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BACKGROUND: Inherited cardiac conditions present with a wide range of symptoms and may even result in sudden cardiac
death. Relatives of probands with a confirmed pathogenic genetic variant are advised predictive DNA testing to enable
prevention and treatment. In 2 previous cohort studies of 115 probands with a pathogenic variant, family uptake of genetic
counseling was assessed in the first year(s) after test result disclosure to the proband. This study assesses uptake in these
cohorts in the 14 to 23 years following disclosure.

METHODS: Uptake was determined retrospectively using patient records. First-degree relatives, and second-degree relatives
of a deceased first-degree relative suspected of having an inherited cardiac condition, were considered eligible.

RESULTS: Of 717 eligible relatives (598 first-degree and 119 second-degree relatives), 60% attended genetic counseling.
Most of them (68.6%) attended genetic counseling in the first year. A total of 98.4% of counseled relatives pursued predictive
DNA testing. A total of 49.2% was identified as carrier. Median time between disclosure to the proband and counseling of
relatives was 6 months (range: 0—187 months). Attending genetic counseling was observed more frequently in first-degree
relatives, female relatives, primary arrhythmia syndromes, relatives with manifest inherited cardiac condition, relatives without
children and families with sudden cardiac death in first-degree relatives <40 years.

CONCLUSIONS: During median follow-up of 16 years, 60.0% of relatives attended genetic counseling, with 41.0% in the first
year. Our results may suggest that some relatives are not or inadequately informed or that barriers against genetic counseling
are present. Further research is needed into interventions facilitating family communication, increasing awareness among
families and healthcare professionals, and lowering thresholds for genetic counseling.
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opathies and primary arrhythmia syndromes, may pres-

ent with a wide range of symptoms and can even result
in sudden cardiac death (SCD) at young age without any
previous symptoms.™? Even within families, ICCs show a
high variability in expression and incomplete penetrance,
and they can affect people at all ages."? Since options
are available for prevention and treatment, including

Inherited cardiac conditions (ICCs), including cardiomy-

pharmaceutical treatment, lifestyle adjustments, and
implantation of a cardiac defibrillator, identifying who
in a family is at risk is paramount for preventing severe
cardiac events, including SCD.2% In the majority of ICC
probands a pathogenic variant in one of the associated
genes can be detected.

Genetic counseling to discuss predictive DNA test-
ing is recommended for first-degree relatives allowing
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Nonstandard Abbreviations and Acronyms

HCM hypertrophic cardiomyopathy
ICC inherited cardiac condition
SCD sudden cardiac death

carriers of the familial pathogenic variant to be regu-
larly monitored by a cardiologist and to receive treat-
ment if needed.*® Noncarriers can be reassured and
do not need cardiac evaluation and predictive testing
of offspring.® Second- and further-degree relatives
can subsequently be counseled and, if desired, tested
as well, referred to as cascade genetic testing.® Cur-
rent clinical genetic practice relies on the proband (the
first affected person in a family to have a DNA test)
to inform at-risk relatives when a (likely) pathogenic
genetic variant is identified. This is referred to as the
family mediated approach.® In the Netherlands, a fam-
ily letter is generally provided by the clinical geneticist
or genetic counselor to assist the proband in informing
relatives.®”

Two previous cohort studies have assessed the
uptake of genetic counseling and predictive DNA testing
in the Netherlands using this family mediated approach.
These studies were performed in 97 patients with hyper-
trophic cardiomyopathy (HCM) and 18 patients with
different types of ICCs in whom a (likely) pathogenic
variant was identified.*® Findings indicated that uptake
of genetic counseling was relatively low, with less than
half of relatives attending genetic counseling in the first
year(s) after disclosure. Other studies assessing uptake
in ICCs and other autosomal dominant diseases have
reported similar uptake percentages in the first years
after disclosure 5912

However, previous studies investigating the uptake
of genetic counseling and predictive DNA testing in
ICCs assessed this over relatively short follow-up
periods of <b years.*®'° Research on relatives’ inten-
tions concerning predictive DNA testing, primarily
conducted in the context of hereditary types of can-
cer, suggests that, amongst other factors, life stage
transitions may cause relatives to postpone genetic
counseling and predictive DNA testing, for example,
because of college or job choices, or because of life
or long-term disability insurances.®'3' This may be
explanatory for the low short-term uptake in ICCs
as well, besides relatives not being informed at all or
later than desirable. Our study, therefore, aimed to (1)
assess the uptake of genetic counseling and predic-
tive DNA testing over time in the families included in
the studies of Christiaans et al* and van der Roest et
al® after a median follow-up period of 16 years and
(2) investigate which factors influence the uptake of
genetic counseling in ICCs.
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METHODS

The data that support our study findings and methods are avail-
able from the authors on reasonable request. Our study was
exempt from medical ethical approval, based on the Dutch
Medical Research Involving Human Subjects Act. Full methods
are described in the Data Supplement.

RESULTS
Study Population

Table 1 shows the characteristics of the study popu-
lation. In total, 115 ICC probands with a likely patho-
genic or pathogenic genetic variant were included: 104
(90.4%) with HCM, 7 (6.1%) with long-QT syndrome,
3 (2.6%) with Brugada syndrome, and one (0.9%) with
catecholaminergic polymorphic ventricular tachycardia.
In the 115 families, 717 relatives (median=5.00 rela-
tives per family; range: 2-17) were eligible for genetic
counseling and predictive DNA testing at the time
of disclosure of the test result to the proband. This
included 349 (48.7%) male relatives and 362 (50.5%)
female relatives. For 6 relatives (0.8%), gender was
unknown from the pedigree. In total, 598 (83.4%) were
first-degree relatives and 119 (16.6%) were second-
degree relatives. The mean age of relatives at time of
disclosure of the test result to the proband was 43.9
years (range: 0-98, SD 19.3). Four hundred seventy-
three relatives (66.0%) had children; parenthood status
was unknown for 106 relatives (14.8%). Families were
mostly of white descent (111 families, 96.5%). Eighty-
seven (12.1%) relatives died during follow-up; 30 of
them did not attend genetic counseling until the date
of death. Seven (1.0%) were living abroad based on the
Dutch population registry.

In families with HCM, 34 relatives (15 males, 44.1%)
were younger than 10 years of age at the time of dis-
closure of the test result to the proband, and turned 10
years of age after the test result was communicated to
the proband. Mean age was 3.62 years (SD 3.15). Almost
all children (33 out of 34, 97.1%) were first-degree rela-
tives of the proband and of White descent (32 out of 34,
94.1%). For 15 children (44.1%), a first-degree relative
had passed away due to SCD.

Uptake of Genetic Counseling

Median follow-up time was 191 months (range: 5-257
months). In total, 430 eligible relatives (60.0%) attended
genetic counseling (median=3.00 relatives per family). In
first-degree relatives, uptake of genetic counseling was
63.7% (381/598), in second-degree relatives this was
lower (49/119, 41.2%). In total, 75 relatives were clini-
cally diagnosed with the ICC themselves before the fol-
low-up period. When these relatives were excluded from
the analysis, uptake was 58.1%.
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Table 1. Sociodemographic and Clinical Characteristics
of Studied Families

Probands, N (%) Relatives, N (%)

Individuals 115 717
Gender

Male 64 (55.7) 349 (48.7)

Female 51 (44.3) 362 (50.5)

Unknown 0 (0.0) 6 (0.8)
Mean age (SD)* 43.8 (14.6) 43.9 (19.3)
Ethnicity

White 111 (96.5) 677 (94.4)

Other 4 (3.5) 40 (5.6)
Parenthood

Yes 92 (80.0) 473 (66.0)

No 21 (18.3) 138 (19.2)

Unknown 2(1.7) 106 (14.8)
ICC type

HCM 104 (90.4) 644 (89.8)

LQTS 7 (6.1) 47 (6.6)

BS 3(2.6) 18 (2.5)

CPVT 1(0.9) 8 (1.1)
SCD in FDR of proband

Yes 56 (48.7) 376 (52.4)

No 59 (51.3) 341 (47.6)
Kinship degree with proband

FDR 598 (83.4)

SDR 119 (16.6)
ICC clinical diagnosis in eligible relative

Yes 75 (10.5)

No 642 (89.5)

BS indicates Brugada syndrome; CPVT, catecholaminergic polymorphic
ventricular tachycardia; FDR, first-degree relative; HCM, hypertrophic
cardiomyopathy; ICC, inherited cardiac condition; LQTS, long-QT syndrome; SCD,
sudden cardiac death; and SDR, second-degree relative.

“Age at disclosure of test result to proband.

For relatives attending genetic counseling, the median
time between disclosure of the individual test result to
the proband and the relative attending genetic counsel-
ing was 6 months (range: 0—187 months). In all, 41.0%
of eligible relatives (N=295/717) attended genetic
counseling in the first year, while 5.2% of eligible rela-
tives (N=37) attended counseling in the second year
(conditional uptake: 37/422, 8.8%). From 5 years post
disclosure up to the end of the follow-up period, only a
small number of relatives attended genetic counseling
(N=40, 5.6%; conditional uptake: 40/321, 12.5%), as
shown in the Figure.

Table 2 shows the associations observed between
clinical and demographic variables and the uptake of
genetic counseling based on multivariable Cox regres-
sion analysis (N=611 relatives). Uptake was signifi-
cantly higher in first-degree relatives (A<0.001, aHR
[95% Cl]=1.75 [1.68-1.83]), female relatives (R<0.001,
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aHR [95% Cl]=1.27 [1.24-1.30]), relatives with a pri-
mary arrhythmia syndrome in their family (”<0.001, aHR
[95% Cl]=2.16 [2.10-2.29)), relatives without children
(R<0.001, aHR [95% Cl]=1.23 [1.20-1.27]), relatives
with an ICC diagnosis themselves (R<0.001, aHR [95%
Cll=1.63 [1.47-1.59]), and relatives with SCD in a first-
degree relative of the proband below the age of 40 years
(R<0.001, aHR [95% Cl]=2.10 [2.04-2.16]). Based on
univariate cox regression, relatives who were older than
18 years of age at disclosure of the test result of the
proband showed a significant different uptake over time
compared to minor-aged relatives in primary arrhythmia
syndromes (F<0.001, HR [95% Cl}=1.69 [1.61-1.82]).
For HCM, this analysis was not possible because of vio-
lation of the proportional hazards assumption.

Uptake of Predictive DNA Testing

Of the 430 relatives attending genetic counseling, 423
(98.4%) proceeded with predictive DNA testing. Hence,
the uptake of predictive DNA testing was 59.0% of all
eligible relatives. Of these, 208 relatives (49.2%) were
identified as a carrier. In first-degree relatives, uptake of
predictive DNA testing was 62.9% (376/598). In sec-
ond-degree relatives, uptake was 39.5% (47/119).

In HCM families, 19 out of 34 relatives (55.9%)
below the age of 10 at time of disclosure to the proband
attended genetic counseling with their parents. Of these
children, 10 children were also tested below the age of
10, often because they were tested at the same time as
an older sibling.

DISCUSSION

This study assessed the uptake of genetic counseling
and predictive DNA testing in ICCs. Predictive DNA test-
ing is important from a public health perspective because
it allows for identification of carriers, who can be moni-
tored and if needed, timely treated, and noncarriers, who
can be reassured. Predictive DNA testing as part of a
clinical screening strategy is also considered cost-effec-
tive, as investigated in HCM''¢ and long-QT syndrome.'”
Our findings show that a majority of relatives attends
genetic counseling in the first year with a slight increase
thereafter at a fast-declining rate. After a median follow-
up period 16 years, 60% of eligible relatives attended
genetic counseling, yet 40% was not counseled nor
tested. Almost all relatives who attended genetic coun-
seling also pursued predictive DNA testing. Being a first-
degree relative, female relatives, relatives with a primary
arrhythmia syndrome in the family, relatives with children,
SCD in a first-degree relative of the proband under the
age of 40, and having a clinical ICC diagnosis them-
selves before genetic diagnosis in the proband were sig-
nificantly associated with a higher uptake. Our findings
indicate that relatives who experienced the severity of

October 2020 526



van den Heuvel et al

Uptake of Genetic Counseling in Cardiogenetics

100
E
-
@
=
(-]
ey S0
A
E
S
g 60 — —
g =
< =
g P
@
-11]
ey
=] -~
@ 40
:§.
=
S
-]
o1 20
S
=
@
o
@
=M

0

0 50 100 150 200 250 300
Time between disclosure test result to proband & attendance of genetic counseling by relatives (in months)

Figure. Uptake during a median follow-up period of 191 mo (16 y).

the disease themselves or in their families (in case of
SCD) are more inclined to attend genetic counseling and
have predictive DNA testing. Having this experience may
influence the perceived importance of the information on
genetic risks.

This study with long-term follow-up shows that after
the first few years, only a limited number of additional
relatives attended genetic counseling. For the first years,
our findings are comparable to those of previous stud-
ies with relatively short follow-up investigating uptake in
ICCs%'° and hereditary types of cancer®'12181° The few
studies available on uptake in primary arrhythmia syn-
dromes also suggest a higher uptake of genetic counsel-
ing and predictive DNA testing compared with inherited
cardiomyopathies.>°

It is possible that relatives not attending genetic coun-
seling have made a conscious and well-informed deci-
sion not to have predictive DNA testing. Some relatives
may refrain from genetic counseling due to logistical or
financial barriers such as the costs of genetic counseling
and predictive DNA testing or potential insurance issues.
In many healthcare systems, relatives currently have to
finance (part of) genetic counseling and predictive DNA
testing themselves. Since predictive DNA testing for
ICCs has been proven to be cost-effective, incorporating
the costs of genetic counseling and predictive DNA test-
ing into the current healthcare systems could overcome
financial barriers.'® "

Studies investigating relatives’ motives for predictive
DNA testing suggest that among other factors such as
anxiety, fear for insurance issues and educational or job
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choices are important motives for postponing predictive
DNA testing when being informed until insurances have
been arranged or those choices have been made®'®™
Our findings, however, may suggest that part of the rela-
tives with these types of motives to postpone predictive
DNA testing also may not attend genetic counseling
in the decade after the initial family letter, while these
motives may have been resolved or are no longer relevant.
A total uptake of genetic counseling of 60.0% with only
a small increase in uptake over time may also suggest
that some relatives might not have been informed (albeit
unintentionally), which is in line with previous literature
on nondisclosure by probands.’®°?" van der Roest et al®
however, indicate that respectively 88% of relatives are
informed by the proband, based on self-reported mea-
sures of probands. The study of Burns et al®'® reports
that only 10% of participants indicated that at least one
first-degree relative had not been informed. It is also pos-
sible that some of these relatives are informed generally
but that the amount of information is insufficient to make
an informed decision regarding counseling and predictive
DNA testing. As illustrated by Burns et al*?> and Chris-
tiaans et al,* the process of informing at-risk relatives is
complex and involves multiple parties. The proband has
to understand the information about genetic risks for at-
risk relatives sufficiently and has to be able to correctly
communicate this information to relatives. Relatives then
have to understand the information adequately and con-
nect this to appropriate services.??

Previous research has suggested that healthcare pro-
fessionals directly informing at-risk relatives can lead
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Table 2. Factors Associated With Uptake of Genetic Counseling During Follow-Up

Number Median Follow-Up Univariate Multivariablet
Counseled (%)* | (Min-Max; mo) B (SE) ‘ P Valuet ‘ HR (95% CI) B (SE) ‘ P Valuet ‘ aHR (95% CI)
First-degree relative
Yes 381/598 (63.7) 189.5 (17-257) 0.78 (0.02) | <0.001% | 2.17 (2.09-2.26) | 0.56 (0.21) | <0.001% | 1.75 (1.68-1.83)
No 49/119 (41.2) 196.0 (5-241)
Relatives’ gender
Female 224/362 (61.9) 191.0 (6-257) 0.17 (0.01) | <0.001% | 1.19 (1.16-1.22) | 0.24 (0.01) | <0.001% | 1.27 (1.24-1.30)
Male 206/349 (59.0) 190.0 (17-257)
ICC in proband
Primary arrhythmia 62/73 (84.9) 215.0 (90-257) 0.80 (0.01) | <0.001# | 2.23 (2.16-2.29) | 0.77 (0.02) | <0.001% | 2.16 (2.10-2.22)
syndrome§
HCM 368/644 (57.1) 187.0 (5-244)
Parenthood
Yes 315/473 (66.6) 188.0 (6-257) -0.16 (0.01) | <0.001# | 0.85 (0.83-0.88) | —-0.21 (0.02) | <0.001% | 0.81 (0.79-0.83)
No 103/138 (74.6) 193.0 (17-257)
ICC clinical diagnosis in eligible relative
Yes 57/75 (76.0) 183.0 (17-244) 0.45 (0.02) | <0.001% | 1.56 (1.51-1.62) | 0.43 (0.02) | <0.001% | 1.53 (1.47-1.59)
No 373/642 (58.1) 191.5 (5-257)
SCD in FDR of proband
Yes 241/376 (64.1) 194.5 (5-257) 0.24 (0.10) 0.013 1.27 (1.05-1.54)
No 189/341 (55.4) 187.0 (17-244)
SCD in FDR <40 of proband
Yes 130/192 (67.7) 193.5 (26-241) 0.42 (0.01) | 0.001% | 1.51(1.47-1.56) | 0.74 (0.02) | <0.001% | 2.10 (2.04-2.16)
No 300/525 (57.1) 191.0 (5-257)
Agell
HCM{ 0-18y 44/77 (57.1) 192.0 (17-240)
19-81y | 342/601 (56.9) 1870 (5-244)
Arthythmias# | 0-18y | 14/15 (93.3) 220.0 (195-257) |-0.53 (0.03) | <0.001%# | 0.59 (0.55-0.62)
19-81y 47/57 (82.5) 210.5 (90-257)

BS indicates Brugada syndrome; CPVT, catecholaminergic polymorphic ventricular tachycardia; FDR, first-degree relative; HCM, hypertrophic cardiomyopathy; ICC,

inherited cardiac condition; LQTS, long-QT syndrome; and SCD, sudden cardiac death.

“Not all data add up to total number of eligible relatives due to missing values.
tFor multivariable analysis, the total number of relatives included was 611.
+Significant difference based on Bonferroni corrected P value <0.006 (P=0.05/8 tests). Eight tests were used, since the HCM and arrhythmia age groups concern
different datasets and were therefore counted as 1 test.
§Primary arrhythmia syndrome—includes LQTS, BS, and CPVT.
|[Age at disclosure individual test result to proband. Age groups were analyzed using univariate cox regression and not included in the multivariable model, since this
analysis was conducted on two different sets of data.
I The total number of relatives of HCM families in the ICC in proband section and the age section differ, because relatives below 10 at disclosure of the test result to
the proband were included in the comparison of age groups 0—18 and 19-81. Univariate cox regression analysis was not possible due to violation of the proportional

hazard assumption.

#The total relatives of arrhythmia families in the ICC in proband section and the age section slightly differ, because for one relative, not attending genetic counseling,

age was missing.

to increased uptake. %6 Studies assessing these more
active approaches showed almost double the uptake of
genetic counseling.2242¢ |t has to be noted, however, that
these studies were registry based or were performed in
the context of population screening. This means that, for
these relatives, no costs were involved in having predic-
tive DNA testing and that they were already known in the
genetic center when they consented to participate in the
registry. Furthermore, ethical issues such as the relatives’
right not to know, (non)-directive counseling and the pro-
bands’ right to privacy might be at stake when using a
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direct contact approach.?’~%° In addition, healthcare pro-
fessionals contacting at-risk relatives may be unaware
of their personal circumstances with the risk of harming
them. A few intervention studies focusing on improving
the support provided to probands in informing relatives at-
risk that included follow-up contact with the proband and
the possibility of direct contact with at-risk relatives by
the genetic counselor reported an increase in uptake. 208!
Follow-up contacts by healthcare professionals with
the proband (and relatives carrying the familial variant)
regarding informing at-risk relatives may also improve
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uptake, since barriers regarding informing relatives can
be discussed and support can be offered to overcome
them.2°-%2 Considering the uptake over time, particularly
the steep declining rate after the first year, follow-up con-
tacts should ideally take place after 2 months and again
after 1 or 2 years following disclosure of the test result
to the proband, for example, as proposed in the study of
Nieuwhof et al®® that describes a cardiogenetic follow-up
clinic. Unfortunately, limited research has been performed
on how effective interventions are in improving family
communication.?4?®39-82 Fyrther research is, therefore,
needed into the effectiveness of these interventions for
improving the approach used to inform at-risk relatives.
Our findings additionally show that almost all relatives
who attend genetic counseling also pursue predictive
DNA testing. This may indicate that relatives who decide
to ask their general practitioner for a referral to a car-
diogenetic clinic have often already decided in favor of
predictive DNA testing. It may also be a result of less
nondirectiveness in genetic counseling in ICCs for which
treatment and preventive options are available. Although
the family letter provides some basic information on the
condition in the family, its inheritance and potential com-
plications, genetic counseling is considered important for
relatives to provide additional information and support for
making an informed decision regarding predictive DNA
testing and cardiac screening. Information provision for
relatives before genetic counseling might, therefore, be
important to enhance informed decision-making. The pro-
vision of information and genetic counseling may become
more easily accessible through the use of technological
innovations, such as video or telephone counseling and
online platforms that can provide more easily accessible
genetic information or counseling chatbots.32%43% These
may enable relatives to make a better informed decision
regarding predictive DNA testing. It is also paramount
that cardiologists and general practitioners adequately
inform probands and their relatives about the possibility
of genetic counseling to discuss the pros and cons of
predictive DNA testing.® Educating healthcare profes-
sionals about the genetic causes of cardiac diseases, the
possibility of (predictive) DNA testing, and procedure and
consequences of DNA testing is, therefore, important.

Limitations

Dutch clinical genetic practice is uniquely organized with
genetic counseling and predictive DNA testing being solely
performed in specialized genetic centers and laboratories,
in contrast to other countries. This means that even if a
relative was tested in another center, this information is
available. We, therefore, have the ideal situation to assess
uptake. In consequence reported uptake from other coun-
tries is likely to be an underestimation of the true uptake.
Still, also in our study not all data could be collected for
relatives living abroad and attending genetic counseling
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and having predictive DNA testing outside the Nether-
lands (N=7, 1.0%). Since we only investigated the uptake
of genetic counseling and predictive DNA testing, relatives
who were referred to a cardiologist and decided to not have
a DNA test but had cardiac screening were therefore not
taken into account. Finally, some demographic data as well
as clinical data (eg, SCD among relatives during follow-up)
was missing for relatives who did not attend genetic coun-
seling or had predictive DNA testing. We, therefore, could
not assess what demographic and clinical differences
there were in relatives who did not pursue predictive DNA
testing, compared with relatives who did not.

Conclusions

We have shown that, after a median follow-up of 16
years, the uptake of genetic counseling by relatives at-
risk of ICCs in whose family a likely pathogenic or patho-
genic variant was identified after the first year is limited,
resulting in a total uptake of only 60.0%. This relatively
low uptake over a long follow-up period, with a limited
increase in uptake with time, is worrisome since it may
suggest that some of the not counseled relatives are
not or insufficiently informed, or that practical or psy-
chological barriers may have prevented these relatives
from attending genetic counseling. In order for relatives
to make an informed decision regarding predictive DNA
testing and preventive measures in case of carriership,
the approach used to inform them needs to be improved
and practical barriers need to be removed. This would
increase the number of relatives enabled to make an
informed decision at an earlier stage and possibly pre-
vent SCD in families with ICCs.
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