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Purpose: To evaluate the efficiency of expanded carrier screening
(ECS) compared with ethnicity-based screening in identifying
carriers.

Methods: A total of 4232 infertility patients underwent ECS from
a single genetic testing laboratory at our center between June 2013
and July 2015. Self-reported ethnicity was recorded. Carrier rates
based on ECS were calculated. In addition, carrier status was
determined for two other screening panels: ethnicity-based guide-
lines or the ECS panel recommended by the American College of
Obstetricians and Gynecologists (ACOG) using ECS results. Carrier
rate and carrier couple rates were compared in the overall study
population and in each self-reported ethnicity.

Results: The ECS panel used to screen the patient population
identified 1243 carriers (29.4%). For the same population, ethnicity-
based screening and the ACOG panel would have identified 359
(8.5%) and 659 carriers (15.6%), respectively, representing

statistically significant differences. Differences in identifying
carriers across self-reported ethnicities varied. In 15 couples
(1.2%), both partners carried pathogenic variants for the same
genes, 47% of whom would have been missed had screening been
ethnicity-based.

Conclusion:We propose that all reproductive-aged women should
be offered ECS. Carrier couple rates would likely increase further
with expansion of the panel, playing a pivotal role in preventing
genetic disease in fertility clinics.
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INTRODUCTION
Traditionally, carrier screening was based on a patient’s self-
reported ethnicity as recommended by professional societies
(Table 1). However, expanded carrier screening (ECS), which
forgoes a patient’s reported ethnicity, has become increasingly
the standard of care for patients seeking fertility treatment.
Two main factors have led to recent changes in genetic
screening practices: the significant likelihood of missing
carriers when screening is limited to ethnicity alone and the
development of novel and cost-efficient genomic technologies,
making genetic testing more accessible to a greater proportion
of individuals. Ethnicity-based screening is often limited by
patients’ inaccurate self-reporting, or even unawareness, of
their ancestry.1 Additionally, in-depth studies of isolated
ethnic populations revealed intraethnic genetic diversity to be
as extensive as interethnic diversity.2 The US population is
becoming increasingly diverse, with the latest census in 2010

revealing an increase in the proportion of individuals
reporting mixed ethnicity.3 Therefore, it is not surprising
that variants most commonly observed in one ethnicity are
frequently found in “unusual suspects”—individuals whose
stated or perceived ancestry would not have been expected to
carry such variants.4 Further, since the Human Genome
Project was initiated, new genomic technologies were
followed by the rapid development of multigene panels,
dramatically increasing accessibility, expediency, accuracy,
and cost-efficiency of testing for clinically relevant genetic
variants.
As more reproductive medicine providers transition from

ethnicity-based screening to ECS, professional societies have
published recommendations and guidelines for ECS and for
preconception carrier screening in general. An initial policy
statement from the American College of Medical Genetics
and Genomics (ACMG) in 2013 outlined factors that should
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be considered when designing an ECS panel.5 Subsequently, a
2015 joint statement from the ACMG, American Congress of
Obstetricians and Gynecologists (ACOG), National Society of
Genetic Counselors (NSGC), the Perinatal Quality Founda-
tion, and the Society for Maternal–Fetal Medicine (SMFM)
lent further support to ECS.6 Most recently, a 2017 ACOG
Committee Opinion on carrier screening recommends that
obstetricians/gynecologists (OB-GYNs) establish a standard
screening approach, concluding that ethnic-specific screening,
pan-ethnic screening, and ECS are all acceptable strategies.7

The committee also commented on the great variability
between available ECS platforms, and suggested an ECS panel
with 23 disorders that would fit current recommendations for
inclusion on such an expanded panel. This panel includes all
of the disorders recommended for screening across all
ethnicities, and includes a few additional disorders that meet
frequency and detection rate criteria.

Previous studies have demonstrated the benefit of ECS
compared with ethnicity-based guidelines utilizing different
approaches.4,8–10 One study calculated carrier rates across
15 ethnic populations and found that many carrier states
would not have been identified by ethnicity-based screen-
ing. This omission could be due to one of three reasons:
first, the disorder was not included in any of the ethnicity-
based guidelines; second, the correct ethnicity was not
accurately reported; and third, many of the “typical” ethnic
variants appear at a much lower frequency in other ethnic
groups.4 A second study used ECS results from more than
300,000 individuals to model the odds of a child being born
with an autosomal recessive or X-linked disorder and found
that ethnicity-based screening would have missed carrier
couples or carrier females, resulting in a higher chance of an
affected child compared with ECS.9,10

While these studies demonstrate the benefit of ECS
compared with ethnicity-based screening, only a few report
the reproductive health-care decisions of carrier couples
identified as a result of ECS.11,12 In the present study we test
the hypothesis that ECS is better than ethnicity-based
genetic screening at detecting carriers, thereby improving
reproductive health-care options. We calculate the pre-
valence of carriers and carrier couples in a diverse
population of infertility patients seen at a single, large-
volume fertility center utilizing a single testing platform and
ECS protocol. We determine how many carriers and carrier
couples would be identified using ethnicity-based screening
recommendations, the ECS panel suggested by ACOG, and
an ECS panel offered by a genetic testing laboratory. We
also determine the reproductive choices carrier couples
make and determine if these couples would have been
identified through each of the screening methods. Subse-
quently, these data are used to determine whether the
transition from ethnicity-based screening to ECS is
evidence-based.

MATERIALS AND METHODS
Participants
Genetic screening results were reviewed retrospectively from
female and male patients seen at a single, large academic
fertility center between June 2013 and July 2015 at Northwell
Health (Manhasset, NY). ECS was offered on an opt-out basis
to every new patient during the initial consultation, regardless
of whether or not she or he had any prior screening. This
included patients seen as couples or as individuals. Con-
current screening was recommended to couples, while
sequential screening (female partner first, followed by testing
the male if his partner had a positive result) was permitted.
Every patient filled out an intake form questionnaire from the
ECS vendor to report ethnicity.
All procedures followed were in accordance with the ethical

standards of the responsible committee on human experi-
mentation (institutional and national) and with the
Helsinki Declaration of 1975, as revised in 2000. The

Table 1 Carrier screening recommendations based on
patient ethnicity

Ethnicity Recommended screening Reference

All women Cystic fibrosis ACOG,14

ACMG11

Spinal muscular atrophy ACOG,14

ACMG13

Southern

European

Hb β-chain-related
hemoglobinopathies

ACOG14

Hispanic Hb β-chain-related
hemoglobinopathies

ACOG14

African

American

Hb β-chain-related
hemoglobinopathies

ACOG14

South Asian Hb β-chain-related
hemoglobinopathies

ACOG14

East Asian Hb β-chain-related
hemoglobinopathies

ACOG14

Middle Eastern Hb β-chain-related
hemoglobinopathies

ACOG14

Southeast Asian Hb β-chain-related
hemoglobinopathies

ACOG14

Ashkenazi

Jewish

Bloom syndrome ACMG12

Canavan disease ACOG,14

ACMG12

Familial dysautonomia ACOG,14

ACMG12

Fanconi anemia group C ACMG12

Gaucher disease ACMG12

Mucolipidosis IV ACMG12

Niemann–Pick type A ACMG12

Tay–Sachs disease ACOG,14

ACMG12

ACMG American College of Medical Genetics and Genomics, ACOG American
College of Obstetricians and Gynecologists.
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Northwell Health Institutional Review Board reviewed and
approved this study. Informed consent was obtained from all
study participants.

Genetic testing
Blood samples from each patient were tested via genotyping
for clinically significant pathogenic variants using an ECS
panel from a single genetic testing laboratory. The panel is
comprised of 400 variants of 102 genes, associated with 100
genetic diseases (Counsyl, San Francisco, CA).9,10 In
addition to these single-base substitutions, the panel also
determined the size of the CGG repeats in the 5’ UTR of
FMR1 to screen for fragile X syndrome, as well as SMN1
exon 7 copy-number status to screen for spinal muscular
atrophy.

Identifying carriers using ethnicity-based guidelines and
ECS panels
All subjects included in the study underwent ECS from the
genetic testing laboratory. For each patient, carrier status
(carrier or noncarrier) was determined based on three panels:
ethnicity-based screening (Table 1), ACOG-recommended
ECS panel (ACOG-based screening), and commercial ECS
panel used at our center.13–16 Differences between the three
panels are listed in Supplement 1. Carrier rates were
calculated for the overall study population and for each
ethnic subpopulation and then compared to determine
differences between carrier pickup rates by each panel. It is
important to note that the ECS panel did not screen for α-
thalassemia and maple syrup urine disease 1A (MSUD1A),
which are two conditions included in the ACOG-based

Table 2 Number of carriers detected by ethnicity-based screening or ECS stratified by self-reported ethnicity

Ethnicity Total Carriers (%) Panel comparison (p value)

(self-reported) N (%) Ethnicity-

based

ACOG-

based

ECS Ethnicity vs. ACOG

based

Ethnicity-based vs.

ECS

ACOG-based vs.

ECS

Mixed or Other

Caucasian

1089 65 180 365 6.3 × 10-15 < 2.2 × 10-16 < 2.2 × 10-16

(25.7) (6.0) (16.5) (33.5)

Southern European 510 42 83 160 9.0 × 10-5 < 2.2 × 10-16 1.5 × 10-8

(12.1) (8.2) (16.3) (31.4)

Hispanic 480 36 52 97 0.074 1.2 × 10-8 6.0 × 10-5

(11.3) (7.5) (10.8) (20.2)

Northern European 393 30 61 116 0.00055 3.1 × 10-15 2.6 × 10-6

(9.3) (7.6) (15.5) (29.5)

Unknown/Not Reported 383 22 70 133 9.6 × 10-8 < 2.2 × 10-16 2.5 × 10-7

(9.1) (5.5) (18.1) (34.6)

African or African

American

377 55 63 80 0.42 0.018 0.11

(8.9) (14.6) (16.7) (21.2)

Ashkenazi Jewish 359 71 102 197 0.0068 < 2.2 × 10-16 6.4 × 10-13

(8.5) (19.8) (28.4) (54.9)

South Asian 277 18 23 44 0.42 0.00046 0.0062

(6.5) (6.5) (8.3) (15.9)

East Asian 206 5 6 13 0.76 0.054 0.10

(4.9) (2.4) (2.9) (6.3)

Middle Eastern 75 4 7 23 0.53 7.6 × 10-5 0.0011

(1.8) (5.3) (9.3) (30.7)

Southeast Asian 71 10 10 11 1 0.81 0.81

(1.7) (14.1) (14.1) (15.5)

French Canadian or

Cajun

5 0 1 2 – – –

(0.12) (0) (20.0) (40.0)

Pacific Islander 4 1 1 1 – – –

(0.095) (25.0) (25.0) (25.0)

Native American 3 0 0 1 – – –

(0.071) (0) (0) (33.3)

Total 4232 359 659 1243 < 2.2 × 10-16 < 2.2 × 10-16 < 2.2 × 10-16

(100) (8.5) (15.6) (29.4)
ACOG American College of Obstetricians and Gynecologists; ECS expanded carrier screening. Bold entries demonstrate p values of ≤ 0.05
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screening panel. Therefore, the carrier rate for the ACOG-
based screening was calculated without including these two
conditions.

Data analysis
Summary statistics including median and average age, gender
breakdown, and ethnicity breakdown were calculated.
Chi-square test or Fisher’s exact tests (for sample sets with

frequencies ≤5) were applied to determine differences in
numbers of carriers identified. Three comparisons were made:
(1) ethnicity-based screening versus ACOG-based screening,
(2) ethnicity-based screening versus ECS, and (3) ACOG-
based screening versus ECS. The analysis was performed on
the overall study population and in ethnic subpopulations
with more than 50 individuals.
We defined “carrier couples” as couples found to be carriers

of deleterious pathogenic variants in the same gene, and
calculated the number of carrier couples that would have been
identified by an ethnicity-based screening panel as compared
with ECS, using a chi-square test to assess significance of this
comparison. We performed a chart review to investigate
whether carrier couples or females with X-linked disorders
elected to have embryos resulting from in vitro fertilization
(IVF) tested for the identified disorder through preimplanta-
tion genetic testing (PGT).
A p value cutoff of p ≤ 0.05 was considered significant in all

cases. All analyses were performed using R (v 3.3.3).17

RESULTS
A total of 4232 infertility patients were tested using the ECS
panel from the genetic testing laboratory (2880 females
[68.1%]; 1352 males [31.9%]). The median age of the patients
screened was 35.7 years (overall mean 35.9 ± 5.6 years; males
= 37.4 ± 6.4, females= 35.1 ± 5.0). Of the 4232 patients
tested, 359 (8.5%) would have been identified as carriers if
tested according to ethnicity-based screening recommenda-
tions (Table 2). Had the ACOG sample ECS panel (ACOG-
based screening) been used, 659 carriers (15.6%) would have
been identified, an additional 300 carriers compared with the
ethnicity-based methods. In contrast, 1243 (29.4%) patients
were recognized as carriers using the full ECS panel (Table 2).
The differences in carrier rates between each panel were
highly significant (Table 2).
We compared the carrier frequencies between each panel in

the overall study population and in subpopulations based on
self-reported ethnicity. When the three panels were com-
pared, the number of detected individuals increased with
increasing panel size across the overall study population and
in all but 3 of 14 self-reported ethnicities (Table 2). In two
ethnic populations (Southeast Asian and Native American),
only the increase from ACOG-based screening to ECS
resulted in additional carriers. The number of carriers in the
Pacific Islander population did not increase regardless of the
panel. Statistical comparisons between the panels were
conducted for the overall study population and the 11 ethnic
populations with greater than 50 individuals (Table 2). In the

overall population and five subpopulations, frequencies in
carrier rates were statistically different in all three pairwise
comparisons: Mixed or Other Caucasian, Southern European,
Northern European, Unknown/Not Reported, and Ashkenazi
Jewish. In three subpopulations (Hispanic, South Asian, and
Middle Eastern), significant differences were observed in the
ethnicity-based screening versus ECS and ACOG-based
screening versus ECS, but not the ethnicity-based screening
versus ACOG-based screening comparison. The African or
African American population only demonstrated significant

Table 3 Clinical characteristics of carrier couples

Couple Disease Ethnicity

(female

partner)

Ethnicity

(male

partner)

1 Hb β-chain-related
hemoglobinopathy

African or

African

American

African or

African

American

2 Achromatopsiaa South Asian South Asian

3 GJB2-related DFNB1

nonsyndromic hearing loss

and deafnessa

Northern

European

Northern

European

4 Hb β-chain-related
hemoglobinopathy

African or

African

American

African or

African

American

5 α-1 antitrypsin deficiencya Northern

European

Unknown/

Not

Reported

6 Hb β-chain-related
hemoglobinopathy

African or

African

American

African or

African

American

7 Cystic fibrosis Mixed or

Other

Caucasian

Southern

European

8 Gaucher disease Ashkenazi

Jewish

Ashkenazi

Jewish

9 Familial Mediterranean fevera Southern

European

Ashkenazi

Jewish

10 Pompe diseasea Northern

European

Mixed or

Other

Caucasian

11 Smith–Lemli–Opitz syndromea Northern

European

Ashkenazi

Jewish

12 Pompe diseasea Southern

European

Unknown/

Not

Reported

13 Spinal muscular atrophy Northern

European

Mixed or

Other

Caucasian

14 Cystic fibrosis Southeast

Asian

Southeast

Asian

15 Familial dysautonomia Ashkenazi

Jewish

Ashkenazi

Jewish
aIndicates these couples would have been missed by ethnic based screening.
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differences when comparing ethnicity-based screening versus
ECS. In two ethnic populations (East Asian and Southeast
Asian), none of the carrier frequencies for each panel were
statistically different.
A total of 1206 couples were screened using the ECS panel.

Of these, 15 couples (1.2%) were carrier couples. Table 3 lists
the disorders diagnosed in these 15 couples as well as the
ethnicity of each partner. Eight of the 15 couples would have
been identified through ethnicity-based screening guidelines.
All 15 carrier couples elected to screen embryos using PGT to
transfer an unaffected embryo. In addition to the carrier
couples, 73 women were identified as carriers for fragile X. As
fragile X is caused by the expansion of a three-nucleotide
repeat in the FMR1 gene, carriers for fragile X include those
with the intermediate expansion, the premutation, and the full
expansion. Of the 73 carriers, 53 women carried the
intermediate expansion, one of whom pursued PGT; 17
carried the premutation, two of whom pursued PGT; and 2
women carried the full expansion; however, they did not
follow up to our center for care.

DISCUSSION
While prenatal screening, including carrier screening and
aneuploidy screening, is recommended in early to mid-
pregnancy, carrier screening is frequently omitted in routine
gynecological care for women of reproductive age. At fertility
centers, however, carrier screening is performed at an
increasing frequency prior to fertility treatment, thus provid-
ing patients with additional choices when planning a
pregnancy. Another recent trend among fertility centers is
the transition from ethnicity-based carrier screening to ECS.
Such panels typically include a large number of variants,
irrespective of whether they have been observed within the
patient’s stated ethnicity. While many variants included in the
panel are of high-penetrance and/or are deleterious, a number
of variants have a variable penetrance pattern and may not
severely affect quality of life. While this study focused on
results from a genotyping platform, newer sequencing
technologies are able to identify many more variants that
lead to even further increased carrier and carrier couple rates.
In addition, patients are screened regardless of past personal
or family history of a genetic disease. Parallel to this
diagnostic evolution, there has been a significant refinement
of IVF-PGT technology, allowing for the detection and
selection of unaffected embryos prior to embryo transfer.
In this study, we demonstrate that ECS screening from the

genetic screening laboratory is superior to both ethnicity-
based screening and the ACOG-based screening panel in
diagnosing carrier status across multiple ethnicities. In three
ethnic populations, the increase in carrier screening panel size
from ethnicity-based recommendations to the ACOG-based
screening did not significantly increase the number of carriers
(Hispanic; South Asian; Middle Eastern), suggesting that the
ACOG-based screening panel does not add clinically mean-
ingful disorders for these populations. Across all screening
methods, ethnicity-based screening identified essentially all

the carriers within the East Asian and Southeast Asian
populations, as demonstrated by the nonsignificant differ-
ences observed when comparing panels. This observation may
be due to a small sample size, although it may also be that the
diseases and/or variants included in either ECS panel are
uncommon in East Asians and Southeast Asians relative to
other populations. This is also the case for other ethnic groups
in our study population not included in the statistical analysis,
including Pacific Islanders.
Given the rapid advances in genomic technologies and in

our (still incomplete) understanding of human genetics, ECS
has become a more attractive screening method to provide
patients with as much information as possible, thus
empowering them to make prepregnancy decisions that will
impact the health of their offspring. Over the years, guidelines
from professional societies and available ethnicity-based
panels have been modified to “catch up” with genetic
disorders previously not included. In a way this has been a
hindsight approach, because recommendations are based on
limited population-based data, often with a focus on
Caucasian populations and limited data for other ethnicities.
This outcome argues that screening for more diseases may be
beneficial for patients planning a pregnancy, even if
population carrier frequencies and/or detection rates are
unknown. Indeed, a recent survey of medical professionals,
including physicians and genetic counselors, demonstrated
that a majority of providers (77%) would prefer to screen for
more disorders as compared with fewer.17 Additional
advantages to ECS have also been debated and described
elsewhere, highlighting the benefits of this screening method
for couples planning to become pregnant.18,19

The frequency of carrier couples in our study was 1.2% (15
of 1206 couples), all of whom underwent IVF with PGT. All
cycles resulted in unaffected pregnancies. Had ethnicity-based
screening been applied, almost half of these couples (47%)
would have gone undiagnosed and would stand the risk of
having an affected child. Hence, ECS utilization holds the
promise of providing patients with more reproductive options
and greater control over outcomes. Other studies have
investigated the impact of ECS on screening outcomes in a
variety of patient settings. One of the original studies that
summarized the carrier rates of a very large study population
found a carrier rate of 24%, where at least 69% of those
carriers carried variants for disorders not included in the
ethnicity-based screening recommendations.4 That study also
discussed the number (not percent) of carrier couples.
Another study characterizing the implementation of ECS
found the carrier couple rate to be only 0.21%.11 The study
used three screening panels from two different companies,
two different testing protocols, and three different screening
protocols. Differences in carrier couple rates may have
resulted from differences in the screening methodologies,
the number of variants tested, or differences in the ethnic
backgrounds of the patient populations served at each fertility
center, as it is well documented that carrier rates differ greatly
between ethnicities.
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Of the 17 patients with the fragile X premutation, 7 had
undergone intrauterine insemination (IUI), 1 used timed
intercourse, 4 did not have follow up, and 5 used IVF. Of the
five that underwent IVF, only two elected to undergo PGT for
fragile X. The two patients with the full expansion did not
return for care, and it is unknown whether they sought
treatment elsewhere.
It is of interest that while patients affected with fragile X

premutation or full expansion were reluctant to undergo PGT,
all 15 carrier–carrier couples for other genes pursued PGT. All
those who carried the premutation were offered prenatal
testing or PGT, because it is the most effective way to stop the
expansion of the CGG repeats in future generations. Fragile X
remains the most common cause of inherited intellectual
disability. Even when the risk of expansion is low based on the
number of AGG interruptions, premutation carriers are still at
risk for premature ovarian failure (POF) and fragile
X–associated tremor/ataxia syndrome (FXTAS), where PGT
can be helpful.
Patients who had opted not to go for PGT had several

reasons, including cost, the increased complexity and stress
involved, and perhaps the disbelief (despite genetic
counseling) that their child is at risk. Patients with a full
fragile X expansion may themselves have intellectual
disabilities and may have a hard time interpreting
the information given to them through counseling.20 A
study that analyzed PGT results of fragile X carriers noted
that there was a lack of fertility decline awareness in those
with the premutation.21 Based on these findings, it is
important that the full impact of the fragile X carrier state
be explained through genetic counseling, and a sharp
distinction drawn between the impact of fragile X versus
autosomal recessive gene pathogenic variants.
When carrier couples at risk for an affected child are

identified prior to conception, they should be counseled about
all of their reproductive options including that IVF coupled
with PGT is the only preconception method likely to prevent
the birth of an affected biological child. While this technology
continues to evolve, it requires high-level expertise in the lab;
because PGT is often not covered by insurance, it can be a
quite expensive investment for the couple. Other alternatives
include the use of donor gametes or embryos, adoption, or
early prenatal diagnostic testing.22 While these alternatives
may seem simpler, and in some instances cheaper (donor
sperm but not donor eggs), patients may have a hard time
parting with their own genome. We feel that the addition of
ECS to our practice has fortified our preconception testing
and improved pregnancy outcomes.
While most patients present to our center for infertility,

another subset presents due to having either a child or a
terminated fetus affected by a genetic disorder that the
parents had been unaware of carrying prior to conception. In
many cases, the variant would have been discovered by ECS.
Further, the couple does not have the chance to pursue IVF
paired with PGT for this pregnancy. Genetic counseling can
aid couples in making an informed decision that is best for

them. This highlights the need to broaden the use of ECS to
primary care and OB-GYN practices to increase access to all
reproductive options for all couples.
During the study period, we recommended ECS to all

patients, including those who had ethnicity-based panels. Less
than 10% of all new patients opted out of ECS, most of the
time because of lack of insurance coverage or because they
had previous genetic testing by other panels. A limitation to
our study is that within our population are patients who seek
ECS due to a family history of a specific disorder. This may
raise the rate of carrier couples found in the study. In
addition, patients diagnosed with recurrent pregnancy loss
have been found to be carriers of certain conditions such as
Smith–Lemli–Opitz syndrome and congenital disorder of
glycosolation type 1a, which could have skewed the results.23

Another limitation is the lack of detection of variants for
those of less common ethnic backgrounds who did not receive
the benefit of extensive research on their carrier status. In
addition, some diseases may have late onset as well as variable
phenotypes, which can increase patient anxiety and cause
confusion.
The detection of carriers for each of the genes tested is

dependent on the design of the test, which in turn is related to
the number of variants tested and the frequency among the
various ethnicities. While ECS attempts to override the ethnic
differences, clearly the ability to detect variants for each gene
depends on the population tested. While the population at our
center is diverse and multiethnic, it would be difficult to apply
our findings globally or nationally given the vastly different
ethnic mix.
This study represents our patient population, which is

unique and inherently different from other geographic areas,
and may vary widely in ethnic and genetic mix. Carrier rates
of various disorders are expected to change in different
patient populations. In addition, genetic screening panels
continue to expand both in breadth (more genes) and depth
(more variants). The discovery of a carrier status is thus
limited to the specific platform used at our center during the
time period studied. In all likelihood, further expanded ECS
should yield a higher carrier couple rate.

Conclusions
In summary, we present evidence that ECS is superior to
ethnicity-based genetic screening at detecting disease carriers
and carrier couples. While ACOG has taken a neutral position
in genetic screening recommendations, we believe that our
study provides additional evidence that ECS offers the richest
amount of preconception information for patients. While ECS
is increasingly offered to patients by reproductive endocrinol-
ogists, it is still inconsistently utilized in other settings. This
may be due to the perceived cost of testing, insurance
coverage, reproductive beliefs, timing, or patient’s lack of
interest in receiving this sort of information. However, our
data suggest that expanded ECS coupled with genetic
counseling may benefit all women and men contemplating a
pregnancy.
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