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Bottom line: Familial hypercholesterolemia (FH) is a common (~1/250) autosomal dominant condition that
results in a 6- to 22-fold increase in premature cardiovascular disease (CVD) and death. Early diagnosis and
treatment can normalize life expectancy. Key features of FH are elevated LDL-C 25 mmol/L, early onset CVD
(<55 years in men, <65 years in women), cholesterol deposition in the tendons (xanthomata) and/or around
the eyes (xanthelasma), arcus cornealis with onset <45 years, and family history of early onset CVD or
hyperlipidemia requiring treatment. In Canada, a diagnosis of FH is typically based on an individual’s clinical
presentation and history as outlined in the Canadian Cardiovascular Society algorithm. Genetic testing is not
widely clinically available in Canada with some exceptions. A clinical diagnosis guides treatment and screening
of family members. Once a person is diagnosed with FH, cascade screening of family members using
measurement of LDL-C levels and/or genetic testing is recommended. This enables early identification and

Ktreatment of at-risk individuals, with statins as first-line treatment. /

WHAT IS FAMILIAL HYPERCHOLESTEROLEMIA?

Familial hypercholesterolemia (FH) is an autosomal dominant genetic condition where the uptake of low-density
lipoprotein cholesterol (LDL-C) into cells is either decreased or inhibited. This results in lifetime exposure to very
high levels of LDL-C. FH is the most common genetic disorder causing premature cardiovascular disease (CVD) and
death in both men and women. FH is both underdiagnosed and undertreated worldwide despite the knowledge
that early diagnosis and treatment can normalize life expectancy.'? It is estimated that roughly 1 in 250 Canadians
has FH, and that only about 10% have been identified.**

WHAT DO | NEED TO KNOW ABOUT THE GENETICS OF FAMILIAL HYPERCHOLESTEROLEMIA?

Most cases (up to 80%) of familial hypercholesterolemia (FH) are caused by pathogenic/likely pathogenic (P/LP)
variants (what used to be called mutations) in the LDL receptor gene LDLR, in which > 3000 different P/LP variants
have been identified.>>® The LDLR protein binds LDL, which is the major cholesterol-carrying lipoprotein of plasma,
and transports LDL into cells by endocytosis. P/LP variants in the LDLR gene can reduce the number of LDL
receptors produced within cells or disrupt the ability of the receptor to bind LDL particles.? P/LP variants in APOB
disrupt binding of LDL particles to the receptor, while P/LP variants in PCSK9 cause increased degradation of the
receptor. These mechanisms lead to elevated LDL-C levels and premature development of atherosclerotic plaque.

Additional genes (e.g. ABCG5, ABCG8, APOE, LDLRAP1, LIPA) are known to be associated with FH, although very
rare and atypical. With advances in genetic testing technology, additional rare genes can be added to gene panels
with little extra cost. Genetic testing for FH may involve a gene panel with comprehensive analysis of three or
more genes or may be targeted ancestry-based testing looking for the presence or absence of specific P/LP
variants.”

PATTERN OF INHERITANCE

FH is typically inherited in an autosomal dominant manner. FH can be present in a heterozygous form (HeFH),
where only one copy of a FH-causing gene contains a P/LP variant. FH can also be present in a homozygous form
(HoFH) where an individual has a P/LP variant in both copies of a FH-causing gene. The two P/LP variants can be
identical or different. Rarely there is a P/LP variant in one copy of two different FH genes (digenic inheritance). All
individuals with HoFH have an extremely high risk of early onset cardiovascular disease.? If both parents have
HeFH, their child has a 25% chance to have HoFH, which is associated with an extremely high CVD risk.
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Table 1. Clinical features of familial hypercholesterolemia in heterozygotes (HeFH) and homozygotes
(HoFH).

Clinical features HeFH HoFH
Genetics
i/l P/LP variant in two FH genes,
Pathogen.|c/llkelv P/LP variant in one copy of one FH / ) ) &
pathogenic (P/LP) ene one inherited from each
variants (what used to & parent

be called mutations)

>5 mmol/L at age 40 years or older

>4.5 mmol/L at age 18-39 years >12 mmol/L
Untreated* LDL-C >4 mmol/L at age younger than 18 lower LDL-C levels, especially in
levels years children or in treated patients,

with additional features shown in do not exclude HoFH

following boxes

<20 years of age

Cardiovascular disease <55 years of age in men
(CVD) onset <65 years of age in women can'be as early as the first year
of life
Other atherosclerotic e Stroke or transient ischaemic attack
disease risks e Peripheral vascular disease

e Cholesterol deposits in the tendons (xanthomata) and/or around

Physical findings the eyes (xanthelasma)

e Arcus cornealis (white, grey, or blue opaque ring in the corneal
margin) onset <45 years

Family history e Early onset CVD

e Hyperlipidemia, often requiring treatment

*The CardioRisk app has a validated algorithm to impute a baseline value from LDL-C levels while on lipid lowering
medications, additionally it can be used for the clinical diagnosis of FH, assessing the degree of severity of FH for
new patients and helps facilitate FH diagnosis.

How COMMON IS FAMILIAL HYPERCHOLESTEROLEMIA?

About 1 in 250 Canadians is thought to have heterozygous familial hypercholesterolemia (HeFH), however FH is
significantly under-recognized in Canada.! Homozygous-FH (HoFH) is much rarer, and more severe and is expected
to affect between 1 in 250,000 and 1 in 1,000,000 Canadians.® FH is more common in certain populations due to
founder effects: in certain areas of Quebec, the prevalence is as high as 1 in 80.°

How IS FAMILIAL HYPERCHOLESTEROLEMIA DIAGNOSED?

The Canadian Cardiovascular Society (CCS) recommends the use of the Canadian diagnostic criteria for FH
proposed by the Familial Hypercholesterolemia Canada (FHCanada) network (Figure 1).1° While these criteria are
relatively new, they are less complicated than those published by the Dutch Lipid Clinic Network (DLCNC) (Table 2)
or the Simon Broome Registry (Table 3) and have been validated against each of these criteria, which are
internationally accepted for the diagnosis of HeFH.° The Simon Broome Registry criteria include lower thresholds
for children with suspected FH.!' Neither the DLCNC nor Simon Broome Registry criteria were designed to diagnose
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HoFH, for which other criteria have been suggested.® The European Atherosclerosis Society has recently published
clinical and genetic diagnostic criteria for HoFH.2 Genetic testing is not necessary for diagnosis and is not yet
routinely clinically available in most of Canada. See the How to order the genetic testing for FH for more.

*LDL-C = 5.0 mmol/L (= 40 yr)
LDL-C =z 4.5 mmol/L (18-39 yr); =2 4.0 mmol/L (<18 yr)

FH Screening
Criteria

“*DNA Mutation
OR
Tendon xanthomas
OR
LDL-C = 8.5 mmol/L

Major Criteria

(res)

m 5 1st-degree relative with high LDL-C
E OR
5 Proband or 1st-degree relative with ASCVD (<55 yr men; <65 yr
§ women)

Probable FH Severe Hypercholesterolemia

Figure 1. Canadian criteria for the clinical diagnosis of familial hypercholesterolemia (FH). From Ruel | et al, 2018,
Reprinted with permission under the CC BY-NC-ND license https://creativecommons.org/licenses/by-nc-nd/4.0/.
DOI: 10.1016/j.cjca.2018.05.015

ASCVD: atherosclerotic cardiovascular disease; LDL-C: low-density lipoprotein cholesterol. * Secondary causes of
high LDL-C should be ruled out (severe or untreated hypothyroidism, nephrotic syndrome, hepatic disease [biliary
cirrhosis], medication, especially antiretroviral agents) ** DNA mutation refers to the presence of a known FH-
causing variant in a FH gene in the individual or a first-degree relative. FH diagnosis in a patient with a P/LP variant
but normal LDL-C levels is unclear. Yearly follow-up of the individual is suggested, and cascade screening of family

members should be initiated.
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Table 2. Dutch Lipid Clinic Network Criteria for Diagnosis of FH.3

Criteria Points

Family History
First-degree relative with:
o premature cardiovascular disease (<55 years in men, <60 years in
women)
OR
o LDL-C >95% percentile for age and sex

First-degree relative:
o With tendinous xanthomata and/or arcus cornealis
OR 2
o Child (<18 years) with LDL-C >95' percentile for age and sex

Clinical History
Personal history of:
o Premature peripheral or cerebrovascular disease 1
o Coronary artery disease 2

Physical examination

Tendinous xanthomata 6

Arcus cornealis <45 years of age 4
LDL-C

Between 4.01 and 4.89 mmol/L (155-189 mg/dL) 1

Between 4.91 and 6.44 mmol/L (190-249 mg/dL) 3

Between 6.46 and 8.51 mmol/L (250-329 mg/dL) 5

Greater than 8.53 mmol/L (>330 mg/dL) 8
Genetics

Pathogenic or likely pathogenetic variant in the LDLR gene or other

gene known to cause familial hypercholesterolemia e.g. APOB, PCSK9 8

Unlikely familial hypercholesterolemia diagnosis <3

Possible familial hypercholesterolemia diagnosis 3to5

Probable familial hypercholesterolemia diagnosis 6to7

Definite familial hypercholesterolemia diagnosis 8 or more
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Table 3. Simon Broome Registry Criteria for Diagnosis of FH. 11

Definite familial hypercholesterolemia diagnosis

High cholesterol:
Children (<16 years)
o Total cholesterol >6.7mmol/L OR LDL-C >4.0 mmol/L
Adults (>16 years)
o Total cholesterol >7.5mmol/L OR LDL-C >4.9 mmol/L
AND
Tendon xanthomata in the individual or a first- or second-degree relative

OR
Pathogenic/likely pathogenic variant in the LDLR gene or other gene known to cause FH
e.g. APOB, PCSK9

Possible familial hypercholesterolemia diagnosis

High cholesterol:
Children (<16 years)
o Total cholesterol >6.7 mmol/L OR LDL-C >4.0 mmol/L
Adults (>16 years)
o Total cholesterol >7.5 mmol/L OR LDL-C >4.9 mmol/L

AND one of the following

Family history of premature myocardial infarction
<60 years in a first-degree relative OR
<50 years in a second-degree relative

OR

Family history of raised cholesterol
Child (<16 years), first-degree relative: Total cholesterol >6.7 mmol/L OR LDL-C >4.0
mmol/L OR
Adult (>16 years) first- or second-degree relative: Total cholesterol >7.5 mmol/L OR
LDL-C >4.9 mmol/L

CASCADE SCREENING FOR FAMILY MEMBERS

The most cost-effective approach for identification of new FH cases is cascade screening of family members of the
first individual with a confirmed diagnosis, known as the index case.*'>*3 Data from the UK have shown that
cascade screening reduces the average age at which an individual is diagnosed and results in an increased number

of individuals who are treated with statins and have subsequent lowered lipid levels.*

The Canadian Cardiovascular Society (CCS) recommends screening of first-degree relatives of the index case.!
Screening can include lipid profiles of relatives and/or genetic testing for a known familial P/LP variant, when
available. Each newly diagnosed individual becomes a new index case and cascade screening of relatives continues.
When using a genetic testing approach, testing relatives for a known familial P/LP variant, positive results will
identify at-risk relatives and negative results would reassure those at population risk. When ordering genetic
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testing for relatives it is important to include documentation of the familial genetic variant either with a molecular
report or a family letter. This ensures accurate interpretation of testing.

HOW TO ORDER GENETIC TESTING FOR FAMILIAL HYPERCHOLESTEROLEMIA?

Genetic testing is clinically available in all provinces with the exception of British Colombia. It is possible for any
physician to order genetic testing in Ontario and Québec. In other provinces, testing can currently only be ordered
by a specialist (e.g. medical genetics, endocrinology, cardiology). Enlarge the table below to find more details
about testing in your province including links to requisitions or where to refer.
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WHAT DO THE GENETIC TEST RESULTS MEAN?

Test results fall into three categories:
Positive: causative pathogenic variant detected in an FH gene

e This confirms a genetic etiology and a diagnosis of FH.
e These results can be used to guide management.
e Genetic testing can be offered to relatives for the familial gene variant.
Negative
Uninformative: no causative pathogenic variant detected in any FH gene tested
e Adiagnosis of FH is neither confirmed nor ruled out.
e If testing was limited to ancestry-based screening (where only select genetic variants in select genes
were analysed), expanded testing may be considered, if available.
e Genetic testing cannot be offered to unaffected relatives. Lipid screening can be used for at-risk
relatives.
e Re-referring to genetics can be considered if/when genetic testing improves.

True negative: the familial P/LP variant is not detected

e This is where genetic testing is offered to an unaffected relative after the causative pathogenic gene
variant has been identified.

e Theindividual does not have the familial condition and is not at increased risk for dyslipidemia.

e This individual’s offspring would also not have increased risk for dyslipidemia.

Variant of unknown significance: variant in FH-related gene is detected, but there is insufficient evidence to
determine if it is truly associated with disease
e Adiagnosis of FH is neither confirmed nor ruled out.
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e Genetic testing is not offered to unaffected relatives. Lipid screening can be used for at-risk relatives.

e Segregation studies may be considered. This is where genetic testing is offered to other affected relatives
to try and track if the VUS is present in others with the condition.

e Re-referring to genetics can be considered as over time a VUS may be reclassified as benign or

pathogenic. q EC |§O<

Visit the GECKO site to find more resources on genetic test results including a point of care tool. ==

WHAT ARE THE BENEFITS AND CONSIDERATIONS OF GENETIC TESTING FOR FAMILIAL
HYPERCHOLESTEROLEMIA?

BENEFITS

Confirmation of diagnosis:'®> Genetic testing is a key approach to the diagnosis of definite FH. While clinical criteria
can be used (Table 2 and 3) for diagnosis, there are limitations to using the classical presentation as a criterion
since few affected persons will exhibit physical findings (e.g. xanthomas, xanthelasmas) at the time of testing.
Additionally, there are limitations to use of family history of cardiovascular disease in FH diagnosis.
Hypercholesterolemia or heart disease could be masked in relatives who are receiving lipid lowering treatment.
Also, the penetrance of FH is very strong but not complete (i.e. not all variant carriers will develop
hypercholesterolemia), and self-reported family history is not always accurate. Screening for FH based on family
history alone has shown to miss 30-60% of cases.'®

Refining risk stratification:!® Detection of a pathogenic variant in an FH gene indicates higher cardiovascular risk
(compared to those at the same LDL-C levels) and the need for more aggressive LDL-C reduction. The use of
conventional cardiovascular risk calculators in individuals with FH is not recommended as these greatly
underestimate lifetime CVD risk.%> %’

Value to children and adolescence:** Statin treatment in children identified as carrying a pathogenic variant in an
FH gene may begin as young as 8 years of age. Children with FH who start a statin have statistically lower event
rates than their affected parents. Left untreated, children with FH will be at higher risk of coronary events as adults
because of the cumulative burden of elevated LDL-C levels.

CONSIDERATIONS

Sensitivity: Current genetic testing does not detect all possible genetic causes of FH and so a negative test result
would not rule out an FH diagnosis.

Accessibility: Genetic testing for FH is not equitably available across Canada. Some provinces (Ontario, Quebec)
offer testing through provincial laboratories. Other locations do not have in-province access. It may be possible to
request funding for out-of-country testing or through research avenues.

SURVEILLANCE AND MANAGEMENT

ADULTS

For more on the management and screening of dyslipidemia in adults, please see the 2021 guidelines from the
Canadian Cardiovascular Society (CCS).1” These recommendations include universal lipid screening of men and
women at average risk age 40 years and older, or earlier screening for those at increased risk for CVD. CCS also
recommends regular atherosclerotic cardiovascular disease (ASCVD) risk assessments every 5 years for men and
women aged 40-75 years, using a validated risk model (e.g. Framingham Risk Score [FRS] or the Cardiovascular Life
Expectancy Model [CLEM]). Recent PEER simplified guidelines® suggest for those at average risk of CVD, universal
lipid screening at starting age 40 for those assigned male at birth and at age 50 for those assigned female at birth.
If CVD risk factors are present, screening can be considered younger.
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For management and screening recommendations for those individuals with FH, see the 2018 CCS Position
Statement and the more recently published evidence-based guidelines by The International Atherosclerosis

Society.??

The use of conventional cardiovascular risk calculators in individuals with FH is not recommended as these greatly
underestimate lifetime CVD risk.>? 1° FH-specific cardiovascular risk calculators (e.g. the FH Risk Score?,
SAFEHEART °) should be considered to assess the risk of ASCVD in those with FH. Routine assessment and
stratification of the risk of ASCVD in all patients with FH should be used to guide personalized treatment and
management.'® Referral to specialist for risk stratification is recommended.

Those with homozygous status (HoFH, two pathogenic/likely pathogenic (P/LP) variants in an FH gene) should be
referred to a specialized lipid centre.?

A genetic diagnosis of FH in a person with a P/LP variant but normal LDL-C levels is unclear. Yearly follow-up of the
individual is suggested, and cascade screening of family members should be initiated.!

PHARMACEUTICALS

Statins are the drug class of choice for individuals with one P/LP variant in a FH gene (HeFH). Observational studies
have shown a dramatic decrease in cardiac events in statin-treated individuals with FH.! LDL-C should be lowered
as fast and as far as possible.® The CCS recommends a >50% reduction of LDL-C from baseline beginning at age 18
as primary prevention and that an ideal goal of LDL-C <1.8 mmol/L is recommended for secondary prevention.'’
Non-fasting lipid profiles should be used to monitor treatment in those whose treatment is stable.?° The use of
high-dose statins alone is usually sufficient to achieve LDL-C reduction; however, some individuals with FH will
require combination (e.g. ezetimibe) and/or emerging therapy (e.g. PCKS9 inhibitor) to obtain optimal LDL-C.
Specialist referral is recommended for these cases.' 31723

For the most recent recommendations on management and treatment of individuals with HoFH please see Cuchel
et al. 2023.8

LIFESTYLE

All families with FH (including children and adolescents) should be counselled about the importance of lifestyle
modification and heart healthy behaviour37:¥° such as:

v Smoking cessation and avoidance of passive smoking

v Diet
o Highin fibre (soluble), plant sterols/stanols and unsaturated fatty acids
o Low in trans and saturated fatty acids, refined sugars

v Exercise
o Daily activity beginning early in life

v/ Maintenance of ideal body weight

v Stress reduction

PREGNANCY

Statins have been considered a teratogen on the basis of animal studies, however human studies have shown
conflicting results.?’ For most persons assigned female at birth who are of reproductive age, an effective birth
control method is recommended with discontinuation of statin therapy ideally 3 months prior to planned
pregnancy or at the time of a positive pregnancy test.?%2! Bile acid sequestrants can be considered to treat
hypercholesterolemia, ideally 3 months before a planned pregnancy, as well as during pregnancy and lactation.*®
The CCS recommends referral to a maternal-fetal-medicine or obstetrical specialist for management of lipid
reducing therapies.'” A pregnant person with FH and additional risk factors, e.g. established ASCVD, should be
referred to a speciality lipid clinic for further treatment advice.

CHILDREN /ADOLESCENTS
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There remains controversy as to whether screening in childhood for FH should be implemented.! A recent
systematic review by the US Preventive Services Task Force found that the use of statins in children to reduce lipid
levels appears beneficial, and observational studies show there is long-term benefit.2° The CCS and Canadian
Pediatric Cardiology Association recommend universal lipid screening (fasting or non-fasting, non-HDL-C or LDL-C)
be performed after 2 years of age within the first decade of life.?! Selective screening at anytime can be
considered when there is a positive family history of premature CVD or dyslipidemia, or other cardiovascular risk
factors.?! Reverse cascade screening of parents is recommended when a child is found to have FH.%?

The ideal age to begin treatment is between ages 8-12 years based on current randomized control trials.?!
Pharmacological treatment can be considered, incorporating clinical judgement, family and patient
preferences, %! at:

e Age 8-10 years when LDL-C concentration >4.9 mmol/l, recorded on two occasions with a fasting lipid
profile.

e Age 8-10 years when LDL-C concentration >4.0 mmol/l, recorded on two occasions with a fasting lipid
profile, in the presence of multiple ASCVD risk factors or family history of premature ASCVD.

e  Age <8 years with an LDL-C concentration >4.9 mmol/I, recorded on two occasions.
o The use of treatment in this group does require specialist input as further study regarding the use
is still needed.?*

An LDL-C goal of <3.5 mmol/I or approximately 50% reduction may be considered in children/adolescents with no
additional risk factors for ASCVD (e.g. diabetes, parental history of ASCVD in the second or third decade of life).
Yearly non-fasting LDL-C levels in blood can be used to monitor those who have met LDL-C goal after initiation and
titration of therapy, with no further dose change.® Canadian Lipid Guidelines!” indicate LDL-C and non-HDL-C are
interchangeable but non-HDL-C is preferable for non-fasting samples and if triglycerides > 1.5 mmol/L.

Lifestyle modifications discussed above remain the cornerstone of CVD prevention in both children and
adolescents with FH and referral to a specialist for treatment decisions is recommended.* The CCS recommends
that children with HoFH are referred to a lipid specialist centre for cholesterol-lowering therapies when >15kg in
weight.

Additional guidance on management of dyslipidemia in children and adolescence can be found here.?*

RESOURCES

e FH Canada has resources for families and their clinicians.
e Genome BC has curated resources and links on FH.
e National Human Genome Research Institute has more on FH and genomics for the public and clinicians

Genetic testing for FH in Canada

Quebec Requisitions Ontario Requisitions

The Core CHU Sainte Justine London Health Trillium Health . .

. . Hamilton Regional
Molecular Molecular Sciences Centre Partners — Credit Laborator
Diagnostic Laboratory (LHSC Requisition) Valley Site (THP . y

L Medicine Program
Laboratory at the molecular Requisition) (Requisition)
McGill University laboratory q
Health Centre
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Other provinces are looking at how to implement genetic testing and screening.
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