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ABSTRACT OF THE THESIS 

Pre- and Post-Counseling Assessment of Patient Knowledge and Decision-Making in Non-
Invasive Prenatal Screening (NIPT)  

By 

Madison Brawer 

Master of Science in Genetic Counseling 

University of California, Irvine, 2021  

Professor Maureen Bocian, MD, FAAP, FACMG, Chair  

   

Non-invasive prenatal screening (NIPT) is a screening tool that utilizes maternal and 

fetal cell-free DNA to revise one’s risk of having a child with an abnormal number of 

chromosomes, also known as aneuploidy. Most patients experience satisfaction in their 

understanding of NIPT but still may not fully grasp the limitations of screening. The purposes of 

this study were to (1) investigate which patient demographics were associated with better 

knowledge about NIPT and how women make decisions about NIPT, and (2) determine if 

patients’ knowledge about NIPT improved after meeting with a genetic counselor. Surveys that 

assessed knowledge and decision-making about NIPT were sent before and after a patient’s 

prenatal genetic counseling appointment. Thirty-four participants completed the pre-

counseling survey, and 30 participants completed the post-counseling survey. While the sample 

size was too small to draw any conclusions about how specific demographics influence decision-

making about NIPT, the study showed that the most common reason for choosing to have NIPT 

was the desire to know as much information as possible about the fetus without invasive 

testing. Patients who had previously spoken with a doctor about NIPT or were considering 

having NIPT prior to their appointments had better knowledge before (p=.042 and p=.022,
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 respectively) and after (p=.037 and p=.036, respectively) their appointments. Topics with 

higher knowledge scores included the possibility of NIPT resulting normally even if a birth 

defect is identified on ultrasound. Topics with lower knowledge scores included the potential 

for NIPT to fail to return a result and the potential for NIPT to determine maternal health 

issues.  The study showed that genetic counseling significantly increased patients’ knowledge of 

NIPT (p=<0.001) and identified areas of greatest improvement, particularly regarding the 

possibility for a no-call result.  These findings highlight topics that counselors may wish to focus 

on when assessing patient awareness of NIPT and support the important role genetic 

counselors play in educating patients about their prenatal testing options. 

   

    

   

 

 

 

 

 

 



   
 

1 

1: INTRODUCTION 

1.1 Aneuploidy and the Detection of Aneuploidy 

One of the major categories for human genetic disorders consists of chromosome 

abnormalities, which are defined as differences in the number or structure of chromosomes. The 

incidence of chromosome abnormalities in humans varies greatly depending on ascertainment: in 

spontaneous abortions that occur in early gestation, 50% have a chromosome abnormality (Hassold, 

1986), whereas a survey of over 68,000 newborns indicated that 1 in 154 liveborns (0.65%) had a 

chromosome abnormality (Hsu, 1992). While a newer study of the same size that has tested 

unselected newborns is unavailable, the introduction of microarray testing (which can detect small 

segments of chromosomes that are deleted or duplicated and does not require living cells for 

analysis) has allowed for the detection of additional chromosome abnormalities not previously 

appreciated in older studies (Reddy et al., 2012) (Wapner et al., 2012). 

As maternal age increases, the chance to have a child with an abnormal number of 

chromosomes, also known as aneuploidy, increases (Hook, 1981). About 1 in 263 live births results in 

a child with an aneuploidy (Hsu, 1992). The most common aneuploidies seen in liveborns include 

trisomies of chromosomes 13, 18, 21 (three copies of chromosomes 13, 18, or 21 instead of two 

copies), and aneuploidies of the X and Y chromosomes (Hassold et al., 2001). Of note, chromosomes 

13, 18, and 21 have the smallest numbers of genes among all of the autosomes (chromosomes 1 – 

22) (NCBI, 1998). It has been hypothesized that trisomies of those chromosomes are better tolerated 

by fetuses, which would explain the greater number of liveborns with those trisomies compared to 

other autosomal trisomies (Kuhn et al., 1987). 
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There are multiple screening and diagnostic testing options available to monitor pregnancies 

for chromosomal abnormalities. A screening test gives information about whether an individual is at 

an increased risk to have a specific condition, while a diagnostic test typically gives more certainty in 

the form of a “yes” or a “no” answer with respect to whether the condition is present (ACOG, 2015). 

Because prenatal diagnostic testing for chromosome abnormalities involves an invasive procedure, 

there is a small increased risk for fetal loss, even when performed by experienced operators 

(Akolekar et al., 2015). Invasive procedures, typically chorionic villus sampling (CVS) and 

amniocentesis, are completed with ultrasound guidance and require either transcervical catheter 

insertion or transabdominal needle insertion for sample collection.  CVS is performed between 10-14 

weeks gestation and has a risk for fetal loss of about 1/455, while amniocentesis can be performed at 

any time after 15 weeks gestation and has a risk for fetal loss of about 1/900 (Carlson et al., 2017). 

Individuals can meet with prenatal genetic counselors, who are professionals with advanced 

training in medical genetics and counseling, to help assess their risk of having a child with aneuploidy 

and to help them decide which, if any, type of screening and/or diagnostic testing is most 

appropriate for them (NSGC, 2008). It is important that patients consider the risks, benefits, and 

limitations of the type of screening and/or diagnostic testing that they choose to undergo (Carlson et 

al., 2017). 

1.2 Non-Invasive Prenatal Screening (NIPT) 

1.2.1 Historical Overview  

Cell-free fetal DNA (cffDNA) was first discovered in 1997 (Lo et al., 1997) and allowed for 

the development of one of the screening options that is currently available to women during 

pregnancy, non-invasive prenatal screening (NIPT). While the term non-invasive prenatal 
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testing is commonly used, the term “screening” is used here to accurately reflect that this 

option is not diagnostic. The testing is considered non-invasive because there is no risk to the 

fetus – the procedure simply involves drawing a blood sample from the pregnant woman.  NIPT 

became commercially available in 2011 and analyzes DNA fragments that are circulating in the 

mother’s blood, including both placental DNA (usually identical to fetal DNA) and maternal DNA 

(ACOG, 2015). Maternal cell free DNA (cfDNA) arises from apoptosis (normal cell death) of a 

pregnant woman’s hematopoietic cells (Lui et al., 2002), while cffDNA arises from apoptosis of 

trophoblastic cells in the placenta (Flori et al., 2004). While NIPT has the potential to detect a 

fetal chromosome abnormality, it is possible that the results from NIPT can reflect aneuploidy 

that is present only in the placenta and not present in the fetus (confined placental mosaicism) 

(Mathieson et al., 2018). This is because cffDNA is derived from placental cells. Confined 

placental mosaicism occurs either by a mitotic chromosome segregation error in an initially 

chromosomally normal placenta or by an initially aneuploid embryo with subsequent loss of the 

extra chromosome only in the placenta.  Additional situations in which an NIPT result would not 

be indicative of the genetic status of the fetus include maternal chromosome differences 

(Zhang et al., 2019) or maternal malignancy (Bianchi et al., 2015).   

Depending on which laboratory performs the testing, NIPT can be done as early as 9-10 

weeks’ gestation. NIPT screening tests most often analyze the DNA from chromosomes 13, 18, 

21, and the X and Y chromosomes. The amount of DNA present in the sample from each 

chromosome is quantified. If the signal from one of these chromosomes is lower or higher than 

expected, the chance that the baby has a chromosome abnormality that may lead to birth 

defects and/or intellectual disability is increased (Bianchi et al., 2018). NIPT methodology most 
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frequently utilizes two main techniques: a quantitative method or a single nucleotide 

polymorphism method (Mathieson et al., 2018). The detection rates of various chromosome 

abnormalities by NIPT are over 99% for trisomy 21, 98% for trisomy 18, and 99% for trisomy 13. 

However, different laboratories vary in their detection rates and also in the chance to receive a 

false-positive result due to differences in the technologies that they utilize. (ACOG, 2020). 

Prior to the introduction of NIPT, maternal serum screening (MSS) was the main 

screening test for chromosome abnormalities. MSS was introduced in the late 1970s as a blood 

test that analyzed alpha-fetoprotein (AFP) in maternal serum to determine the fetal risk of   

neural tube defects (NTDs) (Wald et al., 1977) and abdominal wall defects (AWDs) (Clark et al., 

1977), which are defects that occur due to failure of neural tube closure during embryonic 

development and openings in the abdominal wall through which the abdominal contents can 

be herniated into the amniotic cavity, respectively. In the late 1980s, low AFP levels were 

discovered to be associated with some chromosome aneuploidies (Merkatz et al., 1984). 

Additionally, the levels of human chorionic gonadotropin (hCG) and unconjugated estriol (uE3) 

(Bogart et al., 1987) (Canick et al., 1988) in maternal serum were also associated with some 

chromosome aneuploidies and were included with AFP analysis to improve detection of fetuses 

with aneuploidies (Hui, 2019). In the general population, there is a normal distribution of the 

amount of each of these biochemical markers that is found at a particular gestational age. For 

fetuses that are affected with any of the conditions that are screened for, the amount of one or 

more of these biochemical markers may be different from the expected amount. The patterns 

of these biochemical markers were eventually combined with information about population 

variables that affect the interpretation of the results, such as maternal age, smoking status, 
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diabetes status, race, weight, number of fetuses, whether an ovum donor was utilized, and an 

ultrasound measurement of the fetal nuchal translucency (if performed) to give a risk estimate 

for the pregnancy (Carlson et al., 2017). MSS is able to detect most pregnancies with trisomy 

21, trisomy 18, and NTDs or AWDs.  

MSS is unable to find certain aneuploidies that can be detected by NIPT, specifically the 

X and Y chromosome aneuploidies. Additionally, while it is possible to use MSS to screen for 

trisomy 13 (Spencer et al., 2000), many laboratories do not do so because of the low prevalence 

and high likelihood of fetal demise of trisomy 13 (Breathnach et al., 2007). MSS has a higher 

false-positive rate than NIPT has, about 5%, although false-positive results are still a possibility 

with NIPT at a rate of about 1-2% (Lutgendorf et al., 2013).  The screening test characteristics 

differ by the condition that is being screened for and by the laboratories that perform the 

screening. However, MSS can screen for some conditions that NIPT cannot, such as NTDs and 

AWDs (Driscoll, 2004). Additionally, some laboratories can use MSS to provide risk information 

for a non-chromosomal genetic disorder called Smith-Lemli-Opitz Syndrome (SLOS). This is 

because the detection of these conditions depends on the analysis of the levels of AFP, hCG, 

uE3, and Inhibin, which NIPT does not analyze. It is recommended that even if a woman 

pursues NIPT, she should still undergo a detailed ultrasound examination of the fetus and 

consider MSS in the second trimester as a screening test for NTDs and AWDs (ACOG, 2015). 

Additionally, MSS can be used as a predictor for certain risks later in pregnancy, such as 

preeclampsia (Long et al., 2018). 

1.2.2 Interpretation of NIPT Results 
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When interpreting results from NIPT, it is important to consider the positive predictive 

value (PPV), which is the chance a fetus is truly affected given a positive result. PPV varies 

greatly depending on how common the condition is in the population that it is being tested. It is 

also dependent on the sensitivity and specificity of a laboratory’s test. The sensitivity of a test is 

the percentage of truly affected individuals who receive an abnormal test result, and the 

specificity of a test is the percentage of unaffected individuals who receive a normal test result 

(Mathiesen et al., 2018). Sensitivity ranges from 92% to 99% for the aneuploidies commonly 

screened, and specificity is usually greater than 99.5%. However, if a patient receives a positive 

screening result for an aneuploidy, the PPV is not 92-99% unless the pregnancy was already at a 

relatively high risk prior to screening. For example, at age 35, the PPV of a positive screening 

result for trisomy 21 is 79%, meaning that 21% of these fetuses do not have trisomy 21. 

Comparatively, a woman who is 25 years old has a PPV of 51% from a positive screening result 

for trisomy 21, meaning that 49% of fetuses with a positive result do not have trisomy 21. This 

is consistent with an increasing risk for aneuploidy as maternal age increases. The PPV of 

positive screening results for the other trisomies is even lower. Therefore, women with positive 

findings on noninvasive prenatal screening should be referred for genetic counseling and 

should strongly consider invasive prenatal diagnostic testing, either a CVS or amniocentesis, 

before making any irreversible decisions because it is possible or even likely that the fetus may 

be normal. 

It was initially recommended that only women who are at an increased risk to have a 

pregnancy with aneuploidy be offered NIPT: women who are 35 years and older at due date, 

women who have had findings on ultrasound that may indicate the presence of aneuploidy, 
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women who have had a previous child with aneuploidy, couples carrying a Robertsonian 

translocation (a fusion between two acrocentric chromosomes – 13, 14, 15, 21, and 22 – after 

they break at their centromeres) involving either chromosomes 13 or 21, or women who have 

had a positive MSS result (Committee Opinion No. 640, 2015). The opinion has now shifted to 

offering NIPT to all women regardless of their risk to have a pregnancy with aneuploidy. This is 

because NIPT is the most sensitive and specific screening method available for the common 

aneuploidies (ACOG, 2020). Additionally, no woman has a 0% risk of having a child with 

aneuploidy, and the benefits of screening all women are potentially greater than any risk of the 

test itself. While the chance to have a child with aneuploidy increases with age (Hook, 1981), 

the number of babies born with aneuploidy is greater in younger women, since overall more 

children are born to younger women than to older women.    

1.2.3 Benefits of NIPT 

NIPT involves a simple blood draw from the pregnant woman, so there is no risk to the 

pregnancy compared with invasive procedures such as amniocentesis or chorion villus 

sampling. Studies have shown that the use of NIPT has reduced invasive testing by 62% (Oepkes 

et al., 2016). However, while NIPT is the most accurate of the prenatal screening methods for 

chromosome abnormalities, it is important to remember that there is still a possibility for false-

positive and false-negative results.  

Another benefit of NIPT is that the results for aneuploidy risk can be available earlier 

than can those from traditional MSS (Lutgendorf et al., 2013). Additionally, because NIPT has 

the capability of screening the X and Y chromosomes, expectant couples can learn the 

predicted sex of the baby, if they wish, earlier than if they were to wait for ultrasound methods 
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when fetal  anatomy can be distinguished (Devaney et al., 2011). While this is not necessarily a 

medical benefit, many couples may perceive this as a benefit of NIPT. One study that analyzed 

women’s conversations in online forums suggested discussing with couples that the main 

purpose of NIPT is not to investigate fetal sex – but because one of the reasons for doing NIPT is 

to find out if the fetus is at a higher risk to have an X or Y chromosome aneuploidy, it is indeed 

possible to learn about the fetal sex (Crabbe et al., 2019). If a couple wishes to know the fetal 

sex in addition to information about X and Y chromosome aneuploidies, they can choose to 

have the X and Y chromosomes included in the analysis. If a couple wishes to know the sex of 

the fetus but does not wish to know about the chance for the fetus to have an X or Y 

chromosome aneuploidy, some laboratories will give the option to report only on the presence 

or absence of a Y chromosome. 

1.2.4 Limitations of NIPT 

Since NIPT most commonly tests only for aneuploidies involving chromosomes 13, 18, 

21, X and Y, it is important to keep in mind that not all chromosome abnormalities will be 

detected through NIPT. One study illustrated that NIPT misses about 12.4% of all chromosome 

abnormalities that could be detected by karyotype analysis (Chen et al., 2018), which involves 

imaging of the chromosomes and lining them up by pairs to investigate if there are any extra or 

missing chromosomes or any losses or gains of chromosomal segments large enough to be 

detected by light microscopy. The abnormalities that were missed consisted mostly of triploidy 

(three copies of each chromosome), mosaicism (the presence of two or more different cell 

lines), and structural rearrangements (genetic material present in a location where it is typically 

not seen or absent in a location where it is typically seen).  
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Newer analytic methods are being developed and applied to increase the detection of 

structural chromosome anomalies (Kleinfinger et al., 2020), although the sensitivity and 

specificity of these tests are in general lower than for the common aneuploidies. Additionally, 

laboratories that utilize single-nucleotide-polymorphism (SNP)-based technologies are able to 

detect triploidy because their analysis depends on the sequencing of SNPs, which are individual 

points of genetic variation, instead of using reference chromosomes to analyze the relative 

amount of genetic material. (Nicolaides et al., 2014). However, not all laboratories utilize SNP-

based methodology. 

1.3 Possibility for Maternal Findings 

It has been established that the PPV for X and Y chromosome aneuploidies is lower than 

the PPV for autosomal aneuploidies. In a study of 86 NIPT samples found to be positive for an X 

chromosome aneuploidy, 21 (24.42%) were found to be due to maternal X chromosome 

aneuploidy rather than to aneuploidy in the fetus (Zhang et al., 2019). This demonstrates the 

need to consider that NIPT may provide a false-positive result for the fetus in addition to 

revealing previously unknown information about maternal sex chromosome status. 

Another unanticipated potential finding from NIPT is the detection of maternal 

malignancy or of uterine fibroids. A large study revealed that 10 out of 3,757 women who had 

abnormal NIPT results were identified as having a malignancy (Bianchi et al., 2015). This study 

noted that a maternal malignancy was most likely to be detected from an NIPT result that 

indicated the presence of more than one aneuploidy, though not all such cases are due to a 

maternal malignancy – some may reflect a fetal aneuploidy that is not compatible with fetal 

survival. A separate study showed that of 4,000 women having NIPT, three were found to have 
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a genomic profile that did not match the genome of the mother or the fetus. (Amant et al., 

2015). Upon follow-up, those women were found to have a malignancy, and two of them 

decided to pursue treatment for themselves – one had treatment during pregnancy and later 

delivered a healthy baby, and one had treatment after delivery. It is noted that the third patient 

in this study had not chosen to pursue treatment for herself at the time of publication since the 

malignancy was slow-growing and would likely not have required treatment until many years 

later. Unexpected results from NIPT that are subsequently found to reflect maternal malignancy 

have the potential to help women who receive those results to have earlier treatment, though 

they can also cause considerable anxiety (Bianchi, 2015). 

About 6% of women who received an NIPT result that indicated a high risk for one of the 

conditions screened for ended up terminating their pregnancies without any type of diagnostic 

testing (Dar et al., 2014). It has been suggested that women might have reconsidered their 

decisions to terminate their pregnancies if they had known that an abnormal result could 

reflect a genetic abnormality in themselves instead of in the fetus (Bianchi, 2015). This 

highlights the importance of the discussion surrounding PPV and what conditions can be 

detected by NIPT. 

1.4 Additional Considerations 

Approximately 2-3% of NIPT fail to return a result, with the most common reason for a 

sample failure being a low fetal fraction (Chan et al., 2018). Fetal fraction is defined as the 

percent of total cell-free DNA that is accounted for by cell-free fetal DNA. Low fetal fractions 

(often defined as ≤4%) can be attributed to multiple factors, such as the blood draw being done 

too early in the pregnancy or maternal obesity. It has also been associated with an increased 
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chance for the fetus to have trisomy 18 or trisomy 13 (Revello et al., 2016). McKanna et al. 

(2019) has developed an algorithm that can predict the risk for triploidy, trisomy 18, and 

trisomy 13 in patients who are found to have a low fetal fraction. This technology allows for the 

detection of fetuses that are at high risk of a chromosomal abnormality even when a low fetal 

fraction is detected. It is challenging for patients and providers when an NIPT sample yields a 

non-reportable result, since there are many explanations available for low fetal fraction 

(described above), and not all non-reportable results are indicative of an abnormality. 

For women who do not receive a result from their NIPT, one possible approach is to 

discuss invasive testing as the next option. However, about 60% of women who received a non-

reportable result from NIPT were shown to have a reportable result after repeating the test 

with a redrawn blood sample, indicating that the discussion after a failed NIPT should not 

consist only of the suggestion for invasive testing (Martin et al., 2018).  Of note, it is particularly 

challenging to counsel patients regarding making an informed decision about whether to repeat 

NIPT or to pursue invasive testing because of the need to consider the risks of invasive testing 

against the possibility of receiving a second non-reportable NIPT result. A second non-

reportable result may delay invasive testing, thus narrowing the window for the option of 

pregnancy termination, if desired. 

1.5 Patient Knowledge of/Attitudes About NIPT 

Previous research indicates that most patients experience satisfaction in their 

understanding of NIPT but still may not fully grasp the limitations of the screening (Piechan et 

al., 2016). However, that study focused on women who had received a negative NIPT result, 
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and it did not assess the impact of genetic counseling; a genetic counselor may or may not have 

been involved due to the differences among the referring providers. 

A qualitative study of 40 pregnant women indicated that the majority of women would 

choose to have NIPT in a subsequent pregnancy. (Lewis et al., 2013). This study captured a wide 

range of women with different experiences – women who declined screening during pregnancy, 

who were found to be “low-risk” during screening, who were found to be “high risk” during 

screening and declined invasive testing, or who were found during screening to be “high risk” 

and pursued invasive testing. Of note, half of the women (five out of 10) who declined 

screening during the pregnancy in which they were surveyed indicated that they would have 

NIPT in a later pregnancy. Additionally, in a study of 1,091 pregnant women who were 

identified to be at high-risk to have a child with aneuploidy, most women (81%) showed 

adequate knowledge to make an informed decision about having NIPT, though women with 

lower education tended to decline testing due to an inadequate amount of knowledge about 

the test (Schendel et al., 2016).  This study notes that its results should be interpreted with 

caution because it was conducted in the Netherlands, where the percentage of women who 

complete screening through the nationally funded program is low (27%). 

In a study of 708 women who received a normal NIPT result, those who had either low 

health literacy or a previous child with a trisomy showed higher anxiety after receiving their 

results when compared with women who had higher health literacy and did not have a previous 

child with trisomy. This indicates that different populations could benefit from different levels 

of information or guidance during the communication of results (van Schendel et al., 2017).   
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A concern raised by some participants in a qualitative study that addressed attitudes 

about NIPT was that the decision to have a child with Down Syndrome would become frowned 

upon by society due to the wide usage of screening (Schendel et al., 2014). This study evaluated 

(1) pregnant women and their male partners who were identified as being “low-risk” to have a 

child with Down Syndrome in either a focus group setting or an individual interview setting, and 

(2) women and their male partners who were identified as being “high risk” to have a child with 

Down Syndrome in individual interview settings. While the study mentioned that there were 

multiple participants who shared this fear, only one participant who was deemed as being 

“high-risk” was quoted regarding this issue. Similarly, some families worried that the presence 

of an easily accessible screening method for Down Syndrome would reduce the number of 

individuals born with Down Syndrome, leading to a reduction in the number of available 

services for those individuals (Cole et al., 2013). However, this study also hypothesizes that this 

would be unlikely to occur because there will always be women who decline to have any type 

of testing during their pregnancies, in addition to women who choose to have testing simply for 

informational purposes without the intent to terminate an affected pregnancy.  

Because it is easier to choose NIPT than it is to pursue invasive testing, specialists are 

concerned about the lack of consent that may surround “just one more tube of blood from the 

mother” (Greely, 2011). In an assessment of women’s attitudes about NIPT specifically for 

trisomy 21, the absence of risk to the fetus was cited as the primary reason to choose NIPT 

(Lewis et al., 2013). This study discusses the concern of women feeling pressured to undergo 

NIPT due to the absence of risk to the fetus. As such, one of the key points that should be 
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factored into a discussion about NIPT includes ensuring that the patient understands that 

screening is not required and that patients may choose not to pursue screening (NSGC, 2015).   

1.6 Study Objectives and Hypotheses  

To our knowledge, there is no existing study that investigates how women perceive 

NIPT, both before and after their prenatal genetic counseling session. The objective of the 

present research was to assess pregnant women’s knowledge of NIPT prior to the return of 

NIPT results, both before and after their initial prenatal genetic counseling session, in addition 

to exploring what motivates women to make decisions about NIPT.  

This study is designed to assess where gaps in knowledge may exist so that improved 

counseling can be provided in the future, specifically to determine if any aspects of NIPT 

screening should be discussed in greater detail with patients to ensure that they are making an 

informed decision when they choose whether or not to pursue it. It will also be helpful to learn 

more about what may not have to be covered in more detail, since too much information can 

be confusing or anxiety-provoking (Annas et al., 2007).  

The hypotheses for this project are as follows: 

1) Women differ in their knowledge regarding NIPT and in their motivations for 

choosing/not choosing to have NIPT based on their age, education level, literacy level, 

marital status, employment status, previous experience with genetic counseling and/or 

NIPT, and pregnancy history.  

2) Women’s knowledge and understanding of the potential benefits and limitations of NIPT 

will improve after meeting with their genetic counselor. 

2: RESEARCH DESIGN AND METHODS  
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This project was approved by the University of California, Irvine School of Medicine, 

Department of Pediatrics, as a thesis project within the Master of Science Genetic Counseling 

program. All research was conducted in accordance with the rules and regulations of the 

University of California, Irvine Office of Research, Institutional Review Board; UCI IRB HS# 2020-

6145 (Appendix A). The research was approved under expedited review, category 7.  

2.1 Study Population  

The study population comprises a convenience sampling of adult (age 18+) pregnant 

women who were seen for a genetic counseling appointment in the prenatal setting by one of 

three genetic counselors at the University of California, Irvine (UCI) Center for Fetal Evaluation 

(CFE) in Orange, California. Inclusionary criteria were age greater than or equal to 18 years, 

referral indication encompassing a likely discussion of NIPT, English literacy (since the measures 

had not been validated in other languages), and active pregnancy status (since NIPT can only be 

performed in pregnant individuals).  

2.2 Recruitment  

Participants were recruited from December 2020 - April 2021. Recruitment was done 

remotely due to the COVID-19 pandemic and a federally declared state of public health 

emergency. The lead researcher searched the UCI Health electronic medical records system 

(EPIC) to identify upcoming appointments for patients that met inclusion criteria. Patients who 

met the inclusion criteria were called three days prior to their appointment times by the lead 

researcher. The lead researcher informed patients that because they were pregnant women 

who were receiving prenatal genetic counseling to discuss tests that they could choose to have, 
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they were eligible to participate in a research study to help understand what women think of a 

specific type of prenatal test.  

If a patient was interested in participating, the UCI IRB-approved verbal consent script 

(Appendix C) was used to explain the risks and benefits of participation and to obtain verbal 

consent. If the patient consented to participate, she was sent the UCI IRB-approved recruitment 

email (Appendix D), which contained additional details about the study, the lead researcher’s 

contact information, and a link to the online pre-counseling survey (Appendix E, Parts one and 

two).  

Surveys were sent out 48 hours prior to the appointment time in order to provide ample 

time for completion and were closed at the time of the appointment if they had not been 

completed within those 48 hours. This was done in order to prevent patients from taking the 

pre-counseling survey after their appointment time. If the patient did not complete the survey 

within the first 24 hours after the invitation was sent, a reminder email was sent to inform her 

that the survey was still available. If the patient did not complete the pre-counseling survey, 

then the post-counseling survey was not sent. If the patient completed the pre-counseling 

survey, an invitation to complete the post-counseling survey (Appendix E, Parts two and three) 

was sent 49 hours after the initial survey was completed. This was to ensure that the post-

counseling survey was sent after the appointment time in order to prevent the patient from 

completing it prior to meeting with the genetic counselor.  

A joint opinion from the American Statistical Association (ASA) and the American 

Association for Public Opinion Research (AAPOR) states that incentives have been shown to 

improve response rates, that cash is the best type of incentive, and that incentives often pay for 
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themselves by reducing the number of attempts that researchers make to get people to 

respond (ASA, 2016). Additionally, a meta-analysis from 2006 indicates that providing an 

incentive for web-based surveys increases response rates (opening the first page of the study) 

and retention rates (completing the survey) (Gorïtz, 2006). Increased rates of response and 

retention were imperative for successful completion of this project within a specified time 

frame.  Therefore, if the patient completed both the pre- and post-counseling surveys, a $10 

Target gift certificate was sent to her as a token of appreciation for her participation.  

2.3 Data collection  

In accordance with the IRB approval, no personal information was collected when 

participants were using the anonymous surveys. All surveys were presented to the participants 

online via the Research Electronic Data Capture (RedCap), which is a secure web application 

designed to build online surveys and databases (Patridge et al., 2018). The pre- and post-

counseling surveys were automatically linked, and the researchers had no method of identifying 

which responses belonged to which participants. 

The measure that was used to assess women’s knowledge was adapted from a 

previously used measure in a similar study (Piechan et al., 2016), and questions about patient 

demographics and patient decision-making were custom-made. Additionally, one pre-

published, validated measure was used in this study – the Single-Item Literacy Screener (SILS) 

(Brice et al., 2014). All surveys were pilot tested by colleagues to ensure that the questions and 

answer options were clear and that there were no challenges with the logistics of survey 

dissemination via email. It was determined that each survey required approximately five 

minutes for completion, for a total of 10 minutes for both surveys. 
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2.3.1 Description of the Adapted and Custom Surveys  

The knowledge assessment questions were adapted from Piechan et al., 2016 with Julie 

Piechan’s permission. Some of the questions were rephrased from the original content in order 

to better reflect the language that is utilized at the prenatal genetics clinics at UCI. Additionally, 

the research team decided that “yes”, “no”, or “unsure” were more applicable instead of the 

Likert scale that was used in the original publication, which provided answers ranging from 

“Strongly Disagree” to “Strongly Agree”. Answers in this study were coded as “+1” for correct 

answers, “-1” for incorrect answers, and “+/- 0” for selecting “unsure”. This allowed for 

knowledge scores to range between -11 and +11, with the former being the lowest that an 

individual could score, and the latter being the highest that an individual could score. A sample 

statement includes: “If my Non-Invasive Prenatal Screening (NIPT) test result is normal, it 

means that I can be sure my baby will be healthy.” 

The custom surveys about patient demographics and decision-making were created 

with the assistance of Kathryn Osann, PhD (faculty statistician in the UCI School of Medicine), 

Pamela Flodman, MSc, MS, LCGC (Genetic Counseling Program Director and Professor at UCI) 

Kathryn Steinhaus French, MS, LCGC (Professor at UCI) and Maureen Bocian, MD, FAAP, FACMG 

(Professor at UCI). One patient demographics question asked patients to indicate their reason 

for meeting with a genetic counselor, with options including:  

• I will be over 35 years old when my baby is born 

• I had a positive blood screening result 

• I have a condition that might affect the baby (seizure disorder, diabetes, etc.) 

• I had an ultrasound that identified something on the baby 
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• I have a genetic condition 

• I have a child (or had a pregnancy) with a possible genetic condition 

• Someone else in my family has a possible genetic condition 

• Other – fill in  

Participants were allowed to choose more than one answer for that question. Additional 

questions about demographics included age, marital status, education level, employment 

status, ethnic origin, pregnancy history, history of genetic counseling and previous experience 

with NIPT.  

The questions that assessed patient decision-making utilized branching logic within 

RedCap in order to provide the most relevant questions to each participant based on what she 

chose as an answer to the first question. For example, if a participant answered “yes” to the 

question, “After today’s discussion with your genetic counselor, did you choose to have Non-

Invasive Prenatal Screening (NIPT) for this pregnancy?”, then the next question would be “What 

is the main reason that you chose to have NIPT?” 

2.3.2 Description of the SILS measurement 

The Single-Item Literacy Screener (SILS) (Brice et al., 2014) was incorporated into the 

questionnaire in order to assess the health literacy levels of participants in an accurate, concise 

manner. As indicated by the name of the tool, the SILS consists of one question: “How often do 

you need to have someone help you understand instructions, pamphlets, or other written 

material that you get from your doctor or pharmacy?”. Participants respond on a Likert scale of 

1 – 5 with 1 being “never” and 5 being “always”. An answer of 2 or above is considered to 

indicate low health literacy. The SILS has been shown to analyze health literacy with the same 
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amount of accuracy as more comprehensive health literacy screening tools but in a much 

shorter amount of time with easier administration and scoring (Brice et al., 2014).  

2.4 Data Analysis  

Data was exported from RedCap and then imported into IBM’s statistical package 

software, SPSS, for analysis (IBM, 2014). Statistical analysis included descriptive statistics and 

univariate comparisons to evaluate the relationship between predictor variables on the 

outcome variables measuring knowledge of NIPT pre- and post-counseling. Paired analysis was 

used to compare the means between two different points in time, and McNemar chi-square 

analysis was used to compare pre- and post-survey responses to individual knowledge 

questions. Nominal p-values are reported without adjustment for multiple comparisons. 

3: RESULTS  

A total of 99 potential participants were called between December 2020 and April 2021. 

Sixty-four (65%) patients answered the phone, 32 (32%) patient’s phones went to voicemail, 

and three (3%) patient’s phones indicated that their voicemail was full. Of the 64 participants 

who answered the phone, 48 (75%) expressed interest in taking part in the study. One patient 

who answered the phone and expressed interest in the study was unable to complete the 

surveys due to her personal history of vision loss. All participants whose voicemail was reached 

were left a message regarding information about the study and were sent the recruitment 

email, except for five (16%) whose email addresses were not on file. Participants whose 

voicemails were full were also sent the recruitment email, except for one (33%) whose email  

was not on file. Because of the anonymous nature of the surveys, the percentage of 

participants who completed the surveys after answering the phone could not be compared to 
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the percentage of participants who completed the surveys after receiving a voicemail or no 

voicemail at all. 

Thirty (88%) participants completed both parts of the survey, which contained 52 items 

including all branching options (Part One = 32 items; Part Two = 20 items). Four (12%) 

participants completed only the first part of the survey. One of the participants who completed 

both parts of the survey omitted an answer to one of the post-counseling knowledge 

assessment questions, thereby eliminating that individual’s survey from paired analysis 

comparing the total score between pre- and post-counseling surveys.  
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Table 1: Demographics 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Demographics Frequency Valid Percent (%)
Age
18-24 years 1 2.9
25-29 years 5 14.7
30-34 years 9 26.5
35-39 years 14 41.2
40-44 years 5 14.7
45+ 0 0
Total 34 100
Marital Status
Single/Never Married 2 5.9
Engaged 2 5.9
Married or in a Domestic Partnership 28 82.4
Widowed 0 0
Divorced/Separated 2 5.9
Total 34 100
Education
Some High School or Less 1 2.9
High School Graduate or the Equivalent 3 8.8
Some College 8 23.5
College Degree 8 23.5
Post Graduate Degree or Professional Degree 14 41.2
Total 34 100
Employment Status
Employed Full Time (32+ Hours/Week) 21 61.8
Employed Part Time (1-32 Hours/Week) 7 20.6
Homemaker 4 11.8
Out of Work But Not Currently Looking For Work 1 2.9
Student 0 0
Military 0 0
Retired 0 0
Unable to Work 1 2.9
Total 34 100
Ethnic Origin
American Indian 0 0
Alaska Native 0 0
Asian 6 17.6
Black or African American 0 0
Hispanic/Latina 10 29.4
Native Hawaiian or Other Pacific Islander 0 0
White 14 41.2
Other 2 5.9
Prefer not to answer 2 5.9
Total 34 100
Health Literacy
Never (Adequate) 22 64.7
Rarely (Inadequate) 10 29.4
Sometimes (Inadequate) 2 5.9
Often (Inadequate) 0 0
Always (Inadequate) 0 0
Total 34 100
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Table 2: Pregnancy Demographics 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pregnancy Demographics Frequency Valid Percent (%)
Gravida
First Pregnancy 10 29.4
Not First Pregnancy 24 70.6
Total 34 100
Previously Pregnant During a Year Where NIPT Was Offered
No 11 33.3
Yes 22 66.7
Total 33 100
Para
Has Children 18 52.9
Does Not have Children 16 47.1
Total 34 100
Previously Had Genetic Counseling
Yes 12 35.3
No 21 61.8
Unsure 1 2.9
Total 34 100
NIPT Discussed at Past Genetic Counseling Visit
Yes 5 41.7
No 3 25
Unsure 4 33.3
Total 12 100
Previously Talked With a Doctor About NIPT
Yes 15 44.1
No 15 44.1
Unsure 4 11.8
Total 34 100
Had NIPT in a Previous Pregnancy
Yes 6 17.6
No 16 47
Unsure 4 11.8
Not Applicable (1st Pregnancy) 8 23.5
Total 34 100
Already Had NIPT During the Current Pregnancy
Yes 6 17.6
No 24 70.6
Unsure 4 11.8
Total 34 100
Thinking About Having NIPT in This Pregnancy
Yes 15 53.6
No 0 0
Unsure 13 46.4
Total 28 100
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3.1 Age   

Of the 34 participants, 1 (3%) was 18-24 years, 5 (15%) were 25-29 years, 9 (26%) were 

30-34 years, 14 (41%) were 35-39 years, 5 (15%) were 40-44 years. No participants indicated 

that they were 45 years or older. 

 

 

 

 

 

 
Figure 1: Age Distribution of Participants. Participants (N=34) were asked to indicate which age group category 
described their current age. 
 
3.2 Marital Status  

Of the 34 participants, 2 (6%) were single/never married, 2 (6%) were engaged, 28 (82%) 

were married or in a domestic partnership, and 2 (6%) were divorced/separated. No 

participants indicated that they were widowed. 

 

 
 
 
 
 
 
 
 
 
Figure 2: Marital Status Distribution of Participants. Participants (N=34) were asked to indicate which marital 
status category described their current marital status. 
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3.3 Analysis of Education  

Of the 34 participants, 1 (3%) had some high school education or less, 3 (9%) were high 

school graduates or the equivalent (for example: GED), 8 (23%) had some college education, 8 

(23%) had a college degree, and 14 (41%) had a post graduate degree or professional degree. 

 

 

 

 

 

 

 
Figure 3: Education Distribution of Participants. Participants (N=34) were asked to indicate which education 
category described their current education status. 
 
3.4 Employment Status  

Of the 34 participants, 21 (62%) were employed full time (32+ hours/week), 7 (20%) 

were employed part time (1-32 hours/week), 1 (3%) was out of work but not currently looking 

for work, 4 (12%) were homemakers, and 1 (3%) was unable to work. No participants indicated 

that they were out of work and looking for work, students, in the military, or retired. 
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Figure 4: Employment Status Distribution of Participants. Participants (N=34) were asked to indicate which 
employment category described their current employment status. 
 
3.5 Ethnic Origin  

Of the 34 participants, 6 (18%) were Asian, 10 (29%) were Hispanic/Latina, 14 (41%) 

were White, 2 (6%) preferred not to answer, and 2 (6%) designated themselves as other 

(Appendix F). No participants indicated that they were American Indian, Alaska Native, or 

Black/African American. 

 

 

 

 

 

 

 
Figure 5: Ethnic Origin Distribution of Participants. Participants (N=34) were asked to indicate which ethnic origin 
category described their ethnic origin. 
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3.6 Health Literacy  

Of the 34 participants who responded to the question “How often do you need to have 

someone help you understand instructions, pamphlets, or other written material that you get 

from your doctor or pharmacy?”, 22 (65%) said never, 10 (29%) said rarely, and 2 (6%) said 

sometimes. No participants indicated often or always. 

 

 
 
 
 
 
 
 
 
Figure 6: Health Literacy Distribution of Participants. Participants (N=34) were asked to indicate how frequently 
they needed help to understand instructions, pamphlets, or other written material that they receive from their 
doctor or pharmacy. Possible answers included never, rarely, sometimes, often, or always. 
 

Taking into consideration the SILS coding of an answer of “Never” indicating an 

adequate health literacy, and the answers “Rarely”, “Sometimes”, “Often”, or “Always” 

indicating inadequate health literacy, 22 (65%) had adequate health literacy, while 12 (35%) 

had inadequate health literacy. 
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Figure 6.1: Recoded Health Literacy Distribution of Participants. Participants’ (N=34) answers to the question “How 
often do you need to have someone help you understand instructions, pamphlets, or other written material that you 
get from your doctor or pharmacy?” were recoded from five different possible responses to two different possible 
responses. An answer of “Never” was recoded into “Adequate” health literacy, and an answer of “Rarely”, 
“Sometimes”, “Often”, or “Always” were recoded into “Inadequate” health literacy. 
 

3.7 Analysis of Pregnancy History 

Of the 34 participants, 33 (97%) answered for how many times they have been pregnant 

including this pregnancy. Answers ranged from 1 to 8. For the participant who did not answer 

this question, it was inferred that the current pregnancy is her first based on the year that she 

listed she was pregnant (2021). Data was recoded regarding whether the current pregnancy is 

the participant’s first pregnancy or not the first pregnancy – for 10 (29%) of the participants, 

the current pregnancy is their first, and for 24 (71%) of the participants, the current pregnancy 

is not their first.  
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Figure 7: Number of Pregnancies Reported by Each Participant, Including the Current Pregnancy. Participants 
(N=34) were asked to indicate how many times they had been pregnant, including their current pregnancy. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8: Number of Participants for Whom This is the First Pregnancy. Participants (N=34) were asked to indicate 
how many times they had been pregnant, including their current pregnancy. Answers were recoded into whether or 
not the current pregnancy was their first pregnancy. 

 
Of the 34 participants, 33 answered for which years they were pregnant (97%). Answers 

ranged from 1998 to 2021. For the participant who did not answer this question, it was inferred 

that she was pregnant during the year 2021 based on the current pregnancy being her first. 

Data was recoded as whether or not participants were previously pregnant during a year when 

NIPT was available or not available – 11 (33%) of the participants did not have a previous 

pregnancy during a year in which NIPT was available, and 22 (67%) of the participants did have 

 

N=34 
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a previous pregnancy during a year in which NIPT was available. One participant listed a range 

of years in which she was pregnant (1998 – 2021), which made it difficult to tell if she was 

previously pregnant during a year when NIPT was available. This person was therefore excluded 

from analysis for this question.  

Of the 34 participants, 33 answered for how many of their pregnancies resulted in the 

delivery of a baby (97%). Answers ranged from 0 to 4. For the participant who did not answer 

this question, it was inferred she had no previous children based on the current pregnancy 

being her first. Answers were recoded into whether or not each participant had previous 

children – 18 (53%) of the participants had previous children, and 16 (47%) of participants did 

not have previous children.  

 

 

 

 

 
 
 
 
 
 
Figure 9: Pregnancy History of Participants. (L) Participants (N=33) were asked which years they were pregnant, 
including their current pregnancy. Answers were recoded into whether or not participants were previously pregnant 
during a year when NIPT was available, with 2011 and onward indicating when NIPT was available. One participant 
listed a range of years which made it difficult to interpret if she was previously pregnant during a year when NIPT 
was offered. She was therefore excluded from this analysis. (R) Participants (N=34) were asked how many of their 
pregnancies resulted in the delivery of a baby. Answers were recoded into whether or not each participant had 
previous children 
 
3.8 Analysis of Referral Indication 

Regarding referral indication, 18 (52%) selected “I will be over 35 years old when my 

baby is born”, 6 (18%) selected “I had a positive blood screening result”, 2 (6%) selected “I have 

N=33 
 

N=34 
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a condition that might affect the baby (seizure disorder, diabetes, etc.)”, 5 (15%) selected “To 

discuss ultrasound findings”, 8 (24%) selected “I have a genetic condition”, 2 (6%) selected “I 

have a child (or had a pregnancy) with a possible genetic condition”, and 3 (9%) selected 

“Other” (Appendix G). 10 individuals had more than one referral indication. No participants 

selected “Someone else in my family has a possible genetic condition”. Responses exceed 100% 

due to the nature of questions that involve selecting all answers that apply.  

Table 3: Referral Indication.  
 

 

 

 

Percentages sum to more than 100% because respondents could select multiple indications 

3.9 History of Genetic Counseling and Previous Experience with NIPT 

Regarding whether participants had previously had genetic counseling, 12 (35%) 

answered yes, 21 (62%) answered no, and 1 (3%) answered unsure. For those who answered 

yes, 5 (42%) indicated that the genetic counselor did discuss NIPT with them, 3 (25%) indicated 

that the genetic counselor did NOT discuss NIPT with them, and 4 (33%) indicated that they 

were unsure whether the genetic counselor discussed NIPT with them. Of the 34 participants, 

15 (44%) indicated that a doctor had discussed NIPT with them, 15 (44%) indicated that a 

doctor had NOT discussed NIPT with them, and 4 (12%) indicated that they were unsure 

whether a doctor had previously discussed NIPT with them. 

Regarding whether participants have had NIPT during previous pregnancies, 6 (18%) 

answered yes, 16 (47%) answered no, 4 (12%) answered unsure, and 8 (23%) answered that it is 

Referral Responses Percent of Cases  % (N=34)
AMA 18 52.9
Positive Screen 6 17.6
Maternal Condition 2 5.9
Maternal Genetic Condition 8 23.5
Child With Genetic Condition 2 5.9
Ultrasound Abnormality 5 14.7
Other 3 8.8
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not applicable because this is their first pregnancy. While 10 participants indicated in a previous 

question that the current pregnancy was their first, it is possible that participants may not have 

interpreted this question as intended since two of those participants appear to have answered 

“unsure” instead of “not applicable because this is their first pregnancy”. 

Regarding whether participants had already had NIPT during this pregnancy, 6 (18%) 

answered yes, 24 (70%) answered no, and 4 (12%) answered unsure. For those who answered 

no/unsure, they were also asked whether they thought that they would have NIPT done in this 

pregnancy. Of those who responded, 15(44%) answered yes, 0 (0%) answered no, and 13 

(38.2%) answered unsure. 
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Figure 10: History of Genetic Counseling and Previous Experience with NIPT. (A) Participants (N=34) were asked if 
they had genetic counseling in the past. (B) For participants who had genetic counseling in the past (N=12), they 
were asked if NIPT was discussed during their visit. (C) Participants (N=34) were asked if a doctor had previously 
spoke about NIPT with them. (D) Participants (N=34) were asked if they had NIPT during previous pregnancies. (E) 
Participants (N=34) were asked if they already had NIPT during their current pregnancy. (F) For participants who 
did not have NIPT during their current pregnancy or were unsure if they had NIPT during their current pregnancy, 
they were asked if they thought that they would have NIPT done in their current pregnancy. 
 
3.10 Analysis of Knowledge Assessment 

The responses to the 11 knowledge questions pre- and post-counseling are summarized 

in Table 4. The question that had the lowest percent correct within the pre-counseling survey 

was, “It is possible that my NIPT result will come back with no answer at all” (29%), while the 

question that had the highest percent correct within the pre-counseling survey was, “It is 

possible for my baby to have a birth defect (for example, an abnormal heart or kidney) even if 

my NIPT result is normal” (77%). The question that had the lowest percent correct within the 

post-counseling survey was, “It is possible that my NIPT result will come back with no answer at 

all” (70%), while the question that had the highest percent correct within the post-counseling 

survey was, “It is possible for my baby to have a birth defect (for example, an abnormal heart or 

kidney) even if my NIPT result is normal” (97%). The question that had the highest percentage 

of participants who were unsure about the answer in the pre-counseling survey was “It is 

possible that my NIPT result will come back with no answer at all” (56%). The question that had 

F. E. 
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the highest percentage of participants who were unsure about the answer in the post-

counseling survey was “It is possible that my NIPT result can come back with results that may 

tell me something about my own health” (10%). 

Table 4: Frequencies and Proportions of Responses to Knowledge Questions 

 
***One participant who completed the post-counseling survey skipped this question 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pre-Counseling Responses (N=34) Post-Counseling Responses (N=30)
Knowledge Question Correct Incorrect Unsure Correct Incorrect Unsure

If my Non-Invasive Prenatal Screening (NIPT) test result is 
normal, it means that I can be sure my baby will be healthy. 22 (64.7%) 6 (17.6%) 6 (17.6%) 23 (76.7%) 4 (16.7%) 2 (6.7%)
If my NIPT result is normal, it means that I can be sure my 
baby will not have Down syndrome. 18 (52.9%) 12 (35.3%) 4 (11.8%) 23 (76.7%) 4 (16.7%) 2 (6.7%)
It is possible for my baby to have a birth defect (for example, 
an abnormal heart or kidney) even if my NIPT result is 
normal. 26 (76.5%) 2 (5.9%) 6 (17.6%) 29 (96.7%) 0 (0%) 1 (3.3%)
If I have a normal NIPT result it means that I can be sure my 
baby will not have any genetic condition (for example, cystic 
fibrosis).*** 22 (64.7%) 5 (14.7%) 7 (20.6%) 24 (82.8%) 5 (17.2%) 0 (0%)
The NIPT only tells about Down syndrome and the sex of the 
baby. 23 (67.6%) 1 (2.9%) 10 (29.4%) 25 (83.3%) 3 (10%) 2 (6.7%)
If I have a detailed ultrasound it could be abnormal even if 
my NIPT comes back with normal results. 25 (73.5%) 1 (2.9%) 8 (23.5%) 28 (93.3%) 0 (0%) 2 (6.7%)
An amniocentesis is not as accurate as the NIPT for 
detecting Down syndrome. 19 (55.9%) 0 (0%) 15(44.1%) 27 (90%) 0 (0%) 3 (10%)
An amniocentesis or CVS (chorionic villus sampling) can test 
for more conditions than NIPT can. 18 (52.9%) 0 (0%) 16 (47.1%) 24 (80%) 3 (10%) 3 (10%)
The blood sample used for NIPT includes genetic information 
from both the baby and me. 16 (47.1%) 2 (5.9%) 16 (47.1%) 25 (83.3%) 2 (6.7%) 3 (10%)
It is possible that my NIPT result will come back with no 
answer at all. 10 (29.4%) 5 (14.7%) 19 (55.9%) 21 (70%) 7 (23.3%) 2 (6.7%)
It is possible that my NIPT result can come back with results 
that may tell me something about my own health. 16 (47.1%) 3 (8.8%) 5 (14.7%) 21 (70%) 6 (20%) 3 (10%)
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Table 5: Summary Statistics for Knowledge Scores in Pre- and Post-Counseling Surveys 

 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 
Figure 11: Distribution of Participant Knowledge Scores in Pre-Counseling Surveys. Possible scores range from -11 
to +11 

Pre-Counseling Survey Post-Counseling Survey
Valid 34 29
Missing 0 5

Mean 5.24 7.83
Median 6 9
Mode 7 9
Std. Deviation 3.66 3.20
Range 13 11
Minimum -2 0
Maximum 11 11

N
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Figure 12: Distribution of Participant Knowledge Scores in Post-Counseling Surveys. Possible scores range from  
-11 to +11 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11: Comparison of Pre- and Post-Counseling Knowledge Scores for Each Participant. Line indicates null 
hypothesis (x=y). The majority of data is above the line, indicating a rejection of the null hypothesis (paired t-test, 
t=-4.247, 28 degrees of freedom, p<0.001). Larger dots represent two individuals. Individuals who did worse on the 
pre-counseling survey did worse on the post-counseling survey, and individuals who did better on the pre-
counseling survey did better on the post-counseling survey. 
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The question that had the highest score change between the pre- and post-counseling 

surveys was, “It is possible that my NIPT result can come back with results that may tell me 

something about my own health”. Twelve participants who did not get the question correct in 

the pre-counseling survey then gave the correct answer in the post-counseling survey. The 

question that had the lowest score change between the pre- and post-counseling surveys was 

“If my Non-Invasive Prenatal Screening (NIPT) test result is normal, it means that I can be sure 

my baby will be healthy”. Five participants who did not get the question correct in the pre-

counseling survey then gave the correct answer in the post-counseling survey.  

 
Table 6: Comparison of Answers Between Pre- and Post-Counseling Surveys. “Not correct” category includes both 
“incorrect” and “unsure” answers 

 

Pre-Counseling:
Knowledge Question Post-Counseling: Not Correct Correct Not Correct Correct
If my Non-Invasive Prenatal Screening (NIPT) 
test result is normal, it means that I can be 
sure my baby will be healthy. 5 5 2 18 0.453

If my NIPT result is normal, it means that I can 
be sure my baby will not have Down syndrome. 5 9 2 14 0.650
It is possible for my baby to have a birth defect 
(for example, an abnormal heart or kidney) 
even if my NIPT result is normal. 1 6 0 23 0.031

If I have a normal NIPT result it means that I 
can be sure my baby will not have any genetic 
condition (for example, cystic fibrosis).*** 3 7 2 17 0.180
The NIPT only tells about Down syndrome and 
the sex of the baby. 3 6 2 19 0.289
If I have a detailed ultrasound it could be 
abnormal even if my NIPT comes back with 
normal results. 0 7 2 21 0.180
An amniocentesis is not as accurate as the 
NIPT for detecting Down syndrome. 2 10 1 17 0.012
An amniocentesis or CVS (chorionic villus 
sampling) can test for more conditions than 
NIPT can. 5 8 1 16 0.039
The blood sample used for NIPT includes 
genetic information from both the baby and 
me. 4 11 1 14 0.006
It is possible that my NIPT result will come 
back with no answer at all. 9 12 0 9 <0.001
It is possible that my NIPT result can come 
back with results that may tell me something 
about my own health. 9 6 0 15 0.031

McNemar Test 
Exact Sig. (2-sided)

Not Correct Correct
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1) If my NIPT test result is normal, it means that I can be sure my baby will be healthy.  

 

 

 

 

 

 
2) If my NIPT result is normal, it means that I can be sure my baby will not have Down syndrome. 

 

 

 

 

 

 

3) It is possible for my baby to have a birth defect (for example, an abnormal heart or kidney) even if my NIPT 
result is normal. 
 

 

 

 

 

 

 

 
 
 

N=34 N=30 

N=34 N=30 

N=34 

N=30 
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4) If I have a normal NIPT result it means that I can be sure my baby will not have any genetic condition (for 
example, cystic fibrosis). 

 

 

 

 

 

 

 

5) The NIPT only tells about Down syndrome and the sex of the baby. 

 

 

 

 

 

 

6) If I have a detailed ultrasound it could be abnormal even if my NIPT comes back with normal results. 

 

 

 

 

 

 

 

N=29 

N=30 

N=34 N=30 

N=34 

N=34 
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7) An amniocentesis is not as accurate as the NIPT for detecting Down syndrome. 

 

 

 

 

 

 

8) An amniocentesis or CVS (chorionic villus sampling) can test for more conditions than NIPT can. 
 

 

 

 

 

 

 

9) The blood sample used for NIPT includes genetic information from both the baby and me. 

 

 

 

 

 

 

 

N=34 
N=30 

N=34 N=30 

N=34 N=30 
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10) It is possible that my NIPT result will come back with no answer at all. 

 

 

 

 

 

 

 
11) It is possible that my NIPT result can come back with results that may tell me something about my own health. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13: Comparison of Answers Between Pre- and Post-Counseling Surveys. Percent of correct answers for each 
question from pre-counseling survey (left) vs. percent of correct answers for each question from post-counseling 
survey (right) 
 

A paired t-test analysis revealed a significant difference (p<0.001) between the average 

pre-counseling knowledge score (5.2) and the average post-counseling knowledge score (7.8). 

Table 7: Paired Analysis of Pre- and Post-Counseling Knowledge Scores 

 

Knowledge Score Mean Std. Deviation df t P-value
Pre-Counseling (N=29) 5.5 3.8
Post-Counseling  (N=29) 7.8 3.2

28 <0.001-4.247

N=34 N=30 

N=34 N=30 
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Regarding whether participants felt they could understand what NIPT can or cannot tell 

them, 11 (32%) agreed, 8 (24%) disagreed, and 15 (44%) were unsure. Of the 30 participants 

who completed the post-counseling survey, all 30 answered for whether or not they felt that 

after their genetic counseling appointment they could understand what NIPT can or cannot tell 

them (100%). Of those who responded, 28 (93%) agreed, 1 (3%) disagreed, and 1 (3%) were 

unsure. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 14: Comparison of Understanding Between Pre- and Post-Counseling Surveys: The charts show the 
response to the question “I feel that I understand what NIPT can and cannot tell me about the baby” prior to 
genetic counseling (left) and following genetic counseling (right). 
 

McNemar chi-square tests indicated that there was a significant improvement in scores 

for the following questions between the pre- and post-counseling surveys: “It is possible for my 

baby to have a birth defect (for example, an abnormal heart or kidney) even if my NIPT result is 

normal” (p=.031), “An amniocentesis is not as accurate as the NIPT for detecting Down 

syndrome” (p=.012), “An amniocentesis or CVS (chorionic villus sampling) can test for more 

conditions than NIPT can” (p=.039), “The blood sample used for NIPT includes genetic 

information from both the baby and me” (p=.006), “It is possible that my NIPT result will come 
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back with no answer at all” (p=.000), and “It is possible that my NIPT result can come back with 

results that may tell me something about my own health” (p=.031). 

3.11 Analysis of Decision-Making 

Of the 30 participants who completed the post-counseling survey, 24 (80%) answered 

that they chose to have NIPT during the pregnancy after their discussion with the genetic 

counselor, 3 (10%) answered that they chose not to have NIPT during the pregnancy after their 

discussion with the genetic counselor, and 3 (10%) answered that they were unsure.  

 

 

 

 

 

 

Figure 15: Decision making regarding NIPT 

For those who answered “yes”, 8 (33%) indicated that their reason for choosing to have 

NIPT was that they “Don’t want an amniocentesis or CVS”, 1 (4%) indicated that “My doctor 

told me to do it”, 9 (38%) indicated that they “Want to know as much information as possible”, 

6 (25%) indicated that they “Want to be prepared in case baby is affected”, 0 (0%) indicated 

that they “Want to know the sex of the baby”, and 0 (0%) indicated “Other” (Appendix H). 

Regarding the type of NIPT that was chosen, 3 (12%) chose the “Common chromosome 

abnormalities (chromosomes 21, 18, 13)”, 5 (21%) chose the “Common chromosome 

abnormalities (chromosomes 21, 18, 13) and presence or absence of the Y chromosome”, 12 

N = 24 
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(50%) chose the “Common chromosome abnormalities (chromosomes 21, 18, 13) and the sex 

chromosome abnormalities”, and 4 (17%) indicated that they weren’t sure which type of NIPT 

they chose.  

For those who answered “no”, 1 (33%) indicated that they were “Choosing another kind 

of testing instead”, 1 (33%) indicated that they “Don’t want the additional information”, and 1 

(33%) indicated “Other” (Appendix I). No participants indicated that the “Cost of the testing is 

too high”, that they were “Feeling overwhelmed by the different kinds of testing I can choose”, 

or that they were “Feeling confused about whether or not to have any testing of the 

pregnancy”.  

 

 

 

 

 

 

Figure 16: Motivation behind decision-making 

3.12 Analysis of Relationship between Demographics and Knowledge 

Significant predictors of higher knowledge scores on the pre-counseling survey included 

being currently married (p=.03), having previously spoken with a doctor about NIPT (p=.042), 

and thinking about having NIPT in this pregnancy (p=.022). 
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Table 8: Comparison Between Demographics of Participants and Scores of Pre-Counseling Knowledge   

 

*Indicates t-test with equal variances not assumed due to significant differences in variance between the two 
groups for that variable  
 

 

 

 

 

 

 

 

 

Demographic Mean Std. Deviation df t P-value
Advanced Maternal Age (N=19) 5.50 3.40
Not Advanced Maternal Age (N=15) 4.90 4.10
Currently Married (N=28) 5.90 3.40
Not Currently Married (N=6) 2.30 3.60
College (N=30) 5.50 3.60
No College (N=4) 3.50 3.90
Employed Full-Time (N=21) 5.60 3.70
Not Employed Full-Time (N=13) 4.60 3.70
Adequate Health Literacy (N=22) 5.10 3.80
Inadequate Health Literacy (N=12) 5.40 3.50
First Time Pregnant (N=10) 4.20 4.80
Not First Time Pregnant (N=24) 5.70 3.10
Has Children (N=18) 5.00 3.10
Does Not Have Children (N=16) 5.40 4.20
Previously Had Genetic Counseling (N=12) 6.00 4.00
Not Previously Had Genetic Counseling (N=22) 4.80 3.60
Previously Spoke With Doctor About NIPT (N=15) 6.60 2.60
Not Previously Spoke With Doctor About NIPT (N=19) 4.20 4.10
Had NIPT in Previous Pregnancy (N=6) 6.80 2.60
Not Had NIPT in Previous Pregnancy (N=28) 4.90 3.80
Already Had NIPT in Current Pregnancy (N=6) 7.30 3.10
Not Already Had NIPT in Current Pregnancy (N=28) 4.80 3.70
Thinking About Having NIPT in This Pregnancy  (N=15) 6.27 2.80
Not Thinking About Having NIPT in This Pregnancy (N=13) 3.08 3.90

0.349

0.897

2.020*

1.186

1.582

2.500*

32

30.9

32

32

21.5

2.300

0.376

0.042

0.244

0.123

0.022

0.730

32

32

32

32

32

0.030

0.320

0.446

0.835

0.294

-1.010

0.772

-0.210

-1.100

32 -0.422 0.676

32
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Significant predictors of higher knowledge score on the post-counseling survey included 

having previously spoken with a doctor about NIPT (p=.037), and thinking about having NIPT in 

in this pregnancy (p=.036) 

Table 9: Comparison Between Demographics of Participants and Scores of Post-Counseling Knowledge  

 

*Indicates t-test with equal variances not assumed due to significant differences in variance between the two 
groups for that variable  
 
 
 
 
 
 
 
 
 
 
 
 
 

Demographic Mean Std. Deviation df t P-value
Advanced Maternal Age (N=17) 8.20 3.10
Not Advanced Maternal Age (N=12) 7.30 3.30
Currently Married (N=24) 8.20 3.10
Not Currently Married (N=5) 6.00 3.50
College (N=25) 8.10 3.00
No College (N=4) 6.30 4.30
Employed Full-Time (N=18) 8.10 3.20
Not Employed Full-Time (N=11) 7.50 3.30
Adequate Health Literacy (N=18) 7.30 3.70
Inadequate Health Literacy (N=11) 8.60 1.90
First Time Pregnant (N=10) 6.90 3.90
Not First Time Pregnant (N=19) 8.30 2.70
Has Children (N=12) 7.70 3.20
Does Not Have Children (N=17) 7.90 3.30
Previously Had Genetic Counseling (N=10) 7.70 3.80
Not Previously Had Genetic Counseling (N=19) 7.90 2.90
Previously Spoke With Doctor About NIPT(N=12) 9.17 1.90
Not Previously Spoke With Doctor About NIPT (N=17) 6.88 3.60
Had NIPT in Previous Pregnancy (N=5) 9.40 1.50
Not Had NIPT in Previous Pregnancy (N=24) 7.50 2.00
Already Had NIPT in Current Pregnancy (N=5) 9.00 2.80
Not Already Had NIPT in Current Pregnancy (N=24) 7.60 3.30
Thinking About Having NIPT in This Pregnancy (N=13) 9.00 1.10
Not Thinking About Having NIPT in This Pregnancy (N=11) 5.91 4.20

2.200*

-0.153

0.224

-1.066 0.296

27 -0.693 0.494

27 1.431 0.164

27

0.264

0.825

0.879

0.037

0.233

0.377

27 0.484 0.632

26.4 1.237* 0.227

27

11.1 2.400* 0.036

0.898

1.220

-1.14027

27

27

25.6

27
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There were no predictors of the largest change in knowledge scores between the pre- 

and post- counseling surveys. 

Table 10: Comparison Between Demographics of Participants and Change in Score Between Pre- and Post-
Counseling Surveys 

 

 

3.13 Analysis of Relationship Between Demographics and Decision-Making 

 The tables below summarize the distribution of participant demographics as they 

pertain to decision-making regarding NIPT. 

Demographic Mean Std. Deviation df t P-value
Advanced Maternal Age (N=17) 2.64 2.70
Not Advanced Maternal Age (N=12) 2.00 3.50
Currently Married (N=24) 2.25 3.10
Not Currently Married (N=5) 3.00 3.00
College (N=25) 2.30 3.00
No College (N=4) 2.80 3.40
Employed Full-Time (N=18) 2.30 2.40
Not Employed Full-Time (N=11) 2.50 3.90
Adequate Health Literacy (N=18) 1.90 2.90
Inadequate Health Literacy (N=11) 3.20 3.10
First Time Pregnant (N=10) 2.70 3.40
Not First Time Pregnant (N=19) 2.20 2.90
Has Children (N=12) 2.30 2.90
Does Not Have Children (N=17) 2.50 3.20
Previously Had Genetic Counseling (N=10) 1.00 3.20
Not Previously Had Genetic Counseling (N=19) 3.10 2.70
Previously Spoke With Doctor About NIPT (N=12) 2.30 2.50
Not Previously Spoke With Doctor About NIPT (N=17) 2.40 3.40
Had NIPT in Previous Pregnancy (N=5) 2.40 2.60
Not Had NIPT in Previous Pregnancy (N=24) 2.40 3.10
Already Had NIPT in Current Pregnancy (N=24) 1.40 1.70
Not Already Had NIPT in Current Pregnancy (N=5) 2.60 3.20
Thinking About Having NIPT in This Pregnancy (N=13) 2.50 2.80
Not Thinking About Having NIPT in This Pregnancy (N=11) 2.60 3.80

0.850

0.073

0.947

0.987

0.435

22 0.943

0.579

0.622

0.797

0.919

0.270

0.686

0.191

-1.863

-0.068

0.017

-0.793

-0.073

-0.562

-0.499

0.260

-0.103

-1.125

0.40927

27

27

27

27

27

27

27

27

27

27
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Table 11: Comparison Between Demographics of Participants and Deciding Whether or Not to Pursue NIPT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Demographics Yes No Unsure
Age
Advanced Maternal Age 13 2 3
Not Advanced Maternal Age 11 1 0
Marital Status
Currently Married 21 2 2
Not Currently Married 3 1 1
Education
College 22 2 2
No College 2 1 1
Employment Status
Employed Full Time 15 2 2
Not Employed Full Time 9 1 1
Ethnic Origin
White 11 2 0
Not White 13 1 3
Health Literacy
Adequate Health Literacy 14 2 3
Inadequate Health Literacy 10 1 0
Gravida
First Time Pregnant 7 1 2
Not First Time Pregnant 17 2 1
Previously Pregnant During a Year Where NIPT Was Offered
Yes 8 1 2
No/Unsure 16 1 1
Para
Has Children 13 2 2
Does Not have Children 11 1 1
Previously Had Genetic Counseling
Yes 10 0 1
No/Unsure 14 3 2
NIPT Discussed at Past Genetic Counseling Visit
Yes 5 0 0
No/Unsure 5 0 1
Previously Talked With a Doctor About NIPT
Yes 11 2 0
No/Unsure 13 1 3
Had NIPT in a Previous Pregnancy
Yes 4 1 0
No/Unsure 20 2 3
Already Had NIPT During the Current Pregnancy
Yes 4 1 0
No/Unsure 20 2 3
Thinking About Having NIPT in This Pregnancy
Yes 14 0 0
No/Unsure 6 2 3

After today's discussion with your 
genetic counselor, did you choose to 

have NIPT for this pregnancy?
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Table 12: Comparison Between Demographics of Participants and the Main Reason For Choosing to Have NIPT 

 

 

 

Demographics

Don't want an 
amniocentesis or 
CVS

My doctor told me 
to do it 

Want to know as 
much information 
as possible

Want to be 
prepared in case 
baby is affected

Age
Advanced Maternal Age 3 0 6 4
Not Advanced Maternal Age 5 1 3 2
Marital Status
Currently Married 6 1 9 5
Not Currently Married 2 0 0 1
Education
College 6 1 9 6
No College 2 0 0 0
Employment Status
Employed Full Time 4 0 7 4
Not Employed Full Time 4 1 2 2
Ethnic Origin
White 2 1 5 3
Not White 6 0 4 3
Health Literacy
Adequate Health Literacy 4 1 6 3
Inadequate Health Literacy 4 0 3 3
Gravida
First Time Pregnant 3 0 3 1
Not First Time Pregnant 5 1 6 5
Previously Pregnant During a Year Where NIPT Was Offered
Yes 4 0 3 1
No/Unsure 4 1 6 5
Para
Has Children 2 1 5 3
Does Not have Children 6 0 4 3
Previously Had Genetic Counseling
Yes 2 0 5 3
No/Unsure 6 1 4 3
NIPT Discussed at Past Genetic Counseling Visit
Yes 1 0 3 1
No/Unsure 1 0 2 2
Previously Talked With a Doctor About NIPT
Yes 3 0 6 2
No/Unsure 5 1 3 4
Had NIPT in a Previous Pregnancy
Yes 0 0 3 1
No/Unsure 8 1 6 5
Already Had NIPT During the Current Pregnancy
Yes 2 0 2 0
No/Unsure 6 1 7 6
Thinking About Having NIPT in This Pregnancy
Yes 4 1 6 3
No/Unsure 2 0 1 3

What is the main reason that you chose to have NIPT?
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Table 13: Comparison Between Demographics of Participants and the Type of NIPT Chosen 

 

Demographics

Common 
chromosome 
abnormalities 
(chromosomes 21, 
18, 13)

Common 
chromosome 
abnormalities 
(chromosomes 21, 
18, 13) and 
presence or 
absence of the Y 
chromosome

Common 
chromosome 
abnormalities 
(chromosomes 21, 
18, 13) and the 
sex chromosome 
abnormalities  I'm not sure

Age
Advanced Maternal Age 0 3 9 1
Not Advanced Maternal Age 3 2 3 3
Marital Status
Currently Married 3 4 11 3
Not Currently Married 0 1 1 1
Education
College 3 4 11 4
No College 0 1 1 0
Employment Status
Employed Full Time 2 3 8 2
Not Employed Full Time 1 2 4 2
Ethnic Origin
White 1 3 7 0
Not White 2 2 5 4
Health Literacy
Adequate Health Literacy 3 1 8 2
Inadequate Health Literacy 0 4 4 2
Gravida
First Time Pregnant 2 0 3 2
Not First Time Pregnant 1 5 9 2
Previously Pregnant During a Year Where NIPT Was Offered
Yes 2 0 4 2
No/Unsure 1 5 8 2
Para
Has Children 1 4 4 2
Does Not have Children 2 1 8 2
Previously Had Genetic Counseling
Yes 0 1 8 1
No/Unsure 3 4 4 3
NIPT Discussed at Past Genetic Counseling Visit
Yes 0 0 5 0
No/Unsure 0 1 3 1
Previously Talked With a Doctor About NIPT
Yes 1 3 6 1
No/Unsure 2 2 6 3
Had NIPT in a Previous Pregnancy
Yes 0 0 3 1
No/Unsure 3 5 9 3
Already Had NIPT During the Current Pregnancy
Yes 1 1 2 0
No/Unsure 2 4 10 4
Thinking About Having NIPT in This Pregnancy
Yes 1 4 8 1
No/Unsure 1 0 2 3

Which type of NIPT did you choose? 
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Table 14: Comparison Between Demographics of Participants and the Main Reason for Choosing Not to Have 
NIPT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Demographics

Choosing 
another 
kind of 
testing 
instead

Don't want 
the 
additional 
information Other

Age
Advanced Maternal Age 1 1 0
Not Advanced Maternal Age 0 0 1
Marital Status
Currently Married 1 0 1
Not Currently Married 0 1 0
Education
College 1 0 1
No College 0 1 0
Employment Status
Employed Full Time 1 0 1
Not Employed Full Time 0 1 0
Ethnic Origin
White 1 1 0
Not White 0 0 1
Health Literacy
Adequate Health Literacy 1 1 0
Inadequate Health Literacy 0 0 1
Gravida
First Time Pregnant 0 0 1
Not First Time Pregnant 1 1 0
Previously Pregnant During a Year Where NIPT Was Offered
Yes 0 0 1
No/Unsure 1 0 0
Para
Has Children 0 1 0
Does Not have Children 1 0 1
Previously Had Genetic Counseling
Yes 0 0 0
No/Unsure 1 1 1
NIPT Discussed at Past Genetic Counseling Visit
Yes 0 0 0
No/Unsure 0 0 0
Previously Talked With a Doctor About NIPT
Yes 1 1 0
No/Unsure 0 0 1
Had NIPT in a Previous Pregnancy
Yes 0 1 0
No/Unsure 1 0 1
Already Had NIPT During the Current Pregnancy
Yes 0 1 0
No/Unsure 1 0 1
Thinking About Having NIPT in This Pregnancy
Yes 0 0 0
No/Unsure 1 0 1

What is the main reason that you 
chose not to have NIPT?
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4: DISCUSSION 

4.1 Hypothesis Discussion 

With the widespread and increasing use of NIPT as a prenatal screening test, it is 

important for practitioners to develop a nuanced understanding of the variation in knowledge 

and perspectives that pregnant women may have about this testing option as well as the 

potential benefits of prenatal genetic counseling in supporting informed decision making.  The 

findings from the current study highlight that a single genetic counseling session has significant 

impact on knowledge about the applications and limitations of NIPT testing.  

The hypothesis that women differ in their knowledge regarding NIPT based on their age, 

education level, literacy level, marital status, employment status, previous experience with 

genetic counseling and/or NIPT, and pregnancy history was accurate for some, but not all, 

factors. There were no factors associated with a greater change in score between the pre- and 

post-counseling surveys, but there were predictors for higher scores within both the pre- and 

post-counseling surveys independently. Predictors for higher score in the pre-counseling survey 

included being currently married (p=.03), having previously spoken with a doctor about NIPT 

(p=.042), and thinking about having NIPT in their current pregnancy (p=.022). Predictors for a 

higher score in the post-counseling survey included having previously spoken with a doctor 

about NIPT (p=.037) and thinking about having NIPT in this pregnancy (p=.036).  

It is possible that women who are currently married are more likely to talk with their 

partners about what kind of testing they are planning to have prior to genetic counseling and, 

therefore, to have a greater understanding of NIPT going into their appointments compared to 
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their non-married counterparts. However, it is unclear as to why being married was not a 

predictor of a higher score in the post-counseling survey.  

Since women who had not previously spoken with a doctor about NIPT and women who 

were not thinking about having NIPT during their current pregnancies scored lower in both the 

pre- and post-counseling surveys compared to women who had previously spoken with a 

doctor about NIPT and women who were thinking about having NIPT during their current 

pregnancies, counselors may wish to assess whether a patient has been considering NIPT or 

whether they have discussed this option with anyone prior to the genetic counseling 

appointment. This finding, combined with the finding of married women scoring higher on the 

pre-counseling surveys, indicate that actively engaging in conversations about testing and 

screening options (whether with a healthcare provider or a partner) may help in preparation for 

the genetic counseling appointment. If a patient reveals that she is not familiar with NIPT, then 

it may be worthwhile to spend additional time discussing the option to ensure that she fully 

understands  the benefits and limitations of NIPT. This points out the importance of genetic 

counseling pre-NIPT and also highlights the importance of continuing conversations with non-

genetics healthcare providers about testing options that are discussed in the genetics setting. 

Additionally, it may be helpful to encourage women to start thinking and talking about their 

options early in future pregnancies.  

The hypothesis that women’s knowledge and understanding of the potential benefits 

and limitations of NIPT will improve after meeting with their genetic counselor was accurate 

(p<0.001). This type of information may prove useful as documentation of the value of a 

genetic counseling appointment. The Access to Genetic Counselor Services Act of 2021 bill 
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recently introduced in the U.S. House of Representatives (H.R.2144) would include genetic 

counselors as providers who are eligible for reimbursement through Medicare (currently, 

genetic counseling is a covered Medicare benefit, but genetic counselors are not currently 

approved as Medicare providers). Additionally, even though half of the participants had at least 

a college degree or a post-graduate degree, there was still improvement in knowledge after the 

counseling sessions. This illustrates that even individuals who are highly educated benefit from 

meeting with a genetic counselor to discuss their testing options. 

One of the lowest scoring knowledge questions in the post-counseling survey was, “It is 

possible that my NIPT result can come back with results that may tell me something about my 

own health” (70%). This may indicate that women could benefit from further discussion about 

this topic during the counseling session. However, many appointments are limited by the 

allotted amount of time that each counselor spends with the patient. It may make more sense 

to cover that type of information only if the NIPT results suggest a maternal malignancy or  

maternal X chromosome aneuploidy instead of during pre-test counseling.  

While the sample size was too small to draw any conclusions about how specific 

demographics influence decision-making about NIPT, there were still interesting insights to be 

gained. None of the participants indicated that their main reason for choosing to have NIPT was 

to find out the sex of the baby. Based on recommendations from the American College of 

Medical Genetics (ACMG) to deter patients from choosing NIPT based on the desire to learn 

about fetal sex without a clinical indication (Gregg et al., 2016), it is reassuring that none of the 

participants cited this as their main reason to have NIPT. The majority of women indicated that 

their main reason for choosing to have NIPT was that they “want to know as much information 
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as possible”. Upon initial review, this indicated that there could have been a possible 

misunderstanding about the capabilities of NIPT, since diagnostic testing such as a CVS or 

amniocentesis is the type of testing that would capture the most information. However, upon 

review of the free-response answers to the question “What was most important to you when 

you decided which type of NIPT you wanted?” (Appendix H), it became clear that many of the 

participants recognized that NIPT cannot capture all information about genetic status of the 

baby since many participants indicated that they wanted NIPT as the initial step in testing but 

would consider diagnostic testing if indicated. 

 It is reassuring that none of the participants felt overwhelmed by the available testing 

options and that none felt confused about whether or not to have any testing during the 

pregnancy. This indicates that the genetic counselors in this study were discussing information 

in a manner that allowed patients to make informed decisions without causing anxiety. 

 Of possible concern, three patients indicated that they were unsure in answering the 

question, “After today's discussion with your genetic counselor, did you choose to have NIPT 

for this pregnancy?” Since one of the goals of genetic counseling is to help patients engage in 

informed decision-making (ACGC, 2019), it is worrisome that these patients did not recall if they 

chose testing for themselves. However, it is possible that these individuals may have chosen not 

to have NIPT done immediately after their appointment and were indicating that they were 

unsure about whether they wanted to pursue NIPT during the pregnancy. Of note, all three of 

these patients answered “unsure” to the question, “Do you think that you will have NIPT done 

in this pregnancy?” in the pre-counseling survey. 

4.2 Considerations for Future Studies 
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 Due to time-constraints for the completion of this study and the difficulty of recruiting 

participants remotely during the COVID-19 pandemic, a small sample size was obtained. While 

this study detected a significant improvement in knowledge score following genetic counseling  

as well as several significant predictors of knowledge score (both pre- and post-counseling), 

additional studies with larger samples would be useful in either confirming or refuting the 

results found in this study. Additionally, further studies with a larger sample size may be able to 

detect significance that this study could not detect due to the small sample size.   

 This study assessed women’s knowledge about the NIPT options including: 

analysis of only the common chromosome aneuploidies, analysis of the common chromosome 

aneuploidies and the presence or absence of the Y chromosome, or the analysis of the common 

chromosome aneuploidies including the X and Y chromosome aneuploidies. While many 

laboratories have introduced NIPT methodologies that analyze single gene mutations, 

microdeletions/microduplications, and chromosome aneuploidies other than the most common 

aneuploidies (chromosomes 21, 18, 13), those tests are not currently recommended for clinical 

use (ACOG, 2020). This study only assessed women’s knowledge and decision-making regarding 

the options that are currently recommended for clinical use, but further studies could be 

expanded to include an assessment of women’s knowledge and decision-making with respect 

to the newer methodologies. This type of study would prove useful because the newer 

methodologies may become more widely used in the future, and it will be important to assess 

women’s knowledge of the benefits and limitations of newer testing options. While some 

findings from this study can be applied to settings in which there are more testing choices, 

particularly the finding that many participants understand that NIPT is not diagnostic, it would 
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be important to assess knowledge of NIPT methodologies that have a lower PPV (e.g. 

methodologies that analyze microdeletions/microduplications or single-gene mutation 

analysis). When patients are informed about their normal results, they are reminded about 

some of the limitations of NIPT (e.g., NIPT cannot detect all cases of trisomy 21, 18, 13, or X and 

Y chromosome aneuploidies). It may be of interest to assess patient knowledge at that point in 

time in addition to the pre- and post-counseling assessments to observe whether the return of 

results reinforces the information that was discussed at the counseling appointment or if 

perhaps some of the information has been forgotten since the time of the appointment. 

Additionally, it would be interesting to investigate what knowledge is typically retained and 

what knowledge is typically forgotten as time elapses. 

 Another limitation of this study is that only English-speaking individuals were recruited. 

Future studies should be designed to expand recruitment to include women who speak 

additional languages in order to capture a more diverse population. Additionally, women who 

presented for preconception appointments were excluded from this study. Many women who 

receive preconceptional counseling are referred because of a recent miscarriage/history of 

multiple miscarriages or pregnancies losses. The decision to exclude this population from the 

study was made because these patients tend to have increased anxiety about future 

pregnancies (Wallerstedt et al, 2003). However, it may be particularly important to gain a 

better understanding of the level of knowledge in this group and the potential impact of 

genetic counseling. Future studies may consider enrolling patients who are seen 

preconceptionally in order to compare knowledge of that population with women who are 

pregnant at the time of their genetic counseling appointments. 



   
 

58 

 While patients were encouraged not to ask for assistance in completing the surveys, the 

surveys were done remotely, so there was no method of identifying whether the answers truly 

reflect the knowledge of the participants or if some participants may have utilized additional 

resources to assist them with answering the knowledge questions correctly. Future studies may 

consider administering the surveys in a non-remote setting to more accurately reflect a 

patient’s knowledge without the use of assistance. 

This study focused solely on women’s knowledge and decision-making, both before and 

after their genetic counseling appointment. Further studies may consider women’s partner’s 

knowledge in order to determine if there is an improvement in partners’ knowledge after 

meeting with a genetic counselor and if their knowledge is comparable to that of their pregnant 

partners. This would be important to understand whether partners fully grasp the benefits and 

limitations of the testing that the pregnant patient is deciding whether or not to have. 

Because some insurance companies require an authorization prior to testing, blood 

samples for NIPT are sent to different laboratories based on the patient’s funding. Only one of 

these laboratories offers the choices to include the analysis of the presence/absence of the Y 

chromosome or analysis of the X and Y chromosome aneuploidies. Therefore, some patients 

were not informed about the option to choose how they wanted their NIPT ordered. Regarding 

what was important to her when deciding which type of NIPT she chose to have, one 

participant indicated that, “I was NOT given a choice for the type of NIPT, so I'm not sure why 

this is even a question” (Appendix H). It would be interesting to consider decision-making for 

patients who have the same type of insurance coverage, since not every participant had the 

same options available to them. 
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It is important to consider that differences among genetic counselors in the information 

presented during the counseling session possibly may have contributed to differences in 

participant knowledge scores. However, due to the anonymous nature of the surveys, there 

was no way to associate which genetic counselor was involved with each patient. Future studies 

may consider analysis of patients who have seen the same genetic counselor to reduce inter-

counselor variability. Alternatively, a future study could be designed to collect a larger dataset, 

including a larger number of clinics and genetic counselors. This would allow estimation of 

whether there is significant variation among counselors and clinic settings and could lead to 

more generalizable results. 

4.3 Conclusion 

 In conclusion, genetic counseling is integral to patients’ knowledge of the possible 

benefits and limitations of NIPT. While the sample size for this study was quite small, the results 

strongly support the hypothesis that genetic counseling can improve patient knowledge about 

this testing option. Additionally, the study identified individual aspects of NIPT about which 

participants had less knowledge prior to counseling as well as aspects of NIPT for which there 

was significant improvement in knowledge after meeting with a genetic counselor. Even though 

patients may not fully grasp all of the complexities of NIPT, genetic counselors can be confident 

in knowing that they have helped their patients gain a better understanding of a complicated 

form of testing. 
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APPENDIX C: Approved Verbal Consent Script 
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APPENDIX D: UCI IRB Approved Recruitment Email UCI IRB 
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APPENDIX E: Survey 

Answer options are separated by commas. 

Part 1: Included only in pre-counseling survey: 

1) What is your age? 
·   18-24 years, 25-29 years, 30-34 years, 35-39 years, 40-44 years, 45+ 

2) What is your marital status? 
·   Single/never married, engaged, married or domestic partnership, widowed, 
divorced/separated 

3) What is the highest degree or level of school you have completed? (If currently enrolled, 
highest degree received) 

·   Some high school or less, High school graduate or the equivalent (for example: 
GED), Some college, College degree, Post graduate degree or professional degree 

4) What is your employment status? (If unemployed due to COVID-19, please state your 
employment status prior to unemployment). 

·   Employed full time (32+ hours/week), Employed part time (1-32 hours/week), 
Out of work and looking for work, Out of work but not currently looking for work, 
Homemaker, Student, Military, Retired, Unable to work 

5) Which of the following categories do you identify with? 
·   American Indian or Alaska Native, Asian, Black or African American, Native 
Hawaiian or Other Pacific Islander, Hispanic/Latinx, White, Prefer not to answer, Other 
(please specify): Free-response 

6) How often do you need to have someone help you understand instructions, pamphlets, 
or other written material that you get from your doctor or pharmacy? 

·   1-Never, 2-Rarely, 3-Sometimes, 4-Often, 5-Always 
7) How many times have you been pregnant (including this current pregnancy)? 

·   Free-response 
8) During which year or years were you pregnant (e.g., 2011, 2012)? 

·   Free-response 
9) How many pregnancies have you had that resulted in the delivery of a baby? 

·   Free-response 
10) What have you been told about why you are meeting with a genetic counselor? (Check all 
that apply) 

·   I will be over 35 years old when my baby is born 
·   I had a positive blood screening result 
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·   I have a condition that might affect the baby (seizure disorder, diabetes, etc.) 
·   I had an ultrasound that identified something on the baby 
·   I have a genetic condition 
·   I have a child (or had a pregnancy) with a possible genetic condition 
·   Someone else in my family has a possible genetic condition 
·   Other: Free-response 

11) Have you ever had genetic counseling before? 
·   Yes, no, unsure 

12) (Branching: If yes to #11) Did the genetic counselor discuss Non-Invasive Prenatal Screening 
(NIPT) with you? 

·   Yes, no, unsure 
13) (Branching: If no/unsure to #11 or any answer to #12) Has a doctor ever discussed NIPT 
with you? 

·   Yes, no, unsure 
14) Have you had NIPT during previous pregnancies? 

·   Yes, no, unsure 
15) Have you already had NIPT during this pregnancy? 

·   Yes, no, unsure 
16) (Branching: If no/unsure to #15) Do you think that you will have NIPT done in this 
pregnancy? 

·   Yes, no, unsure 
  
Part 2: Included in pre- AND post-counseling survey 
 
 1) If my Non-Invasive Prenatal Screening (NIPT) test result is normal, it means that I can be 
sure my baby will be healthy. 

·   Agree, Disagree, Unsure 
2) If my NIPT result is normal, it means that I can be sure my baby will not have Down 
syndrome.  

·   Agree, Disagree, Unsure 
3) It is possible for my baby to have a birth defect (for example, an abnormal heart or 
kidney) even if my NIPT result is normal. 

·   Agree, Disagree, Unsure 
4) If I have a normal NIPT result it means that I can be sure my baby will not have any 
genetic condition (for example, cystic fibrosis). 

·   Agree, Disagree, Unsure 
5) The NIPT only tells about Down syndrome and the sex of the baby. 

·   Agree, Disagree, Unsure 
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6) If I have a detailed ultrasound it could be abnormal even if my NIPT comes back with 
normal results. 

·   Agree, Disagree, Unsure 
7) An amniocentesis is not as accurate as the NIPT for detecting Down syndrome. 

·   Agree, Disagree, Unsure 
8) An amniocentesis or CVS (chorionic villus sampling) can test for more conditions than 
NIPT can. 

·   Agree, Disagree, Unsure 
9) The sample used for NIPT includes genetic information from both the baby and me. 

·   Agree, Disagree, Unsure 
10) It is possible that my NIPT will come back with no answer at all. 

·   Agree, Disagree, Unsure 
11) It is possible that NIPT can come back with results that may tell me something about my 
own health. 

·   Agree, Disagree, Unsure 
12) I feel that I understand what NIPT can and cannot tell me about the baby. 

·   Agree, Disagree, Unsure 
  
  
Part 3: Included only in post-counseling survey: 
  
1) After today’s discussion with your genetic counselor, did you choose to have Non-Invasive 
Prenatal Screening (NIPT) for this pregnancy? 

·   Yes, No, Unsure 
2) (Branching: If yes to #1) What is the main reason that you chose to have NIPT? 

·   Don’t want an amniocentesis or CVS 
·   My doctor told me to do it 
·   Want to know as much information as possible 
·   Want to be prepared in case baby is affected 
·   Want to know the sex of the baby 
·   Other: Free-response 

3) Which type of NIPT did you choose? 
·   Common chromosome abnormalities (chromosomes 21, 18, 13)  
·   Common chromosome abnormalities (chromosomes 21, 18, 13) and presence or 
absence of the Y chromosome 
·   Common chromosome abnormalities (chromosomes 21, 18, 13) and the sex 
chromosome abnormalities 
·   I’m not sure 
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4) What was most important to you when you decided which type of NIPT you wanted? 
·   Free-response 

  
OR 
  
5) (Branching: If no to #1) What is the main reason that you chose not to have NIPT? 

·   Choosing another kind of testing instead 
·   Cost of the testing is too high 
·   Don’t want the additional information 
·   Feeling overwhelmed by the different kinds of testing I can choose 
·   Feeling confused about whether or not to have any testing of the pregnancy 
·   Other: Free-response 

  
OR 
  
(Branching: If unsure to #1, survey will end) 
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APPENDIX F: Other Ethnic Origin 
• Middle Eastern 
• Bi racial 
 
APPENDIX G: Other Referral Indication 
• Husband is part Ashkenazi Jewish, first pregnancy 
• IVF pregnancy 
• I have a congenital defect 
 
APPENDIX H: What was most important to you when you decided which type of NIPT you 
wanted? 
• Greatest amount of information. 
• I want to make sure I understand if there are any chromosome abnormalities with my fetus, 

and then, if there is a recommendation to do more invasive testing. I was NOT given a 
choice for the type of NIPT, so I'm not sure why this is even a question. 

• To know if there are any health issues with baby. 
• Just to understanding what would provide us with the most health information about our 

baby and our options 
• Being able to have as much information as possible if I was doing the test. 
• Any information NIPT offers 
• I am most interested in finding out about abnormalities that could have a serious impact on 

my baby's health. 
• My chances of having a child with Down syndrome...what my person chances are 
• Chromosome abnormalities 
• Wanting the most information possible. 
• Common chromosome abnormalities. Knowing the sex of the child is a bonus. 
• due to non-invasive nature 
• To have as much information as possible with min what NIPT offers 
 
APPENDIX I: What is the main reason that you chose not to have NIPT (Other)? 
• Decided to wait to have any testing until my scheduled second anatomy scan. If the baby's 

bowels are still bright, then my husband and I decided to pursue NIPT testing. 
 




