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Background: Studies on the use of noninvasive prenatal testing (NIPT) in pregnancies conceived by in vitro fertilization (IVF)
remain inadequate. This study aimed to evaluate the performance of NIPT in singleton pregnancies conceived by IVF and to compare
it with that in naturally conceived (NC) pregnancies.

Methods: A retrospective analysis was performed on 86397 pregnancies (IVF=3723, NC=82674). The performance of NIPT was
assessed by calculating the sensitivity, specificity, and positive predictive value (PPV).

Results: The failure rate in the IVF group was significantly higher than that in the NC group (0.16% vs 0.04%, p < 0.05). Among the 3717
cases successfully tested in the IVF group, the sensitivities of trisomy (T) 21 and sex chromosome aneuploidy (SCA) were both 100%, with
specificities of 99.92% and 99.76%, respectively. The PPVs of T21 and SCA were both 50%. Of the 82630 cases successfully tested in the
NC group, all corresponding sensitivities and specificities were greater than 98%. The PPVs of T21, T18, T13, SCA and rare autosomal
aneuploidies were 70.86%, 41.67%, 20.51%, 39.90%, and 7.65%, respectively. Furthermore, although the median fetal fractions (FFs) in the
IVF group were significantly lower than that in the NC group (11.23% vs 12.05%, p < 0.001), the kinetics of FFs during gestation
demonstrated a very similar trend between these two groups.

Conclusion: Our findings suggest that NIPT is a valid technique for detecting fetal chromosomal anecuploidies in IVF singleton
pregnancies.
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Introduction

In vitro fertilization (IVF) is increasingly utilized worldwide for individuals who are unable to conceive naturally.' As the
population of people seeking IVF consists mainly of women with advanced maternal age, prenatal screening is essential
to identify high-risk pregnancies.

Traditional prenatal testing includes noninvasive screening such as maternal serum screening (MSS) and invasive
prenatal diagnostic (IPD) procedures. However, the MSS markers were significantly altered in pregnancies who
conceived via IVF, with an increase in total human chorionic gonadotropin and a decrease in pregnancy-associated
plasma protein A, leading to a higher false positive rate (FPR) in IVF compared to natural conception.”> The IPD
procedures are more accurate than noninvasive screening, but the risk of procedure-related miscarriage discourages IVF
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pregnancies from opting for this method.* For these reasons, efforts continue to develop noninvasive methods for
prenatal testing.

The advent of noninvasive prenatal testing (NIPT) by detecting cell-free DNA (cfDNA) in maternal circulation has
provided new insights for prenatal testing of IVF pregnancies. In 1997, Lo et al first reported the presence of cell-free
fetal DNA in the plasma of pregnant women.” Since 2011, NIPT has become an important part of prenatal screening in
clinical practice.

Numerous studies have shown that NIPT is an effective screening method for fetal trisomies (T) 21, 18, and 13, with
a higher sensitivity (91-99.7%) and a lower FPR (0.04-0.08%) than other currently available screening methods.®®
However, considering the complexity of IVF pregnancies, such as, decreased fetal fractions (FFs),” multiple
pregnancies,' and a higher prevalence of vanishing twins,'' the National Health and Family Planning Commission of
the People’s Republic of China classified the IVF population as a group with cautious use of NIPT in 2016.'* In recent
years, there have been only a limited number of studies showing the feasibility of NIPT in IVF pregnancies.'*"'* This
study aimed to assess the performance of NIPT in singleton IVF pregnancies and to compare it with that of naturally

conceived (NC) pregnancies. The changing patterns of FFs during gestation will also be investigated.

Materials and Methods

Subjects
The study recruited 86397 women with singleton pregnancies who underwent NIPT in Fujian Provincial Maternity and
Children’s Hospital (Fuzhou, China) from September 2018 to December 2024. The pregnancies were divided into two
groups according to the mode of conception, including 3723 cases in the IVF group and 82674 cases in the NC group
(Figure 1).

Pregnancies underwent NIPT
(n=86397: IVF=3723, NC=82674)
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Figure | Flow chat of the study.
Abbreviations: NIPT, noninvasive prenatal testing; IVF, in vitro fertilization; NC, naturally conceived; IPD, invasive prenatal diagnosis; TOP, termination of pregnancy; T, trisomy;
SCA, sex chromosome aneuploidy; RAAs, rare autosomal aneuploidies; TP, true positive; FP, false positive.
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Noninvasive Prenatal Testing

For each patient undergoing NIPT, 10 mL of peripheral venous blood was collected in an EDTA anticoagulant tube and
separated through a double centrifugation procedure within 96 h, and those with problems of inadequate blood volume,
hemolysis, incorrect tube labeling and delays in arrival to the laboratory were excluded. The cfDNA was extracted via
a DNA extraction and purification kit (Berry Genomics Corporation, China), and the concentration was measured via
a Qubit 2.0 fluorimeter (Thermo Fisher Scientific, Waltham, MA, USA). Follow-up DNA library preparation, purifica-
tion, sequencing, and data analysis were performed with the Bambni™ assay (Berry Genomics Corporation). NextSeq
CN500 sequencing platform (Berry Genomics Corporation) was used for massive parallel sequencing (MPS). The
Z scores were calculated for the targeted chromosomes, as previously described (cut-off: | Z | = 3)."°

Chromosome Karyotype Analysis

The process of karyotyping analysis, including cell culture and G-banded karyotyping, performed according to standard
procedures. Karyotypes were described at a resolution of 320-500 bands level and was analyzed according to the
international system for human cytogenetic nomenclature 2020 (ISCN 2020).

Chromosomal Microarray Analysis (CMA) and Data Interpretation

The genomic DNA (gDNA) of the fetus was extracted from amniotic fluid or umbilical cord blood by using a QIAGEN
kit according to the manufacturer’s instructions. Next, the gDNA was digested, ligated, amplified, purified, fragmented,
labeled, hybridized, stained, and scanned according to the standard operating procedure of the Affymetrix CytoScan 750
K array (Affymetrix Inc., Santa Clara, CA, USA). This array includes approximately 200000 probes for single nucleotide
polymorphisms and 550000 probes for copy number variations (CNVs) distributed across the entire human genome.
Chromosome Analysis Suite V3.2 software was used for data analysis. The human genome version GRCh37 (hg19) was
used for annotation. CNVs larger than 400 kb and a loss of heterozygosity > 10 Mb were considered. All detected CNVs
were compared with public databases as follows: Database of Genomic Variants (DGV), Database of Chromosome
Imbalance and Phenotype in Humans Using Ensemble Resources (DECIPHER), International Standards for
Cytogenomic Arrays Consortium, and Online Mendelian Inheritance in Man (OMIM).

Statistical Analysis

The collected data were analyzed using SPSS v20.0 (SPSS Inc., Chicago, IL, USA) and the drawings were performed
using Origin 2024 (Origin Lab Corporation, USA). The distribution of continuous variables was examined by histo-
grams. Student’s ¢ test was used for parametric continuous data and Mann-Whitney U-test for the non-parametric
continuous data. Pearson’s chi-squared test, continuity correction, or Fisher’s exact test were used for categorical
variables as appropriate. Normally distributed data are shown as means + standard deviation (SD) or median +
interquartile range (IQR), and categorical data are presented as percentages. The 95% confidence intervals (ClIs) were
calculated using VassarStats (http://vassarstats.net/). Statistical significance was defined as p < 0.05.

Results
Study Population

A total of 86397 women with singleton pregnancies were enrolled and underwent NIPT, including 3723 pregnancies in
the IVF group and 82674 in the NC group (Table 1). Compared to the NC group, the maternal age in the IVF group was
significantly higher (p < 0.001), and the gestational age was significantly lower (p < 0.001). The indications for sampling
between these two groups varied considerably (p < 0.001), and every indication except missing shows a significant
difference (p < 0.05). Voluntary screening was the most common indications for testing in both groups and were higher
for IVF pregnancies than for spontancous pregnancies (42.06% vs 32.17%, p < 0.05). Advanced maternal age and high/
moderate risk of MSS were the second common indications for sampling in the IVF group and the NC group,
respectively (41.74% and 29.12%, respectively).
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Table 1 Maternal Characteristics of Study Population

Characteristics IVF Group NC Group p Value
(n=3723) (n= 82674)

Maternal age 33.54 (3.91) 31.18 (4.45) < 0.001*
GA at the first sampling 15.57 (2.14) 16.57 (3.43) < 0.001*
Indication of sampling < 0.001*

Advanced maternal age (235 years) 1554 (41.74%) 21108 (25.53%)

High/moderate risk of MSS 441 (11.85%) 24072 (29.12%)

Ultrasound abnormality 113 (3.04%) 5986 (7.24%)

Single marker abnormality of MSS 41 (1.10%) 4773 (5.77%)

Voluntary screening 1566 (42.06%) 26593 (32.17%)

Missing 8 (0.21%) 142 (0.17%)

Note: *Statistical significance was defined as p < 0.05.
Abbreviations: IVF, in vitro fertilization; NC, naturally conceived; GA, Gestational age; MSS, maternal serum screening.

The Rate of NIPT Test Failure

Overall, after first sequencing, 86 (2.31%, 86/3723) cases in the IVF group did not yield results, and 1403 (1.70%, 1403/
82674) cases in the NC group also failed to obtain results. Of the 1403 cases that failed in the NC group, 9 declined
retesting, including 1 who experienced a spontaneous miscarriage. After retesting, 80 and 1359 cases were detected in
these two groups, with success rates of 93.02% (80/86) and 97.49% (1359/1394), respectively. The final failure rates in
the IVF group and NC group were 0.16% (6/3723) and 0.04% (35/82665), respectively. Both the failure rate after the first
sequencing (2.31% vs 1.70%, p < 0.05) and the final failure rate (0.16% vs 0.04%, p < 0.05) in the IVF group were
significantly higher than those in the NC group.

Performance of NIPT for Detecting Fetal Chromosomal Aneuploidies

In the IVF group, 3717 cases were successfully tested. Among these, 45 were NIPT-positive, which included trisomy (T) 21
in 6 cases, T18 in 2 cases, T13 in 3 cases, sex chromosome aneuploidy (SCA) in 21 cases and rare autosomal aneuploidies
(RAAs) in 13 cases. In the NC group, 82630 cases were successfully tested, with 1003 yielding positive NIPT results. This
included T21 in 177 cases, T18 in 56 cases, T13 in 46 cases, SCA in 497 cases and RAAs in 227 cases (Figure 1).

Among the 1048 NIPT-positive cases, 853 cases underwent IPD (IVF=36; NC=817), with the total IPD rate of
81.39% (853/1048). The remaining 195 (IVF=9; NC=186) cases did not receive IPD (Figure 1 and Table 2), including 69
(IVF=5; NC=64) cases with live birth, 32 (IVF=1; NC=31) cases with termination of pregnancy (TOP), and 94 (IVF=3;
NC=91) cases lost to follow-up, representing a follow-up rate of 91.03% (954/1048).

In the IVF group, a total of 36 NIPT-positive cases underwent IPD, resulting in an IPD rate of 80% (36/45). Among
these cases, there were 12 true positives, including 3 cases of T21 and 9 cases of SCA, with an overall detection rate of
0.32% (12/3717, 95% Cls: 0.18-0.58%). The sensitivities of T21 and SCA were both 100%, with specificities of 99.92%
and 99.76%, respectively. The positive predictive values (PPVs) of T21 and SCA were both 50%. In the NC group, 817
were verified through IPD, resulting in an IPD rate of 81.46% (817/1003). Among these cases, 307 were identified as true
positives, including 107 cases of T21, 20 cases of T18, 8 cases of T13, 158 cases of SCA and 14 cases of RAAs, with an
overall detection rate of 0.37% (307/82630, 95% ClIs: 0.33-0.42%). There was no significant difference in overall
detection rate between the two groups (0.32% vs 0.37%, p > 0.05). Besides, 2 cases were identified with false negative
for T21. All corresponding sensitivities and specificities were greater than 98%. The corresponding PPVs were 70.86%,
41.67%, 20.51%, 39.90%, and 7.65%. The overall FPR was 0.65% (24/3696, 95% Cls: 0.44-0.97%) in the IVF group
and 0.62% (510/82135, 95% Cls: 0.57-0.68%) in the NC group, with no significant difference between the two groups
(p > 0.05). Details of NIPT for detecting SCA and RAAS in two groups were shown in Supplementary Tables S1 and S2.
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Table 2 Performance of NIPT for Detecting Fetal Chromosomal Aneuploidies

Specificity (%)
PPV (%)
NPV (%)

99.92 (99.74-99.98)
50 (13.95-86.05)
100 (99.87—100)

99.95 (99.78-99.99)
0 (0-80.21)
100 (99.87-100)

99.97 (99.83-100)
0 (0-94.54)
100 (99.87-100)

99.76 (99.52-99.88)
50 (26.77-73.23)
100 (99.87-100)

99.76 (99.52-99.88)
0 (0-37.12)
100 (99.87-100)

99.95 (99.93-99.96)
70.86 (62.82-77.82)
100 (99.99-100)

99.97 (99.95-99.98)
41,67 (27.93-56.72)
100 (99.99-100)

99.96 (99.95-99.97)
20.51 (9.87-36.94)
100 (99.99-100)

Characteristic IVF Group NC Group

T21 Ti8 TI3 SCA RAAs T21 TI8 TI3 SCA RAAs
NIPT Positive (n) 6 2 3 21 13 177 56 46 497 227
IPD (n) 6 2 | 18 9 151 48 39 396 183
TP (n) 3 0 0 9 0 107 20 8 158 14
FP (n) 3 2 | 9 9 44 28 31 238 169
FPR (%) 0.08 0.05 0.03 0.24 0.24 0.05 0.03 0.04 0.29 0.21
TN (n) 3702 3706 3707 3690 3699 82291 82396 82405 82048 82261
FN (n) 0 0 0 0 0 2 0 0 0 0
FNR (%) 0 - - 0 - 1.83 0 0 0 0
Sensitivity (%) 100 (31.00-100) - 100 (62.88-100) - 98.17 (92.88-99.68) 100 (79.95-100) 100 (59.77-100) 100 (97.04-100) 100 (73.23-100)

99.71 (99.67-99.75)
39.90 (35.07-44.92)
100 (99.99-100)

99.80 (99.76-99.82)
7.65 (4.40-12.76)
100 (99.99-100)

Note: — no statistical analysis or calculation failure.
Abbreviations: IVF, in vitro fertilization; NC, naturally conceived; T, trisomy; SCA, sex chromosome aneuploidy; RAAs, rare autosomal aneuploidies; NIPT, noninvasive prenatal testing; IPD, invasive prenatal diagnosis; TP, true positive;
FP, false positive; FPR, false positive rate; TN, true negative; FN, false negative; FNR, false negative rate; PPV, positive predictive value; NPV, negative predictive value.
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Figure 2 Frequency distribution and kinetics of FFs during gestational age. (A and B) Frequency distribution of the gestational age of pregnant women in two groups;
(C) The box-plot graph of FFs at different gestational age in two groups.

Comparison of the Kinetics of FFs at Different Gestational Ages in the Two Groups
Even though the median FFs in the IVF group were significantly lower than that in the NC group (11.23% vs 12.05%, p <0.001),
the kinetics demonstrated a very similar trend between these two groups (Figure 2). There was a slight increase of median FFs
from the 12th to the 20th week in both two group (IVF: 10.21% to 12.94%, NC: 12.25% to 12.26%, respectively). The median
FFs rose from 12.94% to 21.8% from the 21th to the 27th week in IVF pregnancies, and rose from 12.46% to 19.85% from the
21th to the 31th week in the NC group. The box-plot graph exhibited that FFs increased rapidly after 21th week than before in
both two groups.

Discussion

In recent years, NIPT has emerged as an effective tool for screening fetal chromosomal aneuploidies, particularly in NC
pregnancies.®'® Several studies had demonstrated that NIPT is also effective in twin pregnancies."!” However,
researches on the use of NIPT in IVF pregnancies is limited.'>"'® Most of these studies did not provide detailed
comparisons between IVF and NC populations, and large-scale studies remain scarce.

This study retrospectively compares IVF-conceived singleton pregnancies that underwent NIPT with NC counter-
parts. Women undergoing IVF treatment often face challenges in conceiving naturally and tend to be older at the time of
conception.'® In this study, the mean maternal age was higher in the IVF group than in the NC group (33.54 vs 31.18, p <
0.001), consistent with a previous report.?® Although the proportion of pregnancies with advanced maternal age was
significantly higher in the IVF pregnancies than in the NC group, the overall detection rates of chromosomal abnorm-
alities with NIPT showed no significant difference between the two groups (0.32% vs 0.37%, p > 0.05). A cross-sectional
analysis demonstrated that there was no significant difference in diagnosis of genetic conditions between infants
conceived with assisted reproductive technology or unassisted (10.1% vs 13.2%), which was confirmed in our
results.”' The gestational age at the first sampling in the IVF group was slightly earlier than that in the NC group
(15.57 vs 16.57, p < 0.001), consistent with previous study.*” This difference can be attributed to the physical and mental
stress experienced by the IVF population, which drives them to seek results as quickly as possible.

According to our findings, NIPT showed high sensitivity and specificity for both T21 and SCA in the IVF group (both
greater than 99%), whereas the corresponding PPVs were both moderate (both 50%). In the NC group, NIPT was
comparably sensitive and specific for all trisomies (all greater than 98%), whereas overall PPV was only 37.58% (95%
Cls: 34.26-41.01%). The PPVs for T21, T18, T13, SCA, RAAs were 70.86%, 41.67%, 20.51%, 39.90%, and 7.65%,
respectively. There was no significant difference in the PPVs for T21 and SCA between the two groups (50% vs 70.86%,
p>0.05, 50% vs 39.9%, p > 0.05, respectively). However, the PPV for T21 was higher in the NC group than in the IVF
group, possibly due to the limited number of true positive cases in the IVF group. When sensitivity and specificity remain
constant, the PPV increases with disease prevalence in the population. The incidence of T21 is approximately 0.15% in
China.”® According to our results, the detection rate of T21 was 0.08% (3/3717) in the IVF group and 0.13% (107/82630)
in the NC group, both slightly below reported values. This discrepancy is probably due to the exclusion of high-risk
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pregnancies that bypassed NIPT, including cases involving advanced maternal age or early ultrasound abnormalities,
where direct IPD was performed instead. Consequently, the observed NIPT detection rates were substantially lower than
those previously documented. The overall incidence of SCA is approximately 0.23%, exceeding the prevalence of
common T21 based on prior research.**** In the IVF group, the SCA detection rate was 0.24% (9/3717), consistent with
prior findings. The NC group showed a lower rate of 0.19% (158/82630), which falls below previously reported values.
This discrepancy can also due to not all pregnant women undergo NIPT. The incidence of SCA in the IVF group was
slightly higher than in the NC group (0.24% vs 0.19%), aligning with prior findings.'* However, a retrospective Korean
study found no correlation between conception method and the incidence of fetal SCA.>> Given the limited sample size
and true positive cases in this and prior IVF studies, broader validation is still necessary. Theoretically, since the
incidence of SCA marginally exceeds that of T21, the PPV for SCA should surpass that of T21. Nevertheless, the PPV of
SCA in the NC group was lower than that of T21 in this study, which may be due to the fact that SCA includes various
subtypes. Previous studies have shown that NIPT is more effective at detecting sex chromosome trisomies than

monosomy,zs’26 which is consistent with our findings (Supplementary Table S1). Our data confirm that both groups

exhibit this characteristic. Furthermore, our results suggest that lower FFs may contribute to a higher rate of test failure in
the IVF group, but their impact on the accuracy of successful tests may be limited. The results demonstrate that NIPT is
an effective screening method in both IVF and NC pregnancies, consistent with prior findings.'?'**>"-*® These results
have significant implications for post-test counseling in both NC and IVF pregnancies. For example, a positive NIPT
result for T21 suggests a minimum 50% probability of confirmed fetal aneuploidy.

However, it is too early to assess the performance of NIPT for SCA, as these syndromes are not easily identified
clinically in the early stages, and long-term follow-up is necessary. A comparative analysis of the performance on T18,
T13, and RAAs was not conducted due to insufficient data in the IVF group. In the NC group, the sensitivity, specificity,
and PPV of T18 (100%, 99.97% and 41.67%, respectively) and T13 (100%, 99.96% and 20.51%, respectively) were in
line with previous study.'® It’s worth noting that in pregnancies with high-risk of RAAs, the most common results were
T7 (Supplementary Table S2), which is consistent with previous reports.>”*® Fourteen cases of true positives were CNVs
rather than aneuploidy abnormalities. The PPV of the RAAs was 7.65% in the NC group, which is lower than that of T21.
It has been reported that the PPV for rare autosomal trisomies (RATs) is low or cannot be calculated due to limited

sample sizes, and the majority of RATs are mosaic trisomies, primarily confined to the placenta.*'* In clinical practice,
when receiving positive results of RAAs, appropriate genetic counseling should be provided. Although the PPV remains
low, IPD or serial ultrasound monitoring of fetal growth should still be recommended.

Of the false positive cases in the NC group, 8 cases of pregnant women had peripheral blood chromosomes
abnormalities (7 for sex chromosomes, 1 for chromosome), and the fetal karyotype and CMA of these cases were
normal. Since approximately 80-90% of the free DNA detected by NIPT originates from maternal sources,”* NIPT was
not applicable for pregnancies with peripheral blood chromosome abnormalities, these 8 cases were unknown of their
karyotypes before undergoing NIPT. The necessity of conducting karyotype testing prior to NIPT from an economic
perspective requires further discussion. Additionally, 2 cases of false negative T21 were identified in the NC group. One
of false negative case (Z score: —0.85) identified by ultrasound signs and a subsequent amniocentesis with complete fetal
T21. After the TOP procedure, cytogenetic analysis of the placenta revealed the presence of mosaicism. The second case
(Z score: 1.81) was an obese pregnant woman, with body mass index 37.28. Obesity can lead to a dilution of the placental
fraction of ¢fDNA in maternal blood.*® The FFs was 5.54% in this case, which is much lower than the median FFs.
Furthermore, obesity can reduce the accuracy of ultrasound results, and no abnormal findings were identified in this case.
The symptoms and signs were suspected to be T21 after birth, and a peripheral blood karyotype analysis was
subsequently performed, confirming a complete T21. These cases highlight the importance of thorough and accurate pre-
test counseling for the risks and limitations of NIPT.

Although NIPT offers many advantages in the IVF and NC populations, test failures are inevitable Test failure is
a concern highlighted by the American College of Medical Genetics and Genomics.*® Both the failure rate after the first
sequencing (2.31% vs 1.70%, p < 0.05) and the final failure rate (0.16% vs 0.04%, p < 0.05) in the IVF group were
significantly higher than those in the NC group, which in line with the previous reports.'**” The lower FF leads to
a higher failure rate, which might be the result of associated impaired placentation during IVF pregnancies.’” The
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retesting success rates in these two groups were 93.02% (80/86) and 97.49% (1359/1394), respectively. It indicated that
the majority of pregnancies that failed after initial sequencing yielded successful outcomes upon retesting, which aligns
with the findings of previous studies.*®~’

The reported failure rates for NIPT tests vary by assay technology, with methods based on MPS ranging from 0.1% to
1.58%.7%4% In the current study, the overall final failure rate was 0.05% (41/86388), which was within the low range.
This may be due to different laboratories using different FF cut-offs. Although most previous studies have established

a cut-off of 4% in their routine NIPT procedures,*®*!

we opted to use a cut-off of 3%. A higher cut-off correlates with
a higher failure rate. Additionally, it is important to consider the varying definitions of test failure. Some studies
categorize administrative issues, such as sample collection errors, mislabeling, and transport problems, as test failures.
Taneja et al observed that out of a total of 1.6% of cancellations, only 0.1% were attributed to technical reasons, with the
majority being due to administrative issues (ie, the testing process did not commence).*® Problems related to inadequate
blood volume, hemolysis, and mislabeling were not addressed in this study, which contributed to a low failure rate. Our
research only involved a comparison of failure rates in two groups, and we did not conduct an in-depth analysis of the
underlying reasons for failure. This is one of the limitations of our research.

In this study, the median FFs in the IVF pregnancies was significantly lower than that in the NC group (11.23% vs
12.05%, p < 0.001), which is consistent with the findings of previous study.*’ An increased maternal inflammatory
response and epithelial damage resulting from assisted reproductive technology treatment have been proposed as
alternative explanations for the decreased FFs observed in women undergoing IVF, while the underlying mechanisms
have not been clarified.”> Zhou et al indicated that the change in FFs during gestation was a plateau stage from the 10th
to 19th weeks, followed by a rapid growth stage from the 19th to 30th weeks,*® which is consistent with our findings.
Furthermore, the kinetics exhibited a similar trend in both groups, which indicating that the method of conception has no
impact on the kinetics of FFs. However, the FFs were absent after the 27th week of IVF pregnancies and further
investigation is required. Besides, follow-up data for NIPT-negative cases in both IVF and NC pregnancies were
insufficient. Insurance coverage will be initiated for confirmed false negative cases involving T21, T18, or T13,
specifically excluding CNVs associated with these chromosomes. Another limitation was the lack of stratification by
treatment type within the IVF group. The extremely small number of positive cases also precluded meaningful
performance evaluation of NIPT for T18, T13, and RAAs in this cohort. However, our findings suggest that undergoing
IVF does not affect the performance of NIPT. Compared to all currently published research, this study represents the
largest sample size of singleton pregnancies within the IVF group to date in studies on the application of NIPT in IVF.
Furthermore, a comparative analysis of the detailed detection results of SCA, RAAs and FF kinetics between the two
groups has not been performed in any prior studies. This study further demonstrates the utility of NIPT in IVF
populations and provides evidence to inform clinical genetic counseling decisions.

Conclusions

NIPT exhibits high sensitivity and specificity for detecting T21 and SCA in both IVF and NC pregnancies, and its PPV
for these conditions remains moderate in both groups. Furthermore, although the FFs in IVF pregnancies was lower than
those in the NC group and the failure rate was higher in the IVF group, the kinetics of FFs exhibited similar trends in the
two groups. Consequently, NIPT can be used to screening for common chromosomal aneuploidies in IVF singleton
pregnancy with voluntary and fully informed consent.
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