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Summary

Background: The study aimed to explore the value of using
noninvasive prenatal tests (NIPT) in the second trimester of
pregnancy for chromosomal abnormality screening in vitro
fertilisation (IVF) in elderly pregnant women and to analyse
the reasons for inconsistent screening results in northwest
China.

Methods: A total of 47,286 pregnant women aged 19-51
who underwent prenatal examinations were collected.
NIPT detection found that the positive rate of pregnant
women aged >35 with spontaneous pregnancy was
0.78%, and the positive rate of IVF pregnancy was 0.82%.
Then, the detection accuracy of NIPT for pregnant women
aged >35 with IVF was further analysed.

Results: NIPT's sensitivity, specificity, and positive predictive
value in detecting common chromosomal aneuploidies
(T21, T18, and T13) in pregnant women aged >35 who
received IVF were 99.72%, 99.78%, and 66.45%, respec-
tively. The mean gestational age, pregnancy number, AFP
and free B-HCG significantly differed between the positive
and false positive groups (P<0.05). Logistic analysis
showed that the mean gestational age and AFP were inde-
pendent risk factors for the failure of NIPT diagnosis
(P<0.05).
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Kratak sadrzaj

Uvod: Cilj istraZivanja bio je da se ispita vrednost primene
neinvazivnih prenatalnih testova (NIPT) u drugom trimestru
trudnoée za skrining hromozomskih abnormalnosti kod
trudnica starije zivotne dobi koje su zatrudnele putem van-
telesne oplodnje (IVF), kao i da se analiziraju razlozi za
neusaglasene rezultate skrininga u severozapadnoj Kini.
Metode: Obuhvaceno je ukupno 47.286 trudnica uzrasta
od 19 do 571 godine koje su pros$le prenatalne preglede.
NIPT detekcija je pokazala da je stopa pozitivnih nalaza
kod trudnica starijih od 35 godina sa spontano zacetom
trudnoéom iznosila 0,78%, dok je kod trudnoda ostvarenih
putem IVF-a bila 0,82%. Zatim je dalje analizirana ta¢nost
detekcije NIPT testa kod trudnica starijih od 35 godina koje
su zatrudnele putem IVF-a.

Rezultati: Osetljivost, specifi¢nost i pozitivna prediktivna
vrednost NIPT testa za otkrivanje najée$c¢ih hromozomskih
aneuploidija (T21, T18 i T13) kod trudnica starijih od 35
godina koje su zatrudnele putem IVF-a iznosile su 99,72%,
99,78% i 66,45%. Srednja gestacijska starost, broj trud-
noca, nivo AFP-a i slobodnog B-HCG-a znadajno su se raz-
likovali izmedu grupe sa istinskim pozitivnim i lazno pozi-
tivnim rezultatima (P<0,05). Logisticka analiza je pokazala
da su srednja gestacijska starost i nivo AFP-a nezavisni fak-
tori rizika za neuspeh NIPT dijagnostike (P<0,05).
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Conclusions: NIPT has a particular detection performance
for common chromosomal aneuploidies IVF in pregnant
women. However, factors affecting detection accuracies
must be considered when using it.

Keywords: assisted reproductive technology, in vitro fer-
tilisation, chromosomal aneuploidy, noninvasive prenatal
test

Introduction

Fertilisation failure in assisted reproductive tech-
nology is often unpredictable because it only occurs
after in vitro fertilisation (IVF) or intracytoplasmic
sperm injection (1-5). The high incidence of chromo-
somal aneuploidy (abnormal number of chromo-
somes) in human gametes and embryos is a signifi-
cant cause of IVF failure, although chromosomal
abnormalities are about 1/150 (6-10). Down syn-
drome (trisomy 21), Edwards syndrome (trisomy 18),
and Patau syndrome (trisomy 13) are the three most
common chromosomal aneuploidies (11-15).
Therefore, prenatal examinations during pregnancy
are essential for IVF mothers to avoid unexpected
events. For a long time, prenatal testing was mainly
based on the biochemical indicators of the pregnant
woman'’s blood combined with ultrasound to assess
the development of the embryos (16). Research on
early pregnancy serum testing of IVF mothers found
that IVF mothers have higher beta-human chorionic
gonadotrophin (B-Hcg) and alpha-fetoprotein (AFP)
expression levels than spontaneous pregnancy (17—
20). However, some studies have shown that screen-
ing IVF mothers for serum factors may result in more
false positives when chromosomal abnormalities
occur in embryos, leading to an increased frequency
of invasive prenatal tests (IPT) and causing unneces-
sary damage to the mother’s body (21, 22).

With the continuous progress of clinical prenatal
screening technology research, the options for genet-
ic testing and screening in early pregnancy are
increasing (23, 24). Screening tests can determine
whether an individual has an increased risk of preg-
nancy due to specific aneuploidies. In contrast, diag-
nostic tests determine whether there are particular
conditions or aneuploidies in the embryo or fetus (25,
26). Chorionic villus sampling (CVS) and amniocente-
sis are diagnostic methods for fetal aneuploidy and
are considered the gold standard for diagnosis (27).
Historically, the main limitations of these technologies
were related to their invasiveness and the possibility of
pregnancy loss associated with surgery, although the
surgery-related risk is less than 1% (28). Therefore,
the scientific community has been trying to identify
noninvasive screening tests over the past 50 years to
select women at increased risk of fetal aneuploidy to
limit invasive tests’ use (29). Early pregnancy screen-
ing tests include sequential screening (maternal
serum biochemical testing and fetal ultrasound mark-

Zakljuéak: NIPT pokazuje odredene dijagnosti¢ke perfor-
manse u detekciji uobic¢ajenih hromozomskih aneuploidija
kod trudnica koje su zatrudnele putem IVF-a. Medutim, pri-
likom koriséenja testa potrebno je uzeti u obzir faktore koji
mogu uticati na tac¢nost detekcije.
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ers related to maternal age) and noninvasive prenatal
tests (NIPT), which use cell-free DNA (cfDNA) from
the fetus (30). NIPT is the latest innovation in prena-
tal diagnosis, aimed at helping clinicians diagnose
pregnancy, provide counselling to pregnant women,
and allow future parents to make informed choices
about their unborn children (31). Currently, the main
applications for NIPT are still advanced maternal age,
previous children with chromosomal abnormalities,
fetal abnormalities detected by ultrasound, and a his-
tory of genetic and physical abnormalities in parents
or family members (32). Advanced maternal age
increases the risk of aneuploidy in oocytes/embryos
or offspring (33). However, there is no related
research on the potential interference factors that
may cause false positives in using NIPT to screen for
chromosomal abnormalities in IVF fetuses. This study
compared the values of NIPT and IPT in screening
fetal chromosomal abnormalities and found no signif-
icant difference in positive rates between the two
methods. Further, the research results show that there
is no significant difference in the positive rate of chro-
mosomal abnormalities between IVF and sponta-
neous pregnancy in northwest China.

Materials and Methods
Study design, setting, and ethics approval

This study was conducted at the Maternal and
Child Health Hospital of Urumgi City in China. The
study is a single-centre retrospective study that fol-
lows the principles of the Helsinki Declaration. Written
informed consent was obtained from all patients. The
hospital ethics committee of the Maternal and Child
Health Hospital of Urumgi City approved the study
design and any potential ethical issues (Approval
number: XJFYLL2023049).

Participants

The study included 47,286 pregnant women
who visited Urumgi Maternal and Child Health Care
Hospital from January 2018 to June 2022. Pregnant
women are 19-51 years old, and their gestation
weeks are 12-26 weeks. The prenatal screening
information is provided to all pregnant women.
Pregnant women can voluntarily choose Down's sero-
logical screening or NIPT screening under the prem-
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ise of fully understanding the risks of prenatal screen-
ing and diagnostic techniques. The exclusion criteria
for pregnant women participating in NIPT test and
screening follow the Technical Specifications for
Prenatal Screening and Diagnosis of Free DNA of
Pregnant Women in Peripheral Blood Fetus issued by
China Health and Family Planning Commission, that
is, the pregnancy of the tested person is less than 12
weeks; clinical symptoms of chromosomal abnor-
mality found in one parent; subjects had received
transplantation or allogeneic cell therapy, received
allogeneic blood transfusion within 1 year after preg-
nancy, or received cellular immunotherapy with the
introduction of foreign DNA within 4 weeks after
pregnancy; fetal ultrasonography indicated structural
abnormalities requiring prenatal diagnosis; a family
history of Down syndrome or chromosomal abnor-
malities that suggest a high risk of genetic disease in
the fetus; the subject was pregnant with malignant
tumor; the client is pregnant with three or more mul-
tiple births; other conditions that the physician con-
siders to have a significant impact on the accuracy of
the results. All pregnant women received genetic
counselling and signed informed consent.

Serological indicator testing method

3 mL of venous blood was extracted from preg-
nant women and centrifuged to separate the serum
for testing. Enzyme-linked immunosorbent assay
(ELISA) was used to screen the serum for the free
beta subunit of chorionic gonadotropin (free B-hCG)
using a kit purchased from Biyun Tian Biological
Technology Co., Ltd. (catalogue number: AG103),
and for serum alpha-fetoprotein (AFP) using a kit pur-
chased from Shanghai Enzyme-linked Biotechnology
Co., Ltd. (catalogue number: ml092666). All opera-
tions were strictly conducted following the instruc-
tions of the test kits.

NIPT Testing Method

Ten millilitres of peripheral blood from pregnant
women included in the study were collected, plasma
was separated by centrifugation, and DNA was
extracted by Plasma Cell-Free DNA Isolation Kit
(Berry Genomics Corporation, China). A library was
constructed according to the method of previous
NIPT kits for fetal chromosomal aneuploidy (Berry
Genomics Corporation, China). Then, the fetal chro-
mosomal aneuploidy was detected using the high-
throughput sequencer NextSeq CN500 sequencers
(llumina, San Diego, CA), and information analysis
was performed using second-generation sequencing
technology (next-generation sequencing, NGS) to
calculate the risk values (Z values) for various chro-
mosome abnormalities. A risk scoring method was
used to determine Z 3 as high risk, -3<Z<3 as low
risk, and formal reports were issued for the risk

assessment results of trisomy 21, 18, and 13.
Samples that failed the quality control criteria of
cfDNA extraction, library construction, sequencing,
and fetal DNA concentration (<4%) were removed.
Pregnant women identified as high risk in NIPT
results were further arranged for IPT to perform fetal
karyotype analysis for trisomy 21, 18, and 13.

IPT

Different IPT methods are selected at different
gestational weeks. Chorionic villus sampling is often
performed between 11 and 14 weeks of gestation. A
sample of the developing placenta is collected, and
the fetal chromosome karyotype is evaluated under
continuous ultrasound guidance. Amniocentesis is
often performed between 16 and 26 weeks of gesta-
tion, in which a needle is inserted through the preg-
nant woman'’s abdomen under ultrasound guidance to
extract 20-30 mL of amniotic fluid for testing. After
sampling, cell culture is performed for karyotype
analysis. High-risk pregnant women with confirmed
positive results from NIPT are provided with interven-
tion guidance. In contrast, those with false positive
and low-risk results are followed up to understand
their pregnancy outcomes and newborn health status.

Data collection

Collect basic information about pregnant
women, including age, gestational weeks, NIPT
screening results, results of IPT, and follow-up results
of fetal chromosomal abnormalities; track pregnancy
outcomes through phone follow-ups; and record
developmental abnormalities.

Statistical analysis

This paper’s statistical data analysis was per-
formed by applying SPSS 20.0 software. The meas-
urement data were expressed as mean £SD, and the
two independent samples T-test were used for com-
parative analysis. Counting data were expressed as
adoption rates and percentages, and differences
between groups were compared using Chi-square
tests or Fisher’s exact tests. A multivariate logistic
model was used to analyse and screen the independ-
ent influencing factors of inconsistent NIPT results.
Taking P<0.05 was considered statistically significant.

For the outlier value, we use the box diagram’s
interquartile distance (IQR) to detect outliers, and
IQR is the D-value between the first and third quantile
of the variable. One and a half times the IQR was
considered the standard. We stipulated that values
exceeding (upper quartile add one and a half times
IQR distance or lower quartile minus 1.5 times IQR
distance) were outliers, and the outliers screened out
were treated as missing values.
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For missing value data, we treat missing values
according to the percentage of missing values if the
incidence is over 2%. For continuous quantitative
data, the mean or median of the variable was used for
missing value interpolation. In contrast, for qualitative
data, the mode attribute of the variable (i.e., the value
with the highest frequency) was used for missing
value interpolation. If the missing ratio is greater than
2% and less than 15%, the missing value of the vari-
able is supplemented by multiple interpolation meth-
ods. All variables had a missing percentage of less
than 15 per cent.

Results
NIPT and IPT results

The total sample size, the number of partici-
pants in each age group, and the number of partici-
pants aged >35 who received IVF are shown in
Figure 1. 47286 samples were included in this study,
of which 7,605 were aged 19-25, 19,044 were
aged 26-30, 14,811 were aged 31-35, and 5,826
were >35. There were 728 cases of IVF, including 5
cases of IPT-positive and 6 cases of NIPT-positive

0.092%), 26-30 age range (IPT 0.005%, NIPT
0.026%), 31-35 age range (IPT 0.007%, NIPT
0.014%), the age >35 (IPT 0.652%, NIPT 0.789%).
As pregnant women aged >35 are usually consid-
ered advanced maternal age, further analysis com-
pared the positive detection rate between advanced
and appropriate-age pregnant women. The occur-
rence of chromosomal abnormalities in two age
groups, detected by IPT and NIPT, was analysed. The
results of chromosomal abnormality occurrence indi-
cated that the positive rates of IPT and NIPT in
advanced-age pregnant women increased significant-
ly (P<0.0001). However, there is no statistically sig-
nificant difference in the detection rates between IPT
and NIPT in advanced and appropriate-age pregnant
women (P =0.4436 and 0.0635, respectively) (Table
[). These results suggest that NIPT has the same
detection efficiency for chromosomal abnormality
compared with IPT in northwest China.

Table | Comparison of the positive detection rate between
advanced and appropriate-age pregnant women.

(Figure 1). Group IPT NIPT P
IPT+ | Total | NIPT+ | Total
Performance of NIPT for detecting chromoso-
mal abnormalities Appropriate-age 5 41460 14 |41460(0.0635
The positive rates of IPT and NIPT in different Advanced age 38 | 5826 | 46 5826 |0.4436
age ranges were sorted out, and the specific values
were as follows: 19-25 age range (IPT 0.039%, NIPT P <0.0001 <0.0001
Total sample IPT positive
n=47286 Spontaneous n=40
| pregnancy
l i l l n=5098 NIPT positive
n=33
19-25 years old 26-30 years old 31-35 years old > 35 years old
n=7605 n=19044 n=14811 n=5826 IPT positive
| | IVF =5
l pregnancy
<35 years old n=728 NIPT positive
n=41460 n—6
I l A4 v . )
IPT positive NIPT positive IPT positive NIPT positive Accuracy verilication
n=>5 n=14 n=38 n=46 l‘
Analysis influcnce
factors of false
positive

Figure 1 Research flow chart.
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Table Il Comparison of chromosomal abnormalities in pregnant women aged >35 with IVF and spontaneous pregnancies.

Observation index SP1 & Age>35 (n=5098) | IVF2 & Age>35 (n=728) P
Positive (case) 33 5
IPT Negative (case) 5065 723 0.8071
Detection rate (%) 0.65 0.69
Positive (case) 40 6
NIPT Negative (case) 5058 721 0.8239
Detection rate (%) 0.78 0.82
P 0.4812 0.7735

1 SP = Spontaneous pregnancy; 2 IVF = IVF pregnancy

Table Il Efficacy of NIPT screening in two groups of pregnant women aged >35 with chromosome abnormalities.

T21 T18 T13 Total

Chromosomal p p p
abnormality Sp? IVF2 SP IVF SP IVF SP IVF

(n=24) | (h=3) (n=9) | (n=1) (n=7) | (n=2) (n=40) | (n=6)
Positive rate (%) | 0.47 | 0.41 |0.044 | 0177 | 014 (0111 | 0.137 0.27 [0.019| 0.78 2.47 | 0.975
Sensitivity (%) 99.74 |88.50|0.490 | 90.45 [100.56 | 3.002 | 101.08 | 23.98 | 0.568 | 89.74 | 99.72 | 9.289
Specificity (%) 94.78 [95.4410.100 | 99.33 [103.45|5.624 | 98.65 | 78.66 | 0.178 | 84.86 | 99.78 | 0.223
Positive
predictive value | 80.75 |88.34|0.778 | 76.53 | 31.48 |4.893 | 18.32 0.00 |1.997 | 75.43 | 66.45 | 4.556
(95%CI3)

TSP = Spontaneous pregnancy; 2 IVF = IVF pregnancy; 3 Cl = Confidence interval

The detection of chromosomal abnormalities
between IVF and spontaneous pregnancies in
pregnant women aged >35

Comparison of chromosomal abnormalities in
pregnant women aged >35 with IVF and SP using
IPT and NIPT detection, respectively. In the case of
chromosome abnormality in pregnant women aged
35, the positive rate of women aged >35 by IPT was
0.65% spontaneous pregnancy and 0.69% IVF (P
=0.8071). NIPT test found that the positive rate of
pregnant women aged >35 with spontaneous preg-
nancy was 0.78%, and that of women with IVF was
0.82% (P=0.8239), as shown in Table Il. These
results suggest that there is no significant difference
in chromosome abnormality rates between elderly
pregnant women with IVF and SP. Further, the results
show that there is no significant difference between
the positive rates detected by the NIPT and IPT in eld-
erly pregnant women undergoing IVF and SP
(P=0.7735 and 0.4812, respectively).

Screening efficacy of NIPT for three chromo-
some abnormalities in pregnant women aged
> 35 with IVF and spontaneous pregnancies

In this NIPT test, the number of high-risk cases
for T21 chromosomal abnormality IVF pregnancy was
3, while for spontaneous pregnancy, it was 24. The
number of high-risk cases for T18 chromosomal
abnormality in IVF pregnancy was 1, while for spon-
taneous pregnancy, it was 9. The number of high-risk
cases for T13 chromosomal abnormality in IVF preg-
nancy was 2, while for spontaneous pregnancy, it was
7. For pregnant women aged >35 with IVE NIPT had
a detection sensitivity, specificity, and positive predic-
tive value of 99.72%, 99.78%, and 66.45%, respec-
tively, for detecting common chromosomal aneuploi-
dies (T21, T18, T13). The detection rates for T21
decreased, and T13 increased in IVF (P values of
0.044 and 0.0019, respectively). Detection rates of
T18 showed no statistically significant difference
compared to women who conceived naturally (P
>0.05), as shown in Table Il
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Table IV Univariate analysis of inconsistent NIPT results for chromosome abnormalities in pregnant women aged >35 with IVE

Observation index Con(sr:sieé’g X)a Ses incor;;ii’rigtél():ases X2/t P
Body weight (kg) 61.38+9.08 62.22+7.65 0.166 0.853
BMI (kg/m?) 22.80+3.11 24.10+3.45 0.677 0.508
Mean gestational age 16.44+4.90 23.00+5.11 2.282 0.037
AFP (MoM) 0.99+0.40 1.50+0.34 2.555 0.021
free B-HCG (MoM) 1.28+1.09 2.48+0.70 2.686 0.016
1 312 104
Yield (cases) 10.000 0.01
2 312 0
1 416 104
feamber of pregnancies 2 208 0 2.700 0.086
3 0 0
Observation index Con(s;sLeGn; g)a ses Con(sri]sieen; ;1:)&‘ ses x>/t P
Body weight (kg) 61.38+9.08 62.22+7.65 0.166 0.853
BMI (kg/m?) 22.80+3.11 2410+3.45 0.677 0.508
Mean gestational age 16.44+4.90 23.00+5.11 2.282 0.037
AFP (MoM) 0.99+0.40 1.50+0.34 2.555 0.021
free B-HCG (MoM) 1.28+1.09 2.48+0.70 2.686 0.016
1 3 1
Yield (example) 10.000 0.01
2 3 0
1 4 1
Number of pregnancies 2 2 0 2.700 0.086
3 0 0

Table V Logistic regression analysis of NIPT results inconsistency in detecting chromosomal abnormalities in pregnant women

aged >35 with IVE

Influencing factor B1 SE?2 Wald3 P OR4 OR(95% CI°)
Mean gestational age 2.877 1.198 5.771 0.016 17.769 1.699-185.859
yield -2.746 1.206 5.187 0.063 0.064 0.006-0.682
AFP -2.153 0.899 7.817 0.005 0.081 0.014-0.472
free B-HCG -1.373 0.615 4.987 0.326 0.253 0.076-0.845

1B = Estimate; 2 SE = Standard error; 3 Wald = Z-squared; # OR = Odds ratio
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Univariate analysis of inconsistent NIPT results
for chromosome abnormalities in pregnant
women aged > 35 with IVF

Univariate analysis of inconsistent NIPT results
for chromosome abnormalities in pregnant women
aged >35 with IVF showed significant differences in
mean gestational age, yield, AFR and free B-HCG
between the |VF-positive group and the IVF false-pos-
itive group (P<0.05). However, the two groups had
no significant differences in body weight, BMI and
number of pregnancies (P<0.05), see Table IV.

Logistic regression analysis of inconsistent NIPT
results of chromosome abnormalities in pregnant
women aged > 35 with IVF

The factors with significant differences men-
tioned above were assigned as independent variables,
and whether the diagnosis failed as dependent vari-
ables, with values of 1 and 2, respectively. The inde-
pendent risk factors for NIPT results inconsistency in
detecting chromosomal abnormalities in pregnant
women aged >35 with chromosomal abnormalities
IVF were observed. It was found that the average ges-
tational week and AFP were independent risk factors
that influenced the failure of NIPT diagnosis
(P<0.05), as shown in Table V.

Discussion

IVF has become increasingly mature and an
important and routine animal reproductive biotech-
nology. There are few reports on the diagnosis of
chromosomal abnormalities in IVF, especially in
northwest China. It is well-known that advanced
maternal age increases the risk of meiotic/embryonic
or offspring aneuploidy (34). However, the sensitivity
of using maternal age alone as an indicator is very
low, with a high false-positive rate (35). Moreover,
although increasing maternal age does increase the
risk for T21, T13, and T18, it does not represent risk
factors for other aneuploidies, such as sex chromo-
some aneuploidies or triploidy (36). This study exam-
ined the detection of chromosomal abnormalities in
pregnant women of different ages (19-25 years, 26—
30 years, 31-35 years, and >35 years) using IPT and
NIPT. It was confirmed that advanced maternal age
was a sensitive factor for fetal chromosomal varia-
tions. Therefore, the results of this study match
expectations. The T21, T18, and T13 detection ratios
of NIPT positivity in advanced-age pregnant women is
0.79%, which is similar to the previously reported in
southern China (37).

The purpose of prenatal diagnosis is to reduce
the incidence and prevalence, which have a signifi-
cant impact on the psychological and economic lives
of patients and their parents, as well as being a finan-
cial burden on the national health system (38).

Chromosomal abnormalities have been thoroughly
studied since Down syndrome was characterised as
trisomy (39). Technological innovations have made
detecting minor genetic abnormalities, including
many single-gene diseases, possible over the past
decades (40). Since the introduction of NIPT in
2011, more than 2 million NIPTs have been per-
formed (41). With the development of genetic test-
ing, it is increasingly vital to ensure the health of off-
spring, whether through spontaneous pregnancy or
assisted reproductive technologies, with the primary
purpose being to reduce the chance of developing
recessive diseases before pregnancy (42-44). This
study used NIPT detection technology to compare the
favourable detection rates of chromosomal abnormal-
ities in older and younger pregnant women. The
results showed a statistically significant difference
(P<0.05) between the two age groups.

As multiple studies have demonstrated that the
incidence of aneuploidy increases with maternal age
(45-47), we selected pregnant women aged >35
who underwent assisted reproductive technology to
analyse the effectiveness of NIPT. It is well known that
pregnant women undergoing assisted reproductive
technology are more likely to detect chromosomal
abnormalities in fetuses (48). Therefore, we contin-
ued to explore the value of NIPT for screening fetal
chromosomal abnormalities in older women under-
going assisted reproductive technology. Firstly, we
have confirmed that NIPT can effectively detect com-
mon chromosomal abnormalities in SP and IVF preg-
nant women. NIPT has high sensitivity and specificity
in screening for T21, T13, and T18. In the following
study, we selected pregnant women with chromoso-
mal abnormalities who underwent assisted reproduc-
tive technology or spontaneous pregnancy and
detected patients with T21, T13, and T18 who
underwent assisted reproductive technology or spon-
taneous pregnancy. The results showed significant
differences in the NIPT diagnosis of T21 and T13.

Next, we explored the reasons for false-positive
results in NIPT diagnosis. Studies have shown that
AFP and free -HCG are commonly used markers for
screening fetal blood for chromosomal abnormalities
(49-51). In this study, we found that these two mark-
ers showed significant differences in expression
among older pregnant women with chromosomal
abnormalities from spontaneous or IVF pregnancy.
However, when included in the multifactor analysis,
only AFP was identified as a risk factor affecting the
efficiency of NIPT detection. As AFP is a commonly
used marker for mid-pregnancy screening (52), we
speculate that factors causing inconsistent NIPT
results in mid-pregnancy may be related to abnormal
AFP levels. Placenta accreta allows AFP in fetal blood
to enter maternal blood directly, so the level of AFP in
its serum can be significantly increased, reaching 2 to
5 times that of the normal control group. Therefore,
if the AFP level in pregnant women’s serum is elevat-
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ed after excluding fetal malformations, placental
haemorrhage, and other conditions, the possibility of
placental implantation should be considered. In addi-
tion, factors such as mean gestational age, weight,
BMI, and the number of pregnancies did not have as
much impact on detection as expected. Only mean
gestational age and parity were independent factors
affecting the diagnostic results of NIPT. The study
suggests that achieving adequate cfDNA concentra-
tion is an essential guarantee for the success of NIPT
detection (53), but this data was not statistically
analysed in this study. In future studies, we will further
explore this aspect.

In conclusion, NIPT can effectively detect com-
mon chromosome aneuploidy in pregnant women
with IVF in northwest China. However, the mean ges-
tational age, AFP the number of pregnancies, and
other factors affecting detection accuracy must be
considered.

Ethics approval and consent to participate

The hospital ethics committee of the Maternal
and Child Health Hospital of Urumqi City approved
the study design and any potential ethical issues. The
Ethical Approval Number: XJFYLL2023049.

Data availability statement

The datasets generated during and/or analysed
during the current study are available from the corre-
sponding author upon reasonable request.

References

1. LuY, Wang Y, Zhang T, Wang G, He Y, Lindheim SR, Yu
Z, Sun Y. Effect of pretreatment oral contraceptives on
fresh and cumulative live birth in vitro fertilisation out-
comes in ovulatory women. Fertil Steril 2020; 114(4):
779-86. doi: 10.1016/].fertnstert.2020.05.021.

2. Liu X, Zhao H, Li W, Bao H, Qu Q, Ma D. Up-regulation
of miR-145 may contribute to repeated implantation fail-
ure after IVF-embryo transfer by targeting PAI-1. Reprod
Biomed Online 2020; 40(5): 627-36. doi: 10.1016/
j.rbomo.2020.01.018

3. Cao H, You D, Yuan M, Xi M. Hysteroscopy after repeat-
ed implantation failure of assisted reproductive technolo-
gy: A meta-analysis. J Obstet Gynaecol Res 2018; 44(3):
365-73. doi: 10.1111/jog.13571.

4. Liu W, Liu J, Zhang X, Han W, Xiong S, Huang G. Short
co-incubation of gametes combined with early rescue
ICSI: an optimal strategy for complete fertilisation failure
after IVE Hum Fertil 2014; 17(1): 50-5. doi: 10.3109/
14647273.2013.859746.

Funding

This study was supported by grants from the
Natural Science Foundation of Xinjiang Uygur
Autonomous Region (No. 2020D01A26) Science
and Technology Innovation Team (Tianshan
Innovation Team) project (No. 2022TSYCTDO0016).

Authors’ contribution

All authors contributed to the study’s concep-
tion and design. Material preparation, data collection,
and analysis were performed by Shuyuan Xue, Lixia
Wang, ZhenYu, Guifeng Ding, and PenggaoDai. The
first draft of the manuscript was written by Shuyuan
Xue, Jingying Zhu and LeFeng. All authors comment-
ed on previous versions of the manuscript. All authors
read and approved the final manuscript.

Informed consent

Informed consent was obtained from all individ-
ual participants included in the study. The authors
affirm that human research participants provided
informed consent for the publication of all the images
and Figures. Patients and families had signed
informed consent.

Conflict of interest statement

All the authors declare that they have no conflict
of interest in this work.

5. Shi SL, Peng ZF, Yao GD, Jin HX, Song WY, Yang HY,
Sun YR Analysis of Related Causes for No Embryos
Transferred and Corresponding Coping Measures in
Assisted Reproductive Technology. J Reprod Med 2017;
62(5-6): 284-90.

6. Zhu D, Wei X, Zhou XY, Deng LB, Xiong SY, Chen JR
Chen GQ, Zou G, Sun LM. Chromosomal abnormalities
in recurrent pregnancy loss and its association with clini-
cal characteristics. J Assist Reprod Genet 2023; 40(7):
1713-20. doi: 10.1007/s10815-023-02816-w.

7. Barben J, Kuehni CE. Hypertonic saline for acute viral
bronchiolitis: take the evidence with a grain of salt. Eur
Respir J 2014; 44(4). 827-30. doi: 10.1183/
09031936.00129914.

8. Zhou Y. Current status and challenges of clinical trial on
adenocarcinoma of esophagogastric junction. Zhonghua
Wei Chang Wai Ke Za Zhi 2019; 22(2): 112-8.
doi:10.3760/cma.j.issn.1671-0274.2019.02.004.

9. Seo D, Roh J, Chae Y, Kim W. Gene expression profiling
after LINCO0472 overexpression in an NSCLC cell line1.



1680 Xue et al.: NIPT for chromosomal abnormality in northwest China

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Cancer Biomark 2021; 32(2): 175-88. doi: 10.3233/
CBM-210242.

Wang Y, Miao C, Gao X. TCEB3 is Regulated by Circ-
0000212/miR-140-3p Axis to Promote the Progression
of Cervical Cancer. Oncotargets Ther 2021; 14: 2853~
65. doi: 10.2147/0TT.5278710.

Li YL, Li DZ. Is there a role for nuchal translucency in the
detection of rare chromosomal abnormalities in the era
of noninvasive prenatal testing? Am J Obstet Gynecol
2021; 225(4): 463-4. doi: 10.1016/j.ajog.2021.
06.058.

Hwang S, Cavaliere P, Li R, Zhu LJ, Dephoure N, Torres
EM. Consequences of aneuploidy in human fibroblasts
with trisomy 21. P Natl Acad Sci Usa 2021; 118(6):
€2014723118. doi: 10.1073/pnas.2014723118.

Cejas RB, Wang J, Hageman-Blair R, Liu S, Blanco JG.
Comparative genome-wide DNA methylation analysis in
myocardial tissue from donors with and without Down
syndrome. Gene 2021; 764: 145099. doi: 10.1016/
j.gene.2020.145099.

lourov 1Y, Yurov YB, Vorsanova SG, Kutsev SI. Chromo-
some Instability, Aging and Brain Diseases. Cells-Basel
2021; 10(5): 1256. doi: 10.3390/cells10051256.

Andriani GA, Vijg J, Montagna C. Mechanisms and con-
sequences of aneuploidy and chromosome instability in
the aging brain. Mech Ageing Dev 2017; 161(Pt A): 19—
36. doi: 10.1016/j.mad.2016.03.007.

Prefumo F, Paolini D, Speranza G, Palmisano M, Dionisi
M, Camurri L. The contingent use of cell-free fetal DNA
for prenatal screening of trisomies 21, 18, 13 in preg-
nant women within a national health service: A budget
impact analysis. Plos One 2019; 14(6): e0218166. doi:
10.1371/journal.pone.0218166.

Taheripanah R, Talayeh M, Zamaniyan M, Khosravi D,
Taheripanah A. Comparison of First Trimester Screening
for Down's Syndrome Using Free Beta-Human Chorionic
Gonadotropin and Pregnancy-Associated Plasma
Protein-A Levels between Spontaneous and IVF
Pregnancies at 12 Weeks of Gestation. Int J Fertil Steril
2019; 13(2): 93-6. doi: 10.22074/ijfs.2019.5295.

Tul N, Novak-Antolic Z. Serum PAPP-A levels at 10-14
weeks of gestation are altered in women after assisted
conception. Prenatal Diag 2006; 26(13): 1206-11. doi:
10.1002/pd.1589.

Peyser A, Gulersen M, Krantz D, Li X, Bornstein E,
Rochelson B, Mullin C, Goldman R. The impact of fresh
versus frozen-thawed embryos on maternal serum ana-
lyte levels in IVF singleton and twin pregnancies. J Assist
Reprod Genet 2024; 41(2): 473-81. doi: 10.1007/
$10815-023-03007-3.

Dondik Y, Pagidas K, Eklund E, Ngo C, Palomaki GE,
Lambert-Messerlian G. Levels of angiogenic markers in
second-trimester maternal serum from in vitro fertilisa-
tion pregnancies with oocyte donation. Fertil Steril
2019; 112(6): 1112-7. doi: 10.1016/j.fertnstert.
2019.07.017.

Wu X, Li Y, Lin N, Xie X, Su L, Cai M, Lin Y, Wang L,
Wang M, Xu L, Huang H. Chromosomal microarray
analysis for pregnancies with abnormal maternal serum

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

screening who undergo invasive prenatal testing. J Cell
Mol Med 2021; 25(13): 6271-9. doi: 10.1111/
jcmm.16589.

Zaragoza E, Akolekar R, Poon LC, Pepes S, Nicolaides
KH. Maternal serum placental growth factor at 11-13
weeks in chromosomally abnormal pregnancies. Ultra-
sound Obst Gyn 2009; 33(4): 382-6. doi: 10.1002/
uog.6331.

Cernat A, De Freitas C, Majid U, Trivedi F, Higgins C,
Vanstone M. Facilitating informed choice about noninva-
sive prenatal testing (NIPT): a systematic review and
qualitative meta-synthesis of women’s experiences. Bmc
Pregnancy Childb 2019; 19(1): 27. doi: 10.1186/
$12884-018-2168-4.

Raymond YC, Fernando S, Menezes M, Meagher S, Mol
BW, McLennan A, Scott F, Mizia K, Carey K, Fleming G,
Rolnik DL. Cell-free DNA screening for rare autosomal
trisomies and segmental chromosome imbalances.
Prenat Diagn 2022; 42(11): 1349-57. doi: 10.1002/
pd.6233.

Wang EY, Perni UC, Gregg AR. Genetic Screening
and Teratogenic Exposures: Considerations in Caring
for the Uterus Transplant Patient. Clin Obstet Gynecol
2022; 65(1): 76-83. doi: 10.1097/GRF
0000000000000677.

Zhen L, Yang YD, Xu LL, Cao Q, Li DZ. Fetal microg-
nathia in the first trimester: An ominous finding even
after a normal array. Eur J Obstet Gyn R B 2021; 263:
176-80. doi: 10.1016/j.ejogrb.2021.06.031.

Barrett AN, Huang Z, Aung S, Ho SSY, Roslan NS,
Mahyuddin AP, Biswas A, Choolani M. Whole-
Chromosome Karyotyping of Fetal Nucleated Red Blood
Cells Using the lon Proton Sequencing Platform. Genes
(Basel) 2022; 13(12): 2257. doi: 10.3390/genes
13122257.

Horsten D, Noben L, Dommelen LV, Koks CAM.
Atopobium Vaginae Bacteremia with Fetal Loss after
Chorionic Villus Sampling: A Case Report. American
Journal of Medical Case Reports 2021; 9(12): 734-8.
doi: 10.1128/JCM.01655-10.

Chiu RW, Chan KC, Gao Y, Lau VY, Zheng W, Leung TY,
Foo CH, Xie B, Tsui NB, Lun FM, Zee BC, Lau TK,
Cantor CR, Lo YM. Noninvasive prenatal diagnosis of
fetal chromosomal aneuploidy by massively parallel
genomic sequencing of DNA in maternal plasma. Proc
Natl Acad Sci U S A 2008; 105(51): 20458-63. doi:
10.1073/pnas.0810641105.

Carbone L, Cariati F, Sarno L, Conforti A, Bagnulo F,
Strina |, Pastore L, Maruotti GM, Alviggi C. Noninvasive
Prenatal Testing: Current Perspectives and Future
Challenges. Genes (Basel) 2020; 12(1): 15. doi:
10.3390/genes12010015.

Buchanan A, Sachs A, Toler T, Tsipis J. NIPT: current util-
isation and implications for the future of prenatal genetic
counseling. Prenatal Diag 2014; 34(9): 850-7. doi:
10.1002/pd.4382.

Vermeesch JR, Voet T, Devriendt K. Prenatal and pre-
implantation genetic diagnosis. Nat Rev Genet 2016;
17(10): 643-56. doi: 10.1038/nrg.2016.97.



J Med Biochem 2025; 44 (8)

1681

33.

34.

35.

36.

37.

38.

39.

40.

a1.

42.

43.

Benn B Cuckle H, Pergament E. Noninvasive prenatal
testing for aneuploidy: current status and future
prospects. Ultrasound Obst Gyn 2013; 42(1): 15-33.
doi: 10.1002/u0g.12513.

Pellestor FE Andreo B, Arnal F Humeau C, Demaille J.
Maternal aging and chromosomal abnormalities: new
data drawn from in vitro unfertilised human oocytes.
Hum Genet 2003; 112(2): 195-203. doi: 10.1007/
s00439-002-0852-x.

Kim SH, Frey MK, Madden N, Musselman K, Chern JY,
Lee J, Leslie RB, Stephanie VB, Bhavana P and John PC.
How Old Is Too Old? Safety of Minimally Invasive
Gynecologic Surgery and Early Hospital Discharge in
Elderly Women. J Gynecol Surg 2019; 35(2): 85-8.
doi:10.1089/gyn.2018.0100.

Syngelaki A, Chelemen T, Dagklis T, Allan L, Nicolaides
KH. Challenges in the diagnosis of fetal non-chromoso-
mal abnormalities at 11-13 weeks. Prenatal Diag 2011;
31(1): 90-102. doi: 10.1002/pd.2642.

Cai M, Lin N, Chen X, Li Y, Lin M, Fu X, Huang H, He
S, Xu L. Noninvasive prenatal testing for the diagnosis of
congenital abnormalities: Insights from a large multicen-
ter study in southern China. Braz J Med Biol Res 2023;
56: 12506. doi: 10.1590/1414-431X2023e12506.

Liu Y, Jing X, Xing L, Liu S, Liu J, Cheng J, Deng C, Bai
T, Xia T, Wei X, Luo Y, Zhou Q, Zhu Q, Liu H.
Noninvasive Prenatal Screening Based on Second-
Trimester Ultrasonographic Soft Markers in Low-Risk
Pregnant Women. Front Genet 2021; 12: 793894. doi:
10.3389/fgene.2021.793894.

Li H, Du B, Jiang F, Guo Y, Wang Y, Zhang C, Zeng X,
Xie Y, Ouyang S, Xian Y, Chen M, Liu W, Sun X.
Noninvasive prenatal diagnosis of B-thalassemia by rela-
tive haplotype dosage without analysing proband. Mol
Genet Genomic Med 2019; 7(11): e963. doi:
10.1002/mgg3.963.

Hayward J, Chitty LS. Beyond screening for chromoso-
mal abnormalities: Advances in noninvasive diagnosis of
single gene disorders and fetal exome sequencing.
Semin Fetal Neonat M 2018; 23(2): 94-101. doi:
10.1016/j.siny.2017.12.002.

Chin HL, Goh D. Pitfalls in clinical genetics. Singap Med
J2023; 64(1): 53-8. Pitfalls in clinical genetics.

Claesen Z, Crombag N, Henneman L, Vermeesch JR,
Borry P Expanded Noninvasive Prenatal Testing (NIPT) :
Can the Child’s Right to an Open Future Help Set the
Scope? J Bioethic Ing 2023; 20(1): 41-9. doi:
10.1007/511673-022-10222-7.

Singer A, Sagi-Dain L. Impact of a national genetic car-
rier-screening program for reproductive purposes. Acta
Obstet Gyn Scan 2020; 99(6): 802-8. doi: 10.1111/
aogs.13858.

44.

45.

46.

a47.

48.

49.

50.

51.

52.

53.

Mastantuoni E, Saccone G, Al-Kouatly HB, Paternoster
M, D’Alessandro P Arduino B, Carbone L, Esposito G,
Raffone A, De Vivo V, Maruotti GM, Berghella V, Zullo F
Expanded carrier screening: A current perspective. Eur J
Obstet Gynecol Reprod Biol 2018; 230: 41-54. doi:
10.1016/j.ejogrb.2018.09.014.

Ma JY, Li S, Chen LN, Schatten H, Ou XH, Sun QY. Why
is oocyte aneuploidy increased with maternal aging? J
Genet Genomics 2020; 47(11): 659-71. doi: 10.1016/
j.igg.2020.04.003.

Wu T, Yin B, Zhu Y, Li G, Ye L, Chen C, Zeng Y, Liang D.
Molecular cytogenetic analysis of early spontaneous
abortions conceived from varying assisted reproductive
technology procedures. Mol Cytogenet 2016; 9: 79. doi:
10.1186/s13039-016-0284-2.

Zhang X, Fan J, Chen Y, Wang J, Song Z, Zhao J, Li Z,
Wu X, Hu Y. Cytogenetic Analysis of the Products of
Conception After Spontaneous Abortion in the First
Trimester. Cytogenet Genome Res 2021; 161(3-4):
120-131. doi: 10.1159/000514088.

Sunkara SK, Khalaf Y, Maheshwari A, Seed P
Coomarasamy A. Association between response to ovar-
ian stimulation and miscarriage following IVF: an analysis
of 124 351 IVF pregnancies. Hum Reprod 2014; 29(6):
1218-24. doi: 10.1093/humrep/deu053.

Ballantyne A, Rashid L, Pattenden R. Stability of maternal
serum free beta-hCG following whole blood sample tran-
sit: First trimester Down’s syndrome screening in
Scotland. Ann Clin Biochem 2022; 59(1): 87-91. doi:
10.1177/00045632211045250.

Huang H, Wang Y, Zhang M, Lin N, An G, He D, Chen
M, Chen L, Xu L. Diagnostic accuracy and value of chro-
mosomal microarray analysis for chromosomal abnor-
malities in prenatal detection: A prospective clinical
study. Medicine (Baltimore) 2021; 100(20): 25999.
doi: 10.1097/MD.0000000000025999.

Bayat A, Amiri-Farahani L, Soleimani M, Eshraghi N,
Haghani S. Effect of short-term psychological interven-
tion on anxiety of pregnant women with positive screen-
ing results for chromosomal disorders: a randomised
controlled trial. Bmc Pregnancy Childb 2021; 21(1):
757. doi: 10.1186/512884-021-04206-5.

Murray MJ, Nicholson JC. alpha-Fetoprotein. Arch Dis
Childhood-E 2011; 96(4): 141-7. doi: 10.1136/adc.
2011.213181.

Kwon HJ, Yun S, Joo J, Park D, Do WJ, Lee S. Improving
the accuracy of noninvasive prenatal testing through size-
selection between fetal and maternal cfDNA. Prenatal
Diag 2023; 43(13): 1581-92. doi: 10.1002/pd.6464.

Received: March 22, 2025
Accepted: April 09, 2025




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /SRL ()
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1800 1800]
  /PageSize [14400.000 14400.000]
>> setpagedevice


