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Abstract Familial hypercholesterolemia (FH) is the most

common inherited cause of premature coronary heart dis-

ease and leads to significant morbidity and mortality.

Genetic counselors are specialized health care profession-

als with advanced degrees and training in both medical

genetics and psychosocial counseling. FH patients and their

families require focused education regarding the heritable

nature of their disease, the risk to family members, the

necessity of cascade screening, and the availability of

genetic testing. Patients and families may also benefit from

additional services genetic counselors provide, such as

psychosocial support and other resources. All of these

services are well-established components of the genetic

counseling process. Therefore, genetic counselors can

serve as a valuable resource to FH patients, their families,

and the multidisciplinary team of clinicians providing care

for these patients.
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Introduction

Familial hypercholesterolemia (FH) is a common inherited

disorder associated with a very high risk for premature

coronary artery disease (CAD). FH is treatable, but effec-

tive therapy requires early clinical diagnosis, and FH is

currently vastly underdiagnosed and therefore undertreated

[1••]. In order to identify new cases of FH, it is imperative

to initiate cascade testing after an index patient with FH

has been diagnosed. This article specifically focuses on the

potential role of the genetic counselor for patients and

families with FH and provides information regarding the

way in which these specialized healthcare providers may

be able to serve as a resource to clinicians caring for and

managing patients with FH.

Familial Hypercholesterolemia

FH is the most common genetic cause of premature cor-

onary artery disease (CAD) and is due to lifelong elevated

plasma low-density lipoprotein cholesterol (LDL-C) lev-

els. FH is autosomal dominant with a gene dosage effect

with homozygotes (HoFH) or compound heterozygotes

having a much higher LDL-C and much earlier CAD

onset than heterozygotes (HeFH). The prevalence of

HeFH in most Caucasian populations is estimated as

1:250–1:500; in specific founder populations, such as

French-Canadians in Quebec, the prevalence of HeFH is

higher [2]. HoFH is much rarer, with a prevalence of

1:160,000 to 1:1,000,000 [1••]. In untreated patients with

HeFH, there is a 20-fold increased risk of premature CAD

with the cumulative risk of fatal and nonfatal coronary

events being 50 % in men by age 50 and 30 % in women

by age 60 years [3]. In some patients, cholesterol deposits
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can be found in the tendons (xanthomas) and/or around

the eyes (xanthelasmas).

Three sets of diagnostic criteria for HeFH exist: the US

Make Early Diagnosis Prevent Early Death (MEDPED)

[4], the Dutch Lipid Clinic Network [5], and the Simon

Broome Register criteria [6]. The MEDPED criteria mainly

rely on age-specific LDL-C levels and family history of FH

[4]. The Dutch Lipid Clinic Network and Simon Broome

Register criteria both involve a combination of LDL-C

levels, physical features, family history, and the presence

of a gene mutation [5, 6]. These diagnostic criteria should

only be used for FH index case identification; lower LDL-

C cut points can be applied to identify affected relatives.

There have been promising developments in the area of

FH treatment. While statins should be the first-line therapy

for patients with FH, a significant number of patients are

unable to reach their recommended LDL-C target without

additional and/or alternative treatments, while others are

unable to tolerate statins [2, 7]. Excitingly, the US Food

and Drug Administration recently approved new thera-

peutic agents for HoFH, including mipomersen and lomi-

tapide [8]. Mipomersen has also shown great promise for

HeFH patients with coronary artery disease and severe

hypercholesterolemia and for individuals at high risk for

CAD [9].

Molecular Genetics

FH is caused by loss of function mutations in the low-

density lipoprotein receptor (LDLR) gene, mutations in

apolipoprotein B-100 (APOB) that affect the LDL receptor-

binding domain, or gain of function mutations in the pro-

protein convertase subtilisin/kexin 9 (PCSK9) gene. LDLR

genetic testing has been shown to identify 70–80 % of

individuals with a ‘‘definite’’ FH clinical diagnosis and

20–30 % with a less certain diagnosis [6]. Over 1,000

mutations in LDLR have been identified in FH patients

[10]. There is evidence that null mutations in LDLR are

associated with a more severe phenotype [11, 12]. It has

been estimated that mutations in APOB account for

approximately 5.5 % of FH cases, while mutations in

PCSK9 account for approximately 1.5 % [10].

Through a Public Health Lens

It is estimated that there are over 620,000 patients with FH

in the US, with less than 1 % diagnosed [1••]. Four years

ago, Dr. Paul Hopkins stated it best when he wrote, ‘‘FH is

the only genetic cause of premature CAD for which a

systematic, population-based approach to find affected

individuals and screen their families is clearly warranted at

this time’’ [13]. The Centers for Disease Control and Pre-

vention Office of Public Health Genomics has responded

and recently classified cascade testing for FH as a ‘‘tier 1’’

genomic application, meaning the action should be

implemented in practice [14]. Universal cholesterol

screening for children ages 9–11 years has been recom-

mended by a National Lipid Association (NLA) Expert

Panel on FH [15••] and a National Heart, Lung, and Blood

Institute (NHLBI) Expert Panel on Cardiovascular Health

and Risk Reduction in Children and Adolescents; the

NHLBI guidelines have also been endorsed by the Amer-

ican Academy of Pediatrics [16]. For children with a

family history of premature coronary heart disease (men

\55 years, women \ 65 years) or elevated cholesterol,

cholesterol screening should be considered beginning at

age 2 years [15••]. For all individuals with cholesterol

levels suspicious for FH, the NLA recommends a family

history of high cholesterol and heart disease in first-degree

relatives be collected [15••].

Role of the Genetic Counselor in the FH Population

Genetic counseling is the process of helping individuals

and their families understand and adapt to the medical,

psychological, and familial implications of a genetic con-

dition [17]. ‘‘This process integrates: (1) interpretation of

family and medical histories to assess the chance of disease

occurrence or reoccurrence, (2) education about inheri-

tance, testing, management, prevention, resources, and

research, and (3) counseling to promote informed choices

and adaptation to the risk or condition’’ [17]. Genetic

counseling has been recognized by physicians for its many

positive contributions for patients and families with

inherited forms of heart disease [18] and is indicated

regardless of whether or not genetic testing will be per-

formed. Multiple genetic counseling service delivery

models exist, including in-person, telephone, group, and

telegenetic, as well as varied types of referral patterns of

patients for genetic counseling [19].

Genetic counselors are health care professionals with

specialized graduate degrees and expertise in medical

genetics and counseling. Many genetic counselors work as

members of a health care team, and they provide infor-

mation and support to families with inherited conditions.

Cardiovascular genetic counselors are an important

resource and integral health care team member for patients

and families with inherited heart disease, including those

families that have suffered a sudden death in a young

person, which can occur in families with FH [20, 21]. It has

been suggested that a master’s-trained, board-certified

genetic counselor, preferably with specialized training in

cardiovascular genetics, be part of the multidisciplinary
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team involved in the care of families with heritable car-

diovascular diseases [22]. An integrated approach that

includes a genetic counselor may be associated with better

adjustment and less worry in patients with inherited forms

of heart disease [23]. Genetic counselors can be located by

utilizing the ‘‘Find a Genetic Counselor’’ tool on the

National Society of Genetic Counselors (NSGC) website,

www.nsgc.org.

The genetic counseling process for patients with FH

should include multiple components, listed and explained in

further detail in Table 1. Insight and guidance on the imple-

mentation of a cardiovascular genetic medicine program and

the potential psychological issues that may need to be

addressed in the setting of genetic testing for inherited car-

diovascular diseases have been provided previously [24, 25].

Genetic Testing Should be Accompanied

by Pre- and Post-Test Genetic Counseling

Genetic testing is the gold standard for FH diagnosis since

detection of a pathogenic mutation in LDLR, APOB, or

PCSK9 provides an unequivocal diagnosis [26]. In the US,

the NLA Expert Panel on FH published recommendations

that includes a statement that FH genetic testing should be

covered by payers when the diagnosis of FH is uncertain

[27]. The International FH Foundation recently published a

consensus-based guidance document on the care of FH,

which was generated from a series of seminars and work-

shops held at an international symposium attended by FH

experts. This document states that genetic testing for FH

should ideally be offered to all index cases who have a

phenotypic diagnosis of FH; this is a level 3A recom-

mendation (level of evidence is ‘‘expert opinion or clinical

experience’’) [28••]. This same guideline recommends

(level 1A) that pre-test counseling should be offered to at-

risk family members prior to any form of testing [28••].

Pre-test counseling is also recommended in the 2013

Consensus Statement of the European Atherosclerosis

Society on FH [1].

Pre-test genetic counseling should include information

on the indications for genetic testing as well as a discussion

regarding the benefits, limitations, familial implications,

and potential risks of genetic testing to insure informed

decision-making. Pre-test counseling is also indicated in

order to inform FH patients undergoing genetic testing of

the multiple possible types of results they may receive.

While a pathogenic mutation may be identified, it is also

possible that previously reported and/or novel variants of

uncertain significance and/or benign variants may be

found. Online, open-access databases listing DNA variants

with annotated references are valuable to the interpretation

of variants, and such a database exists for LDLR [29]. Both

laboratory-based and clinical genetic counselors are valu-

able resources in the interpretation and explanation of

complex genetic testing results [30].

FH genetic testing may also be negative, and it is

imperative for patients with a clinical phenotype of FH to

understand that undetected mutations as well as mutations

in untested and/or as-yet-undiscovered genes cannot be

excluded. A 2013 study conducted by Hilgart et al. [31]

examined individuals’ responses to negative FH genetic

testing results and found that feelings of uncertainty were

exacerbated by lack of information and that these patients

felt they would benefit from discussing their result with a

health professional. The findings of this study suggest that

it would be helpful for patients to be counseled by a cli-

nician prior to testing about the possibility of a negative FH

genetic testing result and also to be provided with infor-

mation regarding what a negative result means regarding

Table 1 The genetic counseling process for patients with FH

Collection of C3 generation family medical history information

(pedigree), with special attention to ‘‘red flags’’ for FH

‘‘Red flags’’ for FH in the pedigree include hypercholesterolemia;

premature CAD (onset in men before age 55 years and women

before age 65 years) including angina pectoris and myocardial

infarction; sudden cardiac death; physical features of FH (e.g.,

xanthomas, corneal arcus)

Because patients’ self-reported family history information can

have both reduced sensitivity and specificity, it is important to

collect medical records, autopsy reports, and death certificates

when possible so that diagnoses can be confirmed

In some cases, it may not be until clinical screening commences

through the family that FH can be diagnosed

Family history is not static, but changes over time, and should

therefore be updated periodically

Performance of risk assessment utilizing medical and family

history information

Discussion of mode of inheritance and recurrence risk to family

members

Facilitation of genetic testing

Pre- and post-test genetic counseling

Disclosure and documentation of genetic testing results

Facilitation of family-based care

Cascade testing

Discussion of screening, prevention, and medical management

options in conjunction with managing physician

Discussion of reproductive options

Provision of written documentation of medical, genetic, and

counseling information to referring health care providers and

patients, including ‘‘Dear Family Member Letters’’

Provision of psychosocial counseling and anticipatory guidance

Provision of education and resources from national organizations

and advocacy groups

Discussion of available research study options

For example, enrolling FH patients into the CASCADE FH

Registry

Discussion of the availability of DNA banking, when applicable
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their condition’s cause and how their result impacts their

children.

A complete analysis of all known FH genes, including

full gene sequencing and large rearrangement testing,

provides the highest clinical sensitivity of genetic testing.

This is particularly important in families where LDL-C

values vary greatly, as there may be more than one gene

mutation in the family [32]. Clinical genetic testing is

available in the US via commercial genetic testing labo-

ratories with ranging technologies, clinical sensitivities,

costs, and the ability to bill health insurance. Up-to-date

information on clinical and research genetic testing

options can be located in two online genetic testing dat-

abases: the National Institutes of Health Genetic Testing

Registry (http://www.ncbi.nlm.nih.gov/gtr) and GeneTests

(genetests.org).

The clinical sensitivity of current FH genetic testing is

not 100 %. Targeted genetic screening (e.g., focusing on

pediatric populations) has been shown to lead to higher

(95 %) mutation detection rates [33]. Clinical sensitivity is

likely even lower in patients of varied ethnic backgrounds

[34]. Technological advances, including next generation

and whole exome sequencing, will likely increase the cost-

effectiveness and clinical sensitivity of FH genetic testing

[35, 36]. It has also been suggested that a substantial

number of patients with a clinical diagnosis of FH, but

without a pathogenic variant in one of the three main

known genes, may have elevated LDL-C levels due to a

polygenic etiology [37].

Genetic testing may also begin to play a larger role with

therapeutic decision-making in both HeFH and HoFH

patients. For example, the effectiveness of certain thera-

pies, such as the proprotein convertase subtilisin/kexin 9

monoclonal antibody, AMG 145, depended upon the HoFH

patient’s genotype in a recent study, with no LDL-C

response seen in the two patients in this trial who were

LDL receptor negative [38].

Genetic testing results can also impact family dynamics

and relationships. Parents in particular may have feelings

of guilt related to passing their mutation to their children.

In this situation, it may be helpful to emphasize the benefits

provided by this type of genetic information (i.e., knowl-

edge is power); specifically, clinicians can utilize this

information to initiate clinical screening that may lead

toward the earliest possible detection of disease and that

may provide the opportunity for earlier treatment and

lifestyle modifications [39].

Cascade Screening Implementation

Cascade screening is a mechanism for identifying people at

risk for a genetic condition by a process of systematic

family tracing. It should begin with first-degree relatives

(parents, siblings, children) and then extend to second- and

third-degree relatives in a stepwise cascade fashion, mov-

ing through the pedigree in sequential steps as additional

family members are diagnosed and until all at-risk relatives

have been identified. Cascade screening for FH has been

shown to be a cost-effective method for identifying new

cases of FH [40–42]. DNA testing should be utilized for

FH cascade screening if the pathogenic mutation has been

identified in the index case [28••]. Once the disease-causing

mutation has been identified, cascade genetic testing allows

for the definitive diagnosis of FH in at-risk relatives

(100 % positive predictive value).

Cascade screening is not effective unless at-risk bio-

logical relatives of the FH index patient can be identified

and notified of their risk, health implications, and the

availability of FH testing. However, the best means by

which to contact relatives of the FH index patient in order

to proceed with systematic cascade screening is not entirely

clear because of ethical factors and family dynamics,

including the maintenance of confidentiality and privacy,

‘duty to warn,’ potential for psychological harm, and right

‘not to know,’ among others [43]. It is recommended that a

clinician construct a family pedigree, identify relatives who

should be offered FH testing, and discuss the notification of

at-risk relatives with the index case [28••]. This is a stan-

dard part of the genetic counseling process. It is also rec-

ommended that index cases be provided with written

information and encouraged to share this with relatives.

Such ‘‘Dear Family Member Letters’’ have been shown to

be an effective way to inform relatives about inherited

cardiac disease [44] and should include general informa-

tion about FH and emphasize health consequences without

testing and the benefit and availability of preventive ther-

apies [28••].

Raising Awareness

In 2011, a survey of cardiologists was conducted by the

American College of Cardiology (ACC) that indicates a

need for increased awareness of FH among cardiologists

regarding how common it is, its heritability, and the risk of

cardiovascular disease associated with FH [45]. Many

organizations are putting a heavy focus on raising aware-

ness of FH including the NLA (lipid.org), whose scientific

sessions conference in 2014 is focused specifically on FH

and is titled ‘‘New Era in Lipidology: Familial Hypercho-

lesterolemia, Guidelines and Risk Assessment in the

Clinic’’ and includes a session titled ‘‘Role of Genetic

Counseling in FH: What Referring Physicians and Patients

Need to Know.’’ Also, the Foundation of the NLA has

developed extensive patient educational information
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including a website called ‘‘Learn Your Lipids’’ (learn-

yourlipids.com). The NLA has also developed a Pocket-

Guide on FH for health care providers that includes

information on diagnosis, screening, and treatment and can

be located on GuidelineCentral.com. The FH Foundation

(thefhfoundation.org) is a patient-centered nonprofit orga-

nization dedicated to education, advocacy, and research of

FH. In order to address gaps in knowledge and barriers to

FH screening, identification, and treatment, The FH

Foundation recently established a national registry for FH

patients in the US: CAscade SCreening for Awareness and

DEtection of FH (CASCADE FH) [46•]. As the only active

US-based registry for FH, CASCADE FH aims to promote

cascade screening implementation, more timely disease

identification, and optimal treatment to improve clinical

outcomes and quality of life for all FH patients [46•]. The

FH Foundation also held an International FH Summit in

September 2013 in Annapolis, Maryland, and 24 Septem-

ber 2013 was the 2nd Annual National FH Awareness Day.

In addition, the Preventive Cardiovascular Nurses Associ-

ation (PCNA) has also been actively working to expand

awareness of FH [47] and has several FH educational

resources on their website (pcna.net). The National Society

of Genetic Counselors has also developed an official

Working Group on FH within their Cardiovascular

Genetics Special Interest Group, who have developed

resources such as a ‘‘Dear Family Member Letter,’’ avail-

able on their website (nsgc.org) and also as a downloadable

file under the Resources section of The FH Foundation’s

website.

Conclusions

Master’s-trained genetic counselors, specialized health care

professionals with expertise in genetics and counseling,

have been recommended as a solution for the incorporation

of genetic medicine by providing genetic counseling and

testing to applicable patients and by working in concert with

subspecialty physicians [48]. A timely American Heart

Association policy statement on genetics and cardiovascu-

lar disease strongly advocates for the involvement of cen-

ters with expertise in cardiovascular genetics to guide the

appropriate initiation, interpretation, and implementation of

genetic testing [49]. A pedigree should be collected,

assessed, and stored on every patient with FH. Cascade

testing needs to be performed and index patients should be

provided with tools to assist them in informing their at-risk

relatives about FH. Families with FH may face different

types of psychological issues, and genetic counselors are

available as a resource to help them work through and

hopefully overcome potential difficult dilemmas and family

dynamics. In conclusion, genetic counselors can help win

the ‘‘FH battle.’’ Because, as Newson and Humphries [43]

so eloquently stated, ‘‘Our biology does not stop: the risk of

developing coronary heart disease as a consequence of FH

will still be present, even if relatives live in ignorance.’’
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