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INTRODUCTION

Familial hypercholesterolemia (FH) is an autosomal dominant
or recessive disorder characterized by abnormally high levels
of low-density lipoprotein (LDL).1 LDL elevations in FH
occur in early childhood and are often caused by mutations
affecting the LDL receptor (LDLR), its adaptor, apolipopro-
tein B, or proprotein convertase subtilisin/nexin type 9 genes.1

FH is the most common genetic cause of premature coronary
heart disease (> 50% of men are affected by age 50, and > 30%
of women by age 602) and early mortality.1 In the USA, only
an estimated 10% of > 1 million FH cases have been
diagnosed.2

The American Heart Association recommends cascade mo-
lecular (genetic) screening among relatives of those diagnosed
with FH.1 The UK and Netherlands’ integrated healthcare
systems have successfully deployed cascade screening
through “family member letters”mailed to relatives, augment-
ed with telephone calls to primary care providers as needed.3

Here, we report the results of a pilot study to assess feasibility
and uptake of an electronic pathway to identify high-risk
individuals and initiate cascade molecular testing. Testing
was done for the three most prevalent causes of FH recognized
at study initiation in US primary care clinics.

METHODS

Primary care patients at Duke University andMedical College
of Wisconsin (MCW) were identified as potentially eligible
(Table 1) based on cholesterol results from a web-based risk
assessment service (MeTree), linked to EHR information,4 or
an EHR query alone. After mailed invitation letters, follow-up
calls to nonresponders were made at 10 days. Participants who
confirmed a personal or family history of early CAD and no

previous genetic testing were eligible. After telephone con-
sent, subjects returned saliva samples for DNA extraction.
Samples were enriched for FH-variant-associated exons and
splice junctions using Illumina Truseq Custom Amplicon Kits
and next-generation sequencing. Variant pathogenicity was
determined using the American College of Medical Genetics
standards.5 All pathogenic variants were confirmed by Sanger
sequencing and communicated to participants by phone by a
board-certified genetic counselor. Variant-positive participants
and their primary care providers were mailed their results with
a cascade screening (family) letter for participants to share
with adult biologic relatives. The family letter outlined bene-
fits of genetic screening, the specific variant, and procedures
for free testing at MCW. Samples received within 6 months
were sequenced for the relevant variant.

RESULTS

We identified 246 potentially eligible patients; 126 responded
to the invitation and 106 met eligibility criteria (Fig. 1). Only
one was excluded due to prior genetic testing. Of the 53 (50%
of eligible) participants who completed testing (30% male,
11.3% < 50), 4% had pathogenic LDLR variant gene and were
diagnosed with FH. These two were given family letters.
MCW received samples from 4 family members (1 from one
family, 3 from the other). Two (50%) were positive for the
relevant variant (one from each family).

Table 1 Inclusion and Exclusion Criteria

Inclusion:
• LDL cholesterol ≥ 190 mg/dL OR total cholesterol ≥ 310 mg/dL
(≥ 8 mmol/L).
AND one of the following:
• A family history of FH by clinical criteria or hypercholesterolemia
OR
• A personal history of early heart disease or a family history of early
heart disease in a first-degree relative (early heart disease defined as
onset < 55 for males and < 65 for females)
Exclusion:
• Previously had molecular genetic testing
• A family member with previous molecular genetic testing
• No phone available or non-English speaking
• PCP was not a MeTree study participant
• No qualifying PCP appointment during the MeTree study time frame
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DISCUSSION

This first US study to test FH cascade screening demonstrates
feasibility of systematic identification of high-risk patients
with follow-on cascade screening in US clinics. The high
uptake of screening by 50% of eligible patients suggests a
demand for DNA-based testing for FH in primary care. Diag-
nosis is particularly important since statins are often inade-
quate and access to PCSK-9 inhibitors frequently requires a
diagnosis. Our 4% variant-positive rate was lower than that in
several studies in lipid clinics,2 but similar to that of a Scottish
primary care study.6 Because of institutional review board
(IRB) limitations on collection of the number of family letters
given to relatives and their demographics, we do not know the
denominator or demographic information for our cascade

screening results; however, reaching 4 individuals, 50% of
whom were diagnosed with FH, is an excellent start.
Current practice guidelines recommend FH cascade testing be

widely clinically implemented, and our pilot supports the feasi-
bility of this approach; however, logistics (including the length of
time needed to fulfill true cascade screening) and IRB delays and
barriers to DNA testing including inability to enroll childrenwere
troublesome. To facilitate larger studies, further efforts should be
made to reduce the burden of genetic “exceptionalism”1 by IRBs.
Our study suggests that with accessibility to genetic counselors
and free testing, cascade screening is feasible in US primary care
practices. Implementation research should address optimal infor-
mation delivery, particularly family member contact and tracking
logistics, costs, and insurance implications.

Figure 1 Study participants.
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