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ABSTRACT OF THE THESIS
PatientSurveyon Prenatal Testinfpr FetalGenetic Conditions and Traits

By DEIRDRE A. SUMSKI

Thesis Director:

Elena Ashkinadze
Our aim wago assess patient opin®on prenatal genetic texj to determinavhich
healthrisks, physical taits, and genetic conditionsatients are interested in learning
abouttheir unborn childWe analyzed factors such iedigion, educationand familiarity
with disability toassess whether these influence patient preferences on fetal tedting an
termination of pregnancy due taleagnosisWe categorized conditions asrign, mild,
moderate and sever&Ve found that patientsere highly motivated to leambout a
range of fetal conditions including benign, mild, moderate, and sewadkions via
norrinvasive testingHowever they weregenerally only interested in follow up
diagnostic fetal testinfpr severdetal indications.We found that patients waid not
indicate areligiousaffiliation were 7.5 times more likely to considaursue termination
due toa fetal indication tan those individualsvith areligiousaffiliation. A patient’s
level of educatiormnd familiarity with disability wer@ot significant factain
determining preferences for prenatal testing and termination for fetal indicd@mns.
adult onset conditiongatierts were highly motivatetbr fetal screening using nen
invasive technologybut werdess inclined to pursue follow up diagnodesing and
significantly less likely to pursue terminatiaha fetus was confirmed to be at riskhis

raises an ethnical consideration on whether prospective parents have the right to have this



information for adult onset conditions. Our data shows sateeesting insight into the

type of information prospective parents may be interested in learning about their unborn

child.
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Introduction

Several studies have evaluated patient and parental attitudes towards Down syndrome
and trisomy sreening during pregnanc¥, 2. However limited data is available

regarding general patient perspectives on assessigmgick for genetic diseases or non
health related traits. Historicallipown syndrome and other trisomies have been the
main focus of prenatal genetic testing. Howetlegse are more prevalent in higbk

patient populations; particularlyomen ofadvanced maternal ag&lith rapidly evolving
technology, prenatal screening and diagnostic testing has evolved beyond the common
aneuploidies Patients will continue to have increased opportunities to learn genetic

information regarding their fas (3).

Previousstudies have evaluated parental perspective in targeted populations, already
impacted by one specific condition, suchledassemigsystic fibrosis pediatric
deafnessTreacherCollins syndromeMuenkesyndrome and sickle cell aném

(4,5,6,7,89). The limitations of these studies are ttietsefamilies have already been
impacted by the genetic condition and the focus is limited to one specific disease. No
study has yet been undertaken to query the general population regarding their views on

genetic testing for a diverse group of fetal diseasekfetal norhealth related traits.

This study assesses patient opinions on prenatal testing for various health-aedthon
related characteristics, and compaméether patients would utilize noninvasive or
invasive methodologies to learn informati@yarding their fetusCurrently in the

United Statescell free DNA screening (cfDNA) in maternal serigsibeing routinely



used as a screening tool for Down syndromsomy 18.trisomy 13,and the common

sex chromosome aneuploidieRecently cfDNA screens have been developed to also
include select microdeletions and sopamels even includall chromosome assessment
(10). Cell free DNA screening for single gene disorders is also available in the United
States on a limited basi$1,12,13. The applcation of cell free DNA for diagnostic
purposes is currently being utilizéal achondroplasia and thanatophodigsplasia in the
UK NationalHealth Service (NHSapproved in 201214). Additionally NIPD is nowin
clinical practice inthe UK NHS for cystic fibrosisspinal musculaatrophy,and

Duchenne muscular dystropfd2, 15, 16,17). NIPD is also being done for various
monogenic disorders for known mutatianghe United Statefl2). The application of

this technology will contine to advance and diversify. Therefaitds important to study
patient preferences regarding fetal testing and evaluating the testing modalities and
interventions these patients would consider.

With rapidly evolving advances in genetic testing, it ig/mpwssible to test prospective
parents for hundreds of conditions to assess their carrier status and determine if their
future offspring aret risk for arecessivalisorder(18,19). At the same time it as become
commonplace for patients &zcess talirectto-consumer test® learn aboutertain
physical traits such as freckles, hair/e@pdor, and lactose intoleranc20j. Moving

forward it would not be surging if patients were t@eek this infomationabout their
unborn child Often tchnological advances outpace the ethical and clinical
considerations and professional guide$ outlining implementation. As part of
understanding the impact of novel technology, it is important to study patient preferences

and how they would use thisformation during their pregnancies.



We surveyed patients tieterminevhen they were most likely to pursue an
amniocentesis following a positive screening reaotf under what circumstances they
would pursue a termination of pregnancy for a fetal diagnim this study we determine
if patients are interested in learning whether their unborn child is at risk for certain
physical traits and genetic conditions and what factors may motivate them towards
wanting genetic testingThere is very limited dataxploring patient opinions on possible
future uses of NIPT, and diagnostic testifige information gained mayelpshape the

type of testing available to expectant parents in the future.



Materials and Methods

Sample andProcedures

An anonymous survewas digributedto all patient and their partners (if present) who
came for prenatal or pgregnancy genetic counseliriyl patient werel8 years of age
or older This study was conducted at a single $texinatal Genetgat Rutgers, Robert
Wood Johnson Medical SchoolNew Brunswick, NJThe surveys were distributed
from October to December 2019strudions for survey completion weprovided on
the surveyThis study was approved by the Rutgers IRExcumentation of consent was
waived for thisstudy; however, the subjestvereconserntdwith a longform consent
attached to the front of each surv&@ompleted surveys weptaceddirectly by the
patientsn asecure designated box andllectedat the end of the dayConditions were
categorized based on cognitive impact, age of onset, quality of life, and available

treatment/management.

Instrumentation

The investigatorcreated survey consisted @19-item questionnairdivided in to 5
sections. Sections wesrdemographics and background ({uBestions)Non-invasive

testing preferences “maternal blood test” (1 question assessing 24 different

conditions/traits), invasive testing preferences “amniocentesis” (1 question assessing 24
different conditions/traits), termination preferences (1 question assessing 24 different
conditions/traits), and targeted questions (3 questidh)first parof the survey

contairs demographic information, excluding persbitentifiers, and assesses the

participants’ familiarity with genetic diseases and genetic counseling. The second part of



the surveyassesses their opinions towards certain genetic tests for a variety of traits and
conditions. The majority of questionsaluated level of agreement using-pdint Likert
scale. Since all survey questions were voluntary, a fluctuation in question specific
response rate was possiblEhe entire survey is attached datleledaspatient opinion

study sirvey in the appendix.

Data Analysis

For two-by-two contingency tables, analyses were conducted using a Fischer exact test
with statistical significance set at 0.05 level. For variables that were yes or no answers, a
chi square goodness of fit test was conducted and witffisagrt significance set at a

0.05 level



Results

In total, 71 patients compled the survey, resulting in a 28.4% response rate based on the
250paper surveys that were distribut@articipants wer87% femaleand 55%
CaucasianThe youngest participant was 18 and the eldest was 66, with a mean age of
32.The majority 70%) of respondentsere pregnantAlmost half of respondents (49%)

did not have children, and 51% had at least one chiild.majority (85%) hd an

education level of collegyor higher, with only 15%aving completed some high school

or graduated from high schodighty-three percent83%)indicated they associated with

a religion, wih themost single common religion identified as Roman Cath{@B8%)
Seventeen percent identified as wreligious.The majority of respondents (70%)
selectecEnglish as their primary language. However the remaining 30% indicated a wide
varietyof primary languages includin@panishArabic, Ashantj Chinese Gujarati
Japanese&RussianTagalog Telugy Urdu, andVietnameseTwenty percent of
respondentseporteda personal or family history of disability or genetic condition, and
were considered to have some familiarity wdthability. The demographic and targeted

guestions results are reflected in Tabkendl Figure 1



Table 1.Responder demographics and targeted questions

Female
Male

2

18to 34 38 56%
35 to 66 30 44%
Some High school/High school 11 15%
College 32 45%
Graduate/Professional 28 40%
Asian 12 17%
Black 7 10%
Caucasian 39 55
Other 12 17%
Did not answer 1 1%

| Ethnicity
Hispanic 14 19%
Non-Hispanic 56 80%
Did not answer 1 1%

| Income
<$30,000 12 17%
$30-60K 13 18%
$60-100K 16 23%
100-200K 19 27%
>200K 9 13%
Did not answer 2 2%

| Religion | 0 ]
Buddhist 2 3%
Christian 17 24%
Hindu 3 4%
Jewish 8 11%
Muslim 3 4%
Roman Catholic 20 28%
Other 6 8%
None 12 17%

| Number of Children ||
No children 35 50%
One child 19 27%
Two children 11 15%
Three + children 6 8%




Table 1.Responder demographics and targeted questioms)(

I would NOT want this information

| would ONLY want info abousevere
diseases that would cause disability in
the first decade of life

I would want to learn about severe
conditions any conditions which may
have an impact on the health of the
child at any point in their life

| would want toknow about conditions
and physical traits like height

Never

Before marriage
Preconception
Once a preghancy

8%

30%

52%

10%

6%
7%
52%
35%

0.5% (1 in 200)
1% (1 in 100)
5% (1 in 20)
10% (1 in 10)
25% (1in 4)
50% (1 in 2)

12
12
14
13

11

6%
6%
21%
19%
7%
16%




Figure 1.lmagine there was a blood test that you and your partner could have which
could tell you whether your unborn child/children would be at risk for hundreds of
genetic traits/condition®espondents were asked which statement best reflects their
opinion on a blood test for genetic conditions

Which statement best reflects your opinion on a blood test for genetic conditions?

I would wanttoknow__
about conditions and
physical traits like
height

10%

| would NOT want this
information
8%

| would ONLY want
info about severe
diseases that would
cause disability in the
first decade of life
30%

| would want to learn
about severe conditio
any conditions which
may have an impact on
the health of the child
at any point in their life
52%
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_ : : f lassified | ity of it
We found that respondents were significantly more likely to pursuénvasive testing
The majority67/71 (94%) of respondentgould likely/definitely pursueon-invasive

testing forat least one or more conditighable 2) (Figure 2) With increasing severity

of the conditions, the uptake rates for noninvasive testing increased.

Table2. Norrinvasive testing preferences

Non-Invasive Counts Percentages
Testing
Yes 67 94%
No 4 6%
Total 71 100%
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Figure 2.Noninvasive testing preferences categorizeadydition/ trait severity
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Under the benign conditiatategory thaincluded; Hair/eye colosuperiorathletic skills,
musical talentcurly hair,andheight, 29/71 (40%) of respondentsould likely/definitely
pursue nosinvasive testing for at leashe or more benign conditionofy-two or 60%
of respondents were unsure, unlikely, or definitely not interested in pursuing non
invasive testing for all of the benign conditions list€de trait that most patients were

interested in learning the fetal status Wwag and eye color (§ure 3).

Under the mild condition categotigatincluded;asthma,nut allergy,depressionpbesity,
andlearning problems$8/71 (826) respondents would likelgefinitely pursue non
invasive testing for at leashe or more mild condition (Table 3). We found that
respondents were significantly more likely to pursue-imvasive testing for mild
conditions(Figure 3.

bl . ing f id litions
Non-invasive Counts Percentages
Testing preferences

for Mild conditions

Yes 58 82%
No 13 18%
Total | 71 100% |

Under the moderate condition category which includhedring lossAlzheimer’s < 40,
cancer adulthoodschizophreniagutism,cancer childhood, andindness/vision loss
66/71(92.9%) of respondents would likédiefinitely pursue notinvasive testing foat

least one or moref themoderate condition(Figure 3.
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Under the severeondition categoryvhich included; Down syndromejental
retardation, fatal condition first decade of libgstic fibrosis muscle condition
presenting irchildhood,and a fatatondition in infancy67/71 (94.3%) of respondents
would likely/definitely pursue nofnvasive testing for at leashe or more severe

conditions(Figure3).

. . : lassified | ity of conditi

We surveyed espondentsn their willingnesdo pursudetal diagnostic testingue toa
positive screening resulbr various conditions/traitsThe majority 56/71 (78.9%) of
respondents would likely/definitelyursue amniocentedisr at least one or moevere

condition(Table 4 (Figure 4.

b I : . [ : itions

Invasive Counts Percentages
Testing_]

Yes 56 78%

No 15 22%

Total | 71 100% |
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Under the benign condition categdr§/71 (23%) of respondents would likétefinitely
pursue amniocentesis fon® or more conditiorFifty-five or (77%) of respondents were
unsureunlikely, or definitely not interested in pursuing riovasive testing for all of the
benign conditions listedRespndents were significantly less likely poirsue invasive

testing for benign condition@able 5)(Figure 5.

Table 5.0venall Invasive Testing Preferences

Invasive testing Counts Percentages
preferences for benigr
traits

Yes 16 22%
No 55 78%
Total 71 100%

Under themild conditioncategory 36/71 (51%) aEspondents would likelgiefinitely
pursue amniocentesfor one or more condition. Thirfjve (49%)of respondents were
unsure, unlikely, or definitely not interested in pursuing-mwasie testing for all of the
mild conditiors listed.Respondents were not significantly more likely to pursue invasive
testing for mild conditions as observed in the context ofineasive testing for mild

conditions(Figure 5.

Under the moderate condition categdfy71 (70%) of respondents would
likely/definitely pursue amniocentsgor one or more condition. Twenbne out of 71
(30%) of respondents weomsure, unlikely, or definitely not interested in pursuing-non

invasivetesting for allof the beign conditions listed (Figure)5
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Under thesevere ondition categonb7/71 (80%)of respondents would likelgefinitely
pursue amniocentesis for one or more conditiditeenout of 71 (20%) of respondents
wereunsure, unlikely, or definitely not interested in pursuing-mwaswe testing for all

of the severe conditions list€Figure 5.
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Figure 6 The number of respondents who would likely/definifglysuenon-invasive
and nvasive testindor various conditions/traits

Patients were significantly more likely to pursue testing for a range of fetal indication via
norrinvasive testinggscompared to invasive testing9 respondents would

likely/definitely pursue nosnvasive testing for benign conditions/trast only16

would likely/definitely pursuénvasive testing for benign conditions/tralf8e evaluated

the attrition which we defined as the percentage of patients who would stop at
noninvasive testing and not continue to diagnostic confirmatory teskimgattrition rate

for benign conditions i45% (Figure. 6).
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For mild conditions50 respondents would likely/definitely pursue riowasive testing

and 36 would likely/definitely pursue invasive testimge attrition ratéor mild

conditions wa$5%. This was surprising because we would have expected the attrition
rate to be highest for the benign trait catedéiigure. 6).

Formoderate condition$6 would likely/definitely pursue nemvasive testing, and 50
would likely/defintely pursue invasive testing. Theraion ratefor moderate condition

is 24% (Figure. 6).

For severe condition$7 respondents would likely/definitely pursuerinvasivetesting
and 57 would likely/definitely pursue invasive testing for severe dondithe attrition

ratefor severe conditions was the lowesiL&% (Figure. 6).

o [
Thirty-five percent (27/71)esponed thatthey would not consider terminationf
pregnancyfor any of the conditionbsted Sixty five percent (46/7lfespon@d thatthey

would consider termination for at least one or nfetal indication(Figure 7).

Termination Preferences for any Fetal Indication

= \Would never consider
termination

' Would consider or pursue
termination

Figure 7. Summary of over all termination preferendesa fetal indication
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A fatal condition in infancy had the highest number of individuals indicate that they
would pursue termination, 20/71 (28%). The other most common conditions included
Down syndrome, and a severe muscle condition in childhood, with 15/71 (21%) would
pursuetermination for each of these conditions. All of these condit@wasategorized as
severe and therefore these findings were expected. In regards to moderate conditions,
cancer in childhood and autism had the highest number of individtalg/ould pursue
termindion under these circumstances (Figurd®8yegards to mild conditions 121

(20%) respondents would consider termination for a mild condifiba.top two mild
corditionswhich termination of pregnancy would be considered weaming problems
and nut allergieOnly one respondent would pursue termination for one or more mild
conditions. Fiftysevenout of 71 (80%) would never consider termination for the mild
conditions listedIn regards to benign conditiofmero respondents would pursue
termination.Five/71 (7%) of the 71 respondents would consider termination for one or
more benign conditigrincluding short stature, which may have been misinterpreted as
achondroplasiaSixty-six or (93%) of respondents wlilinever consider tamination for

benign conditions (Figure 8).

ligion Affiliati I . : s

Fifty-nine (83%) of respondents indicated they associated with a relidiable6).

However, this question failed to capture whether tmysidered themselves relig®

In order to determine how a person’s religious affiliation or lack thereof can influence

their reproductivechoices;a Fischer exactest was performed comparing tfwe groups.
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Individuals without a religiousaffiliation were seven times more likely to

consider/pursue terminatidar a fetal indication as compared to those without a religious
affiliation. Ninety-two percent of the respondemitstdid not have a religious affiliation
would consider/pursue terminatioRespondents that indicated they had a religious

affiliation were significantly less likely to pursue termination fdetal indication

No Religious Affiliation
Religious Affiliation
Yes No
Would or would not Yes 35(59%) 11 (92%)
consider termination for a
fetal indication
No 24 (41%) 1(8%)

ucati | and Termination Pref for Fetal Indicati

Forty-six individualshad an education level of some high school, high school, and
college. Twentyeight individualshadan education level of a masters or post doctofate.
chi square test as performd comparing the two groups different combinationdVe
found that the level of education did not significantly impact on patient degisamng.

be significan{Tables 7, 8, & 9).



Graduate Education

College andHigh School

Education
Yes No
Yes 21 (73%) 25 (58%)
Would or would not
consider termination
No 7 (2%%) 8 (42%)

CollegeEducation

Graduate level and High School

Education
Yes No
Would consideror would not | Yes 18 (58%) 28 (720)
termination
No 14 (4%%) 11 (28%)

0 High School
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Graduate and College Education High School Education
Yes(n) No (n)
Would or would not Yes 39 (6%%) 7 (64%)
consider termination
No 21 (3%%) 4 (36%)

Information Seekers

Fourteerrespondents would likelgiefinitely consider noinvasive tesng for every
single conditiorand trait listedn the surveyThis accounted fo20% of respondents. We
classifed these resporuts as “information seekers”. Sixty-four percent (9/149f these
respondentsvould likely/definitely pursuenvasive testing (amniocentesis) rating ar4

5 in at least one or moo®nditioncategory. Othese6/14 (43%) went on to consider
termination uder certain circumstances.dgtof these respondentgould considenr
pursue termination in the case the fetus was identified tod@vasyndrome or a fatal
condition in the first year of life. Other indications that at least one or more of the
respondents would consider termioatfor were cystic fibrosis, mental retardation, a

severanuscle condition in childhood, early onset Alzheimer’s, and childhood cancer.
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liarity with Disabili

14 respondents indicatdidey themselves have a disability or genetic conditiory, the
have an affected child, or they haveadiected relative with a disability/genetic
condition. These respondents were considered to have some familiarity with a
disability/genetic condition. Thyeaccounted for 19.7% of the tbtaumber of
respondents. Al100%) were very likely to considpursie noninvasive testing. Twelve
(85.70) of respondentsvould very likelydefinitely pursue invasive testinline
(64.2%)would consider terminatiofor afetal indication However, air analysis showed
that individuals with familiarity with disability were not statistically more likely to

consider testing and termination of pregnancy for a fetal condition, as compared to those

that did not indication faméirity (Table 10,11,12).

Familiarity Disability No personal/family history
Yes No
Would or would not Yes 12/12 (1006) 55/59 (930)
considernon-invasive
testing
No 0/12 (O%) 4/59 (P06)




25

Familiarity Disability

No personal/family history

Would or would not

considerinvasive testing

Yes

No

Yes

10/12 83%)

2/12 A 7%)

No

46/59 [78%)

13/59 Q2%)

TheFischerexacttesthasa P valueof 1.000

Familiarity Disability

No personal/family history

Would or would not
considertermination for a
fetal indication

Yes

No

Yes

7112 68%)

5/12 @42%)

No

39/59 G6%)

20/59 B4%)
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ul it
Respondents were askablouttheir preference for noninvasive and invasive testing for

several adult onsebnditionsincluding cancein adulthood and early onsetzheimers
defined as onset @0 or youngerForty-seven(66.1%) respondenttatedthey would

likely or definitely pursue noinvasive testing. Thirtfthree(46.4%) respondents would
likely/definitely pursue invasive testing for early onset Alzheimer’s. Eleven (15%) of
respondents would consideursue terminatiofFigure 9. Respondents were
significantlymore likely to pursu@ortinvasivetesting forAlzheimer’s then not(Table

13). There was negignificance oBerved when respondents were asked about testing for
this using norinvasive testing. However respdents were significantly lsdikely to

pursue terminatiofor a fetal indicatior(Table14).

Non-Invasive testing Counts Percentages
preferences for

Alzheimer disease <

40 years
Yes 47 66%
No 24 34%

Total 71 100%
. .
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Termination Counts Percentages
preferences for
Alzheimer disease

< 40 years
Yes 11 66%
No 60 34%
Total | 71 100% |

~hi Good (£ Pyal lessthen0 001

Adult Onset @ncer:Forty-five (63%) respondents would likelgefinitely pursue non
invasive testing. In the context of invasive testing72941%) would likely/definitely

pursue invasive testing for adult onset cancer. Seven (10%) wonditler or pursue
termination(Figure9). Respondents were significantly more likely to pursue non
invasive testingdr adult onset cancéinen not. There was no significance observed when
respondents were asked about testing for this usingnvasive esting(Table15).

However respondents were significantly less likely tespartermination (Tabl&6).

lable15. Nortrinvasive screening for Adult Onset Cancer

Non-Invasive testing Percentages
preferences foAdult onset Counts
cancer
Yes | 45 63% |
No 25 37%
Total 71 100%

\Chi Goodness of fit test P value was 0.0168 |




Terminationpreferences foAdult Counts Percentageg
onset cancer
Yes 7 10%
No 64 90%
Total 71 100%

Chi Goodness of fit test P value was lédssn 1.0

28
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Discussion

We found that patientsere highlymotivated to learmbout a range of fetal conditions
including benign, mild, moderate, and severe caomntvia norinvasive testingThis
was supported by the responses received from the taiggetstion section. When
respondents were asked, “Which statement best reflects your opinion onaobltest for
genetic conditions?” the majority of respondents (52%) selected “l would want to learn
about severe conditions any conditions which may havepadt on the health of the
child at any point in their life”. However when faced with diagnostic testirgatients
wereprimarily only motivated to pursue invasive testing for moderate and sktate
indications The majority of patientswere interesteth screeningor mild conditionssuch
as obesity and asthreraa noninvasive testingOf those respondentaore then half
(55%)would not pursue fetal diagnostic testiiog mild indications This discordance
between nofinvasive and invasive testing wast observeavhen it came tanoderate
and severe fetal indicationBhis data supports #i patients arenotivatedto use non
invasive technologyo learn information abouheir unborn child foconditionshaving
impact across thife span However, they are less likely to pursue amniocentesis for
diagnostic confirmation for health trait and mild conditions. The more severe the impact
of the condition, the more likely patients are to pursue invasive aséigriesting for
confirmation.

Many respondents wanted to know this information faso&s unrelated to termination
of pregnancyhighlighting the potential value respondents see with this information
aside from reproductive decisionaking. Parentsmay be interested in this information

for bonding and preparedne3$iese findings were consistent with a study conduayed
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BowmanSmart et al. 2019 that also demonstrated respondents indicated a higher interest
in underging testing than undergoing temation due to a fetal indicatidar all

conditionsand traits (2L

The majority of respondent6@%) were not interesteith noninvasive screening for
benign traits such as mualdalent and physical featuréghis wasnot surprisingas

benign traits were not expected to be of utmost importance to prospective parents.

Twenty percent of respondents were interestewiminvasive screeninfpr every
benign, mild moderate and severe conditigrenatally These respondents were define
asinformation seekerd~orty-three percendf information seekeraent on to consider
terminationfor moderate and severe fetal indicatiamdy. This supportghe notionthat
patients are willing to scredar arange of fetal conditiongia non-invasive testing, but

generallyonly consider termination famoresevere fetal indications.

Religious affiliationwas found to have a significant impaa respondent’s willingness

to consideterminationfor afetal condition. Those whdid not idenify a religious
affiliation were7.5 times more likelyto considegursue terminatioas compared to

those that did not identify a religious affiliation. However, our survey failed to actually
capture whether those that identified with a religion affdiaconsidered themselves
religious. Interestingly for those thatdentified with a religious affiliationit was close

to a 50/50 split as to whether or not they would consider terminfatiafetal

indication Our data siows that those not affiliated with a religion are more likely to
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consider termination of pregnancy, but those with a religion affiliation are actually split

evenly on how they would proceed when faced with a fetal diagnosis.

Based on our data, a patignevel of education was not found to be a significant factor

in determiningpreferences foprenatal testingr termination due to a fetal indication

A familiarity of disabilityalso does not appetlrimpacta patient’s preferences for fetal

testingor termination for a fetal indication.

Our datasupports thapatierts were highly motivated to scretar fetal risk of adult

onset conditionsia norrinvasive meansThis differed froma previous studpy
BowmanSmart et al. 201¢hat demonstratealreduced interest in testing for adult onset
conditions(21). Our respondents were less inclined to pursue invasive testing and
significantly less likey to pursue termination fanadult onset condition. This poses the
ethical concer as to whethgprospective parents should have access to this type of
information, if there is no known medical intervention to treat/prevent dis€aseent
guidelines statéhatif the medical benefits of a genetic tagtwill not be utilized until
adulthood genetic testig generally should be deferred unless testing will impact
pregnancy managemeg®COG Committee Opinion No. 41@019). This is to protect

the autonomy of the unbomdividual, and spare them emotional distréEpatients are
interested in testing for reasons othenttermination of an affected pregnancy, parents
may beinfringing on the rights of their unborn child to choose for themselves how and

when a genetistatus is disclosedCurrentlythegenetic information nowliscriminatory
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act protectsndividuals from discrimination by employers and health insurance
companiesHowever this law does not apply to lortgrm care, and life insurance.
Additionally, the military can discriminate against individuals for genetic test results.
Patients could potentially uncover ayandsting condition in their fetus that could have
negative implicatioafor the future childCurrently prenatal screeningéteng for adult
onset conditions does not provide any clinical utilitpless the parents choose
termination of pregnancy for a fetal diagnos$i®wever this could change in the future as

advancements are made in gene therapy technologies.

v Limita i

One of the limitations of this study ssnall sample size of 71 participantslatger
sample size may haygelded different resultsThe conditions/traits were categorized
into four groups; benign, mild, rderate, and severe. It was challengiategorizing
these conditionsaswe would expecperceptions othe severit of each condition/trait to
differ from person to persoliVhile respondents were askatiether they themselves
havea disability or genetic conditiomn affected child, or relate witha
disability/genetic conditionwe did not ask respondents to specify what type of condition
was present in thefamily. Additionally, we did not define disability or genetic
condition.These respondents were considered to have some familiattityg wi
disability/genetic conditionhowevemwe were not able to assetbeir level of familiarity
with disability/genetic conditioriWe asked about religious affiliation, but this may not

correlate with how religious/devote individuals consider themsel8ese individuals
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may identify with a religious but not necessarily practice the princiglas. surveys

were only available in English, which excluded patients from the study who were not
proficient in EnglishGiven that the majority of patients givdretsurvey did not
complete it, there may be a selection bias to our dats.possible that patients who
completed the survey are more likely to provide different answers than those that chose
not to complete the survey. We do not have any data angatwvho chose not to
complete the survey including their reason for declining the survey.
Research and Recommendations

Future studieshould further explore theasons for which individuals would find
screeningor benign,mild, and adult onsetonditions valuable. Additionalljyfuture
research shouldnalyze motivations for fetal screeningaofult onset conditions for
reasons other tnatermination. We shouldsaesshe geneal prenatal patient population
on theiroverall undestanding of these conditions and the ethical and medical
implications regardingcreeningésting.Future research should include asking prenatal
patients what conditions/traits thexuld wish to know about prenatallye should also
survey genetic cowselors on opinionsf the utility, ethical considerationandlevel of

comfortfor counseling patients about this kind of testing.
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Conclusion
In summarypur data indicatethat patient@re motivatedo screen for more
conditions/traits and for a wider range of fetal conditioasmwninvasive testing tha
viainvasive testingWhile norinvasiveprenatal testingNIPT) is a screening tool, it can
provide information with little physical risk to the pregnan@g). Eventually NIPT may
have the capability to screen for a variety of fetal conditions including those mitd
phenotype. This will have many benefits such as early interventions, emotional
preparation, reassurance and the option to terminate due to a fetal cohtliti@ver
international literature poses athical framework for prenatal screenitiigt (NIPT)
shouldonly generate test outcomes that are relevant to reproductive detialong,
informed choice should be possibleahgh adequate pitest counsahg, andthe rights
of future children should be nescted 24). Our data indicates that patientswieh be
willing to pursue NIPT for future applications that are not yet avail#&séndividuals
are interested in purgw NIPT for awide variety of conditions/traifpretest counseling
IS necessary to ensure patients understand the ramificationeehisg A role which,
genetic counselors are expengyalifiedto fulfill. Genetic counselors have extensive
training in geneticand counsetig, which facilitates increasqohtient understandingnd
informed decisiormaking While NIPT may be viewed assimple maternal blood test
the informationit yields may becomplex and has serious ethical and practical
implications(25). We caution against the routinizationfPT, as the general prenatal
patient population likely do ndtlly appreciatethe possible ethical and prazi
implications of such screeninghere is concern that patients are seeking this information

out of curiosity and not for the intended purpose of pregnancy manag@&asts may
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not discern the difference betaretheintended clinical utility oNIPT and wellneggrait
testing offeredy direct to consmer genetic testing companiétealth care providers
have a duty to provide approprigiee-test counseling to patients ensurthgy

understandhe implicationsand limitationsof nonrinvasive testing
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