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Abstract
Background: There is evidence that the incidence of trisomy 21 has a direct linear relationship with maternal age, and older women
are at a higher risk for giving birth to neonates with Down syndrome (DS).
Objectives: The present study aimed to evaluate the performance and effectiveness of combined first-trimester screening (FTS) for
DS in women of different ages in Southwest Iran.
Methods: In this cross-sectional study, FTS was conducted on 7192 pregnant women in the 11th to 13th week of gestational age, referred to the Narges Medical Genetics and Prenatal Diagnosis Laboratory, Ahvaz, Iran. Amniocentesis and cytogenetic analysis were
performed in all women with an estimated risk of 1 in 100 and above.
Results: The FTS detection rate of DS was 83.3%, with the false positive rates of 2.1% and 13.5% in young women and those over 35
years, respectively. A significant correlation (r = 0.137, P < 0.001) was observed between the high risk of DS (1:100) and maternal
age. The high risk of DS was found to be higher in women over 35 years of age than those under 35 years old (6.67% vs. 1.95%). Total
DS prevalence was 2.64 per 1000 cases. The prevalence of DS in women under and over 35 years of age was 1.95 and 6.67 per 1000
pregnancies, respectively.
Conclusions: First-trimester screening is an effective method for estimating the risk of DS in women under or over 35 years of age.
Although an advanced maternal age is associated with a higher prevalence of DS, clinicians should recommend FTS as the first-line
screening method regardless of maternal age.
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1. Background
Trisomy 21, called Down syndrome (DS), is one of the
most common clinical syndromes, with a prevalence of
one in every 800 - 1000 live births (1). The syndrome is a
common genetic cause of intellectual disabilities worldwide, and many DS patients around the world face a variety of additional health issues, including heart defects,
hematopoietic disorders, and early-onset Alzheimer disease (2). Furthermore, because babies with congenital
anomalies place significant economic, social, and cultural
burden on families and societies, the early detection of
such defects during pregnancy can prevent the birth of
children with disabilities (3). First-trimester screening
(FTS), a combination of tests including fetal crown-rump
length (CRL), nuchal translucency (NT) thickness, maternal serum free β -human chorionic gonadotropin (β -hCG),
and pregnancy-associated plasma protein-A (PAPP-A), is
one of the preventive programs adopted as the first-line
screening method for DS in many countries (4), with a

detection rate of 84%-90% and a false positive rate of 5%
(5). However, it is unclear if the wide DS detection rates
published in various studies can be applied universally to
women of different ages. The effectiveness of FTS in women
of different ages has not been adequately studied, suggesting a lower effectiveness in women under 35 years of age
(6). The age of 35 years is considered as a threshold in
this condition, and until the mid-1980s, prenatal diagnostic tests were only recommended for women older than 35
years. The incidence of DS has been reported to have a direct linear relationship with maternal age, and its prevalence progressively increases at the age of 40 years and
over (7). However, about 80% of children with DS are born
to mothers under 35 years of age (8).
2. Objectives
The present study was performed to evaluate the performance and effectiveness of combined FTS for DS based
on maternal age in Southwest Iran.
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3. Methods
3.1. Subjects
In this cross-sectional study, a prospective screening
was performed to assess the risk of trisomy 21 during the
first-trimester of pregnancy, according to the guidelines
established by the Fetal Medicine Foundation (FMF) and
based on a combination of fetal CRL, NT thickness, PAPPA, and β -hCG measurement. The screening was conducted
from the 11 + 0 to 13 + 6 weeks of gestation on 7192 pregnant
women with different ages, referred for prenatal care to
the Narges Medical Genetics and Prenatal Diagnosis Laboratory in Ahvaz, Southwest Iran, during May 2014 to March
2015. This study was approved by the Ethics Committee
of the Biology Department, Shahid Chamran University of
Ahvaz, Iran (no.: 20.6.505). All patients were informed of
study aims and protocols and signed a written informed
consent. Inclusion criteria included being in the first
trimester of pregnancy and filling out an informed consent form. Gestational age, maternal age, weight, parity,
polygamy, a history of giving birth to newborns with congenital anomalies, smoking, alcohol consumption, and a
history of receiving treatments were recorded in a questionnaire.

der to diagnose trisomy 21 according to physical and developmental problems and the results of the karyotype test.
3.3. Statistical Analysis
The data were analyzed using SPSS 16.0 software package (SPSS Inc, Chicago, IL). Fetal CRL, NT thickness, as well as
maternal PAPP-A and β -hCG serum levels were compared
between different age groups using analysis of variance
(ANOVA) followed by Tukey’s test. Data were expressed as
mean ± SD, and the level of statistical significance was set
at P < 0.05. Risk assessment and estimating DS detection
rate, as well as the false positive and false negative rates
were conducted according to the results of the FMF risk calculation software and presented as percentages in different age groups.

4. Results
Pregnant women under and over 35 years of age comprised, respectively, 85.41% and 14.59% of the study population (Table 1). The mean gestational age was 12.5 ± 0.7
(range: 11-13.6) weeks.
Table 1. The Age Distribution of the Pregnant Women Studied

3.2. Assessing Fetal CRL, NT Thickness, Maternal PAPP-A, and β hCG
Transabdominal and, when necessary, transvaginal ultrasound were performed by an ultrasound specialist to
diagnose any major fetal defects and determine fetal CRL
and NT thickness. For NT assessment, the fetus should
have been in a neutral position, with the head aligned with
the spine. Care must be taken to distinguish between fetal skin and the amnion. The widest part of translucency
was measured (Figure 1). Serum samples were collected
and analyzed to determine the concentrations of free β hCG and PAPP-A using an automated machine (Kryptor system, Brahms AG, Berlin, Germany). To convert their concentrations into Multiple of the Median (MoMs), free β hCG and PAPP-A serum levels were divided by expected gestational age-specific medians. Ultrasonographic and biochemical results were recorded in a database provided by
the FMF risk calculation software (Logical Medical Systems,
London, UK). Finally, the estimated risks of DS were defined
in women aged under and over 35 years old. Finally, according to the report retrieved by the software, DS risk was classified into low (over 1:1000), moderate (below 1:1000), and
high (below 1:100) categories. After combined FTS, amniocentesis was performed to obtain fetal karyotype in the patients with an estimated risk of below 1:100. Women with
low and moderate risks and a family history of genetic diseases underwent elective amniocentesis. All delivery outcomes were reviewed and examined by a pediatrician in or2

Age Groups, y

No. (%)

20 - 25

1783 (24.80)

26 - 30

2435 (33.85)

31 - 35

1925 (26.76)

36 - 40

1049 (14.59)

< 35

6143 (85.41)

> 35

1049 (14.59)

Total

7192 (100)

Significant differences were observed in fetal CRL between various age groups (Table 2). The lowest mean fetal
CRL (56.60 ± 11.3 mm) was observed in the age group of 20
- 25 years, and the highest mean (59.55 ± 8.3 mm) was related to the age group of 31 - 35 years. Fetal CRL showed a
significant correlation (r = 0.064, P < 0.001) with maternal
age. There was no significant difference (P = 0.461) in fetal CRL between women with ages under (57.81 ± 7.5) and
over (57.59 ± 7.5) 35 years. There was a significant difference in the mean fetal NT thickness between various age
groups (Table 2). The lowest mean fetal NT thickness (1.70
± 0.39 mm) was observed in the age group of 20-25 years,
and the highest (1.85 ± 0.41 mm) was seen in the 31-35-year
age group. Fetal NT thickness showed a significant correlation (r = 0.083, P < 0.001) with maternal age. No significant difference (P = 0.086) was seen between women aged
under (1.74 ± 0.41) and above (1.71 ± 0.46) 35 years.
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Figure 1. The measurement of fetal crown-rump length (CRL) (A) and nuchal translucency (NT) thickness (B) in the first trimester of pregnancy.

Serum levels of PAPP-A and β -hCG were the lowest in
pregnant women aged 36 - 40 years and the highest in
those aged 26 - 30 years (Table 3). There was a significant
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negative correlation (r = -0.042, P < 0.001) between serum
PAPP-A level and maternal age. Serum PAPP-A was also significantly (P < 0.001) different between pregnant women
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Table 2. The Means ( ± SD) of Fetal CRL and NT Thickness During the First Trimester
of Pregnancy in Women with Different Agesa
Age Groups, y
20 - 25

A

CRL, mm
B, C, D

56.60 ± 11.3

NT, mm
C

1.70 ± 0.39

26 - 30B

57.71 ± 7.8A, C

1.68 ± 0.41C

31 - 35C

59.05 ± 8.3A, B, C

1.85 ± 0.41A, B, C

36 - 40D

57.59 ± 7.5A, C

1.71 ± 0.46C

< 35

57.81 ± 7.5

1.74 ± 0.41

> 35

57.59 ± 7.5

1.71 ± 0.46

Abbreviations: CRL, crown-rump length; NT, nuchal translucency.
a
A, B, C, and D, there is a significant difference between groups with different
letters; *, there is a significant difference (P < 0.05) between pregnant women
under and over 35 years of age.

under (26.9 ± 13.6) and over (25.2 ± 11.7) 35 years of age. A
significant negative correlation (r = -0.093, P < 0.001) was
observed between serum β -hCG level and maternal age.
There was a significant difference (P < 0.001) in serum β hCG level between pregnant women under (116.5 ± 83.6)
and over (95.5 ± 60.9) 35 years of age. The mean values of
PAPP-A MoM and β -hCG MoM in different age groups have
been shown in Table 3. Both PAPP-A MoM and β -hCG MoM
showed a significant correlation (r = -0.43, P < 0.001 and r =
-0.98, P < 0.001, respectively) with maternal age. Also, significant differences (P < 0.001) were seen comparing PAPPA MoM and β -hCG MoM between pregnant women aged
under and over 35 years of age.
Screening assessment based on a combination of fetal CRL, NT thickness, and maternal serum PAPP-A and β hCG at around 11 - 13 weeks of gestation showed that 6.47%
(466/7192) of the studied population were at a high risk of
DS (Table 4). A significant correlation (r = 0.137, P < 0.001)
was observed between maternal age and the high risk of
DS based on the combined FTS strategy at around 11 - 13
weeks of gestation. Among 292 (4.06%) women with a high
risk of DS, 254 underwent amniocentesis, while 38 cases declined further testing and terminated the pregnancy. Only
317 of the women with a moderate risk of DS (1006/7192) underwent amniocentesis. Moreover, among 5894 low-risk
women, 135 underwent amniocentesis. Among 706 women
who underwent amniocentesis, 26 abnormal karyotypes
were observed (19 cases of trisomy 21, including 17 women
at the high and two at the low risk groups for DS, and seven
cases of trisomy 18). The total number of false positive cases
was 266. Among 5894 women in the low-risk group for DS,
two trisomy 21 cases were born, who failed to be detected
by FTS.
4

5. Discussion
The risk of a baby being born with anomalies and structural defects is 3% to 5% for each pregnancy (9). At the forefront of these disorders is DS, a genetic disease that is often
non-inherited. Although having a child with DS is directly
related to the mother’s age, it has been reported that more
than 60% of children with trisomy 21 are born to pregnant
women aged under 35 years. Therefore, the early diagnosis
of DS should not be only focused on pregnant women over
35 years of age, and screening tests in the first trimester
of pregnancy are essential for mothers younger than 35
years of age as well (6, 10). The present study evaluated the
performance of FTS in assessing the risk of trisomy 21 during the first trimester of pregnancy in women under and
over 35 years of age in Southwest Iran. The overall detection and false positive rates of FTS were calculated using
a 1:100 risk cut-off value. In the present study, among 7192
cases screened, there were a total of 5894 cases with FTS risk
scores greater than 1:1000, 1006 cases with FTS risk scores
between 1:100 and 1:1000, and 292 cases with FTS risk scores
lower than 1:100.
Out of 706 pregnant women undergoing amniocentesis (as an invasive diagnostic test), abnormal karyotypes
were returned in 26 cases, and the total number of DS false
positive cases was 275. So, using a combination of fetal CRL
and NT thickness, as well as maternal serum free β -hCG and
PAPP-A levels, the overall detection rate of FTS for DS was obtained 89.47%. The false positive rate of FTS for DS was 3.82%
that falls into the often-quoted range of 3.5% - 5.0% (5). The
total number of false negative cases was two (0.028%) with
FTS risk scores greater than 1:1000. The detection rate of
FTS for DS alone was found to be lower in women under 35
years of age than over 35 years (83.3% vs. 100%, respectively).
There was also a lower false-positive rate for detecting DS
in women under 35 years of age compared with women
aged > 35 years (2.1% vs. 13.5%, respectively). It could be
concluded that the performance of FTS is nearly similar in
young and older women (i.e., over 35 years). The DS detection rate observed in the present study is comparable
to the rates reported in other populations. According to
the guidelines of the Society of Obstetricians and Gynecologists of Canada, the detection rate of DS during the first
trimester was 83%, and the false positive rate was 5%, which
were in line with the findings of the present study (11). In
a similar study conducted during 2010 and 2013 by Seyyed
Kavoosi et al. (12) on 25783 pregnant women, they found
that the detection rate of FTS for DS in Tehran (Iran’s Capital) was 84.2%, and the false positive rate was 5.17%. Benn (13)
also reported the detection rates of 80% and 93% and the
false-positive rates of 2.8% and 13.2% in women under and
over 35 years of age, respectively. Avgidou et al. (14) showed
that in women younger and older than 35 years of age, the
Gene Cell Tissue. 2022; 9(3):e113112.
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Table 3. The Means (± SD) of the Serum Levels and MoM Values of PAPP-A and β -hCG During the First Trimester of Pregnancy in Women with Different Agesa
Age Groups, y

PAPP-A, mg/L

A

26.9 ± 13.8

20 - 25

B

27.7 ± 14.6

26 - 30

D

β -hCG, ng/mL

PAPP-A MoM

C, D

C, D

1.02 ± 0.70C, D

C, D

1.26 ± 0.65

1.06 ± 0.80C, D

117.7 ± 84.8

C, D

123.9 ± 93.2

C, D

1.23 ± 0.65

β -hCG MoM

31 - 35C

25.8 ± 12.1B

106.7 ± 67.4A, B, D

1.16 ± 0.57A, B

0.91 ± 0.57A, B, D

36 - 40D

25.2 ± 11.7A, B

95.5 ± 60.9A, B, C

1.15 ± 0.55A, B

0.83 ± 0.48A, B, C

< 35

26.9 ± 13.6*

116.5 ± 83.6*

1.22 ± 0.63*

0.99 ± 0.71*

> 35

25.2 ± 11.7

95.5 ± 60.9

1.15 ± 0.55

0.83 ± 0.48

Abbreviations: β -hCG, β -human chorionic gonadotropin; PAPP-A, pregnancy-associated plasma protein-A.
a
A, B, C, and D, there is a significant difference between groups with different letters; *, there is a significant difference (P < 0.05) between pregnant women under and
over 35 years old.

Table 4. Risk Assessment, Detection Rates and False Positive and False Negative Rates for DS Based on Combined Screening Tests During the First Trimester of Pregnancy in
Women with Different Ages
Risk (%)

Age Groups, y
Low

Detection Rate (%)

Moderate

High

False Positive Rate (%)

False Negative Rate (%)

20 - 25

93.4 (1666)

3.2 (57)

3.4 (60)

75 (3)

3.1 (57)

0.05 (1)

26 - 30

84.3 (2052)

14 (343)

1.7 (40)

80 (4)

1.4 (36)

0.04 (1)

31 - 35

81.1 (1562)

16.6 (320)

2.3 (43)

100 (3)

2.07 (40)

0.0 (0)

36 - 40

58.5 (614)

27.3 (286)

14.2 (149)

100 (7)

13.5 (142)

0.0 (0)

< 35

85.9 (5280)

11.7 (720)

2.4 (143)

83.3 (10)

2.1 (133)

0.03 (2)

> 35

58.5 (614)

27.3 (286)

14.2 (149)

100 (7)

13.5 (142)

0.0 (0)

detection rates were 95.6% and 95.3%, and the false-positive
rates were 12.57% and 10.43%, respectively. Moreover, Yang
et al. (15) found that in women aged < 35 and > 35 years, the
detection rates were 68.8% and 71.4%, and the false-positive
rates were 4.3% and 15.9%, respectively. In another study
conducted by Wright et al. (16), the detection rates were
83.71% and 91.85%, and the false-positive rates were 1.5% and
6.1% in women aged < 35 and > 35 years, respectively. Furthermore, Li et al. (17) reported that the false-positive rates
were, respectively, 5.43% and 1.33% in women under and
over 35 years of age, respectively. Li et al. (17) also found
a similar efficacy for FTS in women aged under and over
35 years (87.5% vs. 85.7%, respectively). However, in a study
conducted by Peuhkurinen et al. (6), a significantly poorer
detection rate was reported in young women (74.0%) compared to older women (87.0%), which could be due to using
the Perkin Elmer Lifecycle TM algorithm instead of the FMF
software for analyzing screening results.
Furthermore, this study showed that there was a significant correlation between the risk of DS and maternal age.
The risk ratio of DS (1:100) was found to be higher in women
over 35 years of age than in those aged under 35 years (14.2%
vs. 2.4%, respectively). There was also a higher DS moderate risk (1:100 - 1:1000) in women aged over 35 years compared with women under 35 years of age (27.3% vs. 11.7%,
respectively). Our data also showed that the prevalence of
Gene Cell Tissue. 2022; 9(3):e113112.

DS was 2.64 per 1000 births in Ahvaz, Southwest Iran. The
highest prevalence of DS was found in pregnant women
aged 36 to 40 years. In addition, the prevalence of DS was
higher in pregnant women aged 35 years compared with
those aged under 35 years (6.67 vs. 1.95 per 1000 cases, respectively). Liu et al. (18) found that the prevalence of DS
in Taiwan was 0.4% and 1.3% in pregnant women under 35
years and older, respectively, during 1999 and 2002. Siffel
et al. (19) reported that between 1990 and 1993, the prevalence of DS in Atlanta was 24.7 per 10000 births in women
over 35 years of age compared to 6.8 per 10000 in women
under 35 years of age. According to Seyyed Kavoosi et al.
(12), the prevalence of DS was related to maternal age, reporting a DS prevalence of 1 per 438 cases in Tehran, Iran,
during 2010 and 2013. In a study conducted by Li et al. (17)
from 2006 to 2011, they showed that the prevalence of DS
in Singapore was 3.6 per 1000 cases. Glivetic et al. (20) also
reported that the total prevalence of DS (2009 - 2012) in
Croatia was 7.01 per 10000 births. Jaruratanasirikul et al.
(21) found that during 2009 - 2013, the prevalence of DS in
Southern Thailand significantly increased with maternal
age, with a significantly higher incidence in older women.
They reported that the prevalence of DS per 1000 births was
0.47 in mothers younger than 30 years, 0.88 in mothers between 30 and 35 years, and 4.74 in mothers above 35 years
(21). In this regard, Elahifar et al. (22) demonstrated that
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57% of infants with DS were born to mothers older than 35
years (23). However, Yang et al. (15) concluded that the risk
of DS was not solely related to maternal age, reporting a notable incidence of DS in women younger than 35 years.
One of the limitations of our study was that we did
not obtain karyotypes from the women who declined further testing and terminated their pregnancies. In other
words, the prevalence of DS might have been underestimated in the present study. Moreover, since people with
different ethnicities live in Southwest Iran, further studies
are needed to divulge the possible role of other parameters
in determining the efficiency of DS screening.
5.1. Conclusions
This study provided first estimates on the maternal
age-specific prevalence of trisomy 21 in women of different
ages in Ahvaz, Southwest Iran. Our data showed that the
prevalence of DS was 2.64 per 1000 births in this region.
The prevalence of DS was 1.95 vs. 6.67 per 1000 cases in pregnant women under 35 years of age and older, respectively.
Our findings also demonstrated that FTS was an effective
method of screening for trisomy 21 in women under 35
years of age and older. Accordingly, FTS delivered the overall detection rate of 89.47% and the false-positive rate of
3.82% for DS. The present study showed a positive correlation between maternal age and the prevalence of DS. However, regardless of maternal age, clinicians should recommend FTS as a first-line screening method for DS and provide appropriate training programs about these screening
methods for early DS diagnosis.
Acknowledgments
The authors would like to thank the Vice Chancellor for
Research of Shahid Chamran University of Ahvaz for the research grant: # 94/3/02/31579.
Footnotes
Authors’ Contribution: Study concept and design: MD
and SB. Performing the experiment: MH. Data analysis: MD
and MH. Drafting the manuscript: MD. and MH.
Conflict of Interests: Authors declare that there is no conflict of interest.
Ethical Approval: This study was approved by the Ethics
Committee of the Department of Biology, Shahid Chamran
University of Ahvaz, Iran (no.: 20.6.505).
Funding/Support: The Vice Chancellor for Research of
Shahid Chamran University of Ahvaz provided the research
grant (no.: 94/3/02/31579).

References
1. Aksay E. The Effects of physical activities on physical performance,
motor skills, and bmi values in children and youth having Down syndrome (DS). Int J Med Med Sci. 2014;1(9):136–42.
2. Malt EA, Dahl RC, Haugsand TM, Ulvestad IH, Emilsen NM, Hansen B,
et al. Health and disease in adults with Down syndrome. Tidsskr Nor
Laegeforen. 2013;133(3):290–4. doi: 10.4045/tidsskr.12.0390. [PubMed:
23381164].
3. Shahshahan Z, Azami N. The Diagnostic Value of Combined Test for
Trisomy 21 and 18 Screening in Over 35-years Old Pregnant Women in
the Gestational Age of 9-14 weeks. J Isfahan Med Sch. 2013;31(231).
4. Kagan KO, Wright D, Baker A, Sahota D, Nicolaides KH. Screening
for trisomy 21 by maternal age, fetal nuchal translucency thickness,
free beta-human chorionic gonadotropin and pregnancy-associated
plasma protein-A. Ultrasound Obstet Gynecol. 2008;31(6):618–24. doi:
10.1002/uog.5331. [PubMed: 18461550].
5. Kagan KO, Etchegaray A, Zhou Y, Wright D, Nicolaides KH. Prospective
validation of first-trimester combined screening for trisomy 21. Ultrasound Obstet Gynecol. 2009;34(1):14–8. doi: 10.1002/uog.6412. [PubMed:
19526452].
6. Peuhkurinen S, Laitinen P, Ryynanen M, Marttala J. First trimester
Down syndrome screening is less effective and the number of invasive procedures is increased in women younger than 35 years of age.
J Eval Clin Pract. 2013;19(2):324–6. doi: 10.1111/j.1365-2753.2012.01826.x.
[PubMed: 22458815].
7. Malini SS, Ramachandra NB. Influence of advanced age of maternal grandmothers on Down syndrome. BMC Med Genet. 2006;7:4.
doi: 10.1186/1471-2350-7-4. [PubMed: 16412239]. [PubMed Central:
PMC1360060].
8. Hawk AF, Saller DN. Screening for fetal aneuploidy: is maternal age relevant?
Clin Obstet Gynecol. 2012;55(1):217–25. doi:
10.1097/GRF.0b013e3182488309. [PubMed: 22343240].
9. Bower C, Rudy E, Callaghan A, Quick J, Cosgrove P. Report of the birth defects registry of Western Australia 1980-2009. Perth: King Edward Memorial Hospital; 2010.
10. Penrose LS. The effects of change in maternal age distribution upon
the incidence of mongolism. J Ment Defic Res. 1967;11(1):54–7. doi:
10.1111/j.1365-2788.1967.tb00204.x. [PubMed: 4226780].
11. Chitayat D, Langlois S, Douglas Wilson R, Sogc Genetics C, Ccmg
Prenatal Diagnosis C. Prenatal screening for fetal aneuploidy in
singleton pregnancies. J Obstet Gynaecol Can. 2011;33(7):736–50. doi:
10.1016/S1701-2163(16)34961-1. [PubMed: 21749752].
12. Seyyed Kavoosi E, Younessi S, Farhud DD. Screening of Fetal Chromosome Aneuploidies in the First and Second Trimester of 125,170 Iranian Pregnant Women. Iran J Public Health. 2015;44(6):791–6. [PubMed:
26258091]. [PubMed Central: PMC4524303].
13. Benn PA. Advances in prenatal screening for Down syndrome: II first
trimester testing, integrated testing, and future directions. Clin Chim
Acta. 2002;324(1-2):1–11. doi: 10.1016/s0009-8981(02)00187-0. [PubMed:
12204419].
14. Avgidou K, Papageorghiou A, Bindra R, Spencer K, Nicolaides
KH. Prospective first-trimester screening for trisomy 21 in
30,564 pregnancies. Am J Obstet Gynecol. 2005;192(6):1761–7. doi:
10.1016/j.ajog.2005.03.021. [PubMed: 15970804].
15. Yang F, Wang H, Shi JC, Hu M. Validity of different methods to prenatal screening for Down’s syndrom during first and second trimester
pregnancy of Chinese-women. Biomed Environ Sci. 2013;26(2):87–93.
doi: 10.3967/0895-3988.2013.02.002. [PubMed: 23336131].
16. Wright D, Syngelaki A, Bradbury I, Akolekar R, Nicolaides KH.
First-trimester screening for trisomies 21, 18 and 13 by ultrasound
and biochemical testing. Fetal Diagn Ther. 2014;35(2):118–26. doi:
10.1159/000357430. [PubMed: 24356462].

Informed Consent: All patients were informed about the
nature of the study and signed a written informed consent.

6

Gene Cell Tissue. 2022; 9(3):e113112.

Dorostghoal M et al.

17. Li SW, Barrett AN, Gole L, Tan WC, Biswas A, Tan HK, et al. The assessment of combined first trimester screening in women of advanced
maternal age in an Asian cohort. Singapore Med J. 2015;56(1):47–52.
doi: 10.11622/smedj.2015009. [PubMed: 25640099]. [PubMed Central:
PMC4325570].
18. Liu SS, Cheong M, Lee J, Tsai M, She B, Chen S. First-Trimester Combined
Test Screening for Down Syndrome: Results of A Series with 5,036
Cases. Taiwan J Obstet Gynecol. 2004;43(2):72–6. doi: 10.1016/s10284559(09)60059-0.
19. Siffel C, Correa A, Cragan J, Alverson CJ. Prenatal diagnosis, pregnancy
terminations and prevalence of Down syndrome in Atlanta. Birth Defects Res A Clin Mol Teratol. 2004;70(9):565–71. doi: 10.1002/bdra.20064.
[PubMed: 15368554].

Gene Cell Tissue. 2022; 9(3):e113112.

20. Glivetic T, Rodin U, Milosevic M, Mayer D, Filipovic-Grcic B, Seferovic
Saric M. Prevalence, prenatal screening and neonatal features in children with Down syndrome: a registry-based national study. Ital J Pediatr. 2015;41:81. doi: 10.1186/s13052-015-0192-9. [PubMed: 26511759].
[PubMed Central: PMC4625928].
21. Jaruratanasirikul S, Kor-Anantakul O, Chowvichian M, Limpitikul W,
Dissaneevate P, Intharasangkanawin N, et al. A population-based
study of prevalence of Down syndrome in Southern Thailand. World
J Pediatr. 2017;13(1):63–9. doi: 10.1007/s12519-016-0071-5. [PubMed:
27878784].
22. Elahifar MA, Hasanzadeh M, Dahmardeh H, Elahifar A. The relationship between thickness of nuchal translucency and Down syndrome
in the first trimester of pregnancy. Zahedan J Res Med Sci. 2012;14:26–8.

7

