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Abstract
Background Polycystic ovary syndrome (PCOS) is characterized by insulin resistance and hormonal disorder 
in women. This study aimed to assess the effect of maternal PCOS on screening of aneuploidy in the first and 
second-trimesters.

Methods This case-control study was conducted in Arash Hospital and Nilou Laboratory in 2017–2018. The 
screening test was conducted on 90 PCOS and 90 healthy mothers. Finally, the first and second-trimester screening 
was compared between the two groups using Chi-square, Mann-Whitney’s U and students T tests and regression 
model by SPSS 21. P < 0.05 was considered as statistically significant.

Results Free Beta-Human Chorionic Gonadotropin (Free-β-HCG) (P = 0.04), inhibin-A (P = 0.001) and Alpha 
Fetoprotein (AFP) (P = 0.02) levels were higher in the PCOS women comparing to the healthy women but there was 
no significant difference between the mean of HCG, Plasma Protein A (PAPP-A), and Unconjugated Estriol (UE3) 
between the two groups. Pre-eclampsia (P < 0.001) and trisomy 18 risks in quad screening were higher in the PCOS 
women (P = 0.002) than the control group; however, trisomy 13, trisomy 18 and trisomy 21 risks, Smith-Lemli-Opitz 
Syndrome (SLOS) and Neural Tube Defect (NTD) risks were not different between the two groups. The logistic 
regression model showed that the first- and second-trimester screening of aneuploidywas related to PCOS.

Conclusions There was a significant difference in the mean of free-β-HCG, inhibin-A, AFP level, and the risks of 
pre-eclampsia, SLOS and trisomy 18 between the two groups but no significant association was found in the mean 
of HCG, PAPP-A, UE3, NTD and other aneuploidies between the two groups. PCOS may affect the first- and second-
trimester screening tests and pregnancy health. It may also require correction in the calculation of risks related to the 
first- and second-trimester screening for aneuploidy.
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Background
Polycystic ovary syndrome (PCOS), as one of the most 
common maternal endocrine disorders worldwide 
(6–10%) [1], is characterized by hyperandrogenism, 
anovulation, and polycystic ovary. It is also associated 
with insulin resistance, diabetes, obesity and hormonal 
disorder [2]. Insulin resistance and hyper-insulinemia 
have been implicated in steroidogenic dysfunction of the 
ovary [3]. In PCOS women, LH (Luteinizing Hormone) 
level is higher than FSH (Follicle Stimulating Hormone). 
Increasing the level of LH may increase testosterone 
secretion in Theca cells and decrease inhibin secretion 
in granulosa cells in the ovary [4]. The similar structure 
of LH and HCG (Human Chorionic Gonadotropin) can 
increase the HCG level in pregnant women with PCOS 
[5].

During pregnancy, the placenta secrets biochemi-
cal markers such as plasma protein A (PAPP-A), free 
beta-human chorionic gonadotropin (free β-hCG), 
HCG, AFP (Alpha Fetoprotein), UE3 (Unconjugated 
Estriol), and inhibin-A. The amount of these biochemi-
cal markers changes in aneuploidies and high-risk preg-
nancy [6–11]. On the other hand, PAPP-A, free β-hCG 
and nuchal translucency (NT) in the first-trimester and 
UE3, inhibin-A, HCG and AFP in the second trimes-
ter predict aneuploidy, Neural Tube Defect (NTD) and 
high-risk pregnancy [12]. As a result, a hormonal disor-
der in women with PCOS may modify the screening of 
biochemical markers in the first and second trimesters of 
pregnancy [13]. An abnormal screening result increases 
stress, invasive assessment, unnecessary abortion, and 
economic burden during pregnancy. Hence, due to the 
importance of the issue, the present study was conducted 
to assess the effect of maternal PCOS on the first tri-
mester (integrated :NT, PAPP-A, and free-β-hCG) and 
second trimester (quad marker :HCG, AFP, UE3, and 
inhibin-A) screening of aneuploidy.

Methods
This case-control study was conducted among 180 
first- and second-trimester pregnant (90 PCOS and 90 
healthy control) women meeting our eligibility criteria 
and referring to Arash Hospital and Nilou Laboratory 
in Tehran/Iran between October 2017 and March 2018. 
The study protocol was approved by the Ethics Commit-
tee of Tarbiat Modares University, Tehran/Iran (IR.TMU.
REC.139.5369).

The sample size for this study was considered based 
on the study of Hacivelioglu et al. [13] with the 95% con-
fidence interval (CI) and 80% test power, 83 subjects 
were considered in each group and with withdrawal rate 
(about 10%) 90 subjects were considered in each group 
and a total of 180 subjects.

The eligibility criteria for participation were: women 
aged 18–35 years, gestational age 11 to 18 week and 6 
days, singleton pregnancy, no history of chronic diseases 
(such as diabetes mellitus, hypertension, thyroid and cri-
teria), absence of any chromosomal abnormality in the 
fetus, no smoking, and no alcohol drinking.

The exclusion criteria were as follows: pregnancy 
undergoing with Assisted Reproductive Techniques 
(ART), In Vitro Fertility (IVF) or Intra Cytoplasmic 
Sperm Injection (ICSI), complicated pregnancy, Cush-
ing’s syndrome, adrenal hyperplasia, and adrenal tumor.

Oligomenorrhea or amenorrhea, hyperandrogenism, 
hirsutism and number of follicles > 12 in sonography 
(Rotterdam criteria) were selected as the PCOS group 
[14]. Healthy women with regular menstrual cycles 
(21–35 days) were identified as the control group. Ges-
tational age (GA) was calculated by ultrasonic examina-
tion in < 12 weeks and the demographic test was obtained 
through direct interview.

Fetus NT, crown-rump length (CRL) and any major 
fetal abnormalities were evaluated by ultrasound. Mater-
nal serum PAPP-A and free-β-HCG were measured using 
the Krypton analyzer in 11 to 13 weeks and 6 day. UE3, 
inhibin-A, and AFP were evaluated using ELISA, and 
HCG was measured using Electro Chemi Luminescence 
(ECC) in 15 to 18 weeks and 6 day. The sensitivity of the 
first trimester screening test was 80%, its spasticity was 
90%, and false positive was 5%. The results of the first tri-
mester screening test were as fallowes: less than 100 mul-
tiples of median (MoM) ( high-risk), 100 to 1000 MoM 
( borderline), and more than 1,000 MoM (low-risk). The 
sensitivity of the second trimester screening test was 
78–81%, and the results of the second trimester screen-
ing test were as fallowes: less than 250 MoM (high-risk), 
250 to 1000 MoM (borderline), and more than 1,000 
MoM (low-risk) [15].

Finally, the first- and second-trimester screening tests 
results were compared between the two groups, and the 
risks of aneuploidy, NTD, Smith-Lemli-Opitz Syndrome 
(SLOS) and pre-eclampsia were assessed.

Statistical analysis
Statistical analysis was performed using the SPSS soft-
ware (ver. 21) for windows (SPSS, Inc., Chicago, IL, USA), 
and data are given as mean ± SD and number (%). Non-
parametric Mann-Whitney’s U-test, students T-test, and 
Chi-square test were used to compare the categorical 
variables. Logistic regression was employed to examine 
associations between the outcomes such as the first- and 
second-trimester screening markers in the two groups 
and to estimate their odds ratio with 95% confidence 
interval. P < 0.05 was considered significant.
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Results
Table  1 indicates the demographic characteristic of the 
participating mothers. As shown, there is no significant 
difference in demographic characteristics between the 
two groups. Table 2 summarizes the screening test results 
in the first and second trimesters of the study popula-
tion. As shown, there is a significant difference between 
the mean of free-β-HCG between two groups (P = 0.04). 
Also the mean of AFP level in the PCOS group is sig-
nificantly higher than in the control group (38.34 ± 15.91 
vs. 32.14 ± 15.13, P = 0.02). The mean of inhibin-A is 
276.14 ± 129.38 in the PCOS group and 223.44 ± 102.07 
in the control group, showing a significant association 
between the two groups in this regard (P = 0.001); how-
ever, no significant difference was observed in PAPP-A, 
HCG and UE3 levels between the PCOS and control 
groups.

Roc curve showed that the prediction power of free-β-
HCG, inhibin and AFP markers, which are significant in 
the second table, is equal to 71%. Considering the cutoff 
point of 0.5, the sensitivity will be 72% and the specificity 
will be 62%. In logistic regression, the chance of PCO is 
the PRIMARY OUTCOME (Fig. 1).

Logistic regression model outcome revealed that the 
screening parameters of free- β-HCG (OR = 1.020, 95% 
CI: 1.001–1.040, P = 0.040), inhibin-A (OR = 1.049, 95% 
CI: 1.016–1.082, P = 0.003) and AFP (OR = 1.32, 95% CI: 
1.009–1.055, P = 0.007) were related to PCOS. In addi-
tion, one-unit increase in free- β-HCG, inhibin-A and 
AFP increased the odds ratio of PCOS by 2, 5 and 3% 
comparing to the control group, respectively. Also OR < 1 
had a protective effect, and OR > 1 was a risk factor [16] 
(Table 3).

Discussion
The current study aimed at assessing the effect of mater-
nal PCOS on the first- and second-trimester screening 
tests of aneuploidy. The results showed that the mean of 
free-β-HCG in the PCOS women was higher than in the 
healthy women, but there was no significant difference in 
PAPP-A and NT in the first-trimester screening between 
the two groups. Hacivelioglu et al. [13] reported that the 
MoM levels of free-β-HCG were higher in the PCOS 
women than in the control group, and consistent with 
our results, no difference was found in the MoM levels 
of PAPP-A and NT between the two groups. In contrary, 
Karsli et al. [17] showed that the level of free-β-HCG and 
PAPP-A in women with PCOS was lower than in the con-
trol group, and NT measurement result was similar in 
both groups.

HCG is secreted from the cytotrophoblast cells of pla-
centa during pregnancy [18] and its structure (β-chain) 
is similar to that of LH [5]. The biological activity of 
HCG in the first trimester is higher than that of LH [19]. 

Table 1 Homogeneity of the two groups of PCOS mothers and 
controls in terms of demographic characteristics
Variables PCOS 

(n = 90)
Control 
(n = 90)

P-
value

Age ( year)* 27.68 ± 4.51 27.51 ± 4.40 0.64

GA (week)**
(in the first trimester)

12.40 ± 0.65 12.50 ± 0.64 0.98

GA (week)**
(in the second trimester)

17 ± 1.30 16.6 ± 1.20 0.42

CRL (cm)* 12.40 ± 0.72 12.50 ± 0.67 0.08

Education*** 0.12

Secondary school degree (< 8 
years)

9 (10.10) 14 (15.60)

Diploma (< 12 years) 46 (51.10) 48 (59.30)

High school diploma (13 years) 10 (11.10) 11 (12.20)

Bachelor (15 years) 21 (23.30) 15 (16.70)

Master of science (17 years) 4 (4.40) 2 (2.20)

Work*** 0.50

Housewives 80 (88.9) 81 (90)

Employee 10 (11.10) 9 (10)

Gravid*** 0.50

1 62 (68.90) 53 (58.90)

2 21 (22.30) 35 (38.90)

3 7 (77.80) 3 (2.20)

BMI (kg/m2)* 25.51 ± 4.40 24.65 ± 3.81

≤ 19.8 7 (3.9) 9 (5) 0.72

19.8–24 3 (17.8) 27 (15)

24–26 10 (5.6) 24 (13.30)

26–30 30 (16.70) 23 (12.80)

≥ 30 11 (6.10( 7 (3.90)
PCOS: Polycystic Ovary Syndrome, GA: Gestational Age, CRL: Crown-Rump 
Length, BMI: Body Mass Index

*Values are given as mean ± SD using Mann-Whitney’s U test

**Values are given as mean ± SD using students T-test

*** Values are given as a number (%) using Chi-squared test

Table 2 Comparison of screening markers in the PCOS and 
control groups
Variables PCOS (n = 90) Control (n = 90) P-value
NT (mm)* 1.6 ± 0.38 1.41 ± 0.36 0.37

Free β-HCG 
(ng/ml)*

34.42 ± 18.92 28.99 ± 18.80 0.04

PAPP-A (mu/
ml)*

4903.80 ± 8571.87 2994.93 ± 1626.76 0.59

AFP (ng/ml)** 38.34 ± 15.91 32.14 ± 15.13 0.02
HCG (mu/ml)* 19496.31 ± 16694.98 177199.21 ± 18877.56 0.11

UE3 (ng/ml)* 2.3 ± 1.89 2.01 ± 1.12 0.45

Inhibin-A (pg/
ml)*

276.14 ± 129.38 223.44 ± 102.07 0.001

PCOS: Polycystic Ovary Syndrome, NT: Nuchal Translucency, Free β-HCG: Free 
Beta-Human Chorionic Gonadotropin, PAPP-A: Plasma Protein A, AFP: Alpha 
Fetoprotein, HCG: Human Chorionic Gonadotropin, UE3: Unconjugated Estriol

*Values are given as mean ± SD using Mann-Whitney’s U test

**Values are given as mean ± SD using students T-test
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HCG functions via the LH receptor, and The LH activ-
ity is mediated by HCG. The predominant form of HCG 
at the beginning of pregnancy is LH-HCG and both hor-
mones have a membrane receptor [20, 21]. As a result, 
free β-HCG increased in the first trimester of pregnancy 
in PCOS women comparing to the control women.

To our knowledge, this is the first study to assess the 
effect of maternal PCOS on the screening results of bio-
chemical markers in the second trimester. In this study, 
there was no statistically significant regarding HCG and 
UE3 in the second trimester between the two groups. 
However, the mean level of AFP was significantly higher 
in women with PCOS comparing to the controls. Marin 
et al. [22] found that vascular injury and fetal hypoxia 
increased placental inflammation and thrombosis in 
PCOS women. Additionally, placenta inflammation and 

thrombosis increased the complications of childbirth, 
placenta diffusion and uterine-placenta dysfunction in 
PCOS women. Moreover, delivery complications and 
uterine-placenta abnormality led to increased AFP levels 
in the PCOS women comparing to the controls.

There was also a significant association in inhibin-A 
between the two groups. Inhibin hormone is secreted 
from antral follicle in the ovary and effects on the pitu-
itary FSH hormone. Placenta inhibin-A hormone is 
similar to gonad inhibin-A. Inhibin-A decreases hypo-
thalamus Gonadotropin-releasing hormone (GnRH), and 
FSH increases the ovary granolosa inhibin-A. Also GnRH 
increases Insulin-like Growth Factor-1 (IGF-1), and 
IGF-1 in turn increases inhibin-A. Furthermore, women 
with PCOS have more antral follicles, and thos, more 
inhibin-B is produced in this women[23, 24]. On the 
other hand, increased LH-HCG secretion in early preg-
nancy [4] increases inhibin-Aand decreases inhibin-B. 
This, in turn, decreases FSH level in women with PCOS 
[20, 21].

We observed that the risk of trisomy 18 in PCOS 
women in quad screening was significantly lower than 
in the controls but there was no significant difference in 
trisomy 18 risk in sequential screening between the two 
groups, which is probably false positive, and it is better 
to dosequential screening in PCOS women, ;however, 
no association was found between the increased risk of 

Table 3 Predictors of the second-trimesters screening of 
aneuploidy in PCOS and control women using logistic regression 
model
Variables Odds Ratio 95% CI P-value
Free β-HCG (ng/ml) 1.020 1.001–1.040 0.04
Inhibin-A (pg/ml) 1.049 1.016–1.082 0.003
AFP (ng/ml) 1.032 1.009–1.055 0.007
Dependent variable: odds of PCOS: Polycystic Ovary Syndrome,

Independent variables: Free β-HCG: Free Beta-Human Chorionic Gonadotropin, 
Inhibin-A, AFP: Alpha Fetoprotein, OR: Odds Ratio, CI: Confidence Interval

Fig. 1 ROC curve to illustrate prediction of free-β-HCG, inhibin and AFP markers with PCOS
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other aneuploidies in the first and secondtrimesters with 
PCOS. Also no relationship was found between NTD and 
SLOS risks and PCOS.

In the present study, the risk of pre-eclampsia was 
higher in the PCOS women than in the controls. Most 
of PCOS women have metabolic syndrome, insulin resis-
tance, and hypertension. Increased blood pressure can 
damage the vessels; on the other hand, hypertension and 
vascular damage are exacerbated in pregnancy. Damage 
to placental arteries causes the secretion of protein into 
the mother’s blood-stream and leads to pre-eclampsia 
[25, 26]. By damaging the placental arteries, inflamma-
tory substances are released and cause placental dys-
function. Placenta injury increases AFP and MPA Levels, 
leading to the increase of pre-eclampsia. Decreased level 
of PAPP-A increases the risk of pre-eclampsia, too. The 
predictive value of these markers is unclear and seems to 
be more related to placenta dysfunction; however, more 
research is needed to achieve a clear-cut answer in this 
regard [15].

As study limitations, we did not investigate the associa-
tion of the first- and second-trimester screening in PCOS 
women with different weight and BMI ranges (e.g. obese 
PCOS and non-obese PCOS); the women’s blood pres-
sure was not measured and pregnancy and neonate out-
comes after birth and their relationship with screening 
were not investigated.

Conclusions
In conclusion, there was a significant difference in 
free β-HCG, inhibin-A, AFP level, and the risks of pre-
eclampsia and trisomy 18 in PCOS and healthy women; 
however, no significant difference was observed in other 
aneuploidies, SLOS risk, NT, PAPP-A, HCG, and UE3 
between the two groups. These erorr in PCOS screening 
may require correction for calculation of risks related to 
the first- and second-trimester screening for aneuploidy.

Abbreviations
AFP  Alpha Fetoprotein
β-hCG  Beta-human chorionic gonadotropin
Free β-hCG  Free beta-human chorionic gonadotropin
FSH  Follicle Stimulating Hormone
GnRH  Gonadotropin-releasing hormone
HCG  Human Chorionic Gonadotropin
IGF-1  Insulin-like Growth Factor-1
LH  Luteinizing Hormone
MoM  Multiples of Median
NTD  Neural Tube Defect
PAPP-A  Plasma protein A
PCOS  Polycystic ovary syndrome
SLOS  Smith-Lemli-Opitz Syndrome
UE3  Unconjugated Estriol

Acknowledgements
The authors gratefully acknowledge the contribution of the participating 
women. We also appreciate Mr. Ebrahim Parvin (+ 98-9192890852, 
ibrahimparvin@gmail.com) for editing and proof-reading the final manuscript.

Authors’ contributions
Study concept and design: SZ. Data collection: NH, FR. Data analysis and 
interpretation: MN, SZ, FR, Sh.JS. Drafting of the manuscript: SZ, FR, NH, Sh.JS. 
Critical revision of the manuscript for important intellectual content: SZ, Sh.JS, 
FR. Statistical analysis: MN, SZ, FR, Sh.JS, NH. Administrative, technical, and 
material support: MN, SZ, FR, Sh.JS, NH. All authors read and approved the final 
manuscript.

Funding
The authors declare that they have no funding.

Data availability
All data generated and analyzed in this study are included in this published 
manuscript.

Declarations

Ethics approval and consent to participate
All the procedures performed in the studies involving human participants 
were in accordance with the ethical standards of the institutional and/or 
national research committee and with the 1964 Helsinki Declaration and its 
later amendments or comparable ethical standards. The study was approved 
by the Ethics Committee of the Tarbiat Modares University, Tehran/Iran on May 
23th, 2016 (IR.TMU.REC.1395.369).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Informed consent
Informed consent was obtained from all individual participants included in 
the study.

Received: 7 May 2020 / Accepted: 27 July 2023

References
1. Mehrabadi S, Jahanian Sadatmahalleh S, Kazemnejad A. Association of 

Depression and anxiety with cognitive function in patients with polycystic 
ovary syndrome. J Mazandaran Univ Med Sci. 2017;27(147):159–70.

2. Abbott DH, Nicol LE, Levine JE, Xu N, Goodarzi MO, Dumesic DA. Nonhu-
man primate models of polycystic ovary syndrome. Mol Cell Endocrinol. 
2013;373(1):21–8.

3. Cunningham F, Leveno K, Bloom S, Dashe J, Hoffman B, Casey B, Spong CY. 
Williams Obstetrics 24/E: McGraw Hill Professional; 2018.

4. Hwa HL, Yen MF, Lin CL, Ko TM, Hsieh FJ, Chen THH. Cost-effectiveness analy-
sis of triple test in second‐trimester maternal serum screening for Down’s 
syndrome: an experience from Taiwan with decreasing birth rate but increas-
ing population of old pregnant women. J Eval Clin Pract. 2008;14(2):191–7.

5. Tovanabutra S, Illingworth P, Ledger W, Glasier A, Baird D. The relationship 
between peripheral immunoactive inhibin, human chorionic gonadotrophin, 
oestradiol and progesterone during human pregnancy. Clin Endocrinol. 
1993;38(1):101–7.

6. Canick JA, Kellner LH, editors. First trimester screening for aneuploidy: serum 
biochemical markers. Seminars in Perinatology. Elsevier; 1999.

7. Wald NJ, Hackshaw AK. Combining Ultrasound and Biochemistry in First-
Trimester Screening for Down’s syndrome. Prenat Diagn. 1997;17(9):821–9.

8. Spencer K, Macri J, Aitken D, Connor J. Free β-hCG as first-trimester marker for 
fetal trisomy. The Lancet. 1992;339(8807):1480.

9. Wald NJ, George L, Smith D, Densem J, Pettersonm K. Serum screening for 
Down’s syndrome between 8 and 14 weeks of pregnancy. BJOG: An Interna-
tional Journal of Obstetrics & Gynaecology. 1996;103(5):407–12.

10. Canick JA, Lambert-Messerlian GM, Palomaki GE, Neveux LM, Malone FD, Ball 
RH, et al. Comparison of serum markers in first-trimester Down syndrome 
screening. Obstet Gynecol. 2006;108(5):1192–9.



Page 6 of 6Haivadi et al. Journal of Ovarian Research          (2023) 16:167 

11. Jou H-J, Shyu M-K, Chen S-M, Shih J-C, Hsu J-J, Hsieh F-J. Maternal 
serum screening for down syndrome by using alpha-fetoprotein and 
human chorionic gonadotropin in an asian population. Fetal Diagn Ther. 
2000;15(2):108–11.

12. Lo Y-MD. Noninvasive prenatal detection of fetal chromosomal aneuploi-
dies by maternal plasma nucleic acid analysis: a review of the current state 
of the art. BJOG: An International Journal of Obstetrics & Gynaecology. 
2009;116(2):152–7.

13. Hacivelioglu S, Uysal A, Gungor A, Gencer M, Cakir D, Cosar E. The effect of 
maternal polycystic ovary morphology on first-trimester maternal serum 
biochemical markers of aneuploidy and fetal nuchal translucency thickness. 
Clin Exp Obstet Gynecol. 2015;42(1):32–5.

14. Rotterdam ESHRE/, ASRM-Sponsored PCOS Con-sensus Workshop Group. 
Revised 2003 consensuson diagnostic criteria and long-term health risks 
re-lated to polycystic ovary syndrome. Fertil Steril. 2004;81:19–25.

15. Cunningham F, Leveno K, Bloom S, Dashe J, Hoffman B, Casey B, Spong CY. 
Williams Obstetrics 24/E. McGraw Hill Professional; 2018. pp. 336–7.

16. Hatami H, Razavi M, Eftekhar H, Majlesi F. Public Health. Iran: Arjmand; 2005. p. 
834.

17. Karsli MF, Gultekin IB, Cakmak B, Yeral MI, Seckin KD, Alt Nboga O, Kucukozkan 
T. Do we need readjustment of the biochemical parameters in first trimester 
combined aneuploidy screening test in women with polycystic ovary syn-
drome? Obstet Gynecol. 2014;34(11):1073–6.

18. Jassam N, Jones C, Briscoe T, Horner J. The hook effect: a need for constant 
vigilance. Ann Clin Biochem. 2006;43(4):314–7.

19. Seregni E, Botti C, Bombardieri E. Biochemical characteristics and clinical 
applications of alpha-fetoprotein isoforms. Anticancer Res. 1995;15(4):1491–9.

20. Cunningham F, Leveno K, Bloom S, Dashe J, Hoffman B, Casey B, Spong CY. 
Williams Obstetrics 24/E: McGraw Hill Professional; 2018, P. 125.

21. Paradisi G, Steinberg HO, Hempfling A, Cronin J, Hook G, Shepard MK, et al. 
Polycystic ovary syndrome is associated with endothelial dysfunction. Circu-
lation. 2001;103(10):1410–5.

22. Ohama K, Nagase H, Ogino K, Tsuchida K, Tanaka M, Kubo M, et al. Alpha-feto-
protein (AFP) levels in normal children. Eur J Pediatr Surg. 1997;7(05):267–9.

23. Bredaki F, Poon L, Birdir C, Escalante D, Nicolaides K. First-trimester screen-
ing for neural tube defects using alpha-fetoprotein. Fetal Diagn Ther. 
2012;31(2):109–14.

24. Ling N, Ying S-Y, Ueno N, Shimasaki S, Esch F, Hotta M, et al. Pituitary FSH is 
released by a heterodimer of the β-subunits from the two forms of inhibin. 
Nature. 1986;321(6072):779–82.

25. Cunningham FG, Leveno KJ, Bloom SL, Dash JS, Haffman BL, Casey BM, 
Spong CY. Williams Obstetrics, 25th edition, 2019; 848–849.

26. D’Alterio M, Sigilli M, Succu G. Minerva Obstet Gynecol. 2022;74(1):45–59.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	Effect of maternal polycystic ovary syndrome (PCOS) on screening of aneuploidy in the first and second trimesters
	Abstract
	Background
	Methods
	Statistical analysis

	Results
	Discussion
	Conclusions
	References


