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Abstract
Background: This paper evaluated the clinical utility of massively parallel sequencing-based non-invasive
prenatal testing (NIPT) for detecting trisomy 21 (T21), T18, T13, sex chromosome aneuploidies (SCA),
and rare chromosome aneuploides (RCA) among the data collected by a clinical laboratory in southern
China.

Methods: In a 3-year period between 1January 2017 and 31 December 2019, over 40,000 pregnant
women underwent NIPT clinical screening tests for fetal T21, T18, T13, SCA, and RCA in our laboratory.
NIPT samples were processed using the NextSeq CN500 platform. The results were con�rmed by
karyotype, and chromosomal microarray analysis or CNV sequencing. Details of the pregnancy outcomes
were collected via telephone interviews.

Results: NIPT result were available for 41,819 cases; 691positive cases were reported. The overall
sensitivity for detection of T21, T18, T13, SCA, and RCA was 99.21%, 100.00%, 100.00%, 98.55%, and
100.00%, and the speci�city was 99.95%, 99.94%, 99.98%, 99.69%, and 99.92% respectively. The positive
predictive value (PPVs) for detection of T21, T18, T13, SCA, and RCA were 85.62%, 45.24%, 40.00%,
34.17%, and 13.51%, respectively, and those for detection of 45,X, 47,XXY, 47,XXX, 47,XYY, and
46,XY(delX) 20.00%, 59.18%, 28.95%, 61.54%, and 25.00%, respectively. Regarding pregnancy outcomes,
92.38% of the pregnancies with con�rmed aneuploidies were terminated, and 91.20% of those identi�ed
as having a false-positive result were carried to term. Among 252 uncon�rmed cases, 24.60% of the
pregnancies were terminated and 38.10% carried to term, while 37.30% unfollow-up.

Conclusions: NIPT is widely used to screen fetal aneuploidies based on its high sensitivity and speci�city.
However, in this study, the PPVs of NIPT in terms of detecting T18, T13, XO, XXX and RCA were <50%.
However more than one-third of NIPT-positive women did not accept the prenatal diagnosis. Con�rmatory
diagnosis is strongly recommended for women with positive NIPT outcomes before any further decision
is made.

Introduction
Cell-free DNA (cfDNA) from the peripheral blood of pregnant women has been widely used to screen for
fetal chromosome aneuploidies, including Down syndrome (trisomy 21, T21), Edwards syndrome
(trisomy 18, T18), Patau syndrome (trisomy 13, T13), and sex chromosome aneuploidies (SCA). Lo et al.,
in 1997, were the �rst to describe fetal cfDNA in the plasma of pregnant women [1], and a prenatal testing
method based on cfDNA was introduced in 2008 [2]. Compared with traditional serum screening, cfDNA
testing has a higher sensitivity, lower false-positive rate, and higher positive predictive value (PPV) [3, 4].
Both the American College of Obstetricians and Gynecologists (ACOG) and the American College of
Medical Genetics and Genomics (ACMG) have endorsed non-invasive prenatal testing (NIPT) as a routine
screening option [5, 6]. The use of NIPT for detecting fetal aneuploidies has rapidly transformed the
global prenatal screening landscape, with the test performed in millions of pregnant women worldwide [7,
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8, 9]. In China, NIPT has additional value because of the implementation of a two-child policy, such that a
sharp rise in high-risk pregnancies is expected [10]. The aim of the present study was to evaluate the
performance and accuracy of NIPT, not only for common aneuploides T21, T18 and T13, but also for SCA
and rare chromosome aneuploides (RCA), to determine its clinical utility. The knowledge generated from
our study could assist clinicians in pregnancy counseling, provide reassurance to pregnant women, and
guide further decision-making.

Method And Materials
Ethics statement and sample collection

This retrospective study included pregnant women who underwent NIPT at Nanfang Hospital of Southern
Medical University (Guangzhou, Guangdong Province, China) between January 2017 and December
2019. All participants received clinical counseling prior to NIPT and were informed by clinicians about the
content, principle, advantages, and limitations of the test. The study was approved by the Institutional
Ethics Committee of Nanfang Hospital (approval no. NFEC-2017-035). Written informed consent was
obtained from all subjects and their legal guardians.

Sample collection and processing

Peripheral blood (10 mL) was collected from each of the pregnant women and stored in tubes from
Streck (Irving, TX, USA) or Lakebio (Hefei, China). The blood samples were centrifuged to isolate the
plasma, and cfDNA was extracted from the plasma. A Qubit �uorometer (Thermo Fisher Scienti�c, Inc.,
Waltham, MA, USA) was used to measure the cfDNA concentration, and a cfDNA sequencing library was
constructed and puri�ed. The StepOnePlus™ real-time PCR system(Thermo Fisher Scienti�c, Inc.) was
used to quantify the libraries. All libraries were pooled and sequenced using the NextSeq CN500 massive
parallel sequencing kit and NextSeq CN500 (Illumina China, Shanghai, China). All steps were performed
according to the manufacturer’s instructions (Berry Genomics Corp., Beijing, China). The sequencing data
were mapped and processed using the Bambino test data analysis system ‘RUPA’ (Berry Genomics Corp.).
Chromosomes with a Z-score between −3 and 3 were de�ned as disomic (copy number=2) and those with
a Z-score ≥3 as trisomic (copy number=3). 

Evaluation of the performance of NIPT

Abnormal chromosomal results obtained by NIPT were con�rmed by karyotype and chromosomal
microarray analysis (CMA) or CNV sequencing after conducting an invasive prenatal diagnostic
procedure. All women were followed-up by telephone interviews to document the pregnancy outcomes,
miscarriages, terminations, and deliveries were recorded. Cytogenetic or clinical follow-up results were
used to calculate the sensitivity and speci�city of NIPT. The participants were categorized according to
their aneuploidy risk. Those with any of the following factors were classi�ed as high risk: advanced
maternal age (AMA; ≥35 years), a positive conventional serum screening test (cut-off of 1/270 for T21 or
1/350 for T18), abnormal ultrasound markers, a family history of aneuploidy, or a history of an abnormal
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fetal pregnancy. Participants with none of those factors were de�ned as low risk. The performance of
NIPT for detecting T21/T18/T13 was compared between these two risk groups, and in AMA and young
pregnant women. All data analyses were performed using Microsoft Excel 2007 (Microsoft Corp.,
Redmond, WA, USA) and SPSS version 20 software (IBM Corp., Armonk, NY, USA). Differences in
proportions were tested for statistical signi�cance using the chi-square test, and a P-value<0.05 was
considered signi�cant.  

Results
Pregnancy characteristics

A total of 41,819 pregnant women were included in the analysis. The mean maternal age was 31.65
(range: 14–52, median 32) years, and the mean gestational age was 16.67 (range: 9–38, median 16.29)
weeks at the time of blood draw. Most (65.04%) of the samples were collected from women < 35 years of
age, and the majority (75.80%) were collected during the second trimester. Singleton pregnancies
accounted for 96.43% of the cases and twin pregnancies for 1,426 cases (3.61%). The clinical
characteristics of the 41,819 women are shown in Table 1 and Figure 1.

Table 1

 Clinical characteristic of pregnant women undergoing NIPT
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Characteristic Total (n=41,819) Ratio (%)

Maternal age, (±SD) years    31.65±5.42  

  Range 14~52  

  ≤24 years 4185 10.01 

  25-29 years 11364 27.17 

  30-34 years 11648 27.85 

  35-40 years 12990 31.06 

  >40 years 1632 3.90 

GA at NIPT (wks)    

     First trimester (9-13 wks) 9452 22.60 

     Second trimester (14-27 wks) 31700 75.80 

     Third trimester (≥28 wks) 667 1.59 

Pregnancy history    

     Initial pregnancy 9,262 22.15

     Second pregnancy or more 32,557 77.85

Type of Pregnancy    

     Singleton pregnancy 40393 96.59 

     Twin pregnancy 1426 3.41 

High-risk factors    

     Advanced maternal age 14622 34.96 

     High serum screen risk 5647 13.50 

  Personal history of aneuploidy 2861 6.84 

     Abnormal ultrasound 908 2.17

     IVF-ET conception 3291 7.87

       IVF, in vitro fertilization/ embryo transfer

NIPT performance for T21, T18, T13, SCA, and RCA

Of the 41,819 samples, positive results were obtained in 691 (1.65%) and negative results in 41,128
(98.35%). Of the 691 positive samples, 196 were positive for T21, 61 forT18, 28 forT13, 316 for SCA, and
90 for RCA. Among the 41,128 cases with negative NIPT results, 2 (one case of T21 and one of 45,X)
were later determined to have a false-negative result. Of the 691 women with positive NIPT results, 439
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(63.5%) underwent prenatal diagnosis, and 252 (36.5%) either did not or refused the subsequent follow-
up telephone interview. Among the 439 positive cases that underwent prenatal diagnosis, true-positive
aneuploidies (TP) were con�rmed in 223 (50.8%) and false-positive (FP) results in 216 (49.2%). The
�owchart is shown in Figure 2. Overall, the sensitivities of NIPT for detecting T21, T18, T13, SCA, and RCA
were 99.21%, 100.00%, 100.00%, 98.55%, and 100.00% and the speci�cities 99.95%, 99.94%, 99.98%,
99.69%, and 99.92%, respectively. The PPVs of NIPT for detecting T21, T18, T13, SCA, and RAT were
85.62%, 45.24%, 40.00%, 34.17%, and 13.51%, respectively (Table 2). The incidences of T21, T18, T13,
SCA, and RCA were 0.30%, 0.05%, 0.01%, 0.16%, and 0.01%, respectively. Of the RCA, trisomy 7 was the
most frequently detected (n=40), followed by trisomy 8 (n=11) and trisomy 16 (n=7). The 5 RCA TP cases
consisted of 1 case each of trisomy 15, trisomy 16, uniparental disomy (UPD) on chromosome 6, trisomy
9 (karyotype 47,XN,+der(9)del(9)(q34)/46,XN[46]) and monosomy 18 (karyotype 46,XN,der(18)del(18)
(p11.2)del(18)(q21.3) ).

Table 2 

Performance of non-invasive prenatal testing (NIPT) in detecting trisomies (T) 21, 18 and 13 , SCA and
RCA

Aneuploidies TP FP FN Sensitivity

(%)

Speci�city

(%)

PPV

(%)

Incidence

(%)

T21 125 21 1 99.21 99.95 85.62 0.30

T18 19 23 0 100.00 99.94 45.24 0.05

T13 6 9 0 100.00 99.98 40.00 0.01

SCA 68 131 1 98.55 99.69 34.17 0.16

RCA 5 32 0 100.00 99.92 13.51 0.01

   Among 1426 women with twin pregnancies, 1414 (99.16%) had negative NIPT results and 12 had
positive NIPT results, which included 3 for T21, 1 for T18, 1 for T13, 5 for SCA, and 2 for RCA. 7 cases
underwent prenatal diagnosis, and 5 cases either did not or refused the subsequent follow-up telephone
interview. TP were con�rmed in 3 cases, 2 cases of T21 and 1 case XXY.

NIPT performance on different SCA

The results of a detailed analysis of the 316 SCA detected by NIPT are shown in Table 3. There were 149
cases (47.2%) of XO (monosomy X or Turner syndrome), 76 cases (24.1%) of XXY (Klinefelter syndrome),
64 cases (20.2%) of XXX (triple X syndrome), 19 cases (6.0%) of XYY (Jacob syndrome), and 8 cases
(2.5%) of 46,XY (delX, deletion on X). Among the 316 cases, there were 199 (63.0%) con�rmed NIPT
results, 68 (34.2%) were TPs and 131 (65.8%) were FPs. Of the 68 TP SCA cases, 19 were XO, 29 XXY, 11
XXX, 8 XYY, and 1 was 46,XY(delX). The PPVs of XO, XXY, XXX, XYY, and 46,XY(delX) were 20.00%,
59.18%, 28.95%, 61.54%, and 25.00%, respectively. The XO abnormality accounted for most of the
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positive NIPT results, but the PPV was the lowest (20.00%). XYY (61.54%) detection was associated with
the highest PPV, followed by XXY (59.18%). The incidences of XXY, XO, XXX, XXY, and 46,XY (delX) were
0.07%, 0.05%, 0.03%, 0.02%, and <0.001%, respectively.

Table 3 

Performance of non-invasive prenatal testing for detecting sex chromosome aneuploidies (SCA) 

Aneuploidies TP FP FN Sensitivity

(%)

Speci�city

(%)

PPV

(%)

Incidence

(%)

XO 19 76 1 95.00 99.82  20.00  0.05

XXY 29 20 0 100.00  99.95  59.18  0.07 

XXX 11 27 0 100.00  99.94  28.95  0.03 

XYY 8 5 0 100.00  99.99  61.54  0.02 

46,XY(delX) 1 3 0 100.00  99.99  25.00  <0.001 

 

PPV according to pregnancy characteristics

Among the 41,819 samples, 21,164 (50.61%) were from women in the high-risk group and the remaining
20,655 from women in the low risk group. The performance of NIPT in detecting T21/T18/T13 was
compared between the two risk groups, AMA and young women (Table 4).T21 showed 92.45% PPV in the
high-risk group versus 67.50% in the low-risk group (P<0.001). T18 had the PPV 70.00% versus 5.88% in
high and low-risk groups respectively (P<0.001). Higher PPVs were showed in AMA for T21/T18/T13, and
there was a signi�cant difference in T18 (81.25% versus 23.08%), not in T21 and T13.

Table 4 

Performance of non-invasive prenatal testing (NIPT) in detection of T21/T18/T13 in high-risk, low-risk
pregnancies, AMA and young women

Aneuploidy PPV in high risk
group (%)

PPV in low risk
group (%)

PPV in
AMA (%)

PPV in young
women (%)

Trisomy 21 92.45 (98/106) 67.50 (27/40) 90.00
(63/70)

81.58 (62/76)

Trisomy 18 70.00 (18/25) 5.88 (1/17) 81.25
(13/16)

23.08 (6/26)

Trisomy 13 54.55 (6/11) 0 (0/4) 66.67 (4/6) 22.22 (2/9)
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Clinical outcomes of NIPT positive cases

The outcomes of the 691 NIPT-positive pregnancies are shown in Table 5. Among the 223 women with
TP results, 97.35% T21/T18/T13 and 100% RCA aneuploidies chose to terminate pregnancy, while
80.88% of SCA-affected women terminated pregnancy. For the FP result, there was 6 cases of terminate
pregnancy with some other abnormalities. Of the 252 uncon�rmed cases, accounting for 36.47% of all
positive NIPT results, the pregnancy was terminated in 62 (24.60%), and live births were recorded in 96
cases (38.10%), while 37.30% (94/252) with unknown outcome. In the study, we found that 43 (52.44%)
women with uncon�rmed T21/T18/T13 NIPT positive result chose terminate pregnancy, 33 (40.24%)
women un-follow up, and only 6 cases (7.32%) of live birth. For 170 cases of uncon�rmed SCA and RCA
NIPT positive cases, there were 90 cases liver birth, and 19 terminated pregnancies including 3 cases of
spontaneous abortion and 1 cases of fetal ultrasound abnormal.

Table 5 

Clinical outcomes of pregnancy women with NIPT positive results

NITP with con�rmed results or
unknown

NIPT results Cases Live
birth

Terminate
pregnancy

Unfollow-
up

TP (n=223)          

  T21/T18/T13 150 1a 146 (97.33) 3

  SCA 68 10b 55 (80.88) 3

  RCA 5 0 5 (100.00) 0

  Total 223 11 206 (92.38) 6

FP (n=216)          

  T21/T18/T13 53 50 0 (0.00) 3

  SCA 131 117  5c (3.82) 9

  RCA 32 30  0 (0.00) 2

  Total 216 197  5 (3.82) 13

Unknown (n=252)          

  T21/T18/T13 82 6 43d (52.44) 33

  SCA 117 61e 14f(11.97) 42

  RCA 53 29 5g (9.43) 19

  Total 252 96 62 (24.60) 94
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a. this case is a mosaicism T21; b. including 2 cases of mosaicism XO, 2 cases of XXX, 1 case

XXY, and 5 cases of XYY; c. including 1 case miscarriage, 1 case soft marker abnormal, 1 case T21 (while
NITP showed ChrX-, 1 case with a pathogenic CNV on 22q11.21 and 1 case   46,XN,inv(9)(p11q13); d.
including 3 cases of spontaneous abortion and 4 cases of fetal ultrasound abnormal; e. including 1 case
of death after born, NIPT result ChrX+Y(Mat); f. including 2 cases of spontaneous abortion and 1 cases
of fetal ultrasound abnormal; g. including 1 cases of spontaneous abortion.

Discussion
This study was based on the clinical data from 41,819 pregnant women who underwent NIPT at our
center, including detailed pregnancy outcome data for all cases with positive NIPT results. Detection
sensitivity and speci�city were high for the common aneuploidies T21/T18/T13 and RAT, but lower for
detection of SCA, as shown in other studies [7–9, 11–14].The PPVs for detection of T18, T13, SCA, and
RCA were low, as also reported by Chen [13]. Our results regarding the performance of NIPT for detecting
different types of SCA were similar to those of previous studies [9, 11, 12, 14–19].XO accounted for the
majority of the positive NIPT results, but the PPV for detection of aneuploidy was the lowest. The highest
PPV was that for XYY, although we encountered few NIPT-positive cases. XXY was the most common
abnormality, and exhibited the second highest PPV, followed by XXX, consistent with the �ndings of
several other retrospective clinical studies [9, 12, 14–16], although the PPV was higher for XXX than XXY
in some works [11, 17–19].Circulating cfDNA consists of both maternal and fetal DNA, but the proportion
of fetal DNA is only 3–6%. Hence, abnormal maternal chromosomes affect NIPT results. There is a small
percentage of healthy fertile women with maternal SCA mosaicism or occasionally a full SCA, such as XO
or XXX, but nonetheless they may have healthy euploid fetuses. and in this situation, NIPT presented a FP
result [20]. Maternal X chromosome CNVs have been found in association with discordant fetal SCA
detected by NIPT [21]. Moreover, the gradual and preferential loss of chromosomes occurs in some AMA
women, such that their blood karyotype might change from XX to XO/XX mosaic [22].However, the
maternal chromosomal complement was not investigated in this study, because it was not part of the
informed consent procedure; this is a limitation of the study. For RCA, the study showed that trisomy 7
was the most frequently detected, followed by trisomy 16 and trisomy 8, which is consistent with other
studies, while PPVs ranged from 6–52.5% [7, 23–25].

We also compared NIPT performance for detecting T21/T18/T13 in women with high- and low-risk
pregnancies, AMA and young women; Signi�cant higher of PPVs were presented in high risk group and
AMA. The lower PPV in the low-risk group was attributable to the lower prevalence of chromosomal
abnormalities in the population, emphasizing that NIPT is only a screening test such that con�rmation
via invasive testing is essential. As described by AGOG, PPV oscillates between 38–80% and 91–99% for
T21, between 11–41% and 66–92% for T18, and between 5–13% and 45–71% for T13, respectively, at 20
and 40 years old [26].
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The pregnancy outcomes of all women were evaluated in this study. Among the 691 cases with positive
NIPT results, 252 (36.47%) were not con�rmed by invasive prenatal diagnosis, which similar to the other
study [27]. In this study, we found that the terminate pregnancies were more higher in T21/T18/T13 NIPT
positive cases without con�rmed results. Pregnancy termination without con�rmation by invasive
diagnostic testing can be prevented by adequate pre- and post-NIPT counseling, but apparently there were
many women didn't get detail and knowledge counsel by the study. In our follow-up phone interviews,
some women stated that their clinician at a local hospital had not informed them about invasive testing
to con�rm their RCA results, some women mentioned that they could not afford con�rmatory testing or
have limited access to a diagnostic center (often remotely located), so they chose to ignore the results or
determine the pregnancy without prenatal diagnosis con�rmation. By the study we found that women in
economically developed areas are likely to undergo con�rmatory tests, while women in rural areas are
more unlikely to undergo con�rmatory testing. However, clinicians should inform women that diagnostic
tests are important, and it is essential to con�rm a high risk NIPT result, so as to prevent the disaster of
wrongful pregnancy termination. National recommendations or clear guideline and continuing
educational support are essential for ensuring that providers and clinicians are appropriately trained in
this rapidly evolving �eld.

Conclusion
In conclusion, our study supports the integration of NIPT into current clinical practice, but the accuracy of
detecting T13, XO and RCA is still relatively poor, especially in low risk and young women. We urge that
clinicians inform women with positive NIPT results to undergo further prenatal diagnosis before making
any decision. Cell-free DNA is the most sensitive and speci�c screening test for the common fetal
aneuploidies. Nevertheless, it has the potential for false-positive and false-negative results. Furthermore,
cell-free DNA testing is not equivalent to diagnostic testing.

Declarations
Data Availability

The datasets used or analyzed during the current study are available from the corresponding author on
reasonable request.

Authors' contribution

FL and QC conceived the analysis. FL drafted the manuscript. SL, YX reviewed NIPT results. RW, WC, FH
performed the validation experiments. QC, FY, BJ, LL and AY performed clinical diagnosis,
communication with patients. FL followed the pregnancy outcome. All authors read and approved the
�nal manuscript.   

Funding



Page 12/15

The study was supported by Science and Technology Planning Project of Guangzhou, China
(202002020010, 2019B020227001) and Dean Fund Project of Nanfang Hospital (2021Y001).

Acknowledgements

The authors thank all of the project participants for their contributions. We also thank Textcheck
(http://www. textcheck.com) for language editing.

Ethics approval and consent to participate

The study was approved by the Institutional Ethics Committee of Nanfang Hospital (approval no. NFEC-
2017-035) and all methods were carried out in accordance with relevant guidelines and regulations.
Written Informed consent was obtained from all subjects and their legal guardians.

Consent for publication

Not applicable.

Competing Interests

The authors report no declarations of interest.

Author details

1 Department of Obstetrics and Gynecology, Nanfang Hospital, Southern Medical University, Guangzhou,
China.

References
1. Lo YM, Corbetta N, Chamberlain PF, et al. Presence of fetal DNA in maternal plasma and serum.

Lancet 1997; 350(9076):485-7. 

2. Chiu RW, Chan KC, Gao Y, et al. Noninvasive prenatal diagnosis of fetal chromosomal aneuploidy by
massively parallel genomic sequencing of DNA in maternal plasma. Proc Natl Acad Sci U S A 2008;
105(51): 20458-63.

3. Bianchi DW, Rava RP, Sehnert AJ. DNA sequencing versus standard prenatal aneuploidy screening. N
Engl J Med 2014; 371(6):578. 

4. Norton ME, Jacobsson B, Swamy GK, et al. Cell-free DNA analysis for noninvasive examination of
trisomy. N Engl J Med 2015; 372(17):1589-97.

5. Gregg AR, Skotko BG, Benkendorf JL, et al. Noninvasive prenatal screening for fetal aneuploidy, 2016
update: a position statement of the American College of Medical Genetics and Genomics.  Genet
Med 2016;18(10):1056–65.

�. Committee Opinion No. 640: Cell-Free DNA Screening For Fetal Aneuploidy. Obstet Gynecol 2015;
126(3):e31–7.



Page 13/15

7. van der Meij KRM, Sistermans EA, Macville MVE, et al. TRIDENT-2: National Implementation of
Genome-wide Non-invasive Prenatal Testing as a First-Tier Screening Test in the Netherlands.  Am J
Hum Genet 2019; 105(6):1091-101.

�. Zhang H, Gao Y, Jiang F, et al. Ultrasound Obstet Gynecol 2015; 45(5):530-8. 

9. Garshasbi M, Wang Y, Hantoosh Zadeh S, Giti S, Piri S, Reza Hekmat M. Clinical Application of Cell-
Free DNA Sequencing-Based Noninvasive Prenatal Testing for Trisomies 21, 18, 13 and Sex
Chromosome Aneuploidy in a Mixed-Risk Population in Iran. Fetal Diagn Ther 2020; 47(3):220-7. 

10. Li Q, Deng D. New medical risks affecting obstetrics after implementation of the two-child policy in
China. Front Med. 2017; 11(4):570-5.

11. Xue Y, Zhao G, Li H, et al. Non-invasive prenatal testing to detect chromosome aneuploidies in 57,204
pregnancies. Mol Cytogenet 2019; 12:29.

12. Liang D, Cram DS, Tan H, et al. Clinical utility of noninvasive prenatal screening for expanded
chromosome disease syndromes. Genet Med 2019; 21(9):1998-2006. 

13. Chen Y, Yu Q, Mao X, Lei W, He M, Lu W. Noninvasive prenatal testing for chromosome aneuploidies
and subchromosomal microdeletions/ microduplications in a cohort of 42,910 single pregnancies
with different clinical features. Hum Genomics 2019; 13(1):60. 

14. Xu L, Huang H, Lin N, et al.  Non-invasive cell-free fetal DNA testing for aneuploidy: multicenter study
of 31 515 singleton pregnancies in southeastern China. Ultrasound Obstet Gynecol 2020; 55(2):242-
7.

15. Ramdaney A, Hoskovec J, Harkenrider J, Soto E, Murphy L. Clinical experience with sex chromosome
aneuploidies detected by noninvasive prenatal testing (NIPT): Accuracy and patient decision-making.
Prenat Diagn 2018; 38(11):841-8.

1�. Suo F, Wang C, Liu T, et al. Non-invasive prenatal testing in detecting sex chromosome aneuploidy: A
large-scale study in Xuzhou area of China. Clin Chim Acta 2018; 481:139-41. 

17. Deng C, Zhu Q, Liu S, et al. Clinical application of noninvasive prenatal screening for sex
chromosome aneuploidies in 50,301 pregnancies: initial experience in a Chinese hospital. Sci Rep
2019; 9(1):7767. 

1�. Margiotti K, Cesta A, Dello Russo C, et al.  Cell-free DNA screening for sex chromosomal aneuploidies
in 9985 pregnancies: Italian single experience. BMC Res Notes 2020;13(1):167.

19. Zheng Y, Wan S, Dang Y, Song T, Chen B, Zhang J.  Clinical experience regarding the accuracy of
NIPT in the detection of sex chromosome abnormality. J Gene Med 2020; 22(8):e3199.

20. Wang Y, Chen Y, Tian F, et al. Maternal mosaicism is a signi�cant contributor to discordant sex
chromosomal aneuploidies associated with noninvasive prenatal testing. Clin Chem 2014; 60(1):251-
9.

21. Wang S, Huang S, Ma L, et al. Maternal X chromosome copy number variations are associated with
discordant fetal sex chromosome aneuploidies detected by noninvasive prenatal testing. Clin Chim
Acta 2015; 444:113-6.



Page 14/15

22. Russell LM, Strike P, Browne CE, Jacobs PA. X chromosome loss and ageing. Cytogenet Genome Res
2007;116(3):181-5.

23. Dai R, Yu Y, Zhang H, et al. Analysis of 17,428 pregnant women undergoing non-invasive prenatal
testing for fetal chromosome in Northeast China. Medicine (Baltimore). 2021 Feb 12;100(6):e24740.

24. Pang Y, Wang C, Tang J, Zhu J. Clinical application of noninvasive prenatal testing in the detection
of fetal chromosomal diseases. Mol Cytogenet. 2021;14(1):31.

25. Chen Y, Lai Y, Xu F, et al. The application of expanded noninvasive prenatal screening for genome-
wide chromosomal abnormalities and genetic counseling. J Matern Fetal Neonatal Med.
2021;34(16):2710-6.

2�. Screening for Fetal Chromosomal Abnormalities: ACOG Practice Bulletin Summary, Number 226.
Obstet Gynecol. 2020;136(4):859-67.

27. Zhou Q, Zhu ZP, Zhang B, Yu B, Cai ZM, Yuan P. Clinical features and pregnancy outcomes of women
with abnormal cell-free fetal DNA test results. Ann Transl Med. 2019;7(14):317.

Figures

Figure 1



Page 15/15

Maternal age and gestational distributions at NIPT sampling

Figure 2

Flowchart of non-invasive prenatal test (NIPT) results and clinical outcome of pregnant women


