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Familial hypercholesterolaemia: A global call to arms

Hazards ratio for CVD outcomes in subjects with FH, 
stratified by sex

Iyen B, et al. Atherosclerosis 2019;287:8-15



Familial hypercholesterolaemia: A global call to arms

Impact of FH mutation status on CAD

Khera et al. J Am Coll Cardiol. 2016 Jun 7; 67(22): 2578–2589



Familial hypercholesterolaemia: A global call to arms

Cumulative exposure to LDL-C from birth and threshold for CHD

Adapted from Horton JD, et al. J Lipid Res 2009; 50(Suppl): S172-S177



Familial hypercholesterolaemia: A global call to arms

Cumulative incidence of all‐cause mortality and major 
adverse cardiovascular events 

EAS consensus statement. Nordestgaard et al. Eur Heart J 2013; 34: 3478-90

Estimated % of Individuals Diagnosed with FH 



Familial hypercholesterolaemia: A global call to arms

Teramoto T et al. J Atheroscler Thromb. 2018 Jul 1; 25(7): 580–592
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Cumulative incidence of all‐cause mortality and major 
adverse cardiovascular events 



Familial hypercholesterolaemia: A global call to arms

Vallejo-Vaz, et al. Atherosclerosis. 2015 Nov;243(1):257-9
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FH registries: SAFEHEART Study

The SpAnish Familial HypErcHolEsterolaemiA CohoRt STudy (SAFEHEART) 
is an open, multicenter, long-term prospective cohort study in a 
well-defined FH population, conducted in outpatient lipid clinics in Spain.

Inclusion criteria are: 
1) index cases with genetic diagnosis of FH, 
2) relatives over 15 years old with genetic diagnosis of FH, 
3) relatives over 15 years old without a genetic diagnosis of FH (control group). 



FH registries: CASCADE FH

The CAscade SCreening for Awareness and DEtection of Familial 
Hypercholesterolemia (CASCADE FH) Registry is a national, multicenter 
initiative to identify US FH patients, track their treatment, and clinical 
and patient-reported outcomes over time. 

Enrollment framework: 
1) Clinic enrollment
2) Self-enrollment 
3) EHR identification coupled with patient contact and enrollment



FH registries: Canada FH registry

The purpose of this initiative is to create a registry of subjects with FH across Canada. 



FH registries: LIPIGEN study

The LIpid TransPort Disorders Italian GEnetic Network (LIPIGEN) - Registro 
delle Dislipidemie Familiari in Italia is an observational, multicentric, 

retrospective and prospective study, aimed at creating an Italian Database of 
Familial Hypercholesterolemia.

FH patients are included if they receive clinical and/or genetic diagnosis



CLINICAL DIAGNOSIS

Physical examination

Clinical history Family history

LDL-cholesterol

GENETIC TEST

FH registries: LIPIGEN study
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FH studies collaboration

"The mission of the EAS-FHSC is to empower the medical & global community to seek changes in 
their respective countries or organizations regarding how FH is detected and managed, with a 

view to promoting early diagnosis and more effective treatment of this condition. Through 
international collaboration of stakeholders EAS FHSC aims to generate large scale robust data on 

how FH is detected, managed and the clinical consequences of current practice on outcomes."
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FH registries

Bourbon M, et al. Atherosclerosis. 2017 Jul;262:8-13

2938 individuals with genetic diagnosis of FH belonging to 775 families



FH registries

194 variants have been detected in this study, 24 of them were never described before. 

Bourbon M, et al. Atherosclerosis. 2017 Jul;262:8-13



FH registries

Pirillo A, et al. Atherosclerosis. 2017 Oct;29:17-24

213 variants were 
detected in 1076 
subjects, 90% of 
them had a 
pathogenic or likely 
pathogenic variants. 

More than 94% of 
patients carried 
pathogenic variants 
in LDLR gene, 27 of 
which were novel. 



FH registries

Almost the whole cohort (98%) underwent genetic testing.

Negative: 18%
Inconclusive: 12%
Positive: 70%

LDLR true homozygotes 

LDLR compound heterozygotes 

Double heterozygotes

APOB heterozygotes

LDLR heterozygotes

Genetic
positive 

FH

PCK9 heterozygotes



FH registries

LDL-C score (12 SNPs) for polygenic hypercholesterolemia

FH/M-, N=644

mean (SD)

1.00 (0.18)  

FH/M+, N=875

mean (SD)

0.94 (0.20)  

p-value<0.001

The mean value of LDLc-score was significantly higher in FH/M- compared to FH/M+

Olmastroni A, et al. manuscript submitted
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Null n Defective n
p null vs. 

defective

Age (yr) 45.9 ± 15.8 911 45.8 ± 15.7 1259 0.830

BMI (kg/m2) 26.4 ± 4.7 911 26.4 ± 4.9 1257 0.626

Td Xant (%) 16.6% 151 10.7% 150 <0.001

premature 

ASCVD (%)

10.2% 93 9.1% 114 0.114

TC 327.6 ± 69.4 911 320.1 ± 66.9 1259 0.007

LDL-C 264.1 ± 69.0 911 253.9 ± 68.9 1259 <0.001

HDL-C 49.2 ± 12.3 911 50.4 ± 12.7 1259 0.052

TG* 81.0 (52.0) 911 84.0 (54.0) 1259 0.146

Lp(a)* 24.0 (48.7) 865 21.0 (43.8) 1166 0.343

apoB 163.6 ± 43.6 871 153.2 ± 42.6 1181 <0.001

Clinical and biochemical characteristics of the 2643 adults patients by allele type

Bourbon M, et al. Atherosclerosis. 2017 Jul;262:8-13



FH registries

Characteristics of True Homozygotes, Compound Heterozygotes, and Double Heterozygotes

True Homozygotes

(LDLR)

Compound 

Heterozygotes (LDLR)

Double 

Heterozygotes
P

N 41 45 3+2

Age, y 36.8 (18.4) 37.9 (18.56) 52.5 (28.2) NS

Male sex, % 73.3 51.7 25 0.065

TC, mg/dL 692 (262) 465 (279–950) 370 (25.54) 0.005

LDL-C, mg/dL 625 (271.5) 397 (197–890) 304 (37) 0.008

HDL-C, mg/dL 43 (14) 48.7 (15) 48 (7) NS

Triglycerides, mg/dL 100 (42) 105 (26–514) 65 (17) NS

ASCVD, % 46.4 25 25 NS

Age of ASCVD 31.7 (17) 34.3 (17.4) 43 NS

Sánchez-Hernández RM, et al. Circ Cardiovasc Genet. 2016 Dec;9(6):504-510



FH registries

Bertolini S, et al. Atherosclerosis. 2020 Nov;312:72-78

A total of 125 subjects with ADH were identified, of whom 60 were 
true homozygotes, 58 compound heterozygotes and 7 double 
heterozygotes for LDLR (likely) pathogenic variants.



FH registries
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diagnostic algorithms
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FH registries

Casula M, et al. Atherosclerosis. 2018 Oct;277:413-418

5.3%

28.3% 28.5%

37.9%

Unlikely
(0-2)

Possible
(3-5)

Probable
(6-8)

Definite
(>8)

DLCN score applied on 1377 adults with genetic diagnosis of FH

• 43% of patients with at least 1 missing data

Criteria Missing(%)

First-degree relative with known
premature CHD 

11.62 

First-degree relative with known LDL 
cholesterol >95° percentile 

12.85 

First-degree relative with tendon
xanthoma and/arcus cornealis

34.57 

Child(ren) <18 years with LDL 
cholesterol >95° percentile 

25.78 

Subject has premature CHD 9.08 

Subject has premature cerebral or 
peripheral vascular disease

10.17 



FH registries

A large cohort of 264 men and 311 women with heterozygous FH 
(mostly French Canadians) was seen between 1972 and 1978

Heterozygous familial hypercholesterolemia. Relationship between plasma lipids, 
lipoproteins, clinical manifestations and ischaemic heart disease in men and women

Gagné C, et al. Atherosclerosis. 1979 Sep;34(1):13-24

LIPIGEN
• 13% among 

over18



FH registries

Baragetti A, et al. manuscript submitted

Reclassification of DLCN categories by ultrasound-based
analysis of Achilles tendon xanthomas



FH registries

Casula M, et al. Atherosclerosis. 2018 Oct;277:413-418

5.3%

28.3% 28.5%

37.9%

Unlikely
(0-2)

Possible
(3-5)

Probable
(6-8)

Definite
(>8)

DLCN score applied on 1377 adults with genetic diagnosis of FH

OR 95% CI
Tendon xanthoma 2.47 1.41 4.32

Premature CHD 1.24 0.79 1.94

LDL-C >180 mg/dL since age <18 yy 1.83 1.26 2.66
First-degree relative with hyperchol. 2.33 1.49 3.64

First-degree relative with xanthoma 5.51 2.28 13.31

Child(ren) <18 yy with high LDL-C 1.82 1.21 2.74
251 ≤ LDL-C ≤ 325 mg/dL 3.84 2.03 7.25

LDL-C >325 mg/dL 15.5 7.12 33.75
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Study of treatment 
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Percentage of Patients Reaching Recommended Goals

Perez de Isla, et al. J Am Coll Cardiol. 2016 Mar 22;67(11):1278-85

FH registries



FH registries



FH registries

Local adaptation of 
diagnostic algorithms

Discovery of new 
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causes of FH phenotype
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Study of treatment 
compliance and response

Analysis of 
specific 
subgroups



de Ferranti SD, et al. J Pediatr. 2021 Feb;229:70-77

FH registries



31 lipid 

clinics

FH registries

 To identify and propose specific changes in the collection, analysis and 

interpretation of the data in eCRF

 To promote improvements in the screening, diagnosis and treatment of 

pediatric FH subjects

 To propose recommendations to support clinical practice

<18y



FH registries

Lower prevalence of typical FH features in children/adolescents vs adults and the absence of 
personal history of premature CHD or cerebral/peripheral vascular disease 

Tendon xanthoma

Arcus cornealis

Premature CHD

Peripheral/cerebral 
vascular disease

PHYSICAL EXAMINATION

PERSONAL CLINICAL HISTORY

≥18 years <18 years

LDL-c>190 mg/dL

Xanthoma and/or arcus 
cornealis

Premature CHD
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FH registries

Identification of 
factors modifying 
CV risk

Local adaptation of 
diagnostic algorithms

Discovery of new 
monogenic/polygenic 

causes of FH phenotype

Correlation of 
genotype with 

phenotype

Analysis of 
specific 
subgroups

Study of treatment 
compliance and response



Blood lipids

BMI

Diabetes

Creatinine

White cell count

Hypertension/Blood pressure

Family history of premature CVD

History of ASCVD

Gender

Physical activity

Smoking

Ankle-brachial index

Age

Perez de Isla, et al. J Am Coll Cardiol. 2016 Mar 22;67(11):1278-85

FH registries



The Montreal-FH-SCORE
Paquette M, et al. J Clin Lipidol. 2017

The SAFEHEART risk equation
Pérez de Isla L, et al. Circulation. 2017

FH registries



FH registries

Study of treatment 
response

Identification of 
factors modifying 
CV risk

Correlation of 
genotype with 

phenotype

Discovery of new 
monogenic/polygenic 

causes of FH phenotype

Local adaptation of 
diagnostic algorithms

Analysis of 
specific 
subgroups



FH registries

Basic science

Clinical 
management

Health policy




