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A randomized controlled trial of genetic testing and cascade
screening in familial hypercholesterolemia
Ezimamaka Ajufo1,2, Emil M. deGoma1, Anna Raper1, Kristen Dilzell Yu1, Marina Cuchel1 and Daniel J. Rader 1✉

PURPOSE: Family-based cascade screening from index probands is considered an effective way of identifying undiagnosed
individuals with familial hypercholesterolemia (FH). The role of genetic testing of the proband in the success of cascade screening
for FH is unknown.
METHODS:We randomized 240 individuals with a clinical diagnosis of FH to genetic testing for FH (n= 160) or usual care with lipid
testing alone (n= 80). The primary study endpoint was the proportion of probands with at least one relative enrolled in the study
within one year after the notification of results.
RESULTS: Proband median age was 59 (47–67) and 71% were female. Only 28 (12%) probands succeeded in enrolling a relative.
While the genetic testing group had a higher proportion of probands with relatives enrolled (13.1%) compared with the usual care
group (8.8%), this difference was not significant (p= 0.40). In subgroup analyses, enrollment of a relative was higher in the
pathogenic variant group (22.7%) compared to the no pathogenic variant (9.5%) and usual care groups (8.8%) (p= 0.04).
CONCLUSION: We observed a low rate of family participation in cascade screening despite repeated recommendations to
probands. Compared to usual care, genetic testing did not improve family participation in cascade screening for FH.
CLINICAL TRIAL NUMBER: NCT04526457
Genetics in Medicine (2021) 23:1697–1704; https://doi.org/10.1038/s41436-021-01192-z

INTRODUCTION
Familial hypercholesterolemia (FH) is a heritable autosomal
dominant condition of elevated low-density lipoprotein cholesterol
(LDL-C) and premature cardiovascular disease. With an estimated
prevalence of ~1:250 in the general population, it is among the most
common monogenic inherited causes of coronary artery disease
(CAD).1,2 Despite the availability of highly effective therapies, FH
accounts for 1–8% of nonpremature3,4 and 1–20% of premature
CAD cases5,6 worldwide and remains markedly underdiagnosed and
undertreated.7 FH meets the World Health Organization criteria for
population screening.8 In 2012, the Centers for Disease Control and
Prevention (CDC) Office of Public Health Genomics (OPHG)
designated FH one of only three adult tier 1 conditions for which
family-based cascade screening using DNA testing is recom-
mended.9 Cascade screening involves starting with a proband
diagnosed with an autosomal dominant genetic condition
and performing systematic tracing and testing of immediate and
extended family members to identify additional cases. Cascade
screening in FH has the potential to be exceptionally effective, but is
very poorly executed, particularly in the United States.10

Recently, consensus guidelines for genetic testing for FH were
proposed11 and one rationale for more active consideration of
genetic testing was that it could potentially facilitate cascade
screening. Evidence from national FH screening programs in Europe
has shown that a comprehensive approach to FH inclusive of
genetic testing and cascade screening improves the identification of
FH, treatment uptake, adherence, and cardiovascular morbidity12–14

while being highly cost-effective.15 However, the role of genetic
testing in cascade screening for FH has never been formally studied.
As there is currently no standardized approach to cascade screening
for FH in the United States, the US health-care system provides an
optimal setting to address questions regarding interventions that

may improve cascade screening for FH. Developments that
contribute to the timeliness of this work include the approval of
novel classes of LDL-lowering therapies for patients with FH; the
emergence of robust electronic health records (EHRs) to facilitate
case identification; the existence of a national FH registry, Cascade
Screening for Awareness and Detection of FH (CASCADE FH);16 and
rapidly declining costs of DNA sequencing. We hypothesized that
genetic testing of the proband would enhance the efficacy of
cascade screening for FH, and performed a randomized controlled
trial to compare the effect of genetic testing to usual care on family
participation in cascade screening for FH.

MATERIALS AND METHODS
Study design and subject recruitment
Our trial was titled “Is Family screening Improved by Genetic Testing in FH”
(I FIGhT FH). It was conducted within the University of Pennsylvania Health
System (UPHS) from November 2014 to April 2017. An overview of the
study design is shown in Figure S1. To be eligible for the study, patients
had to be 18 years or older, have at least one documented LDL-C ≥ 220
mg/dl in the preceding 5 years without evidence of a secondary cause of
hypercholesterolemia. The threshold of 220mg/dL was chosen as it has
been used to identify adults (age ≥ 20) in the general population very likely
to have FH by the US Make Early Diagnosis to Prevent Early Deaths
(MEDPED) criteria, well above the threshold of ≥190mg/dL used in other
diagnostic criteria for FH.17 Probands were identified by screening the
UPHS outpatient clinic patient databases using an EHR query (Fig. 1). A few
probands meeting the eligibility criteria were identified from referral by a
lipid specialist. Patients were excluded if they had a history of severe
hypertriglyceridemia (triglycerides > 400mg/dl or fibrate use), diagnoses
associated with secondary hypercholesterolemia (history of obstructive
liver disease, primary biliary cirrhosis, direct bilirubin >1.5 mg/dl, nephrotic
syndrome, hypothyroidism, or thyroid stimulating hormone >10 mIU/L),
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previous genetic testing for FH, fewer than two contactable biological
relatives, or were unable to provide informed consent.

Proband procedures
At the baseline visit, probands were asked to complete a health
questionnaire, provide a fasting blood sample, and undergo a targeted
physical examination for signs of FH (xanthomas and corneal arcus). They
were then randomized 2:1 to genetic testing plus lipid testing (“genetic
testing”) or lipid testing alone (“usual care”). Randomization was achieved
using a random number generator in Microsoft Excel to produce numbers
between 0 and 1. Approximately six weeks after enrollment, all probands
were called by a certified genetic counselor to discuss their lipid and
genetic testing (genetic testing arm) results, review their family history,
and discuss the approach to cascade screening (Figure S1). Probands were
asked to request that relatives contact the study team or to solicit
permission from relatives for the study team to contact them directly
about being screened.

Study questionnaires
Probands were asked to complete questionnaires at baseline, week 26 and
week 58. These questionnaires were administered by paper or web-based
survey (baseline and week 26) or by telephone interview (week 58). See
Supplemental Methods for further details. The week 26 survey also
provided an opportunity for the study team to encourage family member
recruitment.

Family member procedures
First, second- and third-degree relatives that contacted the study team
were able to enroll for up to one year after the proband’s genetic

counseling call. Relatives had to be 10 years or older, able to give
informed consent or assent to participate in the study and willing/able
to participate in the study. After initial contact, relatives were invited for
a study visit or sent a testing kit so that blood could be drawn at a local
site. Family members of probands in whom a causative FH pathogenic
variant had been identified underwent both genetic and lipid testing.
Family members of probands in whom either a pathogenic variant had
not been identified or who did not undergo genetic testing underwent
only lipid testing. In these cases, a clinical diagnosis of FH was
ascertained using the Make Early Diagnosis To Prevent Early Deaths
(MEDPED) criteria. Within 6 weeks of enrollment, genetic and lipid test
results were communicated to relatives by a genetic counselor or a
member of the study team.

Genetic analysis
DNA was isolated from whole blood as previously described.18

Participant’s DNA was sequenced using SEQPRO LIPO RS (Progenika
Biopharma, Derio, Spain), a next-generation sequencing kit designed to
detect variants in LDLR, APOB, PCSK9, and LDLRAP1.19 Exons and
exon–intron boundaries of LDLR (18 exons), PCSK9 (12 exons), and
LDLRAP1 (9 exons) were pyrosequenced (454 Life Science, Roche).
Regions in exons 26 and 29 (between the nucleotides 10,416 and
10,779 for exon 26 and between nucleotides 12,987 and 13,221
for exon 29) of the APOB gene were pyrosequenced. Multiplex
ligation-dependent probe amplification (MLPA) was performed on
specimens in which ambiguous results were obtained to detect large
deletions or duplications. Variants identified were labeled by Progenika
as pathogenic, probable or possibly pathogenic, or of unknown
significance or hypocholesterolemic based on functional data
within proprietary and literature-based reference databases.20 Variants

Assessed for eligibility (n=310
802)

Excluded (n=310 562)
<18 years old or no LDL-C results >
220mg/dL (302 162)
Last UPHS encounter >5Y from query 
(4442)
Evidence of secondary 
hypercholesterolemia (723)
Declined to participate/Did not respond to 
study invitation (n= 3235)

Primary outcome analyzed  (n=160)
Week 20 questionnaire analyzed (n=78)
Week 58 questionnaire analyzed (n=48)

Completed week 26 questionnaire (n= 78)
Completed week 58 week questionnaire 
(n=48)

Allocated to genetic testing and usual care
(n=160)
Completed baseline questionnaire (n=160)

Completed week 26 questionnaire (n= 44)
Completed week 58 questionnaire (n= 22)

Allocated to usual care (n=80)
Completed baseline questionnaire(n=80)

Primary outcome analyzed  (n=80)
Week 26 questionnaire analyzed (n=44)
Week 58 questionnaire analyzed (n=22)

Allocation

Analysis

Follow-Up

Randomized (n=240)

Enrollment

Fig. 1 Subject flow through screening, randomization and follow-up. After the baseline visit, participants were followed with
interval questionnaires through to week 58. LDL-C low-density lipoprotein cholesterol. UPHS University of Pennsylvania Health System.
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established as nonpathogenic by Progenika were not reported—this
included APOB and PCSK9 variants of unknown pathogenicity.20

Independently, the study team assessed for pathogenicity all LDLR
variants labeled as of unknown significance by Progenika (Supplemental
Methods).

Outcomes
The primary study endpoint was the proportion of probands with at least
one relative enrolled within one year of the call from the genetic counselor
in the genetic testing group compared to the usual care group. Enrollment
was defined by the return of a completed test kit during the study period.
Secondary endpoints included (1) the number of relatives enrolled within
52 weeks of the genetic counseling call and (2) the number of enrolled
relatives diagnosed with FH, expressed as the new case per index case
ratio (NCIC, relatives diagnosed with FH/total number of index cases) as
previously described.21 Exploratory subgroup analyses were conducted
stratifying the cohort by randomization/genetic test result (pathogenic
variant, no pathogenic variant, and usual care). Further exploratory
analyses compared probands’ perceptions about their high cholesterol
diagnosis, its heritability, control and familial risk at baseline and at
26 weeks after enrollment.

Statistical analyses
There were no previous studies on which to base a sample size calculation.
Baseline characteristics are expressed as frequencies and percentages for
categorical variables and median (interquartile range) for continuous
variables unless otherwise stated. For the study primary and secondary
outcomes, categorical and continuous variables were compared by Z-test
and likelihood ratio based on logistic and linear regression models,
respectively. Otherwise, categorical variables were compared using
Mann–Whitney tests for the comparison of two group and Kruskal–Wallis
test for comparisons of three or more groups. Significance level was set at
a p value of <0.05, unless otherwise specified. Statistical analyses were
performed using GraphPad Prism version 7.00 for Mac (GraphPad Software,
La Jolla, CA, USA, www.graphpad.com).

RESULTS
Proband characteristics and genetic test results
Of the 240 probands enrolled in the study, 160 were randomized
to receive genetic testing and 80 to usual care (Fig. 1). Baseline
clinical and demographic characteristics of the participants are
presented in Table 1. The cohort included 170 women (71% of
probands) with a median (IQR) age of 59 (47–67) years. Clinical
characteristics were well balanced between probands assigned to
genetic testing and those assigned to usual care (Table 1).
Targeted genetic sequencing of LDLR, APOB, PCSK9, and LDLRAP1
identified potentially disease-causing variants, both known
pathogenic (Table S1) as well as variants of unknown significance
(VUS) (Table S2), in 44 probands (27.5%) in the genetic testing arm.
Demographic and clinical characteristics of probands with
pathogenic variants were largely comparable to those of probands
with VUS (Table S3); however, compared to probands with VUS,
those with pathogenic variants were younger (30 vs. 35 years, p=
0.02) and more likely to have a family history of hypercholester-
olemia (87% vs. 50%, p= 0.01). Compared to those in the no
pathogenic variant and usual care groups, probands in the
pathogenic variant group had higher LDL-C levels and were
younger, more likely to have tendon xanthomas, and a history of
FH (Table S4).

Primary and secondary endpoints
Despite active attempts to encourage family-based cascade
screening, only 38 (15.8%) probands overall had at least one
family member contact the study team over the study period and
of these, only 28 probands (11.7%) had at least one family
member actually enroll in the study (Table 2). Of note, no family
members were enrolled before the call from the genetic counselor
in week 6. Overall, a total of 43 family members (0.2 family
members per proband enrolled in the study) were enrolled over
the study period (Table 2). Family member characteristics are
summarized in Table S5. Family members enrolled were mostly
first-degree relatives (83.7%), younger (33 vs. 59, p < 0.01), female
(67.4%), and white (83.7%). The proportion of probands with
enrolled relatives was 13.1% in the genetic testing arm and 8.8%

Table 1. Baseline characteristics of probands by randomization.

All (N=
240)

Genetic testing
(N= 160)

Usual care
(N= 80)

Demographics

Age, years, median (IQR) 59 (47–67) 59 (47–67) 58 (49–68)

Female, n (%) 170
(70.8%)

110 (68.8%) 60 (75.0%)

Self-reported race, n (%)

White 181
(75.4%)

122 (76.3%) 59 (73.8%)

Black 47 (19.6%) 30 (18.8%) 17 (21.3%)

Other 12 (5%) 8 (5.0%) 4 (5.0%)

Clinical characteristics

Highest recorded LDL-C, mg/dL
(median [IQR])

233
(223–263)

233 (223–266) 235
(223–275)

History of hypercholesterolemia,
n (%)

225
(93.8%)

147 (91.9%) 78 (97.5%)

Known FH diagnosis, n (%) 99 (41.3%) 68 (42.5%) 31 (38.8%)

Premature ASCVD, n (%) 35 (14.6%) 25 (15.6%) 10 (12.5%)

Tendon xanthoma, n (%) 22 (9.2%) 10 (6.3%) 12 (15.0%)

Family history of premature ASCVD,
n (%)

135
(56.3%)

89 (55.6%) 46 (57.5%)

Family history of
hypercholesterolemia, n (%)

139
(57.9%)

86 (53.8%) 43 (53.8%)

LLT use, n (%) 167
(69.6%)

111 (69.4%) 56 (70.0%)

Clinical FH diagnosisa

Dutch Lipid Clinic criteria, n (%)

Possible 131
(54.6%)

90 (56.2%) 41 (51.3%)

Probable 52 (21.7%) 30 (18.8%) 22 (27.5%)

Definite 52 (21.7%) 36 (22.5%) 16 (20%)

No 4 (1.7%) 3 (1.9%) 1 (1.3%)

Unknown 1 (0.4%) 1 (0.6%) -

MEDPED criteria, n (%)

No 111
(46.3%)

77 (48.1%) 34 (42.5%)

Probable 105
(43.8%)

69 (43.1%) 36 (45%)

Definite 23 (9.6%) 13 (8.1%) 10 (12.5%)

Unknown 1 (0.4%) 1 (0.6%) -

Pedigree characteristics, median (IQR)

Pedigree size 24 (18–32) 25 (19–33) 22 (17–29)

1st degree relatives 7 (5–9) 7 (5–9) 6 (5–8)

2nd degree relatives 14 (10–20) 14 (10–20) 14 (10–21)

3rd degree relatives 4 (2–6) 4 (2–7) 2 (1–5)

Other relatives 1 (1–2) 1 (1–2) 1

Enrollment

Lipid specialist referral, n (%) 49 (20.4%) 35 (21.9%) 14 (17.5%)

EHR query, n (%) 191
(79.6%)

125 (78.1%) 66 (82.5%)

Followed in UPHS lipid clinic, n (%) 129
(53.8%)

88 (55%) 41 (51.3%)

Data presented as n (%) or median (IQR).
ASCVD atherosclerotic cardiovascular disease, EHR electronic health
record, FH familial hypercholesterolemia, IQR interquartile range, LLT
lipid-lowering therapy, MEDPED Make Early Diagnosis to Prevent Early
Deaths, UPHS University of Pennsylvania Health System.
aGenetic test results were not considered in this assessment.
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in the usual care arm (p= 0.32) (Figure S2, Table 2). The number of
relatives enrolled per proband in the genetic testing arm was 0.2,
compared to 0.1 in usual care arm (p= 0.14) (Fig. 2, Table 2). The
new cases per index case (NCIC) ratio was also comparable
between the two groups (0.1 vs. 0.1, p= 0.27) (Figure S2, Table 2).
By contrast, in subgroup analyses stratified by genetic test

result, more probands in the pathogenic variant group had
relatives enrolled (22.7%) compared to those in the no pathogenic
variant (9.5%) and usual care (8.8%) groups (pathogenic variant vs.
no pathogenic variant vs. usual care, p= 0.04) (Table 2). This trend
persisted but was nonsignificant in a sensitivity analysis that
excluded probands with VUS from the pathogenic variant group
(pathogenic variant vs. no pathogenic variant vs. usual care, 25%
vs. 10.6% vs. 8.8%; p= 0.06) (Table S6). The number of relatives
enrolled per proband was also higher in the pathogenic variant
group (0.4) compared to the no pathogenic variant (0.2) and usual
care (0.1) groups (p= 0.02) (Table 2). The NCIC ratio in the
pathogenic variant group was three times that in the usual care
group, although this difference was not significant (pathogenic
variant vs. no pathogenic variant vs. usual care, 0.2 vs. 0.10 vs. 0.06;
p= 0.08) (Table 2).

Impact of the study on proband perceptions
Responses to questions in the baseline and week 26 follow-up
questionnaires from probands that participated in both are
summarized in Fig. 2, Table 3 and Supplemental S7–S9. Only
51% (122/240) of the initial cohort participated in the week
26 survey. At baseline, the majority of probands in the three
groups (pathogenic variant, no pathogenic variant, and usual care)
agreed that genetic factors played a causative role in their high
LDL-C, that relatives were at risk of having a similar condition, and
that their cholesterol could be effectively controlled with
medications. More probands in the pathogenic variant group
agreed that genetics played a role in their high LDL-C at baseline
(p < 0.01) compared to those in the no pathogenic variant and

usual care groups. Genetic testing alone had no or only a marginal
effect on these perceptions at follow-up (Table 3, Table S7).
However, in subgroup analyses stratified by genetic test result,
compared to participants in the pathogenic variant and usual care
groups, fewer subjects in the no pathogenic variant group agreed
that their high LDL-C was due to genetics and that relatives were
at risk of having high cholesterol at follow-up (both p < 0.01)
(Table 3, Table S8). Consistent with this, probands in the
pathogenic variant and usual care groups felt more strongly
about the heritability of their high cholesterol compared to
participants in the no pathogenic variant group at follow-up (68%
vs. 47% vs. 20%, p < 0.01) (Table S8).

Family member responses to study invitation and unmeasured
study impact
By follow-up, 97% of probands reported that they had shared their
diagnosis of high cholesterol with an average of five relatives
(Table S9). This did not differ by randomization or genetic test
result. Reasons probands did not share their diagnosis with
relatives are summarized in Fig. 2. Notably, the responses to this
question were similar at baseline and at follow-up. In a third of the
responses, probands indicated that they had shared their
diagnosis with all of their relatives prior to the study. The second
most common reasons were emotional/social (21% at baseline,
14% at follow-up) and geographical distance (10% at baseline,
11% at follow-up) (Fig. 2). Privacy concerns were trivial (1%) in this
cohort at follow-up. Of the initial cohort, 29% (70/240) participated
in the week 58 survey. From this group, 81% (57) had invited
relatives and 57% (40) reported having relatives in the study. By
far the most common reasons family members declined to
participate in the study were already knowing their cholesterol
level (25%) and being on treatment for high cholesterol (18%)
(Figure S3a). Interestingly, 13% of respondents indicated that
family members did not want to participate in research. When
asked to share whether the study had impacted the lives of family

Table 2. Relative engagement, enrollment, and diagnosis by randomization/genetic test result.

Overall cohort
N= 240

Genetic testing Usual care
N= 80

Genetic testing
vs. usual care, pa

V+ vs. V- vs.
usual care, pb

All
N= 160

V+
N= 44

V−
N= 116

Probands with relatives
that made contact with
the study

N 38 27 13 14 11

% 15.8 16.9 29.5 12.1 13.8 0.21 0.01

Probands with relatives
that enrolled in the study

N 28 21 10 11 7

% 11.7 13.1 22.7 9.5 8.8 0.32 0.04

Relatives that made
contact with the study

N 71 54 26 28 17

N/proband 0.3 0.4 0.6 0.3 0.2 0.14 0.01

Relatives that enrolled in
the study

N 43 36 17 19 7 0.14

N/proband 0.2 0.2 0.4 0.2 0.1 0.02

Relatives diagnosed
with FH

N 25 20 8 12 5

%c 58.1 55.5 47.1 63.2 71.4

NCICd 0.1 0.1 0.2 0.1 0.1 0.27 0.08

FH familial hypercholesterolemia, NCIC new cases per index case was calculated by dividing the number of relatives diagnosed with FH by the number of
index cases in each group, V+ pathogenic variant, V− no pathogenic variant.
aP value for comparison between the usual care and genetic testing groups.
bP value for comparison between the pathogenic variant, no pathogenic variant, and usual care groups.
cPercentage of enrolled relatives diagnosed with FH.
dMean values provided.
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members outside of the study, more than half of the responses
indicated that family members had gotten their cholesterol
checked as a result of the study (Figure S3b).

DISCUSSION
Family-based cascade screening for FH is believed to be very
poorly executed in the United States. Furthermore, genetic testing
for FH is not yet clinically established as standard of care. In this
randomized controlled trial of any intervention to promote
cascade screening in FH, we tested the hypothesis that genetic
testing of probands with FH would promote more effective
cascade screening of family members. We found, in a sample of
240 probands with clinical FH, that only 0.2 relatives per proband
were enrolled over the study period, despite systematic repeated
efforts to encourage family outreach through probands. Further,
genetic testing overall did not improve family participation in
cascade screening or identification of new FH cases compared to

usual care over a one year period. Interestingly, however, in a
subgroup analysis of probands stratified by genetic test result, the
identification of an FH-causing pathogenic variant was associated
with a significant increase in participation of family members in
cascade screening, with a two to threefold higher enrollment in
the pathogenic variant group. By contrast, relative participation
was comparable in the no pathogenic variant and usual care
groups, suggesting that a negative genetic result did not depress
family enrollment. Taken together, these findings suggest that a
positive genetic test result may improve the efficiency of cascade
screening but genetic testing alone, at least in a cohort with a
relatively low rate of positive genetic findings, does not.
In a systematic review of cascade screening programs for FH,

cascade screening was shown to be six times more effective in
identifying new FH cases when conducted using genetic testing
compared to lipid testing alone.21 However, the studies that used
genetic testing performed cascade screening only in individuals
found to have a pathogenic variant and no studies with a head-to-
head comparison were included. As such, these findings suggest
that a positive genetic result may improve the efficiency of
cascade screening for FH, but they do not provide evidence to
support the role of genetic testing overall. In the present study, we
show that genetic testing itself did not significantly improve
family engagement in cascade screening, but that a positive
genetic result did do so. This finding is in line with the concept
that knowledge of a causal FH variant enhances proband and
family member participation in screening. It should also be noted
that a negative genetic test result did not result in poorer
engagement in cascade screening relative to usual care. The
neutral effect of genetic testing in this study may have occurred
because individuals in whom a pathogenic variant was identified
comprised <30% of the genetic testing group. In a setting where
the pretest probability of finding a positive result on genetic
testing is considerably higher, genetic testing might be expected
to enhance cascade screening.
A considerable body of qualitative evidence has shown that

positive genetic confirmation of FH provides reassurance,
increases confidence in the role of lipid-lowering medicines,
motivates initiation and adherence to lipid-lowering treat-
ments,22–24 and promotes greater awareness of familial risk, over
and above clinical diagnosis alone.24,25 In the Genetic Risk
Assessment for FH trial (GRAFT), investigators examined the
impact of genetic testing on perceptions of control over
hypercholesterolemia and adherence to risk-reducing behavior
among participants clinically diagnosed with FH recruited from
lipid clinics in England and randomized to genetic testing and
lipid testing or lipid testing alone.23 They found that the
identification of a pathogenic variant was associated with stronger
perceptions about the impact of risk-reducing behaviors such as
taking medication. Thus, we hypothesize that genetic confirma-
tion of FH would improve relative participation in cascade
screening for FH by changing perceptions about the heritability
of high cholesterol and familial risk. Further studies in FH
populations with higher probability of positive genetic test results
are needed to examine this hypothesis.
Our findings highlight the importance of careful communica-

tion of “negative” or equivocal genetic test results in the FH
cascade screening process. We found that the failure to identify a
pathogenic variant affected perceptions about the heritability of
high cholesterol, personal and familial risk, and motivation to
engage relatives in screening. Up to 70% of patients clinically
diagnosed with FH do not have a pathogenic variant identified in
genetic testing,26–28 and the majority of variants identified in
patients with a clinical diagnosis of FH are labeled as a VUS. VUS
may later be shown to be pathogenic.29 In this study, subjects
with VUS were included in the pathogenic variant group and were
clinically similar to those with established pathogenic variants.
Further, we were able to demonstrate that almost all of the

High Cholesterol does 
not influence their health (4%)

 Do not want to worry them (1%)

 Not geographically close (10%)

Not emotionally/socially 
close (21%)

Too young/do not think 
they would understand (3%)

Do not want to negatively 
impact relationship  (1%)

Feel guilty about cholesterol (3%)

Told all 
relatives (36%)

 No reason 
provided  
(16%)

Other (5%)

High Cholesterol does not 
influence their health (8%)

Do not want to worry them (5%)

 Not geographically 
close (11%)

Not emotionally/socially 
close (14%)

Too young/do not think they would 
understand (7%)

Worries about privacy (1%)
Do not want to 
negatively impact relationship (2%)

Feel guilty 
about cholesterol (2%)

Told all 
relatives (34%) 

No reason 
provided (12%)

Other (5%)

Baseline

Week 26

Fig. 2 Reasons probands did not tell relatives about their high
cholesterol at baseline and at 26 weeks. Responses to question
21 from the “Is Family screening Improved by Genetic Testing in FH”
(I FIGhT FH) baseline questionnaire, question 15 from the I FIGhT FH
week 26 questionnaire (genetic testing) and question 14 from the
I FIGhT FH week 26 questionnaire (usual care) are presented. Only
122 probands completed follow-up questionnaires. For this analysis,
only baseline responses from these probands are represented here.
FH familial hypercholesterolemia.
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variants labeled as a VUS were likely to be pathogenic adopting an
approach that has been used previously.30 Our findings call for
careful discussion about the handling of patients found to have a
VUS in the FH cascade screening process. While overcalling VUS is
undesirable,29 in patients with a clinical diagnosis of FH, many of
these are likely pathogenic and suboptimal communication about
a VUS result could adversely impact attitudes about the genetic
basis of elevated LDL-C and the need for cascade screening.
Finally, despite repeated encouragement of the FH probands,

we found extremely low participation by family members in
cascade screening. One explanation for this might be the research
study format of this project. Our findings suggest that this may
have deterred some family members from participation. Indeed,
probands reported that family members acted on the information
they received from the proband and got their cholesterol checked,
sought medical care, or changed their lifestyle outside of the
study. Another important explanation to consider is that the
restriction on directly approaching relatives due to privacy
regulations, with the requirement that the initial contact be made
by probands, likely posed a significant barrier to relative
engagement in this study. Direct contact of relatives is the widely
preferred method of contacting relatives for cascade screening. In
the Dutch national cascade screening program, health-care
workers asked index patients for consent to contact their relatives
and, after consent was obtained, field workers were dispatched to
homes to enroll relatives.31 Using this strategy, ~23 relatives/
proband were enrolled during the first 5 years of the Dutch
program.12 After replacement of direct contact with indirect

contact of relatives in this program, relative participation in
screening declined ~8-fold.31 In a US study that used an online
direct approach to recruit first-degree relatives in cascade
screening for familial cancers, over a one-year period 2,280 first-
degree relatives of 1,101 index subjects (2 relatives per proband)
were recruited.32 One reason indirect contact might fail is proband
reticence to inform family members about screening.24,33 In our
study, this was most commonly attributed to feelings of
emotional/social and geographical distance, as has previously
been suggested.25 Direct contact of relatives is the preferred
method for conducting cascade screening—we suggest that
probands be offered the option of either direct or indirect contact
with relatives at the time of initial screening.34

Several limitations of this study should be noted. First, our
sample size was not based on a power calculation as no prior
relevant empirical data was available for this, and given the poor
response overall in cascade screening the study was relatively
underpowered. The relatively low genetic yield on sequencing of
the probands further limited our power and, given our finding of
greater participation in probands with a positive genetic result,
likely reduced the overall apparent efficacy of genetic testing. A
post hoc power analysis using the observed family enrollment
rates in the genetic testing and usual care groups suggests that
827 individuals would be needed in each group (for 1:1
enrollment) for the study to have 80% power to detect a ~4%
difference at an alpha level of 0.05. Second, extended family size
(beyond third-degree relatives) was not taken into account in the
primary and secondary outcomes—this may have influenced the

Table 3. Agreementa with statements about the etiology, control, and familial risk associated with high cholesterol by randomization/genetic test
result.

Genetic testing Usual care
(N= 44)

Genetic testing vs.
usual care, Pb

V+ vs. V− vs.
usual care, pc

All (N= 78) V+ (N= 22) V− (N= 56)

High LDL-C is primarily due to genetic factors, n (%)

Baseline 59 (76%) 20 (91%) 39 (70%) 33 (75%) 0.94 <0.01

Follow-up 48 (62%) 21 (95%) 27 (48%) 35 (80%) 0.04 <0.01

High LDL-C is primarily due to environmental factors, n (%)

Baseline 28 (36%) 4 (18%) 24 (43%) 11 (25%) 0.20 0.06

Follow-up 28 (36%) 4 (18%) 24 (43%) 13 (30%) 0.44 0.09

High LDL-C can be controlled effectively with diet and exercise, n (%)

Baseline 56 (72%) 14 (64%) 42 (75%) 28 (64%) 0.35 0.40

Follow-up 56 (72%) 11 (50%) 45 (80%) 29 (66%) 0.50 0.03

High LDL-C can be controlled effectively with medication, n (%)

Baseline 61 (78%) 20 (91%) 41 (73%) 39 (89%) 0.15 0.07

Follow-up 69 (88%) 22 (100%) 47 (84%) 36 (82%) 0.31 0.11

Relatives at risk of having high LDL-C, n (%)

Baseline 60 (77%) 20 (91%) 40 (71%) 34 (77%) 1.00 0.18

Follow-up 59 (76%) 22 (100%) 37 (66%) 41 (93%) 0.02 <0.01

Perceived risk of future MI, median (IQR)d

Baseline 6 (5–8) 7 (5–8) 6 (5–7) 5 (4–7) 0.25 0.15

Follow-up 6 (5–8) 7 (6–9) 5 (5–7) 6 (5–7) 0.88 0.03

LDL-C low-density lipoprotein cholesterol, MI myocardial infarction, V+ pathogenic variant, V− no pathogenic variant.
aA summary of responses to question 15 (I FIGhT FH baseline questionnaire), 8 (I FIGhT FH week 26 questionnaire [genetic testing]) and 9 (I FIGhT FH week
26 questionnaire [usual care]) indicating agreement or strong agreement is presented.
bP value for comparison between the usual care and genetic testing groups.
cP value for comparison between the pathogenic variant, no pathogenic variant, and usual care groups.
dProbands were asked to grade their perceived future risk of MI from 1–10; a higher score indicated higher perceived risk.
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absolute number of individuals identified in each arm of the study.
However, the majority of family members enrolled were first-
degree relatives, family size was comparable between the two
arms of the study and, post hoc analyses of our primary outcome
that adjusted for family size were consistent with our primary
findings. Third, men and individuals from nonwhite racial back-
grounds were underrepresented in the sample of probands
recruited, so the generalizability of these results will require
confirmation. Fourth, family members may have pursued genetic
and/or lipid testing outside of this study. However, we have no
evidence to suggest this would have differentially impacted the
two arms of the study and affected our primary outcome. Fifth,
given the nature of the study, it was not considered for
registration a priori, but was registered post hoc upon request.
We will make our institutional review board (IRB) protocol and
subsequent amendments available upon request. Finally, this
study provides only a partial representation of the impact of
cascade screening as it focuses only on family member participa-
tion, without considering cost-effectiveness of screening and
uptake of therapy—both key indices of cascade screening success.
We know of one study already underway in the United States
(NCT03640234) that has set out to explore the broader impact of
genetic testing, including its impact on relative recruitment, cost,
and psychosocial factors.
In conclusion, in this randomized study of the effect of

genetic testing on cascade screening for FH, we found that
genetic testing overall did not improve family participation in
cascade screening or the number of FH cases identified among
relatives. However, we show that the identification of a FH-
causing pathogenic variant in the proband may be associated
with an increase in family member participation in FH cascade
screening. Overall, we found that relying solely on index
patients for family outreach led to very poor family member
participation in cascade screening, and gained insight into the
reasons for lack of participation in cascade screening. Further
systematic work is needed to improve the efficiency of cascade
screening for FH.
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