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Abstract
Background: Trisomy 13 (T13) and sex chromosome aneuploidies (SCA) are the vital causes of congenital malfor-
mations. This study was performed to identify the T13 and SCA with screening tests in the first trimester of pregnancy.

Materials and Methods: In this cross-sectional study, first-trimester combined screening was conducted on 2100
pregnant women referred to Narges Genetics Laboratory, Ahvaz, Iran. Evaluating the first trimester screening tests,
including nuchal translucency (NT), crown—rump length (CRL) and pregnancy-associated plasma protein-A (PAPP-
A), and free beta of human chorionic gonadotropin (ffhCG) was performed. For a definitive diagnosis of T13 and
SCA syndrome, fetal karyotype was evaluated.

Results: The average NT and CRL in high-risk group for T13 were 5.96 mm and 61.7 mm respectively and in high-
risk groups for SCA were 3.7 mm and 75.9 mm, respectively. Significant correlation was observed among NT, CRL
and T13, SCA (P<0.05). The average serum fBhCG and PAAP-A levels in high-risk group for T13 were 0.42 and 0.31,
respectively. Significant correlation was observed between decrease fBhCG, PAPP-A and T13 levels and increase
fBhCG levels and SCA levels (P<0.05). No Significant correlation was observed between PAPP-A levels and SCA
levels (P>0.05).

Conclusion: Using special software and karyotype testing, the prenatal screening tests based on the maternal age and
gestational age in the first trimester of pregnancy may determine the major risk of fetal chromosomal abnormalities.
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Introduction (5). Prenatal diagnosis of genetic disorders mostly is
recommended in following situations: the maternal age
of 35 years or above; positive first or second trimester
screening test results, and increased risk of fetal ane-

uploidies in terms of family history (6, 7).

In general, some births have chromosomal abnormali-
ties during the fetal period or fetal development due to
genetic factors such as genetic chromosomal or genetic
abnormalities, resulting in abortion, intrauterine death,

and shortened postnatal lifespan (1, 2). Chromosomal
abnormalities cause more than 50% of spontaneous
abortions (3). Therefore, in the last few decades, most
researchers have paid more attention to prenatal screen-
ing tests for diagnosis of chromosomal abnormalities
and their global effects. In developing countries, pre-
natal screening tests are widely used and validated in
clinical practice to prevent birth defects and improve
the quality of the birth population (4). Different prenatal
screening tests are available based on the methodology
and algorithms used for data analysis, the mother's tri-
mester of pregnancy, and the kind of ailment in concern

Meanwhile, the first trimester spontaneous abortions
(9-12 weeks) occur in 15 to 20% of all clinically recog-
nized pregnancies (3). Therefore, screening of the first
trimester of pregnancy is done to diagnose congenital
anomalies in most countries with 90% detection rate and
5% false-positive rate (8). Patau syndrome (T13) is one
of the most common autosomal aneuploidies in newborns
(birth incidence is about 1/5000 live births). More than
50 percent of infants with Trisomy 13 (T13) have severe
heart, brain and spinal cord disorders, severe mental and
physical disabilities, and cleft lip and palate, according to
a 23-year study conducted at a public hospital in Brazil.
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These fetuses die in utero and will not live to be one year
old if born (9). Also, infants with T13 are exposed to very
low birth weight due to multiple genetic problems (10).
Therefore, prenatal screening tests are one of the practical
ways to prevent and reduce the birth rate of infants with
T13 (11). It includes nuchal translucency (NT), crown—
rump length (CRL), beta human chorionic gonadotropin
(B-hCG) and pregnancy-associated plasma protein-A
(PAPP-A) (12, 13).

On the other hand (sex chromosome aneuploidies; SCA)
including, 45x (Turner syndrome) where chromosome de-
ficiency x and 47xxy (Klinefelter syndrome) indicate the
presence of extra chromosomes x (14). In some cases,
the symptoms of people with SCA can be mild or without
mental retardation; some have a fixed phenotype including
physical abnormalities, learning disabilities, and infertility
(15). First-trimester prenatal screening tests for Klinefelter
syndrome and Turner syndrome assessment age mother of
fetal NT and maternal levels freep-hCG and levels PAPP-
A at 11+0 to 13+6 weeks of pregnancy is now an effective
screening programin maternal serum (16). Increase levels
of multiple of the median (MOM) freef-hCG and decrease
levels PAPP-A in maternal serum can be an important in-
dicator for the following Klinefelter syndrome and Turner
syndrome (17). Therefore, our study investigated the im-
plementation of prenatal screening tests for the accuracy
of T13 and SCA abnormalities in pregnancies in southern
Iran. The purpose of this study was prenatal diagnosis of
T13 and SCA based on the evaluation of early pregnancy
screening tests (NT, CRL, PAPPA, fBhCG). This is because
of studies on fetuses with T13 have been less studied due to
spontaneous abortions and also SCAs very common.

Materials and Methods

This was an analytic cross-sectional study performed on
2100 patients in 2021 (gestational age of 11+0 to 13+6
weeks) undergoing prenatal screening tests at Narges Ge-
netics Laboratory, Ahvaz, Iran. Inclusion criteria includ-
ed: first trimester of pregnancy, single fetus, and normal
pregnancy and exclusion criteria including twin fetuses
and multiple pregnancies using artificial methods with a
history of maternal diseases such as diabetes, hyperten-
sion, hyperlipidemia, and aborted fetuses. Written con-
sent was obtained consciously from all participants in this
study, and also this project approved by the Ethics Com-
mittee of Behbhan Azad University, Behbhan, Iran (IR.
IAU.BEHBAHAN.REC.1400.002) and is registered.

According to Fetal Medicine Foundation (FMF), all
pregnant women were checked with a certified ultrasound
to determine their gestational age. The required informa-
tion was recorded in the questionnaire form, which in-
cluded the mother’s age and weight, multiple births, his-
tory of specific underlying disease, family history of ge-
netic disease, family relationship between parents, history
of giving birth to a baby with a congenital anomaly, and
smoking at the time of screening and genetic tests. There
were 1950 cases in the low-risk group and 150 cases in
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the high-risk group. Transabdominal and optionally trans-
vaginal ultrasonography was performed by an ultrasound
examiner for evaluation major fetal defects and measure
fetal CRL and NT. Experiments have been performed us-
ing professional techniques described by the FMF (www.
fetalmedicine.com) and recorded in a questionnaire. Af-
terwards, 5 mL venous blood mother were collected and
kept at room temperature (18-25°C) for 30 minutes, and
centrifuged for amount 2500 g for 15 minutes (4°C). Sera
samples were stored at -20°C to analysis. To analyze the
samples, seramaternal samples were analyzed for MOM
PAPP-A and MOM fB-hCG concentrations were assessed
by automated analyzer time resolved fluorescence im-
mune analyzer using appropriate reagents (PerkinElmer,
Gaithersburg, MD, USA). Closed immunoassay analyz-
ers are sophisticated platforms for measuring biochemical
biomarkers (13). In the final stage, to diagnose chromo-
somal anomaly T13, Klinefelter syndrome, and Turner
syndrome karyotype examinations were performed.

The statistical analysis was done using the SPSS ver-
sion 18.0 soft ware Inc, Chicago, IL. The results were
expressed as the means and standard deviations and per-
formed with analysis of variance (ANOVA) followed by
Dunnett’s new multiple range test, and values of P<0.05
were considered statistically significant.

Results

The comparison was made between low-risk and
high-risk cases, pregnant women under 35 and over
35 years of age to assess T13 and SCA. Classification
was performed based on age maternal body mass index
(BMI), fetus NT, and CRL are shown in Table 1. Prenatal
screening tests predicted 150 pregnant women were
included in high-risk and 1950 cases in low-risk group
betweenT13 and SCA, receptively. A value of Under and
Over 35 years for age, >2.5 mm for NT, and 45> mm for
CRL meant high-risk group based on routine prenatal
screening tests. No significant differences in maternal
age and BMI were evident in low and high-risk groups
T13 (>35 and < 35 years) (P=0.451 and P=0.461). No
significant differences in the maternal age and BMI were
evident in low and high-risk groups SCA (>35 and < 35
years) (P=0.421 and P=0.471). On the other hand, NT
and CRL variables in T13 and SCA have a significance
level of less than 0.05, so that the P value for NT and
CRL variables in T13 and SCA is equal to 0.0001. It
means that these variables have a significant difference
among 4 groups so that in T13, NT variable in the high-
risk group has the highest mean (5.96 £ 0.9) and in the
low-risk group has the lowest mean (1.61 + 0.4), CRL
variable has the highest mean (66.8 + 4.8) in the group
over 35 years and the lowest mean in the low risk group
(51.6 = 10.8). In this analysis, NT variable in SCA had
the highest mean (4.01 £ 1.7) in the high risk group over
35 years and had the lowest mean (1.72 + 0.4) in the low
risk group, CRL variable had the highest mean (66.8 +
4.8) in the high-risk group over 35 years and the lowest
mean (55.1 £ 6.6) in the low risk group.
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Table 2 shows the maternal biochemical markers of
with the chromosomal anomaly (T13 and SCA). The
free B-hCG and PAPP-A contents was were significantly
increased in T13 cases in the low-risk group in the
comparison of high-risk group. MoM fBhCG variable

and maternal blood biochemical markers free f-hCG and
PAPP-A about 2.86% of fetuses with T13 anomaly can be
identified and about 3.33% of fetuses with SCA.

Of the 2100 pregnant women who were screened in

group T13, there were 1067 cases in the low-risk group
and 81 cases in the high-risk group, of whom 70 followed
the karyotype test (number of fetuses with T13 n=3). In
group SCA, there were 883 cases in the low-risk group
and 69 cases in the high-risk group, of whom 62 followed
the karyotype test (number of fetuses with SCA; n=5,
Klinefelter syndrome; n=3, Turner syndrome; n=2). The
detection rate and false positive were 100 and 3% for
T13 and 100 and 2% for SCA, respectively (Table 3).
Table 4 shows the formula for calculation the percentage
of the amount false positive and detection rate.

has the highest mean (1.22 £+ 0.63) in the low risk group
and MoM PAPP-A variable in the low risk group has
the highest mean with P=0.0001(1.22 £ 0.63). The free
B-hCG levels were significantly decreased in SCA cases in
the low-risk group in comparison of high-risk group, the
variable MoM fBhCG with P=0.04 has the highest mean
(1.83 + 1.36) in the high-risk group of 35 years. PAPP-A
content was not significant in SCA cases in the low-risk
group compared to the high-risk group with P=0.07. In
the first trimester screening for T13 and SCA anomalies
by maternal age, the fetal characteristics NT and CRL,

Table 1: Prenatal screening test gestational age, BMI, NT,CRL for detection of trisomy 13 (T13) and sex chromosome aneuploidies (SCA) at risk pregnant
womenand her fetuses

Chromosomal anomaly Characteristics Groups P value
Low risk High risk  High risk under 35 years High risk over 35 years
(n=85) (n=65)

T13 Age (Y) 339+4.7 343+£25 29.1+23 37.7+£2.2 0.451
BMI (kg/m?) 64.7+10.7 662+104 632+92 65.2+10.2 0.461
NT (mm) 1.61+0.4* 5.96+0.9° 3.24+0.5° 4.13+0.5° 0.001"
CRL (mm) 51.6£10.8¢ 61.7+4.4¢ 60.6+4.44 66.8 +4.8¢ 0.001"

SCA Age (Y) 302+52 33.1+44 249=+3.1 37.7+1.5 0.421
BMI (kg/m?) 68.5+142 67.7+10.3 70.1+10.1 72.3+£11.1 0.471
NT (mm) 1.72+04* 3.7+£0.6> 3.38+5.9" 4.01+1.7° 0.001"
CRL (mm) 55.1+£6.66 755+9.7¢ 63.4+6.4¢ 759 +11.7¢ 0.001"

Data are presented as mean * SD. Analysis of variance (ANOVA) followed by Dunnet’s new multiple range test. The letters (a-d) show significant difference between group low risk with
high risk, high risk under and over years 35. BMI; Body mass index, NT; Nuchal translucency, CRL; Crown-rump length, and *; There is a significant difference (P<0.001) between low risk
with high risk, high risk under and over 35 years groups.

Table 2: Maternal biochemical markers in MoM fBhCG and MoM PAPP-A pregnant woman with trisomy 13 (T13) and sex chromosome aneuploidies (SCA)
cases

Chromosomal Biochemical markers Groups P value

anomaly Low risk High risk High risk under 35 years High risk over 35 years

T13 MoM fBhCG (ng/mL) 1.02+0.71*  0.42+0.55> 0.41+0.53° 0.41 £0.42° 0.001"
MoM PAPP-A (mg/L) 1.22+0.63° 031+038 0.30+0.21¢ 0.31+0.32¢ 0.001"

SCA MoM fBhCG (ng/mL) 0.96+0.77*°  1.74+0.92° 1.83+1.36" 1.31+£0.79* 0.04™
MoM PAPP-A (mg/L) 1.21+£0.62 0.67+0.58  0.84 +£0.68 0.72+0.41 0.07"

Data are presented as mean * SD. One-way analysis of variance (ANOVA) followed by Dunnet’s new multiple range test. The letters (a-d) show significant difference between group low
risk with high risk, high risk under and over years 35. fB-hCG; Free beta-human chorionic gonadotropin, PAPP-A; Pregnancy-associated plasma protein-A, MoM; Multiple of the median,
*; There is a significant difference (P<0.001) between low risk with high risk, high risk under and over 35 years groups, **; There is a significant difference (P<0.05) between low risk with
high risk, high risk under and over 35 years groups, and ; Not significant (P>0.05) between low risk with high risk, high risk under and over 35 years groups.

Table 3: Outcome of amniocentesis, karyotype examinations and, detection rates and false positive in pregnant women

Group Total Karyotype examinations Culture of amniotic fluid False positive (%) Detection rete (%)
Abnorma karyotype Normal karyotype

Highrisk (T13) 81 70 n=3 n=67 3 100

Low risk (T13) 1067 - -

High risk (SCA) 69 62 Kli3nefelter syndrome n=30
n=
Turner syndrome n=27 2 100

n=2
Low risk (SCA) 883 -

T13; Trisomy 13 and SCA; Sex chromosome aneuploidies.
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Table 4: Formula calculation the percentage of the amount false positive
and detection rate

Karyotype examinations — Abnorma karyotype
+ Total number of participants x 100

False negative %

Abnormal karyotype + Abnormal karyotype +  Detection rete %

False negative x 100

Nuchal translucency test measurements shows
ultrasound picture of in 12-14 week gestation fetus
(Figs.1, 2).

Fig.1: Shows a normal fetus.

Fig.2: Shows fetus with chromosomal anomaly, demonstrating increased
nuchal translucency thickness.

Discussion

The birth of babies with a birth defect has many cultural,
economic and social impacts on the family and society. In
addition, the risk of giving birth to a baby with congenital
and structural abnormalities is 3-5% in any pregnancy,
so screening tests are required in the first semester
of pregnancy (18, 19). As a result, medical teams are
focused on improving pregnancy outcomes by detecting
these abnormalities as soon as possible and providing
appropriate counseling to couples (20).

The present study showed that by performing screening
in the first trimester of pregnancy, and measuring fetal NT
and CRL levels as well as serum levels of maternal blood
mother markers PAPP-A and fBhCG, T13 and SCA can
be detected. In the present study, 150 participants were in
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the high-risk group, and after examining the karyotype,
8 abnormal karyotypes were observed. Concretely
chromosomal anomaly associated with increased fetuses
NT thickness and CRL characteristics in the first trimester
gestational. Consequently, all these practical benefits (high
sensitivity and specificity) suggested that measurements
of NT thickness and CRL characteristics can calculate the
risk of fetus chromosomal anomalyin at the first trimester
gestational. In agreement with the present findings,
multiple studies showed the diagnosis of chromosomal
anomaly can be made by prenatal screening tests (like NT
thickness and serum marker PAPP-A and fBhCG) (21-23).
In a study similar to the present study, Carrara et al. (24)
and Engell et al. (25) of diagnosis T13 after screening
tests in the first trimester of pregnancy, they stated that
the mean NT of high-risk group was higher than that of
the low-risk group. In addition, after serum analysis of
maternal blood markers, the mean fBhCG and PAPPA
were significantly lower in high-risk subjects compared
to the low-risk group. Studies have shown that PAPPA is
associated with a variety of physiological and pathological
processes through the regulation of local concentrations
of insulin-like growth factor (26).

Our results show that chromosomal abnormalities are
associated with low levels of PAPPA in maternal blood
during the first trimester. It may increase the risk of T13 by
inducing the development of chromosomal abnormalities.
On the other hand, according to the results of biochemical
markers, in the case of T13, a significant decrease in free
BhCG levels was found at maternal serum pregnancy
levels. Similar to our results, previous studies stated that
in T13 anomaly reduced in the levels of free B-hCG and
PAPP-A in maternal serum pregnancy.

Decreasing the marker serum levels PAPP-A which
indirectly reflected the presence of a chromosomal
anomaly in fetus's body cells (27). Difference between
the present study and the study of Piazze et al. (28)
indicates that there is no significant relationship between
NT screening in the first trimester of pregnancy, PAPP-A
and fphCG levels, and the incidence of and chromosomal
abnormalities. In a study similar to the present study,
screening tests in the first trimester of pregnancy were
used to diagnose the abnormality SCA, which was a
significant relationship between increase size NT and
increase serum marker level ffhCG that was revealing
with an anomaly SCA (29). In a study by Hai Long et al.
(30), the NT test was recommended for pregnant women
due to its low risk and availability. It was also reported
that the NT score of a foetation with SCA was higher than
that of a control (30-32). The results of our study showed
that fetuses with SCA abnormalities were associated with
elevated maternal NT and elevated serum fhCG marker
levels. Similar to the results of present study, the study of
Shiefa et al. (17) showed the size NT 4.76 and amount of
the marker serum fBhCG 1.11 in patients with SCA.

Meanwhile, based on screening tests in the first
trimester of pregnancy similar to the present study, In the
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study of Mak et al. (33) and Viuff et al. (34) there was
a significant relationship between increasing fetal NT
thickness increased serum marker ffhCG in women over
35 years and decreasing the marker serum levels PAPP-A
by about 50% compared to the low-risk group in fetus
with SCA. Moreover, for detecting all above categories of
aneuploidies, the combination of measurement NT, levels
fBhCG, levels PAPP-A, and the maternal age background
risk were found adequate, with a 74% detection rate for
a 5% false-positive rate (35). In the study Kazemi et al.
(36) similar to the present study, a false positive rate
for diagnosing chromosomal abnormalities in the first
trimester of pregnancy was 2-3%. A study by Wright et
al. (37), similar to the present study for the diagnosis of
Tr13 the first trimester of pregnancy, the detection rate
was 99% and in a study by Lu et al. (38), the detection rate
of SCA was 90%. One of the strengths of this study is the
large number of samples that help identifying women at
risk of having children with chromosomal abnormalities.
One of the limitations of our study was the inability to
obtain karyotype confirmation of women in the high-risk
group refusing further testing. Further research needs to
consider the possible roles of other parameters during
the screening of the first semester, as people of different
ethnicities live in southwestern, Iran.

Conclusion

Utilizing particular software, prenatal screening tests
based on mother age information and gestational age
in the first trimester of pregnancy reduced the baseline
risk for fetal chromosomal abnormalities. In addition,
the findings provide an unique mechanistic approach to
prenatal screening tests that may be used safely in Iran's
clinical situation.
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