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Introduction
Incomplete fetal development is a serious 
complication during pregnancy, which is 
a major cause of perinatal morbidity and 
mortality. Early detection of fetuses at 
risk of growth‑restriction provides better 
monitoring, thus managing optimization, 
which has been shown to reduce the risk of 
adverse fetal consequences.[1]

Prenatal screening for trisomy disorders 
based on analysis of biochemical markers 
in the mother’s serum has become part of 
prenatal care in many countries.[2]

The propensity for screening during 
pregnancy for chromosomal trisomies has 
focused on the first trimester. Among the 
biochemical markers examined, only maternal 
serum free β‑hCG and pregnancy‑associated 
plasma protein‑A  (PAPP‑A) have been 
observed to be of value.

Amniotic fluid, fetal blood, and chorionic 
villi are the types of samples that currently 
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Abstract
Background: This study was designed and performed to investigate the relationship between 
fetal chromosome aberrations and screening markers in the first trimester of pregnancy 
in order to prevent the birth of infants with chromosome aberrations with early prenatal 
diagnosis. Methods: We conducted an analytic cross‑sectional study on result of chromosomal culture 
of 762 pregnant women with high‑risk combined screening test from December 2018 to June 2020 
and analyzed by SPSS program. Results: There was a significant relationship between chromosome 
structural abnormalities with free beta‑human chorionic gonadotropin (free β‑hCG) values equal to and 
higher than 1.5 multiples of the median (MoM) (P: 0.05). The highest incidence of disorder in number 
of chromosomes with abnormal nuchal translucency  (NT) percentiles  (≥99%) was seen  (P  <  0.001). 
It also shows that the cumulative number of chromosome aberrations of 25  (78.12%) occurred in 
individuals with a NT less than 99th percentile and at the same time a risk of 1/50≤ risk  <1/10. 
Discussion: According to the results, Comparative Genomic Hybridization (CGH)  array method 
is recommended to detect structural abnormalities in chromosomes in samples with NT  ≥3.5. In 
addition, it is noteworthy that chromosomal structural abnormalities occur in free β‑hCG ≥1.5 MoM. 
Conclusion: Due to the frequency of chromosomal structural disorders and its effect on the incidence 
of fetal abnormalities, the study of chromosomal structural disorders is recommended.
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used for distinguish for chromosome 
abnormalities.[3]

Chromosomal abnormality occurs when 
there is a disorder in the number or 
structure of the chromosomes. Indeed, 
the chromosomal alterations seen during 
prenatal testing were included autosomal 
or sex chromosome aneuploidy, triploidy, 
balanced or unbalanced structural 
rearrangements, deletions, and duplications 
and mosaicism.[3] it has been well 
established that these changes can lead to 
disturbance in the amount or arrangement 
of the genetic information in the cells, so 
that it may lead to growth retardation or 
influence the performance of the body 
systems, such as infertility, spontaneous 
abortions, stillbirths, congenital anomalies 
, mental retardation, and pathogenesis of 
malignancy. However most fetuses with 
some chromosomal abnormality, especially 
numeral anomalies, do not usually 
survive, but some may be born with these 
abnormalities.[4]
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Studies have shown that any type of trisomy, including 
trisomies 21, 13, and 18, is associated with increasing 
maternal age, increased fetal nuchal translucency  (NT), 
and decreased PAPP‑A, but in trisomy 21, free β‑hCG 
increases in serum, whereas in trisomy 18 and 13, free 
β‑hCG is reduced.[2] In addition, PAPP‑A and β‑hCG 
values are independent factors in the diagnosis of trisomy 
21, and if a combination of these two markers is used with 
NT ultrasound, provide the suitable conditions for prenatal 
diagnosis of trisomy 21.[5]

Some recent studies on prenatal screening have suggested 
that testing the double marker in first trimester screening 
helps to identify 90% risk for Down syndrome and 94% 
for other chromosomal defects including Patau syndrome, 
Edward syndrome, triploidy, and Turner syndrome.[2]

Fetal aneuploidy risk can be assessed based on the 
combination of maternal age, previous family history, 
biochemical tests of the mother’s serum, and fetal 
ultrasound indicators.[6] High‑risk women can receive 
genetic counseling, genetic diagnosis tests, and follow‑up 
care.[7] Despite the significant effects of chromosomal 
abnormalities on fetal outcomes, the study of these 
chromosomal numerical and structural changes has not 
been performed simultaneously. Thus, this study was 
designed to investigate the relationship between all types of 
fetal chromosomal aberrations and screening markers in the 
first trimester of pregnancy to prevent the birth of infants 
with chromosomal aberrations with early prenatal diagnosis 
and reassuring pregnant mothers about the health of the 
fetus.

Methods
We conducted an analytic cross‑sectional study on 
762 pregnant women who participated in a prenatal 
screening program in Isfahan province between December 
2018 and June 2020.

Inclusion criteria consisted of doing pregnancy screening 
tests  (first trimester). Performing amniocentesis and 
chromosome culture  (karyotype) at the request of the 
relevant specialist, Iranian citizenship, maternal singleton 
pregnancy, availability information of pregnant women, 
absence of chronic and systemic diseases  (cardiovascular, 
respiratory, renal, etc.) in the mother. Only women with 
complete information about ultrasound of fetal growth 
at gestational age from 11 to 13  weeks and 6  days were 
assessed. PAPP‑A and free β‑hCG biomarkers, NT and NT 
percent rates were recorded.

All participants with high risk of chromosome aberrations 
underwent amniocentesis by an obstetrics and gynecology 
specialist, and chromosomal culture was performed in the 
Gene Azma Medical Genetics Laboratory. All the results of 
the study of embryonic chromosomal aberrations detected 
after amniocentesis and chromosomal culture in the 
laboratory were recorded in an Excel program. Chromosome 

aberrations were classified into two categories: numerical 
and structural. Structural chromosome aberrations include 
two categories of de novo and non de novo.

For further analysis, data transfer from Excel to SPSS 
software  (version  20) was performed. To analyze the data, 
χ2 method was used to compare the data qualitatively and 
Mann–Whitney U test and Kruskal–Wallis test were used 
to compare quantitative data.

Results
In this study, the median of PAPP‑A in normal chromosomal 
culture was 0.66 ± 0.52. In addition, the median of PAPP‑A 
in chromosomal cultures with number and structural 
defects was 0.50  ±  0.33 and 0.63  ±  0.51 multiples of the 
median  (MoM), respectively. Kruskal–Wallis test was 
used to evaluate of difference PAPP‑A in these three 
groups and a significant difference was observed between 
chromosomal cultures with number defects and normal 
chromosomes (P < 0.005). Besides in cases diagnosed with 
Down syndrome, the mean PAPP‑A was 4825 ± 0.20272 
MoM and the median was 0.5100 MoM. The mean of free 
β‑hCG for Down syndrome was 2.6764  ±  1.45164 MoM 
and the median was 2,500 MoM. The mean and the median 
of NT in Down syndrome cases was 2.0082 ± 0.49518 mm 
2.0600, respectively.

A noteworthy point in this study is the existence of a 
significant relationship between chromosome structural 
abnormalities with free β‑hCG values ​​higher than 
1.5 MoM (P: 0.05).

No chromosomal structural abnormalities were observed 
in 29 individuals in the abnormal NT group. Although, the 
highest rate of disorders 6  (20.7%) was observed in group 
of disorders of number of chromosomes (P ≤ 0.001).

The highest incidence of disorder in number of 
chromosomes was in 12  samples  (10.3%) with abnormal 
NT percentiles  (≥99%)  (P  <  0.001), whereas the highest 
incidence of structural disorders was observed in 31 
pregnancy  (4.8%) with normal percentiles  (<99%) 
(P: 0.04).

Table  1 compares the chromosome aberrations  (numerical 
and structural disorders) between individuals with NT 
percentile equal to and above 99 with all pregnant women 
with NT percentile less than 99 in different final risks.

As seen in the table, out of 117 people with NT percentile 
above 99, 104 pregnant women  (88.88%) with normal 
chromosomal culture and 12 person (10.3%) with disorders 
of number of chromosomes and only 1  case  (0.9%) 
with de novo chromosome structural disorder were 
identified (P = 0.002).

Also, out of 17 pregnant women who had a NT percentile 
of less than 99 and a final risk greater than 1:10, 12 (76.5%) 
with normal chromosomal culture and 4  (23.5%) with 
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number impairment and 1  (5.9%) with de novo structural 
chromosomal disorder were detected (P = 0.003).

The cumulative number of chromosome aberrations was 
25 (78.12%) in individuals with a NT less than 99th percentile 
and at the same time a risk of 1/50≤ risk  <1/10. Also, the 
cumulative number of chromosomal structural disorders was 
8 (34.78%) in individuals within this threshold.

The cumulative total number of chromosome 
aberrations (numerical and structural disorders) identified in 
33 (60%) pregnant women with NT less than 99th percentile 
and a final risk identified as 1/50≤ risk  <1/10. Chi‑square 
test was used which showed a significant difference 
between different groups (P < 0.03) [Table 1].

Discussion
In this study, 762 pregnant women were participated. 
The risk of Down syndrome was considered 1: 250 and 
based on the results, 35 people  (4.6%) with a number of 
chromosomal disorders including 28  cases  (3.8%) with 
Down syndrome, three cases (0.4%) with trisomy 13 and the 
same number of triploids. In addition, 31  patients  (4.1%) 
with structural disorders including three patients  (0.4%) 
with chromosomal translocation, three patients (0.4%) with 
chromosomal duplication, three patients with deletion, 
12  patients  (1.6%) with mosaicism, ten patients  (1.3%) 
with inversion and one patient  (0.1%) as chromosome 
markers were identified. A total of 55 patients (7.2%) were 
identified with a change in chromosomal heterochromatin 
region. Meanwhile, in a study by Yaron et  al., they 
examined the association between decreased PAPP‑A in the 
first trimester and predicted adverse pregnancy outcomes 
in 1,622 pregnant women and the risk of Down syndrome 
was considered 1: 380 in this study. According to their 
results, 33 people had chromosomal disorders including 
Down syndrome, trisomy 13 and 18 and triploidy and 
X chromosomal disorders.[8] Compared to the results 
of our study, the percentage of embryos identified with 
a number of chromosome aberrations in the study was 
very low. However, their study did not examine the fetal 
chromosomal structural abnormalities.

In our study, PAPP‑A levels were significantly reduced in a 
number of cases and a significant relationship was observed 
between this biomarker and a number of chromosomal 
disorders. The results are reported in a study by Patil 
et  al.  (2014), similar to our study.[9] Thus, a decrease 
in PAPP‑A is an important marker for the detection of 
abnormalities in the number of chromosomes. In this study, 
no significant association was found between PAPP‑A 
changes and chromosomal structural disorders, although no 
study was found in this area.

In another study by Hsu et  al. to evaluate high levels of 
maternal serum free β‑hCG in pregnancies with Down 
syndrome, the median and mean values of free beta‑hCG 
in Down syndrome pregnancies were 2.56 and 2.01 MoM, 
respectively, and was significantly different from unaffected 
pregnancies,[10] whereas in our study the characteristics 
were 2.5 and 2.67, but no significant difference was 
observed between pregnancies with chromosomal disorders 
and normal chromosomes. Free β‑hCG may not be a 
good marker for identifying a number of chromosomal 
abnormalities in our population.

Also in a study conducted by Ziolkowska et  al. in 
2019, a significant relationship was observed between 
free β‑hCG values equal to or above the threshold of 
1.5 MoM with chromosomal abnormalities.[5] But in 
our study this relationship was not found. Interestingly, 
there was significant relationship between free β‑hCG 
values equal to or above the threshold of 1.5 MoM with 
structural disorders, so that 82.8% of cases with structural 
abnormalities were found with free β‑hCG ≥1.5 MoM. 
Unfortunately, this issue regarding the threshold has not 
been considered in their study. Therefore, by considering 
the appropriate threshold for free β‑hCG, structural 
and numerical abnormalities of chromosomes may 
be detected simultaneously using these two markers 
(free β‑hCG and PAPP‑A).

In a study conducted by Yaron et  al. and Shiefa et  al. 
in 2004 and 2013, a significant relationship was found 
between NT values and chromosomal abnormalities, with 
a median of 1.03 and 2.67 mm, respectively.[5,11] This 
correlation was also seen in our study and the median NT 

Table 1: Evaluation and compare the incidence of chromosomal abnormalities based on final risk and NT percentile
NT <99% 

(131) 1/250> 
risk P: 0.1

NT <99% (254) 
1/250≤ risk 

<1/100 P: 0.16

NT <99% (119) 
1/100≤ risk 
<1/50 P: 0.36

NT<99% (119) 
1/50≤ risk 

<1/10 P: 0.03

NT <99% 
(17) 1/10≤ 

risk P: 0.003

NT ≥99% 
(117) P: 0.002

Group 
characteristics

136 (93.9%)241 (93.8%)115 (95.8%)103 (84.9%)12 (76.5%)104 (88.88%)Normal
1 (0.8%)

0
1

4 (1.7%)
2
2

2 (1.7%)
2
0

9 (7.6%)
8
1

4 (23.5%)
3
1

12 (10.3%)
12
0

Numeric
Down syndrome
Others

6 (46%)7 (2.9%)2 (1.7%)6 (5%)1 (5.9%)1 (0.9%)De novo structural
32 (100%)31 (96.875%)27 (84.375%)25 (78.125%)16 (50%)12 (37.5%)Numeric cumulative
23 (100%)17 (73.913%)10 (43.478%)8 (34.782%)2 (8.695%)1 (43.47%)Structural cumulative
55 (100%)48 (87.27%)37 (67.27%)33 (60%)18 (32.72%)13 (23.63%)Total cumulative
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was 2.02 mm. Therefore, it may be appropriate to consider 
a 2 mm threshold for NT in our population.

In the present study, due to the type of method  (Giemsa 
binding), it may not be possible to identify microdeletions 
in chromosomes in samples with NT  ≥3.5, whereas in 
a study conducted by Grande et  al. in 2015, CGH array 
method was able to identify structural disorders in 
this group and therefore, it is recommended to detect 
microdeletions abnormalities in chromosomes in samples 
with NT ≥3.5.[12]

According to the results, the highest accumulation of 
chromosomal numerical and structural aberrations was 
observed in pregnant women with a percentage of NT 
less than 99 and a risk of 1/50≤ risk  <1/10 which was 
observed 26.08% increase in the diagnosis of structural 
chromosome aberrations occurs up this distance. Also, 
the highest cumulative total number of chromosomal 
disorders  (number and structure) identified in the group 
of pregnant women with NT less than 99th percentile and 
the final risk is  ≥1: 50, which is equivalent to 27.28% of 
all disorders in this threshold. Therefore, based on the 
results, overall, a threshold of 1/50 seems to be the most 
appropriate risk for recommending amniocentesis.

According to this study, the mean value of NT in disorders 
is 2.01. For this reason, for a more complete diagnosis of 
chromosomal aberrations, it is recommended that the NT 
threshold be 2 mm and therefore, amniocentesis performed 
at 95th percentile or higher.

Another study in 2019 by Ziolkowska et  al. in Poland 
aimed to evaluate the clinical utility of biochemical 
parameters  (β‑hCG, PAPP‑A) and ultrasound  (NT) in 
the first trimester of pregnancy for 251 pregnant women. 
For high‑‑risk pregnancies  (risk greater than 1: 300), 
amniocentesis was performed for trisomy 21 and according 
to the results, 217  patients had normal chromosome 
cultures and 34  patients had trisomy 21. 85% of cases 
with trisomy 21 had elevated free β‑hCG levels more than 
1.5 MoM and only 52.94% had 0.001  <PAPP‑A  <0.5. In 
addition, in this study have shown that not all fetuses with 
Down syndrome have elevated NT levels.[5] In our study, 
72.4% of trisomy 21  cases had increased levels of free 
β‑hCG  ≥1.5 and only 52.94% of them had PAPP‑A  ≤0.5. 
Interestingly, only 17.2% of cases with trisomy 21 had 
increased levels of NT ≥3.5, whereas in 82.8% of them, the 
NT level did not increase. All the mentioned results of this 
study are consistent with our study.

Another study conducted by Sadłeckiet al. in Poland (2014) 
to assess genetic amniocentesis indices in 632 pregnant 
women. The mean age of mothers undergoing amniocentesis 
was 34  years, 47.9% of patients were under 35  years old, 
and 52.1% of patients were over  35  years old. Abnormal 
ultrasound findings and first trimester screening were the 
reason of amniocentesis in mothers under 35  years of age. 

According to the results, 74 chromosomal aberrations were 
reported and trisomy 13 or any other abnormal karyotype 
was observed in both age groups. Complications related 
to amniocentesis  (abortion or intrauterine death) were 
observed in nine patients  (1.42%). According to this study, 
if amniocentesis is performed correctly between 15 and 
20  weeks of pregnancy, it is a safe method for mother and 
fetus.[13] In our study, the mean age of mothers undergoing 
amniocentesis was 33.56  ±  5.85  years, 58.7% of patients 
were less than 35  years, and 41.2% were more than 
35  years. The cause of amniocentesis in both groups was 
due to abnormalities reported in the first trimester screening. 
The highest number of Down syndrome identified in the 
age group was less and equal to 35  years with 20  (69%) 
and the highest number of de novo chromosomal structural 
disorders identified with 5  (55.6%) belonged to the same 
age group. In this study, six abortions after amniocentesis 
(72 h) were observed, of which two cases were due to 
amniocentesis  (3.4%) and four cases of abortions had 
markers that were also found in cases of intrauterine death 
(normal karyotype, NT  ≥99th and PAPP‑A ˂0.26) has been 
seen and were much lower compared to the mentioned 
study (that examined a smaller number of samples). Certainly, 
more specialized training for relevant specialists in the field 
of amniotic fluid sampling can be used to further reduce 
the rate of abortion caused by amniocentesis sampling. 
Therefore, performing amniocentesis at 15–20  weeks of 
pregnancy to identify chromosomal aberrations is a harmless 
method for mother and fetus .

In conclusion, according to the results obtained based 
on the median values of PAPP‑A, free β‑hCG and NT 
in comparison normal chromosomal cultures with Down 
syndrome seems to consider 0.5 MoM, 2.5 MoM and 
2 mm, respectively, are the most appropriate thresholds.

It is also recommended to perform CGH array for pregnant 
women with NT ≥3.5 or NT ≥99th.
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