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BACKGROUND: Through carrier screening, prospective parents can acquire information about whether they have an increased risk of

conceiving a child affected with an autosomal recessive or X-linked condition. Within the last decade, advances in genomic technologies
have facilitated a shift from condition-directed carrier screening to expanded carrier screening (ECS). Following the introduction of
ECS, several studies have been performed to gauge the interest in this new technology among individuals and couples in the general

population.

OBJECTIVE AND RATIONALE: The aim of this systematic review was to synthesize evidence from empirical studies that assess the interest
in ECS among individuals and couples in the general population. As the availability and accessibility of ECS grow, more couples who are a priori
not at risk based on their personal or family history will be presented with the choice to accept or decline such an offer. Their attitudes and
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beliefs, as well as the perceived usefulness of this screening modality, will likely determine whether ECS is to become a widespread reproductive
genetic test.

SEARCH METHODS: Four databases (Pubmed, Web of Science, CINAHL, Cochrane Library) were systematically searched to identify
English language studies performed between January 2009 and January 2019 using the following search terms: carrier screening, carrier
testing, attitudes, intention, interest, views, opinions, perspectives and uptake. Studies were eligible for inclusion if they reported on intentions
to undergo a (hypothetical) ECS test, uptake of an actual ECS offer or both. Two researchers performed a multistep selection process
independently for validation purposes.

OUTCOMES: Twelve empirical studies performed between 2015 and 2019 were included for analysis. The studies originated from the USA
(n = 6), the Netherlands (n = 3), Belgium (n = ), Sweden (n = |) and Australia (n = I). The sample size of the studies varied from 80 to |669.
In the included studies, 32%—76% of respondents were interested in a (hypothetical) ECS test, while uptake rates for actual ECS offers ranged
from 8% to 50%. The highest overall uptake was observed when ECS was offered to pregnant women (50%). By contrast, studies focusing on
the preconception population reported lower overall uptake rates (8—34%) with the exception of one study where women were counseled
preconception in preparation for IVF (68.7%).

WIDER IMPLICATIONS: Our findings suggest that there may be discrepancies between prospective parents’ reported intentions to undergo
ECS and their actual uptake, particularly during the preconception period. As ECS is a new and relatively unknown test for most future parents,
the awareness and comprehension within the general population could be rather limited. Adequate pre- and post-test counseling services
should be made available to couples offered ECS to ensure informed reproductive decision-making, together with guidelines for primary health
care professionals. Due to restricted nature of the samples and methods of the underlying primary studies, some of the reported results might
not be transferable to a broader population. More research is needed to see if the observed trends also apply to a broader and more diverse

population.

Key words: expanded carrier screening / reproductive genetics / attitudes / intention / interest / uptake

Introduction

Through carrier screening, prospective parents can acquire information
about whether they have an increased risk of conceiving a child affected
with a recessive genetic condition. When both partners are identified
as carriers of the same autosomal recessive disorder, they have a 25%
chance of having an affected child in each pregnancy. When the mother
is a carrier of an X-linked recessive disorder, there is a 50% chance that
the couple’s male offspring will be affected. Approximately, 1-2% of
couples in the general population have an increased risk of conceiving
a child affected with an autosomal recessive or X-linked condition
(‘carrier couples’) (Ropers 2012). Because carriers are typically healthy
and lack family history for genetic conditions, they are usually unaware
of their reproductive risk until their child is diagnosed with a genetic
disorder (Henneman et al., 2016).

Carrier screening for recessive conditions was first made available in
the early 1970s. Traditionally, genetic carrier screening has focused
on recessive disorders with significant morbidity and reduced life
expectancy in specific ethnic communities. Examples are carrier screen-
ing for Tay—Sachs disease affecting the Ashkenazi Jewish population and
beta-thalassaemia in several at-risk populations in the Mediterranean
area (Kaback 2000). Recent advances in genomic technologies are
facilitating a shift from condition-directed carrier screening to expanded
carrier screening (ECS). ECS offers carrier screening for a large
number of recessive conditions in the same panel, regardless of
ancestry and geographic origin of users (Edwards et al., 2015). The
development of the first commercial ECS test, which screened for
|08 recessive conditions, was reported in 2010 (Lazarin et al., 2013).
This introduction was followed by various (commercial) providers that
made ECS tests available to prospective parents (Chokoshvili et al.,
2018).

In most Western countries, there is a consensus that carrier screen-
ing should strengthen reproductive autonomy and enable informed
reproductive choices based on the personal values and preferences
of a couple (Henneman et al., 2016). When ‘carrier couples’ want
to act upon positive screening results they can opt for prenatal diag-
nosis, IVF/ICSI combined with preimplantation genetic testing (PGT),
gamete donation, adoption or refraining from having children together
(Henneman et al., 2016). In contrast, carrier couples who are identified
during pregnancy only have the option to undergo prenatal diagnosis
or not. If the fetus is found to be affected, the couple has the option to
prepare for a child with a particular recessive condition or to terminate
the pregnancy.

Several medical professional organizations have published recom-
mendations regarding ECS within the last few years. In 2015, the Ameri-
can College of Medical Genetics and Genomics (ACMG), the American
College of Obstetricians and Gynecologists (ACOG), the National
Society of Genetic Counselors, the Perinatal Quality Foundation and
the Society for Maternal-Fetal Medicine issued a joint statement on
ECS, which stated that ‘women of reproductive age should ideally be
offered carrier screening before conception’ (Edwards et al., 2015).
Following this statement, ACOG released a Committee Opinion in
2017 stating that ‘health care providers should establish approaches
where carrier screening is consistently offered to and discussed with
each patient, if possible before pregnancy’ (ACOG 2017).In 2016, the
European Society of Human Genetics also issued recommendations
regarding the responsible implementation of ECS. These recommen-
dations emphasized ‘that ECS should preferably be offered before
pregnancy’ (Henneman et al., 2016). Even though existing professional
guidelines emphasize that ECS should ideally be offered before concep-
tion, practical limitations could be encountered when trying to reach
for this specific group. Experience shows that pregnant women, in
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comparison to couples planning a pregnancy, are more easily reachable
through health care providers who guide them through their pregnancy
(Henneman et al., 2016).

Earlier studies focusing on condition-specific carrier screening (e.g.
cystic fibrosis (CF) screening) showed overall positive attitudes toward
carrier screening among individuals in the general population. In these
studies, highly educated Caucasian women who had no children and
were planning future pregnancies were more likely to accept an offer
of screening (loannou et al., 2014b). Even though participants believed
that the best time to have CF carrier screening would be before preg-
nancy, preconception screening was associated with a lower uptake
than prenatal screening (Clayton et al., 1996; Henneman et al., 2003;
Henneman et al., 2016). According to Poppelaars et al. (2003), this
might be due to a lack of interest in carrier screening during the
preconception period, an absence of established preconception health-
care services through which to offer screening and a high number of
unplanned pregnancies (Poppelaars et al, 2003). Conversely, preg-
nancy has been identified as a strong motivating factor for undergoing
CF carrier screening, suggesting that CF carrier screening may be
perceived as more relevant during pregnancy by expectant parents
(Poppelaars et al., 2003; loannou et al., 2014b).

As the availability and accessibility of ECS grow, more couples will
be presented with the choice to accept or decline such an offer.
Their attitudes and beliefs, as well as the perceived usefulness of this
screening modality will likely determine whether ECS is to become
a widespread reproductive genetic test. It is possible that similar
factors are influencing the decision-making process of prospective
parents regarding ECS in comparison to single gene carrier screening.
It may be assumed that carrier couples who do not feel comfortable
with the available reproductive options (e.g. IVF/ICSI combined with
PGT) will also not be interested in ECS. However, it is also possible
that the expansion of panels may increase the perceived benefits
of screening (Henneman et al., 2016). More insights are needed to
understand how individuals and couples process information when
ECS is offered to them and which factors affect individuals’ decisions
to undergo or forgo ECS. Following the introduction of ECS, several
studies have been performed to gauge the interest in ECS among the
general population. The aim of this systematic review is to synthesize
evidence from empirical studies that assess the interest in/uptake
rates for ECS among individuals and couples in the general population
and to identify factors associated with the decision to accept or
decline ECS.

Methods

Design and search strategy

We used a comprehensive search approach to identify empirical studies
that focused on the assessment of the intention to undergo a (hypo-
thetical) carrier screening test, uptake of an actual carrier screening
offer, or both. The review process consisted of three main steps.
First, we systematically searched for relevant publications in four online
databases (Pubmed, Web of Science, CINAHL, Cochrane Library)
that were published from January 2009 to January 2019. Because pan-
ethnic screening or ECS was introduced to the market in 2009, studies
published prior to 2009 were not included in this review (Srinivasan
et al., 2010; Lazarin et al., 2013). In order to identify relevant studies,

the following search string was used: ‘carrier’” AND (‘testing’[tw] OR
‘screening’ [tw]) AND (attitude [tw] OR intention [tw] OR interest [tw] OR
views [tw] OR opinions [tw] OR perspectives [tw] OR uptake [tw]). Second,
we consulted references of the relevant papers identified through the
systematic search in order to find any additional publications warranting
inclusion in the review (i.e. snowball method). Finally, we carried out
a ‘related search’ strategy (Google Scholar) to track for any other
potentially relevant studies based on the studies identified through the
systematic search of the four online databases. Our review followed
PRISMA guidelines for systematic reviews of the medical literature
(Liberati et al., 2009).

Inclusion and exclusion criteria

Studies were included in the review if they met all of the following
criteria: quantitative studies assessing the intention to take a (hypo-
thetical) carrier screening test and/or an actual uptake of a carrier
screening offer; the study population was a priori not at risk based on
their personal or family history; and studies published between January
2009 and January 2019.

Studies/articles were excluded if they met any of the following
criteria: studies assessing the interest in or uptake of genetic tests aimed
at obtaining non-reproductive medical information (e.g. predictive
genetic testing/predisposition as in breast cancer or diagnostic testing
in patients with disease symptoms); studies focused on genetic tests
targeting dominant genetic disorders; studies assessing the interest
in or uptake of a carrier screening test within specific communities
(e.g. Ashkenazi Jewish Community); publications other than original
research articles (e.g. reviews or opinion articles); publications in a
language other than English. When the results of a single research
project were reported in multiple publications, we only included one
research article for this review.

Search outcomes

Records identified through searching the four databases were subse-
quently aggregated into a single library, containing | 554 unique records
(excluding duplicates). Initially, all 1554 items were screened based on
their title, and the records deemed potentially relevant by at least one
of the two researchers were retained. Subsequently, 209 abstracts
were read by both researchers. As a final step, 23 full-text articles
were read by both researchers after the exclusion of non-relevant
abstracts. The review of the collected literature was performed by two
researchers (E.V.S. and D.C.) who worked independently and continu-
ally discussed their findings to identify and resolve any differences. The
decision on whether to retain an abstract or article was made based
on mutual agreement.

Our search led to the identification of nine studies that were included
in the review. We also included two additional studies (Higgins et al.,
2015; Schuurmans et al., 201 8) identified through snowball sampling, as
well as one study that was published days after performing the search to
identify relevant empirical studies (Larsen et al., 2019). These 12 studies
have either surveyed respondents on their willingness to undergo ECS,
offered an actual ECS test to prospective parents or retrospectively
reviewed medical records of women who had preconception/prenatal
ECS. For each identified study our ‘relevant search’ strategy displayed
100 related articles. No new studies were identified throughout this
final step. Figure | graphically summarizes the literature search process.
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Figure | Identification and selection of articles in a systematic review of the interest in ECS among individuals and couples in
the general population.
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The flowchart is organized according to the PRISMA guideline outlined
in Liberati et al., (2009).

We performed an indicative quality appraisal of each of the included
articles using the tool developed by Hawker et al. (2002). By using
this system, we were able to indicate the methodological rigor of the
included study based on the information provided by the authors of
the included studies. Articles were not excluded from our systematic
review based on their methodological quality. The quality appraisal was
performed independently by two researchers. In case of disagreement,
the specific item was discussed until mutual agreement.

Results

The results of the quality appraisal are summarized in Table |. Almost
all studies included in this review had well-structured abstracts with
a clear description of the study and a clear title. In addition, the full-
text articles included in this review provided a concise literature review
and a clear statement aim of the study. The methodology of the
included studies was clearly explained and appropriate to the study
aim, including an overview off the data collection tools and methods.
Most of the studies provided a fairly detailed description of the data
analysis performed, but only one study clearly outlined the hypothesis
behind the statistical test selection. The results section of the included
articles reported results directly related to the aims and were logical
and easy to understand. Findings presented were supported with
sufficient data. All studies gained necessary ethical approval but only
a few studies addressed ethical issues in more detail. Most authors
gave a clear description of the sampling strategy used to address the
aims. However, the sample size was not always justified and specific
groups were often targeted using convenience sampling. As a result,
the transferability and generalizability of some of the reported results
are questionable. Most of the studies provided implications for policy
and practice and some suggested ideas for further research. However,
the implications and usefulness of the reported results of some studies
might not be transferable to a broader population. The authors of
these specific papers acknowledge this limitation and underline the
importance to expand upon the reported findings by increasing sample
size and population diversity.

A detailed overview of the underlying study methods of the primary
empirical studies included in this systematic review is presented in
Table Il. Variables for which data were sought include the country
where the study took place, the type of record, the study aim, the study
duration, the study population (including sample size), inclusion/exclu-
sion criteria, recruitment strategy, data collection, data analysis, ethical
considerations and costs for participants.

The publication range of the |2 studies included in this systematic
review dates from 2015 to 2019. The articles originate from five
different countries: the USA (n = 6), the Netherlands (n = 3), Belgium
(n =1), Sweden (n =1) and Australia (n =1). The sample size of
the studies varied greatly from 80 to 1669. The majority of the

ECS among individuals and couples in the general population.

in

is systematic review of the interest i

in th

luded

ies inc

Quality appraisal of stud

Table |

Overall

Implication

Transferability and
Generalizability

Introduction Method Sampling Data Ethics Results

and Aims

Abstract

Study

Assessment

and usefulness

and bias

analysis

and Data

and Title

High
High
High
High
NA

High
High
High
High
NA

High
High

Fair

Fair Poor Fair Fair

Fair

Good

Good

Good

Higgins et al. 2015

Good

Good Fair Fair Good Fair

Good

Good

Good

Plantinga et al. 2016
Ragnar et al. 2016

Good Good Fair Good
Fair

Poor
NA

Good

Fair

Good Good
Fair

Good

Good

Fair

Good
NA

Good
NA

Good

NA

Good

Chokoshvili et al. 2017
Briggs et al. 2017*

NA

NA

NA

Fair

NA
Poor

Good

Good
Fair

Good Poor

Fair

Good Good

Good

Gilmore et al. 2017
Ongetal 2018

Good Fair Good Fair
Fair

Fair

Good

Good

Good

Good

Good Poor

Fair

Poor

Good

Good

Good

Propst et al. 2018

Good
NA

Fair

Poor
NA

Good
Fair

NA

Fair Fair Good
NA
Fair

Good
NA

Good

NA

Fair
Good

Spencer et al. 2018

NA

Fair

NA

Schuurmans et al. 2018*

Good
Fair

Good Good Good
Fair

Good

Nijmeijer et al. 2019

Poor Good

Poor

Fair

Good

Good

Good

Larsen et al. 2019

The quality appraisal was performed using the tool developed by Hawker et al. (2002). For each included study the following questions were scored: Did they provide a clear description of the study?; Was there a good background and

clear statement of the aims of the research?; Is the method appropriate and clearly explained?; Was the sampling strategy appropriate to address the aims?; Was the description of the data analysis sufficiently rigorous?; Have ethical issues

been addressed, and was necessary ethical approval gained?; Is there a clear statement of the findings?; Are the findings of this study transferable to a wider population?; How important are these findings to policy and practice?

*Conference abstracts: quality appraisal was only performed for the provided abstract.
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Table Il

Study

Higgins et al.
2015

Plantinga et al.
2016

Ragnar et al.
2016

Chokoshvili
etal. 2017

Briggs et al.
2017

Gilmore et al.
2017

Composition of test
panel

106 genetic conditions

Hypothetical test panel for
50 diseases

Hypothetical generic test
panel

Hypothetical generic test
panel

Hypothetical generic test
panel

750 autosomal recessive,
X-linked and
mitochondrial conditions
4100 medically actionable
secondary findings

Study population

Couples undergoing
fertility evaluation at
Sanford Health Fertility
and Reproductive
Medicine were offered a
commercial ECS test
between 2010 and 2013.
(n=1669)

Dutch residents aged
18-40 years with a
partner. (n = 504)

Couples enrolled in the
Swedish Pregnancy
Planning study (SWEPP).
(n=777)

Visitors of the annual
Cartoon festival.
(n=1182)

Pregnant women, women
undergoing gynaecologic
care who were
considering future fertility
and infertility patients.
(n=521)

Non-pregnant women
(aged 21-50) who had
declined to undergo a
preconception ECS
offered free of charge in
the research setting.
(n=240)

Reported measures
relevant to ECS

Uptake of ECS

Intention to participate in
preconception ECS

Intention to participate in
preconception ECS

Intention to participate in
preconception ECS

Intention to participate in
genetic carrier screening

Uptake of ECS;
Reasons for declining
testing

Main findings of studies exploring the interest in and uptake of ECS.

Main findings

134 couples (8%)
underwent screening for
either one or both
partners (48.5% of the
couples screened both
partners and 44%
screened only the female
partner).

The uptake increased from
3.3% to 17.5% following
the decrease in out-of-
pocket cost of screening
from $350 to $99.

Over one-third (34%) of
the respondents indicated
they would take the test if
it were offered, 15%
reported they were
unlikely to take the test,
and 51% were undecided.

Approximately one-third
(30% of women; 33.6% of
men) of the respondents
indicated interest in
screening; 25.5% of
women and 28.2% of men
were not interested, while
44.5% of women and
38.2% of men were
uncertain.

54% of the respondents
showed intention to
participate in PCS for
recessive disorders.

51% of the respondents
reported no desire for
testing.

In total, 816 women were
offered preconception
ECS, 540 (66%) of whom
declined the offer. Among
the decliners, 240 (44%)
agreed to participate in the
telephone interview study.

Participants
characteristics

97% non-Hispanic
Caucasian (94% of the
total cohort offered ECS
were non-Hispanic
Caucasian); 31% of
individuals were identified
as carriers of at least one
serious genetic disease.

72% of respondents were
female; mean age was 29
(SD 6.19); 65% of
respondents were not
religious; 34% had a high
education level; 70% of
respondents expressed
the desire to have children
with their current partner.

Mean age was 29.8 years
(SD 4.6) for woman and
35.3 years (SD 5.6) for
men; 59.8% of women
had a university/college
degree compared to 44%
of men; 78.2% of women
already had children; 23%
of women had a previous
miscarriage; approximately
80% of pregnancies were
planned; 59.6% of respon-
dents had experiences of
prenatal diagnostics; 54.6%
of women had a future
child wish compared to
43.6% of men.

52.5% of respondents
were female; mean age
was 48.5 years (SD 16.8);
31.6% described
themselves as (somewhat)
actively religious; 34.8%
had an academic degree.
/

76% of respondents were
non-Hispanic white; 77%
had a Bachelor’s degree or
higher; 82% of
respondents were

30 years or older; 38% of
women had children.

(Continued)
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Table Il Continued.

Study

Composition of test
panel

Ongetal. 2018 Hypothetical generic test

Propst et al.
2018

Spencer et al.
2018

Schuurmans
etal. 2018

Nijmeijer et al.
2019

panel

79 conditions with the
option of adding fragile X

Hypothetical generic test
panel

50 serious recessive
conditions

Hypothetical test panel for
50 diseases

Study population

Residents of Western
Australia aged |8 years or
older. (n=2832)

Pregnant women who had
been offered an ECS test
(N=80). The
out-of-pocket cost of the
test was up to $350,
unless covered by medical
insurance.

Adoptees aged |8 years
or older. (n=124)

Non-pregnant women
aged 18-40 years who
were offered a
couple-based ECS free of
charge in the research
context. (N =190)

Dutch individuals of

reproductive age
(1845 years). (n=781)

Reported measures
relevant to ECS

Intention to participate in
preconception ECS

Uptake of ECS;
Reasons for accepting or
declining testing

Intention to participate in
preconception ECS

Uptake of ECS

Intention to participate in
preconception ECS

Main findings

Overall, 68% (n=562) of
the respondents indicated
interest in ECS, although
the intention to undergo
ECS varied (619%—92%)
depending on the nature
of disorders to be included
in the test. Only 10.1% of
participants reported that
they would decline the
PCS test if it were offered
to them. Another 22.4%
of participants indicated
that they were unsure
about taking the test if
PCS was offered to them.

Forty individuals (50%)
accepted, and 40 (50%)
declined the offer.

76% of participants said
they would want to have
the test.

|17 couples accepted the
offer. True uptake rate
cannot be measured, as it
is not possible to
determine how many
invitees were eligible to
participate.

Of all participants, 31%
reported that they
probably or certainly
would take a
preconception ECS test.
Another 36% did not want
to be tested and 33%
were uncertain.

Participants
characteristics

84.5% of respondents
were of reproductive age
(18-44); 54% were
females; 71.3% were in a
relationship; 49.9% were
parents; 70.6% of
respondents had a future
child wish; 59% were not
religious; 37% completed
university.

92.5% of women were
under 40 years old; 70.9%
of respondents were
non-Hispanic white; 53.8%
of women did not yet
have children; 87.5% had a
Bachelor’s degree or
higher; 75% of respon-
dents did not have any
previous carrier screening.

Mean age was 44 years
(SD 14.7); 88% of the
study population was
female; 74% of
respondents were
Caucasian and | 1%

Asian/ Pacific Islande; 59%
of participants had at least
a Bachelor’s degree; 60%
of respondents were
married or in a committed
relationship; 65% had
children and 63% reported
not to have a future child
wish.

/

Mean age was 31.2 years
(SD 7.33); 49% of
respondents were female;
33% had a high
educational level; 54% had
religious beliefs; 75% of
respondents were married
orin a relationship; 41%
were considering a
(future) pregnancy; 3%
was currently pregnant.

(Continued)
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Table IIl Continued.

Study Composition of test Study population Reported measures Main findings Participants
panel relevant to ECS characteristics
Larsen et al. > |00 conditions Women who had a Uptake of ECS An overall acceptance rate 43.9% were Caucasian,

2019 prenatal or preconception
genetic counseling
encounter. (n =483)

of 39.8% was found. A
significantly higher
proportion of women
counseled preconception
(68.7%) accepted the ECS
compared with those
women seen during
pregnancy (35.1%).

17.6% Hispanic and 13.7%
African American; 76.2%
of women were younger
than 35 years.

/ indicates information not provided

studies (n = 10) used a survey methodology with a custom developed
questionnaire. The other two remaining studies used a retrospective
medical record review.

Main findings
The main study findings of this systematic review are summa-
rized in Table lll, including the composition of the test panel, the

outcome measures used and some key figures on participants’
characteristics.

Intention to take a (hypothetical) ECS test

Attitudinal studies gauging respondents’ interest in a hypothetical ECS
test have yielded diverging results. For example, while surveys con-
ducted in Sweden (Ragnar et al., 201 6) and the Netherlands (Plantinga
et al, 2016; Nijmeijer et al., 2019) found that approximately one-third
of the respondents would consider ECS, in an Australian study (Ong
et al., 2018) about two-thirds of the surveyed individuals indicated
interest in a hypothetical ECS test for a large number of recessive
disorders. The authors of the Australian study attribute this finding
to the media attention to preconception carrier screening in Australia.
However, they also note that in their study population, the willingness
to undergo ECS was associated with the nature of disorders to be
included in the test. For example, 92% of the respondents interested
in ECS indicated they would take ECS if the test included diseases
affecting the lifespan of children or infants. By contrast, 61% would
take the test if ECS were performed for adult-onset disorders. In
the Dutch study of Plantinga et al. (2016), the age of onset of the
screened disorders was not found to influence respondents’ intentions
to consider ECS. However, respondents were less likely to express
interest in ECS for non-health-related predispositions (e.g. athletic
ability).

Other studies in Belgium (Chokoshvili et al., 2017) and the USA
(Briggs et al., 2017) reported that 54% and 49% of the respon-
dents, respectively, expressed interest in preconception carrier screen-
ing. The highest intention to participate in preconception ECS was
observed in the study of Spencer et al. (2018) where adopted indi-
viduals were surveyed. Although only 56% of the respondents were
considered to be of reproductive age (i.e. <43 years Female; <50 years
Male), 76% of all respondents indicated interest in ECS. Curiosity and
the desire to inform other biological relatives (such as a child or sibling)

were the most frequently cited reasons for showing interest in ECS
(Spencer et al., 2018). No statistically significant difference was found
for indicated interest between participants having some knowledge of
their family medical history and those without any knowledge (Spencer
etal, 2018).

Four out of twelve studies reported on the proportion of respon-
dents that were undecided or uncertain about having ECS (Plantinga
et al., 2016; Ragnar et al., 2016; Ong et al., 2018; Nijmeijer et al.,
2019). In the Dutch study by Plantinga et al. (2016) just over half of
respondents (51%) were undecided regarding whether they would be
willing to participate if ECS were offered to them. Likewise, 42% of
Swedish parents surveyed as part of the Swedish Pregnancy Planning
(SWEPP) study were uncertain about having ECS prior to a pregnancy
(Ragnar et al., 2016). In the Australian study of Ong et al. (2018),
22% of participants were unsure about whether they would take a
preconception ECS test. Finally, 33% of all respondents were uncertain
if they would take a preconception ECS test in the Dutch study by
Nijmeijer et al. (2019).

Uptake of ECS

Studies reporting the actual uptake of ECS offers among prospective
parents (n =4) have found variable uptake rates (8%-50%) in ECS
across different study populations. Gilmore et al. (2017) found that
34% of women who were offered a preconception ECS test free of
charge in a research setting accepted the offer. The main reasons for
declining participation included lack of time, lack of interest and not
wanting the information. Another study of Propst et al. (2018), found
that 50% of a cohort of 80 pregnant women accepted an offer of an
out-of-pocket ECS test (expenses that are not reimbursed by health
insurance). The most cited reasons for declining ECS in this study were
lack of family history, low perceived risk of being a carrier couple and
the fact that results would not influence their reproductive choices in
(future) pregnancies. The main reasons for accepting the commercial
offer were the desire to learn about the risk of having a child affected
with a recessive condition, interest in genetic information and seeking
the ability to make informed decisions regarding pregnancy (Propst
et al., 2018). The uptake for an out-of-pocket ECS (8%) offer was
considerably lower among couples with primary or secondary infertility
in an earlier study by Higgins et al. (2015). However, the authors
noted that the uptake had increased from 3.3% to 17.5% during the
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observation period (2010-2013) following the reduction of out-of-
pocket cost associated with the ECS test.

Larsen et al. (2019) retrospectively reviewed medical records of
women who had a prenatal or preconception genetic counseling ses-
sion at a large academic genetic counseling service in an urban private
hospital-based outpatient clinic and observed an overall ECS uptake
rate of 39.8%. Significantly more women counseled preconception
(68.7%; n = 67) accepted ECS compared to women who were coun-
seled during pregnancy (35.1%; P < 0.001; n =416). The highest accep-
tance rate within this study was measured among women who were
counseled preconception in preparation for IVF (74.5%; n =38/51).
Within the prenatal group, women counseled at an earlier gestational
stage were also more likely to accept testing (Larsen et al., 2019).

In a more recent study conducted in the Netherlands, 4295 women
were invited to participate in a preconception ECS offer for couples,
which resulted in | 17 couples undergoing screening. While this number
suggests low uptake, the exact uptake rate could not be documented
as some invitees may not have been eligible to participate (for example
because they were single) (Schuurmans et al., 2018).

Factors influencing interest and uptake of
ECS

Multiple studies included in this review have looked into various factors
that could possibly influence the decision to accept or decline ECS.
An overview of the factors studied and the results can be found in
Table IV.

Socio-demographic factors

Gender, relationship status, employment status and having Medicaid
insurance were not identified to be associated with the intention to
undergo a (hypothetical) ECS test or uptake of an actual carrier
screening offer. In contrast, associations between the decision to accept
or decline ECS and other socio-demographic factors, such as age,
religion, income, education level or ethnicity, were identified by at least
one study included in this review.

In the study of Gilmore et al. (2017), younger women were more
likely to decline an ECS offer. Younger respondents were also more
often undecided about preconception ECS in the study of Plantinga
et al. (2016). Furthermore, increased age was positively associated
with the interest in preconception ECS in the studies by Ragnar et al.
(2016) and Chokoshvili et al. (2017). However, not all of the primary
studies identified age as an influencing factor. Age was not found to
be associated with acceptance rates for ECS in six other studies (Ong
etal., 2018; Propst et al., 2018; Spencer et al., 2018; Larsen et al., 2019;
Nijmeijer et al., 2019).

Three studies reported on an inverse relation between religion and
the intention to participate in preconception ECS. Respondents with
religious beliefs were less likely to be interested compared to non-
religious respondents (Plantinga et al., 2016; Ong et al., 2018; Nijmeijer
et al., 2019). In the Belgian study by Chokoshvili et al. (2017), religion
was not found to be an influencing factor when respondents were
asked if they would consider having a carrier screening test together
with their partner.

The interest in and uptake for ECS was positively associated with
income in the studies by Gilmore et al. (2017) and Ong et al. (2018).
Participants with a higher income were more likely to show interest in
or accept an ECS offer. Conversely, household income was not found

to influence parents’ interest in preconception ECS in the Swedish study
by Ragnar et al. (2016).

Decliners of an ECS offer were found to be less educated compared
to acceptors in the study of Gilmore et al. (2017). In contrast, a negative
association between education level and interest in ECS was found in
the studies of Chokoshvili et al. (2017) and Ong et al. (2018); within
these studies, less educated respondents were more likely to show
interest in ECS. However, in five other studies included in this review,
the education level of respondents was reported not to influence the
interest in ECS (Plantinga et al., 2016; Ragnar et al., 2016; Propst et al.,
2018; Spencer et al., 2018; Nijmeijer et al., 2019).

In the study of Propst et al. (2018) white non-Hispanic individuals
(60.7%) were more likely to accept ECS compared to non-white
individuals (21.7%; P = 0.003). Other studies by Gilmore et al. (2017)
and Larsen et al. (2019) reported no difference between women who
accepted and who declined ECS across races/ethnicities. However, in
the study of Larsen et al. (2019), where the retrospective medical
record review identified a diverse population of women, some dif-
ferences were noted, although these were statistically non-significant.
Women of Ashkenazi Jewish decent were more likely to accept ECS
(n=7/12;58.3%; P=0.195) than women of Asian descent (n = 12/41;
29.3%; P =0.186) or mixed ethnicities (n =7/25; 28.0%; P =0.241)
(Larsen et al., 2019).

Factors related to reproduction

Women who already had children were more likely to decline ECS
in the study of Gilmore et al. (2017). However, Propst et al. (2018),
Spencer et al. (2018) and Larsen et al. (2019) observed no significant
associations between the interest or uptake of ECS and the number of
children or pregnancies. Respondents with a (future) child wish were
more likely to show interest in ECS in the study of Nijmeijer et al.
(2019). Three other studies (Plantinga et al., 2016; Ong et al., 2018;
Spencer et al., 2018) did not identify a significant association between
child wish and the intention to have ECS. Finally, women pursuing ART
to get pregnant were more likely to accept ECS in comparison to
women who got pregnant with the help of ART but who were not
offered ECS (Larsen et al., 2019).

Within the study cohort of the SWEPP study, women’s interest in
preconception ECS was positively associated with having undergone
prenatal diagnostics, wanting to know the sex of the baby prior to
the delivery and having positive attitudes toward fetal sex selection.
Furthermore, the male partners’ interest was associated with having
had a planned pregnancy and having undergone prenatal diagnostics
(Ragnar et al. 2016).

Other examined factors that were not found to be associated with
interest/uptake in ECS were previous miscarriage (Ragnar et al., 2016;
Propst et al., 2018; Larsen et al., 2019), twin pregnancy (Larsen et al.,
2019) and a pregnancy established through egg and/ or sperm donation
(Larsen et al., 2019).

Factors related to genetic screening

Knowing someone with a genetic condition or having a family member
with a genetic condition was positively associated with the uptake
of ECS in the study of Gilmore et al. (2017). In contrast, Nijmeijer
et al. (2019) reported that knowing someone with a genetic condition
was not associated with the intention to participate in ECS. Likewise, a
positive maternal and/or paternal family history of genetic disease was

0202 Iudy 0z uo 1sonb Aq 9£08S/G/SEE/E/9ZA0RNSqR-0loIE/PANWINY/WOD dNO DlWspeoe)/:SA]Y WO} POPEOUMOQ



352

Van Steijvoort et al.

not associated with ECS acceptance rates in the retrospective medical
record review by Larsen et al. (2019). In the same study, the indication
for genetic counseling during pregnancy (e.g. advanced maternal age
or abnormal ultrasound result) was also not significantly associated
with the uptake of ECS. Having undergone previous carrier screening
(Propst et al. 2018) or receiving positive CF test results (Gilmore et al.,
2017) also did not influence the uptake of ECS.

Ong et al. (2018) identified several (genetic) knowledge factors
that were associated with the intention to have preconception ECS.
Respondents who had prior knowledge or awareness of ECS were
more likely to be sure of their intention to either accept or decline
ECS. Their study results also show that people who knew about ECS
from family members or through internet searches were more likely to
show interest in ECS. In addition, the likelihood of accepting ECS was
higher for respondents with ‘high’, ‘good’ or ‘some’ genetic knowledge
compared to those with ‘low’ genetic knowledge.

Other related factors

A potentially interesting factor that was investigated in some of the
studies included in this review is the impact of the cost of testing
and/or insurance coverage. Plantinga et al. (2016) reported that 58%
of respondents would be willing to pay for ECS, with a median cost
of €75. Nearly half of the adoptees surveyed by Spencer et al. (2018)
were willing to pay $1 to $100 for ECS themselves. In the study of
Briggs et al. (2017), 28% of participants were unwilling to pay out-
of-pocket and 37% of participants were willing to pay at least $50 to
$100. In the Australian study by Ong et al. (2018), 19% of respondents
would do ECS for free, 22% would be willing to pay <$AUD 50 and
another 34% would do ECS if it would cost between $AUD 50 and
$AUD 200. Finally, only 9% of individuals surveyed by Nijmeijer et al.
(2019) were willing to pay for ECS themselves. In the same study, 55%
of respondents agreed that ECS should be completely reimbursed by
health insurance.

The out-of-pocket cost (max. US $350—if insurance did not cover
the test) did not seem to have an impact on the decision of test
acceptors in the study of Propst et al. (2018). However, 5% of
test decliners in the same study indicated ‘Insurance might not cover
the full cost of testing’ as a reason for declining ECS. Gilmore et al.
(2017) found no significant difference between women who declined
or accepted ECS based on insurance type (Medicaid or not). The
impact of the cost of testing/insurance type on the decision-making
process could not be addressed in the study of Larsen et al. (2019).

Discussion

Results of the attitudinal studies around ECS suggest that there is
considerable interest in ECS among (reproductive age) individuals in
the general population (Plantinga et al., 201 6; Ragnar et al., 201 6; Briggs
et al., 2017; Chokoshvili et al., 2017; Ong et al., 2018; Spencer et dl.,
2018; Nijmeijer et al., 2019). However, our findings show that actual
test uptake among prospective parents (Higgins et al., 2015; Gilmore
et al., 2017; Propst et al., 2018; Schuurmans et al., 2018; Larsen et dl.,
2019) is substantially lower. These results support the idea that self-
reported intention to have ECS does not always translate into actual
uptake when ECS is offered. The psychosocial aspects of genetic testing
have been studied previously in the area of familial cancer syndromes
and Huntington’s disease (HD). In the case of HD, the intention of

at-risk individuals to take a predictive genetic test for HD tends to be
high (70-80%), while uptake rates tend to be much lower (10-20%). A
real opportunity to learn genetic information seems to be more difficult
to process and less appealing compared to a hypothetical test offer
(Lerman et al., 2002; Sheeran and Webb 2016). This phenomenon is
well documented in the literature as the ‘Intention—Behavior Gap’. This
theory states that three pivotal tasks must be accomplished to secure
intention realization: people need to initiate, maintain and close goal
pursuit (Sheeran and Webb 2016). Having the intention to undergo
a (hypothetical) ECS test can be seen as part of the initiation phase,
but not everyone who initiates a goal pursuit will eventually close
it. Many internal and external factors can possibly influence actual
behavior, whereby the behavior might no longer correlate with the
values and attitudes of the individual. For instance, the out-of-pocket
cost of testing might persuade someone to decline despite his interest
in ECS. The results of the studies focusing on the intention to take
a (hypothetical) ECS test show that a considerable proportion of
respondents are willing to pay for ECS themselves. However, the
amount they are willing to pay is considerably lower than actual prices
for ECS panels currently being offered.

In the study of Gilmore et al. (2017), test decliners more commonly
cited lack of interest and lack of time as reasons to decline an ECS offer.
A similar result was observed in a theory-guided review by Chen and
Goodson (2007) where lack of time was the factor most frequently
associated with the decision to decline CF carrier screening. However,
caution is needed when interpreting these statements as practical or
logistical reasons given for declining ECS might also mask reasons not
mentioned by respondents. Participants might be hesitant to discuss
more personal reasons with researchers they are not familiar with
(Gilmore et al., 2017). Itis possible that participants would have made
other decisions regarding ECS in a more clinical context in interaction
with health care providers with whom they have a relationship of trust.
The influence of health care providers and/or a perceived difficulty or
inability to refuse ECS as an influencing factor in the decision-making of
patients were identified in multiple studies included in the systematic
reviews of Chen and Goodson (2007) and loannou et al. (2014b).
Health care providers should be aware of this possible influence when
informing prospective parents to make sure that couples are feeling
able to refuse ECS when they are not interested.

Information gained through ECS might be perceived as irrelevant
by test decliners because of the low perceived risk of being a carrier
based on their personal or family history (Chen and Goodson 2007;
loannou et al., 2014a; Propst et al, 2018). Lack of family history
was also found to be one of the strongest predictors of declining
carrier screening in earlier studies focusing on single gene carrier
screening (Chen and Goodson 2007; loannou et al., 2014b). In the
study of Gilmore et al. (2017) test-intending non-participants were
more likely to decline the offer because of privacy- or discrimination-
related concerns and emotional reasons. Itis possible that the extensive
amount of information regarding ECS in the informed consent form
that was sent to them might have influenced their decision to opt-out,
given the fact that these women previously had accepted CF carrier
screening (Gilmore et al., 2017). Providing multiple opportunities for
prospective participants to learn information and ask questions might
facilitate informed decision-making because it allows prospective par-
ents to think and reflect about their future reproductive plans before
accepting or declining ECS (Robinson et al., 2016; Gilmore et al., 2017).
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Following the recommendation of the ACMG (ACOG 2017), more
efforts should be made to establish services where ECS can be offered
and discussed with couples planning a pregnancy.

The highest overall uptake was observed in a study where ECS
was offered to pregnant women (Propst et al., 2018). In contrast,
most studies focusing on preconception ECS reported lower overall
uptake rates. Similar results have been reported within the context of
population-based CF carrier screening, where preconception screen-
ing was generally associated with lower uptake rates compared to
prenatal screening (loannou et al., 2014b; Henneman et al., 2016).
Based on these findings it appears that potential users may perceive
carrier screening to be more immediately relevant and useful during
pregnancy. However, an exception to this general pattern was reported
in the study of Larsen et al. (2019), in which significantly more women
who were counseled preconception (68.7%) accepted ECS, compared
to women who were counseled during pregnancy (35.1%) (Larsen
et al., 2019). Within the group counseled prior to conception, the
highest acceptance rate (74.5%) was observed among women who
were counseled preconception in preparation for IVF (n =51/67)
(Larsen et al., 2019). Furthermore, non-pregnant women planning to
pursue IVF were significantly more likely to accept ECS compared to
women who became pregnant following IVF. One potential explanation
for this finding, also suggested by the authors themselves, is that
physicians might be more inclined to actively direct patients preparing
for IVF to have ECS because of the immediate availability of PGT
following positive screening results (Larsen et al., 2019). However, this
group might also be more interested in ECS prior to conception as they
are already undergoing fertility treatment and thus ECS in combination
with PGT might be perceived as part of the ongoing treatment.

Studies included in this review explored the interest in ECS among
individuals and couples in the general population. Differences in the
outcome measures might also be explained by heterogeneity across
the surveyed populations or the recruitment methods of these studies.
While some studies focused on exploring the views of respondents
in a reproductive context (couples planning a pregnancy, couples
undergoing fertility evaluation or treatment, pregnant women, women
attending a preconception consultation), other studies surveyed a
much more demographically diverse population where respondents
were not always of reproductive age (Chokoshvili et al., 2017; Ong
et al., 2018; Spencer et al., 2018). Even though professional guidelines
are clearly stating that ECS should be available to couples considering
pregnancy or already pregnant, studies focusing on the views of demo-
graphically diverse populations can also give valuable insights. These
results can contribute to the ongoing debate about the desirability and
acceptability of offering ECS by offering a societal point of view.

The proportion of women who were undecided or uncertain about
having ECS should not be ignored when assessing the interest in ECS.
As ECS is a new and relatively unknown test for most future parents,
the awareness and comprehension within the general population could
be rather limited. Efforts should be made to ensure that prospective
parents make decisions regarding ECS based on accurate and suffi-
cient knowledge. Genetics professionals have expressed the need for
adequate pre- and post-test counseling services that should be made
available to couples considering ECS to ensure informed reproductive
decision-making together with additional guidelines for primary health
care professionals (Cho et al., 2013; Lazarin et al., 2016; Janssens et al.,
2017).

Study limitations

First, it is possible that some biases exist in the primary empirical
studies of this review. Most of the studies included in this review used
convenience sampling or targeted very specific groups within the popu-
lation who were conveniently available to participate. Itis possible that
certain groups of people were more inclined to participate, for exam-
ple individuals with more outspoken opinions on the topic (Delgado-
Rodriguez and Llorca 2004). Consequently, the study findings should
not be generalized. Second, by focusing on publications written in
English, we might have missed relevant publications to include within
this systematic review. Third, our search only identified studies from
five Western countries. It is possible that populations in different
countries may hold different views on ECS towing to differences in
healthcare systems and differences in exposure to (critical) information
(cultural bias) (Chokoshvili et al., 2017). Sufficient attention should be
made to this when drawing conclusions based on these findings.

Implications for future research

More research is needed to see if the observed trends also apply to
a broader and more diverse population (Plantinga et al., 2016; Gilmore
et al, 2017; Propst et al, 2018). As only five studies have looked
into the uptake of ECS there is a high need for more implementation
studies. This would allow for an assessment of the extent to which
individuals or couples make informed decisions regarding ECS and
which factors (ease of access to testing, costs and reimbursement of
testing, attitudes regarding pregnancy termination, etc.) are associated
with informed decision-making. More prospective studies where ECS
is offered to couples showing an interest in ECS could yield additional
insights into the complexity of the intention—behavior gap and the
decision-making process of couples regarding ECS. It will also allow
us to gain a better understanding of the motives for or against ECS
(among prospective parents), the concerns people might have toward
ECS and the doubts people might experience when considering ECS.

To understand why certain individuals/couples are undecided or
uncertain on whether or not they would like to participate in ECS,
future research should try to synergize both quantitative and qualitative
research methods: qualitative research may provide valuable insights
into the decision-making process and experiences of patients in ways
that quantitative analysis cannot. These results can be used to further
facilitate responsible implementation of ECS and inform and guide
healthcare providers interacting with prospective parents who are
considering ECS.

Future research should also focus more on the impact of the costs
of testing and/or insurance coverage on the decision-making process
of couples considering ECS as this is likely to be an important factor.

Implications for practice

With the continued decline in the cost of ECS, combined with the
growing number of recommendations of professional membership
organizations, it is likely that the perceived value of ECS in the context
of reproductive healthcare will continue to grow (Edwards et al., 2015;
Higgins et al., 2015; Henneman et al., 2016; Committee on Genetics
2017). Therefore, it is to be expected that an increasing number of
couples in the general population will actively seek information about
ECS and pursue testing in the future. Building a strong network of
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preconception healthcare services through which screening could be
offered could be a way to integrate ECS in a responsible way and to
make sure that couples can learn about the possibility of having ECS
prior to pregnancy. This will however demand a critical reflection on
how to prioritize resources within preconception care (Ragnar et al.,
2016).

As ECS is a new and relatively unknown test for most future parents,
the awareness and comprehension within the general population could
be rather limited. In the coming years it will be very important to focus
more on providing continuous high-quality information to the general
public in order to improve genetic literacy, to reduce misconceptions
and to manage expectations (Chokoshvili et al, 2017; Ong et dl.,
2018). Adequate pre- and post-test counseling services should be made
available to couples being offered ECS to ensure informed repro-
ductive decision-making. Complete and transparent information will
help prospective parents in weighing the advantages and disadvantages
associated with ECS so that they can make fully informed reproductive
decisions (Ragnar et al., 2016; Chokoshvili et al., 2017).

Primary health care providers will have an important role to play
when guiding couples who are planning a pregnancy through the
available reproductive screening services (Ragnar et al., 2016). Hence,
there will be a growing need for widely accessible information and
guidelines for primary health care providers alongside patient friendly
genetic counseling tools (Larsen et al., 2019).

Conclusion

The aim of this systematic review was to synthesize evidence from
empirical studies that assess the interest in/uptake of ECS among
individuals and couples in the general population. Results of the primary
studies included in this review demonstrate that there is considerable
interest in ECS among (reproductive age) individuals in the general
population. However, actual uptake of ECS seems to be substantially
lower than prospective parents’ reported intentions to undergo ECS.
In the included studies, 32—76% of respondents were interested in a
(hypothetical) ECS test, while uptake rates for actual ECS offers ranged
from 8% to 50%. The highest overall uptake was observed when ECS
was offered to pregnant women (50%). By contrast, studies focusing on
the preconception population reported lower overall uptake rates (8—
34%) with the exception of one study where women were counseled
preconception in preparation for IVF (68.7%).

Due to restricted nature of the samples and methods of the under-
lying primary studies, some of the reported results might not be
transferable to a broader population. More research is needed to
see if the observed trends also apply to a broader and more diverse
population.
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