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ABSTRACT
Aim: Some studies found that in vitro fertilization (IVF) pregnancies were correlated with an increase in the incidence of 
gestational diabetes mellitus (GDM). The purpose of this study was to determine the effect of intracytoplasmic sperm injection 
(ICSI) on the risk of GDM in patients with polycystic ovary syndrome (PCOS). 
Material and Method: This retrospective study was conducted on 862 women below 40 who applied to gynecology and IVF 
clinic between January 2015 and May 2020. Their body mass index (BMI) was close to each other. They all had a single fetus, 
and they did not have a diabetes history. The individuals who participated in the study were tested based on the 75 g oral 
glucose tolerance test (OGTT). Demographical characteristics, biochemical findings, and treatment styles were evaluated. 
Those with GDM history in the previous pregnancy were excluded from the study.
Results: The mean age and BMI of the patients and the differences observed in the control and case groups were not statistically 
significant (p>0.05). Preprandial (p<0.0001), 1st-hour blood glucose levels of OGTT (p<0.001), and 2nd-hour blood glucose 
levels of OGTT (p<0.0001) of the case group were statistically higher than those in the control group (p<0.05).
Conclusion: The confirmation of the indicators which increase the risk of GDM development with PCOS and follow-up in the 
early pregnancy period might minimize maternal and fetal complications depending on GDM. This study is significant since 
it investigates the effect of ICSI in patients with PCOS, spontaneous, and IVF pregnancies.
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INTRODUCTION
Gestational diabetes mellitus (GDM) is defined as 
intolerance of carbohydrates detected or diagnosed during 
pregnancy. Along with two-times higher prevalence 
in the high-risk group, it is reported that the condition 
causes complications in 8% to 9% of pregnancies. 
American Diabetes Association (ADA) reported in their 
research that 7% of pregnant women corresponding to 
200,000 pregnant women developed GDM per year (2). 
In Turkey, studies conducted in different centers report a 
prevalence rate varying between 1.9% and 27.9%, with a 
prevalence average of 7.7% (3-5). Pridjian and Benjamin 
(6) reported that there are multiple risk factors for 
gestational diabetes, and the most important risk factors 
include the history of GDM, obesity, and polycystic ovary 
syndrome (PCOS).

Polycystic ovary syndrome is a complex endocrine 
disorder characterized by anovulation, menstrual 
dysfunction, infertility, and hirsutism. This condition’s 
typical form is associated with insulin resistance, 
abdominal obesity, dyslipidemia, and hyperinsulinemia; 
the condition increases the risk for type 2 diabetes and 
cardiovascular disease (7). On the other hand, PCOS is 
reported as an endocrine disease that affects 4% to 8% 
of women at childbearing age (8). In this respect, 40% 
of women diagnosed with PCOS are infertile due to 
anovulation. 

The most common problem in PCOS is the early loss of 
pregnancy. It is predicted that almost 50% of women with 
PCOS are predicted to have a spontaneous miscarriage 
within the first trimester. Genetic factors and higher 
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insulin levels increase the risk of miscarriage. In 
vitro fertilization is decided in patients who do not 
respond to metformin, Clomiphene Citrate (CC), and 
gonadotropin treatment (10). Some studies found 
an association between pregnancy with IVF and an 
increase in the incidence of GDM (11,12). Therefore, 
this study aimed to determine the effect of the ICSI 
procedure on the risk of GDM in patients with PCOS.

MATERIAL AND METHOD
All procedures were performed adhered to the ethical 
rules and the  Helsinki Declaration of Principles. The 
study was approved by the Ethical Committee of Beykoz 
University (7/17/2020-01), and official consent of 
Goztepe Medical Park Hospital Complex of Bahcesehir 
University was obtained. This retrospective study was 
carried out in Gynecology and In vitro Fertilization 
clinic between January 2015 and May 2020. Pregnant 
women and their families were informed about 
the study objective, and their verbal consents were 
obtained. The patients were informed that previous 
patient files would be used during the research. They 
were free to be enrolled and leave the study at any time, 
and there would not be any research expense claimed to 
the family or social security institution, and individual 
information would be kept confidential. 

Pregnant women with PCOS who have referred 
to Gynecology and In vitro Fertilization Clinic of 
Goztepe Medical Park Hospital within Bahcesehir 
University between January 2015 and May 2020 were 
retrospectively reviewed by collecting the data from 
electronic patient files. A total number of  862 pregnant 
women under 40 years of age with similar body mass 
index (BMI) who have a single fetus and do not have any 
history of diabetes were enrolled in the study. Among 
862 patients, 478 patients were included in the control 
group, and 384 patients were included in the patient 
group. The control group consisted of 165 patients with 
PCOS(+)GDM(+) and spontaneous pregnancy, and 
313 patients with PCOS(+)GDM(-) and spontaneous 
pregnancy. Patients enrolled in the patient group 
included 133 patients with PCOS(+)GDM(+) assisted 
reproductive techniques (ART) pregnancy and 251 
patients with PCOS(+)GDM(-) and ART pregnancy. 
According to BMI, in the ICSI group, gonadotropin 
stimulation was started by applying 112,5-225 IU rFSH 
on the second or third day of the menstrual cycle. In 
all patients, an antagonist protocol was used. Serial 
vaginal ultrasonography was used to monitor ovarian 
response. In order to prevent premature luteinization, 
0.25 lg GnRH (Cetrotide 250 lg, Merck Serono, Jordan, 
Turkey) antagonist was added daily when the leading 
follicle reached a diameter of 14 mm. When the mean 

diameter of two or three leading follicles reached 18 mm 
or more, recombinant human chorionic gonadotropin 
(rHCG) (Ovitrelle 250 lg, Merck Serono, Jordan, 
Turkey) was used to trigger ovulation. Approximately 
34–36 h after the rHCG injection, the oocytes were 
harvested transvaginally under general anesthesia. 
ICSI was then performed 3–4 h later.

Oral glucose tolerance test (OGTT) with 75 grams of 
glucose, demographic characteristics of individuals, 
biochemical findings, and treatments performed 
were evaluated. Individuals with a history of GDM 
in previous pregnancy were excluded. Differences 
between the data collected from patients were reviewed 
for the control and patient groups. Along with the 
review, patients in the control group were examined, 
whereas patients of the patient group were reviewed 
within their group.

Statistical Analysis
SPSS 23.0 package program was used for statistical 
analysis of the data. Categoric measurements were 
expressed in numbers and percentages; continuous 
measurements were expressed in mean, deviation, 
minimum, and maximum. Categoric variables were 
compared by Chi-square and fisher exact. Distribution 
of parameters was controlled in the analysis of 
continuous variables between groups; parameters 
with normal distribution were evaluated by Student 
t-test, and Mann Whitney-U test was implemented 
for parameters without normal distribution. The 
statistical significance level was determined as 0.05 for 
all tests used in the study.

RESULTS
Findings of the study’s patients were reviewed in two 
groups as the control and case groups. Patients in the 
control group included 165 patients with PCOS(+)
GDM(+) and spontaneous pregnancy and 313 patients 
with PCOS(+)GDM(-) and spontaneous pregnancy. 
Patients in the case group included 133 patients 
with PCOS(+)GDM(+) and ART pregnancy and 251 
patients with PCOS(+)GDM(-) and ART pregnancy. 
The review on patients included in the study revealed 
that there was not any significant difference between 
the control and case groups for age and BMI values 
(p>0.05); however, gestational week of the patients at 
birth (p<0.0001), birth weight (p<0.0001), and total 
maternal weight gain (p<0.0001) were detected higher 
in the control group when compared to the case group 
(p<0.05) (Table 1). It was detected that ICSI procedure 
on patients with PCOS affected higher birth weight 
and total maternal weight gain, and lower gestational 
week at birth.
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A review of patients in the control group, including 
165 patients with PCOS(+)GDM(+) and spontaneous 
pregnancy, and 313 patients with PCOS(+)GDM(-) 
and spontaneous pregnancy revealed that there was not 
any significant difference between the groups for age 
(p>0.05); however, there was a statistically significant 
elevation in BMI (p<0.021), birth weight (p<0.0001), and 
birth weight (p<0.0001) levels of patients with PCOS(+)
GDM(+) (p<0.05). Total maternal weight gain findings 
of patients with PCOS(+)GDM(+) and spontaneous 
pregnancy were statistically higher than average levels 
of patients with PCOS(+)GDM(-) and spontaneous 
pregnancy (p<0.05). This finding obtained increased the 
birth week and birth weight and decreased total maternal 
weight gain in patients with PCOS(+)GDM(-) and 
spontaneous pregnancy in the control group.

There was not any difference between the age (p<0.867) 
and BMI (p<0.759) in patients of the case group, 
including 133 patients with PCOS(+)GDM(+) and ART 
pregnancy, and 251 patients with PCOS(+)GDM(-) and 
ART pregnancy (p>0.05). Higher levels of Cumulus 
Oophorus Complex (COC) (p<0.0001), birth weight 
(p<0.0001), and total maternal weight gain (p<0.0001), 
and lower levels of the birth week in patients with 
PCOS(+)GDM(+) and ART pregnancy (p<0.05) than 
patients with PCOS(+)GDM(-) and ART pregnancy 
were statistically significant (p<0.05). Such finding 
suggested that the COC ratio increases the birth weight 
and total maternal weight gain in patients with GDM 
and ART-PCOS; the birth week was earlier. 

Fasting Blood Glucose (FBG) level (p<0.0001), and 
OGTT levels at hours 1 (p<0.0001) and 2 (p<0.0001) 

Table 1. Demographic characteristics of the case and control groups
Control (n: 478) Case (n: 384)

PCOS(+)GDM(+) 
spontaneous  

pregnancy (n: 165)

PCOS(+)GDM(-)
spontaneous 

pregnancy (n: 313) p

PCOS(+)GDM (+)ART 
pregnancy (133)

PCOS(+)GDM(-) ART 
pregnancy (n: 251)

p
mean±SD median 

(min-max)
mean±SD median 

(min-max)
mean±SD median    

(min-max)
mean±SD median 

(min-max)

Age

29.46±4.58

29 (18-39)

29.93±4.79

30 (18-44)
0.300

29.78±4.59

29 (18-39)

29.86±4.62

29 (18-39)
0.867

29.77±4.72

29 (18-44)

29.83±4.60

29 (18-39)
p 0.837

BMI
26.74±1.81

26.4 (23.2-32.6)

27.42±3.55

26.5 (21.4-45)
0.021

27.06±2.81

26.4 (22-37.4)

27.17±3.46

26.4 (20-45)
0.759

p 0.800

COC

12.66±2.76

12 (7-21)

10.88±2.71

11 (6-25)
0.000

11.49±2.85

(6-25)
p 1.000

Birth week

37.75±1.00

38 (34-39)

38.90±0.86

39 (37-41)

38.11±0.64

38 (36-39)

38.68±0.62

39 (35-40)
0.000

38.51±1.06

38 (34 - 41)

38.48±0.68

39 (35 - 40)
p p<0.001

Birth weight

3290.49±317.4

3300 (2353-3980)

3419.7±240.64

3390 (3020-3950)

3391.5±303.54

3390 (2560-4320)

3231.63±310.52

3260 (2500-4500)
0.000

3375.10±276.23

3365 (2354 - 3980)

3287.00±317.01

3320 (2500 - 4500)
p p<0.001

Total maternal 
weight gain

16.82±3.84

17 (8-29)

15.34±4.49

15 (8-26)

14.36±4.18

14 (7-25)

12.30±2.91

12 (7-21)
0.000

15.85±4.33

16 (8 - 29)

13.01±3.53

12 (7 - 25)
PCOS(+)GDM (+)ART                   PCOS(+)GDM (-)ART                        p

Duration of ovarian stimulation(d) 10.3 ± 2.3 10.2 ± 2.2 0.083
Total dose of gonadotropin used(IU) 1816.9 ± 533.7 1852.7 ± 547.9 0.091
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of the patients in the case group was found significantly 
higher than the patients in the control groups (p<0.05). It 
was understood that the ICSI procedure in patients with 
PCOS increases FBG and OGTT levels at hours 1 and 2. 

It was detected that normal birth (p<0.002), insulin use 
state (p<0.0001), GDM (p<0.0001), and multiparity 
(p<0.0001) rates of the patients in the control group 
were significantly higher in the patients of the case 
group (p<0.05) (Table2). It was detected that the ICSI 
procedure is not effective on normal birth, insulin use, 
GDM, and multiparity. 

A review of the findings of the control group revealed 
that patients in the PCOS(+)GDM(+) and spontaneous 
pregnancy sub-group presented significantly higher 
fasting blood glucose (p<0.0001), OGTT levels at hours 
1 (p<0.0001) and 2 (p<0.0001) than the patients in the 
PCOS(+)GDM(-) sub-group (p<0.05). The multiparity 
of patients in the PCOS(+)GDM(-) group and 
spontaneous pregnancy (p<0.0001) was significantly 
higher in patients in the PCOS(+)GDM(+) group 
(p<0.05). The insulin use and GDM in patients in the 
PCOS(+)GDM(+) and spontaneous pregnancy sub-
group were found significantly higher in the PCOS(+)
GDM(-) sub-group (p<0.05) (Table 2).

FBG (p<0.0001), OGTT results at hours 1 (p<0.0001) 
and 2 (p<0.0001) were significantly higher in the patients 
with PCOS(+)GDM(+) and ART pregnancy than those 
in the PCOS(+)GDM(-) sub-group (p<0.05). This finding 
suggested that an increase in fasting blood glucose and 
OGTT at hours 1 and 2 and GDM increases the use of 
insulin in patients with GDM and ART-PCOS. There 
was not any significant difference between patients with 
PCOS(+)GDM(+) and patients with PCOS(+)GDM(-) 
in the case group depending on the gravida and delivery 
style. Insulin use (p<0.0001) of the patients included in 
PCOS(+)GDM(-) sub-group was significantly higher than 
patients in the PCOS-GDM subgroup (p<0.05) (Table 2).

Table 3 presents that 59.1% (n: 81) of the patients had 
higher initial FBG levels whereas 42.1% (n: 77) had 
higher OGTT levels at hour 1; 77.5% (n: 93) of the 
patients had higher OGTT levels at hour 2.

Table 2. Comparison of case-control groups
Control (n: 478) Case (n: 384)

Spontaneous PCOS 
with GDM

(n: 165)

PCOS without 
GDM

(n: 313)
p

ART-PCOS with 
GDM

(n: 133)

ART-PCOS without 
GDM

 (n: 251)
p

n(%) n(%) n(%)

Fasting blood glucose
Lower 84 (50.9) 313 (100)

0.000
77 (57.9) 250 (99.6)

0.000
Higher 81 (49.1) 0 (0.0) 56 (42.1) 1 (0.4)

p 0.000

OGTT Hour 1
Lower 89 (53.9) 313 (100)

0.000
28 (21.1) 251 (100)

0.000
Higher 76 (46.1) 0 (0.0) 105(78.9) 0 (0.0)

p 0.000

OGTT Hour 2
Lower 72 (43.6) 313 (100)

0.000
106(79.7) 251 (100)

0.000
Higher 93 (56.4) 0 (0.0) 27 (20.3) 0 (0.0)

p 0.000

Gravida
Nulliparous 122 (73.9) 136 (43.5)

0.000
126(94.7) 236 (94.0)

1.000
Multiparous 43 (26.1) 177 (56.5) 7 (5.3) 15 (6.0)

p 0.000

Delivery
C-section 126 (76.4) 240 (76.7)

1.000
110(82.7) 222 (88.4)

0.12
Vaginal delivery 39 (23.6) 73 (23.3) 23 (17.3) 29 (11.6)

p 0.001

Insulin
Yes 33 (20.0) 0 (0.0)

0.000
14 (10.5) 0 (0.0)

0.000
None 132 (80.0) 313 (100) 119(89.5) 251 (100)

p 0.000

GDM
Present 165 (100) 0 (0.0)

0.000
133(100) 0 (0.0)

0.000
Absent 0 (0.0) 313 (100) 0 (0.0) 251 (100)

p 0.000
*Fisher Exact

OGTT: Oral glucose tolerance test, GDM: Gestational diabetes mellitus

Table 3. Oral glucose tolerance test
Frequency (%) Percentage (%)

Higher FBG
No 56 40.9
Yes 81 59.1

OGTT Hour 1 Higher
No 106 57.9
Yes 77 42.1

OGTT Hour 2 Higher
No 27 22.5
Yes 93 77.5

*FBG: Fasting blood glucose
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DISCUSSION 
Studies conducted in previous years reported that women 
with PCOS have a comparable probability of birth 
compared with controls without PCOS. However, a recent 
and comprehensive study conducted in Sweden found 
that women with PCOS have lower fertility rates and 
give birth to fewer children than women without PCOS 
throughout their lives. Many studies indicated that PCOS 
is an independent risk factor for GDM (14-16). There is 
insufficient data in the literature regarding the effects of 
ICSI application on GDM risk in PCOS patients. 

While 50% of the patients diagnosed with PCOS have 
obesity, there is a significant weight gain history before 
menstrual disorders in most of the cases (17). In this 
context, it is stated that the presence of obesity in PCOS 
is an android type of obesity. It is inevitable to observe a 
metabolic activity due to the accumulation of adipose tissue 
in the visceral mesenteric regions of the abdominal walls 
of those with Android-type obesity and the accumulated 
adipose tissue’s sensitivity to catecholamines (18). However, 
it may be stated that android-type fat distribution is a factor 
that increases the incidence of hyperinsulinemia, glucose 
intolerance, and diabetes mellitus (DM) in patients (19). 
Studies have confirmed this, and it was reported that the 
increase in androgens observed in patients with PCOS is a 
factor that decreases SHBG levels of patients but causes an 
increase in free testosterone and E2 levels (17-19). Clinical 
symptoms include hirsutism, menstrual irregularities, 
obesity, infertility, as well as long-term risks, endometrial 
cancer, type II diabetes mellitus, cardiovascular disease, 
hypertension, and dyslipidemia (20).

In a study, age and BMI averages of women with 
GDM+PCOS were 29.3±3.4 years and 22.9±1.9 kg/m2, 
respectively; and 30.8±3.2 years and 21.4±1.9 kg/m2, 
respectively in women with GDM-PCOS. There were not 
any significant differences for age and BMI in comparison of 
the groups (p<0.05) (21). In a study investigating the effects 
of insulin resistance and obesity on ICSI procedure in 
women with PCOS, the average age was 29.7±1.8; 51 of the 
patients were normal according to the BMI classification, 
27 were overweight, and 28 were obese (22). The incidence 
of GDM was significantly higher in obese patients than in 
non-obese patients and younger patients over 35 years of 
age in a previous study (23). A limited number of studies 
suggested that BMI is a better predictor than PCOS for the 
diagnosis of GDM and raises questions about the cause-
effect relationship between PCOS and GDM (24). In our 
study, the differences observed in the control and case 
groups for the age and BMI values in the ICSI procedure, 
and insulin resistance and obesity in women with PCOS 
were not statistically significant (p<0.05). Since higher 
pregnancy age may cause many risks, it is difficult to reveal 
a clear conclusion that GDM solely may increase the risk.

In a study including 215 women with spontaneous 
pregnancy and 145 patients with ART pregnancy over the 
age of 40, the incidence of GDM is higher by 43% in IVF/
ICSI pregnancy than spontaneous pregnancy. In another 
study, they found that GDM increases in IVF/ICSI single 
pregnancies compared to spontaneous pregnancies (12). 
In our study, fasting blood glucose (p<0.0001), OGTT 
levels at hours 1 (p<0.0001) and 2 (p<0.0001) were found 
significantly higher in patients in the case group than 
patients in the control group (p<0.05). A review of the 
findings of the control group revealed that patients in 
the PCOS(+)GDM(+) group had higher levels in fasting 
blood glucose (p<0.0001) and OGTT levels at hours 1 
and 2 than patients in the PCOS(+)GDM(-) sub-group 
(p<0.05). This study reveals that it is important to evaluate 
pregnant women in terms of carbohydrate intolerance 
in the early period in pregnancies caused by ICSI in 
patients with PCOS. Along with timely diet and physical 
activity intervention, early diagnosis and treatment of 
carbohydrate intolerance in pregnancies after ART may 
prevent excessive weight gain and development of GDM 
during pregnancy.

In a study conducted by Aktun et al. (16) on patients 
with PCOS and GDM without PCOS, no significant 
differences were found between the groups in cesarean 
delivery. In a study conducted on the effects of IVF 
application on pregnancy outcomes in patients with 
PCOS, it was reported that the differences between the 
groups in terms of cesarean delivery were not significant 
for the groups (p>0.05). Contrary to the literature, 
differences obtained between the groups were significant 
in our study (p<0.002). 

In a study, there was not any statistically significant 
difference for weight gain between patients with 
GDM(+)PCOS and patients with GDM(-)PCOS (16). 
In a study in which pregnancy results were evaluated 
in controls matched with age and weight in women 
with PCOS, the differences between the groups were 
not found to be significant (p<0.05). Contrary to the 
literature, a significant difference was found between 
the groups regarding weight gain in our study (p<0.05). 
This situation may be explained by the homogeneity of 
the characteristics of the individuals participating in the 
study.

In a study evaluating maternal and live birth results after 
ART, no significant differences were found between 
IVF/ICSI and spontaneous pregnancies in terms of low 
birth weight (12). A study examining the birth weight 
of babies of individuals with PCOS found that low birth 
weight babies were more common in individuals with 
PCOS (26). Literature reveals different outcomes on this 
subject. Our findings detected a significant difference 
between the groups (p<0.05).
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CONCLUSION
Several studies are suggesting that PCOS is a risk factor 
for the development of GDM. Identification of the 
markers that increase the risk of GDM development in 
PCOS patients will enable these patients to be examined 
in detail in case of pregnancy and to minimize maternal 
and fetal complications due to GDM. Our study is 
important in examining the effect of ICSI application on 
GDM in cases with PCOS diagnosis and spontaneous or 
ART pregnancies.
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