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Abstract
Background: Non-Invasive Prenatal Testing (NIPT) is a technology which provides information about fetal genetic
characteristics (including sex) very early in pregnancy by examining fetal DNA obtained from a sample of maternal
blood. NIPT is a morally complex technology that has advanced quickly to market with a strong push from industry
developers, leaving many areas of uncertainty still to be resolved, and creating a strong need for health policy that
reflects women’s social and ethical values. We approach the need for ethical policy-making by studying the use of
NIPT and emerging policy in the province of Ontario, Canada.
Methods: Using an adapted version of constructivist grounded theory, we conducted interviews with 38 women
who have had personal experiences with NIPT. We used an iterative process of data collection and analysis and a
staged coding strategy to conduct a descriptive analysis of ethics issues identified implicitly and explicitly by
women who have been affected by this technology.
Results: The findings of this paper focus on current ethical issues for women seeking NIPT, including place in the
prenatal pathway, health care provider counselling about the test, industry influence on the diffusion of NIPT,
consequences of availability of test results. Other issues gain relevance in the context of future policy decisions
regarding NIPT, including funding of NIPT and principles that may govern the expansion of the scope of NIPT.
These findings are not an exhaustive list of all the potential ethical issues related to NIPT, but rather a
representation of the issues which concern women who have personal experience with this test.
Conclusions: Women who have had personal experience with NIPT have concerns and priorities which
sometimes contrast dramatically with the theoretical ethics literature. These findings suggest the importance
of engaging patients in ethical deliberation about morally complex technologies, and point to the need for
more deliberative patient engagement work in this area.
Keywords: Non-invasive prenatal testing, Prenatal screening, Qualitative research, Ethics, Health policy, Patient
engagement
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Background
This study examines women’s perspectives on the fastgrowing, ethically-complex technology: non-invasive
prenatal testing (NIPT). NIPT is used to screen for genetic characteristics including chromosomal aneuploidy
(e.g. Trisomy 21 or Down syndrome), sex chromosome
anomalies, and fetal sex, from fetal DNA obtained in a
sample of maternal blood [1–3]. NIPT can be used as
early as 9 or 10 weeks gestation [3–6]. It is more accurate than the tests involved in traditional forms of prenatal screening [7–10]. However, it is still a screening
rather than a diagnostic test, meaning that the results
should be understood to indicate risk rather than make
a diagnosis. The “non-invasive” nomenclature designates
that NIPT is not associated with the risk of miscarriage
that exists with diagnostic tests such as amniocentesis or
chronic villus sampling (CVS) [3–6]. These benefits
aside, NIPT is an example of what Hoffman has called a
“morally challenging technology” [11] because it poses
moral issues which are broader than the specific technology, such as sex selection and eugenics, and because
it has implications for larger groups than those who
interact directly with the technology, such as persons
with disabilities. NIPT poses some new moral issues,
and it exacerbates or reinforces others which have long
been identified as related to other forms of prenatal testing. New ethical issues posed by NIPT include the worry
that it may facilitate sex selective termination by providing accurate information about fetal sex within the first
trimester [5, 12]; the availability of potentially anxietyprovoking information about genetic traits of unknown
clinical significance [13, 14]; and the scientific possibility
of using NIPT for an expanded slate of conditions that
have decreasing impact on functioning, or which are
late-onset conditions, or conditions with variable penetrance [15]. The development and diffusion of NIPT has
been driven by industry which has resulted in the test
being market before validated, unbiased evidence of
efficacy was available, and which may restrict future development and affordability of the test [14–16]. In countries where NIPT is not publicly funded, there may be
equity issues surrounding who can access NIPT and
what other opportunities that access creates (i.e. earlier
access to invasive testing and termination) [5, 13, 17].
Exacerbated or continuing ethical issues include the
concern that increasing levels of routinization and diminished facilitators for women to make informed
choices may result in increased discrimination against
people living with disabilities [18–21].
NIPT has diffused quickly into mainstream prenatal
practice in many high resource countries, largely driven
by industry imperatives [22]. In Ontario, Canada, where
this study takes place, NIPT has been commercially
available since 2011, and publicly funded for women at
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high risk of aneuploidy since 2014 [23, 24]. Ontario offers publicly funded prenatal screening and diagnosis as
part of a provincial health insurance plan that funds hospital and physician services. All pregnant women are offered prenatal screening through a provincial program
established in the mid 1990s [25]. In 2014, NIPT was
publicly funded on a case-by-case basis as a form of
second-tier screening, most commonly accessed when
initial screening yields results indicating the pregnancy
to be at higher risk. Depending on the initial screening
modality chosen, the initial screening results may not be
available until the middle of the second trimester, so
under the current policy, many Ontario women consider
the offer of publicly funded NIPT quite late in pregnancy [24]. Other Ontario women may access publicly
funded NIPT if they are over the age of 40 at the expected date of delivery, or have previously had an affected pregnancy. NIPT is available in Ontario as a
private pay technology at any time.
As a result of the quick diffusion of NIPT, policy
makers in many jurisdictions are tasked with making a
number of decisions regarding how best to implement
NIPT in the prenatal care pathway, which health professionals should be involved in counselling, and how to
handle the growing number of clinical applications for
NIPT [26]. While some jurisdictions have started to publicly fund NIPT in specific circumstances [24, 27–29],
many other jurisdictions are in the process of assessing
this technology prior to policy decision-making, through
Health Technology Assessment, or other policy-making
processes.
The importance of including patient and user perspectives has been well studied within the policy context of
health technology assessment (HTA) [30–32]. Enthusiasm for patient engagement is not limited to HTA; other
health policy venues are increasing their capacity and refining their approach to including patient and public
perspectives in policy decisions e.g [33, 34]. Patient perspectives provide an important source of information for
ethical policy-making, particularly by illuminating issues
which may not be considered or may be de-prioritized
when decision-makers focus on clinical efficacy and cost
[31, 35–37]. The growing number of women who have
had personal experience with NIPT can contribute personal values, experiences, and beliefs to inform future
policy decision-making about this technology. The perspectives of users and other stakeholders can provide
unique understandings of policy implications. Critical reflection on these perspectives may provide insight into
the ethical implementation of NIPT, contributing to policy that is comprehensive, morally justifiable, and able to
gain public support [30, 32, 35]. Incorporating patient
perspectives also promotes policy that is responsive to
the needs and wishes of the people who will be effected
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by the policy decisions, and in so doing increases the
likelihood that the policy will be accepted and
adopted [30, 35, 38].
Since the concept of NIPT was first introduced, ethical
analysis of this technology has proliferated, primarily
representing theoretical perspectives, e.g. [15, 39–43]. As
the uptake of NIPT has grown, empirical research on
the views, opinions, and knowledge of the public, pregnant women, and clinicians has also occurred [24, 44–50].
Despite these two burgeoning research streams, there has
been little cross-over, with only a few of the empirical examinations of stakeholder experiences explicitly addressing the ethical implications of their findings [26, 51–54].
Without a strong connection between theory and empirical evidence of stakeholder opinions towards NIPT, we
lack a rigorous understanding of what ethical issues matter to the users of this technology. Towards the goal of
contributing to ethical policy that reflects patient preferences, we examined women’s perceptions of ethics issues
related to NIPT by asking “How do women understand
the ethics implications of the implementation of NIPT in
Ontario, Canada?” These findings may inform policy deliberation in a wide variety of ways, and their usefulness
will vary according to the specific policy question under
consideration and the mode of policy decision-making.
These findings may contribute to construction of
patient-relevant outcomes in an economic analysis
[55], determination of optimal placement of NIPT in
the clinical pathway, design of patient education materials, or inform ethical and social analysis in a
health technology assessment of NIPT.

Methods
The methods for this adapted constructivist grounded
theory study have been described in detail elsewhere
[24]. Briefly, we conducted thematic analysis on semistructured interview data collected within the context of
a constructivist grounded theory study to describe
women’s perceptions of ethical issues pertaining to
NIPT. We conducted semi-structured interviews with 38
women purposively sampled because they had a variety
of personal experiences with NIPT (Table 1). All women
lived in Ontario, but some had accessed NIPT in other
jurisdictions. To ensure our sample included women
with diverse experiences, participants were recruited
through a high risk prenatal diagnosis clinic using a
consent-to-contact form presented by their clinician, ads
on online classified sites (e.g. Kijiji), online pregnancy
and parenting sites, and via snowball sampling. We initially recruited women living in Ontario who had any
personal experience with NIPT. As the project progressed, we used the iteration between data collection
and analysis to theoretically sample particular groups of
interest (e.g. women who declined NIPT, women who
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Table 1 Testing Pathway of Participants (N = 38)
Number
Number of Women

38

Number of Offers of NIPTa

42

Percent

Accepted NIPT at Least Once
Yes

30

79%

No

8

21%

Funding for NIPT
Eligible for public funding, accepted NIPT

19

45%

Eligible for public funding, declined NIPT

7

17%

Ineligible for public funding, accepted NIPT

13

31%

Ineligible for public funding, declined NIPT

3

7%

6

14%

Point in Pregnancy NIPT Considered
Preconception
First Trimester

12

29%

Second Trimester

24

57%

2

5%

Reason for Considering NIPT
Advanced Maternal Age (≥ 40 years)
Previous Affected Pregnancy

3

7%

Recurrent Unexplained Miscarriages

1

2%

Screened positive from FTS

4

10%

Screened positive from IPS

14

33%

Soft markers on 2nd Trimester Anatomy Scan

8

19%

No elevated risk factors, desire for general
information

10

24%

FTS First Trimester Screening, IPS Integrated Prenatal Screening
a
35 women discussed one offer of NIPT. Two women discussed two separate
instances in which they were offered NIPT, one woman discussed three
separate offers of NIPT

were offered NIPT in the preconception period). We recruited these groups by tailoring our strategy in several
ways, e.g. asking clinicians at the clinic to give the
consent-to-contact form to certain types of women, rather than any woman offered NIPT, and by screening interested women who contacted us from our online
advertisements.
We explained our study to participants as aiming to
gather women’s values, experiences, and opinions on
NIPT in the hopes of potentially informing future policy
about this new health technology. After eliciting personal experiences and values about this technology
(findings described in [24]), we entered an in-depth discussion of ethical implications by asking women to describe their thoughts on the advantages, disadvantages,
concerns and benefits of this new technology. As interviewers, we adapted our conversational style to match
the level of engagement each participant had with these
ethics ideas. Some women needed little prompting, and
spoke at length about their concerns and excitement
about NIPT, in response to broad questions designed to
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allow unanticipated ethical issues to emerge. Others required a more structured approach, and we used interview probes to explore thoughts related to regulation
and funding, expansion to other conditions, implications
for reproductive decision-making and social impacts.
The interview guide is provided as a supplementary file
to this manuscript (see Additional file 1) While the
women in this study were familiar with NIPT by virtue
of their own involvement with it, we did not provide any
education about the technology and asked women to respond to our questions based on their existing knowledge, opinions and beliefs.
Two researchers (MV, AC) conducted a thematic analysis of ethics implications identified by women. We analyzed our data using the staged coding technique of
grounded theory, looking specifically for mentions of issues which we judged to have ethical implications. Participants did not need to explicitly identify an issue as
ethical for it to be included in our coding; we also identified implicit ethical issues. For example, participants
often discussed the price of NIPT as a barrier to accessing the test. While discussions centered on the financial
implications, we would code this type of talk as ethically
relevant because it is related to issues such as equity of
access. Our identification of ethics issues was informed
by a familiarity with the broad literature on ethical implications of prenatal screening. We did not use any particular ethics theory as a theoretical lens for this
descriptive analysis, but as reflexive researchers we
recognize that our existing ethical commitment to theories such as relational autonomy and feminist ethics [56,
57] colour the way we identify and describe ethical
issues.
We began by working independently to conduct lineby-line coding with the intent of identifying ethical issues. We met periodically throughout this process to
discuss and compare the issues we were identifying.
After line-by-line coding was completed, we consulted
with the rest of the research team to identify a direct for
focused coding. Further rounds of focused coding permitted the condensation of these themes into categories.
Discussion with the broader team helped form the findings presented in this manuscript. NVivo® 10 software
was used for data management.
This study received research ethics approval from the
Hamilton Integrated Research Ethics Board.

Results
Thirty-eight women participated. Table 1 describes the
range of experiences these women had with NIPT and
Table 2 describes their demographics. In general, our
participants were older, more educated and more likely
to receive care from a family physician than the average
Canadian pregnant woman [58, 59]. Our sample reflects
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Table 2 Demographic characteristics of study participants (N = 38)
Number

Percent

Singleton

37

97%

Twin

1

3%

Family physician

17

45%

Obstetrician

13

34%

Midwife

2

5%

Fertility specialist

2

5%

Family physician + obstetrician

3

8%

Family physician + midwife

1

3%

25-29 years

2

5%

30-34

14

37%

34-39

16

42%

40+

6

16%

Zero

9

24%

One

19

50%

Pregnancy

Primary prenatal care provider

Age at delivery (mean = 35.4 yrs)

Number of existing children

Two

9

24%

Three or more

1

3%

Urban

26

68%

Suburban/town

9

24%

Rural

3

8%

13

34%

Christian

7

18%

Jewish

5

13%

Location of Residence

Religiosity
Considers self “religious”

Christian + Jewish
Does not consider self “religious”

1

3%

25

66%

1

3%

Highest level of education
High school degree
College degree

7

18%

University undergraduate degree

13

34%

University graduate or professional degree

17

45%

a diverse array of experiences with NIPT, including
women who accepted and declined the test, and those
who were offered NIPT at all stages of pregnancy and
for a variety of indications.
We identified many ethical issues related to the research participants’ experiences with the process of
NIPT. Many of these issues (e.g. routinization, impact
on people with disabilities) have been well described in
existing literature about other prenatal tests. We concentrate here on describing the identified ethics issues
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unique to, or exacerbated by, NIPT and have organized
these results based on their primary level of impact.
Those which pertain to women currently seeking the
test are presented first, followed by issues which gain
relevance in the context of future policy decisions. Four
categories of ethical issues are identified: Inconsistent
Implementation of a Quickly Evolving Industry-Driven
Technology, Early Availability of Results, Financial Considerations, and Potential for Expansion of NIPT.
We do not claim that the issues identified by the
women in our study represent an exhaustive list of possible ethical implications of NIPT. Rather, these findings
represent the understandings, concerns, and priorities of
women who have had personal experience with this
technology in Ontario, Canada.
Quotes from participants are contextualized with information about whether that woman accepted (A) or
declined (D) NIPT, the trimester of pregnancy in which
NIPT was offered (1, 2 or P for preconception). The “$”
notation indicates the woman was eligible for publicly
funded NIPT. Accordingly, D1$ indicates a woman who
declined a first-trimester offer of publicly funded NIPT.
Three women were offered NIPT more than once, and
each offer is noted individually. For example, “A2 A1
A1” describes a woman who paid privately for NIPT in
multiple pregnancies.

Inconsistent implementation of a quickly evolving
industry-driven technology

Participating women identified a number of concerns
about the way that NIPT has been implemented in Ontario, where industry imperatives have meant wide dissemination of the technology in absence of systematic
regulation or organization at a policy level. As a result of
this organic dissemination, women expressed dissatisfaction with several aspects of NIPT implementation including inconsistency in the information and counselling
received from different health care providers and the restriction of the offer of NIPT to women who are at identifiably high risk. We implicitly identified several other
issues related to industry influence on dissemination.
Twenty women in our study discussed an unsatisfactory experience with the way health care providers discussed NIPT. Women who discussed it with their
primary care provider typically remarked that they did
not perceive this person to be well-informed about the
test: “I talked to my doctor about it and I’m not sure she
knew too much about what the risks are. It didn’t ease
my mind very much” (A2$). In contrast, those who had
the opportunity to discuss NIPT with a specialist provider were generally pleased with the interaction: “The
genetic counsellor was amazing so whatever their background is, I don’t know but they’re doing a good job. Not
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to discredit my family physician but I didn’t feel like they
were very prepared or good at explaining it to me” (A2$).
We identified an inconsistency between the way that
NIPT is currently offered in Ontario and women’s preferences for who should offer NIPT and when that offer
should occur. Few of our participants were offered NIPT
by a primary care provider in absence of a particular risk
factor, but many women favour this approach: “It needs
to start with the GPs. I mean, that’s the first person typically that you’re going to see when you find out you’re
pregnant and I think it needs to be a part of the conversation right from the beginning.” (A2$) Our participants
were overwhelmingly in favour of all women being offered NIPT as part of the initial conversation on prenatal
screening, regardless of whether or not NIPT is publicly
funded. This view remained consistent even when opinions were probed in response to the cost burden of
NIPT for women who did not qualify for public funding,
the time pressures on primary health care providers, the
potential for iatrogenic anxiety, and the for-profit nature
of this test: “When you go in for that first appointment
and the doctor lays out what all the testing is, I don’t
think it would be such a big, scary deal if it was just
made part of that. An option within routine care. I don’t
know why somebody would withhold the possibility of
having that test” (AP).
Across our dataset, we identified several issues of inconsistent implementation related to the private development and diffusion of NIPT through industry, without
governmental regulation. These ethics issues were
mostly identified implicitly, and include the competition
between brands of NIPT, a concern that physicians or
hospitals were incentivized to encourage uptake of NIPT,
and strong marketing messages about NIPT. Regarding
competition between brands, we heard very little about
making a choice between the available NIPT brands.
Typically, those who discussed multiple brands focused
on logistical reasons for their choice: “I had the Panorama instead of the Harmony just because that’s what’s
offered at the lab.” (A2$). Most women were not concerned about the relationship between this private-pay
test and their health care provider, with only three
women raising the issue. For these women, the perception that a physician or hospital may benefit from the
uptake of a prenatal screening test may disrupt the trust
in the physician-patient relationship: “I would say he
was pushing during that appointment. … He had pamphlets in his office that he was distributing. I don’t know
if a rep had been into the office and if they were getting
any kind of a cut.” (D2$). We saw evidence that strong
marketing messages about NIPT were internalized by
many participants, leading to inaccurate understandings
of the test. This phenomenon was most notable around
women’s understanding of accuracy rates. Most women
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conflated the detection rate for Trisomy 21 to be the detection rate for all conditions. Trisomy 13 and 18 have a
lower detection rate and positive predictive value, or the
probability that a woman with an affected pregnancy
would receive a positive result, especially in normal-risk
women: “It’s so precise. Like 99% accurate. The accuracy
rate is amazing. I think that’s what’s great about it.”
(A2$) Very few participants were skeptical about detection and accuracy rates, with only a small number of
highly educated women mentioning this issue: “it’s a
newer test, so what is the error rate?” (D2$).

outraged if it existed and I wasn’t given the opportunity”
(A2 A1 A1). This sentiment was particularly strong
amongst women who understood NIPT to be a superior
substitute for existing prenatal screening pathways, and
expressed their willingness to substitute NIPT for
current screening methods: “If this screening tool is
available, and if it’s that much better than what’s currently offered, I don’t know why they wouldn’t substitute
it. Just like if a better medical practice comes along, then
we adopt that practice” (A1$).

Early availability of results

Financial considerations

NIPT can be used as early as 9 or 10 weeks gestation,
depending on the brand selected, with results available
approximately 10 days later. This is significantly earlier
than results from other screening tests which may not
be available until 14-20 weeks, depending on the testing
modality. The early availability of NIPT results was mentioned often, and we identified two related ethics issues.
First, because results are available within the time frame
that pregnancy termination is readily available, some
women feared that NIPT would be used for sex selection. “If it can tell you gender that early, well then you
have a lot of options in terms of terminating if it’s not the
gender you wanted. I’d be very wary of that, if you are
using it for that purpose” (A2$). While the topic of sex
selection dominated this conversation, many participants
mentioned a fear that the conditions detected by NIPT
would expand, and it may be used to terminate for reasons they judged distasteful. “You get into a sticky situation because then you have people who will abort for
what some of us consider irresponsible reasons” (DP).
The applications of NIPT that women judged distasteful
varied by participant and will be discussed further at the
end of this section.
While the possibility of early termination was seen as
negative in some circumstances, it was seen as positive
in other situations, because an early termination would
obviate some of the physical and emotional difficulties
encountered with later termination: “You feel the baby
moving and the emotional impact of it—it’s already a
terrible decision to make but the longer you stay pregnant the worse it is.” (D1$).
All participants supported earlier access to NIPT, and
access to NIPT for all women. This opinion was consistent even among those who declined NIPT, those who
stated they would never consider terminating their own
pregnancy, and even after the interviewer probed about
the possibility of using NIPT for sex selection. This sentiment was so strong that we could identify an argument
that patient-centered policy in this area should enable
rather than restrict access to a technology which would
facilitate earlier decisions about termination. “I would be

Some research participants were concerned with the
cost implications of NIPT to the publicly-funded healthcare system. “It’s always hard to know how to distribute
the resources” (D2$) Many women mused about the cost
differences of NIPT versus the existing prenatal screening pathway, on the budget impact of publicly funding
NIPT, and on the cost of the additional counselling and
health care providers that would be required: “The other
screening that I did involved two blood tests and an
ultrasound so I can’t imagine that’s cheap either” (A2$).
Within women’s discussions of whether NIPT should
be publicly funded and if so, for whom, we identified
several ethical issues related to the economic assessment
of this technology. For example, what outcomes should
be used in an assessment of cost-effectiveness? Many
women suggested that the government might consider
potential savings in long-term health care costs when affected pregnancies are terminated: “What they’re paying
out in testing they might be saving down the line in cost
of care for highly disabled children, their hospital care,
their intensive care, whether they make it beyond a certain number of weeks, months, whatever” (D1$). Others
cast this issue as a need to plan for the support of people
with disabilities, rather than calculating how much
money would be saved by preventing those births: “They
[parents] will take care of their kids [with disabilities]
but they do need the support from society and then we
can actually plan long term resources” (A2$).
A few women suggested the need to consider nonmonetary outcomes such as reducing the number of
miscarriages associated with invasive testing. “I feel for
women who perhaps have issues and really want to find
out but don’t want to run the risk of a miscarriage”
(D1$). Reducing stress, worry, and offering reassurance
was another common non-monetary outcome of NIPT.
“I think it should be paid for the moment the obstetrician
hands over the pamphlet to a pregnant woman and says
there is a chance that your fetus could have this. Because, it is at that moment that incredible stress is being
put upon a pregnant woman and it’s not good for anyone.
It’s not good for the family unit.” (A2).
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Within these conversations, women often identified
how funding NIPT is related to, or in tension with,
what they identified to be Canadian societal values
about universal health care. Some saw public funding
of NIPT only for women at high risk of aneuploidy
as in conflict with our national commitment to universal care: “I think in our Canadian liberal equal opportunity system if it’s going to be covered it should be
covered [for everyone].” (AP) Others recognized that a
publicly funded healthcare system is always required
to make tough decisions to allocate resources, and
that stratifying access by risk is a reasonable way to
do this: “If you look at our healthcare system, you
want it to be appropriate and you want it based on
needs and not on desire.” (D1$) When describing the
current arrangement of NIPT, many women recognized that the existing implementation of the technology might be described as a “two tier” system, where
inequity of access exists based on ability to pay: “If
you can pay, then you pay. But then that’s a twotiered medical system and nobody likes that.” (A2$)
Many participants recognized the inequity created by
the need to pay privately system, and the difficulty
faced by women who would struggle to pay the cost
of NIPT: “just because we could find $800 doesn’t
mean that we deserve to know that our baby was
okay more than anyone else does.” (A2).
Potential for expansion of NIPT

Our results so far have focused on the ways that NIPT is
currently used and understood by women. However, our
discussions often branched into more speculative waters
as women talked about future potential uses or consequences of NIPT. In these conversations we identified a
tension between women’s desire for reproductive autonomy—to gain information about their pregnancies and
make decisions about their pregnancy based on that information, their values, and personal circumstances—
and a sense of unease or discomfort with how other
women might do the same. While many of our participants wished for some sort of regulation about the potential uses of NIPT, they were uncomfortable with
defining boundaries or specifics of what this regulation
would entail.
Almost all participants were able to identify a scenario
where NIPT could be used for something they felt
should be restricted or prohibited through regulatory
means. Participants had widely varying thresholds for
restricting the use of NIPT. Some common suggestions
for prohibited uses of NIPT included sex selection,
termination on the basis of conditions that had limited,
localized impairments (e.g. deafness or blindness),
termination on the basis of adult-onset conditions (e.g.
Huntington’s disease), termination on the basis of
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physical traits that do not impair functioning (e.g. attached ear lobes). Many women made the distinction
that their objection was not to obtaining knowledge
from NIPT, but to the idea that someone might use that
knowledge to terminate their pregnancy:
“The deaf and blind communities would argue that
they are not disabilities they are just their way of life.
… if someone said to me, we can tell you whether the
baby is going to be deaf or not, do you want to know? I
would probably say yeah I want to know. [but I
wouldn’t choose to terminate for that] … Maybe
someone else would terminate, maybe, that is their
choice. I don’t think people should be allowed to tell
other people how to procreate, or reproduce” (AP)
Others felt that “frivolous” applications should not be
offered in testing at all, regardless of who is paying or
what is done with the information:
“To be honest, I think that my answer is the same
whether we’re paying or the government is paying. I
think that it’s helpful to know anything that can affect
the birth of a healthy child or a childhood disease they
can develop like cystic fibrosis and such but ... I think
it’s crossing over to a whole new realm when you start
talking about finding ... whether they’re going to have
whatever colour hair or things that are not exactly
relevant for when the baby is still in the womb as the
baby and the child. I don’t know, I think that there
should be some limits.” (A2$)
On the other hand, most women also expressed a strong
belief in bodily autonomy and control, access to information about her pregnancy, and the choice to do what
she wanted with that information: “I will make that decision. This is my baby not your baby so if there are options out there, I should know about them. If there’s
additional tests out there that are available, I should
know about them” (A2$). The question of what NIPT
should be used to test for, and who should decide or
control this process aroused discussions of choice, value
systems, autonomy, and the cumulative impact of individual decisions on the diversity of society. “I don’t like
the government making choices for me, but who am I to
say where they stop” (D2$).
Through the discussions of several women we were
able to identify a discomfort with the idea of one policy
or regulation that would apply to all women, or all circumstances: “It’s tough because we’re dealing with such a
broad population of people with very different moral
standards and ethical codes.” (D1) From most of our
participants we heard an acceptance of ambiguity, and a
reluctance to enforce rules or regulations about
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reproduction, even as they recognized the necessity of
these policies. “I don’t know how you make that call, I
don’t know the answer to that. … That’s such a personal
thing and I would never want to make that decision for
somebody else, but you have to have policies that affect
everybody, too, so I don’t know.” (D2$).

Discussion
In this paper, we describe some of the ethical concerns
of women who have personal experience with NIPT,
contributing patient perspectives and experiences to policy considerations of this new technology. Our participants highlighted a variety of ethics issues, many of
which are related to access and self-determination; they
were clear in their message that each woman should be
able to choose when and how she will engage with NIPT,
and how she will use that information. The women in
our study strongly supported public funding for some,
but not all applications of NIPT. They were comfortable
with the general idea of governmental regulation of this
technology, but were reticent to suggest particular limits
on how NIPT should be used. There was little consensus
on the limits that women did suggest, marking an important area for future research and patient engagement.
Within the priorities expressed by our participants, we
note both agreement with and divergence from some of
the normative theoretical positions identified in the
existing ethics literature, and we identify these agreements and disagreements throughout this section.
Ethical issues related to inconsistent implementation of
NIPT

Participants identified several ethical issues resulting
from the way NIPT has been implemented, both the adhoc industry-driven implementation and the 2014 Ontario policy requiring a case-by-case demonstration of
risk to access publicly funded NIPT. We identified a
theme across these issues pertaining to the facilitation or
restriction of women’s autonomous choices about how
they wish to engage with NIPT. Some implementation
issues related to a perception of potentially undue pressure to test, such as the concerns a small number of
women mentioned about industry influence on advertising and informational materials, incentivized health care
professionals, and competition between brands. These
concerns are consistent with ethics issues identified in
the theoretical literature [16, 60, 61], although they were
only mentioned by a small number of very educated
women in our sample. The dominant view across our
participants was a concern that the way NIPT has been
implemented restricts the ability of individual women to
make an autonomous choice about how they wish to
engage with NIPT. This includes disappointment with
incomplete and inconsistent information provided by

Page 8 of 13

health care professionals, but it mainly pertains to the
lack of a universal offer of NIPT as early as possible in
pregnancy. The expansion of the offer of NIPT, regardless of risk status or funding structure, was a primary
priority of our participants.
This priority remained even when we probed around
ethical arguments against expanding the offer (e.g. inequity of access, potential for iatrogenic anxiety etc.).
While they recognized and affirmed the challenges we
probed with, the vast majority were more concerned
when they found out that NIPT was available but it
hadn’t been offered to them earlier. This finding may reflect both our sampling strategy and the way NIPT has
diffused in Ontario; many of our participants only
learned of the existence of this test after receiving a
positive screen on an earlier test. We have previously
reported patients’ dismay at the use of NIPT in this prenatal care pathway [24].
Our participants’ enthusiasm for an expanded offer of
NIPT contrasts with existing ethics literature detailing
the numerous reasons why an expanded offer may not
be prudent. One caution widely present in the literature
is that an expanded offer of NIPT to all women challenges the ideal of informed decision-making because of
persistent misunderstandings of accuracy, a lack of time
for counselling, sparse availability of counselling specialists, and the potential that the procedurally-simple test
could be easily routinized [15, 41, 42, 48, 51, 62–65].
Additional arguments in the literature against expanding
the offer of NIPT to all women include: the evidence
base in normal-risk women was established only recently, the private-pay nature of the test may discriminate in access, quality assurance measures are not widely
in place, and primary prenatal care providers may not
have the time or expertise available to offer NIPT more
widely [15, 41, 42, 48, 62–64]. Most of these arguments
can be summarized as “we’re not yet ready” rather than
“we shouldn’t”. The strong desire of our participants to
choose whether or not they wish to access NIPT lends
urgency to resolving the challenges around expanding
the offer of this test. This stance is supported by recent
professional guidelines, such as the recommendation
from the American College of Medical Genetics and
Genomics that information about NIPT be provided to
all pregnant women, and that various healthcare stakeholders work to ensure this technology is “accessible” to
all women [66].
Early availability of results

Women recognized both positive and negative implications of the early availability of NIPT results in pregnancy. Positively, they described how receiving NIPT
results early could facilitate self-determination by providing more time to deliberate about the course of the
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pregnancy in the event of a finding of aneuploidy or
other condition. If a woman chooses to terminate the
pregnancy, our participants described several reasons
why this choice is easier earlier in pregnancy. The possibility of early termination has been recognized by
women in many studies as desirable because it is socially, emotionally, physically and psychologically easier,
widening rather than restricting the choices a woman
feels able to consider [63, 67–69].
Our participants identified many potentially negative
aspects to early results which enable easier pregnancy
termination. Primarily, our participants were concerned
that other women may use the information from NIPT
to terminate for “what some of us consider irresponsible
reasons”. Many women talked about sex selection as an
unethical application of NIPT. As our conversations
broadened to the potential expansion of the conditions
tested for by NIPT, the concern that women may use
NIPT to terminate for reasons the participant deemed
“frivolous” deepened. This tension between a desire for
self-determination and a compulsion to regulate the selfdetermination of others is further discussed in the
section on the potential for expanding the conditions offered by NIPT.
Financial considerations

When discussing ethical issues related to finances, cost,
and access, many women in our study leaned heavily on
what they described as Canadian values for publiclyfunded healthcare. We heard familiar rhetoric of scarce
health care resources and the need to allocate those resources in a fair and equitable way that serves the common interest of society rather than the desires of
individuals. Many women offered arguments related to
resource allocation as the only justification for restricting the offer of NIPT, describing that the money spent
on offering NIPT to all women may be better used elsewhere in the healthcare system, such as for the support
of people with disabilities and their families. Others discussed the existing inequity of a “two-tiered” health care
system where people with private means had access to
NIPT which opened earlier access to other related technologies (e.g. invasive testing, termination). For these
women, fairness and equity were important justifications
for funding NIPT for all women.
A concern with equity of access and the potential implications of increasing public investment in a universal
prenatal screening program for disability is an issue
which has been raised by women in a small number of
other studies [68, 70]. For example, van Schendel and
colleagues describe how parents of children with Down
syndrome neatly delineated the tension in this argument
[68]. If NIPT is not publicly funded and only accessed
by those with financial means, “double stigmatization”
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may occur when children with Down syndrome are
more frequently born to those of lower socioeconomic
status. If NIPT is publicly funded, this may increase perceived legitimacy and pressure to test, thereby increasing
uptake and diverting resources (social and financial)
away from the support of people with disabilities and
their families [68]. The concern that increased use of
NIPT will mean decreased support and possibilities for
people living with disability has been well documented
as a concern of women [49, 53, 68, 69, 71, 72] and ethics
scholars [17, 26].
In terms of the transferability of these findings to
other national contexts, most public health care systems
are required to make decisions about how to allocate
scarce resources in terms of the services and tests that
they offer. As more genetic tests become available, the
challenge of fairly allocating scarce public resources becomes an acute problem, requiring ethical reflection
[73]. The views described by women in this study are
relevant to the ethical challenge of priority-setting within
a health system. Our participants recognized that a universal offer of NIPT would be very costly, drawing resources away from other parts of the system. For many,
this was an acceptable reason to forego access to a technology they strongly desired, or to use personal resources to pay for that technology. It was also an
acceptable justification for limiting access to NIPT by
risk status, as a way of triaging resource use.
Potential for expanding the conditions offered by NIPT

Throughout several categories of our findings, we
noticed a tension between women’s desire for the opportunity to use NIPT the way they want (self-determination) and a desire for regulation which would restrict
uses of NIPT they judged to be undesirable (e.g. sex selection). This tension between self-determination and
regulation was particularly acute when we discussed future uses of NIPT, such as the use of NIPT to terminate
for conditions not widely clinically available, but scientifically possible (e.g. achondroplasia, deafness) [74, 75].
This tension in our data highlights one of the challenges
of using the argument of reproductive autonomy to justify prenatal screening. Promoting women’s ability to
make informed decisions about which pregnancies to
continue (reproductive autonomy) is often used to justify
support for prenatal screening even though it may result
in harm to people with disabilities and the diversity of
our society. For those who hold this view, it is difficult
to restrict women’s informed decision-making by delineating types of information they may or may not use to
make that decision [14].
As we probed this issue with participants, many discussed the funding source for NIPT as a way of mitigating the tension between expanding and restricting the
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use of NIPT. Women suggested that perhaps the public
health care system shouldn’t restrict certain applications
of NIPT (e.g. testing in absence of identified risk, testing
for conditions the participant believed to be frivolous),
but neither should the public system financially support
these applications. The willingness of some of our participants to allow a “free market” approach to NIPT is in
stark contrast with ethical writing on the topic, where
ethicists worry about the “trivialization of abortion” that
may arise when NIPT is used to screen and terminate
for non-medical traits under the justification of reproductive choice [76–78]. The view of many of our participants represents a “pure autonomy” or “pure choice”
model, wherein reproductive autonomy and informed
choice is used to justify any prenatal screening decision
a woman wishes to make. The “pure choice” model has
been critiqued by a number of ethicists [79, 80], but a
preference for letting women and their partners choose
what to test for has been expressed by participants in
other empirical studies [47, 68, 69].
These findings suggest that the expansion of NIPT to
conditions beyond those included in traditional prenatal
screening tests is an area which requires urgent ethical
and policy attention. Our participants had strong, but
highly variable opinions on this issue which were often
at odds with ethical scholarship on the topic. Similar
studies of women’s views on the expansion of NIPT have
also demonstrated a high degree of variability of opinion
[68, 69]. Incorporating patient or citizen perspectives
into health policy decision-making is increasingly encouraged in many national and policy contexts, but
there is little guidance available on how to reconcile
conflicts between the views and priorities of patients and
other sources of information (e.g. professional practice
guidelines, ethicists, economists, epidemiologists). It
may be tempting to dismiss patient perspectives when
these conflicts arise. For instance, we may point out that
the women in our study are representative only of themselves, and do not include many important voices or perspectives which may affirm other forms of evidence, or
offer another alternative. Or we may emphasize that the
women in our study are speaking about their personal
experience and values, and when presented with more
information, these views may change. However, to dismiss the views of patients because they are not fully informed or because they represent only themselves
demeans the principle of inclusion of patient and citizen
perspectives. It is important to include these perspectives because they bring an alternative form of information: lived personal experience. To those grappling with
discrepancies or conflicts between patient and expert
views on health policy topics, we suggest that deliberative patient engagement approaches may be a step towards clarification of the values which inform the issue.
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Deliberative patient engagement approaches to research
with women and citizens may help to 1) elicit nuance in
these views; 2) help each side of the issue understand
the issues raised by the other side, potentially identifying
issues of congruence and 3) identify social values which
may assist policy-makers to construct ethical and socially acceptable policy that will keep pace with scientific
advances in this area [37, 81, 82]. Disagreements or discrepancies such as those we highlight here may never be
agreed upon, but deliberative patient engagement
approaches may be one approach to clarifying the
underlying social and ethical values which guide perspectives in diverging directions, offering the opportunity for principled disagreement when one option must
be prioritized over another.

Limitations

Our ethics analysis represents the thoughts, opinions,
and beliefs of women with personal experience of NIPT,
as elicited through qualitative interviews. These women
were older, more educated, and more likely to live in an
urban area than the average Canadian pregnant woman.
Their views are shaped by their individual demographics
and experiences and by their socio-historical location,
and are not intended to be representative of any particular population. The ethical issues identified by women
with personal experience with NIPT may shift, particularly as the scientific, policy, and industry landscape that
shapes the delivery of NIPT changes. As with many
qualitative research studies which rely on volunteer participants, those who were willing to give their time to
discuss their experiences may have a particular interest
in the topic, or in research, which motivated their participation. We succeeded in including participants with a
wide array of experiences of NIPT, but our group is
homogeneous in other ways and so our analysis should
not be considered to represent an exhaustive list of potential ethics implications of NIPT. Indeed, several issues
mentioned in the literature (e.g. genetic privacy of other
relations) were not mentioned by participants. This
study is not patient engagement, but a research study
which solicits perspectives of individuals with relevant
experience of a technology. Since our participants all
had personal experience with the technology, we did not
provide formal education or facilitate a guided deliberation about the technology, as is common in other
methods of patient engagement. Instead, we used a
guided interview strategy to elicit thoughts and opinions
on particular areas of theoretical interest, informed by
the literature and earlier data collection. Data was analyzed through the interpretive lens of the researchers
and the findings are provided for consideration by
policy-makers, clinicians, and users of NIPT.
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Conclusion
This analysis surfaces ethics issues related to noninvasive prenatal screening for the purpose of policy
decision-making. A wide variety of ethics issues are illuminated by talking to people with personal experiences
of the health technology under study—issues that are
often distinct from the issues discussed in the theoretical
literature. The women in our study discussed an extensive variety of ethics implications of NIPT including
some of the ethical challenges that have plagued prenatal
testing for decades (e.g. facilitating informed decisionmaking, judgments about disability) and some new ethical issues specific to NIPT (e.g. expansion of funding
and conditions, implications of early availability of information about fetal sex). However, this technique is not
sufficient to elicit an exhaustive list of potential ethical
issues, nor does it provide definitive normative guidance
for policy decision-making. However, considering the issues identified by women as important to their experience of NIPT is a key aspect of policy-making about
new technology, and when interpreted and considered
through a normative lens of societal values and ethics
priorities contributes to health policy development in
this area.
Additional file

Page 11 of 13

Authors’ information
MV is an Assistant Professor in the Department of Family Medicine, a
scientist in the McMaster program for Education Research, Theory &
Innovation (MERIT) and a member of the Centre for Health Economics and
Policy Analysis (CHEPA) at McMaster University. AC is an undergraduate
student in the Life Sciences program at McMaster University. JN is a
Professor in the Department of Obstetrics and Gynecology, Schulich School
of Medicine and Dentistry at Western University and Scientist in the
Children’s Health Research Institute. LS is a Professor in the Department of
Health Research Methods, Evidence and Impact. She holds the Arnold L.
Johnson Chair in Health Care Ethics.
Ethics approval and consent to participate
Ethics approval was granted by the Hamilton Integrated Research Ethics
Board (#14-056) and all participants provided written consent to participate,
including consent to be quoted in a publication.
Competing interests
The authors declare they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Department of Family Medicine, McMaster University, DBHSC 5003E, 100
Main St W, Hamilton, ON L8P 1H6, Canada. 2Centre for Health Economics
and Policy Analysis, McMaster University, Hamilton, ON, Canada. 3Life
Sciences Program, McMaster University, Hamilton, ON, Canada. 4Department
of Obstetrics and Gynecology, Western University, London, ON, Canada.
5
Children’s Health Research Institute, London, ON, Canada. 6Department of
Health Research Methods, Evidence and Impact, McMaster University,
Hamilton, ON, Canada.
Received: 16 October 2017 Accepted: 8 April 2018

Additional file 1: Interview guide used to collect data. Interview guide
used to collect interview data from women. (DOCX 22 kb)

Abbreviations
NIPT: Non-Invasive Prenatal Testing
Acknowledgments
The authors acknowledge the research assistance of Danielle Hulan and
Karima Yacoub in conducting the interviews. Dr. Mita Giacomini participated
in the larger grant and contributed to study design. Dr. Sarah McDonald and
the McMaster Prenatal Diagnosis clinic assisted with participant recruitment.
Funding
This study was funded by the Canadian Institutes of Health Research
(Funding Reference Number 136734) and by the Ontario Ministry of Health
and Long-Term Care through a Health System Research Fund grant entitled
“Harnessing Evidence and Values for Health System Excellence”. The views
represented in this article are the views of the authors and should not be
taken to represent the views of the Ontario Ministry of Health and LongTerm Care.
Availability of data and materials
The qualitative interview data analysed during the current study are not
publicly available because they contain potentially identifying information
that could compromise research participant privacy and consent. Sections of
de-identified data are available from the corresponding author on reasonable
request.
Authors’ contributions
MV, JN, LS designed the study. MV and research assistants collected the data.
MV and AC analysed the data, with input from JN and LS. MV and AC
drafted the manuscript. All authors critically reviewed the manuscript and
approved the final version for publication.

References
1. Chitty LS, Hill M, White H, Wright D, Morris S. Noninvasive prenatal testing
for aneuploidy–ready for prime time? Am J Obstet Gynecol. 2012;206(4):
269–75.
2. Hill M, Barrett AN, White H, Chitty LS. Uses of cell free fetal DNA in maternal
circulation. Best Practice & Research Clinical Obstetrics & Gynaecology. 2012;
26(5):639–54.
3. Wright C, Wei Y, Higgins J, Sagoo G. Non-invasive prenatal diagnostic test
accuracy for fetal sex using cell-free DNA a review and meta-analysis. BMC
research notes. 2012;5(1):476.
4. Gregg AR, Best R, Monaghan K, Bajaj K, Skotko B. ACMG statement on
noninvasive prenatal screening for fetal aneuploidy. congenital anomalies.
2013;16:19.
5. Vanstone M, King C, de Vrijer B, Nisker J. Non-invasive prenatal testing:
ethics and policy considerations. J Obstet Gynaecol Can. 2014;36(6):515–26.
6. Wright C, Burton H. The use of cell-free fetal nucleic acids in maternal blood
for non-invasive prenatal diagnosis. Hum Reprod Update. 2009;15(1):139–51.
7. Alldred SK, Takwoingi Y, Guo B, Pennant M, Deeks JJ, Neilson JP, et al. First
trimester serum tests for Down's syndrome screening. Cochrane Libr. 2015;
30(11):CD011975.
8. Chitayat D, Langlois S, Wilson RD, Audibert F, Blight C, Brock J-A, et al.
Prenatal screening for fetal aneuploidy in singleton pregnancies. J Obstet
Gynaecol Can. 2011;33(7):736–50.
9. Norton ME, Brar H, Weiss J, Karimi A, Laurent LC, Caughey AB, et al. Noninvasive chromosomal evaluation (NICE) study: results of a multicenter
prospective cohort study for detection of fetal trisomy 21 and trisomy 18.
Am J Obstet Gynecol. 2012;207(2):137. e1–8.
10. Palomaki GE, Deciu C, Kloza EM, Lambert-Messerlian GM, Haddow JE,
Neveux LM, et al. DNA sequencing of maternal plasma reliably identifies
trisomy 18 and trisomy 13 as well as Down syndrome: an international
collaborative study. Genetics in medicine. 2012;14(3):296.
11. Hofmann BM. Why ethics should be part of health technology assessment.
Int J Technol Assess Health Care. 2008;24(04):423–9.

Vanstone et al. BMC Medical Ethics (2018) 19:27

12. Newson AJ. Ethical aspects arising from non-invasive fetal diagnosis. Semin
Fetal Neonatal Med. 2008;13(2):103–8.
13. Minear MA, Alessi S, Allyse M, Michie M, Chandrasekharan S. Noninvasive
prenatal genetic testing: current and emerging ethical, legal, and social
issues. Annu Rev Genomics Hum Genet. 2015;16:369–98.
14. Ravitsky V. The shifting landscape of prenatal testing: between reproductive
autonomy and public health. Hastings Cent Rep. 2017;47(S3):S34–S40.
15. Benn P, Chapman AR. Ethical and practical challenges in providing
noninvasive prenatal testing for chromosome abnormalities: an update. Curr
Opin Obstet Gynecol. 2016;28(2):119–24.
16. Murdoch B, Ravitsky V, Ogbogu U, Ali-Khan S, Bertier G, Birko S, et al.
Non-invasive prenatal testing and the unveiling of an impaired
translation process. J Obstet Gynaecol Can. 2017;39(1):10–7.
17. Parham L, Michie M, Allyse M. Expanding use of cfDNA screening in
pregnancy: current and emerging ethical, legal, and social issues. Current
Genetic Medicine Reports. 2017;5(1):44–53.
18. Parens E, Asch A. Disability rights critique of prenatal genetic testing:
reflections and recommendations. Developmental Disabilities Research
Reviews. 2003;9(1):40–7.
19. van den Heuvel A, Chitty L, Dormandy E, Newson A, Deans Z, Attwood S,
et al. Will the introduction of non-invasive prenatal diagnostic testing erode
informed choices? An experimental study of health care professionals.
Patient Educ Couns. 2010;78(1):24–8.
20. Press N, Browner CH. Why women say yes to prenatal diagnosis. Soc Sci
Med. 1997;45(7):979–89.
21. Markens S, Browner CH, Press N. Because of the risks’: how US pregnant
women account for refusing prenatal screening. Soc Sci Med. 1999;49(3):
359–69.
22. Agarwal A, Sayres LC, Cho MK, Cook-Deegan R, Chandrasekharan S.
Commercial landscape of noninvasive prenatal testing in the United States.
Prenat Diagn. 2013;33(6):521–31.
23. Gamma Dynacare. OHIP now covers payments for the harmony prenatal
test. Laval, Quebec: Gamma Dynacare; 2014. Contract No.: 52
24. Vanstone M, Yacoub K, Giacomini M, Hulan D, McDonald S. Women’s
experiences of publicly funded non-invasive prenatal testing in Ontario,
Canada considerations for health technology policy-making. Qual Health
Res. 2015;25(8):1069–84.
25. Carroll JC, Reid AJ, Woodward CA, Permaul-Woods JA, Domb S, Ryan G,
et al. Ontario maternal serum screening program: practices, knowledge and
opinions of health care providers. Can Med Assoc J. 1997;156(6):775–84.
26. Nuffield Council on Bioethics. Non-invasive prenatal testing: ethical issues.
London, UK: Nuffield Council on Bioethics; 2017.
27. BC PS. Non-invasive prenatal testing: Provincial Health Services Authority;
2017 Available from: http://www.perinatalservicesbc.ca/health-professionals/
professional-resources/screening/prenatal-genetic/non-invasive-prenataltesting-nipt.
28. Minear MA, Lewis C, Pradhan S, Chandrasekharan S. Global perspectives on
clinical adoption of NIPT. Prenat Diagn. 2015;35(10):959–67.
29. Boseley S. NHS to offer safer Down’s syndrome test to pregnant women.
The Guardian. 2016 October;29:2016.
30. Abelson J, Wagner F, DeJean D, Boesveld S, Gauvin F-P, Bean S, et al. Public
and patient involvement in health technology assessment: a framework for
action. Int J Technol Assess Health Care. 2016;32(4):256–64.
31. Bombard Y, Abelson J, Simeonov D, Gauvin F-P. Eliciting ethical and social
values in health technology assessment: a participatory approach. Soc Sci
Med. 2011;73(1):135–44.
32. Facey K, Boivin A, Gracia J, Hansen HP, Scalzo AL, Mossman J, et al. Patients’
perspectives in health technology assessment: a route to robust evidence
and fair deliberation. Int J Technol Assess Health Care. 2010;26(03):334–40.
33. Hogg CN. Patient and public involvement: what next for the NHS? Health
Expect. 2007;10(2):129–38.
34. Van de Bovenkamp HM, Trappenburg MJ, Grit KJ. Patient participation in
collective healthcare decision making: the Dutch model. Health Expect.
2010;13(1):73–85.
35. Foltz F. Five arguments for increasing public participation in making science
policy. Bull Sci Technol Soc. 1999;19(2):117–27.
36. Williamson L. Patient and citizen participation in health: the need for
improved ethical support. Am J Bioeth. 2014;14(6):4–16.
37. O'Doherty KC, Hawkins AK, Burgess MM. Involving citizens in the ethics of
biobank research: informing institutional policy through structured public
deliberation. Soc Sci Med. 2012;75(9):1604–11.

Page 12 of 13

38. DeJean D, Giacomini M, Schwartz L, Miller FA. Ethics in Canadian health
technology assessment: a descriptive review. Int J Technol Assess Health
Care. 2009;25(4):463.
39. de Jong A, de Wert GMWR. Prenatal screening: an ethical agenda for the
near future. Bioethics. 2015;29(1):46–55.
40. Deans Z, Newson AJ. Ethical considerations for choosing between possible
models for using NIPD for aneuploidy detection. J Med Ethics. 2012;38(10):
614–8.
41. Dondorp W, de Wert G, Bombard Y, Bianchi DW, Bergmann C, Borry P, et al.
Non-invasive prenatal testing for aneuploidy and beyond: challenges of
responsible innovation in prenatal screening. Eur J Hum Genet. 2015;23(11):
1438–50.
42. Gekas J, Langlois S, Ravitsky V, Audibert F, van den Berg DG, Haidar H, et al.
Non-invasive prenatal testing for fetal chromosome abnormalities: review of
clinical and ethical issues. Appl Clin Genet. 2016;9:15–26.
43. Griffin B, Edwards S, Chitty LS, Lewis C. Clinical, social and ethical issues
associated with non-invasive prenatal testing for aneuploidy. J Psychosom
Obstet Gynecol. 2018;39(1):11–18.
44. Bishop AJ, Marteau TM, Armstrong D, Chitty LS, Longworth L, Buxton MJ, et
al. Women and health care professionals’ preferences for Down’s syndrome
screening tests: a conjoint analysis study. BJOG Int J Obstet Gynaecol. 2004;
111(8):775–9.
45. Davies V, Gledhill J, McFadyen A, Whitlow B, Economides D. Psychological
outcome in women undergoing termination of pregnancy for ultrasounddetected fetal anomaly in the first and second trimesters: a pilot study.
Ultrasound Obstet Gynecol. 2005;25(4):389–92.
46. Floyd E, Allyse MA, Michie M. Spanish- and English-speaking pregnant
Women’s views on cfDNA and other prenatal screening: practical and
ethical reflections. J Genet Couns. 2016;25(5):965–77.
47. Farrimond HR, Kelly SE. Public viewpoints on new non-invasive prenatal
genetic tests. Public Underst Sci. 2013;22(6):730–44.
48. Gammon B, Kraft S, Michie M, Allyse M. “I think we’ve got too many tests!”:
prenatal providers’ reflections on ethical and clinical challenges in the
practice integration of cell-free DNA screening. Ethics, Medicine and Public
Health. 2016;2(3):334–42.
49. Lewis C, Silcock C, Chitty L. Non-invasive prenatal testing for Down's
syndrome: pregnant women's views and likely uptake. Public health
genomics. 2013;16(5):223–32.
50. Schendel RV, Dondorp WJ, Timmermans DR, Hugte EJ, Boer A, Pajkrt E, et al.
NIPT-based screening for Down syndrome and beyond: what do pregnant
women think? Prenat Diagn. 2015;35(6):598–604.
51. Mozersky J. Hoping someday never comes: deferring ethical thinking about
noninvasive prenatal testing. AJOB Empirical Bioethics. 2015;6(1):31–41.
52. Skirton H, Goldsmith L, Chitty LS. An easy test but a hard decision: ethical
issues concerning non-invasive prenatal testing for autosomal recessive
disorders. Eur J Hum Genet. 2015;23(8):1004–9.
53. Floyd E, Allyse MA, Michie M. Spanish-and English-speaking pregnant
Women’s views on cfDNA and other prenatal screening: practical and
ethical reflections. J Genet Couns. 2016;25(5):965–77.
54. Piechan JL, Hines KA, Koller DL, Stone K, Quaid K, Torres-Martinez W, et al.
NIPT and informed consent: an assessment of patient understanding of a
negative NIPT result. J Genet Couns. 2016;25(5):1127–37.
55. Kibel M, Vanstone M. Reconciling ethical and economic conceptions of
value in health policy using the capabilities approach: a qualitative
investigation of non-invasive prenatal testing. Soc Sci Med. 2017;195:97–104.
56. Sherwin S. A relational approach to autonomy in health care. Readings in
health care. Ethics. 2000:69–87.
57. Mackenzie C, Stoljar N. Relational autonomy: feminist perspectives on
autonomy, agency, and the social self: Oxford university press; 2000.
58. Public Health Agency of Canada. What mothers say: the Canadian maternity
experiences survey. Ottawa: Public Health Agency of Canada; 2009.
59. Canada S. Women in Canada: a gender-based statistical report. Minister of
Industry: Ottawa, ON; 2017.
60. Benn PA, Chapman AR. Practical and ethical considerations of noninvasive
prenatal diagnosis. JAMA. 2009;301(20):2154–6.
61. Mozersky J, Ravitsky V, Rapp R, Michie M, Chandrasekharan S, Allyse M.
Toward an ethically sensitive implementation of noninvasive prenatal
screening in the global context. Hastings Cent Rep. 2017;47(2):41–9.
62. Allyse M, Minear MA, Berson E, Sridhar S, Rote M, Hung A, et al. Noninvasive prenatal testing: a review of international implementation and
challenges. International Journal of Women's Health. 2015;7:113–26.

Vanstone et al. BMC Medical Ethics (2018) 19:27

63. Yi H, Yung Ngan OM, Griffiths S, Sahota D. Ethical concerns in the
implementation of DNA sequencing-based noninvasive prenatal testing
for fetal aneuploidy among obstetric professionals in Hong Kong. AJOB
Empirical Bioethics. 2015;6(1):81–93.
64. Dondorp WJ, Page-Christiaens GCML, de Wert GMWR. Genomic futures of
prenatal screening: ethical reflection. Clin Genet. 2016;89(5):531–8.
65. Deans Z, Newson AJ. Should non-invasiveness change informed consent
procedures for prenatal diagnosis? Health Care Anal. 2011;19(2):122–32.
66. Gregg AR, Skotko BG, Benkendorf JL, Monaghan KG, Bajaj K, Best RG, et al.
Noninvasive prenatal screening for fetal aneuploidy, 2016 update: a position
statement of the American College of Medical Genetics and Genomics.
Genet Med. 2016;18(10):1056–65.
67. Lewis C, Hill M, Skirton H, Chitty LS. Development and validation of a
measure of informed choice for women undergoing non-invasive prenatal
testing for aneuploidy. Eur J Hum Genet. 2016;24(6):809–16.
68. van Schendel RV, Kater-Kuipers A, van Vliet-Lachotzki EH, Dondorp WJ,
Cornel MC, Henneman L. What do parents of children with Down
syndrome think about non-invasive prenatal testing (NIPT)? J Genet Couns.
2017;26(3):522–31.
69. van Schendel RV, Kleinveld JH, Dondorp WJ, Pajkrt E, Timmermans DRM,
Holtkamp KCA, et al. Attitudes of pregnant women and male partners
towards non-invasive prenatal testing and widening the scope of prenatal
screening. Eur J Hum Genet. 2014;22(12):1345–50.
70. Farrell RM, Mercer MB, Agatisa PK, Smith MB, Philipson E. It’s more than a
blood test: Patients’ perspectives on noninvasive prenatal testing. Journal of
Clinical Medicine. 2014;3(2):614–31.
71. Lewis C, Hill M, Chitty LS. Women’s experiences and preferences for service
delivery of non-invasive prenatal testing for aneuploidy in a public health
setting: a mixed methods study. PLoS One. 2016;11(4):e0153147.
72. Lewis C, Hill M, Skirton H, Chitty LS. Fetal sex determination using cell-free
fetal DNA: service users’ experiences of and preferences for service delivery.
Prenat Diagn. 2012;32(8):735–41.
73. Rogowski WH, Grosse SD, Schmidtke J, Marckmann G. Criteria for fairly
allocating scarce health-care resources to genetic tests: which matter most?
Eur J Hum Genet. 2014;22(1):25–31.
74. Meng M, Li X, Ge H, Chen F, Han M, Zhang Y, et al. Noninvasive prenatal
testing for autosomal recessive conditions by maternal plasma sequencing
in a case of congenital deafness. Genetics in Medicine. 2014;16(12):972–6.
75. Chitty LS, Mason S, Barrett AN, McKay F, Lench N, Daley R, et al. Noninvasive prenatal diagnosis of achondroplasia and thanatophoric dysplasia:
next-generation sequencing allows for a safer, more accurate, and
comprehensive approach. Prenat Diagn. 2015;35(7):656–62.
76. Stapleton G. Qualifying choice: ethical reflection on the scope of prenatal
screening. Med Health Care Philos. 2017;20(2):195–205.
77. Haidar H, Dupras C, Ravitsky V. Non-invasive prenatal testing: review of
ethical, legal and social implications. 2016.
78. Chandrasekharan S, Minear MA, Hung A, Allyse MA. Noninvasive prenatal
testing Goes global. Sci Transl Med. 2014;6(231):231fs15.
79. Jong A, Wert GM. Prenatal screening: an ethical agenda for the near future.
Bioethics. 2015;29(1):46–55.
80. Wilkinson S. Prenatal screening, reproductive choice, and public health.
Bioethics. 2015;29(1):26–35.
81. Nisker J, Martin DK, Bluhm R, Daar AS. Theatre as a public engagement tool
for health-policy development. Health Policy. 2006;78(2):258–71.
82. Cox SM, Kazubowski-Houston M, Nisker J. Genetics on stage: public
engagement in health policy development on preimplantation genetic
diagnosis. Soc Sci Med. 2009;68(8):1472–80.

Page 13 of 13

