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Genetic analyses and heritability estimations

Blood DNA was extracted using Gentra Puregene Blood 
Kit (Qiagen, Hilden Germany®) and stored at -20°C. Geno-
typing was conducted at the Centre National de Recherche 
en Génomique Humaine (CNRGH, evry, France) using two 
chips: 1) the Illumina Global Screening Array (GSA) which 
is composed of 687572 intronic and exonic markers, and 2) 
the Illumina exome Array, which is constituted of 244330 
SNPs, mostly exonic. 

For heritability estimation, we used a linear mixed 
model, which allowed to simultaneously include additive 
genetic effects across the genome, common environment 
effects shared by nuclear family and fixed effects (sex and 
age). The additive genetic effects were assessed using the 
Genetic Relatedness Matrix (GRM) which has been com-
puted using polymorphic SNPs of included subjects and 
which is based on genotype correlations. The use of the 
GRM allowed a better inference of relatedness between 
siblings, instead of an expected average15. 

Gene candidate association analyses were utilized in 
order to investigate the association between lipid levels, 
SH and genetic polymorphisms from the three commonly 
reported genes (APOB, LDLR and PCSK9). For each gene, 
we defined an interval that encompassed their boundaries 
(±20kb) based on the reference genome built 37 from 
the ensembl database (http://grch37.ensembl.org). Then 
we selected the SNPs from the two chips and performed 
usual quality control steps (Supplemental Table 2). A to-
tal of 7 SNPs were excluded for monomorphism, no SNP 
had >5% of missing data and no SNP deviated from the 
Hardy–Weinberg equilibrium at a threshold of p < 1.10-8. 
Then 29 other SNPs were excluded because they were on 
linkage disequilibrium (r² < 0.9). 

Genetic analyses were performed using linear mixed-
effect model in order to take into account pedigree data, 
under an additive genetic model (with age and sex as 
covariates). Results were considered statistically signifi-
cant at p <0.05 after correction for multiple testing with 
a 1% false discovery rate. These analyses were performed 
with R (version 3.5.0) using the R package Gaston (gaston: 

laboratory of the hospital using the Roche Cobas® lipid 
panel. LDL cholesterol levels were automatically calculated 
in the central laboratory using the Friedwald formula, 
excluding subjects with triglyceride levels superior to 
4 g/L in whom LDLc was not calculated. Personal and 
familial medical history, medications, anthropometric 
parameters, blood pressure, pulse-wave velocity (PWV), 
carotid intima-media thickness (cIMT) and echography 
(including carotid plaque assessment and echocardi-
ography) were recorded10-12. Participants more likely to 
have any form of SH were identified on the basis of LDLc 
levels: LDLc ≥190 mg/dL if age ≥20yr and LDLc ≥160 mg/
dL if age <20yr13,14. 

FIGure 1. Study flow chart.

suppleMentAl tAble 2. Selection and characteristics of SNP included in the study

Gene Chromosome Range sNP GsA 
chip

sNP Exom 
chip

Exclusion criteria
sNP 

includedCommon Monom. Callrate
(<0.95)

HWeq 
(P >10-8)

LD 
(r² <0.9)

PCSK9 1 55485221 - 55550525 24 12 3 2 0 0 3 28

LDLR 19 11180138 - 11264496 43 8 6 3 0 0 14 28

APOB 2 21204301 - 21286945 43 47 23 2 0 0 12 53

Monom.: monomoprphic; HWeq: hardy-Weinberg equilibrium; LD: linkage disequilibrium




