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If undetected, inherited cardiac conditions can lead to sudden cardiac death, while treatment options are available. Predictive DNA
testing is therefore advised for at-risk relatives, and probands are currently asked to inform relatives about this. However, fewer
than half of relatives attend genetic counselling. In this trial, we compared a tailored approach to informing relatives, in which
probands were asked whether they preferred relatives to be informed by themselves or by the genetic counsellor, with current
practice. Our primary outcome was uptake of genetic counselling in relatives in the first year after test result disclosure. Secondary
outcomes were evaluation of the approach and impact on psychological/family functioning measured 3 (T1) and 9 (T2) months
post-disclosure via telephone interviews and questionnaires. We included 96 probands; 482 relatives were eligible for counselling
and genetic testing. We observed no significant difference in uptake of genetic counselling between the control (38%) and the
intervention (37%) group (p= 0.973). Nor were there significant differences between groups in impact on family/psychological
functioning. Significantly more probands in the tailored group were satisfied (p= 0.001) and felt supported (p= 0.003) by the
approach, although they also felt somewhat coerced to inform relatives (p < 0.001) and perceived room for improvement (p <
0.001). To conclude, we observed no differences in uptake and impact on family/psychological functioning between the current
and tailored approach, but probands in the tailored group more often felt satisfied. Further research on barriers to relatives
attending genetic counselling and on how to optimize the provision of a tailored approach is needed.
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INTRODUCTION
If they remain undetected, inherited cardiac conditions (ICCs),
such as cardiomyopathies and primary arrhythmia syndromes,
may lead to severe heart failure or even sudden cardiac death
(SCD) at young age [1]. ICCs generally follow an autosomal
dominant inheritance pattern, with first-degree relatives being at
50% risk of inheriting the disease-causing variant [2]. Given
incomplete penetrance and variable expression, relatives carrying
the disease-causing variant may be unaware of their risks of
disease and SCD (2). Predictive DNA-testing and/or cardiac
monitoring is therefore advised for at-risk relatives to determine
whether they carry the disease-causing variant or show subtle
signs indicating early features of disease [2, 3]. Predictive DNA-
testing thus allows for prevention and timely treatment in
relatives and supports their decision-making about life and
reproductive choices [2].
Probands (the first person in a family diagnosed with the ICC in

whom a (likely) pathogenic variant is identified) are asked to
inform relatives about the advice to seek genetic counselling to
discuss predictive DNA-testing and/or cardiac monitoring [4]. In
some countries, including the Netherlands, a family letter is
provided to support this process [4, 5]. However, in current

practice, less than half of relatives attend genetic counselling for
predictive DNA testing in the first year following probands’
genetic diagnosis [2, 4, 6, 7]. Even in the 16-years post proband
diagnosis, uptake only increases to 60% [8]. Previous research
indicated that probands struggle with informing relatives due to
barriers, such as family conflicts [5, 9] and the complicated nature
of genetic information [10], and probands experience informing
relatives as practically and mentally burdensome [11]. As a result,
relatives may be not informed or lack appropriate information,
complicating informed decision-making.
Certain interventions, including enhanced support for probands

in informing at-risk relatives, have been effective in increasing
uptake of genetic counselling [12]. Research on healthcare
professionals directly contacting relatives indicates that this could
almost double the uptake in relatives, although some of these
studies were registry-based, with relatives already being familiar
with the genetic nature of the disease via the registry [13–16].
While these studies did not show psychological harm in probands
or relatives, direct contact approaches may lead to unwarranted
worry or coercion to choose in favour of predictive DNA-testing
[13, 14]. Moreover, healthcare professionals may be unaware of
personal or family characteristics that may make the direct
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approach unsuitable. In the Netherlands, a direct contact
approach without consent of the proband is not allowed, except
in case of significant health concerns for relatives. In other
(European) countries, a direct contact approach is even prohibited.
We hypothesised that tailoring the contact approach to

probands’ preferences and their family and personal character-
istics would effectively support them in informing at-risk relatives
and improve the number of relatives (appropriately) informed by
genetic counselling [17]. We chose to do so using a tailored
approach in which probands could express which relatives they
preferred to inform themselves and those they wished informed
by the clinical geneticist/genetic counsellor (hereafter referred to
as genetic counsellor). This approach acknowledges the probands’
knowledge of family functioning and their relatives’ personal
characteristics while also respecting the probands’ autonomy [18].
In this randomised controlled trial, we investigated the effect of
our tailored approach on the uptake of genetic counselling in
comparison to current practice. In addition, we evaluated
appreciation of the approach used and assessed impact on
psychological and family functioning.

METHODS
Design
In three cardiogenetic centres in the Netherlands, we conducted a
randomised controlled trial with a parallel-group design that compared a
tailored approach (intervention group) with the family-mediated approach
(current practice/control group). Probands were randomised using
computerised randomisation software based on a 1:1 allocation ratio
[19]. Full details of the study protocol are described elsewhere [17].

Procedure
Figure 1 shows a flowchart of the study procedure and inclusion.
Enrolment of participants took place between November 2017 and

November 2020. Probands 18 years or older with an ICC, or suspicion
thereof, were approached for inclusion if they: (1) were the first in their
family to visit the cardiogenetic outpatient clinic for counselling about
genetic testing for ICCs, (2) had at least one living adult relative and (3) had
mastered the Dutch language. Probands were then included if a likely
pathogenic (class 4) or pathogenic (class 5) DNA variant in a disease-
associated gene was identified. Penetrance of class 4 and 5 variants is
substantial; therefore, predictive DNA-testing and/or cardiac monitoring is
advised for relatives. Relatives of included probands were approached to
participate if they were: (1) an 18-year-old or older first-degree relative or
second-degree relative when a deceased connecting relative was affected
or suspected to be affected and (2) able to read and write Dutch. Probands
and relatives were informed about the study by the genetic counsellor
during pre-test counselling and received an information letter. If
interested, the executing researcher (LvdH) contacted participants by
telephone and written informed consent forms were sent. Probands were
randomised prior to test result disclosure. The counsellor would then
discuss the approach to informing relatives based on randomisation.
Subsequently, probands were asked to participate in a structured
telephone interview and to fill out a questionnaire (paper or online) 3
and 9 months after test result disclosure. Relatives were asked to fill out
one questionnaire after pre-test counselling.

Intervention. During post-test counselling, probands in the intervention
group were asked which relatives they preferred to inform themselves and
which relatives they preferred be informed by the genetic counsellor.
Probands were also asked to consent to a family letter being sent directly
to all eligible relatives after one month, irrespective of whether they were
already informed by the proband. Consenting probands were further
asked to provide relatives’ contact details. If probands were unable to get
contact details, these relatives also did not receive a direct family letter.
The family letter was standardised for all three centres and did not reveal
the probands’ identity Supplementary Material S1). For the intervention
group, the letter also included a link to a website specifically designed for
this study (www.familieleden.erfelijkehartziekten.nl) that provided tailored
information about the disease, the procedure of predictive DNA-testing
and considerations to include when deciding whether to undergo DNA-
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Fig. 1 Flow-chart of study procedure and inclusion. *Some included probands who completed the T1 telephone interviews did not
complete the T1 and T2 questionnaires and the T2 telephone interview.
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testing using a short survey popping up the first time someone visited the
website. Relatives of probands in the control group were referred to a
general website about ICCs (www.erfelijkehartziekten.nl), showing similar
(but non-tailored) information.

Data collection
Primary outcome measures. The primary outcomes were uptake of (1)
genetic counselling and (2) predictive DNA-testing by at-risk relatives in
the first year after disclosure of the probands’ DNA-test result. To assess
uptake, the number of eligible relatives attending genetic counselling and
the number of relatives pursuing predictive DNA testing were collected
using data from the DNA-laboratories of participating centres. The number
of eligible relatives was obtained using family pedigrees of the
participating centres. First-degree relatives were considered eligible, as
were second-degree relatives if there was a deceased connecting first-
degree relative suspected of having an ICC.

Secondary outcome measures. Secondary outcome measures included (1)
appreciation of the approach used to inform at-risk relatives and (2) impact
on psychological and family functioning in both probands and relatives.
Items administered are described in the supplementary material of the
study protocol [17].

Appreciation:: Five self-constructed items on appreciation were admi-
nistered in probands at 3 months (T1). In relatives, six self-constructed
items were used [17]. During the structured telephone interview, probands
were asked to answer one additional item about whether they would have
preferred to inform their relatives differently. To assess decisional conflict
in probands in the intervention group, probands were asked to rate two
5-point Likert-scale items stating: (a) that probands had experienced any
difficulties in deciding which relatives they had to inform and which
relatives should be informed by the genetic counsellor and (b) that they
were satisfied with their decision. At 9 months (T2), probands were asked
whether their opinion about the approach used had changed. In addition,
probands (at T1 and T2) and relatives were asked whether they visited the
websites www.erfelijkehartziekten.nl (control group) or www.familieleden.
erfelijkehartziekten.nl (intervention group).

Impact on family functioning:: The perceived impact on family
functioning and communication difficulties was assessed in probands (at
T1 and T2) and relatives by the 10-item Openness to Discuss Cancer in the
Family (ODCF) scale [20]. The ODCF scale was adapted by changing
‘cancer’ into ‘ICC’, and a higher score indicates more communication
difficulties. Of the original ODCF scale, psychometric characteristics were
satisfactory [20]. We also included a self-constructed item to ask whether
probands and relatives experienced changes in relationships because of
providing information on the ICC. Self-efficacy and perceived motivators
and barriers to informing relatives were assessed by the ‘motivation’ and
‘self-efficacy’ subscales of the Informing Relatives Inventory (IRI), with
‘cancer’ adapted to ‘ICC’ [21]. Reliability and validity were assessed as
satisfactory [21]. Probands were also asked to answer self-constructed
items during telephone interviews asking (a) which relatives were
considered eligible for genetic counselling and predictive DNA-testing,
(b) whether these relatives were informed and (c) whether probands
intended to inform (remaining) relatives.

Impact on psychological functioning:: Participants were asked to fill
out an adapted version of the validated Cancer Worry Scale (CWS) with
‘cancer’ changed to ‘ICC’ [22]. This scale consists of eight items on a 4-point
Likert scale (range 8-32), with a higher score indicating more worry.
Reliability and validity of the original CWS were assessed as satisfactory
[22]. In addition, we administered the Hospital Anxiety and Depression
Scale (HADS) to assess participants’ anxious or depressed feelings [23]. A
cut-off score of 8 was used for the anxiety and depression scores;
psychometric characteristics were found to be good [23].

Participant characteristics. Sociodemographic and clinical characteristics
collected for probands (at T1) and relatives included: gender, education level,
living situation and parental status, family history and probands’ diagnosis.
Relatives were also asked for their kinship with the proband. Psychosocial and
personality factors included: coping style, trait anxiety, risk perception and
health literacy. Coping style was assessed using the shortened version of the
Threatening Medical Situations Inventory (TMSI) [24]. The TMSI assesses

whether individuals have a ‘monitoring’ versus ‘blunting’ coping style related
to a medical threat and was previously evaluated in an oncogenetic patient
population [24, 25]. The shortened version of the TMSI contains two subscales,
each consisting of six items. Reliability and validity of the Dutch TMSI were
satisfactory [24]. The 20-item Trait subscale of the State Trait Anxiety Inventory
(STAI) was administered to assess trait anxiety [26]. Psychometric character-
istics of the Dutch translation of the STAI are assessed as good [26]. Health
literacy was assessed in probands and relatives using the ‘functional health
literacy’ and ‘communicative health literacy’ subscales of the 3HL ques-
tionnaire [27]. The 3HL questionnaire was assessed as having high reliability
and satisfactory validity [27].

Data analysis
Sample size calculation was based on the primary outcome measure:
uptake of genetic counselling. We aimed to detect a difference of 15%
between the control and intervention group. To this aim, we needed 340
relatives eligible for genetic counselling and predictive DNA testing. With
on average four eligible relatives per proband, 85 probands with a (likely)
pathogenic variant needed to be included [17]. An intention-to-treat
approach was used for analyses. We did not differentiate between high
penetrance versus medium or low penetrance (likely) pathogenic variants,
as our policy for at-risk relatives is the same for these variants. Family-
clustered logistic regression analysis was performed to assess differences
between randomisation groups on the primary outcome (uptake), with the
randomisation group as the main explanatory variable and relatives nested
in families and in hospitals (glm package in R). The selection of variables
was based on previous literature on uptake of genetic counselling in ICCs
[4]. We present a non-adjusted model, a fully adjusted model and a final
model with best fit based on AIC and BIC values. For secondary outcomes,
we assessed differences in appreciation of the approach between
randomisation groups using chi square or Fisher’s exact tests, as
appropriate. For chi-square tests and Fisher’s exact tests, we report the
Cramer’s V to explore the strength of the difference: V < 0.20 considered
weak, V= 0.20‒0.30 moderate and V > 0.30 strong. Next, multilevel mixed-
model regression analyses using the lme4 package in R were conducted to
assess the impact of randomisation on family and psychological
functioning in probands, when adjusting for covariates. A non-adjusted
model, fully adjusted model and final model with optimal fit based on AIC
and BIC values are presented per outcome measure (Supplementary
Material S2). For relatives, independent sample t-tests or Mann–Whitney U
tests and chi-square or Fisher’s exact tests were conducted to assess
differences between randomisation groups in appreciation and family and
psychological functioning in relatives, as appropriate. A Bonferroni-
corrected p value of <0.05 was considered statistically significant. Statistical
analyses were performed using IBM SPSS (v25.0) and R Studio (v1.2.5033).

RESULTS
Study population
In total, 615 probands who were approached by the genetic
counsellor agreed to be contacted by the researcher (74% of
probands were considered eligible based on patient notes taken in
two of the three centres participating). Of these 615 probands, 407
(66%) provided informed consent to participate. In 96 of the 407, a
(likely) pathogenic variant was detected, and these 96 participated in
this study (Fig. 1). Of their relatives, 95 of the 96 relatives (99%)
approached during genetic counselling agreed to be contacted by
the researcher to fill out a questionnaire. Of these relatives, 77% (N=
73) could be contacted and provided consent, of which 70% (N= 51)
completed a questionnaire. Due to short turn-around times in the
DNA laboratory, most relatives (43 out of 51; 84%) received their DNA
test result prior to filling out the questionnaire, of whom N= 15
(65%) received an unfavourable result in the intervention group
compared to N= 13 (65%) in the control group.
Table 1 shows the sociodemographic and clinical characteristics of

the study population. Probands in the control group had a median of
six eligible relatives (range 1‒16), compared to five eligible relatives
(range 1‒23) in the intervention group. We observed no significant
differences between the randomisation groups in proband char-
acteristics. Relatives eligible for genetic counselling in the interven-
tion group had a cardiomyopathy diagnosed in their family
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significantly more often (p= 0.005), were less often a first-degree
relative (p= 0.035) and more often had a relative who died from SCD
(p< 0.001). Of the relatives filling out a questionnaire, 32% (N= 8) in
the control group had a primary arrhythmia syndrome diagnosed in
their family compared to none in the intervention group (p= 0.002).
Other characteristics were not significantly different.

Uptake of genetic counselling and predictive DNA testing
In total, 483 relatives were eligible for genetic counselling and
predictive DNA testing (control: N= 252, 52%; intervention: N= 231,
48%). We observed no significant difference in uptake of genetic
counselling between the control (38%) and intervention (37%)
groups (p= 0.973) (Fig. 2). Of relatives attending counselling, almost
all proceeded with predictive DNA testing in both groups. Within the
intervention group, 24 relatives from seven families (out of 48
families; 14.6%) did not receive a family letter directly from the
genetic counsellor because the proband did not consent to this or no
contact details were available. Six of these relatives (25%) attended
genetic counselling. Eight probands (out of 43 participating in the
structured interview; 18.6%) indicated at T1 that they had decided
that all or certain relatives in their family would be informed directly
by the genetic counsellor. Relatively more probands in the control
group reported that none (N= 3, 7%) or only some (N= 8, 20%) of
their relatives were informed at T1 compared to the intervention
group (none informed: N= 0, 0%; some informed: N= 3, 8%). At T2,

almost all relatives were informed (control: none informed N= 1
(3%), partly informed N= 3 (8%); intervention: none informed N= 0
(0%), partly informed N= 1 (3%)). Some probands encountered
difficulties with relatives living abroad and not having contact details
of these relatives. Relatives considered eligible differed significantly in
ICC type, kinship, whether relatives were diagnosed with the ICC
prior to test result disclosure and SCD (Table 1). After adjusting for
these and other covariates, the randomisation groups still showed no
significant difference in uptake (Table 4, Supplementary Material S2).
First-degree relatives (p= 0.005) and ICC diagnosis in relatives (p=
0.002) remained significant in the final model.

Appreciation of the approach used
Table 2 shows the responses on appreciation items. Probands and
relatives in both randomisation groups found that the approach

N=81, 35.1% 

N=93, 36.9% 

N=85, 36.8% 

N=95, 37.7% 

N=93, 40.3% 

N=98, 38.9% 

0 10 20 30 40 50 60 70 80 90 100

Intervention group

(N=231)

Control group

(N=252)

Referred; counselling scheduled Genetic counselling Predictive DNA testing

Fig. 2 Uptake of genetic counselling and predictive DNA testing per
randomisation group.

Table 1. Sociodemographic and clinical characteristics of study population.

Probands N (%) Eligible relatives N (%)c Relatives who filled out
survey N (%)

C (N= 48) I (N= 48) C (N= 252) I (N= 231) C (N= 25) I (N= 26)

Age (years: median (range))a 53.0 (22–80) 56.0 (30–73) 51.5 (10–94) 55.0 (2–87) 59.0 (18–80) 58.0 (19–83)

Female sex 21 (44) 19 (40) 130 (52) 109 (47) 18 (72) 13 (50)

Marital status — —

Single 9 (19) 6 (13) 6 (24) 5 (19)

In a relationship 39 (81) 42 (88) 19 (76) 21 (81)

Parenthood

Yes 29 (60) 27 (56) 138 (55) 119 (52) 21 (84) 20 (77)

No 6 (13) 9 (19) 62 (25) 49 (21) 4 (16) 6 (23)

Unknown 13 (27) 12 (25) 52 (20) 63 (27) 0 (0) 0 (0)

Education levelb — —

Low 18 (51) 10 (29) 12 (48) 8 (31)

Middle 6 (17) 11 (31) 8 (32) 9 (35)

High 11 (31) 14 (40) 5 (20) 9 (35)

ICC typed

Cardiomyopathy 44 (92) 45 (94) 227 (91) 223 (97)e 17 (68) 26 (100)e

Primary arrhythmia syndrome 4 (8) 3 (6) 23 (9) 7 (3) 8 (32) 0 (0)

First-degree relative — — 226 (90) 192 (83)e 25 (100) 25 (96)

Median eligible relatives (min–max) 6 (1–16) 5 (1–23) — — — —

Diagnosis relativef — — 10 (4) 24 (10)e — —

SCD 13 (27) 18 (38) 64 (25) 104 (45)e 13 (52) 8 (30)

SCD < 40 years old 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

ICC inherited cardiac condition; SCD sudden cardiac death; I intervention group; C control group
aAge at diagnosis proband.
bEducation level was categorised as low (< high school), middle (≥ high school) or high (≥ college).
cEligible relatives were either first-degree relatives or second-degree relatives if a connecting deceased first-degree relative was suspected of having the ICC
diagnosed in the family.
dOne proband turned out to have a de novo variant; as eligible relatives were already informed and counselled at that time, this proband was not excluded
from analyses.
eConsidered significant based on a p-value < 0.05.
f Relatives in whom the inherited cardiac condition is diagnosed as well (prior to genetic testing in the proband).
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used was justified. Significantly more probands in the intervention
group were satisfied with the approach (control: 66%, intervention:
97%; p= 0.001) and felt supported in informing relatives (control:
66%, intervention: 94%; p= 0.003). However, probands in the
intervention group also more often felt that the approach could be
improved (control: 25%; intervention: 86%; p < 0.001) and indicated
they felt somewhat coerced to inform their relatives (control: 22%;
intervention: 81%; p < 0.001). While 81% of probands in the
intervention group struggled with deciding how to inform relatives
(to do so themselves or via the genetic counsellor), 95% reported
being satisfied with their decision. At T2, most probands in both
groups held the same opinion (control: 90%; intervention: 94%) or
had become more positive (control: 3%; intervention: 3%; p= 0.808).
Among relatives, no difference in appreciation was observed. Only
a few relatives who filled out the questionnaire visited the
aforementioned websites (control: N= 7; intervention: N= 2).

Impact on psychological and family functioning
Table 3 lists the mean scores on variables related to psychological
and family functioning at T1 and T2 in probands and relatives, per
randomisation group.

Impact of intervention on psychological functioning
Probands:: We observed no difference between groups on
anxiety and depression at T1 and T2 (Table 3). Mean scores of
anxiety and depression were below the cut-off score of 8. Worry
about the disease was also comparable for both groups at T1.
When adjusting for covariates, the randomisation groups also
showed no significant effect on anxiety, depression and worry, as
shown in Tables 5‒7 (Supplementary Material S2).

Relatives:: We observed higher but non-pathological anxiety and
depression scores in relatives in the intervention group compared
to the control group (anxiety: p= 0.002; depression: p= 0.004). No
significant differences were found between groups for worrying
about the disease in relatives.

Impact of intervention on family functioning
Probands:: No differences in communication difficulties (ODCF)
were observed between randomisation groups at T1 and T2, even
when controlling for covariates (Table 8, Supplementary Material S2).
Most probands reported no impact on relationships with the relatives
they informed (control: N= 39 (93%), intervention: N= 41 (98%), p=
0.306) at T1. Moreover, no probands reported worsening of their
relationship with relatives due to informing them about the ICC.
Probands in the intervention group did report significantly more
motivation to inform relatives (p < 0.001), whereas self-efficacy
regarding informing at-risk relatives was similar (Table 3).

Relatives:: No differences in median total scores regarding
communication difficulties (ODCF) were observed in both groups.
Most relatives experienced no impact on their relationship with
the proband (control: N= 23 (92%), intervention: N= 22 (88%), p=
0.637). No relatives reported their relationship with the proband
had worsened.

DISCUSSION
We hypothesised that by tailoring the approach to probands’ (family)
characteristics and preferences, the number of relatives attending
genetic counselling would increase. However, we observed no
significant effect of the tailored approach on uptake of genetic
counselling. Nonetheless, more probands receiving the tailored
approach felt satisfied and supported, although more of them also
felt somewhat coerced to inform relatives and thought the approach
could be improved. Relatives were equally satisfied with either
approach, but we found higher anxiety and depression in the
intervention group.

We conclude that a tailored approach, in which probands can
choose what they feel as the most appropriate approach to inform
their relatives, may provide the most optimal support [18, 28, 29].
Furthermore, a tailored approach respects probands’ autonomy [18]
and takes their expertise about family dynamics into account [30].
Even so, probands perceived room for improvement, particularly
regarding logistics (e.g., timely distribution of family letters and a
long waiting list for genetic counselling for at-risk relatives). Some
probands also did not prefer a direct letter because of relatives’
privacy. However, although only a few did not provide consent for
the direct letter, and thus did not share relatives’ contact details, the
request itself may have led some probands in the intervention
group to feel somewhat coerced to inform relatives. Because the
intervention comprised more steps than the approach in the control
group, probands were perhaps more conscious of the approach,
which may have led to them having more comments about how to
improve it. Moreover, although we did not evaluate the approach
among professionals, another study by our research group found
that healthcare professionals worry about the workload when using
a more active approach. Further research on a tailored approach
should therefore include an evaluation among healthcare profes-
sionals [11].
Our findings do not corroborate previous research findings that

a more active approach increases uptake of genetic counselling
and predictive DNA-testing [13–16]. Since participation, in itself,
could increase uptake, we also assessed uptake in the year prior to
the study and found no significant difference. This may be
explained by the fact that in the tailored approach, in contrast to
other direct contact approaches, it was possible for probands to
decide not to inform relatives. However, there were only a few
probands in the intervention group who did not agree with a
family letter sent directly to relatives, and only one proband
reported that not all relatives were informed. Furthermore, some
studies investigating direct contact reporting increased uptake
were registry-based [13, 14], and only one was a randomised
controlled trial [14].
Our results raise the question of whether the relatively low

uptake of counselling can be fully explained by relatives not being
(appropriately) informed. Many relatives may simply decide not to
attend genetic counselling. Most relatives probably only ask for a
referral for genetic counselling if they already decided in favour of
DNA-testing, as supported by the fact that almost all the
counselled relatives in this and previous studies pursued DNA-
testing [4, 8]. Only limited research has addressed decision-making
of at-risk relatives not attending genetic counselling, and knowl-
edge obtained by previous research was mostly collected
indirectly (i.e., through probands or relatives who did attend
genetic counselling) [31]. It is important to gain insight into
decision-making of relatives not attending genetic counselling
and into the potential barriers they face, e.g., consequences for
health insurance.
Our findings of significantly higher, but still non-pathological,

scores on anxiety and depression in relatives contrast with those
of previous studies on direct contact that reported no psycholo-
gical impact, including studies comparing a direct approach with
current practice [13–16]. Due to the low response among relatives
attending genetic counselling, research on the psychological
impact on relatives of a more active, tailored approach is needed
to further investigate this finding. We also observed no impact of
the tailored approach on psychological and family functioning in
probands.

Strengths and limitations
Strengths of this study include its randomised design, the
inclusion of participants from multiple centres and the assessment
of the tailored approach on multiple outcomes. This trial also had
some limitations. First, despite randomisation, characteristics
known to affect uptake were significantly different between
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Table 3. Impact on psychological and family functioning in probands and relatives.

Measure Control Group Intervention Group

Probandsa Mean (SD) P-value

T1 T2 T1 T2

HADS anxietyb 5.67 (2.94) 9.16 (2.10) 5.67 (2.32) 9.80 (1.73) 1.000

HADS depressionb 6.33 (2.54) 5.71 (0.86) 5.53 (2.36) 5.23 (1.04) 0.168

Adapted CWSc 12.25 (4.37) 22.24 (3.63) 13.68 (3.97) 21.47 (2.90) 0.160

Adapted ODCFc 14.86 (6.95) 17.07 (9.29) 14.77 (6.48) 17.07 (5.70) 0.955

IRI Self-efficacyc 23.14 (5.03) 24.28 (5.07) 0.246

IRI Motivation to informc 44.60 (11.18) 58.26 (9.65) <0.001d

Relativese Median (range) P-value Intervention Group

HADS anxietyb 3.00 (3‒11) 6.00 (4‒11) 0.002d

HADS depressionb 3.00 (2‒10) 4.00 (4‒6) 0.004d

Adapted CWSc 11.00 (8‒17) 11.00 (7‒22) 0.551

Adapted ODCFc 10.00 (3‒29) 10.00 (6‒26) 0.912

HADS Hospital Anxiety and Depression Scale; CWS Cancer Worry Scale; OCDF Openness to Discuss Cancer in the Family scale; IRI Informing Relatives Inventory;
SD standard deviation.
aOutcomes were assessed for differences between the intervention and control group using independent sample t-tests.
bHADS cut-off score= 8.
cNo cut-off score was available for the adapted versions of the CWS and the ODCF. For the CWS, the ODCF, and the IRI self-efficacy and motivation to inform
subscales, a higher score indicates more worry, less open communication about the hereditary disease, more self-efficacy in informing at-risk relatives and
more motivation to inform at-risk relatives, respectively.
dWere considered statistically significant based on a Bonferroni-corrected p value for probands < 0.008 (0.05/6) (T1) and p < 0.013 (0.05/4) (T2) and for relatives
of p < 0.013 (0.05/4).
eOutcomes were assessed for differences between the intervention and control group using Mann–Whitney U tests due to non-normality.
The bold value indicates d - were considered statistically significant based on a bonferroni-corrected p value for porbands.

Table 2. Probands’ and relatives’ appreciation of the approach used in the intervention and control groups.

Response (%) X2 (df) P value Cramer’s
Vc

Completely
disagree–Disagree

Neither
disagree
nor agree

Agree–Completely agree

Probands C I C I C I

I feel satisfied about the approach used 6 3 28 0 66 97 11.64 (1) 0.001a 0.414

I feel somewhat coerced to inform my relatives 66 17 12 3 22 81 23.42 (1) <0.001a 0.587

I feel supported by the doctor of the Clinical
Genetics department in informing my relatives

6 3 28 3 66 94 9.10 (1) 0.003a 0.366

I think the approach used is acceptable 6 3 9 3 84 94 1.86 (1) 0.173 0.165

The approach used to inform relatives can be
improved

38 8 38 6 25 86 25.87 (1) <0.001a 0.617

Relatives C I C I C I

I am satisfied about the used approach 4 4 0 0 96 96 0.01 (1) 0.926 0.013

I appreciate being informed about the inherited
cardiac condition

0 4 0 4 100 92 1.16 (1) 0.218 0.157

I felt free to choose whether I wanted to contact
the Clinical Genetics department

0 4 8 4 92 92 0.02 (1) 0.894 0.020

I would rather not have been informed about the
inherited cardiac condition in my family

96 100 0 0 4 0 0.90 (1) 0.343 0.138

I would rather not have known about the
inherited cardiac condition in my familyb

96 100 4 0 0 0 NA

I think the approach used can be improved 76 65 8 22 16 13 0.50 (1) 0.479 0.103

I understand why I have been informedb 0 0 0 0 100 100 NA

I would have liked to receive more information 72 64 20 9 8 27 2.21 (1) 0.137 0.219

C control group, I intervention group.
aA Bonferroni-corrected p-value < 0.01 (0.05/5) was considered significant for probands. A p-value < 0.006 (0.05/8) was significant for relatives. Items were
recoded from a 5-point Likert scale to a 2-point scale (1. disagree and disagree nor agree and 2. agree) for chi-square analysis.
bNone of the participants responded in either of the two categories.
cCramer’s V < 0.20 was considered a weak relationship, 0.20‒0.30 as a moderate relationship and > 0.30 as a strong relationship.
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randomisation groups. Nevertheless, uptake was not significantly
affected by randomisation group when correcting for these
characteristics. In addition, we potentially missed relatives who
were living abroad or counselled in centres not participating in
this study and who not proceeded with predictive DNA-testing.
However, in the Netherlands, predictive DNA-testing is conducted
in the laboratory where the proband was first counselled and
tested and therefore, these tested relatives have been included in
the study. Considering the high number of relatives who attends
genetic counselling and subsequently pursues predictive DNA-
testing, we expect that the vast majority of eligible relatives who
attended genetic counselling was collected. Unfortunately, blind-
ing of participants and counsellors was not possible, nor was
blinding of the executing researcher, due to the slight differences
between the questionnaires in the randomisation groups. A bias in
participating probands also cannot be excluded, as probands who
anticipated difficulties with informing relatives may have declined
participation. In addition, we could only approach relatives who
attended genetic counselling for participation, and the logistics of
approaching them was complicated. Therefore, only a small
number of relatives filled out a questionnaire, leading to a low
response and potentially a biased sample. Moreover, unfortu-
nately, a large number of relatives who participated received their
DNA test result prior to filling out the questionnaire. This may have
affected our findings, especially with regard to the psychological
impact. In addition, although eight probands indicated that some
or all eligible relatives in their family were informed by the
counsellor directly, we could not retrieve data on how many
relatives were contacted (at first) by the genetic counsellor.
Furthermore, in one centre, the number of probands approached
for the trial was not well-documented. Finally, while tailored
information for relatives in the intervention group was provided
by a special website as part of the intervention, only a few
relatives who attended counselling visited the website. This part
of the intervention could therefore not be evaluated, and it is
unlikely that this intervention component contributed to the
effects identified.

CONCLUSION
A tailored approach to informing relatives at risk of ICCs may
provide optimal support for probands in informing at-risk
relatives, although no significant effect of this approach was
found on uptake of genetic counselling and predictive DNA-
testing. However, higher, but non-pathological, anxiety and
depression scores were observed in relatives. These results may
inform clinical practice using such a tailored approach and
indicate how to improve the support provided. Further research is
needed to identify barriers that prevent relatives from attending
genetic counselling, to assess psychological impact of a tailored
approach in relatives and to gain insight into how to optimize a
tailored approach.

DATA AVAILABILITY
The datasets generated and/or analysed during the current study are available from
the corresponding author on reasonable request.
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