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Background: Polycystic ovary syndrome (PCOS) is a common endocrine and metabolic disorder with 
complex pathogenesis. This study aimed to analyze the expression of platelet-derived growth factor (PDGF), 
epidermal growth factor (EGF), and insulin-like growth factor-II (IGF-II) in patients with PCOS and its 
correlation with pregnancy outcomes.
Methods: A total of 104 PCOS patients admitted to the Cangzhou Central Hospital from January 
2015 to February 2018 were selected as the PCOS group, and 92 healthy pregnant women who received 
health examinations in the hospital during the same period were selected as the control group. Levels of 
PDGF, EGF, and IGF-II in serum were detected. The expression of PDGF, EGF, and IGF-II in different 
populations were compared. Age at pregnancy, body mass index (BMI), waist-to-hip ratio before pregnancy, 
parity, family history of hypertension, family history of diabetes, and serological indicators of pregnant 
women in the PCOS group were collected, such as follicle stimulating hormone (FSH), luteinizing hormone 
(LH), estradiol (E2), fasting insulin (INS), and free testosterone index (FTI). Multivariate logistic regression 
was used to analyze the risk factors that affect the pregnancy outcomes of PCOS patients.
Results: The expression levels of PDGF, EGF, and IGF-II in the PCOS group were significantly higher 
than those in the control group (P<0.05). Among 76 pregnant PCOS patients, 34 cases had adverse 
pregnancy outcomes and 42 did not. Age at pregnancy, BMI before pregnancy, waist-to-hip ratio before 
pregnancy, LH, INS, FTI, PDGF, EGF, and IGF-II expression levels were positively correlated with the 
pregnancy outcome of PCOS patients (P<0.05). The BMI before pregnancy, waist-to-hip ratio before 
pregnancy, INS, FTI, and expression levels of PDGF, EGF, and IGF-II were revealed as independent risk 
factors that affect the pregnancy outcomes of PCOS patients (P<0.05).
Conclusions: The expression levels of PDGF, EGF, and IGF-II are high in PCOS patients. The BMI, 
waist-to-hip ratio before pregnancy, INS, FTI, and the expression levels of PDGF, EGF, IGF-II are 
independent risk factors that affect the pregnancy outcomes of PCOS patients. Corresponding measures 
should be actively taken for PCOS patients with high-risk factors to improve both maternal and infant 
outcomes.
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Introduction

Polycystic ovary syndrome (PCOS) is a common endocrine 
and metabolic disorder among women of childbearing 
age. It is characterized by chronic anovulation and 
hyperandrogenemia, with the main clinical manifestations 
of irregular menstrual cycles, infertility, hirsutism, and (or) 
acne (1,2). However, the pathogenesis of PCOS is not clear 
and is thought to be related to genetic and immune factors. 
Studies have shown that without effective treatment, PCOS 
will seriously affect the quality of life, reproductive function, 
and long-term health of women, so early diagnosis and 
timely assessment of the disease development are of great 
significance (3).

Platelet-derived growth factor (PDGF) and epidermal 
growth factor (EGF) play an important role in regulating 
egg cell growth and embryonic development. In recent 
years, the relationship between the two indicators and PCOS 
has become a hot topic among researchers in China and the 
world over (4). In addition, many studies have found that 
insulin-like growth factor-II (IGF-II) is abnormally expressed 
in tumors of female reproductive system. However, there are 
few reports about the expression of PDGF, EGF and IGF-
II in PCOS and their relationship with pregnancy outcome 
in China (5). In this study, we analyzed the expression 
of PDGF, EGF, and IGF-II in PCOS patients and their 
correlation with pregnancy outcomes, to explore the role of 
the three indicators in the occurrence and development of 
PCOS. We present the following article in accordance with 
the STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-21-1003).

Methods

General information

A total of 104 PCOS patients admitted to our hospital from 
January 2015 to February 2018 were recruited to the PCOS 
group; they were aged 22–65 years old, with an average 
age of (41.03±9.85) years. In addition, 92 pregnant women 
who received health examinations in our hospital during 
the same period and had normal results were selected as the 
control group, with an average age of (41.25±9.86) years.  

The difference between the general data of the PCOS 
group and the control group were not statistically significant 
and were comparable (P>0.05).

The inclusion criteria were as follows: (I) patients met the 
diagnostic criteria of PCOS (6): (i) occasional ovulation and 
(or) anovulation; (ii) clinical and (or) biochemical indicators 
suggested hyperandrogenism, excluding other possible 
pathogenic factors, such as congenital adrenal hyperplasia, 
androgen-secreting tumors, or Cushing syndrome; (iii) 
polycystic changes of the ovary: B-ultrasound examination 
revealed more than 12 follicles with diameters of 2–9 mm 
and (or) an increase in the volume of the ovary >10 mL; 
PCOS was diagnosed when 2 of the criteria were met; (II) 
patients who were willing to give birth; (III) patients who 
were aware of and signed the relevant agreements.

The exclusion criteria were as follows: (I) patients with 
genital deformities; (II) infertility caused by other reasons; 
(III) patients with mental or communication disorders; (IV) 
patients had taken hormone drugs such as contraceptives, 
hypoglycemic, or hypotensive drugs in the previous  
3 months; (V) patients combined with endometriosis, ovarian 
tumors, and other organic diseases that affect pregnancy; 
(VI) comorbidity of severe liver and kidney dysfunction, 
cardiovascular, and cerebrovascular diseases; (VII) patients 
who had experienced a major infection in the past 3 months. 
All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). This study was approved by 
the Ethics Committee of Cangzhou Central Hospital [2271]. 
Informed consent was taken from all the patients.

Research methods

Along with comparing the expression of PDGF, EGF, and 
IGF-II between the PCOS and control groups, clinical 
data were collected including age, pre-pregnancy body 
mass index (BMI), pre-pregnancy waist-to-hip ratio (waist/
hip circumference), parity, family history of hypertension, 
family history of diabetes, and serological indicators, 
including follicle stimulating hormone (FSH), luteinizing 
hormone (LH), estradiol (E2), fasting insulin (INS), and 
free testosterone index (FTI).
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Detection methods of PDGF, EGF, and IGF-II

For the detection, 5 mL of cubital vein blood was drawn 
from all participants, and the supernatant of the blood was 
collected for further test after centrifugation at 3,000 r/min  
for 30 min. An enzyme-linked immunosorbent assay 
(ELISA) kit was used to detect the levels of PDGF and 
EGF in serum (Sigma-Aldrich, St. Louis, MO, USA). The 
levels were measured by detecting absorbance at 410 nm  
on an ELISA instrument, with a standard line drawn. 
The serum IGF-II level was determined using Immulite 
2000 automatic chemiluminescence analyzer kit (Siemens 
Medical Diagnostic Products, Shanghai, China) and the 
supporting reagents, according to the instructions.

Follow-up methods

After treatment, 76 of the 104 PCOS participants became 
pregnant during the study period. Pregnant women in 
both groups underwent routine obstetric examinations. 
The health of pregnant women and fetuses were closely 
monitored, and the final pregnancy outcomes of the 
PCOS group and the control group were recorded. The 
diagnostic criteria for adverse pregnancy outcomes were 
as follows: a pregnancy outcome was deemed adverse 
when hospitalization was required due to pregnancy 
complications such as threatened miscarriage, preeclampsia, 
threatened premature delivery, poly- or oligohydramnios, 
prenatal hemorrhage, fetal distress, fetal growth restriction, 
stillbirth, or severe fetal malformations, and other 
pregnancy complications (7).

Statistical methods

Data in this study were analyzed using the statistical 
software SPSS 22.0 (IBM Corp., Armonk, NY, USA). 
The measurement data were described as mean ± standard 
deviation (x±s), and analyzed by t-test. The count data were 

expressed as pass rate or composition ratio, and analyzed by 
chi-squared (χ2) test. Multiple logistic regression analysis 
was used to analyze risk factors that affected the pregnancy 
outcomes of PCOS patients. Results with P<0.05 were 
considered statistically significant.

Results

Comparison of the expression levels of PDGF, EGF, and 
IGF-II between the two groups

The expression levels of PDGF, EGF, and IGF-II in the 
PCOS group were significantly higher than those in the 
control group (P<0.05, Table 1).

Pregnancy outcomes of 76 participants in the PCOS group

A total of 34 participants had adverse pregnancy outcomes 
among the 76 pregnant PCOS participants. They were 
regarded as the adverse pregnancy outcome group (n=34), 
accounting for 44.74%, including 16 cases of threatened 
abortion, 6 cases of preeclampsia, 5 cases of threatened 
preterm delivery, 2 cases of polyhydramnios, 2 cases of 
oligohydramnios, 1 case of prenatal hemorrhage, 1 case 
of fetal distress, and 1 case of stillbirth. The remaining 42 
cases with no adverse pregnancy outcomes were classified as 
the no adverse pregnancy outcome group (n=42).

Univariate analysis of the pregnancy outcome of PCOS 
patients

Factors including age, pre-pregnancy BMI, pre-pregnancy 
waist-to-hip ratio, LH, INS, FTI, and PDGF, EGF, and 
IGF-II expression levels were positively correlated with 
pregnancy outcomes in PCOS patients, while parity, family 
history of hypertension, family history of diabetes, FSH, 
and E2 were not related to the pregnancy outcomes of 
PCOS patients (P<0.05, Table 2).

Table 1 Comparison of the expression levels of PDGF, EGF, and IGF-II between the two groups (x ± s)

Group Case PDGF (ng/mL) EGF (ng/mL) IGF-II (ng/L)

PCOS group 104 3,154.66±214.75 105.96±25.74 3.02±0.69

Control group 92 2,017.25±147.69 75.99±13.01 0.43±0.11

t – 36.752 10.084 35.595

P value – <0.001 <0.001 <0.001

PDGF, platelet-derived growth factor; EGF, epidermal growth factor; IGF-II, insulin-like growth factor-II; PCOS, polycystic ovary syndrome.
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Analysis of multiple factors affecting pregnancy outcomes 
of PCOS patients

The significance and assignment of the factors to be 
analyzed are shown in Table 3. After unconditional 
multivariate logistic regression analysis, it was shown that 
pre-pregnancy BMI, pre-pregnancy waist-to-hip ratio, 
INS, FTI, PDGF, EGF, and IGF-II expression levels were 

independent risk factors affecting the pregnancy outcomes 
of PCOS patients (P<0.05, Table 4).

Discussion

The pathogenesis of PCOS is complex; it can be induced by 
multiple factors, alone or in combination, such as heredity, 

Table 2 Univariate analysis of pregnancy outcomes in PCOS patients

Clinical features
Case 
(n=76)

Adverse pregnancy 
outcome group (n=34)

No adverse pregnancy 
outcome group (n=42)

t/χ2 P value

Age (years) 18.738 <0.001

≥35 25 20 5

<35 51 14 37

Pre-pregnancy BMI (kg/m2) 31.282 <0.001

≥25 40 30 10

<25 36 4 32

Pre-pregnancy waist-to-hip ratio 22.443 <0.001

≥0.8 42 29 13

<0.8 34 5 29

Parity 0.857 0.354

Primiparity 49 20 29

Multiparity 27 14 13

Family history of hypertension 0.450 0.502

Yes 30 12 18

No 46 22 24

Family history of diabetes 0.238 0.626

Yes 29 14 15

No 47 20 27

FSH (IU/L) – 11.20±2.65 10.74±1.25 0.997 0.322

E2 (pg/mL) – 329.46±14.75 325.41±14.88 1.184 0.240

LH (IU/L) – 12.63±2.74 7.86±1.33 9.939 <0.001

INS (mmol/L) – 9.13±1.52 5.41±0.68 14.217 <0.001

FTI – 4.79±1.25 2.37±1.06 9.133 <0.001

PDGF (ng/mL) – 3,039.87±215.58 2,731.89±196.37 6.507 <0.001

EGF (ng/mL) – 107.52±24.71 85.69±20.14 4.244 <0.001

IGF-II (ng/L) – 3.16±0.57 1.75±0.34 13.371 <0.001

PCOS, polycystic ovary syndrome; BMI, body mass index; FSH, follicle stimulating hormone; E2, estradiol; LH, luteinizing hormone; INS, 
fasting insulin; FTI, free testosterone index; PDGF, platelet-derived growth factor; EGF, epidermal growth factor; IGF-II, insulin-like growth 
factor-II.
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immunity, and environmental (8). With the continuous 
development of clinical assisted reproductive technology, 
most patients with PCOS can now successfully achieve 
pregnancy. However, in clinical practice, PCOS itself can 
increase the occurrence of adverse pregnancy outcomes such 
as miscarriage and low birth weight infants. The woman’s 
poor vascular status may induce insufficient placental 
function, and early exposure to male hormones may lead 
to the occurrence of intrauterine growth restriction in the 

fetus, thereby impacting by varying degrees on the health of 
the offspring (9,10). Large volumes of literature from China 
and around the world have indicated that it is clinically 
valuable to improve the pregnancy outcomes of PCOS 
patients through the exploration of the relevant factors that 
affect such outcomes for PCOS patients and provision of 
targeted intervention measures (11).

The results of this study showed that 34 cases among 76 
pregnant PCOS patients had adverse pregnancy outcomes, 
accounting for 44.74%, basically consistent with previous 
research results (12). Patients with PCOS have endocrine 
and metabolic disorders, and most patients are accompanied 
by varying degrees of insulin cell function defects, 
peripheral tissue insulin resistance, and dyslipidemia, which 
increases the risk of pregnancy-induced hypertension and 
gestational diabetes to a certain extent, leading to the poor 
pregnancy outcomes of PCOS patients (13). The results of 
this study showed that the expression levels of INS and FTI 
in the adverse pregnancy outcome group were higher than 
those in the no adverse pregnancy outcome group (P<0.05), 
indicating that abnormal expression of INS and FTI were 
independent risk factors affecting the pregnancy outcomes 
of PCOS patients. In addition, this study also showed that 
pre-pregnancy BMI and pre-pregnancy waist-to-hip ratio 
were independent risk factors that affect the pregnancy 
outcome of PCOS patients (P<0.05), because obesity or 
overweight may cause placental inflammation in the body, 
affect placental function, and cause adverse outcomes.

As a kind of cationic glycoprotein, PDGF is a major 
mitogen and chemotactic agent in the body (14). In the 

Table 4 Multivariate analysis of pregnancy outcomes in PCOS patients

Factor Regression coefficient SEM Wald χ2 P value OR (95% CI)

Age (≥35 vs. <35) 0.975 0.846 3.459 0.445 2.651 (0.505–13.918)

Pre-pregnancy BMI (≥25 vs. <25) 0.932 0.151 4.184 <0.001 2.540 (1.889–3.414)

Pre-pregnancy waist-to-hip ratio (≥0.8 vs. <0.8) 0.987 0.147 3.157 <0.001 2.68 (2.011–3.579)

LH (increased vs. normal) 0.897 0.785 4.595 0.321 2.452 (0.526–11.423)

INS (increased vs. normal) 1.056 0.423 3.480 <0.001 2.875 (1.255–6.587)

FTI (increased vs. normal) 1.745 0.374 4.053 <0.001 5.726 (2.751–11.918)

PDGF (increased vs. normal) 0.844 0.156 4.274 <0.001 2.326 (1.713–3.157)

EGF (increased vs. normal) 0.716 0.113 4.506 <0.001 2.046 (1.640–2.554)

IGF-II (increased vs. normal) 0.973 0.187 4.847 <0.001 2.646 (1.834–3.817)

PCOS, polycystic ovary syndrome; SEM, standard error of mean; OR, odds ratio; CI, confidence interval; LH, luteinizing hormone; INS, 
fasting insulin; FTI, free testosterone index; PDGF, platelet-derived growth factor; EGF, epidermal growth factor; IGF-II, insulin-like growth 
factor-II.

Table 3 Significance and assignment of factors to be analyzed

Factor
Representative 

significance
Assignment

X1 Age 0= <35; 1= ≥35

X2 Pre-pregnancy BMI 0= <25; 1= ≥25

X3 Pre-pregnancy waist-to-
hip ratio

0= <0.8; 1= ≥0.8

X4 LH 0= normal; 1= increased

X5 INS 0= normal; 1= increased

X6 FTI 0= normal; 1= increased

X7 PDGF 0= normal; 1= increased

X8 EGF 0= normal; 1= increased

X9 IGF-II 0= normal; 1= increased

BMI, body mass index; LH, luteinizing hormone; INS, fasting 
insulin; FTI, free testosterone index; PDGF, platelet-derived 
growth factor; EGF, epidermal growth factor; IGF-II, insulin-like 
growth factor-II.
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ovarian area, PDGF participates in regulation of the ovary 
gland in an autocrine and paracrine manner, which has the 
pathological effect of promoting excessive growth of related 
tissue cells. Studies have shown that PDGF can stimulate 
the proliferation of ovarian alveolar cells, and inhibit the 
secretion of progesterone and androstenedione, therefore 
playing an important role in the development and growth 
of follicles in the body (15). Another growth factor, EGF, 
is a powerful mitogen like PDGF, which can promote cell 
proliferation and differentiation, and exert a variety of 
biological effects. Under normal circumstances, the local 
cytokines of the ovary maintain a dynamic balance, and there 
is a small amount of PDGF and EGF in the body. When 
the local androgen of the ovary rises to a certain threshold, 
the body will activate the PDGF secretion system and 
enhance the activity of aromatase by modifying the FSH-
cAMP pathway to promote the conversion of androgens 
to estrogen (16). When estrogen increases to a certain 
threshold, the increase of EGF secretion is promoted, 
and the aromatase activity is inhibited through the FSH-
cAMP pathway to reduce androgen conversion (17).  
Therefore, studies have indicated that PDGF and EGF may 
play an important role in the occurrence and development 
of ovarian diseases. The results of this study showed that 
the levels of PDGF and EGF in the PCOS group were 
higher than those in the control group, and there were 
also high expression of PDGF and EGF in patients with 
adverse pregnancy outcomes, confirming that the levels of 
PDGF and EGF play an important role in the occurrence 
of PCOS.

IGF is a class of polypeptides with structures similar to 
insulin, including IGF-I, IGF-II, and IGF-IR. Among them, 
IGF-II is a single-chain weakly acidic polypeptide composed 
of 67 amino acids, which can stimulate the aromatization of 
progesterone in the ovary, and then stimulate the secretion 
of progesterone and androgen and promote the production 
of corpus luteum (18). According to Kreimer et al., IGF-II 
in follicular fluid of PCOS patients was significantly higher 
than that of non-PCOS patients, and the concentration 
of IGF-II in granulosa cells was also higher than that of 
non-PCOS patients, suggesting its certain relationship 
with the synchronous development of multiple follicles in 
the super-ovulation cycle (19). The results of this study 
showed that IGF-II was highly expressed in PCOS patients, 
suggesting that IGF-II is closely related to the occurrence 
of PCOS. In addition, studies have shown that IGF-II is 
abnormally expressed in PCOS patients, which can affect 
the development and remodeling of the uterine-placental 

vascular bed, leading to placental ischemia and hypoxia, 
placental dysplasia, and ultimately adverse pregnancy 
outcomes. Therefore, the results of this study indicated that 
IGF-II expression level is an independent risk factor that 
affects the pregnancy outcomes of women with PCOS (20). 
However, the sample size of this study is relatively small, 
and the results may be biased to some extent. In addition, 
the fertility and pregnancy outcome of PCOS patients after 
treatment, as well as the changes in PDGF, EGF and IGF-I 
expression have not been analyzed. Therefore, in the further 
investigation, the sample size needed to be expanded.

In summary, PDGF, EGF, and IGF-II are highly 
expressed in PCOS patients. Factors such as pre-
pregnancy BMI, pre-pregnancy waist-to-hip ratio (waist/
hip circumference), INS, FTI, and the expression levels 
of PDGF, EGF, and IGF-II are independent risk factors 
that affect the pregnancy outcomes of women with PCOS. 
Therefore, for PCOS patients with high risk factors, the 
treatment regimen should be corrected to improve the 
clinical maternal and infant outcomes.
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