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Abstract

Purpose: To assess intended parents’ preferences about expanded prenatal cell-free DNA
screening.

Methods: A survey was administered to couples who were pregnant or trying to conceive.
Partners within couples were independently asked about willingness to seek prenatal cell-free
DNA screening for diseases and traits that varied by severity, treatability, age of onset, and
reliability. Additional questions explored couples’ decision-making processes and how various
factors would affect those decisions.

Results: Respondents (7= 494) were most likely to seek a prenatal genetic test when the test is
completely predictive (P value of predictability effect = .0116), for earlier onset (P value of onset
effect = .0310), treatable diseases (P value of treatability effect = .0032), and of highest severity
(Pvalue of severity effect <.0001). Living in states where termination was not available was not
associated with decreased interest in prenatal screening, with 45% reporting that it would make
them more likely to seek testing. There was moderate concordance between couples about their
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testing decisions and the majority of pregnant persons (68.8%) and partners (66.7%) desired firm
screening recommendations from their doctors.

Conclusion: These data suggest that couples are highly information seeking when presented
with all testing options neutrally, but most desire to be presented with firm testing
recommendations from their clinician.

Keywords
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Introduction

Prenatal cell-free DNA (cfDNA) screening for a limited number of serious genetic disorders
has been widely adopted in the United States.! Expanded prenatal cell-free genome
sequencing will likely soon be offered in clinical settings as testing technologies evolve.2-

4 The breadth of newly available prenatal genetic information (eg, adult-onset diseases,
nonmedical traits) and the potential for results to be returned before legal limits around
preghancy termination in certain states will raise ethical questions related to whether there
should be limits on the information offered to patients and how best to support patients’
decision making (eg, preserving a child’s right to an open future, genetic determinism).>

Existing research about the limited prenatal cfDNA screening currently being offered

to patients has shown that pregnant persons and their partners value having the choice

to learn about their fetus’s genetic risks and tend to hold similar views about prenatal
cfDNA screening.5-11 More recently, studies have investigated the views of obstetrician-
gynecologists, pregnant persons, and the general public about the expansion of prenatal
cfDNA screening,12-15 but there has been limited investigation into which specific
categories of information partners of pregnant persons would be willing to seek or the
factors that affect this decision-making process. Furthermore, limited data describe the
preferences of pregnant persons’ romantic partners on expansion of prenatal cfDNA
screening, despite research which shows that partners want to be involved in the
decision-making process, 19 and that pregnant partners value their partners’ involvement.16
Although previous studies investigated couples’ decision making about preimplantation
genetic diagnosis and current prenatal cfDNA screening, they have largely focused on the
reproductive decisions the couples would make rather than on the decision-making process
that went into making those decisions,”16:17 and many only included couples at high risk for
specific genetic diseases.18:19 In one Nigerian study that did examine couple concordance
in decision making, concordance ranged from poor for agreement about wives’ amount of
power in decision making regarding sexual and reproductive issues to strong on perceptions
of each other’s references about such issues, suggesting that couples’ decision-making
concordance can vary considerably across contexts and issues.2°

Given these gaps in the literature, this article (1) surveys the independent views of both
partners about the effect of 4 variables (disease/trait onset, severity, treatability, and test
predictiveness) on their willingness to seek a prenatal cfDNA screening test and (2) explores
the concordance between partners about willingness to seek testing. Additionally, ancillary
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questions were posed to the partners to elicit more detail about how they would make testing
decisions. These data can then inform clinicians and policy-makers in the development of
guidance to help intended parents navigate decisions about expanded prenatal testing.

Materials and Methods

Population

Study participants were English-speaking, US adult couples who self-reported currently
being pregnant or planning to get pregnant in the next 18 months. Participants were
recruited from a national Qualtrics panel. To approximate the racial and ethnic demographic
distribution of the US population, cohorts were capped based on the proportions reported
by 2020 census data. Respondents were excluded if they returned an incomplete survey,
filled out the survey in less than 60% of the median time to completion (determined during
the survey soft launch), or had substantially discordant responses about the length of their
relationship. The sample size needed to detect a 3% difference between partners in a couple
for desiring to test for certain genetic information with an alpha of 0.05 and power of 90%
was 141 couples. However, given uncertainty surrounding the appropriate effect sizes due
to a lack of similar studies in the literature and to enhance our ability to answer secondary
research questions, a larger sample was pursued.

Survey development

The survey instrument was designed for this study based on a literature review and

was revised after feedback by colleagues with survey expertise from the US National
Institutes of Health Department of Bioethics. The survey was pilot tested in 10 couples
of reproductive age from diverse socioeconomic backgrounds to improve clarity and user
comfort. The revised survey was soft launched; 10 couples’ responses were analyzed for
any systematic confusion about the wording of questions within the survey before further
response collection and to establish the speed check exclusion threshold.

In the survey, participants were provided with information about expanded prenatal genome
sequencing and how it differs from the prenatal cfDNA screening options currently being
offered in the United States (see Supplemental Appendix 1). They were then presented with
a series of vignettes that described the characteristics of a hypothetical prenatal cfDNA
screening test and were asked whether they would want to have this screen done if it was
available (see Supplemental Appendix A). Based on existing literature, 4 variables, each
with 3 or 4 levels, were chosen to vary across the vignettes: timing of disease/trait onset
(prenatally, in childhood or in adulthood), severity of the disease/trait (fatal, serious, mild,
or nonmedical trait), whether the disease/trait can be treated/changed (treatable, partially
treatable, or not treatable), and how much certainty the test provides about the disease/trait
(100% predictive, highly predictive or somewhat predictive) (Supplemental Table 1).12.14.21
The power analysis was based on comparing the percentages of those who would agree to
seek the information at the different levels of each characteristic of the disease. Each couple
was assigned to view 8 randomly drawn vignettes out of 108 possible vignette options
(accounting for each scenario of 3 categories with 3 options each and 1 category with 4
options); individuals within each couple received an identical set of vignettes.
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Our first primary outcome was the predicted probability of seeking a prenatal genetic test
per variable. Our second primary outcome was the degree of partners’ concordance about
willingness to seek testing. To gain a better understanding of the factors that went into their
decision making, additional questions exploring a range of topics unrelated to a specific
vignette were asked (ie, whose opinions would be sought, impact of cost and ability to
terminate, how they would make decisions with their partners).

Survey dissemination

The survey was administered electronically in February and March 2023 as a single
instrument with 2 distinct halves. The pregnant person attested that they would answer

the first half of the survey independently and that their partner was immediately available to
take the second half of the survey. The partner also attested that they were not the pregnant
person and that they were answering independently. Partners were not able to see each
other’s answers.

Data analysis

Results

A logistic regression model, with clustering of the partners and of the vignettes shown

to each couple, was used to determine the effect of vignette variables on the probability

of a respondent’s willingness to seek each genetic test. Factors included in the model

were which partner was responding to the vignette and the onset, severity, treatability, and
predictiveness of the test in each vignette. Additionally, a generalized linear model (with
clustering of the partners) was fitted to determine the effect of 17 demographic factors on the
probability of a respondent’s willingness to seek each genetic test. The model was run with
all two-way interactions for the demographic factors to determine which to include in the
final version. The inclusion of interaction terms in models was based on their P value and
the corresponding model’s QICu (quasi-likelihood under the independence model criteria
[simplified]).22

To determine the degree of concordance, above and beyond chance, between partners when
deciding whether to seek testing, Cohen’s kappa values (k) were calculated using kappa
statistics for clustered matched-pair data.23 k of less than 0.2 indicated poor, 0.2 to 0.4
indicated fair, 0.41 to 0.6 indicated moderate, 0.61 to 0.8 indicated good, and 0.81 to 1.0
indicated very good agreement.24:25 To model whether partners agreed on desiring testing
as a function of the vignette variables, a generalized linear model was fitted. To model it

as a function of 40 other factors, including partner demographics and responses to other
survey questions, 1 at a time, univariable linear models (with clustering of the partners)
were created to show whether each factor was associated individually with higher or lower
concordance between partners.

Participant characteristics

A total of 969 couples began surveys, and 337 couples returned them fully completed
(response rate of 35%). After removing surveys that were completed in less than 60% the
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median time to completion (13.5 minutes) and those with discordant responses regarding the
length of their relationship (over 10 years difference), the final sample size was 247 couples.

The survey population’s median age (35 for pregnant persons/37 for partners) was older
than the US median age (30) of the mother at birth (Supplemental Table 2).28 The race

and ethnicity of respondents matched census data, although respondents had higher income
and educational backgrounds than the general population.27-28 Most would not consider
termination of pregnancy under any circumstances and, consistent with general population
surveys, indicated religion as being important to them.2?

Willingness to seek expanded prenatal cfDNA screening

Vignette variables’ effect—All 4 vignette variables were significantly associated with
willingness to seek testing. Respondents were most likely to seek more predictive testing
(100% predictive = 87%, highly predictive = 85%, somewhat predictive = 84%, X2(2) =8.91,
P =.0116) for earlier-onset (childhood = 87%, prenatal = 86%, adult = 84%, XZ(Z) =6.95, P
=.0310), treatable diseases (treatable = 87%, partially treatable = 85%, not treatable = 84%,
XZ(Z) 11.49, P=.0032) of higher severity (fatal = 88%, significant = 87%, mild = 86%,
nonmedical = 81%, X2(3) =24.92, P<.0001) (Figure 1).

Reasons for/against testing—Participants were asked why they did or did not prefer
testing (Table 1). Although all of the reasons provided for testing were strongly endorsed
by respondents who opted for testing, the most frequently endorsed were to see if the

fetus is at risk for a disease that runs in the family (94.9% of pregnant persons and 94.9%
of partners rated as at least moderately important) and to be able to prepare financially,
medically, and/or emotionally for the child (95%/94.3%). 87.1% of pregnant persons and
87.4% of partners who were religious and 90.7% of pregnant persons and 92.8% of partners
who previously stated that they would never consider pregnancy termination for any reason
still endorsed learning genetic information for the purpose of making termination decisions
as being at least moderately important when faced when specific clinical scenarios in the
vignettes. The most frequent endorsed reasons for not seeking testing were because they
would never consider pregnancy termination based on genetic information (81.6%/75.7%)
and concerns about stress and anxiety that they would experience due to learning the test
results (71.2%/67.5%).

Demographic factors associated with testing—The demographic factors with the
strongest evidence for being associated with a higher probability of a respondent seeking
testing (Table 2; £<.0001 for all) include: a longer relationship length with their partner
(x2(1) = 37.44), older age of the respondent (x %(1) = 23.54), religion being important (y2(2)
=21.48, 90.62% (95% CI [87.64%, 92.94%]) vs 75.66% (95% CI [68.29%, 81.78%)]) for
not important), and the current pregnancy being planned (Xz(l) =15.19, 93.17% (95% ClI
[90.63. 95.06]) vs 71.13% (95% CI [60.42, 79.91]) if unplanned).

Effects of cost and availability of termination on willingness to test—AlImost

half (42.9%/48.6%) of respondents reported that they would not change their decision to
test, regardless of the cost of the test, and only 6.1% of pregnant persons and 8.1% of
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partners reported that any testing costs would make them less likely to test (Figure 2C).
Additionally, almost half (44.9%/44.5%) reported that the inability to terminate a pregnancy
in their state would make them more likely to seek testing, and only 16.2% of pregnant
persons and 19.4% of partners reported that inability to terminate in their state would make
them less likely to seek testing (Figure 2D).

Directiveness of counseling—The majority of pregnant persons (68.8%) and partners
(66.7%) desired firm recommendations from their doctors about the categories of
information that the medical community thinks are most appropriate to test for (Figure 2E).
Of those that desired firm recommendations, 60.6% of pregnant persons and 60% of partners
still wanted to know about their whole range of options, even if they are not recommended.
A minority of respondents (10.5%/13.8%) wanted to be given all options so that they could
make an independent decision without input from their doctor. Participants generally were
most open to being influenced by the opinions of their partner, obstetrician, professional
societies, and their parents (Figure 2A). Participants were much less interested in being
guided by the opinions of government or religious leaders. Participants were confident that
they shared values with their partner and could engage in a rational conversation about
making decisions around expanded prenatal testing (Figure 2B).

Concordance between partners

Concordance on seeking testing—The pregnant person and the partner both said they
would seek testing in 1557 out of 1976 vignettes; both did not seek testing in 180 vignettes
(87.9% total agreement, ie, yes/yes and no/no). There was no significant difference in the
likelihood of seeking a test based on which partner was responding to a vignette (x%(1) =
3.08, P=.0793). On average, the pregnant person and partner agreed on 7 out of 8 vignettes,
ranging from 0 to 8 times, with a median of 8 times (63.6% of couples agreed on all 8
vignettes). There was moderate concordance between partners for desiring testing across

all vignettes (k = 0.5311, 95% CI [0.4455, 0.6167]). There was no statistically significant
difference in the likelihood that a couple would agree on seeking a test because of the
severity (x2(3) = 2.16, P=.5407), treatability (x%(2) = 0.94, P=.6243), onset (x2(2) = 4.94,
P =.0848), or predictiveness (X2(2) =3.42, P=.1812) variables.

Concordance on reasons for/against testing—Concordance on the importance of
reasons for or against testing ranged from moderate to poor (Table 1). The highest
concordance among reasons for testing, although still moderate, was on seeking testing

to prepare financially, medically, and/or emotionally (k = 0.463) and to inform decisions on
pregnancy termination (k = 0.426). Of the reasons provided for not seeking testing, couples
were moderately concordant about the importance of not trusting the health care system and
not wanting testing in general (k = 0.483) and of never considering pregnancy termination
due to test results (k = 0.449). Other reasons for or against seeking testing had fair to poor
agreement, with the lowest agreement about the idea that it should be up to the future child
to make their own decisions about whether to undergo testing (k = 0.136).

Demographic factors associated with concordance on willingness to test—
Pregnant persons who self-reported being more religious had higher concordance with
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their partners on willingness to test (y?(2) = 16.82, £=.0002, Table 3). When asked to
imagine that pregnancy termination were (hypothetically) illegal in their state, respondents
who reported they would be more likely to seek testing, had higher concordance with

their partners (X2(2) =13.95, £=.0009 for pregnant person and XZ(Z) =14.92, P=

.0006 for partner). Other factors being associated with higher concordance included: the
pregnant person identifying as Black compared with white (X2(2) =11.64, P=.0030), older
participant age (pregnant person Xz(l) =4.16, P=.0413; partner Xz(l) =4.93, P=.0265),
self-reporting the current pregnancy as planned (pregnant person Xz(l) =5.66, P=.0173;
partner Xz(l) =4.77, P=.0289), and household income (pregnant person XZ(S) =13.35, P=
.0203; partner x2(5) 13.5, P=.0191).

Concordance on decision-making process—~Partner concordance on the importance
of others’ opinions and how much they agreed with statements regarding their decision-
making process ranged from good (k = 0.61-0.80) to fair (k = 0.21-0.40) agreement
(Figure 2A and B). The statements with good concordance were those regarding the lower
importance of the opinion of the government (k = 0.674), religious leaders (k = 0.615), and
extended family (k = 0.599). There was moderate concordance about the opinions of the
partner (k = 0.445) and obstetrician (k = 0.404) being important. Couples showed moderate
concordance on the statement that if they could not agree on whether to test, the default
should not be to simply not seek testing (k = 0.57) and that they would seek guidance from
a doctor or genetic counselor (k = 0.547). There was the least concordance between partners
on whether the participant answering the survey would be the primary decision maker on
testing decisions (k = 0.282), with the pregnant persons responding “yes” more often than
the partners (reflecting agreement that the pregnant person would be the primary decision
maker).

Discussion

Although research has examined how individuals interact with existing prenatal cFDNA
screening, this exploratory study explored how 4 variables affected each partners’ decisions
on seeking expanded testing, and the degree of concordance between partners on testing
decisions. It also investigated what role various people and factors might play in helping
individuals decide which tests to pursue.

How much did respondents want genetic information and what predicted willingness to
seek testing?

Consistent with some of the existing literature,14:3%:31 our data showed that pregnant

persons and their partners are highly information seeking regardless of the levels of the
vignette variables shown. For example, although participants were most likely to seek highly
predictive testing for earlier-onset, readily treatable diseases of higher severity, they still

said that they would seek testing for adult-onset, nontreatable, or not medically related

traits even when the tests themselves were only somewhat predictive. Although there was

a moderate preference for more clinically acute information, the fact that respondents

were highly information seeking may reflect a broader notion that more information is

good within a cultural milieu of continuously increasing data generation and collection.
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It may also reflect the fact that the respondents did not consider, or may not agree with,

the notion that is widely held in the academic bioethics literature that pediatric genetic
testing should generally be limited to tests for medically actionable, early-onset diseases

to preserve the children’s ability to make genetic testing decisions for themselves as an
adult.512:32-35 |f fyurther research suggests that the desire to seek information reflects a lack
of consideration of the ethical salience of differentiating between categories of information,
this would highlight an important opportunity for pretest counseling. If these results

reflect a normative disagreement with bioethics commentators, this should be carefully
considered. Finally, the fact that the scope of expanded prenatal cfDNA screening was
recently reduced in The Netherlands because of the limited clinical implications of reporting
rare autosomal trisomies and patient decisional regret further suggests that establishment of
ethical guardrails related to the scope of prenatal screening in the United States might be an
appropriate way to check market forces that will likely align with parental demand for more
expansive genetic testing options.36

Our data surprisingly (given the correlation between higher religiosity and negative views on
pregnancy termination3’) demonstrated that those who reported religion as being important
to them were more likely to seek testing than those who rated it as unimportant. More
specifically, those who were religious or stated that they would never consider pregnancy
termination were still fairly likely to endorse the importance of learning genetic information
for the purpose of making termination decisions. This is not consistent with a previous
finding that people who would not consider termination were generally less likely to seek
prenatal genetic information.1# Future work is needed to elucidate if the availability of
expanded prenatal genetic information is shifting people’s views on the range of acceptable
reproductive decisions, or if views on pregnancy termination are firmer in the abstract (ie,
when respondents were asked whether they would ever consider termination) than in the
concrete (ie, decision making regarding a specific vignette). Furthermore, given the new
categories of information that will be available through expanded prenatal testing, it will

be important to investigate who is seeking which kinds of information and the reasons
underlying those decisions. Existing literature that has focused on exploring testing for a
very limited number of serious, early-onset diseases (eg, Down syndrome) will still be
helpful as a baseline but should be reevaluated and expanded as new categories of prenatal
genetic information become available to couples.16:17

How much partner concordance was there about seeking testing and reasons for seeking

testing?

Given the massive amount of information that could be revealed by prenatal genome
sequencing, there have been questions about how to manage the clinical encounter in

which choices are made about which findings to seek. Navigating these complicated and
ethically challenging decisions (eg, concerns about a child’s right to an open future)®12 will
be difficult under the best of circumstances but could be even harder if couples disagree.
Generally, our findings suggested only moderate concordance. (The kappa statistic takes
agreement by chance into account, making even 90% overall concordance fall into the
moderate category.) Our data suggest that younger and lower income couples and those with
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unplanned pregnancies might be less likely to agree on testing decisions, which could inform
the development of additional resources for these couples.

Although couples moderately agreed on testing decisions overall, their concordance on their
reasons for seeking (or not seeking) testing was only fair to low-moderate. Of the reasons
with relatively higher (moderate) concordance, our findings are consistent with previous
results showing that pregnant persons seek prenatal testing for preparation purposes and do
not seek testing because of concerns about results causing stress or anxiety.14 Interestingly,
although partners similarly agreed on the importance of preparation, they were only half as
likely as their pregnant partners to rate stress/anxiety as important. This could be because
the genetic information learned could draw into question whether to consider pregnancy
termination, and although both partners would typically have input into this decision, the
emotional impact associated with making this choice is felt more strongly by the pregnant
person whose body is directly affected by this decision.38

How will couples make decisions about expanded prenatal genetic testing?

Limitations

Some have suggested that patients should be given an extensive menu of testing options

in a nondirective manner to maximize patient autonomy.3° Furthermore, the long-standing
view in genetic counseling has been to present information to patients in a nondirective
manner.*%41 Our findings, however, suggest that couples desire more substantive guidance
from their providers about which types of testing to pursue and would seek guidance from a
doctor or genetic counselor over that of friends, family, the government, or religious leaders
if they could not agree on what testing to seek. Our findings suggest that professional
society guidance (eg, grouping prenatal genetic information into bins for providers to either
recommend, not recommend, or present neutrally) could help to make testing decisions
more manageable and to avoid information overload for the potential parents. Although

the creation of this kind of guidance will be difficult, and potentially controversial, studies
such as this one can provide evidence about the testing options that couples will (or will
not) seek, and the varying reasons supporting these decisions. These data also highlight
that intended parents seem to be information seeking, raising questions about how best to
counsel patients regarding decision making about expanded prenatal testing.

There are several potential limitations to the exploratory survey methodology. The pregnant
person could have filled out both portions of the survey, although identity attestations and
speed checks were utilized to mitigate this risk. Survey questions could have also been
interpreted differently by respondents (particularly in the context of nuanced concepts,

such as the distinction between testing, screening, and diagnosis), although cognitive
interviewing was performed before survey distribution, and examples were provided to limit
this possibility. The survey also asked respondents to make somewhat idealized hypothetical
decisions, which could differ from the decisions they would actually make in a clinical
setting, in which diseases can differ in the severity of their phenotypic expression and

when severity cannot always be ascertained before birth. The current political climate
surrounding pregnancy termination and social desirability bias*2 could have also resulted in
underreporting of willingness to terminate a pregnancy. There are also potential limitations
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to the respondent sample characteristics. Although the sample was representative by race
and ethnicity, on average, it had a higher age and socioeconomic status than the general
population—factors that are associated with increased use of prenatal cfDNA screening®
and could limit the generalizability of the findings. Additionally, the relatively low response
rate of our sample due to the number of responses that required elimination given quality
concerns could result in a nonresponse bias and could also limit generalizability. However,
this limitation reflects the challenge of sampling couples together using a survey format and
having the larger sample size than necessary helps to mitigate these concerns. We also did
not ask demographic questions about the sex, gender, or sexual orientation of respondents,
which could limit generalizability. A potential limitation of the data flows from the fact that
there was limited variability between couples (ie, most respondents sought testing), making
it more difficult to identify statistically significant associations. We explicitly asked couples
not to discuss the questions with each other while taking the survey and did not collect

data about whether they had discussed prenatal genetic testing before the survey, but any
previous or concurrent discussion could also have affected concordance. Finally, although
we collected data from 337 couples, which is more than the 141 we initially calculated

that we would need, we cannot ascertain that the sample size required for all analyses was
adequate from a power analysis perspective.

Conclusion

Given the steady historical expansion of prenatal genetic testing and the recent rapid
evolution of sequencing technology, it seems very likely that expanded prenatal cell-free
genome sequencing will soon become clinically available. Data from projects such as this
one can help to inform the thoughtful implementation of this potential paradigm shift that
raises a range of ethical questions. Our data suggest that couples are largely information
seeking but strongly desire expert help to guide them through the complicated clinical
decision-making process about which kinds of information to seek. This will likely involve
the challenging reexamination of how some long-held ethical norms should be applied

in the context of this emerging technology. Couples’ views were moderately concordant,
which is somewhat reassuring but presents an opportunity to better understand and mitigate
the particular areas in which disagreement could arise. Finally, our data suggest some
surprising interactions between the shifting reproductive landscape and desire to access
prenatal genetic testing (ie, that individuals identifying as religious or as against pregnancy
termination in the abstract indicated that they would consider using information garnered
from expanded cfDNA testing to inform termination decisions), which would benefit from
further investigation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Effect of vignette levels on willingness to seek a predictive genetic screen.
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Table 2

Demographic variables that are associated with a higher probability of seeking testing

Explanatory Variable

Unadjusted P Value

Impact of inability to terminate a pregnancy in the state that they live on respondent’s decision to receive a test

Respondent’s length of relationship with partner

Age of respondent

Importance of religion to respondent

Respondent’s response to whether the current pregnancy was planned

Frequency that respondent attends religious services

Respondent’s reporting of household income

Respondent’s reporting of status of relationship with partner

Education level of respondent

Race of respondent

Respondent’s response to how many children they have (not including a current pregnancy)
Political affiliation of respondent

Respondent’s response to whether the current pregnancy was wanted

Respondent’s response to whether the current pregnancy has been stressful

Ethnicity of respondent

Whether there are any circumstances under which the respondent would consider terminating a pregnancy

Respondent’s response to how many children they would like to have in total

<.0001
<.0001
<.0001
<.0001
<.0001
.0001
.0002
.0005
.0029
.0065
.0089
.0114
.2363
.5028
.5062
5577
.8909
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