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IntroductIon 

Hypercholesterolemia  is a common but underdi-
agnosed condition characterized by increased levels of 
total and low-density lipoprotein cholesterol (LDLc). If 
left untreated, it may lead to premature cardiovascu-
lar events and death1,2,3. Two kinds of hypercholester-
olemia have been reported, the familial form (Familial 
Hypercholesterolemia FH) and the sporadic form. The 
estimated prevalence of FH is 0.4% (1 person per 250 
people) but the true worldwide prevalence of hypercho-
lesterolemia is unknown because most patients remain 
undiagnosed4,5. 

Familial hypercholesterolemia is defined by sev-
eral criteria (Supplemental Table 1) including genetic 
mutations in low-density lipoprotein receptor (LDLR), 
apolipoprotein B (APOB) and proprotein convertase 
subtilisin/kexin type 9 (PCSK9) genes6,7. However, be-
yond the “monogenic causes” responsible of FH, many 
people with hypercholesterolemia may present a poly-
genic severe form of hypercholesterolemia (SH, severe 
Hypercholesterolemia). Many of these polygenic forms 
remain to be characterized8.

The STANISLAS (Suivi Temporaire Annuel Non-Invasif 
de la Santé des Lorrains Assurés Sociaux) cohort is a single-
centre familial longitudinal cohort from the Lorraine region 
of France, where the circulating levels of cholesterol and 
triglycerides were determined along with a detailed car-
diovascular phenotyping9. Importantly, the familial design 
of this cohort allows the estimation of heritability of many 
variables including circulating lipoproteins.

The objectives of this study are to: 1) screen for preva-
lence of hypercholesterolemia among the participants, 
2) describe the characteristics of the participants with 
hypercholesterolemia , 3) perform heritability estimation 

of circulating lipoproteins, 4) assess for potential familial 
form of hypercholesterolemia accordingly to genetic 
characteristics, and 5) study the association between SH 
cases and surrogate cardiovascular disease markers.

Methods

study population

The design of the STANISLAS cohort has been previ-
ously published9. In brief, the STANISLAS cohort is a single-
center familial longitudinal cohort composed of 1,006 
families (4,295 subjects) from the Nancy region recruited 
in 1993–1995 at the Center for Preventive Medicine. The 
cohort was established with the primary objective of inves-
tigating gene-gene and gene–environment interactions 
in the field of cardiovascular diseases. The study protocols 
for all examinations were reviewed and approved by the 
local ethic Committee of CPP est 3, France. All participants 
provided written informed consent to participate in the 
study. The most recent visit (fourth visit, V4) included 1705 
subjects. For the present analysis, we excluded 213 subjects 
that were treated with a statin, and 17 participants who 
had missing LDLc values. The study population included 
a total of 1475 subjects, among whom, 1377 were suc-
cessfully genotyped (Figure 1).

study design

All participants were observed at the Centre 
d’Investigation Clinique Plurithématique Pierre Drouin at 
the University Center Hospital of Nancy (CIC-P de Nancy). 
Samples were collected early morning after an overnight 
fasting period. Standardized sample handling procedures 
enabled the collection of serum and plasma. Blood lipids 
were determined after plasma centrifugation in the central 

suppleMentAl tAble 1. Comparison of diagnostic criteria for the FH (from McGowan et al, 2019)

Criteria MedPed Dutch simon Broome NLA AHA

Family history of premature CAD + + + +

Family history of tendon Xanthomonas + +

Family history of hypercholesterolemia + + + +

Patient premature CAD + +

Patient premature PVD +

Tendon Xanthomonas + + +

Corneal arctus + +

elevated LDLc + + + + +

Genetic mutation + + + +

AHA: American heart Association, CAD: coronary artery disease, FH: familial hypercholesterolemia, LDLc: low density lipoprotein cholesterol, MedPed: 
make early diagnosis to prevent early death, NLA: National lipid association, PVD: peripheral vascular disease




