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Abstract

Background: Screening for Down syndrome (DS) conducted in the first trimester provides essential information for expectant
parents and healthcare providers to make informed decisions about further diagnostic testing and potential interventions.
Objectives: This study aimed to explore the preferences and influential factors for subsequent screening and diagnostic tests
among Vietnamese women at risk for DS, including non-invasive prenatal testing (NIPT) and amniocentesis.

Methods: A cross-sectional study was conducted from January 2022 to January 2023 with 125 pregnant women selected through
convenience sampling at a public hospital in Vietnam. Data were collected from standardized medical records and analysis
forms for each participant who underwent first-trimester Double test screening at the healthcare center. Participants were
stratified by DS risk thresholds ranging from 1/51 to 1/1000. Chi-square and Fisher's exact tests were used to compare the
acceptance rate of screening tests between groups. Logistic regression was utilized to explore factors related to participants'
preferences.

Results: The majority (71.2%) of participants were under 35 years old. The prevalence of consenting to further tests was 69.7% in
the high-risk group (95% CI: [54.02%, 85.38%]) and 67.4% in the moderate-risk group (95% CI: [57.81%, 76.97%]), with all participants
in the moderate-risk group selecting NIPT. In the high-risk group, 65.22% preferred NIPT and 34.78% chose amniocentesis. The key
reasons for declining further testing included a preference for ultrasound monitoring (70%), financial constraints (7.5%), and
religious beliefs (10%). Chi-square analysis indicated a statistically significant variation in diagnostic test selection by age group,
with younger women more likely to choose NIPT (P < 0.0001).

Conclusions: There is a marked preference for NIPT over invasive methods, especially among younger moderately risk women.
These results emphasize the need for individualized counseling and education, as well as increased support for noninvasive
testing options through healthcare policy and insurance coverage.
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1. Background ultrasound findings and maternal age, has traditionally
facilitated noninvasive prenatal risk estimation (1-4).

Advancements in genetic testing technologies have  with the advent of non-invasive prenatal testing (NIPT),
significantly expanded the possibilities for prenatal  the landscape for detecting trisomy 21, 18, and 13 has
screening of chromosomal abnormalities, such as Down been markedly improved due to the method's sensitivity

syndrome (DS).  First-trimester maternal serum  and specificity through the analysis of free fetal DNA in
screening, using biochemical markers alongside maternal plasma (5, 6).
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Globally, NIPT has become an increasingly prevalent
method for prenatal screening. Its integration into
national healthcare programs has been supported by
collaborative research studies and consortia, which have
been instrumental in streamlining the adoption of NIPT
as a routine screening tool worldwide. This global
implementation effort highlights the commitment of
governments and private health authorities to harness
the benefits of advanced genetic testing technologies,
ultimately contributing to enhanced prenatal care and
improved maternal and fetal outcomes (7-11).

In China, where NIPT has been available since 2010,
the technology has seen a surge in usage following the
abolishment of the one-child policy. The increased
demand among older women for safer prenatal testing
options has led to studies suggesting that NIPT be
included in health insurance coverage (8, 12). Similarly,
in Hong Kong, NIPT has been integrated into the public
health system as a second-tier screening option for high-
risk pregnancies (11). In Japan, the introduction of NIPT
in 2013 has gradually increased its prevalence in
prenatal care, demonstrating the country's evolving
approach to maternal and fetal health (12, 13).
Implementation studies in Japan have shown a
significant reduction in invasive procedures,
underscoring NIPT's potential to enhance prenatal
diagnostic processes while ensuring safety and cost-
effectiveness (14).

However, acceptance and integration of NIPT are

subject to a complex interplay of healthcare
infrastructure, economic factors, and ethical
deliberations across different populations (15-18).

Despite its advantages, integrating NIPT into standard
prenatal care in Vietnam faces challenges, including
accessibility, public knowledge, and policy support (19-
21). Given the growing use of NIPT in prenatal care and
the potential implications for healthcare policies and
decision-making, further research is needed to
understand the impact of NIPT on prenatal care and
develop healthcare policies that ensure its accessibility,
ethical use, and cultural sensitivity in different
populations. However, little is known about the
preference of pregnant women toward the screening
and diagnostic tests for DS, especially among those
whose results from double test screening are moderate
and high risk. Therefore, this study aimed to investigate
the preferences and related factors for DS screening
tests among pregnant women at risk of DS in a public

hospital in Vietnam. The study's findings are expected to
contribute to the optimization of prenatal screening
strategies by promoting informed decision-making
supported by accessible, ethical, and culturally sensitive
healthcare policies (22).

2. Objectives

This study aims to explore the preferences and
related factors for subsequent screening and diagnostic
tests among Vietnamese women at risk of DS, including
NIPT and amniocentesis.

3. Methods

3.1. Study Design and Setting

This cross-sectional study was conducted at a public
hospital in Vietnam from January 2022 to January 2023.
The routine first-trimester screening involved
evaluating maternal serum screening outcomes in
pregnant women, assessing free B-human chorionic
gonadotropin (B-hCG) and pregnancy-associated plasma
protein A (PAPP-A) for Down syndrome risk assessment.
The evaluation criteria for the study were based on
Down syndrome risk thresholds, with a specific focus on
a screening threshold of 1/250. Screening results were
categorized as positive if the assessed risk was equal to
or greater than the threshold and negative if it was
below. Specific risk categories included very high risk (>
1/50), high risk (1/51 to 1/250), moderate risk (1/251 to
1/1000), and low risk (<1/1000) (23-25).

3.2. Participant Selection

Pregnant women who visited the hospital for
antenatal care during their first trimester underwent a
double test to determine whether they had an increased
risk of DS. The risk thresholds ranged from 1/51 to 1/1000
based on the results of the double test. Those who met
these criteria were potential participants in the survey.
To be included in the survey, participants had to have
singleton pregnancies, a gestational age between 11 + 0
and 13 + 6 weeks, and provide informed consent.
Individuals with known chromosomal or fetal
anomalies detected by ultrasound were excluded from
the study, as were those who refused to participate.

The sample size was calculated based on the formula
for estimating one proportion (26).

] Nurs Midwifery Sci. 2024; 11(2): e147406.



Tang HX et al.

Z 12,3 p(l - p>
2
d2

Assuming a 70% acceptance rate for diagnostic tests,
with a margin of error of 10% and a confidence level of
95%, the estimated sample size was 81 patients. However,
since simple random sampling was difficult to perform
in an outpatient survey, we instead used convenience

sampling. Additionally, we expanded the sample size to
125 women to increase representativeness.

3.3. Screening Procedures

The double test, comprising maternal serum levels of
free B-hCG and PAPP-A, was
standardized immunoassay (3). Risk assessments were
calculated by combining these biochemical markers
with factors such as maternal age, weight, and
gestational age at the time of blood draw. Results were
classified into risk groups according to predefined
thresholds: A risk of DS above 1/250 was considered high
(positive), while risks below this threshold were
considered low (negative). This categorization helped
guide subsequent diagnostic pathways. The entire
screening procedure was thoroughly documented to
ensure consistency and repeatability.

measured using a

3.4. Diagnostic Choices and Consent

Following risk stratification, participants received
counseling on their options for further testing, which
included NIPT and invasive procedures such as
amniocentesis. Counseling was conducted by
experienced obstetricians who provided comprehensive
information about the screening tests, ensuring that
participants were fully informed about the benefits and
risks associated with each testing option. Counseling
took place in a private room to ensure patient privacy.
Informed consent was obtained from all participants
who opted for further diagnostic procedures, following
hospital ethics policies.

3.5. Data Collection

After counseling from obstetricians and making
decisions on screening and diagnostic tests,
participants underwent data collection utilizing a
structured questionnaire administered through direct
interviews by nurses trained specifically for this study.
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Data collection encompassed both clinical data and
survey responses.

Clinical data: Extracted from electronic medical
records, this included quantitative results from the first-
trimester Double test screening—specifically, levels of
free B-hCG and PAPP-A.

Survey data: Conducted to gather detailed
demographic characteristics, personal preferences
regarding diagnostic tests, and the reasons for
participants' choices. The questionnaire was carefully
designed to be intuitive and non-intrusive, ensuring
accurate and comprehensive data collection without
causing respondent fatigue. Areas covered included
socio-demographic information, test decision factors,
and preferences for further diagnostic procedures.

Interviews were conducted in a private hospital
setting to ensure confidentiality and comfort, with each
session lasting about 15 - 20 minutes. Data were
immediately recorded into secure hospital tablets to
ensure accuracy and facilitate efficient data
management.

3.6. Statistical Analysis

Categorical variables underwent analysis using chi-
square and Fisher exact tests. Logistic regression
analysis was employed to identify factors influencing
the choice of further diagnostic tests, with significance
set at P < 0.05. Descriptive statistics, including mean
and standard deviation, summarized the characteristics
of the study participants. Descriptive analysis involved
frequency tables to describe the proportion of outcomes
across the study population, and 95% confidence
intervals were applied for all tests to ensure result
reliability. All data were coded and analyzed using
statistical software Stata and R for comprehensive data
visualization and analysis.

3.7. Ethical Considerations

The research adhered to the highest standards of
integrity and respect for participants. The study
protocol received approval from the ethics committee
of the participating healthcare center, ensuring
compliance with all relevant national and international
guidelines. The ethical approval code provided by the
committee was No.13/QD-BVSN on 16 January 2022. All
participants provided written informed consent,
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Table 1. Classification of Risk Groups Based on the Results of the Double Screening Test

Risk Group No. (%) 95% Confidence Interval
High risk (1/51-1/250) 33(26.4) [18.67%,34.13%]
Moderate risk (1/251-1/1000) 92(73.6) [65.87%, 8133%]
Total 125 (100)

Consent rate for down testing among pregnant women

Risk threshold of
1/51-1/250

30.3 %

Risk threshold of
1/251-1/1000

Consent type il Agreed to testing JliDid not consent

Figure 1. Comparative consent rates for Down syndrome testing among pregnant women at different risk thresholds

ensuring confidentiality and the right to withdraw from

the study at any time without any consequences. 4.1. Characteristics of the Participants

Out of 125 participants, 71.2% (89) were pregnant
women aged under 35 years. Participants were
categorized into risk groups based on double test

4. Results

4 ] Nurs Midwifery Sci. 2024; 11(2): e147406.
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Table 2. Diagnostic Choices of Pregnant Women by Risk Groups (n = 85) 2

Risk Group NIPT Amniocentesis Total
High risk (1/51-1/250) 15(65.22) 8(34.78) 23(100)
Moderate risk (1/251-1/1000) 62(100) 0(0) 62(100)
@ Values are expressed as No. (%).
Table 3. Reasons for Denying Further Testing Among Pregnant Women (n = 40)
Reason No. (%)
Lack of financial resources 3(75)
Further monitoring with ultrasound 28(70)
Decision to terminate due to sufficient family size 3(7.5)
Religious beliefs to accept any outcome 4(10)
Further testing at higher-level hospitals 2(5)

results, with risk groups divided into high-risk (1/51 -
1/250) and moderate-risk (1/251 - 1/1000) categories, as
shown in Table 1.

4.2. Consent Rates for Down Syndrome Testing at Different
Risk Thresholds

Figure 1 illustrates the consent rates for further
testing among pregnant women stratified by two
distinct risk thresholds for Down syndrome. Among
women in the high-risk group (1/51 to 1/500), 23 out of 33,
or 69.7% (95% CI: [54.02%, 85.38%]), consented to further
diagnostic procedures, while in the moderate-risk group
(1/251 to 1/1000), 62 out of 92, or 67.4% (95% CI: [57.81%,
76.97%]), consented to additional testing.

4.3. Diagnostic Choices by Risk Group

The selection of diagnostic procedures after
screening is detailed in Table 2. A notable preference for
NIPT over amniocentesis was observed among
moderate-risk participants. Of the 33 women in the
high-risk group, a small subset opted for amniocentesis
(8 women, 34.78%), while a significant proportion chose
NIPT (15 women, 65.22%), and the rest did not seek
further testing (10 women). In the moderate-risk group,
consisting of 92 women, the majority favored NIPT (62
women), and a large number abstained from additional
testing (30 women), with none selecting amniocentesis.

4.4. Reasons for Declining Further Testing

] Nurs Midwifery Sci. 2024; 11(2): e147406.

Table 3 categorizes the reasons participants chose not
to carry out further diagnostic tests. The most cited
reason was the preference for additional ultrasound
follow-up, as noted by 70% of the participants. Financial
constraints and the decision to terminate the pregnancy
due to sufficient family size were each reported by 7.5%
of the cohort. Ten percent of women declined further
testing based on religious beliefs, willing to accept any
outcome, while 5% preferred to seek additional tests in
higher-level hospitals. This breakdown provides critical
information on the multifaceted decision-making
process behind pursuing or declining further prenatal
diagnostic procedures.

Table 4 presents the diagnostic decisions taken by a
cohort of 125 pregnant women, segmented according to
the risk assessed for DS and further classified by age. The
data shows that within the high-risk category, 7 out of 8
amniocentesis cases were chosen by women under 35
years of age. In contrast, women under 35 years of age
also showed a strong inclination toward NIPT,
representing 41.57% of this group, while 42.70% opted
out of both testing options. In the moderate-risk
category, the overwhelming majority, 80.52%, selected
NIPT.

4.5. Comparative Analysis of Screening Results

For participants who opted for NIPT following a
double test result, Figure 2 presents the concordance
and discordance in the screening results.
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Table 4. Preferences of the Diagnostic Test Following the Stratification of Risk of Down Syndrome by Age Group ?

Total (n=125) Age Groups (y) P-Value
<35(n=89) >35(n=36)
Amniocentesis among high risk 8(6.40) 7(7.87) 1(2.78)
NIPT among high risk 15 (12.00) 7(7.87) 8(22.22) 0.0001
<0.
NIPT among moderate risk 62(49.60) 37(41.57) 25(69.44)
None of these tests 40 (32.00) 38(42.70) 2(5.56)
2Values are expressed as No. (%).
1 None Down-
syndrome
> ( monosomy X)
8 2
Amniocentesis abnormal 1 Down-
cases syndrome
High-risk ( trisomy 21)
1/51-1/250
15 1 aminocentesis 1 Down-
——» abnormal syndrome
NIPT i
case (trisomy 21)
Risk
groups
Moderate-risk 62 P T—
1/251-1/1000 NIPT L

Figure 2. Flow diagram of diagnostic results according to risk groups and screening tests

Among the 23 pregnant women in the high-risk
group, 8 initially opted for amniocentesis, resulting in 2
abnormal cases (1 trisomy 21 and 1 monosomy X). One
out of 15 participants in the high-risk group who chose
NIPT screening was found to have trisomy 21
abnormalities confirmed through amniocentesis.

5. Discussion

This study illuminates the current prenatal
diagnostic preferences in Vietnam, with a focus on NIPT
among pregnant women considered to be at moderate
risk of DS. According to international healthcare trends,
there is a distinct favoring of NIPT due to its
noninvasiveness and high accuracy, which corresponds
to global shifts toward gentler diagnostic modalities
while ensuring reliable results (5, 16). This preference is
consistent with the findings of Phan et al, who
demonstrated the effectiveness of the triSure NIPT

procedure in Vietnam, underscoring the potential for
NIPT to be applied in low-income settings (20).
Reflecting on participant demographics, our study
cohort, primarily under the age of 35, reinforces
established trends in prenatal care engagement (27).
This mirrors the situation in Japan, as described by
Takahashi et al., where NIPT is mainly indicated for
pregnant women over 35 years of age, highlighting
different policy and practice landscapes in prenatal
diagnostics across countries (18). Interestingly, a study
in Singapore revealed that Chinese women were
significantly more likely to choose NIPT over invasive
prenatal diagnosis (IPD), whereas Indian women
showed a preference for IPD. This cultural distinction
might suggest that demographic and cultural
backgrounds significantly influence prenatal decision-
making, which could be reflected in Vietnam's diverse
population (28). Additionally, an American study

] Nurs Midwifery Sci. 2024; 11(2): e147406.
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highlighted geographical variations in the adoption of
NIPT, with the highest uptake noted in the West Coast
centers (62.9%), compared to East Coast centers (41.6%)
and Midwest centers (21.8%), primarily due to
indications of advanced maternal age (AMA) (29). This
signifies a potential regional influence on prenatal
screening preferences, which may also be relevant in the
context of Vietnam's diverse economic and cultural
landscapes.

Risk categorization in our research underscores the
vital role of tailored risk evaluation in informed
decision-making within prenatal care (30). This is
complemented by the cost-utility analysis performed by
Anh et al., indicating NIPT as a cost-effective alternative
for high-risk pregnant women in Vietnam, presenting a
strong case for the broader adoption and insurance
coverage of NIPT in developing countries (19, 31). The
diagnostic preferences indicated by our study
participants show a growing acceptance of NIPT over
invasive methods such as amniocentesis, signaling a
shift toward patient-centric benefits (32, 33).

The divergence in diagnostic preferences by age
group in our study suggests a significant influence of
age on prenatal diagnostic decisions. Contrary to
traditional trends where older women show higher
uptake rates for NIPT, our findings from a cohort of 125
pregnant women in Vietnam reveal a strong inclination
towards NIPT across all age groups. Notably, within our
high-risk category, younger women under 35 were as
likely to choose NIPT as their older counterparts, with
41.57% of younger women opting for NIPT while a similar
majority (80.52%) in the moderate risk category chose
NIPT, regardless of age (P < 0.0001). This generational
shift indicates evolving perceptions and broad
acceptance of less invasive prenatal testing technologies
among Vietnamese women.

Our results align with a study in Singapore, where
women aged > 35 years preferred NIPT over IPD, with
62.3% opting for NIPT compared to 29.5% for IPD (P =
0.0052) (28). Interestingly, the Singapore study also
reported that younger women (< 35 years) were almost
equally likely to choose NIPT or IPD, a contrast to our
findings where younger women distinctly favored NIPT
(28). This suggests that the preference for NIPT among
younger Vietnamese women may reflect unique cultural
or healthcare system influences not observed in the
Singapore context.

] Nurs Midwifery Sci. 2024; 11(2): e147406.

In contrast, another study from Singapore focusing
on willingness-to-pay (WTP) for NIPT revealed that while
older, more educated women, or those intending to
terminate a pregnancy if affected, showed a higher WTP
for NIPT, the general population was not willing to pay
extra for NIPT over standard testing as a first-line
screening method. This highlights a discrepancy
between perceived value and actual financial
commitment to NIPT in different cultural and economic
settings, underscoring the complex dynamics that
influence prenatal testing decisions globally (34).

The study showcases several strengths that enhance
its value in the field of prenatal diagnostics. Firstly, the
engagement of a diverse cohort of 125 pregnant women
from varied socio-economic backgrounds in Vietnam
helps to ensure that the findings are reflective of a
broad spectrum of the population, enhancing their
relevance within the regional context. Furthermore, the
study delves deep into the diagnostic preferences
between NIPT and amniocentesis across different risk
thresholds, providing a detailed understanding of
prenatal testing choices in a nuanced manner.
Additionally, the use of chi-square analysis to discern
significant differences in testing preferences across age
groups imbues the study with statistical rigor,
strengthening the reliability of the conclusions drawn.

However, the study is not without its limitations. The
regional focus on Vietnam, while providing depth, may
limit the generalizability of the findings to other
regions without adaptations to local medical practices
and cultural factors. Furthermore, the cross-sectional
design of the study captures preferences at a single
point in time, which does not allow for an
understanding of how these preferences might change
throughout the pregnancy or in response to shifts in
healthcare policy. Future research could extend these
findings by expanding the geographic scope and
adopting a longitudinal design, offering a more
dynamic view of prenatal screening behaviors and their
outcomes globally.

5.1. Conclusions

In conclusion, the present study shows that the NIPT
test was preferred over invasive methods in screening
for Down syndrome among at-risk pregnant women in
Vietnam. The main reasons for choosing subsequent
tests include personal health beliefs, economic status,
and the perceived reliability of the NIPT test over
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invasive procedures. There is a need for individualized
counseling and education, as well as increased support
for noninvasive testing options through healthcare
policy and improved insurance coverage. The study’s
findings suggest that a shift towards less invasive
prenatal testing methods could lead to broader changes
in prenatal care practices, especially in developing
countries like Vietnam.

Acknowledgements

The authors express their sincere gratitude to all
participants who took part in this study. We extend our
thanks to the Directory Board of Nghe An Obstetric-
Pediatric Hospital for their valuable support and
facilitation.

Footnotes

Authors' Contribution: Study concept and design: HT,
TT, and HP; acquisition of data: TT, AL, and VN; analysis
and interpretation of data: HL, TP, HP, and HT; drafting
of the manuscript: HT, and HP; critical revision of the
manuscript for important intellectual content: TT, AL,
VN, HL, TP, HT, and HP; statistical analysis: HL, and TP;
administrative, technical, and material support: HT, HP,
TT, AL, and VN; study supervision: HP.

Conflict of Interests Statement: The authors declared
no conflict of interests.

Data Availability: The dataset presented in the study is
available on request from the corresponding author
during submission or after publication.

Ethical Approval: The research protocol received
approval from the ethics committee of Nghe An
Maternity and Pediatrics Hospital (No.13/QD-BVSN on 16
January 2022).

Funding/Support: This study received no external
funding.

Informed Consent: All study participants provided
their informed consent in writing, ensuring
confidentiality and that the right to withdraw from the
study at any time was maintained throughout the
research process.

References

12.

13.

14.

Nicolaides KH. Turning the pyramid of prenatal care. Fetal Diagn Ther.
2011;29(3):183-96. [PubMed ID: 21389681].
https://doi.org/10.1159/000324320.

Van den Veyver IB. Recent advances in prenatal genetic screening
and testing. FI0O0OORes. 2016;5:2591. [PubMed ID: 27853526]. [PubMed
Central ID: PMC5089140].
https://doi.org[10.12688/fl000research.9215.1.

Shiefa S, Amargandhi M, Bhupendra ], Moulali S, Kristine T. First
Trimester Maternal Serum Screening Using Biochemical Markers
PAPP-A and Free beta-hCG for Down Syndrome, Patau Syndrome and
Edward Syndrome. Indian J Clin Biochem. 2013;28(1):3-12. [PubMed ID:
24381414]. [PubMed Central ID: PM(C3547446].
https://doi.org[10.1007/s12291-012-0269-9.

Cariati F, D’Argenio V, Tomaiuolo R. Innovative technologies for
diagnosis and screening of genetic diseases in antenatal age. | Lab
Precis Med. 2020;5:6. https:[/doi.org[10.21037/jlpm.2019.11.02.

Bianchi DW, Parker RL, Wentworth ], Madankumar R, Saffer C, Das AF,
et al. DNA sequencing versus standard prenatal aneuploidy
screening. N Engl | Med. 2014;370(9):799-808. [PubMed ID: 24571752].
https://doi.org/10.1056/NE]JMoa1311037.

ChenY, Lu L, Zhang Y, Wang F, Ni Y, Wang Q, et al. Clinical application
of expanded noninvasive prenatal testing for fetal chromosome
abnormalities in a cohort of 39,580 pregnancies. Am | Med Genet A.
2022;188(5):1426-34. [PubMed ID: 35107205].
https://doi.org[10.1002/ajmg.a.62657.

Mei L, Tang Q, Sun B, Xu L. Noninvasive prenatal testing in China:
Future detection of rare genetic diseases? Intractable Rare Dis Res.
2014;3(3):87-90. [PubMed ID: 25364649]. [PubMed Central ID:
PMC4214242]. https:[/doi.org/10.5582/irdr.2014.01012.

Wu L, Wu Y, Zou S, Sun C, Chen ], Li X, et al. Eliciting women's
preference for prenatal testing in China: a discrete choice
experiment. BMC Pregnancy Childbirth. 2020;20(1):604. [PubMed ID:
33032548]. [PubMed Central ID: PMC7542883].
https://doi.org/10.1186/s12884-020-03270-7.

LiuY, Liu H, He Y, Xu W, Ma Q, He Y, et al. Clinical performance of non-
invasive prenatal served as a first-tier screening test for trisomy 21, 18,
13 and sex chromosome aneuploidy in a pilot city in China. Hum
Genomics. 2020;14(1):21. [PubMed ID: 32503639]. [PubMed Central ID:
PMC7275506]. https://doi.org[10.1186/s40246-020-00268-2.

Zhu W, Ling X, Shang W, Huang J. The Knowledge, Attitude, Practices,
and Satisfaction of Non-Invasive Prenatal Testing among Chinese
Pregnant Women under Different Payment Schemes: A Comparative
Study. Int ] Environ Res Public Health. 2020;17(19). [PubMed ID:
33008137]. [PubMed Central ID: PMC7579635].
https://doi.org[10.3390/ijerph17197187.

Sahota DS. Noninvasive Testing for Fetal Aneuploidy: A Hong Kong
Perspective. AJOB Empir Bioeth. 2015;6(1):106-10.
https://doi.org/10.1080/23294515.2014.993103.

Sasaki A, Sawai H, Masuzaki H, Hirahara F, Sago H. Low prevalence of
genetic prenatal diagnosis in Japan. Prenat Diagn. 2011;31(10):1007-9.
[PubMed ID: 21732393]. https:[/doi.org/10.1002/pd.2816.

Kimura M. Experiences Related to Prenatal Testing Among Japanese
Mothers of Children With Disabilities. Women's Reprod Health.
2018;5(3):183-203. https:[/doi.org/10.1080/23293691.2018.1490082.

Sago H, Sekizawa A; Japan NIPT Consortium. Nationwide
demonstration project of next-generation sequencing of cell-free
DNA in maternal plasma in Japan: 1-year experience. Prenat Diagn.

] Nurs Midwifery Sci. 2024; 11(2): e147406.


http://www.ncbi.nlm.nih.gov/pubmed/21389681
https://doi.org/10.1159/000324320
http://www.ncbi.nlm.nih.gov/pubmed/27853526
https://www.ncbi.nlm.nih.gov/pmc/PMC5089140
https://doi.org/10.12688/f1000research.9215.1
http://www.ncbi.nlm.nih.gov/pubmed/24381414
https://www.ncbi.nlm.nih.gov/pmc/PMC3547446
https://doi.org/10.1007/s12291-012-0269-9
https://doi.org/10.21037/jlpm.2019.11.02
http://www.ncbi.nlm.nih.gov/pubmed/24571752
https://doi.org/10.1056/NEJMoa1311037
http://www.ncbi.nlm.nih.gov/pubmed/35107205
https://doi.org/10.1002/ajmg.a.62657
http://www.ncbi.nlm.nih.gov/pubmed/25364649
https://www.ncbi.nlm.nih.gov/pmc/PMC4214242
https://doi.org/10.5582/irdr.2014.01012
http://www.ncbi.nlm.nih.gov/pubmed/33032548
https://www.ncbi.nlm.nih.gov/pmc/PMC7542883
https://doi.org/10.1186/s12884-020-03270-7
http://www.ncbi.nlm.nih.gov/pubmed/32503639
https://www.ncbi.nlm.nih.gov/pmc/PMC7275506
https://doi.org/10.1186/s40246-020-00268-2
http://www.ncbi.nlm.nih.gov/pubmed/33008137
https://www.ncbi.nlm.nih.gov/pmc/PMC7579635
https://doi.org/10.3390/ijerph17197187
https://doi.org/10.1080/23294515.2014.993103
http://www.ncbi.nlm.nih.gov/pubmed/21732393
https://doi.org/10.1002/pd.2816
https://doi.org/10.1080/23293691.2018.1490082

Tang HX et al.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

2015;35(4):331-6. [PubMed ID:
https://doi.org/10.1002/pd.4539.

25408438].

Deans Z, Newson A]. Ethical considerations for choosing between
possible models for using NIPD for aneuploidy detection. ] Med
Ethics. 2012;38(10):614-8. [PubMed ID: 22745108].
https://doi.org[10.1136/medethics-2011-100180.

Jayashankar SS, Nasaruddin ML, Hassan MF, Dasrilsyah RA, Shafiee
MN, Ismail NAS, et al. Non-Invasive Prenatal Testing (NIPT):
Reliability, Challenges, and Future Directions. Diagnostics (Basel).
2023;13(15). [PubMed ID: 37568933]. [PubMed Central ID:
PMC10417786]. https://doi.org[10.3390/diagnostics13152570.

Kater-Kuipers A, Bunnik EM, de Beaufort ID, Galjaard RJH. Limits to
the scope of non-invasive prenatal testing (NIPT): an analysis of the
international ethical framework for prenatal screening and an
interview study with Dutch professionals. BMC Pregnancy Childbirth.
2018;18(1):409. [PubMed ID: 30340550]. [PubMed Central ID:
PMC6194707]. https:|/doi.org[10.1186/s12884-018-2050-4.

Takahashi M, Linh LK, Sayed AM, Imoto A, Sato M, Dila KAS, et al. Non-
Invasive Prenatal Testing (NIPT) Implementation in Japan: A
Comparison with the United Kingdom, Germany, Italy, Sweden, and
Taiwan. Int | Environ Res Public Health. 2022;19(24). [PubMed ID:
36554285]. [PubMed Central ID: PMC9778094].
https://doi.org/10.3390/ijerph192416404.

Anh ND, Trang LDM, Anh NQ. First-trimester screening versus non-
invasive prenatal testing for Down syndrome at high-risk pregnant
women in Hanoi Obstetrics and Gynecology Hospital, Vietnam: A
cost-utility analysis. Int ] Healthc Manag. 2020;14(4):1318-25.
https://doi.org/10.1080/20479700.2020.1758893.

Phan MD, Nguyen TV, Trinh HNT, Vo BT, Nguyen TM, Nguyen NH, et al.
Establishing and validating noninvasive prenatal testing procedure
for fetal aneuploidies in Vietnam. | Matern Fetal Neonatal Med.
2019;32(23):4009-15. [PubMed ID: 29865915].
https://doi.org[10.1080/14767058.2018.1481032.

Nguyen NY, Lu YT, Nguyen DA, Nguyen CC, Dinh LT, Tran MT, et al.
Developing and validating noninvasive prenatal testing for de novo
autosomal dominant monogenic diseases in Vietnam. Per Med.
2023;20(5):425-33. [PubMed ID: 37623819]. https:|/doi.org/10.2217/pme-
2023-0076.

World Health Organization. Born too soon: decade of action on preterm
birth. 2023. Available from:
https://www.who.int/publications/i/item/9789240073890.

Charoenratana C, Wanapirak C, Sirichotiyakul S, Tongprasert F,
Srisupundit K, Luewan S, et al. Optimal risk cut-offs for Down
syndrome contingent maternal serum screening. | Matern Fetal
Neonatal Med. 2018;31(22):3009-13. [PubMed ID: 28760059].
https://doi.org/10.1080/14767058.2017.1362383.

Guanciali-Franchi P, lezzi I, Soranno A, de Volo CP, Alfonsi M,

Calabrese G, et al. Optimal cut-offs for Down syndrome contingent
screening in a population of 10,156 pregnant women. Prenat Diagn.

] Nurs Midwifery Sci. 2024; 11(2): €147406.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

2012;32(12):1147-50. [PubMed ID:
https://doi.org[10.1002/pd.3974.

23007955].

Luo W, He B, Han D, Yuan L, Chen X, Pang L, et al. A Retrospective
Analysis Of Different Contingent Screening Models For Fetal Down
Syndrome In Southwestern China. Sci Rep. 2020;10(1):9457. [PubMed
ID: 32528157]. [PubMed Central ID: PMC7289849].
https://doi.org[10.1038/s41598-020-66320-2.

Glueck DH. Sample Size Calculations in Clinical Research 2nd edition
by CHOW, S.-C., SHAO, J., and WANG, H. Biometrics. 2008;64(4):1307-8.
https://doi.org/10.1111/j.1541-0420.2008.01138_10.X.

Ravitsky V, Roy MC, Haidar H, Henneman L, Marshall J, Newson AJ, et
al. The Emergence and Global Spread of Noninvasive Prenatal
Testing. Annu Rev Genomics Hum Genet. 2021;22:309-38. [PubMed ID:
33848430]. https://doi.org[10.1146/annurev-genom-083118-015053.

Barrett AN, Advani HV, Chitty LS, Su LL, Biswas A, Tan WC, et al.
Evaluation of preferences of women and healthcare professionals in
Singapore for implementation of noninvasive prenatal testing for
Down syndrome. Singapore Med J. 2017;58(6):298-310. [PubMed ID:
27357315]. [PubMed Central ID: PMC5474525].
https://doi.org/10.11622[smedj.2016114.

Platt LD, Janicki MB, Prosen T, Goldberg JD, Adashek |, Figueroa R, et
al. Impact of noninvasive prenatal testing in regionally dispersed
medical centers in the United States. Am | Obstet Gynecol.
2014;211(4):368 el-7. [PubMed ID: 24705127).
https://doi.org[10.1016/j.ajog.2014.03.065.

Hui L, Hutchinson B, Poulton A, Halliday J. Population-based impact
of noninvasive prenatal screening on screening and diagnostic
testing for fetal aneuploidy. Genet Med. 2017;19(12):1338-45. [PubMed
ID: 28518169]. https://doi.org/10.1038/gim.2017.55.

Birko S, Ravitsky V, Dupras C, Le Clerc-Blain ], Lemoine ME, Affdal AO,
et al. The value of non-invasive prenatal testing: preferences of
Canadian pregnant women, their partners, and health professionals
regarding NIPT use and access. BMC Pregnancy Childbirth.
2019;19(1):22. [PubMed ID: 30630440]. [PubMed Central ID:
PMC6327577]. https://doi.org[10.1186/512884-018-2153-y.

Devers PL, Cronister A, Ormond KE, Facio F, Brasington CK, Flodman
P. Noninvasive prenatal testing/noninvasive prenatal diagnosis: the
position of the National Society of Genetic Counselors. | Genet Couns.
2013;22(3):291-5. [PubMed ID: 23334531].
https://doi.org/10.1007/s10897-012-9564-0.

Dubois ML, Winters PD, Rodrigue MA, Gekas J. Patient attitudes and
preferences about expanded noninvasive prenatal testing. Front
Genet. 2023;14:976051. [PubMed ID: 37152999]. [PubMed Central ID:
PMC10161390]. https://doi.org/10.3389/fgene.2023.976051.

Sim WS, Yeo SH, Choi C, Yeo TW, Lee J], Huynh VA, et al. Preferences for
a non-invasive prenatal test as first-line screening for Down
Syndrome: A discrete choice experiment. Prenat Diagn.
2022;42(11):1368-76. [PubMed ID: 36089766).
https://doi.org/10.1002/pd.6239.


http://www.ncbi.nlm.nih.gov/pubmed/25408438
https://doi.org/10.1002/pd.4539
http://www.ncbi.nlm.nih.gov/pubmed/22745108
https://doi.org/10.1136/medethics-2011-100180
http://www.ncbi.nlm.nih.gov/pubmed/37568933
https://www.ncbi.nlm.nih.gov/pmc/PMC10417786
https://doi.org/10.3390/diagnostics13152570
http://www.ncbi.nlm.nih.gov/pubmed/30340550
https://www.ncbi.nlm.nih.gov/pmc/PMC6194707
https://doi.org/10.1186/s12884-018-2050-4
http://www.ncbi.nlm.nih.gov/pubmed/36554285
https://www.ncbi.nlm.nih.gov/pmc/PMC9778094
https://doi.org/10.3390/ijerph192416404
https://doi.org/10.1080/20479700.2020.1758893
http://www.ncbi.nlm.nih.gov/pubmed/29865915
https://doi.org/10.1080/14767058.2018.1481032
http://www.ncbi.nlm.nih.gov/pubmed/37623819
https://doi.org/10.2217/pme-2023-0076
https://doi.org/10.2217/pme-2023-0076
https://www.who.int/publications/i/item/9789240073890
http://www.ncbi.nlm.nih.gov/pubmed/28760059
https://doi.org/10.1080/14767058.2017.1362383
http://www.ncbi.nlm.nih.gov/pubmed/23007955
https://doi.org/10.1002/pd.3974
http://www.ncbi.nlm.nih.gov/pubmed/23007955
https://doi.org/10.1002/pd.3974
http://www.ncbi.nlm.nih.gov/pubmed/32528157
https://www.ncbi.nlm.nih.gov/pmc/PMC7289849
https://doi.org/10.1038/s41598-020-66320-2
https://doi.org/10.1111/j.1541-0420.2008.01138_10.x
http://www.ncbi.nlm.nih.gov/pubmed/33848430
https://doi.org/10.1146/annurev-genom-083118-015053
http://www.ncbi.nlm.nih.gov/pubmed/27357315
https://www.ncbi.nlm.nih.gov/pmc/PMC5474525
https://doi.org/10.11622/smedj.2016114
http://www.ncbi.nlm.nih.gov/pubmed/24705127
https://doi.org/10.1016/j.ajog.2014.03.065
http://www.ncbi.nlm.nih.gov/pubmed/28518169
https://doi.org/10.1038/gim.2017.55
http://www.ncbi.nlm.nih.gov/pubmed/30630440
https://www.ncbi.nlm.nih.gov/pmc/PMC6327577
https://doi.org/10.1186/s12884-018-2153-y
http://www.ncbi.nlm.nih.gov/pubmed/23334531
https://doi.org/10.1007/s10897-012-9564-0
http://www.ncbi.nlm.nih.gov/pubmed/37152999
https://www.ncbi.nlm.nih.gov/pmc/PMC10161390
https://doi.org/10.3389/fgene.2023.976051
http://www.ncbi.nlm.nih.gov/pubmed/36089766
https://doi.org/10.1002/pd.6239

