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Objectives:Non-invasive prenatal testing (NIPT) has been widely used in recent

years. According to clinical experience from all hospitals providing prenatal

screening services in Beijing, we explored the feasibility of using NIPT for the

analysis of common foetal aneuploidies among pregnancies.

Methods: In total, 68,763 maternal blood samples were collected from January

2020 to December 2020 at the Beijing prenatal diagnosis agency. Cases with

positive screening results by NIPT detection were validated using prenatal

diagnosis.

Results: In total, 920 cases had a high-risk NIPT result, and 755 cases were

shown to be truly positive by a chromosome karyotyping analysis; the prenatal

diagnosis rate was 82.07% (755/920). Of the920 cases, there were 164 cases of

T21, 70 cases of T18, 38 cases of T13, 360 cases of SCAs and 288 cases of other

chromosomal abnormalities. The positive rates of T21, T18, T13, and SCAs were

0.24% (164/68,763), 0.10% (70/68,763), 0.06% (38/68,763) and 0.52% (360/

68,763), respectively. The sensitivity and specificity were 98.17% and 99.92% for

T21, 96.15% and 99.93% for T18, and 100% and 99.95% for T13, respectively. The

PPVs of T21,T18,T13 and SCAswere65.24% (107/164), 35.71% (25/70), 18.42% (7/

38) and 31.39% (113/360), respectively. For all indications, there were more

higher T21/18/13 in the high-risk group than in the low-risk group (comprising

only cases of voluntary request), with a positive rate of 0.46% vs. 0.27% (p <
0.001), sensitivity of 99.16% vs. 91.30% (p = 0.02) and PPV of 56.73%vs.32.81%

(p = 0.001), but there was no significant difference in specificity between the

groups (p = 0.71). The detection indication with the highest PPV (100%) by NIPT

was ultrasound structural abnormalities and ultrasound soft marker

abnormalities for T21 and ultrasound structural abnormalities and NT

thickening for T18 and T13. The PPVs of different clinical indications of T21

(p = 0.002), T13 (p = 0.04) and SACs (p = 0.02) were statistically significant.

Conclusion: The high specificity, efficiency and safety (non-invasiveness) of

NIPT can effectively improve the detection rate of common chromosomal

aneuploidy, thereby reducing the occurrence of birth defects. We should

encourage pregnant women with NIPT-high-risk results to undergo a
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prenatal diagnosis to determine whether the foetus has chromosomal

abnormalities. More importantly, the screening efficiency of NIPT in the low-

risk groupwas significantly lower than that in the high-risk group. Therefore, the

use of NIPT in low-risk groups should be fully promoted, and socioeconomic

benefits should be considered.

KEYWORDS

noninvasive prenatal testing, karyotype analysis, sensitivity, specificity, positive
predictive value

Introduction

Non-invasive prenatal testing (NIPT) using cell-free foetal DNA

in maternal plasma has been successfully employed for aneuploidy

screening in clinical settings for 10 years (Hartwig et al., 2017).

Several studies have assessed the accuracy of this method based on

actual clinical experience. Indeed, many studies have demonstrated

that NIPT can reduce the incidence of unnecessary invasive

procedures (Zhang et al., 2015). NIPT also has higher

sensitivities and specificities than traditional biochemical and

sonographic screening. Previous studies have reported detection

and false-positive rates of 99.2% and 0.09% for trisomy 21 (T21),

96.3% and 0.13% for trisomy 18 (T18), and 91.0% and 0.13% for

trisomy13 (T3) (Gil et al., 2017). Additionally, other studies have

reported detection rates above 98% for trisomy 21 and above 93%

for trisomy 18 (Health Quality Ontario, 2019). In the study by

Taylor-Phillips et al. (2016), the sensitivities for trisomy 21, trisomy

18 and trisomy13 were 99.3%, 97.4% and, 97.4%, respectively.

Overall, NIPT is an accurate screening test that offers the

opportunity to improve the detection of aneuploidies while

reducing the use of invasive diagnostic procedures. Nevertheless,

previous studies have reported that with a cell-free foetal DNA

(cffDNA) fraction of less than 4% (American College of

Obstetricians and Gynecologists Committee on Genetics, 2012),

the foetal-placental DNA is indistinct, and a false-negative NIPT is

likely to occur due to placental mosaicism (Hartwig et al., 2017). In

addition, one study concluded that 45% of chromosomal

abnormities could not be detected by cffDNA testing but could

be detected by invasive diagnostic procedures with cytogenetic

analysis (Shani et al., 2016).

Here, we explore the use of NIPT from the perspective of

evidence-based clinical medicine. We collected all NIPT and

prenatal diagnosis results from all prenatal diagnosis institutions

in the entire city to evaluate the screening efficacy ofNIPT in Beijing.

Our research was approved by our institutional ethics committee.

Materials and methods

Patients

A total of 68,763 women from all delivery institutions in Beijing

accepted NIPT; 755 underwent cytogenetic prenatal diagnosis at

eight prenatal diagnosis centres from January 2020 to December

2020. All of the pregnant women who participated in the study

received prenatal genetic consultation and then voluntarily signed

informed consent forms, which were issued by the General Office of

the National Health and Family Planning Commission. We divided

the patients into a high-risk group and a low-risk group according to

the screening indications of NIPT. High-risk groups included the

indications of advanced maternal age, high risk of serological

screening, critical risk of serological screening, NT thickening,

ultrasound soft marker abnormality, ultrasound structural

abnormality, twin/IVF–ET pregnancy, missed time for serological

screening, contraindications for interventional surgery and others

according to Document No. 45 of National Health and Family

Planning Commission (National Health and Family Planning

Commission, 2016) and Taylor-Phillips S, et al. (Taylor-Phillips

et al., 2016).

The low-risk group included only voluntary screening

indications.

Prenatal screening and diagnosis

Non-invasive prenatal testing
A total of 68,763 pregnant women who underwent NIPT

with high risk cases, and prenatal diagnosis in the prenatal

diagnosis agency of Beijing from January 2020 to December

2020 were enrolled in this study. The NIPT procedures,

including the DNA extraction, library construction, whole

genome sequencing, and data analysis, were carried out

according to protocols published elsewhere (Liang et al.,

2013). In brief, approximately 10 ml blood from each

pregnant woman were collected into a purple-top tube

containing EDTA. The maternal blood samples were

subject to centrifugation at 1600 g for 10 min at 4°C,

followed by 16000 g for 10 min at 4°C. The cffDNA was

extracted from 1 ml plasma using a Circulating Nucleic

Acid Kit from Berry Genomics. Subsequently, the extracted

plasma DNA was used as the input DNA to prepare the library

for sequencing. CffDNA was extracted using a DNA

extraction kit (QIAGEN), and a DNA library was

constructed using a library construction kit (Life

Technologies). Quality control of the sequencing library

was carried out using a QubitFluormeter quantifier.
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Sequencing detection was performed on an Illumina NextSeq

CN500 or BerryGenomics NextSeq CN500, and

bioinformatics analysis was performed using a proprietary

algorithm. The binary hypothesis Z score of specific

chromosomes in each sample was determined; the normal

range for chromosomes was -3 < z < 3; a higher/lower score

was classified as NIPT high-risk. A flowchart of the NIPT

testing process and quality control standards is shown in

Figure 1.

Karyotype analysis and CNV

In total, 755 patients with high-risk NIPT results consented

to undergo invasive prenatal diagnosis (741 cases underwent

amniotic fluid puncture, and 14 cases under went cord blood

puncture), which is the gold standard for diagnosing

chromosome aneuploidies. Karyotype analysis at the 320-band

level and/or copy number variation (CNV) on Illumina NextSeq

CN500 andChAS2.0 was used to interpret CNVs, and data

analysis was performed with reference to the online public

database. A true-positive case was defined as a karyotype or

CNV that was consistent with the NIPT result.

Follow-up

Follow-up subjects were all people who underwent NIPT,

including those with high-risk and low-risk NIPT results.

Statistical analyses

All statistical analyses were performed using SPSS 18.0 software.

A chi-squared test was used to assess the between-group differences.

The 95% confidence interval (CI) was calculated to examine the

FIGURE 1
A flow chart of the NIPT testing process and quality control standards.
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positive rate (high-risk NIPT result/total number of NIPT tests),

detection rate (sensitivity), positive predictive values (PPVs) and

specificity. p < 0.05 was considered statistically significant.

Results

Basic characteristics of pregnant women
who underwent NIPT

In this study, the age of pregnant women ranged from 18 to

45 years, with an average age of 32.0 ± 4.3 years. The gestational

age at NIPT ranged from 12+0 to 26+6 weeks, with an average time

of 16.3 ± 3.2 weeks. The gestational age of prenatal diagnosis

ranged from 13+0 to 29+6 weeks, with an average time of 20.3 ±

4.4 weeks. Among 68,763 patients screened by NIPT, all subjects

were grouped according to screening indications. The basic

information and proportion of different indications are shown

in Table 1.

Efficiency of NIPT for T21/T18/T13 and sex
chromosome abnormalities

Among 68,763 pregnant women, 920 had high-risk results

for T21/T18/T13/sex chromosome abnormalities (SCAs)/other

chromosome abnormalities, including 164 with T21, 70 with

T18, 38 with T13, 360 with SCAs (abnormal number of X or Y

chromosomes) and 288 with other chromosome abnormalities.

After informed consent was obtained, 755 patients accepted

prenatal diagnosis by amniotic fluid cell analysis, and the rate

of prenatal diagnosis was 82.07% (755/920). After follow-up, we

identified 5 cases with false-negative results. Table 2 shows the

prenatal diagnosis results. The detection rates of T21, T18 and

TABLE 1 Basic information and proportion of different screening indications for NIPT.

Indications Total number Average age (year) Average gestational age
(week)

Population (%)

Advanced maternal age 22357 37.7±3.6 15.7±3.3 32.51

High risk of serological screening 1701 30.8±4.1 19.3±4.1 2.47

Critical risk of serological screening 8756 27.7±5.2 18.5±3.6 12.73

NT thickening 395 32.5±2.7 13.8±2.3 0.57

Ultrasound soft marker abnormality 182 31.8±3.2 23.8±1.9 0.26

Ultrasound structural abnormality 63 32.6±5.4 23.6±2.5 0.09

Twin/IVF-ET pregnancy 2666 28.4±3.1 15.5±2.3 3.88

Missed time for serological screening 274 32.9±2.9 23.4±2.8 0.40

Voluntary request 23346 29.3±5.2 15.6±3.1 33.95

Contraindications for interventional surgery 6 32.1±2.8 20.7±3.4 0.01

Others 9017 30.4±3.7 16.8±2.7 13.11

Total 68763 32.0±4.3 16.3±3.2 100.00

TABLE 2 NIPT positive results for T21/T18/T13/SCAs and other chromosome abnormalities.

NIPT
result

High-
risk
result

True
positive

False
positive

False
negative

Detection
rate
% (95%CI)

Specificity
% (95%CI)

PPV %
(95%CI)

p-value
of PPV

T21 164 107 57 2 98.17
(93.53–99.78)

99.92
(99.89–99.94)

65.24 (57.43–72.50)

T18 70 25 45 1 96.15
(80.36–99.90)

99.93
(99.91–99.95)

35.71 (24.61–48.07)

T13 38 7 31 0 100 (59.04–100) 99.95
(99.94–99.97)

18.42 (7.74–34.33) < 0.001

T21/18/13 272 139 133 3 97.89
(93.95–99.56)

99.81
(99.77–99.84)

51.10 (44.99–57.19)

SCAs 360 113 247 - - - 31.39 (26.63–36.46)

Other chromosomal
abnormalities

288 54 184 - - - 18.75 (14.41–23.75)
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T13 were 98.17% (107/109), 96.15% (25/26), and 100% (7/7),

respectively. The PPVs of T21,T18,T13,SCAs and the others

chromosome abnormalities were 65.24% (107/164), 35.71%

(25/70), 18.42% (7/38),31.39% (113/360), and 18.75% (54/

288), respectively, with significant differences (χ2 = 62.64, p <
0.001).

False-negative NIPT cases

We identified 5 cases with false-negative NIPT results.

Case 1 with indications for NIPT voluntarily requested the

analysis. In follow-up ultrasound screening, it was found that

the width of the foetal lateral ventricle was more than 10 mm;

therefore, the prenatal diagnosis was T21. Case 2 involved

advanced maternal age (≥35 years) and nuchal translucency

(NT) thickening. In follow-up ultrasound screening, a choroid

plexus cyst was detected, and the karyotype analysis was T21.

T18 was observed in case 3. The woman voluntarily requested

NIPT; in follow-up ultrasound screening, it was revealed that

she had a single umbilical artery and interventricular septal

defect but refused a prenatal diagnosis. Therefore, a

chromosome examination was performed after

delivery, and the result was T18. The other 2 cases

involved SCAs; both patients were of advanced

maternal age, and the karyotype analysis results were

47,XXY (Table 3).

Distribution of indications

Among the 68,763 prenatal women who received NIPT,

the positive rate, detection rate and PPV differed among

different NIPT indications (Table 4 and Table 5). Regarding

the positive rates, the top three indications for NIPT among

the cases ofT21 were NT thickening (2.03%,8/395), ultrasound

structural abnormalities (1.59%,1/63) and ultrasound soft

marker abnormalities (1.10%,2/182). Additionally, the

detection indication with the highest rate among T18, T13,

and SCA cases was ultrasound structural abnormalities.

Furthermore, the NIPT detection indications with the

highest PPVs (100%) were ultrasound structural

abnormalities and ultrasound soft marker abnormalities for

T21 and SCAs, although the PPVs (100%) of T18 and T13 with

ultrasound structural abnormalities or NT thickening were the

highest. Additionally, the PPVs of all clinical indications

forT21 (χ2 = 22.40, p = 0.002), T13 (χ2 = 11.06, p = 0.04)

and SACs (χ2 = 17.55, p = 0.02), but notT18 (χ2 = 10.41, p =

0.18), were statistically significant. The positive rate among

pregnant women with a high risk of serological screening

(0.76%, 13/1701) was higher than that for the other

detection indications (except ultrasound abnormalities), and

the detection rate was 100% for T21,T18,and SCAs. However,

those who voluntarily requested NIPT had the lowest

detection rate. Last, the NIPT detection

rate and PPV of T21 were higher than those of T18,

T13 or SCAs.

Comparison of low-risk and high-risk
pregnant women

Among 68,763 cases, 23,346 (33.95%, 23,346/68,763) were

at low risk (voluntary request), and 45,417 (66.05%, 4517/

68,763) were at high risk. The positive rate (0.46% vs. 0.27%,

p < 0.001), PPV (56.73% vs 32.81%, p = 0.001) and detection

rate (99.16% vs. 91.30%, p = 0.02) of T21, 18 and 13 in high-

risk pregnant women were higher than those in low-risk

pregnant women (all p < 0.05), but there was no significant

difference in specificity between them (χ2 = 0.16, p = 0.71). For

SCAs, there was no statistically significant difference in

screening efficiency between the two groups. The screening

efficiency of T21, T18, T13 and SCAs in both groups are shown

in Table 6 and Table 7.

TABLE 3 Details of the false-negative NIPT cases.

Case
number

Maternal
age
(year)

Ultrasound screening
abnormalities

Diagnosis
methods

cffDNA
content
(%)

Prenatal
diagnosis
results

1 28 Foetal lateral ventricle was more than 10 mm and increased
with gestational age

Cord blood puncture 9.63 T21

2 37 NT thickening and choroid plexus cyst Amniotic fluid
puncture

7.38 T21

3 33 Ultrasound structural abnormality Newborn
chromosome

6.63 T18

4 38 Ultrasound soft marker abnormality Amniotic fluid
puncture

7.64 47, XXY

5 35 Ultrasound soft marker abnormality Amniotic fluid
puncture

8.95 47, XXY
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TABLE 4 Aneuploidy positive rates according to NIPT screening indications.

Indications Total
number

High-risk NIPT cases True positive cases False-negative cases NIPT Positive rate% (95%CI)

T21 T18 T13 SCAs T21 T18 T13 SCAs T21 T18 T13 SCAs T21 T18 T13 SCAs

Advanced maternal age 22357 74 32 9 133 57 14 3 47 1 0 0 2 0.33
(0.26-0.42)

0.14
(0.10-0.20)

0.04
(0.02-0.08)

0.59
(0.50-0.70)

High risk of serological screening 1701 13 6 2 9 6 2 0 3 0 0 0 0 0.76
(0.41-1.30)

0.35
(0.13-0.77)

0.12
(0.01-0.42)

0.53
(0.24-1.00)

Critical risk of serological screening 8756 12 2 8 40 6 0 1 7 0 0 0 0 0.14
(0.07-0.24)

0.02 (0-0.08) 0.09
(0.04-0.18)

0.46
(0.33-0.62)

NT thickening 395 8 8 4 2 7 5 2 2 0 0 0 0 2.03
(0.88-3.95)

2.03
(0.88-3.95)

1.01
(0.28-2.57)

0.51
(0.06-1.81)

Ultrasound soft marker abnormality 182 2 2 0 1 2 0 0 0 0 0 0 0 1.1 (0.13-3.91) 1.1 (0.13-3.91) 0 (0-2.01) 0.55
(0.01-3.02)

Ultrasound structural abnormality 63 1 1 1 1 1 1 1 1 0 0 0 0 1.59
(0.04-8.53)

1.59
(0.04-8.53)

1.59
(0.04-8.53)

1.59
(0.04-8.53)

Twin/IVF-ET pregnancy 2666 6 3 0 16 3 1 0 6 0 0 0 0 0.23
(0.08-0.49)

0.11
(0.02-0.33)

0 (0-0.14) 0.60
(0.34-0.97)

Missed time for serological screening 274 1 0 0 2 0 0 0 2 0 0 0 0 0.36
(0.01-2.02)

0 (0-0.14) 0 (0-0.14) 0.73
(0.09-2.61)

Voluntary request 23346 41 10 13 120 19 2 0 31 1 1 0 0 0.18
(0.13-0.24)

0.04
(0.02-0.08)

0.06
(0.03-0.10)

0.51
(0.13-0.61)

Contraindications for interventional
surgery

6 0 0 0 0 0 0 0 0 0 0 0 0 0 (0-0.46) 0 (0-0.46) 0 (0-0.46) 0 (0-0.46)

Others 9017 6 6 1 36 6 0 0 14 0 0 0 0 0.07
(0.02-1.44)

0.07
(0.02-1.44)

0.01 (0-0.06) 0.40
(0.28-0.55)

Total 68763 164 70 38 360 107 25 7 113 2 1 0 2 0.24
(0.20-0.28)

0.10
(0.08-0.13)

0.06
(0.04-0.08)

0.52
(0.47-0.58)
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Discussion

Diseases of chromosomal aneuploidy, including Down

syndrome (trisomy 21 or T21), Edward syndrome (trisomy

18 or T18), Patau syndrome (trisomy 13 or T13) and sex

chromosome abnormalities (SCAs), are characterized by more

than 23 pairs of chromosomes. SCAs include Turner syndrome

(45,X), Klinefelter syndrome (47,XXY), Triple X syndrome

(47,XXX) and 47,XYY syndrome (47,XYY). These

chromosomal anomalies contribute to morbidity and death in

both childhood and adulthood (Badeau et al., 2017).

According to our clinical data from 68,763 cases, the

detection rate/specificity was 98.17%/99.92% for T21, 96.15%/

99.93% for T18 and 100%/99.95% for T13. These findings are

consistent with those of other studies (Zheng et al., 2019), even

though the PPV for T21 was lower (Junhui et al., 2021; Tekesin,

2021). Compared with serological screening, the detection rate

and specificity of NIPT in screening for T21 were greater (Shaw

et al., 2013). For T18, the specificity was 99.93%, and the PPVwas

35.71%; for T13, the PPV was 18.42%, which was similar to that

in other studies (Xue et al., 2019). Compared to a previous study

(Lund et al., 2021), the results for T13 were not correlated which

may be related to the small number of NIPT-positive cases. In the

future, more cases should be used to evaluate the effectiveness of

NIPT for detecting T13.

There were 360 cases with NIPT-positive SCA results, and

113 cases were true-positive results. The overall positive rate

and PPV for SCA detection by NIPT were 0.52% and 31.39%,

respectively. The positive rate was higher and the PPV lower

than in previous research (Cheung et al., 2015; Suo et al., 2018;

Yin et al., 2020). We observed that pregnant women whose

NIPT results were associated with SCAs were inclined to reject

prenatal diagnosis and choose direct delivery. Possible reasons

are as follows. First, NIPT has a high false-positive rate for

SCAs. Second, families are more likely to accept children with

SCAs. According to our results, the PPV for SCAs was low,

which may be related to the low prenatal diagnosis rate; the

standard methods of follow-up is not accurate with false-

negative results for SCA disease because SCA babies are

usually mildly symptomatic or asymptomatic during the

neonatal period, without any physical or intellectual

disabilities. Therefore, we did not analyse the sensitivity

and specificity of SCAs in this report. In the interest of the

health of the baby, women carrying a foetus with a positive

result for SCA are advised to undergo a prenatal diagnosis to

determine the foetal karyotype. Pregnant women at high risk

for other chromosomal abnormalities are more likely to refuse

prenatal diagnosis, which may be a factor in the low PPV

(Ying et al., 2020); relatedly, in cases of abortion before

diagnosis, a chromosome diagnosis of the aborted tissue

TABLE 5 Aneuploidy detection rates according to NIPT screening indications.

Indications NIPT detection rate% (95%CI) NIPT PPV% (95%CI)

T21 T18 T13 SCAs T21 T18 T13 SCAs

Advanced maternal age 98.28
(90.76–99.96)

100
(76.84–100)

100
(29.24–100)

95.92
(86.02–99.50)

77.03
(65.79–86.01)

43.75
(26.36–62.34)

33.33
(7.49–70.07)

35.34
(27.25–44.09)

High risk of serological
screening

100
(54.07–100)

100
(15.81–100)

/ 100
(29.24–100)

46.15
(19.22–74.87)

33.33
(4.33–77.72)

0 (0–84.19) 33.33
(7.49–70.07)

Critical risk of serological
screening

100
(54.07–100)

/ 100
(2.50–100)

100
(59.04–100)

50
(21.09–78.91)

0 (0–84.19) 12.50
(0.32–52.65)

17.50
(7.34–32.78)

NT thickening 100
(59.04–100)

100
(47.82–100)

100
(15.81–100)

100
(15.81–100)

87.5
(47.35–99.68)

62.5
(24.49–91.48)

50.00
(6.76–93.24)

100
(15.81–100)

Ultrasound soft marker
abnormality

100
(15.81–100)

/ / / 100
(15.81–100)

0 (0–84.19) / 090–97.50)

Ultrasound structural
abnormality

100 (2.50–100) 100 (2.50–100) 100
(2.50–100)

100 (2.50–100) 100 (2.5–100) 100 (2.5–100) 100 (2.5–100) 100 (2.5–100)

Twin/IVF-ET pregnancy 100
(29.24–100)

100 (2.50–100) / 100
(54.07–100)

50
(11.81–88.19)

33.33
(0.84–90.57)

/ 37.50
(15.20–64.57)

Missed time for serological
screening

/ / / 100
(15.81–100)

0 (0–97.50) / / 100
(15.81–100)

Voluntary request 95.00
(75.13–99.87)

66.67
(9.43–99.16)

/ 100
(88.78–100)

46.34
(30.66–62.58)

20.00
(2.52–55.61)

0 (0–24.71) 25.83
(18.28–34.62)

Contraindications for
interventional surgery

/ / / / / / / /

Others 100
(54.07–100)

/ / 100
(76.84–100)

100
(54.07–100)

0 (0–45.93) 0 (0–97.50) 38.89
(23.14–56.54)

Total 98.17
(93.53–99.78)

96.15
(80.36–99.90)

100
(59.04–100)

98.26
(93.86–99.79)

65.24
(57.43–72.50)

35.71
(24.61–48.07)

18.42
(7.74–34.33)

31.39
(26.63–36.46)
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TABLE 6 Comparison of the screening efficiency of NIPT between low-risk and high-risk pregnancy women.

Indications Total
number

High-risk NIPT cases True positive cases False-negative cases NIPT Positive rate% (95%CI)

T21 T18 T13 SCAs T21/
18/
13

T21 T18 T13 SCAs T21/
18/
13

T21 T18 T13 SCAs T21/
18/
13

T21 T18 T13 SCAs T21/
18/13

High risk 45417 123 60 25 240 208 88 23 7 82 118 1 0 0 2 1 0.27
(0.23–0.32)

0.13
(0.10–0.17)

0.06
(0.04–0.08)

0.53
(0.46–0.60)

0.46
(0.40–0.52)

Voluntary
request

23346 41 10 13 120 64 19 2 0 31 21 1 1 0 0 2 0.18
(0.13–0.23)

0.04
(0.02–0.07)

0.06
(0.03–0.10)

0.51
(0.43–0.61)

0.27
(0.21–0.35)

χ (Zhang et al.,
2015)

5.87 12.09 0.001 0.06 13.23

p value 0.02 0.001 1 0.82 <0.001

TABLE 7 Comparison of the screening efficiency of NIPT between low-risk and high-risk pregnancy women.

Indications NIPT detection rate% (95%CI) NIPT PPV% (95%CI) NIPT specificity % (95%CI)

T21 T18 T13 SCAs T21/
18/13

T21 T18 T13 SCAs T21/
18/13

T21 T18 T13 T21/
18/13

High risk 98.88
(93.90–99.97)

100
(85.18–100)

100
(59.04–100)

97.62
(91.66–99.71)

99.16
(95.41–99.98)

71.54
(62.71–79.31)

38.33
(26.07–51.79)

28.00
(12.07–49.39)

34.17
(28.19–40.54)

56.73
(49.70–63.56)

99.92
(99.89–99.94)

99.92
(99.89–99.94)

99.96
(99.94–99.98)

99.80
(99.76–99.84)

Voluntary
request

95.00
(75.13–99.87)

66.67
(9.43–99.16)

100
(2.50–100)

100
(88.78–100)

91.30
(71.96–98.93)

46.34
(30.66–62.58)

20.00
(2.52–55.61)

0.00
(0–24.71)

25.83
(18.28–34.62)

32.81
(21.59–45.69)

99.91
(99.86–99.94)

99.97
(99.93–99.99)

99.94
(99.90–99.97)

99.82
(99.75–99.87)

χ (Zhang et al.,
2015)

1.36 8 0.001 0.75 5.75 16.95 1.3 4.46 2.60 11.21 0.54 5.25 0.88 0.16

p value 0.24 0 1 0.39 0.02 <0.001 0.3 0.04 0.10 0.001 0.46 0.22 0.35 0.71
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was not performed, which may be due to a lack of

understanding of NIPT among pregnant women. In our

report, among the 288 patients with high risk for other

chromosomal abnormalities, 54 patients had true positives

and terminated their pregnancy, 184 patients had false

positives and live births, and eight patients terminated their

pregnancy, of which 3 patients were complicated with

abnormal ultrasound structure. Three patients had embryos

that had stopped developing. The other 39 patients were lost

to follow-up. In addition, we do not know the number of false

negatives. Therefore, the reporting mechanism of birth defects

with other chromosomal abnormalities is not perfect in

Beijing, and errors or omissions may be reported, so we did

not analyse and discuss them in this study.

In our study, there were five cases of false-negative NIPT,

including 2 with T21 and 1 with T18. NIPT has high sensitivity

and specificity for T21 and T18, but they also have a risk of

missed diagnosis. Among the causes of false-negative results of

NIPT, the common reasons are low cffDNA content, placental

mosaicism and inconsistency of foetal-placental DNA Lin

et al. (Lin et al., 2021) reported that false negatives occur

easily when the foetal DNA content is less than 2%. In our

study, we included strict quality control and excluded factors

that may affect the test results, such as gestational age, weight,

cffDNA, etc. We excluded low cffDNA content because when

cffDNA is lower than 4%, the detection instrument prompts

detection failure and cannot issue an experimental report.

Through the detection of foetal and placental DNA, we found

one case of low-proportion mosaicism of foetal T21 because

when the mosaicism level is low, abnormal DNA may not be

detected in the peripheral blood of pregnant women (Canick

et al., 2013). The other two cases were placental mosaicism.

Previous studies have reported false-negative NIPT caused by

placental mosaicism (Pan et al., 2014). Hence, it is very

important to conduct adequate clinical consultation before

testing, and it is necessary to reduce the false-positive rate and

encourage pregnant women with positive NIPT results to

undergo further prenatal diagnosis.

In our study, we also analysed the distribution of the

indications for NIPT and the positive rate and detection

rate of each indication, this is the highlight of this study.

We refined the screening indications for NIPT and analyzed

its detection efficacy. The results showed that the highest

positive rate and PPV of NIPT detection indications were

both related to ultrasound abnormalities, especially

ultrasound structural abnormalities and NT thickening;

those results are similar to the previously reported data

published by Wang et al. (2021). These results showed that

pregnant women with abnormal ultrasound results are more

likely to be carrying a foetus with chromosomal abnormalities,

and they should be diagnosed. If those women are offered

NIPT first, there would be a significant diagnostic delay

because all abnormal NIPT results need to be confirmed by

diagnostic testing (Petersen et al., 2020). Therefore, the

prenatal diagnosis is more accurate and preferable for

pregnant women with abnormal ultrasound structures.

Based on our results, the detection rate of NIPT in

pregnant women at an advanced age was more than 98%,

and the PPV was 77.03% for T21, which was higher than that

in low-risk cases (voluntary request group), with a detection

rate of 95% and a PPV of 46.34%.These results demonstrate

that NIPT is more suitable for high-risk populations.

However, the current research focused mostly on high-risk

pregnant women, such as those with advanced age, but this has

not been fully studied in low-risk populations. Therefore, we

analysed the low-risk cases and compared them with the high-

risk cases (except voluntary requests). We found that except

for the specificity, the positive rate (0.46% vs. 0.27%),

detection rate (99.16% vs.91.30%), and PPV (56.73%

vs.32.81%) of T21/18/13 in the high-risk group were all

higher than those in the low-risk group. According to our

findings, NIPT screening in a low-risk population will reduce

the sensitivity and PPV of NIPT, which is basically consistent

with the results of previous studies (Committee Opinion No.

640, 2015; Wang et al., 2019). If low-risk pregnant women are

advised to undergo NIPT, the detection rate and PPV should

be informed in detail before testing, and high-risk cases

should undergo prenatal diagnosis. If guidelines expand

NIPT recommendations to include low-risk patients, the

economic benefits should be further evaluated.

Conclusion

Although the high sensitivity and specificity of NIPT have great

advantages, the disadvantage of NIPT is obvious, namely, false

positives and false negatives. Therefore, doctors should clearly

inform patients about the limitations of NIPT, including the

detection rate, positive rate, and PPV, among others, before

testing. In general, we should advocate more caution for people

who need a prenatal diagnosis to undergo NIPT, especially in

pregnant women at an advanced age or with ultrasound

structural abnormalities. NIPT is a potential method for foetal

SCA detection, in addition to common aneuploidy screening.

However, application of this technique needs to be further

investigated. Moreover, we should deepen the analysis of clinical

data to explore the clinical indications of NIPT and combine the

economic benefits to determine whether NIPT is more

advantageous for low-risk populations.

Data availability statement

The original contributions presented in the study are

included in the article/supplementary material, further

inquiries can be directed to the corresponding author.

Frontiers in Genetics frontiersin.org09

Zhang et al. 10.3389/fgene.2022.864076

https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.864076


Ethics statement

The studies involving human participants were reviewed and

approved by Beijing Obstetrics and Gynecology Hospital, Capital

Medical University. The patients/participants provided their written

informed consent to participate in this study. Written informed

consent was obtained from the individual(s) for the publication of

any potentially identifiable images or data included in this article.

Author contributions

YZ designed the study, analysed the data and wrote the

manuscript. HX sorted and checked the birth defect data. WZ

collected and sorted the birth defect card information. KL

designed the study, guided the article writing and modified

the manuscript. All authors contributed to the article and

approved the submitted version.

Funding

This work was supported by the National Key R&D Program

of China (2018YFC1002304).

Acknowledgments

All authors would like to thank all those who participated in

the NIPT application, testing and follow-up, prenatal diagnosis

staff and all pregnant women.

Conflict of interest

The authors declare that the research was conducted

in the absence of any commercial or financial

relationships that could be construed as a potential conflict

of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their

affiliated organizations, or those of the publisher, the

editors and the reviewers. Any product that may be

evaluated in this article, or claim that may be made by

its manufacturer, is not guaranteed or endorsed by the

publisher.

References

American College of Obstetricians and Gynecologists Committee on Genetics
(2012). Committee Opinion No. 545: Noninvasive prenatal testing for fetal
aneuploidy. Obstet. Gynecol. 120, 1532–1534. doi:10.1097/01.AOG.0000423819.
85283.f4

Badeau, M., Lindsay, C., Blais, J., Nshimyumukiza, L., Takwoingi, Y., Langlois, S.,
et al. (2017). Genomics-based non-invasive prenatal testing for detection of fetal
chromosomal aneuploidy in pregnant women. Cochrane Database Syst. Rev. 11,
CD011767. doi:10.1002/14651858.CD011767.pub2

Canick, J. A., Palomaki, G. E., Kloza, E. M., Lambert-Messerlian, G. M., and
Haddow, J. E. (2013). The impact of maternal plasma DNA fetal fraction on next
generation sequencing tests for common fetal aneuploidies. Prenat. Diagn. 33,
667–674. doi:10.1002/pd.4126

Cheung, S. W., Patel, A., and Leung, T. Y. (2015). Accurate description of DNA-
based noninvasive prenatal screening.N. Engl. J. Med. 372, 1675–1677. doi:10.1056/
NEJMc1412222

Committee Opinion No. 640 (2015). Cell-Free DNA screening for fetal
aneuploidy. Obstet. Gynecol. 126, e31–e37. doi:10.1097/AOG.0000000000001051

Gil, M. M., Accurti, V., Santacruz, B., Plana, M. N., and Nicolaides, K. H. (2017).
Analysis of cell-free DNA in maternal blood in screening for aneuploidies: Updated
meta-analysis. Ultrasound Obstet. Gynecol. 50, 302–314. doi:10.1002/uog.17484

Hartwig, T. S., Ambye, L., Sørensen, S., and Jørgensen, F. S. (2017). Discordant
non-invasive prenatal testing (NIPT)-a systematic review. Prenat. Diagn. 37,
527–539. doi:10.1002/pd.5049

Health Quality Ontario (2019). Noninvasive prenatal testing for trisomies 21, 18,
and 13, sex chromosome aneuploidies, and microdeletions: a health technology
assessment. Ont. Health Technol. Assess. Ser. 19, 1–166.

Junhui, W., Ru, L., Qiuxia, Y., Dan, W., Xiuhong, S., Yongling, Z., et al. (2021).
Evaluation of the Z-score accuracy of noninvasive prenatal testing for fetaltrisomies
13, 18 and 21 at a single center. Prenat. Diagn. 41, 690–696. doi:10.1002/pd.5908

Liang, D., Lv, W., Wang, H., Xu, L., Liu, J., Li, H., et al. (2013). Non-invasive
prenatal testing of fetal whole chromosome aneuploidy by massively parallel
sequencing. Prenat. Diagn. 33, 409–415. doi:10.1002/pd.4033

Lin, Y., Liang, D., Li, H., Luo, C. Y., Hu, P., and Xu, Z. F. (2021). Two factors
affecting the success rate of the second non-invasive prenatal screening after initial

no-call result: Experience from a single tertiary center in China. Chin. Med. J. 134,
1416–1421. doi:10.1097/CM9.0000000000001531

Lund, I. C. B., Petersen, O. B., Becher, N. H., Lildballe, D. L., Jørgensen, F. S.,
Ambye, L., et al. (2021). National data on the early clinical use of non-
invasive prenatal testing in public and private healthcare in Denmark 2013-
2017. Acta Obstet. Gynecol. Scand. 100, 884–892. doi:10.1111/aogs.14052

National Health and Family Planning Commission (2016). Notice of the general
Office of the national health and family planning commission on standardizing and
orderly carrying out prenatal screening and diagnosis of cell-free DNA in the
peripheral blood of pregnant women. Available at: http://www.nhc.gov.cn/fys/
s3581/201611/0e6fe5bac1664ebda8bc28ad0ed68389.shtml (Accessed 11 09,
2016).]

Pan, Q., Sun, B., Huang, X., Jing, X., Liu, H., Jiang, F., et al. (2014). A prenatal
case with discrepant findings between non-invasive prenatal
testing and fetal genetic testings. Mol. Cytogenet. 7, 48. doi:10.1186/1755-
8166-7-48

Petersen, O. B., Smith, E., Van Opstal, D., Polak, M., Knapen, M. F. C. M.,
Diderich, K. E. M., et al. (2020). Nuchal translucency of 3.0-3.4 mm an indication
for NIPT or microarray? Cohort analysis and literature review. Acta Obstet.
Gynecol. Scand. 99, 765–774. doi:10.1111/aogs.13877

Shani, H., Goldwaser, T., Keating, J., and Klugman, S. (2016). Chromosomal
abnormalities not currently detected by cell-free fetal DNA: A retrospective analysis at a
single center. Am. J. Obstet. Gynecol. 214, 729.e1–729.e11. doi:10.1016/j.ajog.2015.12.025

Shaw, S. W., Chen, C. P., and Cheng, P. J. (2013). From Down syndrome
screening to noninvasive prenatal testing: 20 years’ experience in taiwan. Taiwan.
J. Obstet. Gynecol. 52, 470–474. doi:10.1016/j.tjog.2013.10.003

Suo, F., Wang, C., Liu, T., Fang, Y., Wu, Q., Gu, M., et al. (2018). Non-
invasive prenatal testing in detecting sex chromosome aneuploidy: A large-
scale study in xuzhou area of China. Clin. Chim. Acta. 481, 139–141. doi:10.
1016/j.cca.2018.03.007

Taylor-Phillips, S., Freeman, K., Geppert, J., Agbebiyi, A., Uthman, O. A.,
Madan, J., et al. (2016). Accuracy of non-invasive prenatal testing using cell-free
DNA for detection of Down, edwards and Patau syndromes: A systematic
review and meta-analysis. BMJ Open 6, e010002. doi:10.1136/bmjopen-2015-
010002

Frontiers in Genetics frontiersin.org10

Zhang et al. 10.3389/fgene.2022.864076

https://doi.org/10.1097/01.AOG.0000423819.85283.f4
https://doi.org/10.1097/01.AOG.0000423819.85283.f4
https://doi.org/10.1002/14651858.CD011767.pub2
https://doi.org/10.1002/pd.4126
https://doi.org/10.1056/NEJMc1412222
https://doi.org/10.1056/NEJMc1412222
https://doi.org/10.1097/AOG.0000000000001051
https://doi.org/10.1002/uog.17484
https://doi.org/10.1002/pd.5049
https://doi.org/10.1002/pd.5908
https://doi.org/10.1002/pd.4033
https://doi.org/10.1097/CM9.0000000000001531
https://doi.org/10.1111/aogs.14052
http://www.nhc.gov.cn/fys/s3581/201611/0e6fe5bac1664ebda8bc28ad0ed68389.shtml
http://www.nhc.gov.cn/fys/s3581/201611/0e6fe5bac1664ebda8bc28ad0ed68389.shtml
https://doi.org/10.1186/1755-8166-7-48
https://doi.org/10.1186/1755-8166-7-48
https://doi.org/10.1111/aogs.13877
https://doi.org/10.1016/j.ajog.2015.12.025
https://doi.org/10.1016/j.tjog.2013.10.003
https://doi.org/10.1016/j.cca.2018.03.007
https://doi.org/10.1016/j.cca.2018.03.007
https://doi.org/10.1136/bmjopen-2015-010002
https://doi.org/10.1136/bmjopen-2015-010002
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.864076


Tekesin, I. (2021). Cell-free DNA testing in routine practice: Characterisation of a
cohort with positive results for trisomies, sex chromosome anomalies and
microdeletions. Geburtshilfe Frauenheilkd. 81, 81–89. doi:10.1055/a-1226-6538

Wang, J. W., Lyu, Y. N., Qiao, B., Li, Y., Zhang, Y., Dhanyamraju, P. K., et al.
(2021). Cell-free fetal DNA testing and its correlation with prenatal indications.
BMC Pregnancy Childbirth 21, 585. doi:10.1186/s12884-021-04044-5

Wang, Y., Peng, H., Hou, Y., Guo, F., Wang, D., Li, Y., et al. (2019). Comparison
of clinical application value of non-invasive prenatal testing in young and advanced
maternal aged women. Chin. J. Prenat. Diagnosis Electron. Version) 11, 37–41.
doi:10.13470/j.cnki.cjpd.2019.04.007

Xue, Y., Zhao, G., Li, H., Zhang, Q., Lu, J., Yu, B., et al. (2019). Non-invasive
prenatal testing to detect chromosome aneuploidies in 57, 204 pregnancies. Mol.
Cytogenet. 12, 29. doi:10.1186/s13039-019-0441-5

Yin, L., Tang, Y., Lu, Q., Pan, A., and Shi, M. (2020). Application value of NIPT
for uncommon fetal chromosomal abnormalities. Mol. Cytogenet. 13, 39. doi:10.
1186/s13039-020-00508-z

Ying, M., Lu, Y., Gao, Z., Xie, X., You, Y., Zhou, H., et al. (2020). Clinical
performance of non-invasive prenatal testing in 7 707 pregnancies. Acad. J. Chin.
PLA Med. Sch. 41, 568–572. doi:10.3969/j.issn.2095-5227.2020.06.006

Zhang, H., Gao, Y., Jiang, F., Fu, M., Yuan, Y., Guo, Y., et al. (2015). Non-invasive
prenatal testing for trisomies 21, 18 and 13: Clinical experience from 146,
958 pregnancies. Ultrasound Obstet. Gynecol. 45, 530–538. doi:10.1002/uog.14792

Zheng, Y., Wan, S., Dang, Y., Song, T., Chen, B., and Zhang, J. (2019). Non-
invasive prenatal testing for detection of trisomy 13, 18, 21 and sex
chromosome aneuploidies in 8594 cases. Ginekol. Pol. 90, 270–273. doi:10.
5603/GP.2019.0050

Frontiers in Genetics frontiersin.org11

Zhang et al. 10.3389/fgene.2022.864076

https://doi.org/10.1055/a-1226-6538
https://doi.org/10.1186/s12884-021-04044-5
https://doi.org/10.13470/j.cnki.cjpd.2019.04.007
https://doi.org/10.1186/s13039-019-0441-5
https://doi.org/10.1186/s13039-020-00508-z
https://doi.org/10.1186/s13039-020-00508-z
https://doi.org/10.3969/j.issn.2095-5227.2020.06.006
https://doi.org/10.1002/uog.14792
https://doi.org/10.5603/GP.2019.0050
https://doi.org/10.5603/GP.2019.0050
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.864076

	Non-invasive prenatal testing for the detection of trisomy 13, 18, and 21 and sex chromosome aneuploidies in 68,763 cases
	Introduction
	Materials and methods
	Patients
	Prenatal screening and diagnosis
	Non-invasive prenatal testing

	Karyotype analysis and CNV
	Follow-up
	Statistical analyses

	Results
	Basic characteristics of pregnant women who underwent NIPT
	Efficiency of NIPT for T21/T18/T13 and sex chromosome abnormalities
	False-negative NIPT cases
	Distribution of indications
	Comparison of low-risk and high-risk pregnant women

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


