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Does polycystic ovarian syndrome increase the risk of congenital anomalies

in intracytoplasmic sperm injection cycles?
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Abstract

Aim: In this study, we aimed to investigate the effects of polycystic ovary syndrome (PCOS) on the increased risk of congenital anomaly (CA) in intracytoplasmic
sperm injection (ICSI) cycles.

Material and Methods: This cross-sectional retrospective study was done on 437 participants who attended our hospital’s infertility clinic from January 2019
to January 2020. The participants were divided into two groups: PCOS and normoresponder group (NR). The number of patients was 178 (40.7%) in the PCOS
group and 259 (59.3%) in the NR group, respectively. Demographic characteristics and baseline clinical characteristics included maternal age, body mass index
(BMI), anti-Mullerian hormone (AMH) level, total gonadotropin dose used, number of retrieved oocytes, metaphase Il oocytes.

Results: The mean age of mothers was 30.46 years (+3.99), and the mean BMI was 24.3(+3.2). There is a statistically significant relationship between maternal
age and increased CA risk (p-value=0.03). There was also a statistically significant relationship between high AMH levels and increased CA risk (p-value=0.03).
AMH levels were significantly higher in the mothers of babies with CA than in mothers of babies without CA. There was a statistically significant relationship
between the number of pronuclear oocyte and CA (p-value=0.02). A significant relationship was also found between CA and PCOS (p-value=0.005). The risk of
congenital cardiac anomaly (CCA) was significantly higher in the PCOS group than in the NR group (p-value=0.02).

Discussion: We found that the incidence of CA, especially CCA, was higher in PCOS patients. Therefore, women should be informed in ICSI cycles about the
increased risk of CA if they had PCOS.

Keywords
Congenital anomalies; Intracytoplasmic sperm injection; Normoresponder; Polycystic ovary syndrome

DOI: 10.4328/ACAM.20628  Received: 2021-03-30  Accepted: 2021-04-18  Published Online: 2021-04-26 Printed: 2021-05-01  Ann Clin Anal Med 2021;12(5):553-557
Corresponding Author: Arzu Yurci, Memorial Kayseri Hospital IVF Center, Gevher Nesibe Mahallesi Cicek Sokak No: 10, Kayseri / TURKEY.

E-mail: arzuyurci®yahoo.com / arzu.yurci@memorial.com.tr ~ P: +90 5334247890  F: +90 3522221050

Corresponding Author ORCID ID: https://orcid.org/0000-0003-4808-9019

Annals of Clinical and Analytical Medicine 553



Congenital anomalies in ICSI cycles with PCOS

Introduction

Congenital anomalies (CA) are defined as any anatomic
malformations at birth, which can be diagnosed in approximately
3 to 5% of newborns [1]. The World Health Organization (WHO)
reports approximately 3 million infants and fetuses with
major CA born every year. They are found in approximately
3% of newborns [2]. CA have risk factors, including 20 to
25% for the interplay of environmental and genetic factors,
10% for environmental exposures, and 15% for chromosomal
and genetic factors [3]. Although diagnostic advancements,
major CA still cause neonatal deaths in approximately 22%
of cases. Individuals may suffer from such malformations as
cardiovascular, renal, and pulmonary anomalies later in life,
rather than at birth [4]. One of the serious congenital disorders
is congenital heart defects (CHD) [5]. Ventricular septal
defect (VSD) in the pediatric age group has the incidence of
1-2 out of 1000 live births as the most common CHD [6]. CHD
occurs in almost 1% of live births [7]. CHD causes perinatal
mortality as the most common form of congenital disorders
[8]. Different studies have reported CHD in 0.6-1 for every
100 live births [9]. The etiology of CHD is complex and has not
been yet understood well, but it may be caused by hereditary
and multifactorial factors, environmental factors such as
medicines, infection, maternal diseases [10], one of which
may be polycystic ovary syndrome (PCOS). PCOS is the most
common endocrine disorder affecting women of reproductive
age, leading to infertility and anovulation; 4-12% of women
are affected by it [11,12]. Generallywomen with PCOS are
more obese than those without PCOS. Pregnant women with
PCOS may confront a growing risk of pregnancy complications
such as hypertensive disorders, gestational diabetes, increased
cesarean section rates, and premature delivery. PCOS women's
offspring may be at increased risk of congenital abnormalities
and may be hospitalized during childhood [13]. In other words,
the main pathologies of PCOS contributing to the outcomes
include endocrine and metabolic factors related to gestational
diabetes mellitus (GDM), leading to CA and premature rupture
of membranes (PPROM) [14]. There are limited data to
understand the pathophysiological associations between PCOS
and pregnancy and delivery outcomes [15]. Therefore, the
present study aims to investigate the risk factors of congenital
anomaly in PCOS and cardiac abnormalities to see if some
variables, i.e., age of mothers, body mass index (BMI), Anti
Mullerian hormone (AMH), total oocyte, metaphase Il oocyte
(MII), pronuclear oocyte (PN), smoking, etc. were associated
with general anomaly and cardiac anomaly, and if there is a
difference between PCOS and normoresponder (NR) group in
terms of these variables and congenital anomalies.

Material and Methods
This cross-sectional
with 437 participants who attended our hospital’s infertility
clinic from January 2019 to January 2020. This study was
approved by the Ethics Committee of Beykoz University, Turkey
(No: 2020/3). All procedures conducted in studies, including
human participants, were in accordance with the national or
institutional research committee’s ethical standards and the
1964 Helsinki Declaration and its later amendments or other

retrospective study was conducted

ethical standards.

The participants were divided into two groups: PCOS and NR
group. The total number of patients in the PCOS group was 178
(40.7%) and 259 (59.3%) in the NR group, respectively. Patients
with severe male factor, azoospermia, low ovarian reserve, and
chronic disease were excluded from the study. Demographic
characteristics and baseline clinical characteristics, including
the age of the mother, age of the father, BMI, AMH, the
total dose of gonadotropin, number of retrieved oocytes, Mll
oocytes, PN were collected. Those with chronic illnesses and
chromosomal abnormalities were excluded from the study. The
inclusion criteria were age less than 40 years and 1 or 2 in vitro
fertilization (IVF) treatment.

Statistical analysis

Statistical Package for Social Sciences (SPSS) version 26.0
(SPSS Inc., Chicago, IL, USA) was used to perform statistics.
Logistic regression was used to assess the factors associated
with Anomaly exposure. In this case that we have zero events in
a subgroup, penalized maximum likelihood estimation was used.
The variables with P < 0.05 in the univariate logistic regression
analysis were included in the adjusted logistic regressions
models.

Results

This study sample consisted of 437 participants (178 PCOS
cases and 259 NR) with a mean age of 30.46 years (+3.99).
Table 1 shows the descriptive statistics for the variables. As
can be seen from Table 1, the mean age of the mothers was
30.46 years (+3.99), and the mean age of the fathers was 34.7
years (+3.8). The mean BMI of the participants was 24.3 (£3.2).
The mean number of IVF trial is 0.93 (+1.1). The mean AMH
is 3.4 (+3.5) ng/ml. The total mean gonadotropin used was
2249.3(+516.4) IU. The mean duration of treatment was 10.2
(+0.7) days. The mean number of retrieved oocytes was 9.9
(+5.7). The mean MIl and PN were 7.7(4.5) and 7.0892(4.07),
respectively. Three hundred forty-four (78.7%) of patients had
primary infertility and 93 (21.3%) had secondary infertility. Four
hundred twenty subjects (96.1%) did not smoke. Four hundred
thirty subjects (98.4%) had no heart anomaly, while 7 subjects
(1.6%) had heart anomalies. Four hundred and ten subjects
(93.8%) had no congenital anomalies, while 1 subject (0.2%)
had congenital hip displacement. Seven subjects (1.6%) had a
heart anomaly and 3 subjects (0.7%) had hydrocephalus.

Table 2 shows that the mean age of mothers with anomalous
babies was 31.9 (+3.4) years. The mean BMI of the participants
with anomalous babies was 25.3 (#4.7). The mean number
of IVF trial is 0.7 (£1.2). The mean AMH level was 3.9 (x2.1)
ng/ml. The total mean gonadotropin dosage used was 2075
(x433.9) IU. The mean duration of treatment was 10.3 (+0.6)
days. The mean number of retrieved oocytes was 11.7 (x6.4).
The mean number of MIl and PN were 9.4 (+5.3) and 8.8 (x4.4),
respectively. The number of patients in the PCOS group was
160 (39%), and in the normoresponder group was 250 (61%),
respectively. Three hundred and twenty subjects (78%) had
primary infertility; 90 subjects (22%) had secondary infertility.
Three hundred ninety-three subjects (95.9%) did not smoke.
There is a statistically significant relationship between
maternal age and the risk of congenital anomaly (p-value=0.03).
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Table 1. Descriptive Statistics of variables

VELELI |\ Minimum Maximum Mean Sd
Age of Mother (y) 437 21 39 30.46 3.99
Age of Father (y) 437 26 63 34.7 4.6
BMI (kg/m2) 437 18 49 24.7 3.2
Number of IVF trial (n) 437 0 2 0.93 1.1
AMH (ng/mL) 437 1.1 16 34 35
Total gonadotropin use (U) 435 750 4500 22493 516.4
Duration of treatment (d) 437 8 13 10.2 0.7
Total oocytes (n) 437 5 36 9.9 5.7
MII (n) 437 4 25 7.7 4.5
PN (n) 437 3 22 7.0892 4.07
Group

NR 259 59.3
PCOS 178 40.7

Inf. Types

1 344 78.7

2 93 213
Smoking

No 420 96.1

Yes 17 3.9
Anomaly (Heart)

No 430 98.4

Yes 7 1.6
Anomaly (Others)

No 410 93.8
Congenital Hip Displacement 1 0.2
Heart 7 1.6
Hydrocephalus 3 0.7
Hydrocele 2 0.5

Bone 2 0.5
Kidney 9 2.1

Ear Agenesia 1 0.2
Omphalocele 1 0.2

Cleft lip and cleft palate 1 0.2
Anomaly (Total)

No 410 93.8

Yes 27 6.2

Those women who had a baby with CA were older than those
who did not have a baby with CA. There is also a statistically
significant relationship between AMH and congenital anomaly
(p-value=0.03). The subjects with CA had higher AMH than those
without CA. There is a statistically significant relationship
between PN number and the risk of congenital anomaly
(p-value=0.02). The subjects with anomalies had a higher PN
than those without anomaly.

The results of the Kolmogorov test show that not all quantitative
variables had a normal distribution. Table 3 examines the
relationship between the studied variables and the anomaly
variable using the Mann-Whitney. Table 3 shows that there is
a statistically significant difference between the PCOS and NR
groups in terms of CA (p-value=0.005). In the PCOS group, 18
(66.7%) participants had CA, while 9 (33.3%) participants in the
NR group had CA, indicating a significant relationship between
CA and PCOS.

Table 2. Descriptive statistics of the women with babies with
congenital anomaly

VELELI 1\ Minimum Maximum Mean Sd
Age of Mother (y) 27 25 37 31.9 34
Age of Father (y) 27 27 44 353 38
BMI (kg/m2) 27 19. 45 253 4.7
Number of IVF trial (n) 27 0 4 0.7 1.2
AMH (ng/mL) 27 2 10 39 2.1
Total gonadotropin use (U) 27 1000 3000 2075 4339
Duration of treatment (d) 27 9 11 103 0.6
Total oocytes (n) 27 3 31 11.7 6.4
MIl () 27 3 22 9.4 53
PN (n) 27 3 18 8.8 4.4
Group

NR 250 61

PCOS 160 39

Inf. Types

1 320 78

2 90 22
Smoking

No 393 95.9

Yes 17 4.1
Result

Negative 149 36.3
Positive 261 63.7

Table 3. The relationship between the studied variables and
anomaly variable

Congenital Anomaly (CA)

\ELELI p-value
No Yes
Group
NR 250(61) 9(33.3)
0.005
PCOS 160(39) 18(66.7)
Infertility Type
1 320(78) 24(88.9)
0.1
2 90(22) 3(11.1)
Smoking
No 393(95.9) 27(100)
0.6
Yes 17(4.1) 0
Result
Negative 149(36.3) 0
0.000
Positive 261(63.7) 27(100)

Anomaly Yes and No means whether there is a congenital anomaly or not.

The relationship between qualitative variables and Cardiac
Anomaly was determined using Fisher’s exact test. There was
a statistically significant relationship between maternal age
and CCA (p-value=0.03). There was no statistically significant
relationship between other studied variables and CCA (p>0.05).
There was a statistically significant relationship between
cardiac anomaly and the PCOS group (p-value=0.02). Six
subjects in the PCOS group had an anomaly, and one subject
in the NR group had CCA. The results show that CCA was more
common in the PCOS group. Two subjects in the PCOS group
had VSD, while one subject in the NR group had VSD. Three
subjects in the PCOS group had tetralogy of Fallot (TOF), while
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no subjects in the NR group had TOF. One subject in the PCOS
group had atrial septal defect (ASD)-VSD, while no subject in
the NR group had ASD-VSD. TOF was the most common heart
anomaly in the PCOS group.

Discussion

The aim of the present study was to investigate the risk factors
for congenital anomaly and the cardiac anomaly in the PCOS
to see if some variables, i.e.,, maternal age, BMI, AMH, total
oocyte, MIl, PN, smoking were associated with CA and CCA and
if there was a difference between PCOS and normoresponder
group in terms of these variables and CA and CAA. The findings
show that those who had the CA and CCA were older than those
who did not have anomalies. The subjects with anomalies had
higher AMH levels than those without anomaly. The subjects
with anomalies had higher PN number than those without
anomaly. The number of subjects in the PCOS group with CA
was higher than that of the NR group. In other words, PCOS
is associated with an increased risk of CA. Increased maternal
age was also associated with an increased cardiac anomaly
risk. Two subjects in the PCOS group had VSD, while one subject
in the NR group had VSD. Three subjects in the PCOS group
had TOF, while none of the subjects in the NR group had TOF.
One subject in the PCOS group had ASD-VSD, while none of
the subjects in the NR group had ASD-VSD. TOF was the most
common heart anomaly in the PCOS group.

Maternal age significantly affects the congenital malformation
of the fetus [16]. Studies in Turkey show that 5.2% of the
mothers are over 35 years old [17], while older mothers had 8.7%
of anomalous births, but this was not statistically significant
[16]. Their result is in line with the results of our study, but not
in line with the results of the study by Francine et al. Francine et
al. also found that congenital cardiovascular anomalies (16.6%)
and limb anomalies were the most common ones in their study
[18]. The studies on singleton pregnancies showed that PCOS
women are older, have early pregnancy, need ART to conceive,
and have a higher BMI than those without PCOS [19]. In older
women, CCA has more risk factors, such as poor oocyte quality,
infections, autoimmune diseases, pre-gestational diabetes,
uterine aging drug exposure, or other causes of infertility [8].
Most women with PCOS are overweight or obese, and a higher
risk of preterm delivery was observed in overweight and obese
women during pregnancy, as reported by a recent study [20],
and obesity is metabolically associated with PCOS [11]. Liu
et al. found an association between pregravid obesity and an
increased risk of adverse pregnancy outcomes after adjusting
the variations of parity, PCOS, maternal age, etc. There was
an association between obesity and congenital anomalies, and
that PCOS had endocrine and metabolic effects on the GDM,
contributing to congenital anomalies [14]. Our study found that
BMI in the women with anomaly was higher than that in those
without anomaly, but this association was not significant, but
found that PCOS could significantly contribute to the congenital
anomalies. Our study found that VSD and TOF were the most
common cardiac anomaly in the groups. TOF was common in
only the subjects with PCOS, while VSD was common in both
groups, which is in line with the results of the study by Kirklin
et al. [6], who found that VSD is the most common congenital

anomaly. Francine et al. found that limb anomalies (16.6 %),
including abnormal palmar crease (4.16%) and polydactyly
(12.2%) and congenital cardiovascular anomalies (16.6%),
were observed in most malformed stillbirths [18]. Mills et al.
[21] found that those with PCOS more likely to have infants
with congenital anomalies than those without PCOS, which
is in line with our study results. Doherty et al. [22] also found
that cardiovascular and urogenital malformations were more
common in children of women with PCOS, supporting our study
findings.
some women with PCOS, leading to intergenerational influence
that is not immediately detected during pregnancy, resulting in
a higher risk of cardiometabolic and congenital malformations
for the offspring.

Conclusion

It is concluded that PCOS was significantly associated with
an increased risk of CA and CCA. The subjects with anomalies

Hart [12] found impairment of the glucostasis for

had higher age, AMH level and PN numbers than those without
anomaly. Therefore, women should be informed about the
increased risk of CA if they had PCOS.
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