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prenatal testing (NIPT) in 545 pregnant women
in advanced maternal age
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Abstract. - OBJECTIVE: This research
aimed to explore the value of non-invasive pre-
natal testing (NIPT) as a prenatal screening
method for common aneuploidy in pregnant
women in advanced maternal age.

PATIENTS AND METHODS: A retrospective
analysis was conducted on a cohort of 545
mothers with singleton pregnancy who were
of advanced age and underwent NIPT testing
voluntarily at the Second Affiliated Hospital of
Guangxi Medical University between November
2020 and February 2023. In cases where NIPT
testing suggested chromosomal abnormalities,
amniocentesis was conducted, karyotype anal-
ysis or gene copy number variation (CNV) test-
ing was performed, and the pregnancy outcome
was tracked.

RESULTS: Among 545 pregnant women in ad-
vanced maternal age, 11 cases had high risk of
NIPT, and the detection rate was 2.02%. Among
11 pregnant women deemed to be at high risk for
NIPT, 10 cases underwent amniotic fluid punc-
ture, and one case refused amniocentesis de-
spite a suggestive chromosomal abnormality
in NIPT. The overall rate of amniocentesis was
1.83%. Among 11 pregnant women deemed to
be at high risk for NIPT, the results suggested
that 5 of them had trisomy 21, 1 had trisomy 18,
2 had sex chromosome abnormalities (specifi-
cally, 47, XYY), and 3 had other autosomal ab-
normalities. The positive predictive values of
NIPT were 100.00% for the cases of trisomy 21
and trisomy 18, while the values were 0.00% for
the cases of sex chromosome abnormalities and
other autosomal abnormalities, respectively. Af-
ter the follow-up, each of the 6 cases that were
diagnosed with definite chromosomal abnormal-
ities during prenatal screening opted to induce
labor and terminate the pregnancy, including 5
cases that exhibited a high risk of trisomy 21 (47,
XN,+21) and 1 case that showed a high risk of tri-
somy 18 (47, XN,+18). One instance of NIPT indi-
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cated a potential abnormality in the sex chromo-
somes, the individual declined to undergo am-
niocentesis. Another instance of NIPT suggest-
ed a sex chromosome abnormality, amniocente-
sis revealed a deletion of 0.72 Mb in the 4g22.1
region. They all had normal pregnancies and
normal newborns. The remaining three cases
had normal prenatal diagnoses (46, XN) and ex-
perienced normal pregnancies with healthy neo-
natal outcomes.

CONCLUSIONS: NIPT has demonstrated its
efficacy as a screening tool in the face of in-
creasing maternal age. As a result, it can sub-
stantially decrease the requirement for invasive
prenatal diagnosis. Nonetheless, there are in-
stances of erroneous positive outcomes in NIPT
testing, and therefore, interventional prenatal di-
agnosis remains necessary for individuals with
high-risk screening outcomes to prevent false
positives or unwarranted labor induction.
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Introduction

According to statistical data, birth defects af-
fect approximately 5%-6% of newborns in China'.
These defects cause immense suffering and finan-
cial strain on affected children and their families.
Chromosomal abnormalities are a significant
contributor to birth defects, and their incidence
generally increases with maternal age?. There-
fore, prenatal screening for fetal chromosomal
abnormalities is crucial for pregnant women over
the age of 35, as it is the most effective method
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of prevention and control. Serologic marker test-
ing and ultrasound are commonly used screening
methods for birth defects. However, the detec-
tion rate for serologic markers is only between
60-85%, and there is a 5% chance of false pos-
itives’. Although interventional amniocentesis
for fetal karyotyping and copy number variation
(CNV) testing is considered the “gold standard”
for confirming chromosomal abnormalities*?, it
is an invasive procedure that carries risks such as
fetal injury, teratogenicity, miscarriage, and uter-
ine defects. Pregnant women may also experience
psychological burdens and concerns regarding
the invasive nature of the procedure and potential
risks to their unborn child. Non-invasive prenatal
testing (NIPT) is a technique that utilizes the pe-
ripheral blood of pregnant women to extract cell-
free fetal DNA (cffDNA). This technique employs
a new generation of high-throughput sequencing
technology combined with bioinformatics analy-
sis to calculate the relative content of cffDNA and
determine the presence of fetal aneuploidy. NIPT
has a higher sensitivity and specificity in detect-
ing chromosomal abnormalities such as trisomy
21, trisomy 18, trisomy 13, and sex chromosomes
compared to conventional serological tests®’.
Additionally, NIPT has the advantages of being
non-invasive, safe, having a short testing period,
and early detection, which makes it more readily
accepted by pregnant women of advanced age. To
evaluate the value of this screening tool in pre-
natal screening for common aneuploidy pregnant
women in advanced maternal age, this study ana-
lyzed the results of NIPT in 545 elderly pregnant
women.

Patients and Methods

Patients

The study enrolled 545 expectant women
who carried singleton pregnancies and were
aged 35 years or older. These women volun-
tarily underwent non-invasive prenatal testing
(NIPT) at the Second Affiliated Hospital of
Guangxi Medical University between Novem-
ber 2020 and February 2023. The mean age of
the participants was 36.72+2.09 years, and the
gestational week ranged from 35 to 49, with a
mean of 17.01£2.51 weeks. The study received
ethical clearance from the Medical Ethics
Committee of the Second Affiliated Hospital
of Guangxi Medical University, and all partici-
pants provided informed consent.
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Method

NIPT Testing

10 mL of peripheral blood was extracted from
expectant mothers and analyzed at the Genetic Ex-
periment Center of the Second Affiliated Hospital
of Guangxi Medical University. Fetal-free DNA was
isolated from the samples and subjected to cffD-
NA end repair and ligation reaction to obtain dou-
ble-stranded DNA molecules. Subsequently, PCR
amplification was carried out to generate the DNA
sequencing library. High-throughput gene sequenc-
ing technology was employed to perform sample
sequencing analysis. The proportion of reads and
Z-value for each chromosome were computed. A
Z-value between -3 and 3 was considered low risk,
a Z-value of >3 indicated a high risk of trisomy, and
a Z-value of <-3 indicated a high risk of monosomy.

Chromosome karyotype and CNV testing

Pregnant women who received high-risk re-
sults in their prenatal testing underwent genetic
counseling and provided informed consent for
amniocentesis, which a qualified prenatal diagno-
sis physician performed under ultrasound guid-
ance. Amniotic fluid was extracted for prenatal
diagnostic testing to confirm the results of NIPT.
The extracted cells were cultured and analyzed
for karyotype using standard hypotonicity, fixa-
tion, filming, G banding, and staining treatment.
The karyotype was then compared to ISCN2016
for analysis. Additionally, CNV detection was
performed by isolating genomic DNA from the
amniotic fluid cells and typing it into small frag-
ments of nucleic acid. The interrupted genomic
DNA was used as the starting template for library
preparation, which was performed using the PCR-
free library-building method. The quality-con-
trolled DNA libraries were then sequenced on the
[llumina NextseqCN500 sequencing platform to
obtain the required amount of data for chromo-
somal abnormality analysis. Finally, the results
were analyzed using the gene database.

Pregnancy Outcome Follow-up

Every pregnant woman whose NIPT test in-
dicated a high risk was monitored. The results of
the prenatal tests, the pregnancy outcomes, and
the neonatal condition were documented.

Statistical Analysis

Statistical Package for the Social Sciences
(SPSS) version 25.0 software (IBM Corp., Ar-
monk, NY, USA) was used to analyze the data.
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The proportion of chromosomal abnormalities was
calculated by directly counting their frequency.

Results

NIPT Testing Results

Out of the total 545 pregnant women, 11 cases
were identified as high-risk, with a detection rate
of 2.02%. These included 5 cases of trisomy 21,
1 case of trisomy 18, 2 cases of sex chromosome
abnormalities (47, XYY), and 3 cases of other au-
tosomal abnormalities.

Comparison Between NIPT
and Amniocentesis

Among 11 patients deemed high-risk for NIPT,
10 consented to undergo amniocentesis. Of these
10 patients, 6 cases of chromosomal abnormali-
ties were detected, with 5 cases of trisomy 21 and
1 case of trisomy 18. One patient who had NIPT
suggestive of sex chromosomal abnormality de-
clined amniocentesis. And another patient with
the same indication showed no karyotype abnor-
mality but had CNV indicating 0.72 Mb deletion
in the 4q22.1 region, with unknown significance.
Lastly, 3 patients with NIPT suggestive of other
autosomal abnormalities showed no karyotype or
CNV abnormalities (Table I).

Pregnancy Outcome

Among the 11 pregnant women who under-
went NIPT screening and were identified as
high-risk, six proceeded with amniocentesis to
confirm the results. Among these six cases, five
were found to have trisomy 21, and one was di-
agnosed with trisomy 18, leading them to choose
to terminate the pregnancy through induction of
labor. One patient, who received amniocentesis

Table I. Comparison between NIPT and amniocentesis.

results indicating a 0.72 Mb deletion in the 4q22.1
region, chose to continue the pregnancy and give
birth to a healthy baby. The remaining three cas-
es had normal amniocentesis results (46, XN) and
delivered healthy babies (Table II).

Discussion

Chromosomal abnormalities have a signif-
icant impact on the growth, development, and
cognitive abilities of newborns, placing a consid-
erable medical and financial burden on affected
children, their families, and society. As maternal
age rises and ovarian function declines, the like-
lihood of embryonic chromosomal abnormalities
increases, leading to higher rates of embryonic
aneuploidy, miscarriage, and preterm delivery be-
fore 34 weeks gestation®’. Therefore, conducting
chromosomal screening for older pregnant wom-
en is crucial for guiding their care during preg-
nancy. Since most older pregnant women have
valuable fetuses, they tend to reject amniocentesis
due to its invasive nature and the potential risks
of fetal injury, teratogenicity, miscarriage, and in-
trauterine infection. Instead, they seek efficient,
speedy, and safe prenatal screening methods. The
cffDNA can be detected in the plasma of women
starting from the seventh week after conception.
The concentration of cffDNA in the plasma in-
creases over time, with higher levels observed
during mid-to-late pregnancy compared to early
pregnancy. Furthermore, cffDNA clears up on its
own after pregnancy termination'®!!. NIPT is a
rapidly advancing technology in the field of pre-
natal diagnosis. It involves analyzing the ratio of
cffDNA present in maternal plasma to identify fe-
tal chromosomal abnormalities. NIPT offers sev-
eral advantages over traditional invasive prenatal

Types of NIPT Amniocentesis Amniocentesis Positive predictive
chromosomal High-Risk results value of NIPT
abnormalities

Trisomy 18 5 5 All'5 cases were 47, XN,+21 100.00%

Trisomy 18 47, XN,+18 100.00%

Sex chromosome 2 1 No karyotype abnormality, 0.00%
abnormalities CNV suggested 0.72 Mb deletion

in region 4q22.1, significance
unknown

Other autosomal 3 3 No karyotype or CNV abnormalities ~ 0.00%
abnormalities were found in the three cases

NIPT: non-invasive prenatal testing; CNV: copy number variation.
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Table II. Pregnancy outcomes of 11 high-risk pregnancies diagnosed through NIPT.

ID Age NIPT Amniocentesis Pregnancy Newborn
results results outcome status

1 37 Trisomy 21 47, XN,+21 Labor Induction

2 38 Trisomy 21 47, XN,+21 Labor Induction

3 39 Trisomy 21 47, XN,+21 Labor Induction

4 40 Trisomy 21 47, XN,+21 Labor Induction

5 41 Trisomy 21 47, XN,+21 Labor Induction

6 38 Trisomy 18 47, XN,+18 Labor Induction

7 35 Sex chromosome Rejection of amniocentesis Normal labor Normal
abnormalities

8 49 Sex chromosome 4qg22.1 region 0.72Mb Normal labor Normal
abnormalities deletion

9 35 Other autosomal 46, XN Normal labor Normal
abnormalities

10 36 Other autosomal 46, XN Normal labor Normal
abnormalities

11 37 Other autosomal 46, XN Normal labor Normal
abnormalities

Body mass index (BMI).

diagnosis, including high safety, early detection,
and shorter reporting timeframes. Consequently,
it has gained popularity among high-risk preg-
nant women and their families. This study aimed
to explore the value of NIPT as a prenatal screen-
ing method for common aneuploidy in pregnant
women in advanced maternal age. A total of
545 cases were evaluated using NIPT, and only
ten high-risk pregnant women required invasive
prenatal diagnosis, resulting in an amniocentesis
rate of only 1.83%. This approach effectively re-
duced the number of invasive prenatal diagnoses
in elderly pregnant women, minimizing the risks
associated with such procedures and avoiding
unnecessary fetal loss. Furthermore, it helped to
conserve medical and health resources.

NIPT has been shown to have high sensitivity
and specificity in detecting chromosomal abnor-
malities such as trisomy 21, trisomy 18, trisomy
13, sex chromosome aneuploidy (SCA), and rare
chromosome aneuploidy (RCA). Specifically, the
overall sensitivities for these abnormalities were
99.21%, 100.00%, 100.00%, 98.55%, and 100.00%,
respectively, while the specificities were 99.95%,
99.94%, 99.98%, 99.69%, and 99.92%, respective-
ly?. A study by Suzumori et al”® reported a de-
tection rate of 90.10% and a false positive rate of
0.21% for trisomy 21 abnormalities using NIPT.
In this study, the positive predictive value of NIPT
for trisomy 21 and trisomy 18 was 100.00%. After
confirmation by interventional prenatal diagnosis,
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five pregnant women with trisomy 21 and one with
trisomy 18 chose to terminate their pregnancies.
This suggests that NIPT has high positive predic-
tive value and accuracy in screening for trisomy
18 and trisomy 21 syndrome and is a valuable
screening tool. However, in one case where NIPT
suggested sex chromosome abnormalities, am-
niocentesis results showed a deletion of 0.72 Mb
in region 4q22.1. In the other three cases where
NIPT presented other autosomal abnormalities,
amniocentesis results showed no abnormalities in
karyotype and CNV. The positive predictive val-
ue for SCA and RCA was 0.00%, possibly due to
the small sample size and the fact that this study
targeted older pregnant women. This also indicates
the limitations of NIPT in detecting chromosomal
inversion, translocation, microdeletion, microdu-
plication and other abnormalities.While NIPT is
a non-invasive prenatal diagnostic tool superior
to conventional serological testing, it cannot com-
pletely replace interventional karyotyping, gene
microarray, and other diagnostic methods. How-
ever, it can effectively reduce the risk of invasive
prenatal diagnosis in pregnant women of advanced
age. In addition, NIPT showed a high degree of
agreement with amniocentesis fetal karyotyping
when detecting trisomy 21 and trisomy 18. NIPT
in older pregnant women can effectively detect tri-
somy 21 and 18-trisomy syndrome, greatly reduce
invasive procedures, relieve the anxiety of most
pregnant women, and reduce the risk of intrauter-
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ine infection and abortion. NIPT has the advantag-
es of non-invasive, safety and short detection cycle,
which is the development trend of prenatal screen-
ing and detection in the future.

Conclusions

In conclusion, NIPT has demonstrated a high ac-
curacy and detection rate in identifying fetal triso-
my 21 and 18. This technology significantly reduces
the need for invasive prenatal diagnosis, making it a
more acceptable option for older pregnant women.
Furthermore, NIPT proves to be a superior screen-
ing tool for older pregnant women. However, it is es-
sential to note that the study’s sample size is limited,
and the detection indexes require further exploration
and analysis. It is also crucial to acknowledge that
false-positive results may still occur with NIPT, and
individuals with high-risk screening should undergo
interventional prenatal diagnosis to avoid unneces-
sary induction of labor or false-positive results.
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