sex and birth year. Number of individuals may vary due
to availability of genotypes. P-values are from tests for trend of hazard ratios across ordered alleles. N=number of individuals.
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Supplementary Figure 6
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Prospective risk of Alzheimer’s dementia, vascular dementia, any dementia, and Parkinson’s disease as a function of combined LDL-
cholesterol lowering alleles adjusted for age, sex and birth year and in strata by age below 60 years and above. Number of individuals may
vary due to availability of genotypes. P-values are from tests for trend of hazard ratios across ordered alleles. N=number of individuals.
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Supplementary Figure 7

Funnel plot of iGAP genetic variants
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Funnel plot of study precision expressed as 1 divided by the standard error on the estimate (3) and
plotted against causal estimates based on each genetic variant individually. Cochrane’s Q statistics
tested for directional pleiotropy by summing the squared deviations of each genetic variants
estimate from the overall estimate®. Colored vertical lines denote the causal effect estimate from
MR-Egger regression (dark blue), inverse variance weighted (red), and weighted median estimate

regression (light blue).

On visual inspection data points are largely symmetrically distributed around the broken reference
line, but with some variants with a low precision (low Y, corresponding to a high standard error on
B) with an effect on the causal estimate, indicative of presence of a slight directional pleiotropy.
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Supplementary Figure 8

Plot of gene-outcome vs. gene-exposure associations
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Scatterplot of the causal effect of each genetic variant against the effect on LDL-cholesterol. Colored regression lines denote the causal
effect estimate from MR-Egger regression (dark blue), inverse variance weighted (red), and weighted median estimate regression (light
blue). The estimated value of the intercept in MR-Egger regression is 0.019 (95% confidence interval (Cl): 0.006-0.032; P=0.005),
indicative of a modest overall directional pleiotropy. MR=Mendelian randomization.
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Appendix A
Global Lipid Genetics Consortium?

Global Lipid Genetics Consortium is a consortium combining 25 genome wide association studies
on lipid phenotypes. The consortium comprises approximately 2.6 mio SNPs genotyped on the
[llumina “Metabochip” on 95,454 individuals. For the present study, data on genetic variants
associated with LDL-cholesterol was used. Detailed information on Global Lipid Genetics
Consortium is found on the study Web site
http://www.nature.com/ng/journal/v45/n11/extref/ng.2797-S1.pdf

International Genomics of Alzheimer’s Project (IGAP)?

The International Genomics of Alzheimer's Project (IGAP) includes results from the 2013 meta-
analysis of genome-wide association data on Alzheimer's disease with p-values and direction of
effect at 7,055,881 directly genotyped or imputed genetic variants (1000G phase 1 alpha

imputation, Build 37, Assembly Hg19) of 17,008 Alzheimer's disease cases and 37,154 controls.

Material and methods

International Genomics of Alzheimer's Project (IGAP) is a large two-stage study based upon
genome-wide association studies (GWAS) on individuals of European ancestry. In stage 1, IGAP
used genotyped and imputed data on 7,055,881 single nucleotide polymorphisms (SNPs) to meta-
analyse four previously-published GWAS datasets consisting of 17,008 Alzheimer's disease cases
and 37,154 controls (The European Alzheimer's disease Initiative — EADI the Alzheimer Disease
Genetics Consortium — ADGC The Cohorts for Heart and Aging Research in Genomic
Epidemiology consortium — CHARGE The Genetic and Environmental Risk in AD consortium —
GERAD). In stage 2, 11,632 SNPs were genotyped and tested for association in an independent set
of 8,572 Alzheimer's disease cases and 11,312 controls. Finally, a meta-analysis was performed
combining results from stages 1 & 2.

For further information on IGAP, please refer to http://web.pasteur-
lille.fr/en/recherche/u744/igap/igap_download.php
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