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Non-invasive prenatal testing’s (NIPT) potential to screen for a wide range of conditions is receiving growing attention. This study
explores Canadian healthcare professionals’ perceptions towards NIPT’s current and possible future uses, including paternity
testing, sex determination, and fetal whole genome sequencing. Semi-structured interviews were conducted with ten healthcare
professionals, and another 184 participated in a survey. The triangulation of our findings shows that there is considerable
agreement among healthcare professionals on expanding NIPT use for medical conditions including fetal aneuploidies and
monogenic diseases, but not for non-medical conditions (sex determination for non-medical reasons and paternity testing), nor for
risk predisposition information (late onset diseases and Fetal Whole Genome Sequencing). Healthcare professionals raise concerns
related to eugenics, the future child’s privacy, and psychological and emotional burdens to prospective parents. Professional
societies need to take these concerns into account when educating healthcare professionals on the uses of NIPT to ensure
prospective parents’ reproductive decisions are optimal for them and their families.
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INTRODUCTION
Non-invasive prenatal testing (NIPT) is a screening technology
analysing cell-free fetal DNA originating from the placenta and
circulating in maternal blood. The analysis can be performed as
early as the 9th week of pregnancy and can detect trisomies 21,
13, and 18 more accurately than previously existing prenatal
screening tests such as maternal serum screening (MSS) [1, 2].
Although NIPT’s sensitivity for trisomy 21 (Down syndrome, DS) is
reported in the literature as 99.9% (with 98% specificity), it
remains a screening test and not a diagnostic test, such as
amniocentesis [3]. Nevertheless, NIPT’s increased accuracy means
that fewer women with false positive results are unnecessarily
undergoing amniocentesis and subjecting themselves to the risk
of miscarriage.
The fact that NIPT can be performed earlier in the pregnancy

than other screening tests means that parents get more time to
make decisions about their pregnancy. However, it is precisely the
clinical advantages of NIPT that may lead to an exacerbation of
the ethical issues that prenatal screening raises [4]. For instance,
the literature raises concerns that NIPT’s routinization—its
increased inclusion in routine prenatal care practices—could lead
to further erosion of informed consent, trivialisation of pregnancy
termination, and discrimination against people with disabilities.
NIPT could allow for more genetic conditions to be detected

than the ones commonly screened for now [5]. Given the scientific
work conducted with the aim of expanding the list of conditions
that NIPT screens for, one would expect a burgeoning literature on
what the main stakeholders think about such potential future uses
of NIPT. Indeed, there has been empirical work conducted with

pregnant women [6], but very little insight exists into healthcare
professionals’ (HCPs) views [7]. Kater-Kuipers et al. have conducted
an interesting study that included interviews with professionals in
the field of prenatal screening in the Netherlands with the aim of
presenting ‘ethical guidance for the expansion of the scope of
prenatal screening’ [8]. The authors conclude that four moral limits
ought to ‘demarcate a responsible expansion of the scope of
NIPT’: (1) particular attention to truly informed consent in genetic
counseling; (2) proportionate expansion (‘test should be clinically
valid and useful to women’); (3) respect for the right of the
prospective child to an open future; and (4) just distribution of
health resources. To gain more insights about HCPs’ views with
regards to NIPT expansion and these four moral limits, we
conducted interviews with ten HCPs and a survey of 184 HCPs, all
from Canada.
As the studies were conducted between 2014 and 2016, a brief

note is warranted on how the offer of NIPT has changed since
then. At the time of our study, only Ontario provided state-funded
NIPT for pregnancies with a positive prenatal screening result from
multiple marker screening or satisfying another condition such as
maternal age [9]. Since 2016, B.C., Yukon, and Quebec have also
begun funding NIPT on a contingent model. Recommendations,
such as those of the Society of Obstetricians and Gynecologists of
Canada (SOGC), have also evolved. In 2013, the SOGC recom-
mended that NIPT be “an option available to women at increased
risk in lieu of amniocentesis”, while not deeming the technology
ready to replace using biochemical serum markers yet [10]. The
latest iteration of the recommendations issued in 2017 [11], notes
that maternal plasma cell-free DNA should be offered to all
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women, with the understanding that it might not be provincially
funded and it discusses its use to detect, among others,
microdeletions and sex chromosome aneuploidies.
These developments mean that our results are still relevant.

Some of the “future uses” we discuss (such as whole genome
sequencing) are still not offered today and have thus remained
“future”. Other results are still relevant, but while at the time they
pointed to hypothetical concerns regarding the offer of NIPT, these
have now become actual concerns. For example, NIPT is currently
offered in some places for sex chromosomes abnormalities, which
was a hypothetical scenario at the time of our studies.
We note that we use the term NIPT in order to stay consistent

with the terminology as presented to study participants, even
though terminology has since shifted and much of the literature
currently uses NIPS (for Screening) or “cell-free DNA screening” (or
cfDNA screening).

MATERIALS AND METHODS
Study design
Interviews. A qualitative description (QD) methodology was used to allow
answering questions of relevance to practitioners and policy makers.
Interviewees were asked to reflect on the potential future uses of NIPT
including paternity testing, sex determination, fetal aneuploidies and
monogenic diseases, FWGS and late-onset diseases. QD provides direct
information about a topic and a comprehensive explanation of this topic as
viewed and experienced by the study participants [12]. We used QD to
explore the perspectives and values of HCPs regarding the potential future
uses of NIPT. In turn, these results can be used to inform practitioners, as
well as policy decision-makers, about challenges raised by the potential
future uses of NIPT. The interview guide used to collect data is provided as
a supplementary file to the manuscript (Additional file 1).

Survey
To examine Canadian health professionals’ attitudes towards NIPT, a survey
ran during a 16-month period, from March 2015 to July 2016.
The questionnaire had 28 questions addressing the following themes:

knowledge about NIPT, decision-making when offering NIPT, uses of NIPT,
social impact of NIPT, and future uses of NIPT. Question formats included
Likert scales, ‘true or false’ statements, multiple choice, and ranking. The
questionnaire included an information sheet explaining the differences
between maternal serum screening, amniocentesis and NIPT. The
information sheet gave brief descriptions of the procedures, timing of
tests, risk for pregnancy, accuracy, nature of test (screening vs diagnostic),
potential results, and potential outcomes (Additional file 2).
Both studies were conceived in the context of a larger pan-Canadian

project titled “PErsonalized Genomics for prenatal Aneuploidy Screening
USing maternal blood” (PEGASUS). It is noteworthy that data collection for
interviews was performed a year earlier than the survey. However, the fact
that they shared similar themes that were initially developed based on the
same literature review [13], allowed us to compare the results from both.
Results from interviews thus informed the analysis and clarified the
interpretation of survey results.

Sampling and recruitment
In total, 25 HCPs working in prenatal screening and diagnostic testing in
Montreal were invited to participate in our interviews between October
2014 and February 2015. They were identified through collaborators who
provided a list of HCPs practicing prenatal testing as well as through an
online-search. H.H. conducted the semi-structured interviews with the 10
HCPs who accepted to take part in our study, in French, face-to-face at the
respondents’ workplaces. We stopped recruitment after reaching data
saturation.
Recruitment for the survey occurred primarily at 6 hospitals in five

Canadian provinces (BC, Alberta, Ontario, Québec, and Newfoundland).
HCPs were also recruited at conferences and via mailing lists of 41
Canadian professional societies.

Data analysis
We used thematic analysis to conduct our data analysis for interviews,
facilitated through the software package NVivo 11. Data collection and

analysis were done concurrently. Transcripts were read repeatedly (by H.H.
and G.B.) and broken down into subcodes merged under higher-order
code categories that were already established by using the deductive
approach of analysis (predefined code categories). To ensure the
consistency of coding, both researchers independently coded a subset
of transcripts, which were then compared against each other to ensure
inter-coder reliability, i.e. “a numerical measure of the agreement between
different coders regarding how the same data should be coded” [14].
During this process both researchers met regularly, and discussed
discrepancies until consensus was reached to refine the coding, thus
improving precision. H.H. translated selected quotes into English.
Survey data was stored and analyzed using IBM SPSS 24. An exploratory

inductive approach to the data was taken, with no hypotheses formulated
a priori.

RESULTS
Interviewees included: two registered nurses, four medical
geneticists, three obstetricians/gynecologists and one genetic
counselor (Table 1).
184 HCPs from 8 Canadian provinces and 1 territory completed

the survey. 50% practiced primarily at a public hospital, 20.7% at a
research hospital, 15.2% at a private practice, and 5.4% at a public
health organization. 89.0% reported having experience in prenatal
diagnosis for Down syndrome, and 81.1% reported offering NIPT
(Table 2).

Paternity testing
Respondents to the survey were mixed in how favorable they
were to using NIPT to test for paternity, with 39.0% not in favor of
using NIPT for paternity testing, 19.2% in favor of using it for
paternity testing, and the remainder (41.8%) in between (see
limitations).

Table 1. Participants’ demographics in the individual interviews and
the survey.

Interviews Survey

Total participants 10 184

Profession

Nurse 2 12 (6.5%)

Medical geneticist 4 18 (9.8%)

Obstetrician/Gynecologist 3 53 (28.8%)

Genetic counselor 1 54 (29.3%)

Midwife 0 10 (5.4%)

General Practitioner 0 7 (3.8%)

Other (incl. missing answer) 0 30 (16.3%)

Gender

Female 8 144 (78.3%)

Male 2 35 (19.0%)

Location

Ontario 0 65 (35.3%)

Québec 10 52 (28.3%)

British Columbia 0 29 (15.8%)

Alberta 0 24 (13.0%)

Newfoundland & Labrador 0 4 (2.2%)

Nova Scotia 0 2 (1.1%)

Manitoba 0 1 (0.5%)

Prince Edward Island 0 1 (0.5%)

Yukon 0 1 (0.5%)

Unspecified 5 (2.7%)
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All interviewees agreed that NIPT should not be offered for
paternity testing, unless there is a medical reason to do so. See
Table 3 for selected quotes illustrating professionals’ views.

Sex determination
NIPT to determine the sex of the fetus for medical reasons was
positively perceived by all interviewees because, according to the
majority, “determining fetal sex for medical reasons is something
that is already done in clinic with other technologies and it allows
guiding the pregnancy management”. Non-medical sex determi-
nation, however, elicited negative reactions from all interviewees.
They feared that it would lead to termination based on sex or
what is euphemistically called “family balancing”.

Specific uses of NIPT: expansion to other chromosomal
disorders, inherited disorders, late-onset diseases, and fetal
whole genome sequencing (FWGS)
Within our discussion with HCPs, we tackled more specific uses of
NIPT, some of which are already offered in the clinic, including:
chromosomal disorders such as fetal aneuploidies (trisomy 13, 18,
21) and inherited disorders (such as cystic fibrosis), while others
are more speculative or performed in research settings, such as
FWGS and fetal testing for late-onset diseases.

Expansion to other chromosomal disorders and inherited disorders.
Of all potential expanded uses of NIPT, survey respondents were
most in favor of this category, that was presented to them as
“inherited disorders (Tay-Sachs, cystic fibrosis, sickle cell disease,
Gaucher disease)”. 63.4% of respondents were in favor, while 4.9%
not in favor.
Survey respondents were asked how useful it is to perform NIPT

in low-risk pregnancies “to look for other chromosomal anomalies,
including microdeletions and microduplications, using chromoso-
mal microarrays or comparative genomic hybridization”. 34.1% of
respondents were not in favor of such use of NIPT, 8.9% were in
favor, and 57.0% fell in between. Interestingly, HCPs who reported
having experience in prenatal diagnosis for DS were significantly
less interested in such expanded use of NIPT than those who
reported having no such experience in prenatal diagnosis for DS
(p= 0.019, 2-sided Pearson Chi-Square test).
In interviews, almost all HCPs supported the use of NIPT to test

for fetal aneuploidies. When we probed for more specific
chromosomal abnormalities beyond the common ones (trisomy
21, 13 and 18) such as 47,XXY (Klinefelter syndrome) and 45,X
(Turner syndrome), we identified agreement among the inter-
viewees who stated that there is no need to test for Klinefelter
syndrome since there is no medical indication to terminate the
pregnancy.

In the case of testing for Turner syndrome, HCPs thought it
should be performed only following an ultrasound showing
clinical signs indicating a severe form with medical complications,
for which pregnancy termination could be considered.
Testing for monogenic diseases such as cystic fibrosis (CF) is still

not possible, in clinical or research settings. All interviewees
considered the use of NIPT to diagnose CF to hold great potential
and to possibly eventually replace more invasive procedures
(amniocentesis and CVS) if it becomes clinically available. Never-
theless, they emphasized the fact that it should not be universally
offered to all pregnant women and should be limited to specific
cases, such as couples known to be carriers.

NIPT use for late-onset diseases. The survey had three sub-
questions on the desirability of expanding NIPT use to test for
genetic predispositions for disease: 1. “Predisposition to
childhood-onset diseases (autism, leukemia)”; 2. “Predisposition
to late-onset diseases (heart conditions, Alzheimer’s disease,
cancer)”; and 3. “Predisposition to mental disorders (schizophrenia,
bipolar disease)”. The responses are shown in Table 2.
These results were not homogeneous across types of HCPs

surveyed for late-onset and mental disorders, with clinical geneticists,
genetic counselors, and general practitioners being significantly less
in favor of testing for such predispositions than nurses, midwives or
ob/gyn’s (p< 0.001 for both categories of conditions).
Using NIPT to detect late-onset diseases has spurred diverse

opinions among interviewees. Those opinions were equally
divided between those who were completely opposed to offering
the test for late-onset diseases and those who were in favor of
offering it in a controlled manner.
Reasons invoked for not offering the test included: possibility of

having a treatment in the future for the detected condition,
labeling of the future child (alluded to above), lack of immediate
impact on the child’s development and health, and the fact that,
in most cases, the results generated reflect a risk factor and not a
certainty. Even in the event of a diagnosed late-onset condition
they argued that “the future baby will have enough time to live and
will lead a normal life”. (HP 1)
Interviewees who were in favor of offering it for late-onset

diseases were very cautious about framing the conditions under
which the test should be used. Some focused on the reliability of
the test to diagnose late-onset diseases and to predict its
occurrence, especially for severe diseases such as Huntington
disease, for which couples may consider terminating the
pregnancy. Further, they stressed the need for extensive pre-test
genetic counseling and a follow up with a psychologist.
Others stated that the personal lived-experience of predisposi-

tion to late-onset diseases for each person should be taken into

Table 2. Aggregated responses to the survey questions (in %).

In the future, NIPT may become a very reliable predictor of many genetic
conditions. Are you in favor of NIPT being available for the following
conditions:

Not in favor Somewhat
in favor

In favor

Inherited disorders (Tay-Sachs, cystic fibrosis, sickle cell disease, Gaucher
disease)

4.9 1.6 12 18 63.4

Paternity testing 39 9.9 22.5 9.3 19.2

Physical and behavioral attributes (eye color, intelligence, sexual orientation) 92.8 4.4 0 0.6 2.2

Predisposition to childhood-onset diseases (autism, leukemia) 30.2 16.5 22 11.5 19.8

Predisposition to late-onset diseases (heart conditions, Alzheimer’s disease,
cancer)

58.6 14.9 12.7 4.4 9.4

Predisposition to mental disorders (schizophrenia, bipolar disease) 52.7 17 14.3 4.9 11

Technology today allows us to look for other chromosomal anomalies,
including microdeletions and microduplications, using chromosomal
microarrays or comparative genomic hybridization. How useful do you think
it would be to perform such tests through NIPT in low-risk women?

34.1 22.3 27.9 6.7 8.9
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consideration because the risk for a certain late onset-disease
(such as breast cancer) might be perceived differently and the way
each individual experiences it is distinct and depends on their
personal history. Further, it is difficult for a HCP to judge whether a
risk is severe enough to justify a prenatal test:
That is always the debate. I work a lot in hereditary cancer, so

women with BRCA who are at risk of cancer. We often see, let’s say,
all ways of thinking. There are people, who even if they are carriers,
do not change their reproductive decisions, knowing that screening is
a possibility. There are other people, and it is often those who have
catastrophic family histories, young women who lost their mother
when they were babies, with a very, very strong history, could
experience that risk very intensely. So I find myself not well-placed to
judge, to say that no, it’s not severe enough to justify a prenatal test,
because they all have different life experiences, some people really
have catastrophic histories, and we can understand that this is
something they absolutely want to avoid transmitting… (HP 9)

NIPT use for FWGS. In a relatively near future, the ongoing
technological development of NIPT may provide couples with the
opportunity to access information about the sequence of the
whole genome of their fetus, thus revealing extensive information
of either health-related significance, such as increased genetic
predisposition to develop certain diseases, or non-health related
significance, such as the fetus’ eye color and other non-medical
traits.
In total, 92.8% of survey respondents were not in favor of using

NIPT to test for “physical and behavioral attributes (eye color,
intelligence, sexual orientation)”.
We discussed with interviewees whether they would be in favor

of offering NIPT in order to know the entire genomic sequence of
their patient’s fetus. Although most interviewees foresaw prenatal
FWGS as an unavoidable reality in the future, 8 of 10 voiced a
resounding “no” to its use, raising concerns on five different levels:
(1) current lack of scientific knowledge related to genetic findings,

Table 3. Selected quotations from interviews with healthcare professionals.

Paternity testing

No, I do not think we have a medical reason to offer paternity tests. If they [parents] want it for social reasons, they can pay a company to do it. It would be
done only if, for example, we find a mutation in the fetus that is not found in both parents. We can, in some cases, ask for it [the test] to see if it is a de novo
mutation. Parents will not necessarily be informed if we find a non-paternity, but for the interpretation of tests in rare cases, it can be requested. (HP 3)

Sex determination

No. Because this test is for medical purposes. We might want to determine the sex for medical reasons, for instance, reasons related to sex, to guide towards
appropriate care, but just to know it [the sex] there are risks of eugenics and sex selection for family balancing. This is not something that accords with our
practice. (HP 5)

Expansion to other chromosomal disorders and inherited disorders

Now if you ask me if it should be used to detect Klinefelter, not necessarily. Let’s say there would be no medical indication to terminate a pregnancy for
Klinefelter. Usually, we will not counsel women, we will not orient women towards termination of pregnancy if Klinefelter is detected at prenatal screening.
We will inform patients, but we will not encourage women, not encourage, but discuss pregnancy termination for Klinefelter. (HP3)

A Turner with ultrasound signs, we will catch it by ultrasound, and in this case, there might be an indication of pregnancy termination, because those are the
severe ones with complications… In cases of Turner not showing on ultrasound it’s a little girl who is doing well. So, I think it’s better not to know it when
we’re pregnant, and one day, the little girl will have Turner. She will have ample time to know it one day. These are children who are well, who need
hormonal treatments, but who have normal intelligence, life expectancy and quality of life that are quite comparable to many people in society. (HP 2)

Well, we will say yes for CF. The problem is that there are several mutations. For CF, it is necessary that the parents are known carriers, so it must be well
supervised, it is not as simple as trisomy 21. So, for me it would be subject to a specific medical prescription. It really should be in well-targeted cases. I would
not want cystic fibrosis screening done universally for everyone. (HP 7)

NIPT use for late-onset diseases

It depends on the disease. There are some that we will want to screen, others not. Those [diseases] that would have an indication for prenatal diagnosis for
medical termination of pregnancy, yes, if it is reliable enough, if not, then no. There are some who perform prenatal diagnoses for Huntington, Steinert, etc. If
we can offer the same via NIPT with an equivalent reliability, yes that can be an indication. For other pathologies […] such as a form of cardiomyopathy that
will be revealed at a late age or Charcot-Marie-Tooth for example, that will be revealed at a late age, etc. Or, that would not necessarily be an indication for
pregnancy termination, in such cases there is no interest in doing so. (HP 2)

NIPT use for Fetal Whole Genome Sequencing

I would not be for whole [genome] sequencing because once again, there are many things that we do not know that we will find. We see that with CGH. In
several CGH there are several anomalies where we do not even know what it means. So, imagine doing the fetal sequencing… there is a lot of information
that will create a lot of stress in the population. (HP 7)

We have a lot of genes related to autism, schizophrenia, and so on. If we say; that’s it, your child is at ten times the [normal] risk for one day developing
schizophrenia. Vulnerable people say “OK, I’ll terminate”. Ten times the normal risk means that the probability of one day developing schizophrenia is [18]
extremely low. If we start squeezing all people like that, we will not never see the end of it. (HP 2)

Once again, doing whole sequencing will lead once again to even more selection. I want my baby to have blue eyes, but he’s going to have brown eyes. We
are already against sex selection, so imagine! It opens doors that are dangerous at an ethical level. (HP 7)

“So no, I would not be in favor of fetal sequencing because I want to avoid drifts [in practice]. It’s a bit like the tests offered directly to consumers. As for the
fetus, he must have a status. It could be as if we labeled it with a condition later on. It will be necessary to tell them at a point when they are an accomplished
[19] being, and it will be necessary to know when to tell them, and perhaps they do not want to know. So, at that time, we could be harmful, not beneficent,
then we will have taken away their decision-making autonomy, and we could jeopardize many things such as insurability, employment, mental health and
then labeling them as a carrier of a [particular] condition”. (HP 10)

There must be much, much more well-defined indications for sequencing of fetal DNA. And, when I say well-defined, we must have good reasons. Let’s say
parents who have had three pregnancies with malformations, and all the tests we’ve done to date are negative. We tested everything we think the baby can
have because of this malformation, and all the tests are negative, and we tested the parents for all we can, for them yes, we do the sequencing. We will target
things we can intervene on, or if we find something that is incompatible with life, and we come back with conditions that lead to disability, or if we find
something that can explain that… And no, I do not agree that it should be available to everyone. I agree that it should be available for very, very, very well-
defined indications. (HP 1)
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(2) lack of treatment, (3) difficulty in achieving consent and
counseling, and (4) the future child’s autonomy, and (5) the
trivialization of pregnancy termination.
Many interviewees were concerned about the vast amount of

complex genetic information generated through FWGS, as well as
the current lack of knowledge and difficulty in interpreting and
managing genetic findings, such as variants of unknown
significance. To illustrate this situation, some interviewees cited
their experience with comparative genomic hybridization- a
technique detecting chromosomal copy number changes to
provide global overview of either gains or losses of whole
chromosomes or subchromosomal regions [15]—as an example
where they were unable to interpret genetic results.
Further, they added that prospective parents would be over-

whelmed with the quantity and complexity of the information,
which might consequently be troubling for them and increase
their stress. Within HCPs’ discussions about the complexity of the
information, they voiced concerns related to both the difficulty in
obtaining consent and in providing counseling. Many recognized
that the consent needs to be “rock solid” since it is hard to know
what findings will be generated through FWGS.
Lack of cure, treatment, and prevention, particularly in some

specific cases such as late-onset diseases, were other commonly
cited reasons for rejecting the use of NIPT for FWGS.
I would not be in favor because it is like going fishing and finding

things that are not related to what is important to the women or
couple. And then the predictive powers that we have right now by
sequencing the whole genome are inconclusive. So, some things we
are going to find for which we have no treatment, we do not expect
the fetus to be affected. There would be like late onset. And even in
these late onset diseases, there would be no screening or curative
treatment. (HP 10)
Many HCPs felt unease about the expanded use of FWGS,

because they thought it will open the door to “frivolous
applications”, such as selecting sex, eye color, or risk of developing
a certain condition, which might in turn lead to the trivialization of
pregnancy termination.
Two interviewees voiced concerns related to the impact of

FWGS on the child’s right to decide for themselves whether to
undergo genetic testing, while simultaneously labeling them as a
carrier of a certain condition, thereby possibly affecting their
mental health and making employment or insurance more
difficult to obtain later in life.
Even the two interviewees who agreed about the use of NIPT

for FWGS said that it should be used as a last resort after more
invasive or known procedures are performed, such as amniocent-
esis for CGH, and under very specific medical indications.
Moreover, it should not be offered to the population “at large”.

DISCUSSION
Since the introduction of prenatal tests in 1970, the scope of
detected genetic conditions was limited to situations where the
probability of being affected was high, thus ‘justifying’ invasive
testing. However, the emergence of NIPT is significantly changing
this landscape by paving the way for testing and/or diagnosing a
much wider range of medical and non-medical conditions in the
absence of perceived specific risks. In light of this, our study aimed
to explore the views of HCPs in relation to current and potential
future uses of NIPT. Our findings show that there is agreement
among HCPs on expanding NIPT use for medical conditions
including fetal aneuploidies and monogenic diseases, but not for
non-medical conditions (sex determination for non-medical
reasons and paternity testing), and risk predisposition information
(late onset diseases and FWGS).
Our discussion reflects concerns that might have transitioned

from being purely hypothetical at the time of data collection (e.g.
NIPT was not offered for Klinefelter syndrome) to being currently

real scenarios (NIPT is being offered for Klinefelter in some
provinces), while others are still futuristic and considered
controversial (NIPT use for FWGS). This is due to the technological
development of NIPT that led to growing reliability for certain
conditions. We will discuss ethical concerns raised by HCPs
regarding the expansion of NIPT use for non-medical conditions
and risk predisposition information and that we grouped under
three umbrellas: those related to the society at large, to the
parents, and to the prospective child. We do acknowledge that
this organization is somewhat overlapping in nature, and we
adopt it here for heuristic reasons.

Concerns related to the society
HCPs voiced concerns at a societal level, including the trivialisation
of pregnancy termination (i.e. abortion for trivial or unimportant
reasons) and increased eugenic trends, if NIPT is used for non-
medical conditions such as sex determination for non-medical
reasons. HCPs’ concerns seem to join those raised by the public in
previous studies. For instance, in their study of public viewpoints,
Farrimond and Kelly report that “…fears about trivialisation are
linked to the rejection of picking and choosing and a valuation of
natural diversity such as disability. As such, trivialisation fears are not
fears about having greater information per se, but are rather the fear
of the trivialisation of abortion”[16] (p740, 2011). Trivialisation of
pregnancy termination might lead to loss of diversity in society,
which in turn, might exacerbate discriminatory attitudes towards
those individuals who present traits that are different from what is
accepted in a eugenic society, a society looking for “perfect
babies” [17]. These concerns are not novel. However, they are
likely to be exacerbated with NIPT used to test for a wider range of
conditions as the technology evolves.
To address these concerns, in light of our findings, we think

there is a need: (1) to perform evidence-based studies in relation
to what conditions should be tested for (and under what
circumstances); for instance, severe vs. minor ones, and (2)
promote a public discussion involving points of views from
diverse stakeholders, including disability groups and policy
makers.

Concerns related to the parents
Extending the scope of NIPT use to FWGS and late-onset diseases
raises the challenge of processing an unprecedented amount of
complex genomic data, which according to our findings is likely to
result in concerns on two levels. First, a psychological and
emotional concern rooted in the anxiety and stress faced by
parents when coping with the uncertainty of how to handle and
act upon receiving overwhelming and sometimes ambiguous
information [18, 19].
Second, there is the practical concern of the difficulty of

achieving both effective counseling and informed consent,
explained by the lack of a full comprehensive understanding of
the potentially generated results, by the complexity and vast
amounts of genetic information, and by the shortage of
appropriately trained HCPs [20]. These concerns have been
reported in recent studies where surveyed Ob/Gyns in the United
States noted that they are uncomfortable counseling patients
about expanded carrier testing [21] and do not have enough time
to counsel patients about NIPT [22]. Further, while a non-directive
approach is the professional advocated norm when it comes to
counseling and to offering balanced and neutral information
regarding testing and pregnancy management to pregnant
people and their partners, a finding worthy of highlighting is that
some HCPs might still “orient” or “guide” pregnant people to
terminate a pregnancy in certain medical conditions, as noted in
one reported quotation (Table 3). This situation, although clinically
common [23], interferes with pregnant people and partners’
decision-making regarding pregnancy management, thereby
undermining their informed choice.
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Concerns related to the prospective child
The infringement on the privacy of the future child is often
discussed in the literature in terms of the breach of the child’s
‘right to an open future’ [24, 25] and is cited as one among diverse
consequences of expanding NIPT to include late onset diseases
and FWGS. Our findings indicate HCPs’ worry that this violation
might cause psychological harm to the future child and impact
her future life by labeling her as a disease carrier, which
consequently might hinder access to employment and insurance
coverage. These concerns resonate with the findings and
discussions raised in the literature around noninvasive prenatal
whole genome sequencing [26, 27].
While these concerns are not new, they pose challenges to how

the use of NIPT for FWGS should be handled and regulated in
practice. For instance, should parents be allowed to access the
fetal genome during pregnancy even if it is only for information
[28]? Should they only access the medical information that will
allow them to take a specific course of action based on their
medical history (for instance, risk of the child to develop
Huntington disease)? How should these decisions be made and
by whom? While these questions are worth analyzing, they are
beyond the scope of this paper. However, these findings suggest
that there is a need to educate and counsel parents, pregnant
persons, and couples and to equip HCPs with the necessary tools
(such as guidelines) so that they are able to cope with the
challenges raised by NIPT and its possible expanded use.

Strengths and limitations
A strength of this study is the triangulation, combining both
quantitative and qualitative methods, and thus allowing a deeper
understanding of the quantitative results through the analysis of
qualitative ones. Nevertheless, it presents limitations in both
methods.
For the qualitative component, the recruitment took place in

two medical institutions located in the Montreal area where NIPT
was not yet widely offered, restraining therefore the diversity of
HCPs’ views from other medical establishments and locations as
well as their medical specialties, that were limited to four: Ob/gyn,
medical geneticists, genetic counselors, and nurses. Including
more professional groups from different geographical locations
and medical specialties (such as family physicians) in future
research will enrich the diversity of the data collected. Further,
despite achieving saturation after 10 semi-structured interviews
based on pre-defined themes, we acknowledge that other themes
could have been developed if additional interviews were
conducted. However, considering our deductive approach, this
does not invalidate our results. Finally, the categories ‘medical’
and “non-medical” conditions were not interrogated with inter-
viewees, thereby relegating all aneuploidies, e.g., to the ‘medical’
category, which is not an uncontroversial classification.
The survey portion of the study has its limitations as well. First

of all, while respondents were selected from the population of
HCPs treating pregnant persons on a daily basis, some respon-
dents reported more regular experience with pregnancies
considered at high risk than others. Selection bias is possible,
since it is possible that respondents with a particular set of
attitudes towards NIPT were more likely to self-select to respond
to the survey. Not having asked about sex selection in the
questionnaire is a limitation for the present study, as we cannot
triangulate the qualitative results.

CONCLUSION AND FUTURE RESEARCH
This study reflects HCPs’ perceptions regarding the potential future
uses of NIPT, including paternity testing, sex determination, fetal
aneuploidies, heritable monogenic diseases, late-onset diseases,
and FWGS. It shows that while HCPs approve of the expansion of
NIPT use for certain medical conditions, they raise diverse concerns,

such as eugenics and the privacy of the future child. These concerns
should be taken into account when making decisions on how to
best incorporate the expanded uses of NIPT into clinical practice.
Professional societies play a crucial role in educating both HCPs and
parents on the potential future uses of NIPT.
As the expansion of NIPT uses seems to be imminent, further

research is needed to explore what conditions should be offered
to couples or parents and based on which criteria. It will be
important as a society to engage in these discussions to allow a
most ethically responsible clinical implementation of NIPT.
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