
Genetic diagnosis of Familial 
Hypercholesterolemia and  
risk stratification for patients  
with Hypercholesterolemia



Lipid inCode is a comprehensive genetic 
test for patients with Hypercholesterolemia, 
offering the diagnosis of Familial and 
Polygenic Hypercholesterolemia and 
enhancing the overall cardiovascular risk 
stratification through the determination of 
an individuals coronary genetic load. 

To improve patient management, Lipid inCode 
brings insights into statins pharmacogenetics 
and predisposition to high levels of Lp(a). 

Lipid inCode offers an advanced patient assessment 
for Hypercholesterolemia and additional 
cardiovascular risk factors in order to optimize care 
prevention strategies in relation to coronary events.
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1. Genetic diagnosis of FH with risk stratification 

• Pharmacogenetics of the statins 
• Genetic predisposition to high Lp(a)

FURTHER INFORMATION FOR 
PATIENT MANAGEMENT 

Diagnosis of Familial 
Hypercholesterolemia 

(and related phenotypes) 

PANEL OF 7 
CANDIDATE GENES  

LDLR, APOB, PCSK9, APOE, 
STAP1, LDLRAP1, LIPA

Diagnosis of Polygenic 
Hypercholesterolemia

LDLc SCORE

according to Talmud 
and Futema

CARDIO inCODE® 
SCORE 

validated in +80,000 
patients for the 

evaluation of coronary 
genetic risk

Evaluation of coronary 
genetic risk

Lipid inCode provides a thorough diagnostic and cardiovascular risk 
assessment by analysing the cause of Hypercholesterolemia and possible 
additional genetic coronary risk.



CLINICAL GENETIC TESTING FOR FAMILIAL HYPERCHOLESTEROLEMIA 

JACC SCIENTIFIC EXPERT PANEL

PATIENT WITH FAMILIAL 
HYPERCHOLESTEROLEMIA PHENOTYPE 

GENETIC ANALYSIS OF 
LDLR, APOB, PCSK9

NEGATIVE

GENOTYPE - 
PHENOTYPE + 

TREAT LDLc AND/OR THE PHENOCOPY WITH SPECIFICALLY RECOMMENDED THERAPY 

Carrier 
Carrier 
Carrier 
Noncarrier 
Noncarrier 
Noncarrier 

High 
Intermediate 
Low 
High 
Intermediate 
Low 

12.61 
2.60 
1.30 
2.28 
Reference 
0.53

(2.96; 53.62) 
(0.99; 6.79) 
(0.39; 4.32) 
(2.10; 2.48)

(0.47; 0.59)

6 x 10-4 

0,052 
0.67 
4.5 x 10-82

1.1 x 10-32

FH variant Polygenic score Adjusted odds ratio 95%CI p-value

0.25 0.5 1 2 4 8 16 32 64

The analysis of a small 
number of genes related to 

Familial Hypercholesterolemia 
(FH) is not enough.

The presence of Polygenic 
Hypercholesterolemia 

(PH) should be evaluated 
(LDLc score). 

• Polygenic etiology 
• High Lp(a) 
• APOE 
• Still unknown FH genes 
•  Autosomal recessive FH 

(pathological variants of biallelic 
LDLRAP1) 

• Phenocopies 
 •  Sitosterolemia (autosomal 

recessive pathogenic variants in 
ABCG5 or ABCG8) 

 •  Lysosomal acid lipase 
deficiency	(autosomal	recessive	
pathogenic variants in LIPA)

Adapted from Sturm et al. JACC, 20181 

CONSIDER ALTERNATIVE  
MOLECULAR ETIOLOGIES: 

Experts recommendations on FH diagnosis

Studies of the inter-relationship between monogenic contribution to FH and 
polygenic contributions to cardiovascular risk reveal an up to 10-fold greater 
coronary risk gradient in patients with high monogenic contribution and 
polygenic contribution.2 

Given the heterogeneity of cardiovascular risk in patients with 
hypercholesterolemia:  

 •  Genetic information contributes to patient risk assessment in order to 
optimize the management of the patient.3 

	 •		The	incorporation	of	polygenic	risk	scores	may	allow	the	identification	of	 
additional coronary risk in patients diagnosed with a monogenic variant  
and	define	an	“extremely high”	risk	population	which	could	benefit	from	 
an early start of iPCKS9 in primary prevention.4 

Adapted from Fahed A et al. Nature Communication, 2020 

Impact of polygenic contributions 
in patients with FH 



2.   Lipid inCode: Genetic diagnosis of Familial 
Hypercholesterolemia and clinical context

NGS ANALYSIS OF MONOGENIC ETIOLOGY BASED ON A PANEL OF 7 GENES: 

FAMILIAL 
HYPERCHOLESTEROLEMIA (FH) 

AUTOSOMAL RECESSIVE 
HYPERCHOLESTEROLEMIA (ARH) 

LYSOSOMAL ACID LIPASE 
DEFICIENCY (LALD) 

The analysis is performed in 
the promoter and coding 

regions of DNA, including the 
intron-exon junction regions. 

Analysis is made of CNVs (Copy 
Number Variations) in the 

LDLR	gene,	with	confirmation	
using MLPA technology.

Exon Intron Exon Intron Exon

LDLR, APOB, PCSK9, 
APOE and STAP1

LDLRAP1 LIPA

1.   CLASSIFICATION OF GENETIC VARIANTS AND INTERPRETATION

SITAB
Exclusive bioinformatics 

pipeline based on 
genomic algorithms 

PROPRIETARY DATABASE 
Exhaustive genetic 

variants compilation, 
periodically updated by 

lipid specialists

PREDICTIVE 
ALGORITHMS 

AI based training to 
assess the impact of 
genetic variants on 

proteins functionality 

For variants in LDLR, null or defective allele information is provided.

Bibliography	references	of	the	identified	genetic	variant	are	specified	
when available.

CHARACTERIZATION AND CLASSIFICATION OF THE GENETIC VARIANTS

2    CLINICAL CONTEXT OF THE PATHOGENIC VARIANTS 
OR VARIANTS OF UNKNOWN SIGNIFICANCE (VUS)

Clinical data regarding the
development of coronary

disease	related	to	the	identified
genetic variants, according to

the SAFEHEART cohort

The SAFEHEART FH Registry 
(Spain) includes more than 
4.000 patients (index cases 
and relatives) with a clinical 
follow-up of over 15 years. 

BIOINFORMATICS PLATFORM, DIGITAL INFRASTRUCTURE AND 
SUPPORT TO FH REGISTRY MANAGEMENT



Different studies have shown that 20-30% of all 
patients with clinically diagnosed FH have a high 
polygenic score which would evidence the presence 
of Polygenic Hypercholesterolemia (PH).5 

Hypercholesterolemia with a genetic basis (both 
monogenic or polygenic) is associated with an 
increased risk of early cardiovascular disease or 
event compared with hypercholesterolemia without a 
genetic basis.6 

The monogenic / polygenic genetic etiology exerts an 
influence	upon	the	onset	of	cardiovascular	disease:	

 •  Patients with only PH present less subclinical 
atherosclerosis than patients with monogenic FH.4 

 •  The presence of a combined monogenic 
and polygenic etiology further increases 
the risk of early cardiovascular disease 
versus hypercholesterolemia alone.6 

0           1            2           3           4           5           6           7

Reference

1.39 (0.79 - 2.47)

1.97 (1.09 - 3.56)

3.06 (1.56 - 5.99)

Reference

1.96 (1.24 - 3.12)

Adjusted  Hazard Ratios

mono-: poly-

mono-: poly+ 

mono+: poly-

mono+: poly+

mono-

mono+ 

IMPLICATIONS FOR THERAPEUTIC MANAGEMENT 

Knowledge of the 
genetic cause of 

HyperCholesterolemia 
allows improved 
cardiovascular 
risk assessment 

of the patient. 

Early cardiovascular disease risk 

+ POLY & 
MONOgenic

+ MONOgenic
+ POLYgenicNo genetic 

cause

A score of 12 SNVs (LDLc score) 
≥	1.09	(decile	9	cut	off)	indicates	
a high probability of Polygenic 

Hypercholesterolemia. 

Polygenic hypercholesterolemia 
could explain the cause 

of high LDLc levels.

Adapted from Trinder et al JAMA Cardiol. 2020 (6)

Patients with 
only Polygenic 

Hypercholesterolemia 
would not need lipid-

lowering treatment 
as intensely as those 

patients POSITIVE for FH. 

Patients with 
Monogenic 

and Polygenic 
Hypercholesterolemia 
could be candidates 
for more aggressive 
primary prevention 

therapy. 

3.   Impact of polygenic etiology upon 
coronary risk related to FH 



4.  New evidence in CV risk stratification of 
patients with Hypercholesterolemia 

Even in the context of FH, an additional genetic coronary risk can 
increase the global cardiovascular risk of the patient.12 

  •  Cardio inCode®, validated in over 80,000 patients, evaluates 
genetic coronary risk based on a panel of 12 SNPs.13 

	 •		This	genetic	coronary	risk	factor	can	be	classified	as low 
/ intermediate / high according to risk quintiles, and is 
independent of the classical cardiovascular risk factors. 

GRSCAD OR 95%CI	 P-value 

CVD (uncorrected) 1.82 1.35-2.47 < 0.0001 

CVD (model 1) 2.10 1.46-3.02 < 0.0001 

CVD (model 2) 1.80 1.14-2.85 0.01

There is a genetic coronary risk independent of the classical CV risk factors 
that increases the risk of cardiovascular disease in both primary and 
secondary prevention.7,8,9 

Certain patients in the maximum risk quintile (Q5) have a coronary 
risk equivalent to that of heterozygous FH. This represents 
approximately	2%	of	the	population	(vs	0.4%	for	FH).10,11 

P-value for logistic regression. CVD: cardiovascular disease. OR per 1-SD. 

Model 1: Corrected for age and gender.

Model 2: Corrected for cardiovascular risk factors (age, gender, 
prior statin use, smoking, diabetes, hypertension, BMI, LDL-C, 
HDL-C, triglycerides, Lp(a) and type of LDLR mutation).

Adapted from Paquette M et al. Clin Lipidol 2017. DOI: 10.1016/j.jacl.2017.03.019
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It is suggested that patients with FH and high genetic coronary risk could 
benefit	from	intensive management of lifestyle parameters, early evaluation 
of their risk of coronary disease, and more aggressive treatment with statins 
and	other	therapies	such	as	iPCSK9.14 

A number of publications have shown that patients with increased genetic 
coronary risk obtain the greatest benefit from statin therapy (in primary and 
secondary prevention).7,8 

Similar	findings	apply	to therapy with iPCSK9: evolocumab and alirocumab 
afford greater relative and absolute risk reduction in the group of patients 
with the highest genetic coronary risk.15,16 

IMPLICATIONS FOR THERAPEUTIC MANAGEMENT 

* risk equivalent to 
heterozygous Familial 
Hypercholesterolemia



Pharmacogenetics of the statins: 
Different	genetic	variants	are	associated	to	toxicity	or	lesser	efficacy	of	statins.	
Lipid inCode analyzes the variants with the greatest level of evidence (related 
to	the	metabolism	of	simvastatin):	rs17244841,	rs4149056	and	rs2032582.	

  Implications for clinical management 
	 	 Change	molecule	if	a	risk	variant	is	identified.	

Predisposition to high Lp(a): 
High Lp(a) is an independent risk factor for early cardiovascular disease. 
The	plasma	Lp(a)	levels	are	influenced	by	genetic	factors.	Lipid	inCode®	
analyzes	2	variants	associated	to	36%	of	the	variability	of	the	levels	
and	an	increased	cardiovascular	risk:	rs10455872	and	rs3798220.	

  Implications for clinical management 
	 	 Measurement	of	the	blood	Lp(a)	levels	if	a	risk	variant	is	identified.	

Familial cascade 
Confirmation	by	Sanger	of	
the POSITIVE or UNKNOWN 
SIGNIFICANCE variants among 
the relatives of the index case. 

The additional analysis of Polygenic 
Hypercholesterolemia (LDLC score) 
and genetic coronary risk (CiC 
score) are available to afford a 
global and exhaustive evaluation of 
cardiovascular risk in family relatives.

Additional insight for patient 
and family management



5.  Patient Data Integration 
and Online Reporting 

Sitab® allows the health care practitioner to:

•  Request genetic tests easily, quickly and safely

•  Manage the shipment of the samples for analysis

•  Track and monitor the requested service status

•  Review the requested patient reports and full history

•  Securely store all patient reports for future reference

Sitab® is a state-of-the art cloud based web portal that provides the health 
care practitioner with a systemised approach for requesting tests, tracking the 
process and receiving the clinical and genetic test results in a report format.

The bioinformatic tools integrated in Sitab® capture the patients genetic and 
clinical data and processes this information using algorithms and intelligence to 
provide	a	comprehensive	risk	stratification	and	a	clinically	actionable	report.

Sample Collection 
(blood or saliva)

Service request
Clinical data submission

Transport
Laboratory

Genetic analysis by 
NGS, and risk 

assessment using 

Clinical Experts
Report Generation

Clinical recommendations

Report
Online Report delivery

ONLINE ALGORITHMIC 
LEARNING AND RISK 
WEIGHTING ASSESSMENT 
SYSTEM

(Genetic profiling):

• FH and PH Diagnostic for
   patient with Hypercholesterolemia

• Additional risk stratification by 
  assessing the Coronary Genetic 
  Risk Factor
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