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the multivariable model. Assumptions of log linearity 
for continuous variables were checked using restricted 
cubic spline analyses. When log linearity hypothesis was 
not respected, continuous variables were categorized 
according to the shape of the spline curve. Accordingly, 
triglycerides, glycated hemoglobin and body mass index 
were expressed as binary covariates (≤ vs. >88 mg/dL, ≤ vs. 
>5.5% and ≤ vs. >25kg/m2, respectively). These analyses 
were performed using SAS version 9.4.6 (SAS Institute 
Inc., Cary, NC, USA) and the R software (version 3.5.0). A 
two‐tailed significance level p <0.05 was used.

results

characteristics of the study population

The comparison of the population characteristics by SH 
status is depicted in the Table 1. Participants with possible 
SH (n=102; 6.9%) were older (58 vs. 51yr), had higher total 
cholesterol (290 vs. 209mg/dL), LDL cholesterol (206 vs. 
136mg/dL) and triglycerides (114 vs. 88 mg/dL), higher 
glycated hemoglobin (5.7 vs. 5.5%), had higher BMI (26 vs. 
25 kg/m²), had more often hypertension (23.8 vs. 15.2%), 
had lower eGFR (94 vs.98 mL/min/1.73m²), had carotid 
plaques more often (21.2 vs. 9.3%), higher cIMT (676 vs. 
597µm), and higher PWV (8.1 vs 8.0m/s) despite smoking 
less (13.9 vs. 22.7%), and had more frequent family history 
of myocardial infarction (26.5 vs. 14.6%), stroke (28.4 vs. 
16.0%), and hyperlipidemia (66.3 vs. 46.9%) (p <0.05 for 
all). The HDLc levels did not differ between groups. Table 

1. In the multivariable logistic model higher cIMT, glycated 
hemoglobin and triglyceride levels, and family history of 
hyperlipemia remained independently associated with 
SH. Supplemental Table 3. 

Heritability estimations
The circulating lipid levels have an important heritabil-

ity component: LDLc 51.6%, HDLc 66.6%, total cholesterol 
49.8%, and triglycerides 41.4%. The variance in the lipid 
levels explained by environmental factors shared by nu-
clear family was low, especially for LDL and total choles-
terol: LDLc 3.9%, HDLc 14.7%, total cholesterol 4.8%, and 
triglycerides 13.1%. About 45% of the variance of LDLc, 
triglycerides and total cholesterol levels remain unex-
plained neither by genetic nor by common environment 
effects, except for HDLc for which unexplained variance 
represent only 18.7%. Table 2. 

Gene candidate analyses
Gene candidate analysis for the 3 genes implicated 

in definition of familial form of hypercholesterolemia is 
shown in the Table 3. All allele frequencies are in con-
cordance with those from european population panels 
of reference. Compared with the APOB and PCSK9 SNPs, 
those located in LDLR gene present the strongest associa-
tion with LDLc levels. After correction for test multiplicity, 
the LDLR SNPs rs55997232, rs17242395, rs1010679, and 
rs11668477, and the APOB SNPs rs1367117, rs6548010, 
rs6754295, rs481069, and rs61743299, remained associ-

suppleMentAl tAble 3. Logistic regression (stepwise forward) of all factors in Table 1 with a p<0.05 to study those indepen-
dently associated with possible SH

 Characteristic
Univariable Multivariable

oR (95%Ci) P-value oR (95%Ci) P-value 

Age (per year) 1.04 (1.02 - 1.06) <0.0001

Current smoker 0.55 (0.31 - 0.97) 0.041

Carotid plaques 2.64 (1.58 - 4.42) 0.0002

BMI (per Kg/m2) 1.51 (1.01 - 2.27) 0.047

Hypertension history 1.74 (1.07 - 2.81) 0.024

IMT (per 10 µm) 1.03 (1.02 - 1.04) <0.0001 1.02 (1.01 - 1.04) 0.002

PWV (per m/s) 1.14 (1.02 - 1.27) 0.024

Glycated hemoglobin (>5.5%) 2.51 (1.63 - 3.87) <0.0001 2.04 (1.25 - 3.34) 0.004

Triglycerides (>88mg/dL) 3.09 (1.96 - 4.86) <0.0001 2.60 (1.57 - 4.29) 0.0002

Family history of:

Myocardial infarction 2.10 (1.32 - 3.35) 0.002

Stroke 2.09 (1.33 - 3.29) 0.001

Hyperlipidaemia 2.23 (1.42 - 3.51) 0.0005 2.01 (1.25 - 3.21) 0.0037

Legend: SH, Severe hypercholesterolemia; BMI, body mass index; IMT, intima-media thickness; PWV, pulse-wave velocity. 




