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Abstract

Background—The recent availability of new non-invasive prenatal genetic tests for fetal
aneuploidy has raised questions concerning whether and how these new tests will be integrated
into prenatal medical care. Among the many factors to be considered are public understandings
and preferences about prenatal testing mechanisms and the prospect of fetal aneuploidy.

Methods—To address these issues, we conducted a nation-wide mixed-method survey of 2,960
adults in the United States to explore justifications for choices among prenatal testing
mechanisms. Open responses were qualitatively coded and grouped by theme.

Results—Respondents cited accuracy, followed by cost, as the most significant aspects of
prenatal testing. Acceptance of testing was predicated on differing valuations of knowledge and on
personal and religious beliefs. Trust in the medical establishment, attitudes towards risk, and
beliefs about health and illness were also considered relevant.

Conclusions—Although a significant portion of the sample population valued the additional
accuracy provided by the new non-invasive tests, they nevertheless expressed concerns over high
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costs. Furthermore, participants continued to express reservations about the value of prenatal
genetic information per se, regardless of how it was obtained.
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INTRODUCTION

Recent advances in genetic analysis have made possible expanded non-invasive prenatal
testing (NIPT) using massively parallel or targeted sequencing of cell-free fetal DNA
(cffDNA) found in the maternal bloodstream (Bianchi et al. 2012a, 2012b; Norton et al.
2012; Palomaki et al. 2012; Sayres and Cho 2011; Zimmermann et al. 2012). Validated tests
are clinically available in the United States (US) for fetal RhD blood type; fetal sex;
trisomies 13, 16, 18, 21 (Down syndrome), and 22; sex chromosome aneuploidies; and
selected sub-chromosomal abnormalities. NIPT has several distinguishing features,
including the ability to deliver more sensitive and specific results than traditional serum
screens without the procedure-related risks associated with invasive diagnostic testing
(Lewis et al. 2012). In the US, cffDNA tests have entered an estimated US$1.3 billion
prenatal testing market (Agarwal et al. 2013) with considerable interest from both
professional and media circles (Greely 2011; Heger 2012; Norton, Rose, and Benn 2013).

The purpose of prenatal testing (including both screening tests and diagnostic tests) is to
establish a risk profile for a pregnancy that may be affected by aneuploidy or certain other
fetal conditions, which may allow the family to prepare for the birth both medically and
socially. Patients may also use diagnostic information from invasive tests to make decisions
about terminating the pregnancy. Prior to the introduction of NIPT, standards of prenatal
care in the US included the offer of a first-trimester serum screening and an ultrasound for
fetal trisomy, neural tube defects, and other structural anomalies. In the second trimester,
patients are often offered a second serum screen, which is integrated with first trimester
results to create a more accurate risk profile for the pregnancy (Cuckle et al. 2008; Farrell,
Nutter, and Agatisa 2011; Malone et al. 2005; Meier et al. 2002; Wald and Bestwick 2013).
Patients are usually offered amniocentesis (at fifteen to twenty-four weeks gestation) or
chorionic villus sampling (CVS) (at ten to fourteen weeks gestation) to genetically test the
fetus if early screens indicate high risk or there are other factors that indicate a potential fetal
anomaly (Harris et al. 2004). Amniocentesis and CVS are considered diagnostic, but both
are invasive and carry a slight risk of miscarriage (Caughey, Hopkins, and Norton 2006).

The International Society for Prenatal Diagnosis, the National Society of Genetic
Counselors, and the American College of Obstetrics and Gynecology have released
statements supporting the offer of NIPT as an aneuploidy screen for pregnancies screened as
high-risk, while maintaining that NIPT is not diagnostic and results should be confirmed by
invasive diagnostic methods (Devers et al. 2013; American College of Obstetrics and
Gynecology 2012). However, some clinicians have begun offering NIPT along with, or in
place of, first trimester serum screening (Fairbrother et al. 2013). NIPT is not diagnostic, but
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it is more sensitive and specific than other screening tests and allows some patients to avoid
the procedure-related risk associated with diagnostic testing.

As NIPT becomes more common, it is important to understand attitudes towards this new
testing modality. NIPT enters a prenatal testing landscape guided both by clinical
assessments of utility and by the rhetoric of personal choice—although, as Lippman
observed two decades ago, the “very existence” of these testing options “necessarily forces”
women to makes choices that are “difficult, and often painful” (1994, 11). Existing studies
on the views of the general US population regarding prenatal testing have not taken non-
invasive prenatal genetic testing mechanisms into account (Bishop et al. 2004; Kalfoglou et
al. 2005). Survey studies have been conducted on pregnant women and practitioners (Benn
et al. 2014; Farrell, Agatista, and Nutter 2014; Musci et al. 2013; Sayres et al. 2011; Tischler
et al. 2011), the results of which indicate support for the idea of non-invasive testing but also
concerns about implementation and patient comprehension of the test’s capabilities. In the
UK, Lewis et al. (2014) found enthusiasm for the use of NIPT, while Kelly and Farrimond
(2011, 2012) likewise found support but reported a desire for social control of new testing
mechanisms to prevent inappropriate usage.

In this study, we asked a broad sample of US adults about their attitudes towards the use of
NIPT to detect aneuploidy. While pregnant women are the individuals who actually give
consent for prenatal testing, we recognize that women do not make prenatal decisions in a
socio-cultural vacuum. The knowledge and opinions of partners, family members, religious
leaders, and other members of the social network may significantly influence patient
decision making (Browner 1999; Locock and Alexander 2006; Suzumori et al. 2014). The
attitudes of a broader range of stakeholders is therefore relevant to understanding how
women make choices about prenatal testing.

Furthermore, prenatal technologies have historically been a target of public policy in the US,
not merely as a matter of state health care provision, but at a legislative level. Some states
provide prenatal screening programs, and thus control which tests are most widely available.
In many states, screening may be provided through private health care but subsidized by
Medicaid. The decisions of local and state non-medical actors can therefore impact the
availability of prenatal testing technologies.

As these actors contemplate the potential addition of NIPT to existing testing regimes, it is
important to base these decisions on broader public views on when and how prenatal testing
should be conducted. We therefore conducted a nation-wide, mixed method survey of 2,960
US adults to solicit their values and opinions on prenatal testing technologies, including
NIPT.

METHODS

We developed a survey instrument consisting of 25 questions, including Likert scale,
multiple choice, and open response questions. Data and analysis from the quantitative
portion of the study, including demographic predictors of testing choices, are published
elsewhere (Allyse et al. 2014; Sayres et al. 2014). A broader team of bioethics scholars,

AJOB Empir Bioeth. Author manuscript; available in PMC 2016 March 06.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Allyse et al.

Page 4

including representatives from genetic counseling, maternal fetal medicine, and sociology,
reviewed the survey’s text, including background materials, for readability and content. The
introductory text and open response questions from the survey are included in Appendix 1.

The survey was distributed to a national sample through Zoomerang, an online market
research firm, in February and March of 2012. Participants answered questions about their
opinions on invasive versus non-invasive testing for fetal aneuploidies. All participation was
voluntary, anonymous, and confidential. Participants were compensated by Zoomerang for
participating with entries in sweepstakes drawings and donations to selected charities. This
study was approved by the Stanford University Institutional Review Board.

The survey contained two sections. In the first, respondents received information about the
typical symptoms of trisomy 13, 18, and 21 and the currently available tests available to
screen for them (see Figure 1). Participants were randomized between two versions of the
sample - one half received information about trisomy 13 and 18 and the other trisomy 21 - in
order to avoid any cognitive bias associated with the order in which conditions were
presented. This also allowed us to test whether considering higher morbidity vs. lower
morbidity conditions independently would impact testing decisions (Ubel et al. 2010).

Because general knowledge of NIPT was not high in 2012, the available tests were named
only “test one,” “test two,” and “test three,” but were described in terms that reflected the
published performance of integrated screening (two serum screens and ultrasound), NIPT,
and amniocentesis (See Figure 2). In keeping with the state of the prenatal testing market in
the US at the time, NIPT was portrayed as having very high, but not diagnostic, sensitivity
and specificity at a price point of $250. Participants were then invited to “think about
whether or not you would want a loved one, such as a wife, sister or daughter to access
these tests if she became pregnant.” After participants indicated which testing modality they
would prefer, they were asked to justify their choice in an open response. The second section
asked participants to self-report demographic information.

Participants and Data Collection and Analysis

The survey instrument was piloted on a sample of 204 individuals to insure the clarity of the
language. Opportunity for open-ended feedback on the survey instrument was provided to
the pilot sample. A slightly modified survey was redistributed and a total of 2,960 surveys
were completed. The survey invitation was distributed by Zoomerang, which maintains a
national panel of potential respondents designed to mimic actual population demographics.
Zoomerang also validates prospective participants to ensure that they are providing accurate
data and ensures unique participants using digital fingerprinting (see Truesample.com for
details). The only exclusion criterion was a respondent age under 18 years.

Results were coded using the qualitative software NVivo (version 10). Not all responses to
the open response were usable because some respondents did not respond to all questions
with legible words or coherent expressions. A total of 1,218 useable open-ended responses
were returned to the trisomy 13 and 18 survey and 1,154 to the trisomy 21 survey.
Qualitative data were analyzed using an iterative social science methodology, which
organically extracted themes from the data. Three coders independently reviewed the data
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several times to identify potential codes and sub-codes. Reviewers then met over several
meetings to compare codes identified and either consolidate or split potential codes. Some
codes were subsumed into others.

Based on these codes, a codebook was developed that included both broad codes and a
variety of sub-codes that addressed additional nuances. Three members of the research team
reviewed the data independently and applied codes. The team then reviewed their coding as
a group and resolved all discrepancies by discussion and collective consensus. As Bradley,
Curry, and Devers (2007) described this consensus-based methodology: “The result is a
single, agreed upon application of the final codes to all parts of the data” (1764). This
methodology leveraged the strengths of our multidisciplinary coding team, which included
coders from disciplinary backgrounds in philosophy, basic science, and social science, by
elucidating and synthesizing our different but complementary perspectives on the data.

RESULTS

Demographic characteristics of all survey participants are presented in Table 1. In order to
establish representativeness, we compared demographic measures to the 2010 US Census
data (for gender, age, ethnicity, race, educational attainment, household income, and health
insurance status) and the Pew Religious Landscape Survey of 2008 (for religion) using chi-
square goodness-of-fit tests with a=0.05. The survey sample under-represented males (x2[1,
N=3164]=15.590, p<0.001); individuals who identify as Hispanic or Latino (32[1,
N=2962]=173.432, p<0.001) or Black or African-American (x2[1, N=3164]=74.912,
p<0.001); and those who are affiliated with Evangelical (x2[1, N=3157]=469.142, p<0.001)
or other (x2[1, N=3157]=147.939, p<0.001) denominations of Protestantism. Additionally,
the distributions of respondent age (lower) (x2[5, N=3164]=166.340, p<0.001); household
income (higher) (x2[4, N=3164]=140.058, p<0.001); and educational attainment (higher)
(x2[4, N=3164]=469.694, p<0.001) were significantly different from those of the national
population. Additional demographic information, such as experience with parenting or
disability, and their correlates with testing recommendations, is reported elsewhere (Sayres
et al. 2014).

Four larger codes, developed from the data, are reported here: Accuracy, Cost, Trust or
Mistrust, and Risk or Safety. Each individual’s response was coded to one or multiple
relevant codes. Figure 1 shows the frequency of each code for trisomy 13/18 and trisomy 21.
No statistically significant differences in the frequency of any of these codes were detected
between responses to the trisomy 13/18 and trisomy 21 surveys. Because many respondents
did not make a clear choice for or against NIPT (see Sayres et al. 2014), and many reasons
cited for respondents’ choices referred to prenatal testing generally rather than any particular
technology, we have presented this qualitative analysis by code only, rather than by test
recommendation. However, where relevant, we have noted the relationship between these
themes and specific recommendations for or against NIPT.
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The stated accuracy of the NIPT was the most frequently suggested motivation for its
selection. Rationales often mentioned accuracy, sometimes noting differences between the
accuracy of available tests.

The accuracy [of NIPT] is more accurate than [screening]. With the accuracy from
[NIPT] the mother has a better decision to make regardless the cost. [Male, 35-44
years]

Others referred more specifically to false negatives:

Would help to know for sure. My niece just had a baby with Down syndrome &
was told the blood test was negative. [Female, 45-54 years]

Some respondents expressed considerable anxiety over the possibility of false positives.
I would not want to abort a normal fetus. [Male, 35-44 years]

It would be terrible to get a false positive and discontinue the pregnancy because of
it. [Female, 18-24 years]

Responses like this suggest that, for these respondents, test accuracy was associated with the
ability to protect “normal” pregnancies from termination.

Higher accuracy was mentioned most frequently by respondents who selected NIPT, which
was presented as having a lower false positive and false negative rate than screening.
However, respondents who indicated that they would elect to have invasive testing because
of its diagnostic qualities also mentioned accuracy:

[NIPT] is more accurate, and when deciding whether to keep a baby or terminate
the pregnancy, accuracy is paramount!! Personally, however, I've had an
amniocentesis done with all of my pregnancies, and I'd recommend this route for
both of my daughters if the situation arose. [Female, 45-54 years]

Respondents frequently associated amniocentesis with a feeling of certainty. Several of
these respondents reported that they wanted “100% accuracy.”

The cost of testing was the second most frequent reason provided for test selection. This
code included two sub-themes. In the first, cost was used to justify the selection of
traditional screening over NIPT because of the higher cost of NIPT.

First of all, the blood test [NIPT] is very expensive and unnecessary. Plus...it's not
even 100%. [Male, 35-44 years]

Respondents frequently weighed concerns about cost against the perceived risk of having an
affected pregnancy and accuracy of results.

Well, if I was really worried | would pay for [NIPT], but [screening] is so much
cheaper and won't harm the fetus, but | might freak out if I get the wrong results.
[Female, 18-24 years]
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Well IF insurance would cover it | would go with [NIPT]. Otherwise | would have
to go with [screening]. [Female, 45 — 54 years]

The second sub-theme included a rejection of cost as a relevant factor in making testing
choices. This sub-theme was more frequently used to justify the selection of NIPT over
traditional screening.

If I felt so strongly that | needed to know cost would not be an issue. | think the
higher accuracy rate is very important. Having the experience of an amnio to detect
downs [sic] syndrome in one of my twins was very stressful. [Female, 35-44 years]

Accuracy is more important than money. A 15% failure rate [for serum screening]
is unacceptable. [Female, 65 or Older]

Another aspect of this sub-theme was an assertion that cost considerations are inappropriate
in pregnancy, linking the inherent value of the anticipated child to the perceived duty to do
“whatever it takes” in the prenatal stage.

Babies are important no matter the cost! [NIPT] is more accurate! If | were to take
the other one and it came back neg. | wouldn't feel right w/o taking [the] other one
anyway! [Male, 25-34 years]

This attitude was frequently associated with an insistence that the potential child (and, by
extension, any information about his/her health) is valuable beyond any financial
considerations.

Finally, participants worried about the impact of the cost increase for NIPT on individuals of
limited resources.

Cost. A woman of low resources not accessible to the testing. [Female, 35 — 44
years]

Don't have insurance or a lot of money. [Males, 18-24 years]

The cost to insurance which is ultimately passed on to consumer and also the
personal cost upfront. If it is too expensive, many people wont do it at all. [Female,
35 — 44 years]

In these responses, the role of insurance was a consistent message, with many respondents
indicating that insurance coverage was a key component of their decision making.

Trust and Mistrust

A small subset of responses linked their opinions about testing to a lack of trust in the
medical and scientific establishment—specifically, a perception that expansions in prenatal
testing is not in the best interests of patients.

There are too many tests these days that scare us all. It's best to deal with things as they
come along. [Male, 25-34 years]

Because standard medicine is all too often proven as inept and corrupt and | do not blindly
trust doctors unless I can fully substantiate their methods by research. [Male, 45-54 years]
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Such responses often contained an implicit or explicit assumption that the medical
establishment, or society more generally, views termination as the “right” decision after
trisomy detection.

Pressure applied if positive for an abortion. [Male, 45-54 years]

If it indicated Downs, the doctor would most likely encourage termination of the pregnancy
and | would not allow it. [Female, 55-64 years]

The theme of trust also emerged as a sense of betrayal when tests return incorrect results,
damaging personal faith in the abilities of prenatal testing to provide genuine information.

Because during both my pregnancies | received false positives BOTH times.....all my Kids
were fine and in the end even if they were Downs positive, nothing would change. | would
just be prepared as | was for children with Downs. [Female, 35-44 years, emphasis in
original]

The theme of trust sometimes emerged in a sense that doctors encourage or implement
testing against the wishes of the patient, even when the results may not provide genuine
information.

I would not want to know before hand. I had it done during a pregnancy after asking not to
and it came back highly likely. My daughter was born perfectly healthy. [Female, 45-54
years]

A lack of trust was generally applied to all testing equally, without distinction between NIPT
and screening. This trust was also linked back to the issue of accuracy, with the assertion
that nothing other than absolute certainty was worth obtaining.

I am currently pregnant and | would not get this test because it is not 100% accurate and |
would not terminate my pregnancy based on the fact that the test could be wrong. [Female,
18-24 years]

Even this is NOT effective enough. | want 100% accuracy and would settle for nothing less.
I have a sick child, and it's a living hell. I would have given anything if | could have known
what he was going to develop so | could have terminated the [pregnancy]. [Female, 45 — 54
years]

These responses frequently rejected the notion of relative risk in favor of arguing for a form
of guarantee of fetal health.

Risk and Safety

As anticipated, avoiding test-related risks was a significant factor for many respondents who
preferred NIPT.

Don’t want no risks and don’t want no problems. [Male, 25-34 years]

I would not want to harm my unborn child. [Female, 34-44 years]
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However, risk was also frequently mentioned in the context of testing as a whole, even with
respect to non-invasive testing. This view appeared to regard prenatal testing in and of itself
as potentially dangerous, in often unspecified ways.

Unnecessary tests that could put the mother and child at risk. [Male, 55-64]

Similarly, respondents expressed beliefs that worrying about or interpreting test results
would cause emotional stresses that could negatively impact the pregnancy.

I would think this would put the mother into a stress that her body could not handle and
could actually make the pregnancy worse and possible cause more damage to the unborn
child. [Female, 25-34]

Thus, for many respondents, the concept of risk was multifaceted and not limited to the
degree of invasiveness of testing procedures.

DISCUSSION

Commercially, NIPT has been framed as a technology designed to make the prenatal process
easier and less anxiety-ridden. Companies offering NIPT portray it as a way to make
prenatal testing “simpler” while providing near-diagnostic results without a risk of
miscarriage. The implication of these portrayals is that the only drawbacks to prenatal
information’s implicit value are uncertain accuracy (for screening tests) or the risk of
miscarriage (for invasive diagnostic tests). However, the results of this study make clear that
even with the option of NIPT, choosing among prenatal testing modalities remains a
complex undertaking that depends on a variety of practical concerns, experiential
understandings, and personal beliefs.

Accuracy and Trust and Mistrust

It is clear that, for some participants, this narrative of reassurance and reduced anxiety struck
a chord. Frequent reference to the accuracy of NIPT, or the less satisfactory accuracy of
serum screening, indicate that the ability of prenatal testing to provide reliable and
reassuring information is valued by many participants. The remaining uncertainty, presented
in the survey as a less than 1% chance that the results could be wrong, was judged
negligible. This view frequently correlated with expressions of trust in technology and its
ability to ensure “the mother has a better decision.” It is worth noting, however, the alternate
side to this code, which contains responses where participants decried a lack of complete
accuracy. In this view, respondents indicated that a core value of prenatal information is
certainty. Any acknowledgement of potential inaccuracy erodes the tendency to see prenatal
tests as trustworthy.

More disturbing are the explicitly stated beliefs of some respondents that the purpose of
NIPT is to “encourage abortion,” suggesting that the medical establishment or broader
society promotes the elimination of fetuses or children with genetic conditions (Janvier,
Farlow, and Wilfond 2012; VVan Riper and Choi 2011). These attitudes are counter to the
expectation that increased access to genetic counseling and continued public education about
disability would reduce this perceived stigma (Kaposy 2013; Parens and Asch 2003; Skotko
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et al. 2009). Instead, individuals continue to express views in terms of what is “supposed to
happen” in a pregnancy and a feeling that, if humans interfere, then further negative
consequences will ensue (Garcia et al. 2011). Even when participants expressed trust in the
medical establishment, it is difficult to know whether this trust also correlates with an
acceptance of pregnancy termination as an option. If so, then participants in this cohort may
agree that medical providers, and society more generally, generate a prima facie assumption
of termination as the natural outcome of a positive test result but do not necessarily see this
as being in opposition to the interests of pregnant women.

Among survey respondents who selected serum screening over NIPT, the cost of testing was
the most frequently cited reason. In part, this preference may be ascribed to the wide
availability, and insurance coverage, of amniocentesis in the US. Because NIPT was not
described as having diagnostic accuracy, many respondents felt that invasive confirmatory
testing was inevitable and that the added cost of NIPT was unnecessary. This cost-benefit
equation will be affected considerably if third-party payers, including state and private
insurers, begin to provide coverage for NIPT. Currently, California is the only state to
include NIPT in its universal screening program (Flessel and Goldman 2013) and,
anecdotally, Medicaid coverage of NIPT is uneven across the US. If the cost of the two
testing modalities were more equivalent, the emphasis of respondents on the value of
“accuracy” suggests that uptake of NIPT testing would be higher. This prediction may have
an impact on the payers’ cost-benefit analysis of NIPT.

The impact of the cost of testing may be particularly salient among less socioeconomically
advantaged populations and minority populations in the US, who have historically had
reduced access to and uptake of prenatal screening and testing (Bryant et al. 2010; Fransen
et al. 2009; Kuppermann, Gates, and Washington 1996; Kuppermann et al. 2006). In certain
populations, sociocultural factors may discourage the acceptance of prenatal testing,
including a lingering mistrust in the medical establishments and its motivations (Corbie-
Smith et al. 1999; Halbert et al. 2006; Jupka et al. 2012). In the present study, respondents
often referenced personal experiences in which they or others were encouraged, in
accordance with medical practice, to undergo screening and/or diagnostic tests on a fetus
that proved to be “perfectly healthy,” which may be attributed to misunderstandings of risk
information. However, as has been noted in previous studies (Lippman 1999;
Gottfredsdottir, Bjérnsdottir, and Sandall 2009), this finding also suggests that some
participants trusted their own experience, personal preference, and faith more than statistical
information—however accurate—offered by biomedical tests.

Risk, Informed Consent, and Declining Testing

Our results echo those of past studies showing that women may use a generic category of
“risk” as an explanation for declining invasive testing, but that this category may actually
serve as a proxy for other forms of prenatal anxiety; a desire to remain in ignorance of
unwelcome information; or a form of parental responsibility toward a future child (Kelly
2009; Markens, Browner, and Press 1999). Certainly, many respondents in the present study
favorably mentioned NIPT’s lack of test-related risk of miscarriage. However, we also see
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that even without this procedural risk, a significant number of respondents continued to
report that they would not recommend choosing prenatal testing. This finding expands the
notion of “risk” and suggests that, contrary to the message provided by commercial
providers, procedural risk may not be the most relevant factor in selecting testing procedures
and undergoing NIPT is not an obvious choice.

This finding calls into question the logic of standard clinical informed consent procedures
for prenatal testing: women undergo considerable counseling and make clear decisions about
invasive procedures whereas non-invasive serum screening is frequently held to lower
standards of consent (Constantine et al. 2013; Favre et al. 2007; Seror et al. 2009). This
disparity is significant because NIPT, relying as it does on a blood draw, combines the
physical characteristics of serum screening with an information load that approaches that of
diagnostic invasive testing. Indeed, an erosion of informed consent process has been one of
the most persistent concerns associated with the introduction of NIPT (de Jong et al.2010;
Deans and Newson 2011; van den Heuvel et al. 2010). In light of the views expressed here,
the complexity of decision making about NIPT suggests that provisions should be made to
expand the informed consent process for NIPT. Many observers have noted that the non-
invasive nature of NIPT may encourage providers to view this testing as having “no
downside” (Schmitz, Henn, and Netzer 2009; Schmitz, Netzer, and Henn 2009), and there is
evidence that practitioners may feel that less stringent informed consent procedures are
appropriate when offering non-invasive testing (van den Heuvel et al. 2010). Some
commentators within the clinical arena even framed replacing the offer of invasive with non-
invasive prenatal testing as an “ethical imperative” (Ravitsky 2009).

These concerns are relevant here because, as our results show, there are populations who,
when considering the options outside of the potentially overwhelming context of prenatal
care visits, would continue to advocate declining testing even when done non-invasively.
This supports arguments that more careful attention must be paid to the informed consent
process for non-invasive testing, so that individuals are not surprised by information that
they would not have elected to receive. This is particularly true, given studies that have
shown that, due to its routinization, and the large number of blood draws pregnant women
endure, traditional serum screening is already frequently folded into routine prenatal care
and many women are not aware that they are being tested or for what (Constantine et al.
2014). This denies women the chance to make an informed decision about whether
screening provides information they would value. When asked, a sample of pregnant women
expressed dismay that this might also occur in NIPT, arguing that being tested without one’s
knowledge would be “not ethical” (Farrell, Agatista, and Nutter 2014, 625).

The second inference we may draw from the responses of those who said they would
recommend declining testing is that a subset of the population perceives the information
generated by these tests as inherently damaging or undesirable, even when it is acquired
non-invasively and with high sensitivity and specificity. Clinical practice guidelines
recommend the offer of prenatal testing to all women, and professional society
recommendations collectively form a standard of practice to which physicians generally
adhere. This practice shapes a discourse in which prenatal testing, and the information it
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provides, become a routinized part of the medicalized pregnancy in the US (Browner 1995;
Press 1997; Rothenberg and Thompson1994).

This paradigm has recently been challenged by studies that find individuals tend to
overestimate the benefit of procedures such as early and frequent screening for conditions
such as certain cancers (Gigerenzer, Mata, and Frank 2009), and that such procedures may
have little added utility in detecting preventable conditions while causing emotional and
psychiatric stress with negative health implications (Miller 2012). Indeed, even when
additional information is not harmful, evidence suggests that it is not always beneficial
(Bernhardt et al., 2012; Biesecker, Schwartz, and Marteau 2013; Bloss, Schork, and Topol
2011; Case et al. 2005; Leithner et al., 2004; Tercyak et al. 2001).

Some survey respondents who did not consider termination of a pregnancy an option
nevertheless considered information about the potential phenotype of the fetus valuable,
because it would allow them to come to terms with a diagnosis and prepare mentally and
physically. However, others saw this information as providing no benefit—or worse, as
anxiety-producing, with potentially negative effects on the mother’s health.

As described in the results, the demographic profile of the study population does not mirror
the US population perfectly. In particular, income, education, and gender are distributed
differently than in the national population. Minority populations, especially ethnic Hispanics
and African Americans, are under-represented in this sample. On the one hand, this disparity
is problematic; because higher income and education frequently predict acceptance of
prenatal testing, the results of the current study may over-estimate the approval of the
availability of prenatal testing (Kuppermann et al. 2006). On the other hand, given the high
price point and limited availability of NIPT in the current climate, it is likely that individuals
of higher socioeconomic status will be the first to encounter NIPT. As such, the study
population, while not perfectly representative of the national population, may more
accurately reflect the current market for new modalities in prenatal testing.

The second limitation in studies that ask participants to anticipate their health care decisions
is their hypothetical nature, which may reflect discrepancies between individuals’ reported
actions and real-world decision making. This is especially true of behavior that may be
stigmatized in some way, such as pregnancy termination. Additionally, positive social
pressures towards the value of unconditional parental love and the social acceptance of
individuals with disabilities may exert subtle pressures upon participant responses. It is quite
possible that individuals who report that they would decline testing because they would not
consider termination and “love the child no matter what” might make very different
decisions when faced with a high-risk pregnancy. By the same token, individuals who report
a willingness to consider termination may find, after learning more about life with trisomy,
that they wish to continue the pregnancy. Certainly, significant differences have been shown
between those who report that they would not consider termination and those who ultimately
elect to undergo elective termination (Henshaw 2010; Jones et al. 2008; Joyce et al. 2009).
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CONCLUSIONS

It is as yet unclear how much of an impact the availability of NIPT will have on prenatal
care in the US. However, uptake of available tests suggests a positive trend towards the
widespread availability of NIPT (Allyse et al. 2014; Larion et al. 2014; Musci et al. 2013;
Taylor, Chock, and Hudgins 2013). Additionally, recent studies have begun to validate the
use of NIPT to test for an expanded range of genetic conditions, including subchromosomal
abnormalities. The expansion of NIPT beyond the capabilities of current serum screening
methods provides further evidence that NIPT is likely to become a part of the prenatal care
process. Its increasingly common use suggests that third-party payers, practitioners,
regulators, and professional societies should undertake proactive consideration of how to
amend current models of prenatal standards of care to ensure the ethical clinical integration
of these technologies.

The results presented here argue for the management of cost and insurance coverage to
encourage more equitable access, the restructuring of the informed consent process to
address the very real desire of some patients not to receive prenatal information, and the
need for careful attention to demonstrating clinical and analytical utility in order to maintain
patients’ trust. Importantly, clinicians should address the perception that a woman who
receives positive prenatal test results should be encouraged to consider termination.
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Survey 1

Trisomy 13 (also known as Patau syndrome) and 18 (also known as Edwards
syndrome) are genetic conditions, meaning that they can occur in a fetus very early
in a pregnancy. Approximately 50% of pregnancies with trisomy 13 or 18 result in
miscarriage or stillbirth. Of babies born with trisomy 13 or 18, about 90 out of 100 die
within the first year of life. Others may survive into their teenage years but often have
severe cognitive impairment, medical problems, and physical disabilities. Although
there are support groups to help families and children with trisomy 13 or 18, there are
no treatments or cures for either of these conditions. There are three tests that can
look for trisomy 13 and 18 during the first five months of a pregnancy. When trisomy
13 or 18 is detected in a fetus, most parents choose not to continue the pregnancy.
However, some do continue the pregnancy and say that they made the right choice.
These tests are designed to help parents make this choice.

Survey 2

Trisomy 21 (also known as Down syndrome) is a genetic condition, meaning that it
can occur in a fetus very early in a pregnancy. People with Down syndrome often
have learning disabilities, an increased risk for some heart and lung diseases and
distinct physical characteristics. Not all individuals with Down syndrome have the
same symptoms. Some have very severe symptoms while some have very mild
symptoms. In the United States, individuals with Down syndrome live an average of
60 years and can lead fulfilling lives with proper care and resources. However, these
individuals do have special needs, often have trouble supporting themselves
financially, and may face social discrimination. There are three tests that can look for
Down syndrome during the first five months of a pregnancy. When Down syndrome is
detected in a fetus, most parents choose not to continue the pregnancy. However,
some do continue the pregnancy and say that they made the right choice. These
tests are designed to help parents make this choice.

Figure 1.
Descriptions provided to participants of trisomy 13, 18 and 21
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Risk Timing Detection Rate Accuracy Cost
Almost never gives | With no insurance,
Uses a blood draw Can be done about 3 | Is almost always right. | the wrong result. the cost is $2000.
Test 1 from the mother so months into the It misses 2 out every | Incorrectly identifies | With insurance, the
there is no risk to the | pregnancy. 100 cases of trisomy | trisomy 21 less than | cost to the patient is
fetus. 21. 1 out of every 100 | about $250.
times.
Rarelv gives the With no insurance,
Uses a blood draw Can be done Is often right. It wron yr?asult the cost is $250.
from the mother so between 3 and 5 misses 15 out of g L With insurance, the
Test 2 . . . Incorrectly identifies o
there is no risk to the | months into the every 100 cases of . cost to the patient is
fetus pregnancy trisomy 21 trisomy 21 5 out of about $20
’ ) every 100 times. ’
To do this test,
doctors insert a
needle into the Can be done Is alwavs right With no insurance,
uterus. This can be ys rignt. This test always the cost is $500.
between 4 and 5 Detects 100 out of . o . s
Test 3 very uncomfortable . identifies trisomy 13 | With insurance, the
months into the every 100 cases of S
for the mother and reananc trisomv 13 and 18 and 18 correctly. cost to the patient is
about 1 outof 100 | Pre9Inancy- y ' about $20.
times, it causes the
fetus to miscarry.

Figure2.

Descriptions provided to participants of Tests 1, 2, and 3
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Figure 3.
Frequency of codes from open-ended response questions
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Table 1
Demographics of survey respondents (n=3,133)
Trisomy 13& 18 | Trisomy 21 National™
n=1642 n=1491
AGE
18-24 14% 15% 13%
25-34 23% 21% 18%
35-44 22% 22% 18%
45-54 16% 16% 19%
55 -64 11% 10% 16%
65 or older 14% 16% 17%
SEX
Male 46% 44% 49%
Female 54% 56% 51%
HISPANIC OR LATINO
Yes 8% 7% 16%
No 92% 93% 84%
RACE/ETHNICITY
American Indian or Alaska Native 2% 2% 2%
Asian 6% 6% 6%
Black or African American 8% 8% 14%
Native Hawaiian or Other Pacific Islander 1% 1% <1%
White 84% 83% 75%
Other 2% 3% N/A
RELIGIOUS AFFLIATION
Catholic 23% 24% 23%
Evangelical Protestant 9% 10% 27%
Other Protestant 18% 16% 27%
Mormon 2% 2% 2%
Jewish 4% 4% 2%
Buddhist 1% 1% 1%
Muslim 1% 1% <1%
Unaffiliated 24% 20% 14%
Other 20% 24% N/A
RELIGIOUSPRACTICE
Very Religious 21% 23% Not Measured
Somewhat Religious 41% 42% Not Measured
Not Very Religious 22% 20% Not Measured
Not Religious 17% 16% Not Measured
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Trisomy 13& 18 | Trisomy 21 National™
n =1642 n=1491

HOUSEHOLD INCOME
Under $25,000 20% 20% 25%
$25,000 — $49,999 29% 27% 25%
$50,000 — $74,999 23% 23% 18%
$75,000 — $99,999 14% 15% 12%
Over $100,000 15% 15% 20%
EDUCATIONAL ATTAINMENT
Some High School 2% 2% 9%
High School Diploma 18% 20% 30%
Some College 31% 30% 2306
College Diploma 28% 28%
Some Graduate School 7% 5% 27%
Graduate School Diploma 14% 15% 11%
ARE YOU A PARENT?
Yes 58% 61% Not Measured
No 42% 39% Not Measured

Page 22

*
Based on the 2010 US Census data (age, sex, ethnicity, race, educational attainment, household income, and health insurance status) and the Pew
Religious Landscape Survey of 2008 (for religion).

Fk

The US Census only tracks completed degrees.
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