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Abstract Genomic carrier screening can identify more
disease-associated variants than existing carrier screening
methodologies, but its utility from patients’ perspective is
not yet established. A randomized controlled trial for precon-
ception genomic carrier screening provided an opportunity to
understand patients’ decisions about whether to accept or de-
cline testing. We administered a survey to potential genomic
carrier screening recipients who declined participation
(N = 240) to evaluate their reasons for doing so. Two thirds
of women declined participation. We identified major themes
describing reasons these individuals declined to participate;
the most common were time limitation, lack of interest, not
wanting to know the information, and potential cause of worry
or anxiety. Most women eligible for genomic carrier screening
indicated that their reasons for opting out were due to logisti-
cal issues rather than opposing the rationale for testing. As
expanded carrier screening and genomic sequencing become
a more routine part of clinical care, it is anticipated there will
be variable uptake from individuals for this testing. Thus, the
advancement of clinical carrier screening from single genes, to
expanded screening panels, to an exome- or genome-wide
platform, will require approaches that respect individual
choice to receive genetic testing for reproductive risk
assessment.
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Introduction

Traditional carrier screening assesses reproductive risk by
evaluating a small number of highly penetrant genes associat-
ed with significant childhood disorders, including life-
shortening conditions and those associated with serious health
implications, all with relatively well-defined phenotypes.
Professional practice guidelines in the United States provide
guidance about offering traditional carrier screening for cer-
tain conditions based on ethnic background and family history
(ACOG Committee on Genetics 2005; 2007; 2009a; b; 2010;
American College ofMedical Genetics and American College
of Obstetricians and Gynecologists 2001; American College
of Obstetricians and Gynecologists Committee on Genetics
2011). The recent development of commercial expanded car-
rier screening panels increases the number of conditions avail-
able for screening into the dozens and hundreds (Lazarin et al.
2013). While there are currently no professional guidelines
recommending the addition of specific conditions for carrier
screening among all couples planning a pregnancy, education-
al resources for clinicians and laboratories have been devel-
oped. These resources include information to consider regard-
ing informed consent, given the increased availability of ex-
panded carrier screening in the clinical setting (Edwards et al.
2015; Grody et al. 2013). It has been recommended that ex-
panded carrier screening processes continue to uphold patient
choice (Henneman et al. 2016).

Carrier screening using whole-genome or whole-exome
sequencing (whichwe refer to as Bgenomic carrier screening^)
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can identify more disease-associated variants than existing
carrier screening methodologies (traditional and expanded
panels), increasing the likelihood of identifying carriers of
genetic conditions as well as couples at risk of having a child
with a genetic condition (Bell et al. 2011). The perceived
advantages and disadvantages of genomic carrier screening
compared to traditional carrier screening have been explored
with individuals, highlighting the importance of individual
choice when deciding whether or not to pursue testing
(Schneider et al. 2016). Evaluating the use of clinical genome
sequencing technology for carrier status provides an opportu-
nity to study the influence of this technology with regard to
value-based reproductive planning decisions for individuals
and couples (Wilfond and Goddard 2015).

Understanding why individuals decline genome- or
exome-wide testing platforms in different patient populations
can shed light on the utility of this sequencing technology.
One study assessed participation rates for diagnostic whole
exome sequencing in a phenotypically affected pediatric can-
cer population, with 83% of eligible families choosing to par-
ticipate (Scollon et al. 2014). Another study determined de-
cliner rates for whole genome sequencing in two adult co-
horts, primary care and cardiology, and found that about half
declined to participate (Robinson et al. 2016). No studies have
explored specifically why individuals decline genome se-
quencing related to reproductive planning.

Purpose of the Study

The ability to perform genomic carrier screening provides
both a responsibility and an opportunity to evaluate individ-
uals’ decision-making within the context of their own values –
including the option to decline testing. In the context of a
randomized controlled trial for preconception genomic carrier
screening, we administered a survey to potential genomic car-
rier screening recipients who declined participation to evalu-
ate their reasons for doing so.We defined the characteristics of
both participants and decliners within this population to better
understand participation biases in an effort to contribute to the
overall assessment of patient preferences with regard to
genome sequencing.

Methods

Study Population

As part of the National Human Genome Research Institute
(NHGRI) Clinical Sequencing Exploratory Research
(CSER) consortium, we conducted a randomized controlled
trial to investigate the clinical implementation of preconcep-
tion genomic carrier screening for over 750 autosomal reces-
sive, X-linked, and mitochondrial conditions, and about 100

medically actionable incidental findings (Leo et al. 2016). The
study population was drawn from members of Kaiser
Permanente Northwest (KPNW), an integrated healthcare de-
livery system that serves approximately 540,000 health plan
members throughout the Portland, Oregon metropolitan area
and more rural locations in bothWashington and Oregon. The
study procedures were reviewed and approved by the Kaiser
Permanente Northwest Institutional Review Board. This re-
search received a waiver of the requirement to obtain signed
consent. Verbal consent was obtained from all participants.

Eligibility Criteria

Women eligible for inclusion were current members of the
KPNW healthcare delivery system, were not pregnant, and
stated they were planning future pregnancies. Women were
excluded from participation if they were pregnant at the time
of recruitment or consent visit, did not have access to email,
had a known cognitive impairment, did not speak English, or
were not between the ages of 21 and 50. Women were only
eligible if they had previously completed preconception carri-
er screening through their clinical care at KPNW (98% of tests
performed were for cystic fibrosis (CF) carrier status). Within
KPNW, CF carrier screening is offered to all pregnant women
who have not had this testing performed previously; this test-
ing is usually offered through their OB-GYN healthcare pro-
vider during an early prenatal visit. There is variability in the
offering of CF carrier screening in the preconception setting at
KPNW; however, it is offered as part of an infertility evalua-
tion to women.

Recruitment Process

Study staff reviewed the medical record of each potential par-
ticipant to determine eligibility. Staff then contacted potential
participants by phone to describe the study and to determine
interest in participating. Women who were interested in par-
ticipating after the initial informational phone call received a
consent form by mail; recruitment staff then telephoned to
schedule a consent visit with a genetic counselor.

Decliner Timing

Eligible women who declined to participate at any point were
invited to complete a survey over the phone, which took less
than five minutes to administer. If the initial phone contact
resulted in a refusal from the potential participant and they
completed the survey, they were considered early decliners.
Any woman who was mailed the consent form but did not go
on to consent for any reason was considered a late decliner.
Women who attended a consent visit with a genetic counselor
and decided not to consent were also considered late decliners.
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Data Collection

The survey given to women declining participation was admin-
istered over the phone and directly entered into an online data-
base by recruitment staff. Survey respondents were asked about
reasons for declining participation via the open-ended question
BPlease tell me your reason or reasons for not choosing to par-
ticipate in this study,^ and all reasons given were recorded. We
asked respondents if they already had a child, if they had a
genetic condition in their family, if they had knowledge of fam-
ilies with a child with a genetic condition, and if so, the per-
ceived effect of that condition on those families. These same
questions were also asked of women who enrolled in the study
through a participant survey completed at their consent visit.
Demographic information including race/ethnicity, education
level, current employment status, marital status, and annual in-
come was requested from both participants and decliners. Data
on age, insurance type (Medicaid or not) and clinical CF screen-
ing results (positive or negative) were collected from the elec-
tronic medical record. For all KPNW women pregnant during
the study time period, we collected data on race/ethnicity, age,
and insurance type (Medicaid or not) from the electronic med-
ical record; educational level and annual income were inferred
from geocoded census tract data.

Data Analysis

Quantitative Analysis

We reviewed descriptive statistics for both time points of de-
cliners (early, late) and the enrolled population based on re-
sponses collected on the surveys completed by these women.
We compared differences between decliners and enrolled par-
ticipants on demographic characteristics (race/ethnicity, edu-
cation, employment, age, marital status, income, and
Medicaid status) with Fisher’s exact test. We used Fisher’s
exact test to compare early decliners, late decliners, and en-
rolled participants on their responses to already having chil-
dren, having a genetic condition in the family, knowledge of a
family with a child with a genetic condition, and the perceived
impact of having a child with a genetic condition. Due to a
small amount of missing data from survey respondents not
answering all questions (maximum 8%missing per question),
we used pairwise deletion to handle missing data. Among
those who completed the decliner survey, we examined the
association between socioeconomic status (SES) and
Bdeclining because of privacy or discrimination concerns^
using multivariable logistic regression because SES was de-
fined as comprising three variables: education, income, and
employment. We tested the association of other demographic
characteristics with reasons for declining with Fisher’s exact
test. We conducted all tests at a two-tailed alpha level of .05.

Qualitative Analysis

To examine the responses of decliners to the open-ended ques-
tion BPlease tell me your reason or reasons for not choosing to
participate in this study,^ we used qualitative content analysis to
identify major reasons for declining (Bernard and Ryan 2010;
Denzin and Lincoln 2011; Silverman 2009). In an effort to keep
the open-ended comments grounded in the experiences of re-
spondents, an investigator (JLS) with expertise in qualitative
analyses who did not administer the survey led the analysis.
To develop a coding dictionary, an initial reading of the re-
sponses was conducted to provide a general overview and un-
derstanding of the content, which was followed by a second
reading to establish a draft list of codes (e.g., descriptive phrases
that summarized the content). The draft list of codes was
discussed with the project team until consensus was met on
codes and their related definitions. Authors MJG and JLS indi-
vidually re-read and applied the codes to the responses and
reconciled discrepancies. The responses of decliners could re-
flect a single or multiple codes. The codes were summarized by
JLS into themes representing reasons for declining, which were
then tabulated by frequency. The themes were shared with the
project team for comment and consensus.

Results

Study recruitment staff successfully reached by telephone 816
women eligible for participation (Fig. 1). A total of 540 (66%)
of these women declined to participate in genomic carrier
screening; of these women, 240 (44%) completed the survey.
Women who completed this survey were categorized either as
early decliners (who declined prior to receiving the consent
form; 69%) or late decliners (who declined after receiving the
consent form; 31%). Twenty-eight percent of late decliners had
scheduled a consent visit and then either cancelled the visit or
did not attend their consent appointment. Five late decliners
(7%) attended the consent visit and then declined participation.

Women who declined to participate were significantly less
educated, were younger, and had a lower income (Table 1) than
those who enrolled. Women who declined were also signifi-
cantly more likely to already have children and less likely to
have a genetic condition in their family or to know someone
with a child with a genetic condition. There were no statistically
significant differences between the women who declined and
those who enrolled by race/ethnicity, employment status, mar-
ital status, having a positive CF clinical carrier test result, or
Medicaid enrollment status. Compared with all women who
became pregnant at KPNW during the enrollment time frame,
women who were eligible for the study (both those who en-
rolled and those who declined) and planning a pregnancy were
more educated and older (Table 1). Additionally, women
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eligible for the study were less commonly enrolled in Medicaid
compared with all women who became pregnant at KPNW.

Of the 240 women who provided responses about their rea-
sons for not participating, 112 (47%) gave one reason, 91 (38%)
gave two reasons, and 37 (15%) gave three or more reasons. We
identified 12 themes to describe reasons the decliners refused to
participate. The most common themes were time limitation
(48%), lack of interest (27%), not wanting to know the informa-
tion (22%), anxiety or worry (17%), and travel limitations (15%)
(Table 2). Additional reasons for declining included privacy or
discrimination concerns, research study barriers, and other health
issues. Less frequently, participants cited their partner’s resis-
tance, already having prior genetic screening experience, suffi-
cient healthcare, and future pregnancy planning status (undecid-
ed about plans for having children) as reasons for declining par-
ticipation. We evaluated the additional reasons for declining giv-
en by women who cited the rather general but frequently cited
reasons of time limitations or lack of interest. We found that the
pattern of their additional reasons mirrored those in Table 2.

Our qualitative analysis revealed some differences in rea-
sons between the two groups of decliners (early, late). Early
decliners more commonly described lack of interest than did
late decliners (early, 33%; late, 14%). Late decliners more
commonly expressed uncertainty about wanting to know the

Women who completed

survey at time of decline

N = 240

Early

decliners

N = 166

Late

decliners

N = 74

Women who declined

participation

N = 540

Eligible women reached

N = 816

Fig. 1 Flow chart for preconception genomic carrier screening
recruitment

Table 1 Characteristics of participants and decliners of preconception genomic carrier screening

Characteristic KPNW pregnant
women (N = 16,746)

Percentage of decliners Percentage
enrolled (N = 238)

P- valuea,b

Early
(N = 166)

Late
(N = 74)

Total
(N = 240)

Non-Hispanic white 70% 76% 74% 75% 76% 1.000
Bachelor’s degree or higher 30%d 59% 58% 59% 77% <.001
Employed for wages NA 85% 75% 82% 86% 0.378
Age <.001

< 30 years 53% 34% 46% 38% 18%
≥ 30 years 47% 66% 54% 63% 82%

Married NA 83% 90% 86% 80% 0.082
Income 0.001

< $40,000 28%d 22% 15% 20% 9%
$40,000 to $79,999 30%d 36% 26% 33% 29%
≥ $80,000 42%d 42% 59% 48% 62%

Enrolled in medicaid 11% 4% 4% 4% 4% 1.000
Received positive clinical CF test results NA 1% 1% NA 5% 0.062
Currently has children NA 45% 55% NA 38% 0.029
Genetic condition in the family NA 15% 21% NA 46%c <.001
Know of a family with a child with a genetic condition NA 21% 24% NA 50% <.001
If know of a family with a child with a genetic

condition, overall impact on the family
NA NA 0.103

Strongly or slightly negative 54% 58% 74%
None 21% 17% 8%
Slightly or strongly positive 25% 26% 19%

Missing data (maximum 8%) excluded from analysis. All percentages are percent of non-missing responses. P Values in bold indicate statistically
significant differences.

NA not applicable
a P Values in italics are for the combined early and late decliners vs. enrolled
b From Fisher’s exact tests
c Response of Missing/Don’t Know for 123 (52%) of participants enrolled
d Estimated from geocoded census data based on home address. Income categories listed are from survey data. For census data, top group is >$75,000
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information (early, 19%; late, 28%), emotional reasons of anx-
iety or worry (early, 14%; late, 22%), concerns about privacy
or discrimination (early, 5%; late, 26%), and partner resistance
(early, 2%; late, 15%) (Table 2).

To assess whether previous knowledge of or experience
with a genetic condition could influence rates of participation,
we asked if there were genetic conditions in their family.
When survey respondents reported that there were, we also
asked them what condition or conditions were in their family.
Most of the examples provided were actually for multifacto-
rial conditions, rather than monogenic or chromosomal con-
ditions (such as CF or Down syndrome). Regardless of the
condition described, women who reported a Bgenetic
condition^ in the family were more likely to participate.

We also evaluated the potential associations between reasons
for declining and demographic characteristics. We explored
whether racial/ethnic minority status was associated with having
concerns about privacy or discrimination. We also explored
whether already having children was associated with interest in
genomic carrier screening and whether marital status was asso-
ciated with partner resistance as a reason for declining participa-
tion. Finally, we questioned whether reported anxiety about ge-
netic screening or health issues was associated with age. We did
not find an association between concerns with privacy/
discrimination and racial/ethnic status. In addition, lack of inter-
est in genomic carrier screening was similar for people with or
without children. Women who were married expressed similar
concerns about partner resistance to join the study compared to
women who were not married. Finally, age was not significantly
associated with anxiety about receiving genomic carrier screen-
ing results as a reason for declining participation. In the multi-
variable logistic regression, SES was associated with privacy/
discrimination concerns (p < .001). After controlling for educa-
tion and employment status, thosewith higher incomeweremore
likely to endorse privacy/discrimination concerns as a reason,
OR = 1.44, 95% CI [1.03, 2.01].

Discussion

We evaluated women’s uptake of preconception genomic car-
rier screening to assess their reasons for deciding to decline
research preconception genomic carrier screening. Two thirds
of women (66%) successfully contacted by recruitment staff
declined to participate. The percentage of women who declined
genome sequencing in this carrier screening setting is higher
than in a previously described study of phenotypically affected
pediatric cancer patients (children and their parents – trios)
offered diagnostic exome sequencing; in that setting, only
17% of eligible families declined participation (Scollon et al.
2014). The decliner rate identified in a genome sequencing
study with two adult cohorts, primary care (ostensibly healthy
adults ages 40–65) and cardiology (adults at any age with a

personal diagnosis of hypertrophic or dilated cardiomyopathy),
was also lower than in our described population (about 50%
overall); however, it is important to note that in their healthy
cohort, an unaffected population more similar to our popula-
tion, there was a higher decliner rate than in their cardiology
cohort (Robinson et al. 2016). These results suggest that
healthy individuals may perceive the information gained from
genome- or exome-wide testing platforms to be less valuable,
or they are less willing to overcome barriers to participation
than those within a phenotypically affected population.

The most common reasons for women declining to partici-
pate were a lack of time or a lack of interest. Early decliners were
more likely to mention a lack of interest as a reason for not
participating in the study; this suggests that sometimes potential
participants assessed the value of testing offered through our
study relatively quickly. This reveals a distinction many women
may have made between clinical care they previously accepted
(completing clinical carrier screening was an eligibility criterion)
and additional testing beyond what was offered by their
healthcare provider. However, these stated reasons, lack of time
and lack of interest, are quite general, and could mask an implicit
reason not mentioned; the ability to determine more specific
meaning from these broad responses is limited. Less frequently
cited reasons for declining participation included travel limita-
tions and research study barriers. A previous genome sequencing
study indicated the most frequently cited reasons for study de-
cline (59%) in adults were time constraints and study logistics
(Robinson et al. 2016). Similarly, a systematic review of factors
affecting decisions related to CF carrier screening noted per-
ceived barriers, such as lack of time, as the factor most frequently
associated with decisions to decline carrier screening (Chen and
Goodson 2007). This suggests that barriers related to logistical
challenges such as lack of timemay apply to both the single gene
carrier screening and the broader genomic carrier screening.

We identified other reasons for declining genomic carrier
screening including not wanting to know the information and
anxiety or worry. It is interesting to note that more women in
the late decliner group indicated they did not want to know the
information that could be gained through testing or that it
caused them anxiety or worry to consider proceeding with po-
tentially receiving the testing. Women declining to participate
after receiving the consent form were considered late decliners.
While we cannot know for certain if a given female decliner
actually read the consent form in detail, it could be that the
information in the consent form guided their reasons for declin-
ing participation. These results indicate that some women are
choosing to forgo genomic carrier screening due to possible
perceived implications of the testing being offered. These wom-
en previously accepted clinical CF carrier screening; perhaps
the extensive amount of information provided prior to genomic
carrier screening compared to clinical CF carrier screening in-
fluenced their willingness to utilize the genomic carrier screen-
ing, as well as their reason(s) for opting out.
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A small portion of individuals chose to not participate due to
health issues. These ongoing health issues varied, but upon re-
view of the coded responses, many included issues around infer-
tility evaluations or treatments. Given that these women had
clinical carrier testing performed prior to study recruitment ef-
forts, sometimes during an initial infertility evaluation, this ten-
dency to forgo testing due to ongoing other health issues may be
biased by our sample population. The most commonly cited
reason for declining exome sequencing in a phenotypically af-
fected pediatric cancer population (specifically trios) included the
family being overwhelmed by the recent diagnosis of cancer
(Scollon et al. 2014). This suggests that the level of interest and
ability to cope with the complexity of potential exome- or
genome-wide platform testing may vary depending on whether
there are ongoing health issues and when the given health issue
was first brought to light for the individual or family.

Concerns about privacy or discrimination were more com-
mon reasons given by late decliners explaining their rationale
for declining participation. Five respondents ultimately did
not consent to be in the study after attending their consent
appointment with a genetic counselor; four of them were spe-
cifically concerned about possible discrimination related to
incidental findings, health insurance, or life insurance and
long-term care. For these four women, concerns of discrimi-
nation were not alleviated after receiving additional informa-
tion about the study via the consent form or a consent visit
with a study genetic counselor. It may be that the low number
of women attending a consent visit and ultimately declining
suggests our recruitment process was truly facilitating in-
formed consent. We employed a recruitment process with
multiple opportunities for potential participants to learn infor-
mation about the study and ask questions; a similar multistep
recruitment approach was implemented in another study for
genome sequencing, where they also had a very low decliner
rate at or after the consent visit (Robinson et al. 2016).

Partner resistance was another theme identified in the
women declining genomic carrier screening. This reason
was more common among late decliners, possibly because
they were initially interested when recruitment staff first
approached them, and then with time, perhaps after reviewing
the consent form and discussing it with their partner, they
became less interested and specifically described their partner
as influencing their decision. This highlights the potential dy-
namic within a couple around carrier screening decisions and
that our strategy of recruitment in the study (men were only
recruited to join the study if their female partners were found
to be carriers of autosomal recessive conditions) could be
influencing participation rates.

Our decliner population had already received carrier test-
ing in the context of their clinical care; it was an eligibility
criterion for recruiting to the study. Only 4% of decliners
expressed that the reason they were not interested in the
study was that they were already receiving sufficient clinical

care. It is not clear whether they were not interested in
receiving expanded carrier screening because it was beyond
currently offered usual clinical care or because it was pro-
vided outside the context of their usual healthcare. A very
small portion of decliners chose not to participate because
they were unlikely to have future children. This was an
eligibility criterion, suggesting that some potential partici-
pants changed their minds or more explicitly expressed their
perspective on future reproductive planning later in the re-
cruitment process after the determination of eligibility was
made by recruitment staff. This observed refinement of a
small number of women’s perspectives reinforces the value
of our study design, which involved mailing study informa-
tion (the consent form) and allowing potential participants to
think about their future reproductive plans in greater depth
before agreeing to additional carrier screening.

Additionally, we defined the characteristics of both partic-
ipants and decliners within our study population to better un-
derstand participation biases with regard to genome sequenc-
ing. Characteristics of women in our study who declined pre-
conception genomic carrier screening were similar to previ-
ously reported characteristics of women who declined CF car-
rier screening; they tended to be less educated, have lower
incomes, and be more likely to already have children
(Ioannou et al. 2014). It is well established that CF carrier
screening uptake in the preconception period remains low
(Chen and Goodson 2007); our findings suggest that this trend
of lower uptake for traditional preconception carrier screening
may translate to expanded preconception carrier screening.
Potential participants with a higher income were more likely
to endorse privacy or discrimination concerns as a reason for
not participating in the preconception genomic carrier screen-
ing study. Further research addressing this potential correla-
tion may be warranted.

When asking survey respondents (both study participants
and decliners) if they had a genetic condition in their family,
we observed that the responses often detailed multifactorial
conditions such as diabetes, heart disease, and autism.
Respondent perceptions of these being Bgenetic conditions^
highlights broad inclusivity, using Bgenetic conditions that run
in their family^ to mean any condition that occurs in their
family, regardless of whether it was a single-gene disorder
with a potential disease-associated variant identifiable by ge-
nomic carrier screening. Decliners were less likely than par-
ticipants to have a genetic condition in the family or to know
of a family with a child with a genetic condition. Perhaps there
is an assumption that receiving genomic carrier screening
could identify the condition in the family, increasing the per-
ceived value of genomic carrier screening. It is also possible
that women without a family history of a genetic condition are
overall less concerned about risks for a future pregnancy or
child; they may not think the information that could be gained
by genomic carrier screening is relevant to them.
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Study Limitations

The survey for decliners was administered only to eligible
women whom our recruitment staff could reach; study refusers
who did not complete the decliner survey, especially those who
received the consent form, may have had other reasons for not
participating that are not reflected in our results. There are
several aspects of this study that limit the generalizability of
our findings. First, the diversity of our study population reflects
the Portland area’s demographics. Although a majority of
KPNW patients speak English, we did exclude women from
participation if they did not speak English. Also, we assessed
reasons women declined to participate in a research study of-
fering genomic carrier screening rather than the testing itself;
the reasons provided are confounded with investing in the
research. We were able to assess only the reasons for declining
participation in a study offering genomic carrier screening and
the characteristics of that population in individuals who had
already received clinical CF carrier screening. We were not
able to capture or evaluate reasons for declining genomic car-
rier screening among KPNW members who had already de-
clined or had not been offered clinical preconception carrier
screening. As our data illustrate, there are differences in the
demographic characteristics of women who were eligible to
join the study because they had preconception carrier screening
compared with all women who became pregnant during the
recruitment time frame. In addition, we anticipate the level of
interest and reasons for declining will differ among women
who declined clinical preconception carrier screening and thus,
were not eligible to be enrolled in the study. There are addi-
tional factors that may be barriers in a clinic environment that
are not present in the research environment, and thus, were not
explored here. For instance, in clinical care, health insurance
coverage and the costs related to genomic carrier screening
would likely be a barrier for many patients aswell as a financial
burden to the healthcare system. Another barrier in the clinical
setting might be the availability or capacity of genetic counsel-
ing services. In addition to the carrier screening, we offered
medically actionable incidental findings as an optional part of
testing in this study. While we are not able to confirm whether
this influenced the participation rate in our study, no women
mentioned this as a reason for declining participation. Finally,
we did not describe reasons for declining genomic carrier
screening for potential male participants in the study popula-
tion, who may have different reasons for declining to
participate.

Conclusion, Research Recommendations,
and Practice Implications

Most women declined genomic carrier screening due to logis-
tical issues rather than opposition to the rationale for testing.

Logistical reasons for declining screening could also reflect a
trade-off between effort required to participate and a low per-
ceived potential value of the genomic carrier screening being
offered. In clinical care, carrier testing usually occurs as part of
a clinical visit at a location most convenient for the patient.
While the research study was limited to one location and re-
quired a visit outside of the context of usual medical care,
logistical reasons for declining testing in the clinical arena
could provide evidence for a low perceived value in receiving
genomic carrier screening. Thus, in some cases, the work to
minimize logistical barriers by genetic counselors may be
counterproductive to what the patient prefers.

It will be important to expand upon our findings and
determine if trends observed with regard to receptiveness
of genomic carrier screening and reasons for declining are
similar in a broader and more diverse population (socioeco-
nomic, racial/ethnic, education level) than we were able to
access. Additionally, determining interest in genomic carrier
screening when offered to women who have not already
completed clinical carrier screening would minimize the po-
tential bias inherent in our study design. While we did not
recruit women who declined clinical CF testing and ac-
knowledge this bias, we hypothesize that these women are
less likely to accept broad scale carrier screening if it were
offered. Expanding the population to prenatal patients,
where most clinical carrier testing is performed, could be
valuable as it would allow us to more fully assess the clin-
ical utility of genomic carrier screening in the reproductive
setting. Our results suggest that a multistep recruitment and
consent process should be explored further to understand if
and how it effectively facilitates informed consent for ge-
nome sequencing with various populations.

As expanded carrier screening and genomic sequencing
become more integrated into clinical care, we will likely con-
tinue to observe variable uptake from individuals. Patient per-
ceptions of the value of genomic carrier screening have been
evaluated showing a range of perspectives, with some individ-
uals indicating they desire all possible information, while
others express caution regarding its value (Schneider et al.
2016). The progression of clinical carrier screening from sin-
gle genes, to expanded gene panels to, ultimately, an exome-
or genome-wide platform, will necessitate that we continue to
respect individual choice to receive expanded carrier screen-
ing, and reduce logistical barriers to enable individuals to ob-
tain the information if they desire it.
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