Supplementary figures

Supplementary Figure S1 (Correlation of phytosterols and zoosterols): We present pairwise
partial correlation of phytosterol traits controlling for age, sex, log(BMI), diabetes status, lipid
lowering medication and study and respective hierarchical clustering. Free to esterified ratios
are clearly separated as well as ratios to lanosterol.
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Supplementary Figure S2 (Regional association plot of conditional results of 2p21): We
present regional association plots of the conditional results of the four independent variants
at 2p21. A window of 100kb around the respective independent variant is presented. Dots
correspond to SNP position and -log10(p-values) of fixed effect meta-analysis of gene-dose
effects of total sitosterol conditioned to the three other independent variants. The large blue
dot denotes the respective independent SNP of that locus. Colours of small dots indicate LD
(r?) with this SNP. We also provide annotated genes within the locus and recombination rates
to mark haplo-blocks. Unconditional results are shown in figure 2 of the main document.

Independent signal: rs78451356 (info: 0.99; MAF: 0.14)
adjusted for rs11887534, rs4299376 and rs7598542
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Supplementary Figure S3 (Regional association plots of other loci): Regional association plots
are presented for SNPs of the six loci with only a single independent variant. A window of
100kb around the top-hit is presented. Dots correspond to SNP position and -log10(p-values)
of fixed effect meta-analysis of gene-dose effects of the best associated trait at this locus. The
large blue dot denotes the top-SNP of the respective locus. Colours of small dots indicate LD
(r2) with the top-SNP. We also provide annotated genes within the locus and recombination
rates to mark haplo-blocks. All loci are supported by other variants and could be confined to
candidate genes.
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Supplementary Figure S4 (Forest plots): We present Forest plots of the ten independent SNPs
identified. Best associated phenotype and corresponding test statistics are reported per study
and summarized by fixed and random effect estimates. P-values are two-sided throughout.
Size of symbols corresponds to weight of the study. For the four independent SNPs at 2p21,
we present the unconditioned statistics. We observed direction consistency of single study
results in almost all situations. Moreover, confidence intervals of single studies are typically

overlapping with the meta-effect indicating low heterogeneity of single study results.

Study (*=9%, Pcoch0=0.36) Weight ___ Effect (95% Cl) Study (1°=0%, Peoch0=0.76) Weight ___Effect (95% CI)
KORA . —— 33.64% 0.06[0.03,0.09 KORA - 1 35.45% -0.26[-0.31,-0.22
LIFE-Adult D e—.— 17.24% 0.08[0.04.0.12 LIFE-Adult —— 120.04% -0.25[-0.31,-0.19
LIFE-Heart b —.— 14.81% 0.10[0.05, 0.14] LIFE-Heart — $11.58% -0.29 [-0.37,-0.22
LURIC : —_— 16.77% 0.10[0.06. 0.15 LURIC — 1 15.89% -0.25[-0.32,-0.19
Sorbs H —— 8.80% 0.12[0.06,0.18 Sorbs —_— ! 7.47% -0.28[-0.37,-0.18
YFS —_— 8.74% 0.06 [0.00,0.12 YFS [ i 9.56% -0.21[-0.29,-0.12
Fixed Effect (p=2.6e-20)  + J— 0.0810.07,0.10 Fixed Effect (p=9.8e-83) - : -0.26 [-0.28,-0.23
Random Effect (p=1.6e-18) : — 0.08 [0.06, 0.10 Random Effect (p=2.9¢-83) - : -0.26 [-0.28, -0.23
0 0.05 0.14 037  -019 0
total Sitosterol // rs78451356 // 2p21 total Sitosterol // rs11887534 // 2p21
Study (1°=0%, Pgeer0=0.5) Weight ___Effect (95% Cl) Study (1°=52%, Pcocn g=0-062) Weight ___Effect (95% CI)
KORA - 135.35% -0.19[-0.21,-0.17 KORA —-— 134.53% -0.15[-0.18,-0.13
LIFE-Adult —— 1 17.88% -0.19[-0.22,-0.16 LIFE-Adult — 117.71% -0.12[-0.15,-0.08
LIFE-Heart — 114.41% -0.21[-0.25,-0.18 LIFE-Heart —_— 1 14.17% -0.15 [-0.19, -0.11
LURIC — 117.43% -0.17 [-0.21,-0.14 LURIC —_— ' 16.80% -0.13 [-0.17,-0.09
Sorbs —_— I 9.26% -0.16[-0.21,-0.12 Sorbs —— ! 853% -0.07[-0.13,-0.02
YFS —_— | 567% -0.17[0.22,-0.11 YFS ! 8.27% -0.18[-0.23,-0.12
Fixed Effect (p=1.5e-151 - H -0.19 [-0.20, —0.17] Fixed Effect (p=8.1e-63) : 0.14 { 0.15, 0.12]
Random Effect (p=1.6e-152) - : -0.19 [-0.20, -0.17] Random Effect (p=2.4e-27) — : 0.13 016, 0.11
-0.25 -0.12 0 -0.23 -012 0

total Sitosterol // rs4299376 // 2p21

total Sitosterol // rs7598542 // 2p21

Study (1=15%, pcoc0=0.32) Weight ___Effect (95% Cl) Study (°=68%, pgoc 0=0.0087) Weight ___Etfect (95% CI)
KORA . 34.51% 0.05[0.03,0.08 KORA D 34.53% 0.05[0.02,0.08
LIFE-Adult —-— 17.62% 0.03 [-0.00, 0.06 LIFE-Adult P —e— 17.15% 0.08[0.04,0.12
LIFE-Heart N — 14.08% 0.07 [0.03,0.10 LIFE-Heart ! —=— 13.01% 0.10[0.05,0.15
LURIC H —_— 17.59% 0.07[0.04,0.10 LURIC H —a— 18.53% 0.10[0.06,0.14
Sorbs —_— 9.24% 0.03 [-0.01, 0.07] Sorbs —_— 9.19% -0.01 [-0.07, 0.05
YFS i ————=———  6.97% 0.08[0.03,0.13 YFS —_— 7.59% 0.02[-0.04, 0.08
Fixed Effect (p=1.9e-15) — 0.05[0.04, 0.07 Fixed Effect (p=2.9e-12 P - 0.06 [0.04, 0.08
Random Effect (p=6.4e-13) ! —_— 0.05 [0.04, 0.07 Random Effect (p=0.00029) D — 0.06 [0.03, 0.09
-0.01 0.06 0.13 -0.07 0.04 0.15
total Sitosterol // rs2286779 // 10925.3 total Sitosterol // rs10846744 // 12q24.31
Study (1°=0%, Peoa,o=0.92) Weight ___ Effect (95% Cl) Study (I°=0%. Peoc 0=0.89) Weight __Effect (95% Ci)
KORA —m— 138.96% -0.04[-0.05,-0.02 KORA P —a— 37.02% 0.04[0.02,0.07
LIFE-Adult —a— 114.92% -0.04[-0.07,-0.02 LIFE-Adult D —— 16.43% 0.04[0.01,0.07
LIFE-Heart —a—— 1 16.57% -0.04 [-0.06, -0.01 LIFE-Heart P —— 18.02% 0.05[0.02,0.08
LURIC —— 1 11.19% -0.05(-0.08,-0.02 LURIC ¢ —e—— 11.03% 0.06[0.02,0.09
Sorbs —=— 1 14.29% -0.04[-0.07,-0.01 Sorbs —— 13.82% 0.03 [-0.00, 0.06
YFS —_— 1 4.07% -0.07 -0.12‘ -0.01 YFS —————————  3.67% 0.03[-0.03, 0.09
Fixed Effect (p=6.3e-15) —_— -0.04 [- ] Fixed Effect (p=1.6e-12) e 0.04 [0.03, 0.06
Random Effect (p=4.6e-15) — : -0.04 005 0 03 Random Effect (p=1.2e-12) — 0.04 [0.03, 0.086'
012 -0.06 0 -0.03 0.03 0.09
total Campesterol // rs217385 // 7p13 total Campesterol // rs2519093 // 9g34.2

Study (1°=0%, Peoe 0=0.43) Weight Effect (95% Cl) Study (1°=0%, Peach0=0.7) Weight Effect (95% Ci)

' KORA —m— | 4221% -0.05[-0.08,-0.03
KORA - H 79.06% -0.08 [-0.10, -0.08] LIFE-Adult — . 17.87% -0.08[-0.12,-0.04
LIFE-Adult —————  8.34% -0.04]-0.10, 0.03 LIFE-Heart —— | 15.69% -0.07[-0.12,-0.03
LIFE-Heart —_ 6.94% -0.10(-0.17,-0.03 LURIC ——~ 13.06% -0.04]-0.09, 0.00
Sorbs ———— 566% -0.03]-0.11, 0.05 Sorbs — = 11.18% -0.04[-0.08, 0.01
Fixed Effect (p=1.9e-1 -_— -0.07 [-0.09, -0.05 Fixed Effect (p=2.3e-11) — : -0.06 [-0.08, -0.04
Random Effect (p=1 Ee 14) — -0.07 [-0.09, -0.05 Random Effect (p=1.9e-11) — : -0.06 [-0.08, -0.04

017  -0.06 0.5
esterified Stigmasterol // rs7412 // 19q13.32

-0.12 -0.06 0.01

total Brassicasterol / free Lanosterol // rs12916 // 5q13.3



Supplementary Figure S5 (Comparisons of Beta-estimates for different genetic phytosterol
associations): We compare the Beta-estimates of our top 10 loci between different classes of
phytosterol traits (A: between absolute traits, B: between absolute and relative
concentrations). A good agreement was observed for the absolute traits throughout. For the
comparisons between absolute and relative traits, we observed larger deviations for the
ABCG5/8 locus expressing larger effect sizes for absolute concentrations and for the HMGCR
locus which is driven by a strong lanosterol association.

0.1 = 0.1
Phytosterol
© )
§ 0.0 4 o 0.0 = L] Brassicasterol
I w
J2 B 2 - e cC terol
E‘ 0.1 . < 014 = (] ampestero
a S0 B A
© = L ] Sitosterol
e = [ ]
S 02- S 02 e
(%]
(]
[ L] Stigmasterol
L
-0.3 = -0.3 <
L] T T L] 1 L] L] 1 L] L]
-0.3 -0.2 -0.1 0.0 0.1 -0.3 -0.2 -0.1 0.0 0.1
free phytosterol free phytosterol
_ 0.1+ 0.1
5 —
k> S
2 . o Locus
E 0.0 = = % 0.0 <
[ ] ABCG5/8
(&) 'Y o - &
It . L o, 2 .
5 0.1+ D & 014 1
E - A HMGCR
= = O
= = (3
= 02 5 -0.2 7 [l [ ] other
2 = .
"5 o]
=
=1 T
T .03 - 0.3 o .
Ll L) L) Ll 1 L] L] 1 L] L)
-0.3 0.2 -0.1 0.0 0.1 -0.3 -0.2 -0.1 0.0 0.1

total phytosterol total phytosterol



Supplementary Figure S6 (Results of eQTL Co-localization analysis): The 10 independent
meta-GWAS signals were subjected to co-localization analysis with eQTLs of candidate genes
shown on the left hand side of the panel and in different tissues (columns). We depict the
posterior probabilities of H4 (evidence of co-localization) in blue and the negative posterior
probabilities of H3 (no evidence of co-localization) in red. Darkness of colour and size of circles
correspond to the numerical value of the corresponding posterior probability. Empty cells
represent cases in which no eQTL signals were available. Numerical results are shown in
supplemental data S9.
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Supplementary Figure S7 (Linkage disequilibrium heatmap of ABO locus): We present
position and linkage disequilibrium (Lewontin’s D’ at upper diagonal, r? at lower diagonal) for
three SNPs at ABO locus. In our meta-GWAS, the SNP rs2519093 was found to be best
associated with total campesterol when analysing an additive model. The SNP rs657152 was
found in our previous GWAS when analysing a recessive model. This SNP is in perfect LD (with
respect to both, D’ and r?) with rs8176719 representing the miss-sense mutation for the blood
group allele O. Our new SNP rs2519093 is in perfect LD with these SNPs with respect to D’ but
not r2. In line with this observation, a recessive model for rs2519093 can be assumed, also
resulting in genome-wide significance.
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Supplementary Figure S8 (Mendelian Randomization Approach): Sketch of our Mendelian
randomization approach. Genetic instruments of total sitosterol (G1) are used to determine
causal effects on total cholesterol (a) and CAD (t). Genetic instruments on total cholesterol
(G2) are used to estimate the causal effect on CAD (B). We also split the causal effect of total
sitosterol on CAD in a direct effect and an indirect effect mediated by total cholesterol (t-a*p,
respectively a*p).
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Supplementary Figure S9 (Results of Mendelian Randomization Analysis in Europeans):
Panels on the left represent single instrumental effects on the axis traits. Crosses correspond
to their respective 95% confidence intervals (beta estimates + 1.96 * standard errors). In the
right panels, results of different MR methods are displayed (IVW = inverse variance). Methods
showed similar results throughout. A) causal effect of total cholesterol on CAD, B) causal effect
of total sitosterol on CAD, C) causal effect of total sitosterol on total cholesterol, D) causal
effect of normalized total sitosterol on CAD (analysed after excluding YFS due to
heterogeneity). Numerical results are shown in supplemental data S14. Sample sizes for error

bars are N=62,166 (TC), 122,733 cases / 424,528 controls (CAD), 9,755 (SIT) and 9,323
(SIT/CHT).
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Supplementary Figure S10 (Results of Mendelian Randomization Analysis in Biobank Japan
data): Panels on the left represent single instrumental effects on the axis traits. Crosses
correspond to their respective 95% confidence intervals (beta estimates + 1.96 * standard
errors). In the right panels, results of different MR methods are displayed (IVW = inverse
variance). Methods showed similar results throughout. A) causal effect of total cholesterol (TC)
on coronary artery disease (CAD), B) causal effect of total sitosterol (SIT) on CAD, C) causal
effect of total sitosterol on total cholesterol, D) causal effect of normalized total sitosterol
(SIT/CHT) on CAD (analysed after excluding YFS due to heterogeneity). Numerical results are
shown in supplemental data S15. Sample sizes for error bars are N=62,166 (TC), 25,892 cases
and 142,336 controls (CAD), 9,755 (SIT) and 9,323 (SIT/CHT).
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Supplementary Figure S11 (Study design): Summary of contributing studies, meta-analysis
results, subsequent secondary analyses and major outcomes of these. A total of 32
phenotypes were studied comprising raw concentrations of free, esterified and total
phytosterols. Free to esterified phytosterol ratios, and ratios of phytosterols to lanosterol and
cholesterol, respectively. QC = quality controlled, eQTL = expression quantitative trait locus,
CAD = coronary artery disease.
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