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Genomic testing in prenatal care is rapidly advancing and it is now possible to
obtain an entire fetal genome via a blood test administered in early pregnancy.
In the pursuit of reproductive autonomy, more tests are being offered to more
people, for an ever-increasing range of indications. Health professionals who
provide pregnancy care are at the vanguard of prenatal testing, yet their views
on the impact of technology advancements remain under-explored. Qualitative
interviews with Australian healthcare professionals revealed that they value
prenatal testing for its information-giving potential. However, the rationale
underpinning testing reveals a tension between professionals’ desire for
certainty and patients’ expectation that they will be reassured. Coupled with
the greater salience of genomic information over other forms of knowledge
in prenatal care, we suggest that the unchecked pursuit of information by
way of genomic technologies in prenatal testing may paradoxically constrain
reproductive autonomy in practice.

Keywords: Prenatal diagnosis; bioethics; genomics

Introduction

Caring for those who are pregnant or contemplating pregnancy almost ubiqui-
tously involves discussions about prenatal testing. The rationale for offering
such tests is to provide information about genetic or chromosomal anomalies
that may inform decisions in the pregnancy, such as to continue or terminate.
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Prenatal tests were originally developed to offer those at “high risk” (for example,
due to maternal age) information about three chromosomal aneuploidies: trisomy
21, trisomy 13, and trisomy 18 (Farrell 2013; Perrot and Horn 2022; Richardson
and Ormond 2018; Schmitz 2013). Early forms of testing measured biochemical
analytes in maternal blood, and so offered only indirect and probabilistic infor-
mation about these conditions. Subsequent confirmatory testing required an inva-
sive procedure that posed a risk of miscarriage (Lowy 2017).

Advances in both prenatal sample generation (such as non-invasive prenatal
testing, or NIPT) and DNA sequencing (including next generation sequencing
methods) now enable the generation of more accurate information about a fetus,
while also posing low or no risk to a pregnancy (Van den Veyver 2016). These
tests, enabled by technological innovation, offer greater reliability in the infor-
mation available to healthcare professionals and the advice they can give their
patients (Holloway et al. 2022). While still an advanced screening technology,
NIPT has been rapidly taken up globally (e.g. Nature 2019; P&s, Budis, and
Szemes 2019; Ravitsky et al. 2021), including in Australia (Hui and Halliday
2023). Previous recommendations for risk stratification of testing have been super-
seded by recommendations of routine offers of NIPT as a first-line test (e.g. ACOG
& SMFM 2020). In Australia, NIPT is predominantly offered through primary
care, with specialist follow-up if results suggest an increased chance of the fetus
having a genetic or chromosomal anomaly (McKinn et al. 2022). Alongside
NIPT, tests such as microarray following diagnostic sampling (i.e., by way of
amniocentesis) are widely available provided that certain clinical indicators are
met. Further developments in testing, such as exome or whole genome
sequencing of fetal DNA following diagnostic sampling, are being assessed
under research protocols.

Alongside technological developments, the indications for prenatal genomic
testing have expanded (Richardson and Ormond 2018; Schmitz and Henn
2022). More tests are being offered to more pregnant people, for more conditions.
These tests are identifying genomic information of greater volume, complexity,
granularity and unknown significance (Hashiloni-Dolev, Nov-Klaiman, and Raz
2019; Nature 2019; Navon and Thomas 2021). These increased offers and
uptake of genomic information in pregnancy have numerous drivers, including
consumer interest (e.g. Bowman-Smart er al. 2019), a fear of liability on the
part of clinicians (Murdoch et al. 2017), and commercial imperatives (Baldus
2023; Kaposy 2017; Lowy 2022).

However, the burgeoning use of genomic tests in pregnancy remains contested
(Christiaens, Chitty, and Langlois 2021; Dondorp, Page-Christiaens, and de Wert
2016; Donley, Hull, and Berkman 2012; Kaposy 2017; 2023; Navon and Thomas
2021; Schmitz and Henn 2022). For example, Navon and Thomas (2021) argue
that expanded uses of genomics in prenatal testing are driven more by the avail-
ability of sequencing technology than by a consensus on indications. Ongoing con-
cerns about utility are also reflected in test nomenclature: non-invasive testing was
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at first “diagnosis,” then “testing,” and then (or also) “screening” (Ravitsky et al.
2021).

One important aspect of the debate over expanded prenatal testing is that
genomic information remains an overall poor predictor of human health (Best
et al. 2018; Richardson and Ormond 2018). The relationship between a genotype
(a person’s genetic constitution) and phenotype (their observable characteristics),
and then how that phenotype is experienced as a life, can be hard to quantify. Even
well characterized conditions such as Trisomy 21 (Down syndrome) have a vari-
able phenotype (Bull 2020). Expanding the scope or indications for prenatal
testing to a wider range of conditions will amplify the range of both phenotypic
variability and how this influences one’s lived experience (Baldus 2023). So,
while next generation sequencing and non-invasive methods of accessing fetal
genetic material can discern a DNA sequence or ascertain the presence or
absence of relevant chromosomes, they cannot show what that sequence means
for a future child’s health or well-being (de Jong ef al. 2014; de Melo-Martin
2006).

Concerns have also been raised about the technical limitations of tests like
NIPT, including the possibility of more false positive results and low positive pre-
dictive value, especially for conditions of lower prevalence (McKinn et al. 2022;
Wise 2022). The complexity of the genomic data that is now becoming more avail-
able will also continue to pose, and likely amplify, challenges to the embodied
knowledge held by pregnant women (Bernhardt ef a/. 2013; Kringle-Baer 2017;
Lippman 1999; Werner-Lin ef al. 2017). An increased chance or high chance
result following a test like NIPT does not mean that a fetus will necessarily be
affected (Baldus 2023). Barbara Katz Rothman’s ground-breaking Tentative Preg-
nancy (1986) highlights how information from emerging techniques confront
pregnant people with new burdens and responsibilities, including how these tech-
niques remove barriers to decline additional information through testing (p.82).
Despite advances in medicine, the core dilemmas surrounding autonomy persist,
indicating that “knowledge does not always empower.” (p.176). Indeed, Roth-
man’s early sociological critique of the novel uncertainties caused by prenatal
testing seems even more relevant today.

The promotion or achievement of reproductive autonomy is fundamental to the
justification of an expanded offer of genetic or genomic information in pregnancy.
At a high level, reproductive autonomy can be considered as a person’s ability to
“reflect critically upon ... preferences, desires and values” in reproduction and “to
develop attitudes towards them” (Hildt 2002). Autonomy in general is widely con-
sidered as a good, and so by extension is reproductive autonomy. There is a now
substantial literature specifically on what reproductive autonomy is and how it can
be achieved (e.g. Jackson 2001; McLeod 2002).

Reproductive autonomy has been used as a grounds to justify expanded offers of
genetic or genomic information in pregnancy (Benn and Chapman 2016; Donchin
1996). However, critics have raised the suspicion that beyond a certain point,
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information provision in prenatal testing may not be autonomy-enhancing and may
even be autonomy-impairing (Ravitsky, Rousseau, and Laberge 2017; Seavillek-
lein 2009; Werner-Lin, Mccoyd, and Bernhardt 2019). Focusing on the informa-
tional properties of a prenatal test distracts from the basic rationale for testing,
and neglects the wider social and structural contexts in which decisions will be
made (Donchin 2001; Gabriel 2017; Suter 2018). Because genomic information
has a high degree of significance in the current context of prenatal care, it is
increasingly given higher priority over other kinds of information about the preg-
nancy. On a more practical level, a health professional relaying genomic infor-
mation may not do so in a way that is resonant to the pregnant woman (Hunt,
de Voogd, and Castafieda 2005).

In providing pregnancy care, healthcare professionals have a significant role in
influencing how emerging genomic technologies are offered and implemented,
how the data they provide are interpreted, how information is presented, and
how these features shape subsequent decisions. This means that they also
provide (at least in part) the necessary conditions to facilitate reproductive auton-
omy (Hodgson and Spriggs 2005). However, there has been little research to ascer-
tain what healthcare professionals think about the expansion of prenatal testing
and its impact on reproductive autonomy. This paper addresses that gap. As one
part of a larger mixed-method empirical bioethics project, we report findings
from a qualitative study that sought to capture insights from healthcare pro-
fessionals on what they understand reproductive autonomy to be, and how it is
facilitated or inhibited in the context of increased offers of genomic information
in pregnancy.

A note on terminology and our intended audience. Regarding terminology, we
have used the terms “patient,” “pregnant woman,” and “pregnant person” through-
out this article. Our aim is to adopt inclusive language, and to reflect how partici-
pants in this study used these terms, as well as “couple,” interchangeably, often
within the same interview. Our use of a variety of terms is intended to be inclusive
without undermining the lived experiences of anyone who is pregnant or has a
child. In respect of our intended audience, as a multi- and inter-disciplinary
research group we hope that our paper presents and discusses our findings and
the issues they generate to be accessible to those from a variety of fields. This
would include those who may be able to translate our findings when caring for
pregnant people themselves.

Materials and methods

This qualitative interview study forms part of a larger project that aims to refine
and improve the concept of reproductive autonomy, so that it better reflects the
new challenges arising from the increased use of genomic testing in pregnancy.
We selected a qualitative interview approach for engagement with healthcare
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professionals because this is an appropriate tool to explore the unknown terrain of
their experiences and reflections in depth (Merriam and Tisdell 2016).

Participant recruitment

We sought to interview a range of healthcare professionals who care for pregnant
women: general obstetricians, fetal medicine specialists, general practitioners,
clinical geneticists, genetic counselors, and midwives. Participants were initially
recruited through our professional networks, followed by snowball sampling
(Noy 2008). Invitations to interview were sent via email. Purposeful sampling
among the identified clinical specialties was also carried out through advertise-
ments in professional newsletters and email lists, with potential participants email-
ing the research team to nominate their interest. Recruitment targeted healthcare
professionals across Australia, including a mix of metropolitan, regional, and
rural locations. It ceased once most locations, domains and specialties were rep-
resented and data saturation was achieved — recognizing the challenges of deter-
mining saturation in studies like this (Dunn et al. 2012). Research Ethics
approval was granted by the University of Sydney Human Research Ethics Com-
mittee (2021/651). All participants provided written consent prior to interviews
and were not remunerated.

Data collection and analysis

Semi-structured interview prompts (see Appendix 1) sought to uncover the follow-
ing: the context in which prenatal testing is offered; the process by which results
were received, interpreted and communicated; clinicians’ knowledge of and atti-
tudes towards the rapidly changing prenatal testing landscape (including how ten-
sions between technological innovation and patient needs are negotiated); how
reproductive autonomy is conceived of in the context of prenatal genomic
testing, and barriers to and facilitators of its operationalization; and perspectives
on the future of genomic testing and how to safeguard reproductive autonomy.
A total of 25 semi structured interviews (conducted by KD) were completed
between May and December 2022. Almost all interviews were conducted via
video conferencing software Zoom (one interview was conducted by phone),
with interviews ranging between 42 min and one hour in length (median 50
min). Participants ranged in age from 25 to 59 years of age (median 43), and
their professional experience ranged from one year to over 30 years (median
11), with all specialties in relation to prenatal care represented. Our sample
included healthcare professionals based in states and territories outside of the
(more populous) Eastern Australian states, metropolitan, regional or rural areas,
and within public hospitals, private practice and IVF clinics (see Table 1).
Interviews were professionally transcribed, then verified and anonymized by
LK. De-identified transcripts were managed in NVivo software (QSR
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Table 1. Demographic characteristics of participants.

Characteristics Total (n=25)
Gender
Man 7 (28%)
Woman 17 (68%)
Non-binary 1 (4%)
Age
20-29 years 3 (12%)
30-39 years 6 (24%)
40-49 years 10 (40%)
50-59 years 6 (24%)
Professional Occupation
Clinical geneticist 5 (20%)
Genetic counselor 5 (20%)
General practitioner 4 (16%)
Midwife 4 (16%)
Obstetrician (including Maternal Fetal Medicine Specialists) 7 (28%)
Years of practice
1-5 years 7 (28%)
610 years 5 (20%)
10-20 years 7 (28%)
20+ years 6 (24%)
Workplace*
Public hospital 15
Private practice 11
State/territory of work
Australian Capital Territory 2 (8%)
New South Wales 11 (44%)
Northern Territory 0 (0%)
Queensland 1 (4%)
South Australia 0 (0%)
Tasmania 2 (8%)
Victoria 6 (24%)
Western Australia 3 (12%)
Location of work*
Urban 22
Regional 3
Rural 2

*Categories are not mutually exclusive, so no percentages are provided

International). Data analysis followed a thematic analysis approach (Braun and
Clarke 2022). The coding frame was developed with multidisciplinary input
from the research team, who have backgrounds in bioethics, philosophy, genetic
counseling, genomics, law, medicine, disability research, health services research,
and qualitative research. Coding was undertaken by LK and KJL, and coding
agreement and inter-coder reliability established by KD based on pilot coding.
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Numerous provisional themes were identified through a process of open thematic
mapping and repeated re-examination of the coded data, and refined provisional
themes were then retested against the data.

In this article, we report data taken from coding that explores the context in
which prenatal testing is offered, perceptions of its benefits and utility, and facil-
itators and barriers to the operationalization or realization of reproductive auton-
omy in a rapidly changing technological landscape.

Results

All participants discussed a range of factors and drivers that shape reproductive
autonomy in the context of genomic testing in pregnancy. The themes identified
capture the diversity of perspectives on the attraction of genomic information in
pregnancy, how technology is rendering genomic information ubiquitous, and,
crucially, the ways in which possibly overwhelming information provision may
paradoxically constrain reproductive autonomy. Where illustrative quotes are
used, respondents are identified by their professional occupation.

The dual attraction of genomic information in pregnancy: information and
reassurance

Participants recognized both the clinical benefits of providing an actionable or
informative “answer” through prenatal testing, and the value of being able to
offer reassurance to pregnant women when no anomaly is identified:

There’s the clinical component to doing it, [namely to see] if you come up with
something that might direct you to do further testing. Or, there’s the social, emotion-
al, mental health reasons to do it, [that is] for the woman who wants to hopefully be
reassured that things are, you know, almost normal. (P3, Clinical Geneticist)

The presumed clinical benefits of information

A primary reason for offering genomic testing in pregnancy suggested by partici-
pants was to generate information relevant to fetal health. This enables healthcare
professionals to serve the needs of pregnant women to have a “fuller
understanding of the health of their baby and their pregnancy” (P12, Clinical Gen-
eticist). It was also assumed that pregnant women would want to know any and all
“problems”:

... there is a perception of things that are ... routinely offered testing for in preg-
nancy, that those conditions are a problem, and those disabilities are significant.
(P1, Genetic Counselor)

Genomic information was considered to be meaningful to decision-making,
whether a decision to terminate an affected pregnancy or to prepare for a child
with a genetic condition. In this sense, information is presumed to offer certainty
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and to facilitate a course of action. Such action (making a choice) could be con-
strued as evidence that autonomy was exercised:

We offer it so that people have reproductive choice, so that they can choose what to
do with the information[...]. (P16, Maternal Fetal Medicine Specialist)

Using genomic information to resolve uncertainty was also identified as an impor-
tant driver of testing. This reflects the dominant view that “a lot of healthcare prac-
titioners, they come from a point of view where their innate nature is that
knowledge is power” (P2, Clinical Geneticist). Consequently, the value of
newer tests, such as NIPT, is that they facilitate patient choice at the earliest poss-
ible point in pregnancy: “And I think there is a push to do that, you know, because
otherwise there is this uncertainty [while awaiting further testing]” (P1, Genetic
Counselor). For some practitioners, all information is valuable, and testing in preg-
nancy drives certainty. This belief may explain why healthcare professionals are
increasingly offering prenatal testing to their patients, as one more critical partici-
pant observed:

I honestly believe that the majority of those tests are driven by medical professionals.
(P24, Genetic Counselor).

In addition, this drive is underpinned by a perceived responsibility of healthcare
professionals to quantify probability to ensure that pregnant people are aware of
their chances of having a child with a genetic or chromosomal condition: “...
so it’s our obligation as clinicians to say to women, ‘Hey, there’s this kind of
testing that’s available, you’ve heard of these genetic conditions’ (P13,
Midwife). This suggests that the role of prenatal testing is to provide pregnant
women any and all information regarding the probability that the pregnancy is
not “normal”:

I take on the point of view that a lot of the obstetrics societies and things like that
have these days, and that is: ‘this is testing available to women to find out the
genetic nature of their pregnancy’, with the concept that we have framed these
things as ‘they’re anomalies’, they’re, ‘they’re not normal’. (P13, Midwife)

[...] everybody’s entitled to have the opportunity to get the piece of information if
they want it. (P13, Midwife)

Accordingly, the practice of offering prenatal genomic testing becomes normal-
ized for healthcare professionals, based on their expectation that pregnant
people would prefer a “typical” child:

So, partly I think it’s a bit of a reflex. [...] Partly it’s because the whole general popu-
lation has a much lower tolerance for an anomaly and for difference and for the extra
burden that it creates (P19, Maternal Fetal Medicine Specialist).
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The logic that sees genetic information as useful because it leads to actionable
decision making, thereby increasing autonomy, also works in reverse. Some par-
ticipants felt not all information was beneficial, in particular if it could not be
used to facilitate action. For instance, one participant stated: “[it is not] okay to
be offering all of this information if you then can’t, sort of, do anything about
it” (P12, Clinical Geneticist). Ultimately, the increased routinization of the
offer of tests like NIPT was even seen to hinder a pregnant women’s decision-
making:

I think sometimes it’s not even their [pregnant women’s] decision. I think sometimes,
you know, some obstetricians ... they have to have like a range of tests and then this
is just kind of a routine test. I don’t know if it’s always like a decision that they [preg-
nant women] make or even if it is their decision, I’m not sure how informed their
decision is. (P5, Genetic Counselor)

The allure of reassurance

While participants identified how prenatal genomic information can generate cer-
tainty, they also perceived that pregnant people seek tests like NIPT for
reassurance.

Well, 1 guess, number one, [they]| probably want reassurance that their baby is
healthy and maybe a sense of slightly more control over the process. (P20,
General Practitioner)99% [of pregnant women], they just use it as a screening
tool, in the same way as kind of an ultrasound. (P4, Clinical Geneticist).

It was also assumed that pregnant women are risk averse, and so undertake prena-
tal testing in aim to reduce the chance that they will have a child with a genetic or
chromosomal condition:

... humans hate risk. They hate the risk of having a not perfect baby and they hate the
risk of basically invasive testing. So, $500 gets a maternal serum blood test and I can
wipe away pretty much all of my risk ... . (P13, Midwife)

But participants also noted that the increased volume and complexity of infor-
mation that genomics can generate means pregnant people may receive results that
are unanticipated and not reassuring:

... a lot of people don’t really think [about an issue being identified] ... problems
happen to other people [...] They don’t really think it’s going to happen to them,
but they’ll just [take the test] anyway because that’s what you do. And then when
something is found, you know, then they’re, yeah, they didn’t really anticipate it.
You kind of go for reassurance more than going looking for a problem. (P10,
Obstetrician)

New tests can increase the risk of false reassurance. Participants described how
they need to negotiate patients’ perceptions that genomic information gleaned
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from tests like NIPT was more accurate than information from other tests, such as
ultrasound: “I think people think it’s a better test” (P16, Obstetrician). Indeed, the
limited coverage of NIPT can provide false reassurance:

So, for example, if we find something really unusual in the morphology scan and we
start talking about genetic testing, they tell, “Okay, I’ve already had genetic testing”,
which is the NIPT. “So, everything is normal in the baby.” So, they are like falsely
reassured in many situations. (P4, Clinical Geneticist)

The technological landscape of prenatal testing and the ubiquity of (more and
more) information

Participants’ responses revealed concerns over the pace of technology in
providing genomic information in pregnancy, with more and more finely
grained information becoming accessible. At the same time, the greater volume,
complexity, and granularity afforded by genome-based tests can be so overwhelm-
ing as to negate any potential reassurance that can ever be provided by healthcare
professionals.

The pace and drivers of change

Technologies that facilitate genomic testing were generally endorsed by partici-
pants. However, the extent to which more detailed (finer grained) information
through expanded testing should be provided was less clear. One issue is the
pace of technological development, and the attendant offer of unending growth
in testing:

It feels like it’s moving really fast. We have been having lots of chats in our depart-
ment recently about the speed with which the technology is evolving. The testing is
becoming, you know, just ‘wanted’ by patients but also by their providers, like obste-
tricians mentioning the availability of more and more complex tests like prenatal
exomes. (P1, Genetic Counselor)

Additional worries were voiced that the increasing availability of more expansive
testing and more finely grained information could — paradoxically — increase
uncertainty:

So, if we look at case in point, let’s look at microarray in pregnancy. I think it’s an
excellent test to detect significant chromosome abnormalities that can impact on
prognosis, but if done as a routine screen, then the chances of picking up, you
know, a variant of unknown significance is quite high relative to the chances of
picking up a variant of known significance. (P3, Genetic Counselor)

At the same time, increasingly fine-grained test results make it “harder and harder
to not offer people exomes for lots of things that we might not have before” (P1,
Genetic Counselor). Accordingly, participants expressed concern that such tests
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were being introduced without a sound rationale and in reaction to an uninterro-
gated demand:

[This] is an example of where the technology became available and popular and by
demand before the science really proved its use. So, you have a test that’s sort-of
there by popular demand, if you like, rather than because science evaluated it as
being necessary. [...]. (P3, Clinical Geneticist)

Consequences of testing amid limited resources for interpreting information

With more genomic technologies being adopted into prenatal care, participants felt
that the increased provision of large amounts of complex genomic information
demands significantly higher genomic literacy from both healthcare professionals
and those having testing:

So, all those nuances, like some [brands of NIPT] will have a tick box: ‘I want this
disease, [ want this disease,” and even people who are highly educated with a medical
background often are like: ‘I don’t know, I don’t know anything about these con-
ditions.” And so some of the other tests just say: ‘we report on what we report on,
you know, you get it or you don’t.” It’s a bit more black and white and I think all
that variation within the field is pretty challenging for patients and people ordering
it. (P12, Clinical Geneticist)

Participants felt that their patients’ knowledge and understanding of genomic tests
in pregnancy was often limited. Those choosing testing do not always have the
capacity or resources to manage the nuances of this information, a problem ampli-
fied by the diversity of test offers and information available in the Australian test
marketplace. Some pregnant people will not have the capacity to decide how
useful testing will be to them without good support:

I think there’s just such a wide range of people from highly educated to no health
literacy at all, and so it’s just such a hodgepodge of different experiences [...].
For some people are very aware and going into it with their eyes open and
making their own informed choices and their own decisions, and then other
people are operating on a very simple level ... they just want reassurance that every-
thing is okay and then are quite devastated when they go through a bit of a journey
[...]Or, they are not even at that level, and they will just go along with whatever their
doctor says or their doctor may even just have a check list and it just gets done. (P25,
Clinical Geneticist)

So, I think they know a bit, but just maybe not enough. [...] I think they just don’t
know the intricacies of the tests, like that it will pick up other things, that it might
pick up things that they weren’t expecting [...] but not a genetic diagnosis in the
baby. So, I think they have a basic understanding ... that they’re having it for
abnormalities in the baby, and that they can choose to make pregnancy decisions
around it, but maybe just not all that fine detail (P12, Clinical Geneticist).
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We test for 500 things versus this one only test for three things, so I do find that
patients’ understanding of how good these tests are, and what they are actually
good for, is super variable, and women come to me with all sorts of different
ideas about what NIPT actually can tell them. (P13, Midwife)

Without specialist pre-test counseling, the distress and anxiety of managing results
from testing requires professional intervention before a decision can be made:

When that test is ordered outside of a genetics expert, generally the requester has no
idea what it means or how to explain it and we get couples referred who are extre-
mely anxious and distressed, and we have to undo a lot of anxiety, when the truth is,
you know, in the context of finding in a normal pregnancy with a normal anatomy
scan and nothing else to suggest a problem, it’s probably nothing, and to try and
undo a lot of, you know, anxiety can be quite tricky. So, these tests definitely have
a double edge to them. (Participant 3 —Clinical Geneticist)

This gap reflects that rapid technological development may be outpacing the
resources required to facilitate reproductive autonomy. Participants were con-
cerned about how healthcare professionals, and indeed the health system,
manage this amount and detail of information. The current healthcare system in
Australia is too resource-constrained to effectively manage the offering of
(more and more) genetic information. There was a particular concern that the
testing technology is running ahead of knowledge about how counseling should
be provided. This places strain on health care professionals’ capacity both to
understand testing offers and communicate about them effectively:

... it’s advancing at such a rate already that it’s probably akead of what we can really
do appropriate counseling for. So, probably the biggest challenge / find is that we
really don’t, the system at large or health systems overall, give us enough time for
a consultation to explain what can and can’t be found and whether you ‘should or
shouldn’t” be doing this particular testing ... So, that worries me. (P21, General
Practitioner)

Reflecting the view discussed above that genomic information is useful only if it
enables action, for many participants “management” of a pregnancy through
testing carried a strong implication that the pregnancy would be terminated if a
genetic or chromosomal anomaly was identified. The option to use testing to
prepare for the birth of a child with a genetic or chromosomal condition was
less valued, at least by some participants:

The importance of NIPT is in families who may do something if we find some chro-
mosomal abnormality. There are families where even if we see things like Trisomy
21 or Trisomy 18, they don’t alter the way they manage the pregnancy. So, in those
families, NIPT is just going to be a waste of time and money. (P4, Clinical
Geneticist)
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However, other participants thought that framing testing only in terms of termin-
ation was problematic:

I think the thing that causes me concern is that often these tests are framed purely
around termination and that a lot of doctor’s sort of see this as a ‘you find out if
there is something wrong, if there is something wrong you terminate’, as opposed
to ‘we are doing these tests to find out information that will guide us in the path
going forward’. (Participant 10 - Obstetrician)

Decision-making in contexts of (overwhelming) information provision

Routinely using genomic information to identify potential conditions in a fetus is
perceived to provide options for action. Yet when reflecting on the intersection
between a desire for knowledge amid the inherent uncertainty of genomic infor-
mation, participants were conscious that sometimes all that can be offered to
patients is a possibility. Even if a fetal genotype can be ascertained, current
genomic knowledge is often unable to provide certainty about the child’s future
phenotype or quality of life. As such, genomic information in pregnancy may
not always be able to meaningfully influence decisions:

I think the problem is, you’re looking at the genetics of this baby. So, what you’re
looking at, even when I can tell you: ‘this amniocentesis has come back and your
baby is affected with this particular genetic problem’, almost all of them sit on a
spectrum. I can’t tell you where this baby sits within that spectrum. (P13, Midwife)

The use of NIPT to detect sex chromosome anomalies is one domain in which the
apparent certainty of genetic information may be obscuring the complexity and
unpredictability of how that information will translate to lived experience:

I think we really need some solid population data on what sex chromosome aneuploi-
dies are. [...] We need a description of the phenotype. (P19, Maternal Fetal Medicine
Specialist)

Furthermore, if the appeal of testing for pregnant people is to get reassurance,
receiving a result that an anomaly has been identified can be challenging, and can
subsume or outweigh any indeterminacy about how the genotype will manifest.

The increasing availability of, and apparent demand for, genomic information
works to reinforce assumptions about its predictive value while simultaneously
obscuring the actual unpredictability of the phenotype and the life that a future
child might lead. That is to say, the more weight that is placed on genotype, the
more significant genomic information becomes because of its presumed value.
This, in turn, can direct both patients and professionals to focus to extremes of
phenotypes:

[E]verybody pretty much counsels as though the baby’s going to sit on the outermost
difficult part of the spectrum and they’re going to be the most affected, so I don’t
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know how you get that nuance into conversations that aren’t 4 h long and don’t
belabor the point, as every kid has a problem [of some kind]. [...] It’s super,
super complex. (P13, Midwife)

The current limitations of genomic information and certain test types, such as
NIPT, were also perceived as being under-appreciated by pregnant women:

Look, I think it depends on what ‘no shades of grey’ they are looking for. So, if they
are looking for an answer around the genetics of their baby, to the best of our ability
then they have to have an invasive test ... But I think a lot of people don’t appreciate
that a ‘normal” NIPT [result] is still grey. (P11, Obstetrician)

It is difficult to manage the dual, and potentially contradictory, aspects of cer-
tainty and uncertainty in pregnancy. Participants expressed their conviction that
pregnant women are striving towards complete avoidance of risk. This difficulty
will only increase as more finely grained genomic information is provided by
current and future prenatal testing technologies:

What are we going to do? Because it [is] soon going to be full genome testing, guar-
anteed, none of this Trisomy 18, 21, 13, rubbish. It’s going to be like full gamut, and
our scientists are amazing, and the science is amazing, what the hell, how do we
implement it? How do we hold so much more grey zone, right? Because there are
huge percentages of the population walking around with microdeletions that live
completely functional lives [...] but if you can’t prove that someone has the same
microdeletion and you are going to try and guarantee that that baby will be
normal - because everyone wants the perfect normal baby - we are going to go
down a fucking wormbhole of shit storm. (Participant 11-Obstetrician)

Discussion

We have reported findings from qualitative interviews with healthcare pro-
fessionals who care for pregnant women. We sought to explore these pro-
fessionals’ views and experiences of reproductive autonomy in the setting of
offering or following-up from prenatal testing in a rapidly changing technological
landscape, one in which testing is becoming increasingly routinized and which is
also moving towards a potential offer of fetal genome sequencing in all pregnan-
cies. Our participants discussed why prenatal testing is offered and taken up, the
impact of novel testing technologies, and how these developments will change
decision-making.

Participants explained how they offer testing to inform the management of a
pregnancy through acquiring information about relevant conditions. In so doing,
they value the information that testing can generate as part of their need for cer-
tainty (enough information) that can guide action. They also noted that pregnant
people may seek this information for a rather different reason: to be reassured
that everything is “normal.” If an unanticipated condition is identified,
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professionals need to spend more time counseling, providing detailed information
about the identified condition and working through the available options with the
patient. Our data suggest that practitioners work from a background assumption
that prospective parents will have a strong preference for a “normal” baby, an
assumption that is probably influenced by the prevailing cultural ableism as
well as a pragmatic awareness of the limited support and resources available to
most families with a disabled child.

Technological innovation in prenatal testing is happening at a fast pace, with
numerous drivers. Testing happens more often, and the results that are generated
can be hard for pregnant women to understand, let alone for practitioners to
explain. Participants are concerned that current resourcing in Australia’s health-
care system may be inadequate to support the provision, interpretation and com-
munication of prenatal genomic information. There are gaps in professionals’
ability to engage in the process of sense-making that accompanies translating
information into knowledge, yet knowledge is key to enabling pregnant women
to make effective decisions. Without a clear idea of its meaning, genomic infor-
mation is subject to significance creep (see below), taking on a salience that
goes beyond its actual value.

Our findings continue a trajectory of professional concern over increasing infor-
mation provision in prenatal testing. Over 30 years ago, Tymstra (1989) described
how Dutch women sought this testing to be reassured, despite these tests being
unable to offer certainty about fetal health. Williams, Alderson, and Farsides
(2002) described how UK healthcare professionals saw the offer of prenatal
testing as, paradoxically, both expanding and limiting pregnant women’s
choices. These professionals also felt the expansion of screening to be inevitable
and inexorable, and out of their control — a sentiment still shared by our partici-
pants. Alongside the myriad advances in the intervening decades, new concerns
have arisen. There have been reports of professional wariness about information
overload (Agatisa et al. 2018; Perrot and Horn 2022), and a skepticism about
the utility of acquiring increasing amounts of genetic information (Markens
2013). Our concerns about resourcing for appropriate counseling and models of
care are echoed by others (Agatisa et al. 2018; Gammon et al. 2016; McKinn
et al. 2022; Perrot and Horn 2022). Our findings suggest that these concerns are
more relevant than ever in an era where the volume, detail, and availability of pre-
natal genomic information is rapidly increasing.

Inspired by R.L. Ackoff’s (1989) articulation of the data-information-knowl-
edge-wisdom hierarchy (see also (Rowley 2007)), we suggest that genomic
testing, including in pregnancy, generates data (such as a fetal genomic DNA
sequence). This is then filtered to generate information (taken to mean data
brought together and contextualized so as to be communicable), such as
whether two or three copies of a particular chromosome are present. Information
is then interpreted and placed in a report, which is then communicated to the preg-
nant person.1
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But having access to genomic information in pregnancy will only lead to mean-
ingful decisions (including meaningfully contributing to autonomy) if the right
kinds of information are offered in the right amount, at an appropriate level of
complexity and with enough time for reflection so as to facilitate sense-making
(Johnston, Farrell, and Parens 2017; Kringle-Baer 2017; Scully, Porz, and
Rehmann-Sutter 2007). Providing these things can potentially enable the trans-
formation of genomic information by the pregnant person into a kind of knowledge
which can be usefully deployed. Yet, there is an underlying assumption that these
processes (from data to information, to then be transformed to knowledge) just
happen when genetic data is provided. This is not the case, and the conflation of
genetic data with information, or of information with knowledge, can lead to con-
fusion surrounding the meaning and significance of test results (Shkedi-Rafid,
Horton, and Lucassen 2021).

“Significance Creep,” coined by Manson (2006), describes the attachment of
special significance to genetic information that can occur when people conflate
“information contained within DNA” with “information that is about DNA” or
“may be derived from knowledge of DNA (and thus be about phenotypic
traits).” It is knowledge rather than information (Dive and Newson 2018), that
can best enable reproductive autonomy of pregnant women.

The ongoing expansion of the scope of prenatal testing despite the concerns
noted by our participants and elsewhere is, we contend, an indicator that
genomic information has acquired a special, and potentially disproportionate, sal-
ience. This salience is adopted by both pregnant people and the health pro-
fessionals who care for them. Information (including genomic information) is
said to be salient when it stands out from its setting or environment. Previous
research has suggested that when people perceive information as particularly
salient it can interfere with the pursuit of otherwise settled goals (e.g. Bordalo,
Gennaioli, and Shleifer 2022; Enke 2020; Kahneman 2011). Additionally, infor-
mation from technological sources and which is delivered by healthcare pro-
fessionals “stands out” to patients and appears to carry a distinct weight or
salience in pregnancy decision-making (Knight and Miller 2021; McCoyd 2010;
McLeod and Sherwin 2000).

Prenatal genomic information may be perceived as especially salient because it
is provided in the context of the expectation of a “normal” pregnancy. The health-
care professionals in our study saw that pregnant women expect to be reassured by
genetic testing; they do not expect a genetic or chromosomal condition to be ident-
ified, perhaps because the scope of testing is not fully appreciated. The expectation
that this information will provide reassurance means that its value is often
assumed. Combined with the normalization of prenatal testing through increasing
test use, genomic information takes on a disproportionate significance compared to
other sources of information about the pregnancy. This focus on promoting cer-
tainty, actionability and reassurance means that other relevant considerations
can be overlooked, such as whether a genetic finding will manifest at all, which
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phenotypes other than the “extremes” are possible, or how data on genotype can be
related to the quality of life the future child will lead. The “significance creep”
(Manson 2006) of genomic data, in which its value is assumed, leaves little
space to interrogate either the kind of information it offers, or whether this infor-
mation can be transmuted to knowledge at all. Genomic information — especially if
indicating an anomaly — cannot be ignored or unlearned (Werner-Lin et al. 2017).
Here it is also helpful to be reminded that pregnant people’s perceptions of what
information is useful are shaped by socio-relational contexts (Mills 2015) and nor-
mative expectations.

As noted, the presupposition that genomic information can necessarily be trans-
formed to knowledge makes operationalization of reproductive autonomy more
complicated (Lewit-Mendes et al. 2023; Markens 2013). As our findings show,
care for pregnant people is not currently set up to facilitate decision-making
based on test results that are uncertain or was unexpected. Combined with increas-
ing routinization, increasing identification of fetal genomic information that intro-

duces high levels of uncertainty and nuance — “shades of grey” — makes
autonomous decision making more difficult in the absence of knowledge and
understanding.

What is of concern, then, is how the potential for reproductive autonomy will be
shaped by the salience given to genetic information and how this affects sense-
making in the development of knowledge. This problem has also been recognized
in other genetic testing domains, such as oncology (Johnson et al. 2005). Put
another way, the overemphasis of genomic information necessitates progression
down a particular decision-making pathway — regardless of whether that was
the reason testing was sought or offered in the first place. Some healthcare pro-
fessionals in our study, for example, did not see that continuing with a pregnancy
following the identification of an anomaly was making a choice as they did not see
this as an action. On this view, testing was pointless because the expected action —
termination — was not taken.

If it is true that the salience of information can disrupt reproductive autonomy,
and if salience itself is an attribute constructed by the offer of information in pre-
natal testing, then more attention must be paid to the impact of genomic infor-
mation on the exercise of reproductive autonomy. Models of reproductive
autonomy fit for the genomic age in prenatal testing must account for how the sal-
ience of genomic information is constructed and build in opportunities to reconcile
it with embodied knowledge. While it is beyond our scope to sketch such an
account of reproductive autonomy in detail, some of our interview findings
point to relationality playing a key role, as well as opportunities for pregnant
women to discuss and clarify their aims and values in prenatal testing, and critical
reflection by both practitioners and patients on the role that genomic information
should play in decision making in pregnancy.

We acknowledge our study is subject to limitations in that it only examined the
views of healthcare professionals, who are an important but not the only
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stakeholder group in prenatal testing.” In addition, different healthcare specialties
will tend to bring different perspectives and hold different norms, as well as differ-
ing in their scope of practice and the point in pregnancy at which they see people.
Against this, the strengths of our study include that it is among the first to ask
health professionals specifically about the rapid uptake of genomic testing in preg-
nancy. Our interdisciplinary stance also brings a diverse range of substantive and
methodological perspectives to bear on this complex issue. Additionally, health
care professionals were invited to reflect on their patients’ experiences, prefer-
ences, and values, which will then be further explored in a separate arm of the
study.

Our findings reveal that the context in which prenatal testing is offered has sig-
nificantly altered as the technology enabling such testing (and resulting infor-
mation) has advanced in its sophistication and complexity. As our participants
observed, the exercise of reproductive autonomy is recognized as requiring not
only access to quality information, but also time, and an acknowledgement of
how the subjective, relational and emotional status of the patient impacts their
ability to absorb and use information. Further, there is a concomitant need for
support beyond information provision as part of wider decision-making processes
(Seavilleklein 2009). The significance creep and salience of genomic information,
combined with an expectation of normal findings on testing, need to be borne in
mind as genomic prenatal testing becomes more ubiquitous. The rapidly changing
context of prenatal genomic testing serves to highlight what was always the case:
that reproductive autonomy cannot be conflated with information provision or
expanded prenatal choice, nor can it be identified solely through the actions it
facilitates. Our research suggests the need to revisit how genomic tests in preg-
nancy should be provided so as to uphold reproductive autonomy. Reproductive
autonomy in the genomic age should be manifested through a nuanced, relational,
contextualized negotiation between the pregnant woman, healthcare professional,
technological capabilities, and societal expectations.
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Notes
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is relevant to questions over what constitutes autonomous decision-making in pregnancy. This
question is the subject of ongoing conceptual research within our group.

2. Views and attitudes of parents and prospective parents (including pregnant women) will be
sought separately.
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Appendix 1

Interview schedule
General

(1) Tell me a bit about yourself and your work

Prenatal testing experience

(2) In your experience, what is prenatal testing for? Why do you think it is
offered?

(3) Are there any tests that you routinely offer? (Why?) Are there other tests
that you wait for patients to mention? (Why?)
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(4) What is your role in terms of patient interaction, talk me through when you
would see pregnant people within the contexts of these tests?

Prenatal testing knowledge

(5) What’s your take on how things are developing in prenatal testing at the
moment? Has anything surprised you in relation to how the field is devel-
oping? Does anything worry you?

(6) Why do you think that pregnant people seek these tests? What is appealing
about them?

(7) How well do you think pregnant people understand the kinds of testing
available to them; what factors in the choices that they make; how do
you think pregnant people make these choices?

(8) If you have concerns or worries in the course of your work, what do you
generally do?

Reproductive Autonomy

The term reproductive autonomy is very commonly used now a days in this field.
We are really interested in the wider implication of autonomy in reproductive
genomics’.

(9) How do you understand reproductive autonomy? How, in the context of
your work, would you go about defining or describing ‘reproductive
autonomy’?

What, in your view, should reproductive autonomy aim to achieve?

Could you give me an example of a case where you feel that the person or couple
involved did exercise reproductive autonomy? Why was that?

Could you give me an example of a case where you feel that the person or couple
involved did not exercise reproductive autonomy? Why was that?

(10) Do you think that, in general, pregnant people are making autonomous

decisions about prenatal testing?
Are they in a good position to choose? Why do you think this is?
What kind of support do you think you should be providing to the people you care
for? What are their needs? (informational, emotional, values clarification other?)

Do you think your description and views would align with those of your col-

leagues? How is this understood in your field?

(11) [Iftheir answers are in line with the traditional literature] Your answers are
very much in line with what we find in the traditional literature, which
emphasizes individual decision-making ...

(12) [If their answers are out of step with traditional literature] Your answers
diverge in some interesting ways from what we find in the traditional lit-
erature, which emphasizes individual decision-making ...
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(13) In our project, we’re developing ideas about reproductive autonomy that
include recognizing the relationships we have with each other and the
value of being able to consult with a range of people prior to making a
decision.

How do you feel about this in respect to your work?
How would you go about this?
How feasible do you think this might be to use in practice?

The future

(14) Thinking about the future of prenatal testing, do you think anything needs
to change?

(15) How do these changes intersect with how you think about reproductive
autonomy?
Is there anything else you would like to raise that we have not mentioned
already?
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