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Objectives: Non-invasive prenatal testing (NIPT) is utilized for screening the
likelihood of fetal aneuploidy, presenting the benefits of non-invasiveness, high
sensitivity, and specificity. Its application in prenatal screening has become
ubiquitous. The inquiry into how pregnant women comprehend and determine
NIPT screening strategies is paramount. Regrettably, there has been a dearth of
research on this subject in China. Consequently, this study scrutinizes pregnant
women'’s cognizance and perspectives concerning NIPT, furnishing a foundation
for advancing its judicious implementation.

Methods: From February 2021 to December 2022, a questionnaire survey was
conducted among pregnant women receiving prenatal care and screening at the
Women's Hospital, School of Medicine, Zhejiang University, who were randomly
selected from a pool of individuals exhibiting a high risk of fetal aneuploidy on
serological screening. The survey aimed to gather data on participant characteristics,
knowledge, perception, and willingness concerning NIPT. The study employed chi-
square and Kruskal Wallis tests to analyze subgroup differences.

Results: A total of 226 valid questionnaires were obtained. 83.2% of women pregnant
women identified as high risk by serological screening would opt for NIPT, with
66.4% indicating that they would prefer NIPT for fetal aneuploidy screening in future
pregnancies. These findings suggest a notable willingness among pregnant women
to undergo NIPT. Additionally, the results suggest that various factors, including place
of residence, educational level, family income, causes of abortion, and conception
method, influence pregnant women'’s knowledge about NIPT Accordingly, the level
of NIPT knowledge varies among pregnant women.

Conclusion: The survey generally revealed that pregnant women were strongly
inclined to select NIPT; however, expectant Chinese mothers possess limited
knowledge and perception regarding this screening method for fetal aneuploidy.
Therefore, the government must implement effective measures to augment
public awareness of fetal aneuploidy screening and encourage the judicious
utilization of NIPT.
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Introduction

Non-invasive prenatal testing (NIPT), also referred to as
non-invasive prenatal screening (NIPS), refers to the screening of free
placenta-derived DNA in maternal blood serum and is a non-invasive
method for detecting fetal aneuploidy (1, 2). Unlike invasive prenatal
diagnosis, NIPT minimized the risk such as miscarriage or infection.
Since its introduction in Hong Kong in 2011, NIPT has been adopted
in over 60 countries due to its high sensitivity (3, 4) and specificity in
identifying fetal chromosomal abnormalities, particularly trisomies
21, 18, and 13 (5). The American College of Medical Genetics and
Genomics (ACMG) advocates for NIPT as the primary method for
detecting fetal aneuploidy (6). In contrast, many other countries,
including China (7) and the United Kingdom (8), consider serological
screening to be the primary approach, using NIPT as a secondary
screening method for high-risk pregnancies (1, 4, 5). NIPT is not
utilized as the initial screening method due to its ability to detect more
chromosomal abnormalities, which would result in increased
expenses. Cost-effectiveness analyses indicate that utilizing NIPT as a
secondary screening method following traditional prenatal scanning
methods is more economically viable (5).

In 2016, the China National Health and Family Planning
Commission promulgated “the technical specifications of Prenatal
Screening and Diagnosis of Fetal Free DNA in Peripheral Blood of
Pregnant Women,” which delineated criteria for the optimal timing,
eligible and ineligible candidates for NIPT (9). The guidelines
stipulated that serological prenatal screening is the primary method
for detecting fetal aneuploidy, whereas NIPT is a secondary screening
modality (9). Simultaneously, Chinese technical experts have achieved
a consensus regarding the laboratory process of prenatal screening
utilizing maternal peripheral blood fetal free DNA (10) and experts’
quality evaluation indicators for prenatal screening (11).

The Chinese government and experts attribute substantial
importance to NIPT (12), manifesting in the publication of its Technical
Specifications (7) and consensus on quality assessment indices (11).
However, it is critical that pregnant women, being the subjects of NIPT
application, comprehend the screening plan meticulously, as it forms
the underpinning of its effective implementation. Documentary
research revealed that scholars from multiple nations, including the
United States (13), Italian (14), Croatian (15), Canada (16), Australia
(17), and Hong Kong, China (18), have conducted studies on the
knowledge and willingness of pregnant women regarding NIPT for fetal
aneuploidy. However, heretofore, investigations regarding the awareness
and inclination of pregnant women in Mainland China have not been
reported. Therefore, in light of this, the present study delves into
pregnant womens cognition and standpoints pertaining to NIPT in
Mainland China, thereby providing a solid foundation for facilitating its
prudent utilization.

Materials and methods
Study design

The investigators created a survey instrument that drew upon
insights from prior research (17, 18) and was organized into two

distinct parts. The initial section of the questionnaire was designed to
gather demographic data from the study participants. In contrast, the
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second section focused on eliciting their evaluations of knowledge,
perception, and willingness concerning NIPT screening. The
Knowledge, Perception, and Willingness Questionnaire (KPQ)
comprised a total of 17 items, including 10 knowledge-based queries
(K, K1-K10) (19), five perception-based queries (P, P1-P5), and two
willingness-based queries (W). The survey was initially developed in
English and subsequently translated into Chinese by two bilingual
Chinese speakers with a strong command of English. The study was
approved by the Women’s Hospital, School of Medicine, Zhejiang
University Ethics Committee (approval number: IRB-20210185-R),
and obtained informed consent from each participant following the
Helsinki Declaration.

Participants and data collection

The study was conducted at Womens Hospital, School of
Medicine, Zhejiang University, from February 2021 to December
2022. The inclusion criteria for the study were pregnant women
between 12*° and 22" weeks gestation who had undergone Pregnancy
Health Record and prenatal screening at Women’s Hospital, School of
Medicine, Zhejiang University, were proficient in reading and
speaking Chinese, provided informed consent, and exhibited a critical
risk of fetal common chromosomal aneuploidy based on serum
screening results between the high-risk cutoff value and 1/1,000. The
exclusion criteria included pregnant women with a history of mental
illness, medical students, resident physicians, and researchers, women
who had discussed NIPT with a clinical doctor previously, gestational
age less than 12*° weeks, couples with a known chromosomal
abnormality, those with who had received an allogeneic blood
transfusion, transplantation surgery, or cell therapy within the past
year, fetal ultrasound examination suggesting structural abnormalities
requiring further prenatal diagnosis, those with a family history of
genetic diseases or a high risk of fetal genetic disease, and those with
malignancies during pregnancy. Additionally, the participants were
not compensated for participating in the study.

The raw data collected were securely stored in an Excel
spreadsheet. When alerted of an critical risk for fetal common
chromosomal aneuploidy stemming from serum screening outcomes
in pregnant women, researchers promptly commenced telephonic or
face-to-face conversations and consultations to determine their
preliminary inclination towards participation in this study. Before
responding to the survey, participants were provided with a concise
overview of the research, encompassing its objectives, anonymity
assurance, methodology, and guidelines for completing the
questionnaire. The study adhered to all privacy regulations and
refrained from including any extraneous inquiries in the survey.

Sample size and sampling procedure

As per the previous observation (20, 21), it is recommended that
the sample size for the early questionnaire should be a minimum of
four times the number of questionnaire items. Recent research has
also suggested a minimum sample size based on a subject with a
variable ratio of 5:1 (22, 23). With the inclusion of 17 items in this
questionnaire and assuming no response bias, selecting “I do not
know/I am not sure” from Part B could require a 35% increase in the

frontiersin.org


https://doi.org/10.3389/fmed.2023.1232942
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Zhao et al.

sample size. Consequently, should

be 5x 17 x (1 +35%) x 2 =230.

the ideal sample size

Statistical analysis

Data were analyzed by the SPSS statistical software (version SPSS
20.0, IBM SPSS Inc., Chicago, IL, United States). Count data are
expressed as percentages (%), while measurement data are presented
as mean * SD, and the chi-square test or Kruskal Wallis test was used
as appropriate. The significance Kruskal-Wallis test level alpha was set
at 0.05, and p <0.05 indicated statistically significant differences.

Results
Basic characteristics of the participants

Between February 2021 and December 2022, 235 questionnaires
were disseminated to pregnant women who were enrolled for prenatal
care and screening at the Women’s Hospital, School of Medicine,
Zhejiang University, and who fulfilled the inclusion criteria. Of these,
231 (98.3%) were retrieved, and 226 (96.2%) were deemed valid.
Among the 226 participants, 37.6% were aged 35 years or older, 72.6%
resided in urban areas, 69.0% held a bachelor’s or college degree,
56.2% had no prior childbirth experience, 43.8% were primipara or
multipara, 58.4% had a history of previous miscarriage or termination
of pregnancy, and 27.4% had experienced fetal defects, 73.9%
conceived naturally, and 91.6% were in gestational weeks 127°-22*.
The basic characteristics of the participants are shown in Table 1.

Pregnant women'’s knowledge of NIPT

Table 2 elucidates respondents’ cognizance concerning NIPT, with
Knowledge Questions 1-5 broaching foundational aspects related to
NIPT, while Questions 6-10 delve into intricate issues about NIPT’s
relevance to atypical risk groups. From the study, it was gleaned that
60.6% of pregnant women understand that NIPT is only a screening
test for detecting chromosomal abnormalities and that a diagnostic
test is required through invasive procedures (K1 in Table 2).
Additionally, 76.5% recognize that NIPT results may not
be informative (K2 in Table 2). The understanding that NIPT fails to
pinpoint all instances of fetal Down syndrome was clear to 65% of the
female respondents, while an impressive 72.6% discerned that
occasional false-positive results compel those with positive NIPT
outcomes to pursue verification via auxiliary tests such as chorionic
villus sampling or amniocentesis (K3 and K4 in Table 2). Concurrently,
90.7% of pregnant women maintained that a positive marker in the
NIPT would precipitate elevated stress levels (K5 in Table 2). However,
regarding the knowledge of NIPT’s applicability to special risk groups
(K6-K10 in Table 2), correct answers in the other questions did not
exceed 50%, except for K7 (54.4%).

Subsequently, we next compared pregnant women’s knowledge of
NIPT test results among different subgroups. Regarding the K2,
significant differences were observed in the understanding of NIPT test
results not being informative among pregnant women with different
places of residence, educational levels, family incomes, and causes of
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TABLE 1 Basic characteristics of the participants (n = 226).

Characteristics N (%)

Age

<35years 141 (62.4)

>35years 85 (37.6)
Place of residence

Urban 164 (72.6)

Rural 62 (27.4)
Educational level

Less than high school 47 (20.8)

Bachelor/College degree 156 (69.0)

Master or above 23(10.2)
Family income (per month)

<5,000(RMB) 20 (8.8)

5,000-10,000(RMB) 70 (31.0)

>10,000(RMB) 136 (60.2)
Parity

0 127 (56.2)

>1 99 (43.8)
Previous miscarriage or termination of pregnancy

Yes 132 (58.4)

No 94 (41.6)
Causes of abortion®

Fetal defects 62 (27.4)

Non-fetal defects 70 (31.0)
Conception way

Natural conception 167 (73.9)

Assisted reproduction technology 59 (26.1)
Gestational weeks (week)

12%0-22%¢ 207 (91.6)

2310-30*° 19 (8.4)

All chi-square tests, educational level and family income except for the Kruskal-Wallis test.
132 participants had previous miscarriages or termination of pregnancy.

abortion (p=0.022; 0.004; 0.010; 0.003) (Table 3, Figure 1A). With regards
to the K4, notable disparities surfaced among expectant women with
divergent educational backgrounds, familial income levels, reasons for
termination of pregnancy, and modes of conception (p=0.005, 0.005,
0.025, 0.027) (Table 3, Figure 1B). Concerning the K6, pregnant women
residing in rural areas or lower education levels had significantly lower
correct response rates than their counterparts living in urban areas or
higher education (p=0.029, 0.006) (Table 3, Figure 1C). Pertaining to the
K10, the incidence of correct responses was markedly elevated in the
advanced maternal age (AMA) group (>35years) as compared to the
non-AMA group (p=0.038) (Table 3, Figure 1D).

Pregnant women's perception of NIPT

The study found that 86.7% of women believe prenatal screening
and diagnosis can reduce birth defects, and over 50% believe all
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TABLE 2 Responses of KPW questions on non-invasive prenatal testing (NIPT) (n = 226).

Questions Yes;n  No; n (%) Do not
(%) know; n (%)

K1: NIPT can detect only half of the fetal chromosomal abnormalities that would be identified through amniocentesis

137 (60.6)* 21(9.3) 68 (30.1)
or chorionic villus sampling
K2: For some women, a NIPT test result may not be informative because of an inadequate amount of fetal DNA in

173 (76.5)* 11 (4.9) 42 (18.6)
maternal plasma or other reasons
K3: NIPT does not detect all cases of fetal Down syndrome 147 (65.0)* 19 (8.4) 60 (26.5)
K4: There are also occasional false-positive results, and therefore women with positive NIPT results need to receive

164 (72.6)* 14 (6.2) 48 (21.2)
confirmatory testing through chorionic villus sampling or an amniocentesis
K5: Women with positive NIPT results are at very high risk of Down syndrome, and for some women, the extended

205 (90.7)* 4(1.8) 17 (7.5)
period awaiting confirmatory invasive testing results is likely to be highly stressful
K6: NIPT is suitable for those women who have or with a family history of a chromosomal abnormality carrying an

113 (50.0) 28 (12.4)* 85 (37.6)
increased risk of inheritance to their child
K7: NIPT is suitable for multiple pregnancies 53 (23.5) 123 (54.4)* 50 (22.1)
K8: NIPT is suitable for pregnancies conceived after a donor in vitro fertilization 86 (38.1) 90 (39.8)* 50 (22.1)
K9: NIPT is suitable for detecting fetal single-gene disorders such as thalassemia 104 (46.0) 48 (21.2) 74 (32.7)
K10: NIPT is suitable for those women who recently received a blood transfusion, organ transplant, or stem cell therapy 68 (30.1) 70 (31.0)* 88 (38.9)
P1: Do you believe that prenatal screening and diagnosis are the primary measures for decreasing the incidence of birth

196 (86.7) 3(1.3) 27 (11.9)
defects?
P2: Do you believe all pregnant women should undergo prenatal screening for chromosomal diseases? 118 (52.2) 19 (8.4) 89 (39.4)
P3: Do you believe that the government should include NIPT in the healthcare insurance system? 194 (85.8) 10 (4.4) 22(9.7)
P4: Do you believe NIPT is more accurate and diagnostic-like than serum screening for chromosomal diseases? 117 (51.8) 22(9.7) 87 (38.5)
P5: Do you believe that a medical professional’s recommendations could significantly impact your decision regarding

216 (95.5) 10 (4.4) 0(0)
the selection of chromosomal disease screening methods?
W1: Would you choose NIPT to detect fetal aneuploidy if your serum screening results indicate a high risk of

188 (83.2) 8 (3.5) 30 (13.3)
chromosomal abnormalities in your next pregnancy?
W2: Would you opt for NIPT as a primary method for fetal aneuploidy screening in your next pregnancy? 150 (66.4) 26 (11.5) 50 (22.1)

K represents knowledge-based questions, P represents perception-based questions, and W represents willingness-related questions. NIPT represents non-invasive prenatal testing.

*Correct answers were marked.

pregnant women should undergo chromosome disease screening.
95.5% of pregnant women will choose the screening method their
doctor recommends. 51.8% believe NIPT is more accurate and closer
to diagnostic technology than serum screening. The percentage of
women who chose “no” for all Women’s perception of NIPT was less
than 10% (questions P1-P5 in Table 2). Significant differences were
observed among different subgroups of the place of residence,
educational level, and family income regarding the perception of
prenatal screening and diagnosis as the primary means of reducing
birth defects (Table 4, Figure 2A). Regarding pregnant women’s
perception of NIPT being more accurate and closer to diagnostic
technology than serum screening, the awareness was significantly
higher among women who underwent assisted reproductive
technology than those who conceived naturally (p=0.041) (Table 4,
Figure 2B).

Pregnant women's willingness on NIPT
The study found that 83.2% of pregnant women who were

identified as high-risk by serum screening would choose NIPT, and
66.4% of pregnant women would directly choose NIPT for prenatal
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aneuploidy screening in their subsequent pregnancy, indicating a
strong willingness among pregnant women to undergo NIPT. Urban
pregnant women and those who underwent assisted reproductive
technology had a stronger willingness to directly use NIPT for
screening than rural pregnant women and those who conceived
naturally (p<0.001; p=0.007) (Table 4, Figure 2C).

Discussion

Multiple screening methods are available for screening T21,
T18, and T13, such as maternal serum screening (MSS), ultrasound,
and NIPT (24). However, MSS and ultrasound screening are known
to have lower accuracy and higher false-positive rates (25, 26).
Hence, the current common strategy in most countries involves
combining these three screening methods. A meta-analysis
indicated that the detection rate for T21 was 96%, 87% for T18, and
77% for T13 in the general population (27). The high accuracy of
NIPT holds significant value in reducing invasive prenatal testing
(28, 29). Nonetheless, despite its accuracy, NIPT has inherent
constraints. Comprehension regarding the false positive rate of
NIPT need to be improved. Two comprehensive reviews outlined
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TABLE 3 Comparison of pregnant women'’s knowledge of NIPT test results among different subgroups.

Characteristics K1 K2 K3 K4 K5 K6 K7 K8 K9 K10

Age <35years 0.523 0.145 0.918 0.464 0.909 0.615 0.855 0.119 0.951 0.038
>35years

Place of residence Urban 0.120 0.022 0.360 0.260 0.485 0.029 0.636 0.545 0.111 0.142
Rural

Educational level Less than high school 0.103 0.004 0.058 0.005 0.210 0.006 0.431 0.155 0.135 0.855
Bachelor/College degree
Master or above

Family income (per month) <5,000 (RMB) 0.151 0.010 0.124 0.005 0.105 0.144 0.828 0.124 0.975 0.669
5,000-10,000 (RMB)
>10,000 (RMB)

Parity 0 0.407 0.168 0.175 0.146 0.154 0.165 0.212 0.544 0.740 0.476
>1

Previous miscarriage or Yes 0.992 0.413 0.781 0.651 0.590 0.576 0.652 0.239 0.915 0.951

termination of pregnancy No

Causes of abortion® Fetal defects 0083 | 0003 | 0996 | 0025 = 0443 = 0232 0194 = 0586 = 0052 0432
Non-fetal defects

Conception way Natural conception 0.463 0.105 0.902 0.027 0.478 0.766 0.129 0.599 0.986 0.933
Assisted reproduction
technology

Gestational weeks (week) 12%0-22%¢ 0.528 0.186 0.095 0.238 0.884 0.280 0.927 0.712 0.849 0.734
237-30%°

K represents knowledge-based questions; values in the tables were expressed as values of p; all chi-square tests, educational level, and family income except for the Kruskal-Wallis test.

132 participants had previous miscarriages or termination of pregnancy.

the false positive rate for T21 via NIPT to be around 0.1% (30, 31),
which was subsequently updated to 0.04% by Gil et al. (32).
We believe that the study’s outcome is significantly influenced by
whether the participating expectant women had previously
undergone conventional MSS. Furthermore, only 33% of false-
positive results for autosomal trisomy can be attributed to biological
or technical factors, necessitating further research into the reasons
for false positives in NIPT (33). NIPT can detect approximately 85%
of fetal chromosomal abnormalities in women identified as high
risk during early pregnancy screening (34). However, NIPT misses
approximately 30.0% of chromosomal abnormalities that are
detectable by invasive prenatal diagnostic methods (35). Despite its
high accuracy, it is vital to acknowledge that NIPT is not a flawless
technology. Inherent limitations and challenges persist,
necessitating concomitant usage with other testing methodologies
and clinical assessments for a holistic determination of fetal health
(2, 36-38). Notably, NIPT hinges on free placental DNA and not —
as certain literature posits — on “cell-free fetal DNA (cffDNA)” (2).
The nuances of NIPT results are not thoroughly comprehended;
uncertain variations may be enclosed within NIPT findings,
demanding physicians proficiently relay this to expectant mothers
undergoing the test (37, 39). The genesis of this research was to
understand expectant women’s knowledge about NIPT, thus
informing further propagation of knowledge on NIPT.

The ten knowledge questions in this study were designed
based on the International Society for Prenatal Diagnosis (ISPD)

Rapid Response Statement and previous related surveys (18, 40).

Frontiers in Medicine

Knowledge questions 1-5 were basic knowledge questions about
NIPT, while questions 6-10 were too complex or challenging for
most women to answer regarding the applicability of NIPT to
special risk groups. In this study, only 60.6% of women knew that
NIPT only screens for chromosomal abnormalities and that
diagnostic testing requires invasive procedures. Additionally, only
76.5% of women were cognizant of the possibility of receiving an
uninformative NIPT test result. In contrast, Kou et al’s survey
reported that more than 90% of pregnant women were aware of
the limitations mentioned above of NIPT (18). The apparent
disparity in cognizance could potentially be attributed to the
varied demographics of the expectant pregnant women
incorporated within our survey. Our study incorporates a
significant 27.4% of pregnant women from the rural demographic;
contrarily, the preponderance of contributors in Kou et al’s
investigation are derived from an urban milieu. Simultaneously,
while women engaged in Kou et al’s study—those with positive
screenings who consequently proceeded with NIPT—were availed
counseling and a mid-trimester abnormality scan during the
questionnaire’s completion phase, we targeted expectant pregnant
women demonstrating a critical risk of prevalent fetal
chromosomal aneuploidy predicated upon MSS outcomes prior to
initiating NIPT.

The present investigation revealed a lower rate of accurate
responses to knowledge queries concerning the suitability of NIPT for
special risk groups, except for the item that NIPT is only suitable for
detecting single-fetal pregnancies, which was correctly answered by
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54.4% of the participants. This outcome may be attributed to the
technical specifications released by the China National Health and
Family Planning Commission in 2016, which underscored the
applicability of NIPT solely for detecting single-fetal pregnancies (9).
This is consistent with the literature, which suggests that pregnant
women usually have more knowledge about the practical aspects of
chromosomal abnormality than the limitations and accuracy of
screening (41, 42).

The study findings reveal that urban pregnant women exhibited a
significantly higher rate of correct answers to two NIPT knowledge
questions (K2 and K6) than their rural counterparts. Similarly,
pregnant women with higher levels of education demonstrated a
significantly higher rate of correct answers to three knowledge
questions related to NIPT compared to those who were uneducated.
Furthermore, pregnant women from higher-income households
exhibited a significantly higher rate of correct answers to two NIPT
knowledge questions than those from lower-income households.
These results suggest that pregnant women in urban areas with higher
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income and higher education possess a greater understanding of
NIPT, consistent with previous research (43, 44). Similar results were
obtained in Women’s Perception of NIPT, where urban, high-income,
and highly educated pregnant women had a significantly higher
proportion in considering prenatal screening and diagnosis as the
primary measure to reduce the incidence of birth defects, as compared
to rural, low-income, and uneducated pregnant women.

If serum screening results suggest a high risk of chromosomal
abnormalities in the subsequent pregnancy, a significant proportion
of pregnant women (83.2%) would opt for NIPT to detect fetal
aneuploidy. Furthermore, a considerable percentage of pregnant
women (66.4%) would select NIPT as the primary method for fetal
aneuploidy screening in the subsequent pregnancy. Conversely,
alternative studies have reported that only approximately 30.4% of
pregnant women would directly choose NIPT for fetal aneuploidy
detection (18, 45). This discrepancy may be attributed to the higher
income level of the surveyed households, with 60.2% of families
earning a monthly income of >10,000 RMB. Additionally, the cost of
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TABLE 4 Comparisons of women'’s perception and willingness to NIPT among subgroups.

10.3389/fmed.2023.1232942

Characteristics P1 P2 P3 P4 P5 W1 W2

Age <35years 0.478 0.058 0.397 0.119 0.136 0.473 0.383
>35years

Place of residence Urban 0.003 0.034 0.673 0.062 0.363 0.139 <0.001
Rural

Educational level Less than high school 0.001 0.158 0.479 0.201 0.128 0.643 0.345
Bachelor/College degree
Master or above

Family income (per month) <5,000 (RMB) 0.045 0.527 0.461 0.25 0.745 0.247 0.233
5,000-10,000 (RMB)
>10,000 (RMB)

Parity 0 0.759 0.425 0.018 0.219 0.804 0.564 0.135
=1

Previous miscarriage or Yes 0.183 0.642 0.567 0.765 0.228 0.831 0.61

termination of pregnancy No

Causes of abortion® Fetal defects 0.643 0.521 0.806 0.312 0.373 0.298 0.26
Non-fetal defects

Conception way Natural conception 0.306 0.946 0.305 0.041 0.307 0.969 0.007
Assisted reproduction technology

Gestational weeks (week) 12%0-22% 0.727 0.681 0.357 0.915 0.178 0.955 0.46
23%0-30%°

P represents perception-based questions, and W represents willingness-related questions; values in the tables were expressed as values of p; all chi-square tests, educational level, and family
income except for the Kruskal-Wallis test.
132 participants had previous miscarriages or termination of pregnancy.
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NIPT has decreased to 1,100 RMB per test due to its increased
utilization in China. In light of the potential hazards of miscarriage, a
considerable majority (66.4%) of expectant mothers would opt
for NIPT as their primary choice for prenatal screening in
subsequent pregnancies.

The ACMG and the National Society of Genetic Counselors
(NSGC) recommend that NIPT counseling should be provided by a
qualified prenatal care provider, a trained designee, or a genetic
counselor (46, 47). The present investigation revealed that 95.5% of
pregnant women believed that medical practitioners’ recommendations
are essential in selecting screening methods. A comparable inquiry
discovered that women exhibited women preferred pre- and post-
NIPT counseling by a midwife (48). As online information can have
varying degrees of accuracy, it is vital to establish an effective prenatal
screening counseling platform that provides professional and efficient
counseling services to pregnant women, enabling them to make the
best choice. Additionally, reducing the anxiety caused by positive
results and placing the patient at the center of decision-making are
crucial factors in determining the uptake of diagnostic testing (49).

NIPS is classified as a screening test rather than a diagnostic test.
To ensure consistency in testing methods and procedures, prominent
governing and professional organizations, including the American
College of Obstetricians and Gynecologists, ACMG, NSGC, and ISPD,
recommend standardization of NIPT. These organizations also advise
that informed decision-making, education, and counseling should
be provided before and after testing (45-47, 50). At the national level
of healthcare, the government must prioritize the reduction of
superfluous invasive testing and miscarriage-related outcomes, as well
as the formulation of more efficacious policies for prenatal care to
mitigate the prevalence of birth defects. The findings of this study
indicate that, despite the strong preference of Chinese expectant
mothers for NIPT, their knowledge and perception of this screening
method for fetal aneuploidy is limited. Consequently, it is incumbent
upon the government to implement effective measures to enhance
public awareness of fetal aneuploidy screening and promote the
judicious use of NIPT.

This study is subject to certain limitations. Firstly, Given that our
study exclusively focused on pregnant women residing in Zhejiang
Province, China, it is important to note that the generalizability of our
findings is limited not only to other countries but also to the wider
Chinese population. Secondly, the study was conducted in developed
urban areas of China, and the sample size was relatively small,
necessitating larger sample sizes and surveys across multiple cities.
Finally, while the study’s questionnaire was informed by prior
research, it lacked expert validation, evaluation of questionnaire
applicability, and reliability. The questionnaire will be further
improved in future research.

Conclusion

NIPS is a screening test that is distinct from a diagnostic test.
Standardization of the testing methods and procedures utilized in
NIPS is imperative. NIPT should be administered through
informed decision-making, education, and counseling before and
after testing. Chinese expectant mothers strongly prefer NIPT yet
possess limited knowledge and comprehension of this screening
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method for fetal aneuploidy. Consequently, it is incumbent upon
the government to implement effective measures to augment public
awareness of fetal aneuploidy screening and promote appropriate
utilization of NIPT.
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