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Abstract

Objective: This study aimed to comprehensively analyze the detection capacity of non-invasive

prenatal testing (NIPT) for chromosomal abnormalities of all 24 chromosomes, as well as high-

risk indications for pregnancy and the fetal fraction, in a large cohort.

Methods: We retrospectively enrolled 118,969 pregnant women who underwent NIPT at

Sichuan Provincial Maternity and Child Health Care Hospital from March 2019 to June 2022.

The sensitivity, specificity, positive predictive value, negative predictive value, and positive chro-

mosomal abnormality rate were calculated. The fetal fraction based on gestational age, maternal

body mass index, and number was examined.

Results: NIPT demonstrated> 99% sensitivity and specificity for almost all of the common

trisomies (T21, T18, and T13), sex chromosomal aneuploidies, rare autosomal trisomies, and

microdeletion/microduplication syndromes. Positive predictive values varied from 12.0% to

89.6%. Advanced maternal age was associated with an increased risk of three major aneuploidies.

The fetal fraction was positively correlated with gestational age and negatively correlated with the

maternal body mass index.

Conclusions: NIPT can be used to effectively screen for chromosomal abnormalities across all

24 chromosomes. Advanced maternal age is a risk factor for high-risk pregnancy, and careful

consideration of the fetal fraction is essential during NIPT.
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Introduction

Chromosomal abnormalities such as aneu-
ploidies are common causes of genetic dis-
orders.1 Aneuploidies typically result in
embryo growth arrest, implantation failure,
early miscarriage, congenital abnormalities,
or perinatal death.2,3 To diagnose chromo-
somal abnormalities, invasive amniocente-
sis or chorionic villus sampling has been
used.3,4 However, these procedures carry
the risk of procedure-related miscarriage
and infection.

The discovery of fetal DNA in the cell-
free plasma of pregnant women and the
development of next-generation sequencing
methods have enabled more accurate screen-
ing of fetal chromosomal abnormalities than
traditional screening methods, such as bio-
chemical analytes and nuchal translucency.5

This circulating cell-free DNA, primarily
derived from apoptotic placental tropho-
blasts, comprises 3% to 20% of DNA frag-
ments in maternal blood during pregnancy.5

Non-invasive prenatal testing (NIPT) for
fetal aneuploidies using cell-free DNA has
been widely adopted in clinical practice
because of its greater sensitivity and specific-
ity than maternal serum screening. While the
detection efficiency of NIPT for trisomy
21 (T21), T18, and T13 has been widely stud-
ied overseas and in some regions of China, it
has not been fully investigated in large
cohorts, especially for other chromosomal
abnormalities. These chromosomal abnor-
malities include sex chromosomal aneuploi-
dy (SCA), rare autosomal trisomy (RAT),
and microdeletion/microduplication syn-
drome (MMS). Additionally, the efficiency
of NIPT for these chromosomal syndromes

in people with a general risk and specific-risk
pregnancies still needs to be validated and
analyzed to guide its clinical application.

This study aimed to evaluate the perfor-
mance of NIPT for common trisomies (T21,
T18, and T13), SCAs, RATs, and MMSs in
pregnant women in relation to various indi-
cators (e.g., advanced maternal age, serum
screening of high risk or borderline risk of
fetal aneuploidies, abnormal ultrasound find-
ings, and in vitro fertilization and embryo
transfer [IVF-ET]) in Sichuan located in
southwest China. We also aimed to investi-
gate variation in the fetal fraction along with
different clinical characteristics to highlight its
importance in NIPT. Additionally, we aimed
to analyze false positives in NIPT to identify
areas for technological improvement. Overall,
our goal was to gain insight into the clinical
application of NIPT in a large cohort.

Methods

Patients

Between March 2019 and July 2022, we ret-
rospectively recruited 118,969 pregnant
women who underwent routine obstetrical
care at Sichuan Provincial Maternity and
Child Health Care Hospital. The study
was approved by the institutional review
board of Sichuan Provincial Maternity
and Child Health Care Hospital (No.
20240607-220). All procedures were per-
formed in accordance with relevant regula-
tions and guidelines. We obtained written
informed consent from all of the partici-
pants for testing and anonymized research.
Qualified professionals ensured that the
participants fully understood the consent
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form before signing. All experiments were con-
ducted in the prenatal testing laboratory of
Sichuan Provincial Maternity and Child
Health Care Hospital. The patients details
have been de-identified. The reporting of this
study conforms to the STARD guidelines.6

Assay optimization for NIPT

A 10-mL peripheral venous blood sample
was drawn using an EDTA blood collection
tube. Within 6 hours of collection, the blood
samples were processed using two-step cen-
trifugation (1,600� g for 10 minutes and
16,000� g for 10 minutes at room tempera-
ture). Cell-free DNA was extracted with the
MagPure Circulating DNA Midi Kit
(Magen, Guangzhou, China). Libraries
were constructed and quantified using the
Rapid CM DNA Lib Prep Kit Set (BGI;
Shenzhen, China) and sequenced on the
MGI-2000 platform (MGI Tech; Shenzhen,
China) to generate approximately 10M
50-base pair single-end reads.

Polymerase chain reaction duplicates
were removed from the sequencing reads.
A minimum of 70% of the reads were
required to achieve Q30 quality. Reads con-
taining more than five “N” bases were
removed. Subsequently, the reads were
mapped to the human reference genome
hg19, allowing for at most one mismatch,
and allocated to continuous 100-kb bins
with 50-kb overlapping. Bins with abnor-
mal GC content (<30% or >70%) and
low coverage were filtered out. Coverage
from each bin was counted and normalized.
GC bias was corrected using a smooth
spline method and weighed linear regres-
sion as previously described.7 Maternal
copy number variations (CNVs) were
removed using the hidden Markov model
to enhance the detection of fetal chromo-
somal abnormalities. Aneuploidies were
detected by comparing them with the refer-
ence genome using the Z-test method.
The fetal fraction of male fetuses was

determined using reads from the Y chromo-

some, while that of female fetuses was cal-

culated on the basis of single nucleotide

polymorphism heterozygosity as previously

reported.8 The resolution of the NIPT tech-

nique in this study was 2Mb for maternal

CNV and 10Mb for fetal CNV.

Follow-up and NIPT performance

assessment

In our study, all patients who were positive

for NIPT were advised to have a prenatal

diagnosis performed, which served as the

gold standard for evaluating the perfor-

mance of NIPT. In positive cases of MMS

in NIPT, we recommended additional diag-

nostic tests, such as chromosomal microar-

ray and CNV-sequencing for prenatal

confirmation. Patients who were negative

for NIPT received routine prenatal care.

A subsequent ultrasound assessment, clini-

cal examination, and postnatal follow-up

were performed to confirm negative NIPT.

Statistical analysis

We calculated the sensitivity, specificity,

and positive predictive value (PPV) to

assess the performance of NIPT. We com-

pared continuous variables between differ-

ent groups using the Wilcox Rank Sum test.

We generated plots using R (version 4.2.2)

software (www.r-project.org).

Results

Clinical characteristics of the pregnant

women

A total of 118,969 pregnant women under-

went NIPT (Figure 1). Their median age

was 29 years old (range: 14–52 years old).

The median gestational age was 17 weeks

(range: 11–33 weeks). The enrolled preg-

nant women had a median body mass

index (BMI) of 22.16 kg/m2 (range: 13.20–
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53.91 kg/m2). Most pregnancies were spon-
taneous (94.13%, 111,980/118,969) and sin-
gleton (96.77%, 115,121/118,969). Among
the 6,989 IVF-ET pregnancies, 60.81%
(4,250) were singletons and 39.19% (2,739)
were twins. Among the whole cohort, 6.7%
(7,935) of all pregnant women had an
abnormal ultrasound soft index (ultrasound
findings generally did not represent structur-
al abnormalities, but indicated an increased
age-adjusted risk of underlying fetal aneu-
ploidy or certain non-chromosomal abnor-
malities), 4.4% (5,239) were at high risk
and 13.1% (15,572) were at borderline risk
in serum screening, and 10.14% (12,069) had
an advanced maternal age without other
high-risk indicators. Furthermore, 59.8%
(71,145/118,969) of pregnant women volun-
tarily requested NIPT despite lacking spe-
cific clinical indicators.

Performance of NIPT for common

trisomies and SCAs

Among the 118,969 patients, NIPT detected

T21 in 173, T18 in 52, and T13 in 36 (Figure 1

and Table 1). Prenatal diagnosis results were

available for 772 pregnant women, and they

confirmed 138 with T21, 21 with T18, and

7 with T13 as true positives. There were five

false negative samples including three with

T21 and two with T18. The sensitivity, spe-

cificity, and PPV for T21, T18, and T13 are

shown in Table 1. Regarding SCAs, NIPT

detected 497 positive cases, with prenatal

diagnosis results available for 362. Of

these, 158 were confirmed as true positives:

42 (26.58%) were Turner syndrome (45, X),

27 (17.09%) were triple X syndrome (47,

XXX), 32 (20.25%) were Jacob syndrome

(47, XYY), 56 (35.44%) were Klinefelter

Figure 1. Results of NIPT and prenatal diagnosis for 118,969 pregnant women. BMI, body mass index;
IVF-ET, in vitro fertilization and embryo transfer; NIPT, non-invasive prenatal testing; T21, trisomy 21; T18,
trisomy 18; T13, trisomy 13; SCAs, sex chromosomal aneuploidies; RATs, rare autosomal trisomies; MMS,
microdeletion/microduplication syndromes.
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syndrome (47, XXY), and one was 48,
XXYY. Among the false positives, 110 were
45, X, 28 were 47, XXX, 7 were 47, XYY,
and 59 were 47, XXY. The overall PPV, sen-
sitivity, and specificity for SCAs were
42.65%, 100%, and 99.83%, respectively.

NIPT for RATs and mosaic interference

In our study, NIPT detected 102 cases of
RATs. Supplementary Figure 1 shows a
bar graph of the absolute number of
RATs detected. The most frequently identi-
fied RATs in this cohort were trisomies 22,
20, 15, 16, and 9, in descending order.

Prenatal diagnosis results were available
for 75 of the 102 cases of RATs. Among
these, nine cases were confirmed as true
positives: three were T9, three were T16,
two were T15, and one was T2. The PPV,
sensitivity, and specificity of all RATs are
shown in Figure 1 and Table 1. Of the true
positives, six were confirmed as mosaicism
by prenatal diagnosis, while the mosaicism
status for the other three was unavailable.

We then assessed the accuracy of NIPT
detection for RATs regarding the mosaicism
status in the nine true positive cases. We

used the trisomic fraction and fetal fraction
fromNIPT data to calculate the mosaic frac-
tion. The trisomic fraction refers to the pro-
portion of cell-free fetal DNA that indicates
the presence of an extra chromosome com-
pared with the expected amount in a typical
euploid (normal) sample. Ideally, the triso-
mic fraction is approximately equivalent to
the fetal fraction. By comparing this fraction
with the fetal fraction, we can evaluate
potential mosaicism. Supplementary Figure
S2 shows a dot plot of both fractions to indi-
cate the mosaic status of these true positive
RATs. We found that in most cases, the tri-
somic fraction was notably lower than the
approximated fetal fraction (Supplementary
Figure 2). Specifically, in six of nine preg-
nancies with true positive RAT results, the
trisomic fraction was less than 80% of the
fetal fraction. The mosaic cases calculated
from NIPT data were consistent with the
prenatal diagnosis.

Evaluation of NIPT for MMSs

We also assessed the performance of NIPT
in identifying MMSs. We selectively
reported high-confidence MMS cases for

Table 1. Performance parameters of NIPT for detecting chromosomal abnormalities in 118,969
pregnancies.

Chromosomal

abnormality T (n)P FP (n) TN (n) FN (n) PPV (%) Sensitivity (%) Specificity (%)

T21 138 16 118,793 3 89.61 97.87 99.99

T18 21 18 118,915 2 53.85 91.30 99.98

T13 7 25 118,933 0 21.88 100.00 99.98

SCAs 158 204 118,472 0 43.65 100.00 99.83

XO 42 110 118,774 0 27.63 100.00 99.91

XXX 27 28 118,896 0 49.09 100.00 99.98

XYY 32 7 118,915 0 82.05 100.00 99.99

XXY 56 59 118,795 0 48.70 100.00 99.95

XXYY 1 0 118,968 0 100 100.00 100

RATs 9 66 118,867 0 12.00 100.00 99.94

MMS 35 73 118,832 0 32.41 100.00 99.94

TP, true positive; FP, false positive; TN, true negative; FN, false negative; PPV, positive predictive value; T21, trisomy 21;

T18, trisomy 18; T13, trisomy 13; SCAs, sex chromosomal aneuploidies; RATs, rare autosomal trisomies; MMSs,

microdeletion/microduplication syndromes.
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clinical reference, including those with
maternal inheritance or a strong fetal
mutation signal. NIPT predicted 137
cases of MMS across the whole genome,
of which 35 were confirmed as true posi-
tives by prenatal diagnosis and 73 as false
positives (Table 1 and Figure 1). Prenatal
diagnosis results were unavailable for the
remaining 29 samples. The PPV, sensitivi-
ty, and specificity of MMSs are shown in
Table 1.

Among the 35 true positive MMS cases,
30 were maternally inherited, and the
remaining 5 originated from the fetuses,
including 3 samples with a fetal fraction
>10% and 2 with large fragments
(>10Mb). Of the true positive MMS
cases, 20 involved 22q11 microduplication
syndrome, and 3 involved 22q11 microdele-
tion syndrome, which meant that they were
the most common. These cases were not
necessarily pathogenic because of the vari-
able penetrance of 22q11 microduplication
syndrome. Our results are consistent with

the prevalence of 22q11 microdeletion syn-

drome as the most common MMS.

Chromosomal abnormalities within

populations with specific clinical indicators

A proportion of pregnant women in our

study had high-risk pregnancy indicators.

Therefore, we analyzed the positive rates

of different chromosomal abnormalities in

subpopulations in relation to different clin-

ical indicators (Table 2). The positive rate

represents the proportion of true positives

confirmed through prenatal diagnosis

within a group showing specific indications.

We found that T21, T18, T13, and SCAs

had the highest positive rates among the

population with advanced maternal age.

This finding indicated that advanced age

is an important factor to focus on for

these syndromes. In this study, advanced

maternal age refers to age being the only

high-risk factor for pregnancies. Among

the identified MMSs, the highest rate

Table 2. Positive rates of chromosomal abnormalities in 118,969 pregnant women with different clinical
indications.

Chromosomal

abnormality

No clinical

indications,

% (n)

Serum screening

cross-over risk,

% (n)

Serum

screening

high risk,

% (n)

Abnormal

ultrasound

soft index,

% (n)

Advanced

maternal

age, % (n)

IVF-ET,

% (n)

T21 0.100

(71/71,145)

0.077

(12/15,572)

0.209

(11/5,259)

0.088

(7/7,935)

0.265

(32/12,069)

0.072

(5/6,989)

T18 0.017

(12/71,145)

0.013

(2/15,572)

0.000

(0/5,259)

0.000

(0/7,935)

0.058

(7/12,069)

0.000

(0/6,989)

T13 0.001

(1/71,145)

0.006

(1/15,572)

0.019

(1/5,259)

0.013

(1/7,935)

0.025

(3/12,069)

0.000

(0/6,989)

SCAs 0.119

(85/71,145)

0.167

(26/15,572)

0.152

(8/5,259)

0.101

(8/7,935)

0.199

(24/12,069)

0.100

(7/6,989)

RATs 0.007

(5/71,145)

0.013

(2/15,572)

0.019

(1/5,259)

0.000

(0/7,935)

0.000

(0/12,069)

0.000

(2/6,989)

MMSs 0.027

(19/71,145)

0.045

(7/15,572)

0.038

(2/5,259)

0.050

(4/7,935)

0.008

(1/12,069)

0.029

(2/6,989)

Total 0.271

(193/71,145)

0.321

(50/15,572)

0.437

(23/5,259)

0.252

(20/7,935)

0.563

(68/12,069)

0.200

(14/6,989)

IVF-ET, in vitro fertilization and embryo transfer; T21, trisomy 21; T18, trisomy 18; T13, trisomy 13; SCAs, sex

chromosomal aneuploidies; RATs, rare autosomal trisomies; MMSs, microdeletion/microduplication syndromes.
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(0.050%) was due to ultrasound abnormal-

ities compared with other indications.

Overall, the highest positive rate of chromo-

somal abnormalities was found for advanced

maternal age, followed by positive serologi-

cal screening. IVF-ET had the lowest posi-

tive rate of chromosomal abnormalities,

followed by an abnormal ultrasound soft

index. The paired t-test was conducted to

assess aneuploidy positive rates within each

of two of the six distinct groups character-

ized by varying clinical indications. There

was no significant difference in the positive

rate between any two groups.

Association between the positive rates

of chromosomal abnormalities and

maternal age

We analyzed the positive rates of various

types of chromosomal abnormalities in

relation to maternal age because age is a
risk factor for high-risk pregnancies. Our

study included 73,144 pregnant women
aged 18 to 30 years, 35,520 aged 31 to 35

years, 9,172 aged between 36 and 40 years,
and 632 aged older than 40 years. The pos-

itive rates of T21, T18, T13, and SCAs
increased with age (Figure 2). T21 showed

the largest increase, reaching a 1.27% pos-
itive rate in women aged older than

40 years. SCAs had the highest positive
rate in pregnant women younger than 35

years, while T21 was highest in those older
than 35 years. RATs and MMSs remained

relatively stable with increasing age. Notably,
in young women, the positive rate of MMSs

was higher than that of T18 and T13.

Fetal fraction analysis of this cohort

The fetal fraction plays an important role in
NIPT because a sufficient fetal fraction

Figure 2. Positive rates of chromosomal aneuploidies in 118,969 pregnant women of different maternal
ages. T21, trisomy 21; T18, trisomy 18; T13, trisomy 13; SCAs, sex chromosomal aneuploidies; RATs, rare
autosomal trisomies; MMSs, microdeletion/microduplication syndromes.
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ensures reliable results. Gestational age and

BMI affect the fetal fraction. We investigat-

ed how the fetal fraction varies with gesta-

tional age and maternal BMI, and

compared the fetal fraction between single-

tons and twins. We found that the fetal

fraction remained relatively stable at a ges-

tational age <20 weeks and significantly

increased as gestational age advanced in

singletons and twins (both p< 0.001)

(Figure 3(a)). The fetal fraction was higher

in twins than in singletons (p< 0.001)

(Figure 3(a)). There was no difference in

the maternal age of mothers with twins

and those with singletons. The fetal fraction

was negatively correlated with maternal

BMI (r2¼ 0.038, p< 0.001) (Figure 3(b)),

and linearly decreased as maternal BMI

increased, and it dropped below 10%

when maternal BMI reached approximately

35 kg/m2. We compared the fetal fraction

between false positive and true positive

cases because the fetal fraction can cause

false positives. We found that the false pos-

itive cases had a significantly lower fetal

fraction than the true positive cases

Figure 3. Variation in the fetal fraction with gestational age and maternal BMI, and comparison of FPs and
TPs. (a) Fetal fraction in singleton and twin pregnancies in relation to gestational age. (b) Fetal fraction in
relation to maternal BMI and (c) comparison of false positive cases and true positive cases in relation to the
fetal fraction. BMI, body mass index; FP, false positive; TP, true positive.
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(p< 0.001) (Figure 3(c)). These findings
indicated variation in the fetal fraction
across our cohort.

Discussion

This study showed that NIPT had a high
sensitivity and specificity for detecting
fetal trisomies 21, 18, and 13, SCAs,
RATs, and MMSs in pregnant women,
which is a similar finding to that in previous
studies.9–15 However, PPVs for T18 and
T13 were relatively low compared with the
PPV for T21. This variation in PPV might
be due to the differing prevalence of each
syndrome. T21 has a higher prevalence than
other chromosomal abnormalities, leading
to a higher PPV for NIPT. In contrast,
rarer aneuploidies with lower prevalence
rates might result in lower PPVs because
of limited sample sizes or challenges in
accurate identification. Understanding this
variation in PPVs is crucial for healthcare
professionals when counseling expectant
parents because it helps provide accurate
information on the likelihood of a positive
result, truly indicating a specific chromo-
somal abnormality.

Five false negatives were identified in the
NIPT process, and occurred in three T21
samples and two T18 samples. Notably,
the reason for the missed detection of false
negative cases could not be attributed to a
low fetal fraction because the observed
range was 8.1% to 17.1%. Plausible explan-
ations for the false negative samples include
the presence of fetal or placental mosaicism,
as suggested by previous studies.16

Importantly, one false negative case of T18
showed a Z-score of 2.8 in NIPT, with a tri-
somic fraction and fetal fraction of 2.08%
and 17.1%, respectively. Despite indications
of a low rate of mosaicism in NIPT, subse-
quent single nucleotide polymorphism array
diagnosis showed non-mosaic fetal T18. This
incongruity suggests a potential discrepancy
between fetal and placental karyotypes, and

could be explained by a mosaic placenta with
a non-mosaic fetus. The 402 false positive
samples may have arisen owing to factors,
such as a low fetal fraction and fetal or pla-
cental mosaicism. However, a further detailed
analysis in subsequent investigations is neces-
sary to validate these possibilities.

In this cohort, most true positive cases of
RATs were mosaicism, which is consistent
with previous studies.17 The clinical utility
of RAT analysis in NIPT is an area of
research that still requires further investiga-
tion. Among the pathogenic CNVs detected
in our study, 22q11 deletion syndrome was
the most common. This finding is consistent
with the highest prevalence of 22q11 deletion
syndrome in MMSs. Notably, the number
of observed MMS cases might have been
underestimated because of NIPT’s low
sequence depth and the late onset of some
conditions beyond our follow-up period.

With China’s two-child and three-child
policies, maternal and infant safety has
gained increased attention, especially
regarding birth defects. Many studies have
shown that advanced maternal age is a risk
factor for chromosomal aneuploidies.18,19

In our cohort, the group with advanced
maternal age showed the highest positive
rates for three major aneuploidies and
SCAs (Table 2). Specifically, the positive
rate for T21 was nearly three times that of
those without clinical indications, while the
positive rate for T18 exceeded three times.
These findings are consistent with previous
research in China,20,21 emphasizing an ele-
vated risk in fetuses carried by older preg-
nant women. Notably, IVF-ET pregnancies
had the lowest positive rates for all abnor-
malities, which indicated a lower risk asso-
ciated with this method. Abnormal
ultrasound findings had the highest rate of
MMSs, which is consistent with a previous
study.22 This finding suggests that abnor-
mal ultrasound findings may indicate
CNVs. Based on our results and existing
knowledge, an expanded NIPT approach

Qin et al. 9



may be necessary to detect CNVs in pregnant
women with an abnormal ultrasound soft
index. Additionally, our findings indicate
that screening for chromosomal abnormali-
ties is essential even in the general risk popu-
lation without specific clinical indications.

Our study showed a clear association
between the incidence of chromosomal
abnormalities and maternal age. The posi-
tive rates of chromosomal abnormalities for
T21, T18, and T13 increased steadily with
maternal age, with a sharp rise occurring
after 35 years of age (Figure 2), which is con-
sistent with our advanced maternal age group
findings mentioned above. Remarkably, the
incidence of T21 showed a distinct elevation
with increasing maternal age compared with
other chromosomal aberrations. This phe-
nomenon may be attributed to the survival
advantage of T21 fetuses over other trisomies
because aneuploidies involving other autoso-
mal chromosomes often lead to an early fetal
demise. The rare cases of RATs in our cohort
may have contributed to this finding. The
positive rate for SCAs also increased from
18 to 40 years old, with a small decrease
after 40 years old, possibly due to the limited
sample size. MMSs were more prevalent in
younger populations, suggesting the need
for focused attention even in younger preg-
nant women. These findings provide a strat-
ified perspective on different chromosomal
abnormalities in relation to maternal age,
providing evidence for clinical practice
regarding pregnancy and prenatal testing.

The fetal fraction, which represents the
proportion of cell-free fetal DNA in mater-
nal blood samples, plays a crucial role in
NIPT. Our study showed that the fetal frac-
tion was positively correlated with gesta-
tional age and negatively correlated with
the BMI in pregnant women, consistent
with numerous previous studies.23

Interestingly, we observed relative stability
in the fetal fraction during a gestational age
<20 weeks. One possible explanation for
this finding is that maternal weight tends

to increase during the second trimester of
pregnancy. Additionally, in our study, the
fetal fraction was higher in twin pregnan-
cies than in singleton pregnancies. Our find-
ings could provide guidance for the clinical
interpretation of NIPT results. The fetal
fraction was lower in cases of false positives
than cases of true positives. A low fetal
fraction can induce false positives in
NIPT. When the fetal fraction is low, the
proportion of trisomic DNA (trisomic frac-
tion) may artificially appear higher. This
finding occurs because a lower amount of
fetal DNA makes accurately distinguishing
between normal and trisomic DNA levels
more challenging. In NIPT, a higher triso-
mic fraction is typically indicative of a tri-
somy such as Down syndrome (trisomy 21).
However, with a low fetal fraction, the
observed higher trisomic fraction might be
misleading, resulting in a false positive.
Therefore, a low fetal fraction reduces the
test’s ability to accurately measure the true
proportion of trisomic DNA, leading to
potential misclassification.

Our study showed the performance of
NIPT in detecting fetal chromosomal aneu-
ploidies and MMSs in a large cohort of
pregnant women in Sichuan, China. This
study of 118,969 women represents one of
the largest single-site evaluations of NIPT
screening. This large sample size enabled us
to identify potentially abnormal samples
within a substantial cohort of diverse preg-
nancies undergoing NIPT through cell-free
DNA sequence analysis. Using sequencing-
based approaches, NIPT achieved high sen-
sitivity and specificity for trisomies 21, 18,
and 13. Detection rates for SCAs, RATs,
and MMSs were also remarkably robust.
Our findings indicate that NIPT can serve
as an effective first-tier screening tool in
Sichuan Province to identify clinically
actionable chromosomal abnormalities
with a low false positive rate. Moreover,
our findings indicate that assessing the rel-
ative positive rates of each chromosome
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could offer useful insight into the distribu-

tion of aneuploidy within tissues, thereby

facilitating accurate resolution of clinical

prevision. Broader implementation of pri-

mary aneuploidy screening may improve

prenatal detection rates in this region.

Further follow-up studies are required to

determine the effect of NIPT on down-

stream diagnostic testing and pregnancy

outcomes.
Despite our large sample size and com-

prehensive analysis, the performance of

SCAs and MMSs cannot be guaranteed to

be accurate. Unlike trisomies, which are

more easily identifiable before birth, many

symptoms associated with SCAs and MMS

are challenging to detect in early infancy.

Therefore, the performance of SCAs and

MMSs observed in this study may deviate

from the true situation. Nonetheless, this

possibility does not hinder the provision

of data guidance for current clinical appli-

cations of prenatal screening and NIPT.

Acknowledgements

We acknowledge Beijing USCI Medical

Laboratory for laboratory processing, data anal-

ysis, and assistance with the manuscript.

Author contributions

XW: concept, design, data analysis, discussion,

writing, and revision of the manuscript. SQ and

YZ: statistical analysis, results, data analysis,

and writing. FD and CC: data collection and

statistical analysis. MY and NX: data collection

and revision. PW and ZW: writing and revision

of the manuscript.

Data availability statement

The data that support the findings of this study

are available from the corresponding author

upon reasonable request.

Declaration of conflicting interest

The authors declare that there is no conflict of

interest.

Funding

This research received no specific grant from any

funding agency in the public, commercial, or

not-for-profit sectors.

Supplementary material

Supplemental material for this article is available

online.

References

1. Martin CL, Kirkpatrick BE and Ledbetter

DH. CNVs, Aneuploidies and Human

Disease. Clin Perinatol 2015; 42: 227–242.
2. Nowakowska B. Clinical interpretation of

copy number variants in the human

genome. J Appl Genet 2017; 58: 449–457.
3. Chen Y, Bartanus J, Liang D, et al.

Characterization of chromosomal abnor-

malities in pregnancy losses reveals critical

genes and loci for human early development.

Human mutation 2017; 38: 669–677.
4. Chitty LS and Lo YD. Noninvasive prenatal

screening for genetic diseases using massive-

ly parallel sequencing of maternal plasma

DNA. Cold Spring Harb Perspect Med

2015; 5: a023085.
5. Xu H, Wang S, Ma LL, et al. Informative

priors on fetal fraction increase power of the

noninvasive prenatal screen. Genet Med

2018; 20: 817–824.
6. Bossuyt PM, Reitsma JB, Bruns DE, et al.

STARD 2015: an updated list of essential

items for reporting diagnostic accuracy stud-

ies. BMJ 2015; 351: h5527.
7. Dang M, Xu H, Zhang J, et al. Inferring

fetal fractions from read heterozygosity

empowers the noninvasive prenatal screen-

ing (vol 56, pg 328, 2020). Genet Med 2020:

22: 301–308.
8. Taneja PA, Snyder HL, De Feo E, et al.

Noninvasive prenatal testing in the general

obstetric population: clinical performance

and counseling considerations in over

85000 cases. Prenat Diagn 2016; 36: 237–243.
9. Dar P, Curnow KJ, Gross SJ, et al. Clinical

experience and follow-up with large scale

single-nucleotide polymorphism-based non-

invasive prenatal aneuploidy testing. Am J

Obstet Gynecol 2014; 211: 527.e1–527.e17.

Qin et al. 11



10. Norton ME, Brar H, Weiss J, et al. Non-

Invasive Chromosomal Evaluation (NICE)

Study: results of a multicenter prospective

cohort study for detection of fetal trisomy

21 and trisomy 18. Am J Obstet Gynecol

2012; 207: 137.e1–137.e8.
11. Palomaki GE, Deciu C, Kloza EM, et al.

DNA sequencing of maternal plasma reli-

ably identifies trisomy 18 and trisomy 13 as

well as Down syndrome: an international

collaborative study. Genet Med 2012; 14:

296–305.
12. Swanson A, Sehnert AJ and Bhatt S. Non-

invasive Prenatal Testing: Technologies,

Clinical Assays and Implementation

Strategies for Women’s Healthcare

Practitioners. Curr Genet Med Rep 2013; 1:

113–121.
13. Chen Y, Yu Q, Mao X, et al. Noninvasive

prenatal testing for chromosome aneuploi-

dies and subchromosomal microdeletions/

microduplications in a cohort of 42,910

single pregnancies with different clinical fea-

tures. Hum Genomics 2019; 13: 60.
14. Xu C, Cai X, Chen S, et al. Comprehensive

non-invasive prenatal screening for pregnan-

cies with elevated risks of genetic disorders:

protocol for a prospective, multicentre

study. BMJ Open 2021; 11: e053617.
15. Suzumori N, Sekizawa A, Takeda E, et al.

Retrospective details of false-positive and

false-negative results in non-invasive prena-

tal testing for fetal trisomies 21, 18 and 13.

Eur J Obstet Gynecol Reprod Biol 2021; 256:

75–81.

16. Grati FR, Malvestiti F, Ferreira JC, et al.
Fetoplacental mosaicism: potential implica-
tions for false-positive and false-negative
noninvasive prenatal screening results.
Genet Med 2014; 16: 620–624.

17. Lannoo L, van Straaten K, Breckpot J, et al.
Rare autosomal trisomies detected by non-
invasive prenatal testing: an overview of cur-
rent knowledge. Eur J Hum Genet 2022; 30:
1323–1330. https://doi.org/10.1038/s41431-
022-01147-1

18. Cuckle H and Morris J. Maternal age in the
epidemiology of common autosomal triso-
mies. Prenat Diagn 2021; 41: 573–583.

19. Li H, Mao Y and Jin J. The correlation
between maternal age and fetal sex chromo-
some aneuploidies: a 8-year single institution
experience in China. Mol Cytogenet 2021;
14: 1–11.

20. Zheng J, Lu H, Li M, et al. The Clinical
Utility of Non-invasive Prenatal Testing
for Pregnant Women With Different
Diagnostic Indications. Front Genet 2020;
11: 624.

21. Wang JW, Lyu YN, Qiao B, et al. Cell-free
fetal DNA testing and its correlation with
prenatal indications. BMC Pregnancy

Childbirth 2021; 21: 585.

22. Tyreman M, Abbott KM, Willatt LR, et al.
High resolution array analysis: Diagnosing
pregnancies with abnormal ultrasound find-
ings. J Med Genet 2009; 46: 531–541.

23. Cserhati M. Calculation of fetal fraction for
non-invasive prenatal testing. BioTech

(Basel) 2021; 10: 17. doi: 10.3390/biotech10
030017.

12 Journal of International Medical Research

https://doi.org/10.1038/s41431-022-01147-1
https://doi.org/10.1038/s41431-022-01147-1

	table-fn1-03000605241274584
	table-fn2-03000605241274584

