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Abstract

Purpose—Gaucher disease (GD) carrier screening is controversial in the medical community.
The goal of this study was to explore prenatal healthcare providers' current GD carrier screening
practices.

Methods—Prenatal healthcare providers were invited by email to complete an electronic-based
survey.

Results—A total of 1454 prenatal healthcare providers, including 209 genetic counselors, 450
midwives, and 795 physicians, completed the study. The majority of genetic counselors
(n=208/209, >99%), physicians (n=415/450, 92%), and midwives (n=634/795, 80%) currently
offer Jewish ancestry disease carrier screening to couplesin whom one or both partners are
Jewish. Of providers who offer Jewish ancestry disease screening, the majority of genetic
counselors (n=199/208, 96%) and physicians (n=352/415, 85%) always or sometimes offer GD
screening whereas the majority of midwives (n=357/634, 56%) never offer GD screening.

Conclusion—This study presents the first report of prenatal healthcare providers' GD carrier
screening practicesin North America. Our results indicate that GD carrier screening is being
offered at a high rate within the scope of Jewish ancestry-based carrier screening. This may
highlight a need to move away from the debate as to whether GD carrier screening should be
offered and, instead, focus on how best to provide GD carrier screening services.
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INTRODUCTION

Carrier screening for genetic diseases common in the Ashkenazi Jewish population has
become standard of care in the prenatal and preconception settings. Recommendations for
testing and the inclusion of certain disorders are available through the American College of
Obstetrics and Gynecology (ACOG)?, the American College of Medical Genetics
(ACMG)?2, and the Society of Obstetricians and Gynecologists of Canada (SOGC)3.

Correspondence should be addressed to: Dana Falcone, University of Pennsylvania, Center for Neurodegenerative Disease Research,
3600 Spruce St., 3" rd )y Maloney, Philadelphia, PA 19104, Phone: 215-615-3226, Fax: 215-349-5909, cdana@upenn.edu.

Conflict of Interest Notification
No conflicts of interest.



a1 ewRrMS DRI ewRreMS

a1 rewRerMS

Falconeet a.

Page 2

However, the various professional organizations differ in which diseases to include when
offering carrier screening to individuals of Ashkenazi Jewish descent. One diseasein
particular that has been controversial is Gaucher disease (GD).

Mutationsin glucocerebrosidase (GBA) cause GD, an autosomal recessive lysosomal
storage disease with variable phenotypes ranging from a perinatal-lethal disorder to an
asymptomatic form. GD is characterized by hepatosplenomegaly, anemiaand
thrombocytopenia, bone lesions, and pulmonary disease, with (neuropathic) or without (non-
neuropathic) neurological symptoms?. The frequency and distribution of GBA mutations
varies between different ethnic and racial groups and is highest in the Ashkenazi Jewish
population, where between 1 in 12 and 1 in 16 individuals are carriers*>. One mutation,
N370S, accounts for 70% of the mutant alleles found in the Ashkenazi Jewish population
and is considered amild mutation, protective against severe neuropathic involvement®. Less
than 1% of individuals who are not of Ashkenazi Jewish descent are believed to be carriers
for GD and the associated GBA mutations are more diverse®. There is wide phenotypic
variation between individuals with GD, even between patients sharing the same GBA
mutation.

Due to the variable phenotype of GD, carrier screening is controversial. Currently, ACOG
and SOGC do not recommend carrier screening for GD in the absence of a family history: 3.
In contrast, ACMG recommends that carrier screening for GD should be offered to all
individuals of Ashkenazi Jewish descent2. Despite the controversy over what diseases to
include, the Ashkenazi Jewish carrier screening panel that is commonly offered by
laboratories throughout the US includes mutations that cause GD”.

The adoption of preconception and prenatal carrier screening in the Ashkenazi Jewish
population has been high. GD carrier screening was first introduced to the Ashkenazi Jewish
population in the early 1990s as part of a screening panel, which also included testing for
Tay Sach’s disease and cystic fibrosis®. A pilot study in 1997 revealed that 95% of
individuals accepted carrier screening for the panel that included GD®. A recent study
determined the carrier frequencies of 16 recessive disorders common in the Ashkenazi
Jewish population, including GD, and evaluated which diseases were selected for
screeningl®. The study found that all individuals selected a carrier screening panel that
included GD, suggesting that the Ashkenazi Jewish population is supportive of multiple
disease carrier screening panels which include GD.

Recently, mutationsin GBA have also been associated with about a 5-fold increased risk of
Parkinson disease (PD), a neurodegenerative disorder characterized by resting tremor, slow
movements, postural instability, and rigidity1. Exploration into the responsibility of
healthcare providers to relay this new information to patients is necessary and will proveto
be highly advantageous in uncovering the best way to educate patients on the implications of
their genetic testing results. Before exploring opinions on disclosing information about the
link between GBA mutations and PD, it would be useful to evaluate healthcare providers
current carrier screening practices for GD. While there are a number of studies evaluating
patients acceptance and interest in carrier screening for panels of diseases including GD,
thereislittle information concerning the extent to which healthcare providersin North
Americaare offering GD carrier screening tests. In this study we assessed genetic
counselors’, physicians', and midwives current GD carrier screening practices.

Genet Med. Author manuscript; availablein PMC 2012 December 26.



a1 ewRrMS DRI ewRreMS

a1 rewRerMS

Falconeet a.

Page 3

MATERIALS AND METHODS

Participants

Eligible participants were genetic counselors, physicians, and midwives with current
experience in prenatal care. All study activities were approved for exempt status by the
University of Pennsylvania Institutional Review Board. Members of the National Society of
Genetic Counselors (NSGC), American Medical Association (AMA), and American College
of Nurse-Midwives (ACNM) were invited to participate in the study by email. The email
invitation included a description of the purpose of the study and alink to the anonymous
online survey at SurveyMonkey.com. To maximize the survey response rate, $1 was donated
for every completed survey to the March of Dimes (up to a maximum of $500) and
participants were offered the opportunity to enter an email address in araffle to win aprize.
To ensure anonymity, email addresses entered in the raffle were not linked to the compl eted
survey.

Genetic counsel ors were contacted through the NSGC listserv in December 2010 and
January 2011. Approximately 470 prenatal genetic counselors subscribed to the listserv at
that time and 213 responded to the survey; aresponse rate of 45%. Midwives were contacted
through the ACNM membership email list in December 2010. A total of 4079 email
invitations were sent, 3993 emails were delivered, 1443 emails were opened, and 882
responded to the survey; a 61% response rate of the opened emails. A sample of 18,678
prenatal care physicians was randomly selected from al physiciansin the AMA Physician
Masterfile with a primary specialty in obstetrics and gynecology, obstetrics, maternal fetal
medicine, or reproductive endocrinology and infertility in December 2010 and January
2011. A total of 16,826 email invitations were delivered, 999 emails were opened, and 488
responded to the survey; a 49% response rate of opened emails. Healthcare professionals
who did not currently provide care to preconception or prenatal patients (ex. Gynecological
Oncologists, Administrators, etc.) or did not complete the entire survey were excluded from
the analysis. Surveys submitted by atotal of 209 genetic counselors, 450 physicians, and
795 midwives were used for the final analysis.

Structured Survey

A structured survey was designed based on aliterature review of current prenatal carrier
screening practices and ethical issues related to medical genetics'2-18, Questions were
reviewed by a bioethicist, reproductive geneticist (M.M.), and biostatistician (S.X.X.) for
clarity, readability, and ability to assess the goals of the study. The survey included
guestions about demographics, current GD carrier screening practices, current awareness of
an association between GD carriers and an increased risk of PD, and opinions of healthcare
providers responsibility to or not to inform patients of this association. The results from the
portion of the survey looking at current awareness of an association between GD carriers
and an increased risk of PD, and opinions of healthcare providers responsibility to or not to
inform patients of this association will be reported separately. Genetic counselors,
physicians, and midwives were sent separate links to the survey asthe initial 2—-3 questions
of the demographic section, assessing years of experience and primary area of practice, were
provider specific. The remainder of the survey was the same for each provider group. The
survey was piloted on atotal of 10 genetic counselors, midwives, and physicians and no
modifications were required.

Data Analysis

All data were coded and analyzed using SPSS for Windows 17.0 (SPSS, Inc. Chicago, IL).
Participants were asked in what state they currently practice. States were then grouped into
the categories shown in Table 1. Descriptive statistics were calculated for all variables
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measured, including frequency counts and percentages. Chi-squared tests were used to
examine whether there were any significant demographic differences between genetic
counselors, physicians, and midwives. Binary logistic regression was used to examine
differencesin variables that might be associated with offering Jewish ancestry disease
carrier screening and GD carrier. For the logistic regression, residency was combined with
04 years of prenatal experience, age category 70+ was combined with 60-69 years, non-
Caucasian ethnicities were combined and compared to Caucasian, and non-Jewish religions
were combined and compared to Jewish. Participants were asked if they would offer GD
carrier screening in seven different scenarios. Due to the fact that 100% of genetic
counselors answered yes to the scenario “ Reproductive partner has Gaucher disease or isa
known carrier”, we conducted an exact logistic regression with provider type as the only
predictor in the model for this question. Individuals who choose “ prefer not to answer” for
gender, ethnicity, age, and religion, as well as participants from Canada or who did not
provide a state, were excluded from the logistic regression analysis. Statistical significance
was set at the 0.05 level.

Demographics

The demographic characteristics of the 1454 participants are shown in Table 1. The mgjority
of participants were female (n=1229; 85%), Caucasian (n=1287; 89%), and Christian
(n=939; 65%). There was awide range of ages, years of experience in prenatal care, work
setting, and US geographical region among participants. Genetic counselors, physicians, and
midwives differed significantly from each other for a number of demographic factors
including years of experience in prenatal care, age, gender, ethnicity, religion, and work
setting. Of the 450 physicians, 71% (n=318) were general obstetrician-gynecologists, 22%
(n=97) were maternal fetal medicine specialists, 4% (n=20) were general gynecologists, 3%
(n=13) were reproductive endocrinology and infertility specialists, and <1% (n=2) were
‘other’ speciaties. Midwives were asked to select al of the primary areas of practice that
constituted twenty percent or more of their practice activity; of the 795 midwives, 97%
(n=772) were in prenatal care, 78% (n=623) werein labor and delivery, 65% (n=519) were
in gynecological/family practice, and 10% (n=78) were in ‘other’ areas of practice.

Screening Practices

The mgjority of genetic counselors (n=208/209, >99%), physicians (n=415/450, 92%), and
midwives (n=634/795, 80%) currently offer Jewish ancestry disease carrier screening to
couplesin whom one or both partners are Ashkenazi Jewish. However, genetic counselors
(odds ratio (OR)=75.09; 95% confidence interval (Cl1)=10.02, 562.53) and physicians
(OR=4.41; Cl=2.34, 8.33) were significantly more likely to offer Jewish ancestry disease
carrier screening compared to midwives (XZ(Z, N=1389)=82.03, p<.001). Using logistic
regression to control for al demographic factorslisted in Table 1, prenatal years of
experience (y2(5, N=1389)=16.04, p=.007), work setting (y2(3, N=1389)=16.09, p=.001),
age (x2(4, N=1389)=12.43, p=.014), gender (x2(1, N=1389)=10.77, p=.001), and US region
(X2(5, N=1389)=29.76, p<.001) were also found to influence whether participants offered
Jewish ancestry disease carrier screening. Participants with 04 (OR=.23; Cl=.01, .52) and
5-9 (OR=.25; Cl=.12, .55) years of experience in prenatal care were significantly associated
with reduced odds of offering Jewish ancestry disease carrier screening compared to
individuals with over 25 years of experience. Maes (OR=.30; Cl=.15, .62) were
significantly lesslikely to offer Jewish ancestry disease screening compared to females.
Individuals of ages 4049 (OR=3.48; Cl=1.72, 7.03) and 50-59 (OR=2.04; Cl=1.15, 3.61)
years were significantly more likely to offer Jewish ancestry disease carrier screening
compared to individuals over the age of 60 years. In addition, participants that practiced in a
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private practice (OR=2.03; Cl=1.33, 3.12) or university medical center (OR=2.26; CI=1.25,
4.07) compared to those who practiced in public medical facilities, and participants who
practiced in the northeast (OR=5.71; Cl=1.95, 16.72) compared to the west were
significantly more likely to offer Jewish ancestry disease screening.

Of those providers who offer Jewish ancestry disease screening, the majority of genetic
counselors (n=199/208, 96%) and physicians (n=352/415, 85%) always or sometimes
(always/sometimes) offer GD carrier screening whereas the majority of midwives
(n=357/634, 56%) never offer GD carrier screening (Figure 1). Similar to the findings for
offering Jewish ancestry disease screening, genetic counselors (OR=75.18; CI=25.86,
218.54) and physicians (OR=7.92; CI=5.06, 12.39) were significantly more likely to always/
sometimes offer GD carrier screening compared to midwives (X2(2, N=1200)=224.75, p<.
001). Work setting (x (3, N=1200)=9.45, p=.024), US region of practice (x %(5,
N=1200)=40.85, p<.001), and religion (Xz(l, N=1200)=14.84, p<.001) were found to
influence whether participants always/sometimes include GD disease when offering Jewish
ancestry based carrier screening. Participants that practiced in a private practice (OR=1.65;
Cl=1.11, 2.45) or university medical center (OR=2.04; CI=1.26, 3.31) compared to those
who practiced in public medical facilities, and participants who practiced in the northeast
(OR=2.12; CI=1.29, 3.50) or mid-Atlantic (OR=2.94; Cl=1.83, 4.70) compared to the west
were significantly more likely to always/sometimes include GD disease when offering
Jewish ancestry based carrier screening. Individuals who reported their religion as Jewish
(OR=2.71; CI=1.59, 4.64) were significantly more likely to always/sometimes offer GD
carrier screening compared to individuals of other religions.

Gaucher Disease Education Practices

The majority of genetic counselors (n=172/199; 86%) and physicians (n=231/352; 66%)
indicated that their patients always or sometimes receive GD education prior to GD carrier
screening, compared to 45% of midwives (n=125/277). The number of providers that
indicated that their patients receive GD education after carrier screening was increased
compared to the number providing education prior to screening for all three provider groups
with 89% of genetic counselors (n=177/199), 86% of physicians (n=303/352), and 68% of
midwives (n=187/277) choosing always or sometimes (Figure 2).

Healthcare providers were asked to indicate all individuals who provide GD education both
prior to and after GD carrier screening. Participants indicated that the majority of GD
education was provided by genetic counselors both prior to (n=451/528, 85%) and after
(n=638/667, 96%) GD carrier screening. In addition, prior to GD carrier screening, 36%
(n=192/528) of providersindicated that GD education was provided by the patient’s OB/
GY N or midwife and 9% (n=45/528) indicated that other sources of education were used
including a staff nurse or nurse practitioner (n=28), written material (n=9), geneticist (n=4),
medical assistant (n=3), physician assistant (n=2), or perinatalogistyMFM (n=2). After GD
carrier screening, 17% (n=114/667) of providersindicated that GD education was provided
by the patient’s OB/GY N or midwife and 3% (n=21/667) indicated that other sources of
education were used including a geneticist (n=8), perinatologist‘MFM (n=7), staff nurse
(n=4), or physician assistant (n=2).

Gaucher Disease Screening Settings

Healthcare providers were asked if based on their current practices they would offer GD
carrier screening for seven different scenarios. Overall, the majority of healthcare providers
(97%; n=1415) indicated that they would offer GD in one or more of the possible scenarios.
The patient having afamily history of GD was the most frequently selected option, followed
very closely by the reproductive partner having GD or being a known carrier, the
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reproductive partner having a family history of GD, and the patient requesting the test
(Table 2). Almost three-quarters of providers stated they would offer GD carrier screening if
the patient was Ashkenazi Jewish and almost two-thirds would offer screening if the
reproductive partner was Ashkenazi Jewish. Only one-third of healthcare providers reported
they would offer GD carrier screening if the patient requested all available tests. Midwives
were significantly more likely to offer genetic testing in situations where the patient
specifically requested GD carrier screening compared to physicians (OR=.41, Cl=.28, .77)
or genetic counselors (OR=.47, CI=.28, .77) (x2(2, N=1389)=20.27, p<.001). Midwives
were less likely than both physicians and genetic counselors to offer GD carrier testing in
situations in which the patient (physician: OR=4.05, CI=2.69, 6.09; genetic counselors:
OR=8.33, Cl=4.67, 14.82; (2, N=1389)=102.37, p<.001) or reproductive partner
(physician: OR=2.39, CI=1.71, 3.35; genetic counselors: OR=3.24, CI=2.13, 4.93; X2(2,
N=1389)=48.16, p<.001) was Ashkenazi Jewish. Midwives were also less likely than both
physicians and genetic counselors to offer GD carrier testing in situations where the
reproductive partner was a known GD carrier or had GD (physician: OR=42.59, C|=7.81,
infinity; genetic counselors: OR=3.86, Cl=2.22, 7.10, exact test p value < 0.0001) or if the
reproductive partner had afamily history of GD (physician: OR=3.44, C|=1.94, 6.11;
genetic counselors: OR=6.09, Cl=2.72, 13.64; X2(2, N=1389)=39.70, p<.001).

DISCUSSION

This study presents the first report of prenatal healthcare providers' GD carrier screening
practices in North America. Offering GD carrier screening in the preconception and prenatal
settings in the absence of afamily history remains controversial. The National Institutes of
Health (NIH) Technology Assessment Panel on GD recommends against population carrier
screening due to the broad range of clinical outcomes and uncertain prognosis, lack of public
and professional awareness of GD, and the availability of effective treatment1®. Consistent
with the NIH recommendations, ACOG and SOGC do not recommend popul ation based
carrier screening for GD 3. However, ACMG recommends that carrier screening for GD
should be offered to all individuals of Ashkenazi Jewish descent2. The clinical utility of
offering GD carrier screening is aso debatable as the most common mutation in the
Ashkenazi Jewish population, N370S, usually leads to amild or symptomless phenotype and
those who are affected can be effectively treated with enzyme replacement therapy20. In
response to the ACMG recommendations, one author expressed concerns that while
individuals should be informed of all available tests and arrive at their own, independent
choice, it cannot be ignored that carrier screening for GD, alow penetrance, treatable
disease, may lead to questionable pregnancy terminations?!. However, the ACMG
guidelines were established through a conference that was attended by medical professionals
and community representatives. The community representatives, including GD support
groups, advocated that couples should be given choices and recommended that education
and support for GD carrier screening be provided?2. The NIH technology assessment panel,
while recommending against population-based carrier screening, stated that cultural mores
within specific communities should be considered and may justify screening®.

Despite the controversy, carrier screening for GD isavailable and is often included in
Ashkenazi Jewish ancestry multiple disease carrier screening panels offered by laboratories
throughout the US’. In addition, due to the lobbying of a special interest group, starting in
2012 the state of Illinois will begin to require that newborn screening include GD23-24, A
few studies have examined the general population’sinterest in and uptake of GD carrier
screening but, to the best of our knowledge, no studies have examined if prenatal healthcare
providers are offering GD carrier screening in North America®10. Our results indicate that
GD carrier screening is being offered at a high rate within the scope of Jewish ancestry
based carrier screening. Thisfinding is consistent with the fact that GD is often included in
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carrier screening panels. Interestingly, healthcare providers that listed their religion as
Jewish were significantly more likely to offer GD carrier screening compared to healthcare
providers that were non-Jewish. This finding is consistent with early studies that indicated
the adoption of carrier screening for GD in the Ashkenazi Jewish population is high and
suggests healthcare providers who are Jewish are more likely to support GD carrier
screening.

Overdll, the current GD carrier screening practices of physicians and genetic counselors
tended to be similar, while more apparent differences occurred within the midwife
population. The majority of genetic counselors and physicians who offer Jewish ancestry
disease carrier screening always or sometimes include GD, whereas the majority of
midwives never include GD. It cannot be determined from this study if the variation in
offering GD carrier screening is related to the different guidelines published by ACOG and
ACMG, but it is possible the different guidelines published by ACOG and ACMG may play
arole. Further research could elucidate whether ACOG or ACMG guidelines play arolein
explaining the differing clinical practices. Similarly, the majority of genetic counselors and
physicians indicated that their patients receive education on GD prior to screening compared
to less than half of the midwives patients. While the majority of midwives indicated that
their patients receive education on GD after carrier screening, this number was still less than
the genetic counselor and physician patients. Those participants that indicated they are
providing GD education after carrier screening are most likely only offering education to
those individuals who are identified as carriers. The reasons for the differencesin GD carrier
screening and education practices between genetic counsel ors/physicians and midwives
cannot be determined from this study. Understanding the GD carrier screening practices
within the midwife profession may warrant further study.

Demographic characteristics also influenced whether healthcare providers offered Jewish
ancestry screening or included GD when offering screening. Providers who had more years
of experience in prenatal care, were between the ages of 40-59 years, were female, practiced
in the northeast, or who practiced in a private practice or university medical center were
more likely to offer Jewish ancestry screening. Providers who practiced in a private practice
or university medical center, or in the mid-Atlantic or Northeast were significantly more
likely to include GD when offering Jewish based carrier screening. Whether these
differences are due to the different recommendations set forth by ACOG and ACMG
remains to be seen. The differences observed between various US regionsin offering Jewish
based ancestry screening and including GD when offering screening may be due to the
number of individuals of Jewish ancestry who reside in these areas, with the northeast and
mid-Atlantic regions having a higher Jewish population?®. This again reflects the rate of
acceptance of ancestry based carrier screening, including GD, in this population.

The majority of healthcare providers would offer GD carrier screening in at least one of the
seven listed scenarios (Table 2). However, there were noted differences between midwives,
physicians, and genetic counselors for the possible scenarios in which they would offer GD
screening. Genetic counselors and physicians were less likely than midwives to provide GD
carrier screening because the patient specifically requested the test. While the difference
between genetic counselors and physicians was not statistically significant, of all three
groups, genetic counselors were the least likely to offer GD carrier screening because the
patient requested the test. It is possible that a proportion of genetic counselor respondents
may be anticipating that some individuals who request GD carrier screening may not
actually be appropriate candidates for GD screening and therefore either would not offer GD
carrier screening or were unsure if they would offer screening. While the majority of
midwives would offer GD carrier screening, they were still significantly less likely to offer
screening in scenarios relating to Jewish ancestry, family history of GD, or known carrier
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status in the reproductive partner than physicians and genetic counselors. This finding
suggests that either their current practices do not include providing GD carrier screening in
those given scenarios, or that midwives are less aware of these factors as indicators for GD
carrier screening, which in turn indicates a need for genetics education. Many authors have
echoed the need to increase genetics education for primary care providers, including nurses,
and efforts to define genetic competencies and improve genetics education are
underway26-28,

Study Limitations

Conclusions

Theintroductory email invitation describing the study stated that the purpose of the study
was to gather information about current GD carrier screening practices. It is possible that
thereisaresponse bias if individuals with experience and familiarity with GD carrier
screening were more likely to respond to the survey. Weincluded atotal of 209 genetic
counselors, 450 physicians, and 795 midwivesin the final analysis, which represented 14%,
31%, and 55% of our study population, respectively. The provider population of this study is
not representative of the obstetric provider population in the US. The relatively low number
of obstetricians who participated compared to midwives appears to relate to the low portion
of e-mailsthat were opened by the physician group. This may be due to the fact that the
midwives were accessed through their primary professional organization whereas the
obstetricians were accessed through the AMA Physician Masterfile. However, we
considered the response rate of 49% to be good among physicians who opened the e-mail.
The design of this study allowed for differencesin GD carrier screening practices between
the various healthcare professionals to be observed but did not allow for ascertainment of
the reasons for these differences.

Theresults of this study indicate that GD carrier screening is commonly offered in the
prenatal and preconception setting. In addition, GD carrier screening has been available for
over 20 years, has been widely accepted by the Ashkenazi Jewish population, and is
commonly included in Jewish ancestry carrier screening panels offered by laboratories. This
may highlight a need to move away from the debate as to whether GD carrier screening
should be offered and, instead, focus on how best to provide GD carrier screening services
and address whether PD risk information should be included. It may be reasonable to
recommend detailed genetic counseling regarding GD prior to offering carrier screening so
that individuals can make atruly informed decision. The counseling should include a
discussion about 1) the possible difficulty of having to make a decision on whether to pursue
prenatal diagnosis and possible termination for a condition with reduced penetrance,
variable severity, and effective treatment and 2) that carrier screening for GD may reveal
that an individual has amild or asymptomatic form of GD. The authors are currently
conducting further research to explore the general public’s opinions on GD carrier screening
information and servicesin order to further guide GD carrier screening recommendations.
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Figure 1.
How often healthcare providers include Gaucher disease carrier screening when offering

Jewish ancestry disease carrier screening.
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Figure 2.
How often patients receive Gaucher disease education prior to and after carrier screening.
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