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Heterozygous Familial Hypercholesterolemia

Genetic autosomic dominant disease

One of the most prevalent genetic disease: 1/311 (Hu, Circulation, 2020

High cholesterol levels since birth

High risk of premature coronary heart disease

It is recommended to screen heFH during childhood from 5 years,

to start a heart-healthy diet and statins at 8-10 years old (wiegman,
EuropHeartJour, 2015)




National and international registries are crucial tools
for promoting the long time follow up and evaluation
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Lipid clinics participating to REFERCHOL
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Janvier 2026:

C 12 398 patients
C =+ 1000 patients per year

C =600 children /k{

C Genetic confirmed: 6 149 heFH and 191 hoFh




OVERVIEW OF SOME REFERCHOL
STUDIES IN heFH ADULTS PATIENTS
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Broad spectrum of LDLRene mutations in France

Severe

mutations
Initiation codon
loss: 0,1% (N=1)

Large
rearrangement: 7% 0
(N=72)

Splicing: 10% |_—
(N=108)

Frameshift: 12% | |

(N=130) .
voderate | 416 pathogenic
S = ~maetens - yariants for 1150
“\._ Missense: 52% .
(N=561) mutations
_ Inframe deletion or

insertion: 2%
5' regulatory: 0,4% (N=20)

(N=a)

RabésBéliard, Carri€CurrentOpinion inLipidology 2018




Cardiovascular risk in familial
Hypercholesterolemia

High to very high

But heterogenous

C H O P I N . SAFIRStudy of cardiovAscular contrasted phenotypes in patients with Famllial I n
* hypercholesteRolemia

Pl=Bertrand CARIOU

Other studies...



The add-on of cardiovascular risk factors

Prevalence Risk factors
50% -
41.3%
40% |-
3L1% VHR
The very high cardiovascular risk in 30% '
heterozygous familial hypercholesterolemia: Total
. . 20.2% 20.2%
Analysis of 734 French patients 20% - 17.8% 16.9%
15.1% 15.1% 13.4% 12.7% 14.7%

Sophie Béliard, MD, PhD*, Aurélie Millier, PhD, Valérie Carreau, MD, . L% 0
Alain Carrie, MD, PhD, Philippe Moulin, MD, Ph ndre Freden . PhD, 10% - 5'5"4.995
Michel Farnier, MD, PhD, Gérald Luc, MD, Ph avid Rosenbaum, MD,

Mondher Toumi, MD, PhD, Eric Bruckert, MD,\PhD, French FH Registry group1 0% _— e
Smoking Lp(a) =50 ypertension  Presence of HOL-C « Secondary CVD fami Absence of Diabetes
mg/dL tendon 0.40g/L prevention history}  treatment until
A years ol

xanthoma

Journal ofCIInlcaILlpldology 2016 Figure 1  Proportion of patient satisfying Nouvelle Société Francophone d’ Athérosclérose (NSFA) criterion. CVD, cardiovascular dis-
ease; HDL-C, high-density lipoprotein cholesterol; VHR, very high risk.

1/3 heFHare activesmokers
C ¥4 heFhpatients cumulate severalCVrisk factors
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CV risk evaluation in FH is a challenge

]
B it
1 ——— ——
0 ,——-/“' Perez ddsla, Circulation, 2017
" /,5':;/4'.- / .
e / ¢ 1473 heFH patients, mean follow-up 3.9 y, 103 events
2 08 ,.{.;r“

g SAFEHEARREand chol-year-score are good

F o3 ,fr . . o .
- predictors of CV events in primary prevention
3'“{ T L-.g_.nmrun :MM 6 10 heFH patlents (C_Index 0’78) Gallo et al. Atherosclerosis2020
Y o —— C 3918 primary prevention heFH patients from 5 registries
B T (3097 from REFERCHOL)

+ Wl 4 f " r— . . .
ST MONTREALisk scoreis a good predictor of
R jl> MACE and mortality in primary prevention

RO heFH patients Paquette et al., ATVB, 2021

> median 2100 1086 860 723 538 444
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CENTRAL ILLUSTRATION The Added Value of Coronary Artery Calcium Score on Top of SAFEHEART Risk Equation
for Atherosclerotic Cardiovascular Disease Prediction in Asymptomatic Heterozygous Familial Hypercholesterolemia

The Added Value of Coronary Calcium

Score in Predict Ing Cardiovascular 1,624 Asymptomatic Primary Prevention HeFH Patients
2.7 Years Follow-Up, 81 ASCVD

Events in Familial Hypercholesterolemia

Antonio Gallo, MD, PuD,*" Leopoldo Pérez de Isla, MD, PuD,>"" Sybil Chamriére, MD, PD,* Alexandre Vimont,” Distribution of Primary Prevention Patients Distribution of ASCVD
Rodrigo Alonso, MD, PuD,”# Ovidio Mufiiz-Grijalvo, MD, PuD," José L. Diaz-Diaz, MD, PuD,’ Daniel Zambén, MD, PuD,! ———
Philippe Moulin, MD, PuD,* Eric Bruckert, MD,” Pedro Mata, MD,” Sophie Béliard, MD, PuD,*"

on behalf of the REFERCHOL and SAFEHEART investigators

FIGURE 1 Patient Flowchart Showing the Recruitment of

Patients in the REFERCHOL and SAFEHEART Registries b Risk g ) . M High-risk
High Risk, Intermediate Risk, Low Risk, A
(ﬁ@ =378 m n = 411 =835 [ | Intern:ledlate risk
B Low-risk
REFERCHOL SAFEHEART
Primary prevention HeFH Primary prevention HeFH Qﬁﬂ
patients with CAC patients with CAC Distribution of Primary Prevention Patients Distribution of ASCVD
N =1,196 M=428 ]
! SAFEHEART-
Included patients for Risk Equation
analysis +
N=1624 CAC 1
| Restratification e — e B m High-risk
igh Risk, ntermediate Risk, ow Risk, o
{ + {ﬁ@ n =395 m n =398 = 831 [ ] Internzledlate risk
B Low-risk
Patients with ASCVD Patients without ASCVD . . .
N =81 N =1.543 B Net Reclassification Index After CAC Addition to SAFEHEART-RE: 45.4%
Gallo, A. et al. J Am Coll Cardiol Img. 2021; m(m):m-m.




The high burden of recurrent CV events in heFH

1.0

0.8

781 secondary prevention heFH
Age at the first event: 47 y

0.6

0.4

Survival Probability

Recurrencef C\events

37% patients(X2 to 6/G?¢pop) : ;
9 for 100 patients/years i ittt

At Risk 781 493 386 38 243 202 157 123 98

1,8 event/patient

Béliard, Boccara &tl,Atherosclerosjs2018



ffect of the maternal inheritance of FH gene
mutation on the CV risk in heFH patients

¢ Animal studies have demonstrated that fetal exposure to high

maternal cholesterol levels during pregnancy predisposes to
aortic atheroma in the offspring

1 Palinskj Circulation 2002
Napoli Circulation 2002

¢ FHis a unique model disease in which children from FH

women are exposed to very high cholesterol levels during
pregnancy




Variable CAC >1OO

Qdds ratio p
j Inheritance Paternal Referance
| Maternal n—l—u 1.81 (1.08, 3.11) 0.030
| Sex F Refersnce
M ——8— | 3.32(1.80,596) =0.001
| Premature familial ASCVD A 2.58(1.50,4.48) <0.001
| High Blood Pressure }—I—i 2.07 (1.03, 4.21) 0.043
Maximum LDL-C I 1.01 1.00, 1.01) 0.004
| Age at CAC measurement 1.11(1.08,1.15) =0.001
Variable CAC >4OO Odds ratio P
Inheritance Paternal . Refarence
Maternal ' —— 2.72(1.39, 551) 0.004
Saix F I Reference
M —8—— | 845(3.13,14.15)  =0.001
Premature familial ASCVD - 3.47(1.78,8.87) <0.001
High Blood Pressure -‘—I—i 1.96 (0,87, 4.30) 0.088
Age at CAC measurement i 1.08 (1.08, 1.13) =0.001

Arteriosclerosis, Thrombosis, and Vascular Biology

2023
ORIGINAL RESEARCH

Maternal Inheritance of Familial
Hypercholesterolemia Gene Mutation

Predisposes to Coronary Atherosclerosis as =
Assessed by Calcium Score in Adulthood

Florian Mourre(®, Roch Giorgi, Antonio Gallo®, Franck Boccara'®, Eric Bruckert(®, Alain Carrié, Regis Hankard®, Jocelyn Inamo(=,
Sandrine Laboureau, Philippe Moulin, René Valéro, Sophie Béliard, on behalf of the REFERCHOL Investigators®

In 556 age- and sex-matched pair of patients based on the
sex of the parents who transmitted the FH gene mutation

Patients with a maternal inheritance of the mutation have:
¢ 1.8riskof havinga CAC >100

C 2,72riskof havinga CAC >400




Effect of FH screening strategy on CV risk ?

3232adults
heFH patients with a genetic diagnosis
Followed in a lipid clinic (23)

2106 1126 Comparaison of both groups at the first

, _ visit, and during the follow-up
index cases Non index-cases

Mean follow-up : 2.2 years (2015-2022)

&
o Affected person
Uni and multivariate analysis with
- RStudio version 4.1.3 software
‘ Sibling - ;arents

Children

FlorianMourre, EJPC025




Effect of cascade screening on CV events

igﬂma Odds ratio p
Diagnostic modality Index case | Reference
Non-index case |-l E 0.50(0.33,0.76) 0.001
(Age at statin initiation < 18 years old | Reference )
18-30 years old '—:rI—' 1.38 (0.70,2.82) 0.363
30-40 years old '—Jl— |(260(129,548) 0.009
\ > 40 years old _L-—I—' 3.18(1.48,7.12) 0.004
Sex Female | Reference
Male . k| 4.29(295 6.33) <0.001
Tobacco user NO * Reference
Yes il 1.54(1.10,2.18) 0.013
Hypertension NO * Reference
Yes » -l | 267 (1.76,408) =0.001
Premature familial ASCVD No — Reference
Yes 224 (159, 3.15) <0.001
BMI < 25 kg/m? [ Reference
25-30 kg/m? i il 231(1.59,3.36) <0.001
> 30 kg/m? - |257(157,420) <0.001
Age at last visit h 1.04 (1.02,1.06) =0.001
1

Affected person

2H

Children Sibling Parents

D_
n
[
n-

Cascade screening=
50 % lower risk of
cardiovascular event

Age of statin
initiation is the
most powerful
predictor of having
a CV event



Etat des lieux des aphéreses dans S eat
REFERCHOL en 2025 REFERCHOL

Nombre de Patients b2YO6NBE RS RQI
. Nombre total R Nombre de : :
Centres patlent§ dans (historique) sous aphérese HeFH chez patient actif en
le registre en 2025 2023
LA PITIE 2550 93 43 13 6
MARSEILLE 1062 36 18 8 9
LYON 1225 20 4 1 3
NANTES 1237 10 2 0 8
STRASBOURG 103 11 3 1 1
LILLE 602 28 22 13 0
DIJON 169 2 2 0 0
Total 12,272  >200 86 36 2/

/ centres, 86 patients 2025




Etat des lieux des aphéreses dans
REFERCHOL en 2025

> 200 patientsen LDL aphéréses saisis dans REFERCHOL

2016 essais thérapeutiques puis AMM des AC antiPCSK9: sortie d’'une majorité
des heFH de LA; en 2018 121 patients en LA

2023 AMM des nouvelles thérapies pour les hoFH: quelques sorties de LDL-
aphéreses

2025 86 patients en LA, 42%etFH



CEDRA: expert center for rare

dyslipidemias diseases
CEDRA

CENTRES D’EXPERTISE DES DYSLIPIDEMIES RARES
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PNDS de I'Hypercholestérolémie
=) Familiale homozygote

CEDRA  Disponible bientdt sur le site de 'HAS

centre de référence

Disponible sur le site de la NSFA

u https://www.nsfa.asso.fr/wp-content/uploads/2026/01/PNDS-Hypercholesterolemie-
maladies rareS familiale-homozygote.pdf

oo Disponible sur le site internet CEDRA:

https://fr.ap-hm.fr/service/centre-expertise-dyslipidemies-genetiques-rares-cedra

FIRENDO




Conclusions

REFERCHOL est une cohorte de patients suivis sur du long terme,
enfants comme adultes

REFERCHOL est un outil précieux pour avancer sur les questions de
recherche

LDlLaphéreses: stoppées pour de nombreux patierhs et hoFH
grace aux nouvelles thérapies (PCSK9i ou thérapieshaéd)

alAda | SO f QI YSEAZ2NI GAZ2Y Rdz F
patients dans les centres experts
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