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Abstract
Unsolicited findings (UFs) in clinical exome sequencing are variants that are unrelated to the initial clinical question the
DNA test was performed for, but that may nonetheless be of medical relevance to patients and/or their families. There is
limited knowledge about the impact of UFs on patients’ lives. In order to characterise patient perceptions of the impact of an
UF, we conducted 20 semi-structured face-to-face interviews with patients and/or their relatives to whom an UF
predisposing to oncological disease (n= 10) or predisposing to a cardiac condition (n= 10) had been disclosed. We have
identified a psychological, physical and financial aspect of the perceived impact of UF disclosure in exome sequencing.
Actionability, understanding, patients’ pre-test health and social context were influencing factors, according to our
participants. Although most expressed considerable psychological impact initially, all but one participant would choose to
undergo genetic testing again, knowing what they know now. These novel findings provide insight in patients’ perspectives
on the impact of UF disclosure. Our study highlights the value of incorporating patients’ perceptions in UF disclosure policy.

Introduction

Comprehensive genetic testing by next generation sequen-
cing techniques (NGS) is becoming standard care in many
clinical settings [1]. Sequencing the entire exome or gen-
ome allows the detection of unsolicited findings (UFs).
These are defined as (likely) pathogenic variants in disease-

causing genes which are unrelated to the initial clinical
question for which the genetic test was performed but that
may nonetheless be of medical value to the patients and/or
their family [2]. Although throughout the years various
terms (i.e. incidental findings, unexpected findings) have
been used to describe these findings, UFs is currently
considered to be the most appropriate [3–5].

For more than a decade, discussions worldwide have
weighed arguments in favour and against disclosure of UFs
[6]. A major argument which has been used in favour of
disclosure is that knowledge about genetic predisposition
could enable prevention or early detection of the condition
to which the UF predisposes, potentially resulting in
decreased morbidity and mortality. Potential distress, anxi-
ety, additional costs and overtreatment have been men-
tioned to weigh against disclosure [6]. It has further been
argued that if the perceived negative impact of an UF is
greater than its potential clinical utility, the UF should not
be disclosed [6, 7]. Berg et al. were the first to publish
recommendations for the disclosure of UFs [2]. The
American College of Medical Genetics (ACMG) provided
recommendations to promote standardised disclosure of
additional findings that should be actively looked for, or so
called ‘secondary findings’ (SF) [8]. In contrast, the Eur-
opean Society of Human Genetics (ESHG), as well as the
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Canadian College of Medical Genetics and EuroGentest
argued to limit the identification (and disclosure) of UFs,
considering their potential negative implications, which
would conflict with the medical maxim “first, do no harm”

[9–12]. Both professional societies recommend reporting
additional variants which are found unintentionally, only if
they predispose to serious, but treatable or preventable
health issues, considering both the health of patients (and
their family members) as well as patient autonomy [8, 13].

In order to evaluate these recommendations, we believe
insight into the perceived impact of UFs in clinical care is
essential. The impact of SFs has been evaluated by the
Clinical Sequencing Exploratory Research Consortium
(CSERC) in both the diagnostic and research setting
[14, 15]. These studies report that a minority of patients
experience a negative impact due to anxiety and/or diffi-
culties in conceptualising the associated risks. To our
knowledge, no study to date has evaluated the impact of the
disclosure of UFs.

By conducting a semi-structured qualitative interview
study among patients and their family members to whom an
UF was disclosed, we characterise their perceptions of the
impact of UFs in clinical exome sequencing.

Methods

Study design and setting

We used semi-structured interviews to ask participants
about the impact of the disclosure of an UF on their lives.
We intended to interview index patients (i.e. the persons
who initially underwent genetic testing). In case of incom-
petent or minor index patients, we interviewed family
members assigned as their legal guardian in case of
incompetent or minor index patients. The Research Ethics
Committee Arnhem-Nijmegen (registration number: 2018-
4909) and the Research Ethics Committee Maastricht
(registration number: 2018-0825) both approved this study.

Participants and recruitment

Between 2013 and 2018, material of 16,482 consecutive
index patients was sent to the Genome Diagnostic Labora-
tory of the Radboud university medical centre for exome
sequencing. According to their local policy, which is line
with the European recommendations on UF disclosure, UFs
were disclosed to 86 patients [16]. These concerned mostly
variants predisposing to either oncological or cardiac dis-
ease [13, 17] (van der Schoot et al., manuscript in
preparation).

Using convenience sampling, we recruited participants to
whom an UF had been disclosed, predisposing to either

oncological or cardiac disease. Eligible index patients had
been counselled for DNA testing at the department for
clinical genetics at the Radboud university medical centre or
at Maastricht University Medical Centre. To ensure a varied
sample, we continuously assessed if there was variation in
index age (minors, reproductive age), genes, the condition
DNA testing was performed for, pathologies the UF was
related to and the time since disclosure. Clinical geneticists
were contacted to ask patients or their legal guardians for
permission to invite participation after which interested
potential participants were contacted by a researcher (VS)
(Supplementary Fig. 1). Interviews were conducted by a
resident in clinical genetics (VS) and a trained intern (SV)
under supervision of a skilled qualitative interviewer (AO)
at a time and place convenient for the participants. Informed
consent was obtained prior to each interview. The inter-
views were held between February and October 2019 and
lasted between 32 and 86 min. We reached data-saturation
after 20 interviews.

Topic guide

We designed a topic guide to chronologically address
relevant aspects of the impact of an UF (pre-test counsel-
ling, disclosure, follow-up and social context), which was
refined after the first interviews to better fit our research
questions.

Data-analysis

Interviews were audio-recorded, transcribed verbatim,
anonymized and subsequently analysed using ATLAS.ti
(version 8.2, Scientific Software Development, GmbH,
Berlin, Germany). We used thematic content analysis, a
qualitative approach focussing on identification of themes
and concepts without predetermined hypotheses or theories
[18]. The first transcript was analysed by three members of
the research team (VS, SV, AO) and all subsequent tran-
scripts were independently analysed by two members (VS,
SV). Any discrepancies in the analyses were discussed until
consensus was reached. The codes we used emerged from
the data and were refined in an iterative process of coding,
comparing and refining. They were subsequently grouped
into minor categories and major themes by three members
of the research team (VS, SV, AO).

Results

We conducted 20 semi-structured face-to-face interviews
with index patients and/or their family members about the
UF that had been disclosed, predisposing to oncological
(n= 10) or cardiac disease (n= 10). In fourteen interviews,
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we spoke to the family (parents in all but one interview)
about the impact of the finding from the perspective of the
index and their own experience, since all but two relatives
had tested positive for the UF as well. For index patient and
participant characteristics see Table 1.

Psychological, physical and financial impact

Describing the impact of UF disclosure, participants men-
tioned aspects within three different dimensions: the psy-
chological, physical and financial impact. Participants
interrelated these themes and described four mediating
factors, namely actionability, understanding, pre-test health
and social context. Interviews with index cases yielded the
same themes as those which emerged from interviews with
family members.

The psychological impact was highlighted in all inter-
views. Both short- and long term impact were addressed
frequently. Most participants indicated they were at first
overwhelmed and some were even ‘shocked’ by the news of
the UF.

“Actually, hearing the news was a shock; you don’t
expect it, certainly not at a young age. It was quite intense.”
(Oncological/Patient)

They acknowledged this initial feeling to fade with
developing a better understanding of the meaning of the UF
and the consequences for their well-being. Most participants
said that, after a while, they would think no more of the UF.
One participant said:

“But as soon as you get back to your normal life, and
you pick up your daily routines, you quickly forget about
it.” (Cardiac/Family)

Patients attributed the physical impact to the different
invasive (i.e. prophylactic surgery, colonoscopies) and non-
invasive (i.e. imaging by CT, X-ray, ultrasound or MRI,
ECG) preventive measures, lifestyle changes and repro-
ductive choices.

Participants with an UF predisposing to oncological
disease all said they were offered periodic follow-up (i.e.
colonoscopies or non-invasive imaging) or prophylactic
surgery, depending on their age. They expressed that these
measures would enable timely diagnosis or prevent the
development of malignancies. Invasive measures were
described as to be unpleasant but acceptable considering
their purpose.

The majority of participants with an UF predisposing to
cardiac disease said they were offered periodic follow-up,
according to their age and the condition to which the UF
predisposes.

This allowed them to assess their current health status
and could make them feel reassured no therapy was needed
yet. Some were seen once by a cardiologist who told them
no further assessments were indicated.Ta
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A few participants with an UF predisposing to cardiac
disease talked about lifestyle changes: they reduced their
workload in order to reduce their stress level or tried to
become fitter by going to the gym.

One participant with an UF predisposing to oncological
disease mentioned she had received counselling regarding
reproductive consequences, namely timely starting a family
and the option to try to prevent the condition in offspring.

Most participants were aware of possible consequences
for taking out insurance (NB. In the Netherlands, results of
genetic testing can might be requested by the insurance
company before approval of the request to take out life
insurance over a certain threshold for the insured sum).
While none of the participants talked about having experi-
enced actual adverse financial effects, they did mention
worrying about future financial plans and indicated having
reservations about testing children or informing family
members because of this. A father said:

“They’re young, they want a mortgage and then it would
be like: ‘are you under treatment, do you have an illness or
anything?’ So I told them: ‘If I were you I would not get
myself tested.’” (Cardiac/Family)

A few participants mentioned contemplating not to
undergo preventive assessments because of the costs of
these treatments. (NB. In the Netherlands, health insurance
covers these costs after patients have paid a deductible).

Actionability

All participants underscored the importance of the action-
ability of the UF, meaning to what extent preventive mea-
sures are available. Most participants said that the
availability of preventive measures made them value dis-
closure. A guardian said:

“But I can say: okay, now I know and they can do
something.” (Cardiac/Family)

Participants described that learning about interventions
provided them with more insight in the actual con-
sequences of the UF for their health. Those who underwent
more definitive medical interventions to prevent the
development of oncological conditions (i.e. prophylactic
surgery), said to feel relieved from their fear of becoming
ill. Most participants who underwent (periodic) screening
to detect disease early mentioned to feel reassured as well.
Some participants with an UF predisposing to cardiac
disease indicated that they were aware they could develop
the condition in question in the interval between cardiac
assessments.

Several participants with an UF predisposing to cardiac
disease questioned the knowledge and experience of the
cardiologist to whom they were referred. For example, one
participant does not undergo cardiac screening because the
cardiologist told him this was not necessary:

“[The doctor] asked me: ‘How did you end up here?’ I
told him that genetic tests showed that there was a gene
missing or wrong or I don’t know what exactly. And he
said: ‘That’s a load of nonsense. That’s still in its infancy,
they’re just crying wolf.’” (Cardiac/Family)

Some participants said that they felt insecure about their
health before being seen for medical interventions. Several
participants experienced the time they had to wait for their
first workup as unpleasantly long. Multiple participants told
us that their follow-up consults had ended. They indicated
feeling uncertain about their current health status, not
knowing if since their final assessment, they might have
developed the condition.

None of the participants who underwent periodic work-
ups had been diagnosed with the condition and no partici-
pants had required cardiac therapy or curative surgery.

Understanding

Participants frequently addressed their ability to compre-
hend the consequences of the UF. They said to feel less
occupied by worries once they had developed a better
understanding. During the interviews, we heard of multiple
factors enabling participants to better understand these
consequences: the pre- and post-test counselling; the dis-
closure; associations with (family) medical history; gather-
ing information and follow-up.

All participants indicated that before consenting to the
DNA test, they were informed about the possibility of
detecting an UF. Some said they told their counsellors
explicitly they wanted to know if a genetic variant related to
another condition was found. Most participants mentioned
that no genetic testing could have been performed had they
not consented to UF disclosure. Participants mentioned the
return of the DNA test results took a few months to a year.
Most participants told us they had forgotten about the
possibility of potential UF disclosure when receiving the
DNA test result. They said to be surprised or even dis-
tressed. Some talked about how this diminished their ability
to absorb further information about the UF. The mother of a
patient:

“It’s about your baby. It’s not something you ever want
to hear. At that moment, everything they tell you just goes
past you.” (Oncological/Family)

Most participants indicated they felt able to understand
the information provided. Several participants told us they
did not fully comprehend the finding. For example, some
mentioned they only truly realised the implications for
family members at a later stage. Participants sometimes said
that they had been focussing on learning whether exome
sequencing revealed a causal variant rather than learning
about an UF, especially when hearing about the outcome
via a telephone call.

934 V. van der Schoot et al.



Only one participant said to have had experienced
symptoms of the condition the UF was related to at the time
of UF disclosure (Oncological/Family).

Several participants with an UF predisposing to a cardiac
condition said to be struggling with the answer to the
question ‘Am I sick or am I healthy?’. We found some of
them conceptualised their health status regarding the UF
(affected by the condition the UF predisposes to, not
affected, or something in between?) differently, even within
the same interview.

Multiple participants immediately related the UF to
conditions that were already known to run in the family. A
woman to whom an UF predisposing to ovarian cancer was
disclosed:

“I know my mom had cervical cancer, and my second
cousin had cancer before her. So you can kind of assume
that something like that would be running in the family.”
(Oncological/Patient)

Participants who related the UF to their family’s medical
history, would conclude that in a way it made sense that the
UF was found, even if their clinicians did not confirm that the
conditions that ran in the family could be caused by the UF.

Several participants said that they had have tried to learn
more about the UF by looking for information online.
Others indicated they did not use any other resources than
those provided by their clinician, to avoid being informed
incorrectly.

Most participants mentioned that they had been con-
tacted by their clinical geneticist after a period of time. The
majority of participants who had not heard from their
geneticist after the disclosure, expressed being uncertain
about the consequences of the UF. A woman with an UF
predisposing to heritable breast cancer told us she did not
know if this variant could be related to her thrombotic
disorder:

“We hoped to find the explanation for my complaints but
we did not. Unless…I don’t know…Maybe if you have one
gene you can get very mild complaints. I don’t know. It is
not clear to me.” (Oncological/Patient)

Overall, most participants indicated feeling that they had
developed a comprehension of the nature and implications
of the UF. However, when discussing facts such as risks
during the interviews, we regularly found their knowledge
to be inconsistent with current literature and clinical
guidelines, particularly in interviews about UFs predispos-
ing to cardiac disease.

Pre-test health

During the interviews, participants often compared the
severity of the condition the DNA test was initially per-
formed for, with the perceived severity of the condition the
UF predisposes to (e.g. the burden of untreatable epilepsy

compared to a predisposition to an actionable cardiomyo-
pathy). Many expressed worries about their own health or,
in case of family, about the health of their child. They
would qualify the condition the UF predisposes to as being
relatively less severe than the initial condition. Also, most
participants said that they accepted the possibility of dis-
closure of an UF and the consequences of an UF for the
sake of finding a diagnosis. Family of a patient with a
severe neurological disorder told us:

“On the one hand it’s a shock, because it’s yet another
thing to deal with. On the other hand it’s an absolute pain
to still not have a diagnosis. That is just unacceptable.”
(Cardiac/Family)

They indicated to be urgently looking for a way to
understand and/or find proper treatment for the health
condition of the index patient which they said motivated
them to undergo genetic testing. All but one participant
answered ‘yes’ to the question ‘would you have chosen to
undergo the DNA test, knowing what you know now?’. The
father of a girl with epilepsy and a developmental disorder
who had a cardiac UF disclosed, was not sure whether he
would have chosen to undergo genetic testing. He ques-
tioned whether the clinical utility could outweigh the
resulting financial consequences.

Social context

Participants discussed sharing the news of the UF with
relatives in order to inform them about their risks and/or
hoping to find comfort. They said to feel burdened by
having to be the bearer of the bad news, especially when
they experienced poor intrafamilial communication, vul-
nerability of family members or fear of negative con-
sequences for their relationships. Some participants
mentioned their clinical geneticist requested them to inform
family members and told them whom to inform and how.
They said this made them more comfortable when con-
fronting their family.

With few exceptions, participants said that family
members’ reactions were mostly understanding and calm.
They mentioned that when they shared the news with
relatives, friends or colleagues to seek comfort, those people
generally reacted compassionately.

Discussion

Over the course of 20 in-depth interviews, we encountered a
psychological, physical and financial aspect of the per-
ceived impact of UF disclosure in exome sequencing.
Actionability, understanding, patients’ pre-test health and
social context were influencing factors for these three
aspects, according to our participants.
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Although most expressed considerable psychological
impact initially, all but one participant would choose to
undergo genetic testing again, knowing what they know
now. This finding is in line with previous qualitative studies
about UFs across different clinical settings, as well as for
SFs in genetic testing [14, 15, 19]. As in our study, the
consequences of the UF are generally considered to be more
beneficial than adverse, which would argue in favour of UF
disclosure [6].

Actionability was a major theme throughout all inter-
views, similar to studies on the impact of SFs in DNA
testing [20, 21]. The majority of the participants valued
disclosure as they were offered measures that would enable
early detection or prevention. This finding affirms current
policy guidelines in which actionability is a prerequisite for
UF disclosure [13].

Even though all variants disclosed were deemed ‘medi-
cally actionable’ by an expert panel [17], the experienced
effectiveness differed among participants. Generally, pre-
ventive measures offered for cardiac disease were perceived
to be less effective than those to prevent oncological con-
ditions. In this context, it has been suggested that patients
value “more concrete” interventions [22]. Effectivity of
preventive measures has been an acknowledged criterion for
UF disclosure, but it is subject to personal judgments of
genetic professionals [23]. It would be of added value to
incorporate patients’ perceptions of which interventions are
effective and their views on the perceived importance of this
criterion.

Only one participant (Oncological/Family) indicated
being symptomatic, which reflects the low prevalence of
phenotypic expression of UFs [24]. Reduced penetrance of
both cardiac as well as oncological variants in the context of
UFs/SFs previously has led genomic professionals to
question their utility [25–27]. In our study, the value of the
UF was mainly attributed to its utility. Potential limited
utility of UFs should be embedded in disclosure policy and
clinical studies on expression and penetrance of UFs would
be of added value [27].

Participants frequently addressed the value of being able
to understand the finding. They mentioned the relevance of
being provided with adequate and timely information
through thorough pre- and post-test counselling and follow-
up consultations, which has been previously emphasised for
delivering bad news in genetic testing and in other medical
procedures [22, 28–30]. Understanding allows patients to
develop disease conceptualisation, contributing to their
empowerment. Feelings of empowerment could suppress
the initial negative feelings regarding the UF as has been
seen in the context of secondary findings [15].

Some of our participants still expressed uncertainty about
gene associated risks. Notably, we regularly found partici-
pants’ knowledge to be inconsistent with current literature

and clinical guidelines (e.g. no genetic testing of first degree
relatives was recommended in case of an autosomal domi-
nant predisposition for cardiomyopathy in the index with a
known low de novo occurrence [31]).

Whether this was due to a lack of understanding or
inadequate counselling, is unclear. We saw the extent to
which the finding was understood differed between cardiac
and oncological variants. Variants predisposing to cardiac
disease make up a substantial portion of UFs (van der
Schoot et al., manuscript in preparation) and SFs [32], and –
compared to variants predisposing to oncological disease –

they are known to display reduced penetrance and pheno-
typic variability [31, 33]. In our study, neither participants
with a cardiac UF, nor their family members were known to
have experienced any UF-related symptoms. The complex
relationship between genetic variants and the associated
phenotypes are a challenge to the genetic counselling pro-
cess, and potentially limit health care professionals in
enabling patients’ understanding. Counselling UFs influ-
ences patients’ behavioural responses [19, 34]. Inadequate
information and guidance by health care professionals due
to the complexity of UFs could endanger the fulfilment of
UFs’ actionability. This further emphasizes the need to
critically consider if adequate counselling and follow-up
can be ensured before UF disclosure [34].

The pre-test health was the third major theme. The urge
to find a diagnosis for the index patient was highlighted in
all interviews and has previously been noted for genetic
testing in general [35]. Participants told us no genetic test-
ing would be performed when they would not consent for
UFs. In our centre, targeted panel analysis is offered first,
which carries a very low probability of UFs. Thus, a
requirement to consent to disclosure of UFs applied only to
those in whom genetic testing of the entire exome was
performed, as this carries a higher yield of UFs (van der
Schoot et al., manuscript in preparation). Over the
2013–2018 period in which our participants were coun-
selled for genetic testing, a specific opt-out option for UFs
was not available when analysing the complete exome. This
has been a matter of intense debate. An opt-out option will
be implemented in national consensus-based guidance for
UFs. The majority of our participants stated however, that
they needed to consent for IF disclosure to have genetic
testing performed, rather than mentioning having had the
option to restrict genetic testing to a targeted panel or dis-
cussing the possibility of an opt-out.

For them, the imperative to find an explanation for their
own or their child’s complaints seemed to overrule the
impact of the UF. Most participants qualified the impact of
the UF as less severe than the impact of the condition
genetic testing was performed for, which were generally
conditions that were poorly understood and/or for which
proper treatment options were lacking. This in contrast to the
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medically actionable conditions to which UFs by definition
predispose. Although the importance of the context in which
genetic testing is performed has been highlighted previously
[15, 20], understanding how it can relate to experiencing
genetic testing provides a new perspective of embedding
contextual factors in counselling for DNA testing.

A minority of the participants addressed the social context
to be of influence on the impact of UF disclosure. Partici-
pants particularly acknowledged not fully grasping implica-
tions for family members when consenting to genetic testing.
As has been pointed out before, this aspect requires attention
before deciding to undergo genetic testing [36]. Overall,
implications of sharing the news of the UF with relatives did
not appear to differ from what we know from studies about
sharing results of genetic testing in general [37].

The financial impact was another minor theme. Possible
financial consequences were a main reason to have reser-
vations about sharing the news with family. The perceived
financial burden showed similarities with what was found in
previous studies on presymptomatic genetic testing [38]. At
the time of the interview, none of the participants had
experienced any actual financial consequences. Of note, the
financial impact largely depends on the nature of the health
care system.

Overall, participants did not experience a great physical
impact of preventive measures. This is an important finding,
as burdening patients with unnecessary interventions has
been put forward as a reason to critically consider disclosure
of UFs [6]. Offering more invasive measures (i.e. prophy-
lactic surgery, ICD) should be carefully considered [26, 39].

Strengths and limitations

Our study investigated patient experiences with the impact
of an UF following clinical exome sequencing. These
results provide valuable insight for both clinical genetics
practice as well as policymaking.

Limitations of our study include the risk of bias, given its
relatively small sample size and the recruitment which was
restricted to one genetic centre and was not limited to index
patient inclusion. This study assessed the impact of an UF
as perceived and described by index patients or their
guardian family members. Recall bias and choice-
supportive bias might have impacted participants’ descrip-
tions of their experiences. Although the absolute number of
participants was relatively small, this sample size is com-
mon for qualitative research, considering its labour-
intensiveness and the amount of information each inter-
view yields. In addition, since UFs are a relatively rare
occurrence, our sample constitutes 22% (20 of 89) of the
total number of UFs detected in our hospitals over a 5-year
period. We did not address the impact of UFs other than
cardiac and oncological variants. However, UFs related to

these two disease entities are the most frequent additional
findings in exome sequencing [32]. Since participants were
recruited from one genetic centre, our results might not be
representative of practice in the Netherlands overall. The
provided participant characteristics’ and access to the local
policy guidelines enable readers to assess whether these
data are applicable to other genetic centres. We did inter-
view both index patients as well as their family (i.e. par-
ents). However, since most family members had tested
positive for the UF as well, we believe their contribution to
this study to be valuable. We found that the themes that
were brought up by family members generally mirrored
those which emerged from interviews with index patients.

Time since disclosure has been less than five years for all
of our participants. Only one of our participants had pre-
sented with symptoms related to the UF when conducting
the interviews, meaning for the others, no prevention or
early detection had yet occurred. The extent to which the
potential treatability or prevention has been fulfilled might
influence participants’ appreciation of the actionability.
Therefore, long term evaluation would be needed to address
this aspect.

The reporting of this study generally follows recent
qualitative research standards (ref. COREQ).

Conclusion

In conclusion, patients and their family members express a
psychological, physical and financial impact of UF dis-
closure. Overall, the perceived impact would not keep
patients from undergoing genetic testing again, knowing
what they know now. To ensure informed consent in pre-
test counselling, counsellors should encourage considera-
tion of all potential outcomes of genetic testing, since the
desire for a diagnosis potentially lessens the receptiveness
for information on UFs. Post-test counselling should enable
understanding of the finding, contributing to fulfilling its
actionability. The importance of the actionability criterion
suggests the need for critical consideration of the perceived
effectiveness of interventions and the clinical utility of
disclosure of variants in the context of UFs.
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