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Background: The Dutch cascade screening model for FH was the most successful of such programs in the world. 

It remains unclear whether aspects of the Dutch model (i.e. direct engagement with FH probands and relatives 

outside usual healthcare settings) are feasible in the US. This is especially important since prior attempts at 

cascade screening in the US have had very low screening rates ( < 10% of families screened). 

Methods: We conducted a multi-site single-arm proof-of-concept study in which the US-based FH Foundation 

(a 501c3 research and advocacy organization) directly engaged with FH probands and relatives similar to the 

approach taken by the Dutch “Foundation for Tracing FH. ”

Results: Eleven unrelated probands with genetically confirmed FH were enrolled. Mean age was 43 years; 82% 

were women, and 82% were of European ancestry. Prior to enrolling into the study, only 2 families (18% screening 

rate) were screened for FH with both lipid measurements and genetic testing. Two probands declined cascade 

screening due to fear over genetic discrimination. Nine total relatives engaged with the FH Foundation. Mean 

age was 43 years and 44% were women. Seven of those relatives (from 6 families; 55% screening rate) consented 

to be screened for FH with lipid measurement and genetic testing. The two additional relatives – men ages 39 

and 49 – agreed to lipid measurements but not genetic testing, each noting he would like to think more about 

genetic testing. 

Conclusions: Our proof-of-concept study demonstrates the feasibility of the FH Foundation engaging FH probands 

and their relatives outside the usual healthcare settings for cascade screening, similar to the Dutch model. We 

found only 18% of families had already been screened, and after engaging with the FH Foundation, 55% of 

families were willing to participate in cascade screening. These findings suggest the methods described here may 

improve cascade screening rates in the US. 
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. Introduction 

Familial Hypercholesterolemia (FH) is a common genetic disorder

estimated prevalence: 1 in 250 individuals) characterized by markedly

levated low-density lipoprotein cholesterol (LDL-C) from birth onward

1–4] , resulting in significantly increased risk for early atherosclerotic

ardiovascular disease (ASCVD). One in 10 premature myocardial in-
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arctions (MIs) is caused by FH. Yet 90% of the 1.3 million United

tates (US) residents living with FH remain undiagnosed [1] , suggesting

 missed opportunity for ASCVD prevention. 

As an autosomal dominant genetic disorder, first degree relatives of

 person with FH have a 50% chance of also having FH [1] . Cascade

creening – the process of screening relatives of an proband (i.e. index

ase) for FH – has the potential to identify up to 8 additional FH cases

er proband [5] . Indeed, because of its potential for a positive impact
arch 2021 
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Table 1 

Characteristics of participants in proof-of-concept study of centralized 

cascade screening. 

Characteristic of probands 

Probands, n 11 

Age, probands, years 45 (30–79) 

Women, n 9 (82%) 

Ethnicity/Race, n 

European Ancestry 9 (82%) 

African American 1 (9%) 

Hispanic 0 (0%) 

Asian 1 (9%) 

Preferred method(s) of communication 

Phone 45% 

Text 27% 

Email 64% 

Number of living 1st degree relatives per family 4 (2–8) 

1st degree relatives already screened for FH per family ∗ 0 (0–2) 

Characteristics of relatives 

Total relatives contacted, n 9 

# families with any relatives consented, n 6 (55%) 

# famlies with at least 2 relatives consented 3 

Age, years 46 (6–75) 

Women, n 5 (56%) 

Relationship, n 

Son 2 

Daughter 1 

Sister 4 

Brother 1 

∗ Both lipids and genetic testing done.Data shown as median (range) 

unless otherwise specified. 
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n public health, cascade screening for FH has been designated a “Tier

 Genomics Application ” by the Centers for Disease Control and Preven-

ion’s (CDC) Office of Genomics and Precision Public Health [6] . 

Unfortunately, in the US, few efforts have been made to develop

ascade screening models, and few published reports exist of successful

ascade screening programs. Furthermore, in clinical context, the stan-

and of care (i.e. usual care) remains for healthcare providers to counsel

H patients on the importance of their relatives being screened [ 6 , 7 ].

o active efforts are made to ensure relatives are actually screened. 

In contrast, several other countries have implemented efforts to en-

ure relatives get screened [8–13] . Of these, the Netherlands is widely

ecognized as having had the most successful national cascade screening

rogram, with over 70% of all individuals with FH identified nation-

ide [ 10 , 11 ]. In the Dutch model, healthcare providers identified FH

robands and, once genetically confirmed to have FH, forwarded their

ontact information to a centralized coordinating office funded by the

overnment, called the “Foundation for Tracing FH. ” The probands, and

ubsequently their family members, were contacted, family history gath-

red, and screening visits scheduled. Of note, 90% of FH probands had

amily members screened for FH. The success of this approach has been

inked to several key aspects: engagement with probands and families

utside of usual healthcare settings by the “Foundation for Tracing FH, ”

irect contact with relatives, and in-home visits for sample collection

for laboratory and genetic testing). 

To begin assessing whether key aspects of the Dutch model are fea-

ible in the US, we conducted a multi-site single-arm proof-of-concept

tudy. In our study, the US-based FH Foundation directly engaged with

H probands and relatives outside of usual healthcare settings – simi-

ar to the “Foundation for Tracing FH ” in the Netherlands – to facilitate

ascade screening. 

. Methods 

All patients gave informed consent with the approval of the Institu-

ional Review Board at the University of Texas Southwestern (UTSW)

edical Center or University of Pennsylvania (UPENN). Inclusion crite-

ia for probands was age ≥ 18 and a diagnosis of FH confirmed by ge-

etic testing. Exclusion criteria included 1) majority of relatives living

utside of US, 2) less than two first-degree relatives living, 3) inability

o give informed consent. The study ran for 8 weeks. 

Study investigators identified and consented FH probands from spe-

ialty lipid clinics (UTSW, UPENN) or from individuals actively involved

s volunteers with the FH Foundation. Study coordinators from UTSW

r UPENN then arranged for telephone or video visits with the proband

nd the Chief Medical Officer at the FH Foundation. The FH Foundation

Winter Park, Florida), a 501c3 research and advocacy organization, en-

aged with FH probands during these telephone and video visits, sim-

lar to the approach taken by the Dutch “Foundation for Tracing FH. ”

pecifically, the FH Foundation counseled probands on the importance

f family screening for individuals with FH, and a semi-structured set of

uestions regarding family history (modeled after the Dutch protocol)

as used to collect family information (see Supplementary material). 

To assess whether our model improved cascade screening in the fam-

lies enrolled, we asked probands detailed questions regarding which

elatives had already been screened for FH. A relative was considered

o be screened if they had previously had both lipid measurement and

enetic testing. Based on the Dutch experience, both lipid measurement

nd genetic testing are needed for effective cascade screening as ap-

roximately 15% of relatives will harbor pathogenic variants but have

ormal LDL-C levels [ 11 , 14 ]. 

Probands were asked by the FH Foundation to contact their first de-

ree relatives and inform them of the study and the need to be screened

or FH. Concomitantly, contact information for first-degree relatives was

ollected by study coordinators to arrange for telephone or video visits

ith the FH Foundation. 
During the calls between relatives and the FH Foundation, discus-

ions focused on the relatives’ risk of having FH, risk of ASCVD, benefits

f cholesterol lowering if they were found to be affected, and the ben-

fits and risks of genetic testing. Risks of genetic testing included a de-

cription of the US Genetic Information Nondiscrimination Act as well

s the exceptions to this act (e.g. life insurance). If the relative agreed,

nformed consent was taken to enroll in the study for FH screening with

oth genetic testing and lipid measurements. 

Originally, we planned to have local study teams arrange collection

f blood or sputum samples from relatives via home visits, site clinic

ppointments, or mailed blood or sputum kits (for relatives who live

way from study sites). Our main outcome variable was the number of

amilies screened. Because of COVID-19 limitations on human research

ctivities, we reduced the scope of our original study design by changing

he main outcome from families “screened ” to “consented ” as blood or

aliva samples could not be collected due to restrictions on in-person

esearch visits. 

. Results 

.1. Probands 

In June and July 2020, we identified 11 unrelated probands with

enetically confirmed FH and all 11 agreed to participate ( Table 1 ).

ean age was 43 years; 82% were women, and 82% were of European

ncestry. 

These 11 probands reported having a total of 49 first degree rela-

ives, of which 35 were reported to have had at least a lipid measure-

ent previously. Prior to enrolling in the study, only 3 relatives from 2

amilies (18%) had been screened for FH with both lipid measurements

nd genetic testing. At the conclusion of our study, 55% of the fami-

ies had at least one relative consented for FH screening for both lipid

easurements and genetic testing. 
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.2. Relatives 

Nine total relatives engaged with the FH Foundation. Mean age was

3 years and 44% were women. Six families had at least one relative

ho consented to be screened for FH with lipid measurement and ge-

etic testing. Among those six families, seven relatives total consented.

he time between the proband being consented and the relative being

onsented was median (range) 12 (0–29) days. Two additional relatives

men ages 39 and 49 – agreed to lipid measurements but not genetic

esting, each noting he would like to think more about genetic testing. 

.3. Interviews 

Two subjects expressed concern over genetic discrimination. 

• One proband whose relatives had already been screened expressed

regret regarding having had two of her three young children tested

genetically. She stated that if she could do it over, she would not

have them screened genetically due to fear they would not be able

to get life insurance in the future. 

• Another proband had proactively decided not to genetically test her

son, also due to concern regarding his ability to obtain life insurance

in the future. 

One of the probands and one relative of a different proband were not

n lipid lowering therapy because neither could afford a medical office

isit or lab testing due to lack of health insurance coverage. 

One proband, who had already lost one of her three children to

n MI, with seven siblings said her siblings “don’t believe in preven-

ive care, ” and her two living children were “too busy with work to be

creened. ”

. Discussion 

Despite the limitations imposed by the COVID-19 pandemic, our

roof-of-concept study demonstrates the feasibility of the FH Founda-

ion with regards to engagement of FH probands and their relatives

utside usual healthcare settings for the purposes of improving cas-

ade screening rates, similar to the Dutch model. Of note, only 18% of

robands had relatives previously screened for FH with lipid measure-

ents and genetic testing. By the end of the study, 55% of probands

ad relatives willing to be screened with lipid measurements and ge-

etic testing, suggesting the direct engagement of FH probands and rel-

tives by the FH Foundation has potential to improve cascade screening

esults. 

Previously, the FH Foundation conducted a nationwide web-based

tudy ( “Patient Acceptance of Genetic Testing, ” PAGENT) offering

ree genetic testing to individuals who met clinical criteria for FH

 n = 57) [15] . Subsequently, the individuals with pathogenic or likely-

athogenic mutations were asked to discuss genetic testing – at no cost

with their relatives. Of note, no direct interaction between the FH

oundation and those relatives occurred, and only 9% of families partici-

ated. Our results build on this prior experience and suggest interaction

utside of routine healthcare settings may improve cascade screening

ates. 

Because of several unique characteristics of the US healthcare set-

ing (e.g., nearly 1000 different healthcare payers with varying cov-

rage policies), cascade screening efforts within the US have lacked a

entralized approach as established in the Netherlands. Prior research

rotocols for cascade screening in the US have not utilized aspects of

he Dutch approach. The MyCode Genomic Screening and counseling

GSC) Program at Geisinger has reported the return of genetic testing

esults to 125 individuals found to have FH pathogenic variants [3] .

lthough these individuals were invited to have their blood relatives

creened, only 4% of families were screened. The West Virginia Univer-

ity Coronary Artery Risk Detection In Appalachian Communities (CAR-

IAC) Project screened lipids in 5th-grade students throughout rural
ppalachian West Virginia ( n = 637) [16] . These children were then

een in pediatric lipid clinics and relatives recruited for screening, but

nly 5% of families were screened. Overall, several factors have likely

ffected the reach of cascade screening among US FH families: lack of

entralized coordination, little direct contact with probands and rela-

ives outside of usual healthcare settings, a system that relies on family

embers to travel to an appointment to be evaluated in a healthcare

etting, and possibly inconsistent use of genetic testing. To maximize

etection, multiple complementary approaches to FH diagnosis may be

eneficial in the US, including centralized cascade screening as explored

n this study as well as child-parent cascade screening as has been ad-

ocated by others [17] . 

During our interactions with probands and relatives, several ex-

ressed hesitancy about genetic discrimination, and prior studies have

oted 25% of people decline to participate in genomic-sequencing re-

earch in the US due to fear of discrimination by life insurance compa-

ies [18] . In the Netherlands – where genetic discrimination laws are

tricter than US – fewer people (10%) declined genetic testing due to

ear of social consequences (such as testing having a negative impact

n employment and insurance) [ 10 , 11 ]. While the U.S. Genetic Infor-

ation Nondiscrimination Act (GINA) of 2008 bars the use of genetic

nformation in making decisions related to health insurance or employ-

ent, there are no provisions baring discrimination in obtaining life or

ongterm care insurance [19] . As noted by others, GINA has failed to

lleviate anxieties about medical genetic testing, despite the fact that

s of 2019, only 48 unique court cases were resolved involving GINA

19] . Efforts are underway to remove the exceptions from GINA, and in

he state of Florida, life insurance companies are prohibited from using

enetic information in underwriting unless the information is accom-

anied by a diagnosis of a medical condition [20] . Nonetheless, until

his issue is further addressed in the US, this may remain a barrier to

idespread acceptance of genetic testing in FH. 

A few limitations of our proof-of-concept study require further ef-

orts to address. Although the FH Foundation served a central role in

his proof-of-concept study in terms of direct contact and obtaining

ocial and health information from both the proband and relatives,

he Foundation did not directly reach out to schedule the proband

r family members, as this was coordinated by study coordinators at

TSW and UPENN. Our timeframe was short and our sample size was

mall. On average, we recruited only 1.5 relatives per proband who

ad family willing to be screened, which may be below a previously

ublished threshold for cost-effectiveness [21] . Before broad imple-

entation, the Dutch cascade screening model requires further adap-

ation to account for differences between the Dutch and US health-care

ystems, especially regarding barriers experienced by US FH patients

uch as insurance gaps with a job change or loss and suspicion related

o genetic testing. Other issues that must be considered are screening

nd diagnosis of underrepresented populations (i.e., racial/ethnic mi-

orities and rural populations) and the diverse healthcare system of

he US. 

Heretofore, home visits from a centralized site would be nearly im-

ossible in a country as large as the US. Our study was performed early

n the COVID-19 pandemic before widespread acceptance of telehealth.

ronically, now more than 10 months into the pandemic, the use and ac-

eptance of telehealth has grown exponentially. Telehealth allows a cen-

ralized cascade testing approach to overcome the issue of “in person ”

irect contact, permitting initial contact with the proband and subse-

uent virtual home visits with both the proband and relatives anywhere

n the US. Additionally, several commercial laboratories offer in-home

ab kits, enabling individuals to provide a blood or saliva sample by mail

 https://www.letsgetchecked.com , https://www.invitae.com/ ). 

In summary, our proof-of-concept study demonstrated the FH Foun-

ation can serve in a role similar to the “Foundation for Tracing FH ” in

he Netherlands, directly engaging with FH probands and relatives out-

ide usual healthcare settings to improve the uptake of cascade screen-

ng. 

https://www.letsgetchecked.com
https://www.invitae.com/
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