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The Power of Genetic Testing
An example from My Code 

• 62-year-old woman

• Struggle to control high cholesterol for years.

• Learned she has LDLR pathogenic variant 
(c.1775G>A, p.Gly592Glu) via My Code. 

• Prompted her to pay attention to her chest pain.

• Sought medical attention, diagnosed with CAD, 
underwent triple CABG.

• Several relatives now tested and confirmed to also 
have FH.

“If I had not taken that test, I might be 
dead by now”



Learning Objectives

• To briefly discuss the Pathogenesis of Familial Hypercholesterolemia (FH)

• To analyze the phenotypical spectrum of FH and the rational for genetic 
testing.

• To review the consensus statement on the clinical utility for genetic testing 
in FH.

• To show some evidence on the acceptability and accessibility of genetic 
testing. 

• Genetic counseling and resources for patients. 



FH is the Most Common Genetic Cause of CV 
Disease

• Estimated prevalence of ~1:220.1

• 1:100 in French Canadians and Dutch Afrikaners

• Approximately 1 million patients in the US and 30 million affected individuals 

worldwide 

• >90% remains undiagnosed. 

• Recent data suggests a prevalence of molecularly defined HoFH to be ~1 in 

200,000 to 300,000 persons.2

1. Abul-Husn et al., Science 354, 2016
2. Sjouke B, et al. Curr Opin Lipidol 2015;26:200–9 





Akioyamen LE, et al. BMJ Open 2017;7:e016461



Inheritance Pattern

Is an autosomal dominant trait with 

complete penetrance.

HeFH is caused by a single pathogenic 

variant in LDLR, ApoB or PCSK9 genes. 

Compound HeFH is caused by 2 different 

pathogenic variants in different alleles. 

HoFH is caused by biallelic pathogenic 

variants. 

There is a gene dosage effect.



LDL 
Receptor 
Life Cycle

Berberich and Hegele. Nature Reviews Cardiology. 2018



Major and Minor Monogenic 
Determinants of FH

Berberich and Hegele. Nature Reviews Cardiology. 2018



Physical Findings in FH

Tendon xanthomas Corneal arcus Xanthelasma
Achilles tendon 

xanthomas

Heart murmur from 

AV stenosis



Physical Findings in Homozygous FH



Berberich and Hegele. Nature 
Reviews Cardiology. 2018
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Sturm, et al. JACC. V ol. 72 , N0 .6 , 2018



The Rationale for Genetic Testing

Provides a definitive molecular diagnosis of FH.

Provides prognostic and risk stratification information.

Facilitates family-based cascade testing.

Allows for precision during genetic counseling.

Has value to the pediatric population with FH.

Personal utility

Minimal psychological impact.



Limitations to diagnostic criteria in 
absence of DNA Testing 

• Availability of statins and decreased saturated fat intake, have altered 

the “classic” FH clinical presentation.

• Physical exam findings and family history of premature CVD present in 

only a minority of molecularly defined FH in SAFEHEART Registry.

• Xanthomas <15%

• Corneal arcus ~ 20%

• Similar results in CASCADE FH Registry

• In a national screening program (Norway), only 8% of affected 

relatives had xanthomas and only 5% had xanthelasma at genetic 

testing. 



Limitations to family history in 
diagnosing FH

• Reduced penetrance 

• Affected relatives on lipid-lowering therapy (LLT)

• Reduced clinical sensitivity and/or specificity of self-reported family 

history

• Unavailability of family history to some patients

• Of children with molecularly confirmed FH in Slovenial national 

universal lipid screening program, only 40.6% had a family history of 

CVD

• In the absence of molecular testing, there are limitations to diagnosing 

FH in children – DLNC are not valid in children, so diagnosis relies on 

family history and serial fasting LDL-C measurements



Overlapping LDL-C Levels: Genetic testing discriminates 
between those with and without an FH variant  



The Presence of an FH Mutation 
Increases Risk









FH Mutation with Clinical Signs = Highest Risk of CAD



Arch Inter Med. 2003; 163:65-68.



Arch Inter Med. 2003; 163:65-68.



Cascade Testing

• CDC Tier 1 Genomics Application

• Define as those having significant potential for positive impact on 

public health based on evidence-based guidelines and 

recommendations

• Imperative to identify all individuals in FH families

• Genetic cascade testing is superior to lipid cascade testing

• Unambiguous cascade screening

• Can reduce average age of FH diagnosis

• Can increase % of individuals receiving LLT

• Is cost effective – 2017 systematic review confirms1

• Some labs are now doing this at no cost to the relative
Rosso et al. Ann Ig 2017



You don’t find one patient with FH…
You find families with FH

Knowles. JAMA. 2017 July 25; 318(4): 381–382.



LDL alone Will Miss Affected Relatives

• 23% of mutation carriers had LDL-C <90th percentile

• 14.7% of non-carriers had LDL-C >90th percentile





International, Multi-Stakeholder Expert Panel

Patient-Centered 

Recommendations

Lipidologists

Cardiologists 

Genetic 

Counselors

Endocrinologists

Front-line 

patient care 

providers

Molecular 

Pathologists

Geneticists

Individuals with 

FH



Who should we offer genetic testing to?

Should be offered

Very intentional wording

Sturm, et al. JACC. V ol. 72 , N0 .6 , 2018



Additional Considerations for Probands

Sturm, et al. JACC. V ol. 72 , N0 .6 , 2018



Recommendations for At-risk Relatives

Sturm, et al. JACC. V ol. 72 , N0 .6 , 2018











Genetic Testing Implications and 
Considerations

Benefits

• Confirms a 

definite dx

• Prognostic 

information

• Risk stratification

• Increase 

initiation and 

adherence to LLT 

with lower LDL

• Earlier tx

• Identification of 

potential 

“phenocopies"

Limitations

• Not completely 

sensitive or 

specific (VUS)

Potential 

Risks

• Genetic 

discrimination

• GINA

• Gaps in 

protection 

against 

disadvantaging 

individuals

Familial 

Implications

• Cascade testing

• Privacy

• Parental guilt

• Survival guilt

Cost

• $500-$1500

• Lack of insurance 

coverage









Additional Important Factors 

for Genetic Testing 

Implementation

Acceptability?







Additional Important Factors 

for Genetic Testing 

Implementation

Accessibility?





https://www.ncbi.nlm.nih.gov/gtr/all/tests/?term=C0020445[D
ISCUI]. Last accessed Jan. 20, 2020.





Conclusions

• FH Genetic testing provides a definitive diagnosis.

• Information from FH genetic testing provides prognostic and risk 

stratification data.

• FH genetic testing has personal utility.

• Cascade testing should be performed using DNA testing when 

the mutation is identified in the index patient.

• FH genetic testing is accepted and accessible. 

• Genetic testing should be accompanied by genetic counseling.

• Patient and provider educational resources exist. 


