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1. Introduction 
Polycystic ovary syndrome (PCOS) is the most common 
endocrine disorder of reproductive-aged women. Although 
Stein and Leventhal first described it in 1935, its etiology is 
still unclear (Stein and Leventhal, 1931). Menstrual 
irregularities, hyperandrogenism, hirsutism, and fertility 
problems are the main clinical features of PCOS. The 
prevalence of PCOS is 5-10%, and it depends on 
environmental and genetic factors and ethnicity (Abbot et al., 
2002). This syndrome’s diagnosis requires the exclusion of 
manifestations with similar clinical presentation, such as 
congenital adrenal hyperplasia, Cushing’s syndrome, 
androgen-secreting tumors, and other causes of androgen 
excess. Three available criteria used to diagnose PCOS: (i) the 
1990 National Institutes of Health (NIH) and National Institute 

of Child Health and Human Development (NICHD) criteria; 
(ii) the 2003 Rotterdam criteria; and (iii) the 2006 Androgen 
Excess Society criteria. The most widely used one is Rotterdam 
criteria, and according to the 2003 Rotterdam criteria, it is 
usually defined by the presence of at least two out of the 
following three features: i) oligoovulation or anovulation, ii) 
clinical and biochemical signs of hyperandrogenism (presence 
of at least two signs) or iii) polycystic ovaries (ovaries with 
many small cysts no larger than 8-10 mm) (Rotterdam 
ESHRE/ASRM, 2004). The increasing levels of luteinizing 
hormone (LH) during the menstrual cycle is responsible for 
several changes, including the synthesis of androgens by the 
theca cells, resulting in hirsutism, acne, and androgenic 
alopecia. Most PCOS patients also present with peripheral 
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insulin resistance (IR) and hyperinsulinemia. Insulin plays a 
critical role in the clinical manifestations of PCOS by 
increasing the synthesis of androgens by the theca cells and 
inhibiting the hepatic sex hormone-binding globulin (SHBG). 
In this way, it increases the fraction of free testosterone to bind 
with its receptor. Obesity is also very common in PCOS 
patients, including a higher waist-hip ratio (visceral obesity). 
This contributes to the exacerbation of menstrual irregularities 
and many other metabolic alterations (Poretsky and Piper, 
1984). A metabolic syndrome is a group of metabolic disorders 
including insulin resistance, impaired glucose metabolism, 
abdominal obesity, hypertension, and dyslipidemia. It 
increases the risk of Type 2 diabetes mellitus (DMT2), 
coronary heart disease (CHD) and endometrial cancer. Patients 
with PCOS are at high risk for cardiovascular diseases because 
of hyperandrogenism, insulin resistance, type II diabetes, and 
obesity which are commonly seen in PCOS (Dunaif et al., 
1989). Adipose tissue dysfunction contributes to insulin 
resistance in women with PCOS. However, a substantial 
number of lean women affected by PCOS have insulin 
resistance as well, independent of obesity (Ketel et al., 2011). 
Vitamin B12 is important in the remethylation of homocysteine 
to methionine, and hyperhomocysteinemia is a characteristic of 
vitamin B12 deficiency (McCarty, 2000). Insulin resistance in 
women with PCOS is associated with high plasma 
homocysteine levels (Schacter et al., 2003). 
Hyperhomocysteinaemia is associated with increased 
cardiovascular disease risk in type 2 diabetic patients. Vitamin 
D also plays an essential role in metabolic pathways affected 
by PCOS, and vitamin D receptor (VDR) polymorphisms are 
associated with some of the patterns presented by PCOS 
(Manousopoulou et al., 2015). This study compares the 
clinical, biochemical, and hormonal characteristics of healthy 
women and women with PCOS living in the Black Sea Region. 

2. Materials and methods 
This retrospective, cross-sectional study was conducted with 
200 women aged 15-44 years who underwent gynecological 
examinations in the outpatient clinic of a state hospital between 
June 2019 and May 2020. This study followed the principles 
of the Declaration of Helsinki and was approved by the Ethics 
Committee of Health Sciences University Samsun Research 
and Education Hospital 2020/15/8. The study was carried out 
with the permission of the Local Institutional Review Board. 
Among them, 91 women were healthy volunteers with normal 
menstrual cycles who had no features of hyperandrogenism 
and 109 women with the diagnosis of PCOS according to 
revised Rotterdam Criteria ESHRE/ASRM criteria (2004). All 
data were abstracted from the electronic medical records, 
histories, and physicals. A detailed medical, reproductive, and 
family history had been taken. Also, anthropometric 
measurements were performed, including height, weight, body 
mass index (BMI), waist circumference, hip circumference, 
waist-hip ratio (WHR), systolic and diastolic blood pressure, 
and the level of hirsutism measured with the use of the 

Ferriman Gallwey (FG) score. Weight and height were 
measured in light clothing without shoes.  BMI was calculated 
as weight (kg) divided by height (m) squared. BMI values of 
≥25 kg/m2 were considered as overweight. BMI values of ≥30 
kg/m2 were deemed to be obese. Waist circumference was 
measured at the narrowest level between the costal margin and 
iliac crest, and the hip circumference was measured at the most 
comprehensive level over the buttocks while the subjects were 
standing and breathing normally. The waist-to-hip ratio 
(WHR) was calculated. A WHR >0.72 was considered 
abnormal (Ashwell et al., 1982). Clinical and biochemical 
hyperandrogenism was defined as an FG score > eight and a 
free androgen index (FAI: [(T/SHBG) x 100] >4.5). 
Subsequently, a systematic transvaginal or pelvic 
ultrasonography was performed to assess ovarian volume, 
endometrial thickness, and the total number of antral follicles 
measuring 2-10 mm. Finally, an extensive metabolic and 
endocrine profile was assessed. 

2.1. Assessment of metabolic profile  
Regarding the cardiovascular profile, BMI and systolic and 
diastolic blood pressure were evaluated in both PCOS and 
healthy women. In all women, waist circumference, fasting 
glucose, insulin, and lipid profile (i.e., total cholesterol, 
triglycerides, high-density lipoprotein cholesterol, and low-
density lipoprotein cholesterol) were additionally measured. 
Insulin resistance was assessed by using the homeostasis model 
assessment (HOMA-IR: [fasting glucose (mmol/L) x fasting 
insulin [mU/L]]/22.5) (Matthews et al., 1985). Metabolic 
syndrome was defined according to the National Cholesterol 
Education Program (NCEP) ADP III criteria (Third Report of 
the National Cholesterol Education Program (NCEP) Expert 
Panel on Detection, Evaluation, and Treatment of High Blood 
Cholesterol in Adults, 2002). According to this definition at 
least three of the following five features should be present (i) 
Waist circumference of > 88 cm (80 cm for Asians) (ii) Fasting 
blood glucose of ≥ 100 mg/dl (iii)Triglycerides ≥ 150 mg/dl 
(iv) HDL < 40 mg/dl (v) Blood pressure > 130/ 85 mm Hg. 
Thyroid-stimulating hormone (TSH), luteinizing hormone 
(LH), follicle-stimulating hormone (FSH), prolactin, 
dehydroepiandrosterone sulfate (DHEAS), 17-
hydroxyprogesterone (17-OHP), and total and free testosterone 
were checked in patients with PCOS and control subjects. 
Blood samples were collected at 8:30-9:30 a.m. after 12-h 
overnight fasting, in the early follicular phase (2nd-3rd days) 
after spontaneous or gestagen-induced menses in women. 
These parameters were quantified using a 7600-110 Automatic 
Analyzer (Hitachi Inc., Tokyo, Japan). The low-density 
lipoprotein (LDL) cholesterol was calculated using the 
Friedewald formula. Women with thyroid diseases, 
hyperprolactinemia, Cushing’s disease, or congenital adrenal 
hyperplasia and those who were administered agents such as 
hormonal agents, ovulation-inducing agents, glucocorticoids, 
anti-androgens, or anti-hypertensives over the last three 
months prior to the study were excluded from the study. 
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2.2. Statistical analysis  
Statistical analyses were performed using the Statistical 
Package for Social Sciences for Windows 22.0 software 
(SPSS, Chicago, IL., USA). Descriptive statistics were inferred 
as the mean, standard deviation, frequency, and percentage. 
Shapiro- Wilk test was utilized to check the normality of 
continuous variables. Parametric comparisons were performed 
using Student’s t-test for normally distributed continuous data, 
and non-parametric comparisons were performed using the 
Mann-Whitney U test for non-normal continuous data 
distribution. Categorical variables were compared using chi-
square or Fisher’s exact tests, as appropriate. The Pearson Chi-
square test was used to compare qualitative data. Spearman’s 
Correlation Analysis was applied to evaluate the relationships 
between variables. A value of p<0.05 was accepted as 
statistically significant. 

3. Results 
The demographic data of the PCOS and control groups are 
presented in Table 1. In this study, no statistically significant 
difference was found between patients with PCOS and control 
subjects in age, height, BMI, waist circumference, and waist-
to-hip ratio (p:0.428, p:0.995, p:0.073, p:0.313, and p:0.514, 
respectively)  

Table 1. Baseline characteristics of control group and PCOS women 
 Control 

(n=91) 
PCOS 

(n=109) p 

Age (years) 25.48±5.36 24.96±5.27 0.428 
Weight(kg) 73.35±17.91 82.31±24.81 0.041 
Height(cm) 160.01±6.70 160.06±6.19 0.995 
BMI (kg/m2) 28.89±7.76 32.27±10.27 0.073 
WC (cm) 83.45±20.80 87.13±22,31 0.313 
Waist/hip 0.78 ± 0.26 0.83 ± 0.26 0.514 
SBP (mmHg) 111 ± 13 118 ± 13 0.013 
DBP 
(mmHg) 71 ± 9 78 ± 12 0.028 

FG score 5.26± 2.1 10.23± 2.14 0.004 
BMI: body mass index; WC: waist circumference, SBP: systolic blood 
pressure; DBP: diastolic blood pressure. Results are expressed as median 
(range) or mean±SD according to distribution. p<0.05, significant difference 
between groups 

Weight, blood pressure (BP), systolic and diastolic, and 
also FG (Ferriman Gallway) scores were significantly higher 
in patients with PCOS compared to control subjects (p:0.041, 
p:0.013, p:0.028 and p 0.004, respectively, Table 1). In this 
study, no statistically significant difference was found between 
patients with PCOS and control subjects in FSH, estradiol 
prolactin, TSH, fT3, fT4, and DHEASO4 levels (p:0.483, 
p:0.223, p:0.623, p:0.231, p:0.129, p:0.250 and p:0.274 
respectively). But, LH, cortisol, total and free testosterone, and 
17-OH progesterone levels were significantly higher in 
patients with PCOS than control subjects (p:0.000, p:0.003, 
p:0.005, p:0.003 and p:0.008 respectively, Table 2). Also, in 
this study, vitamin B12 and the 25-OH vitamin D3 levels 
significantly lower in patients with PCOS compared to control 

subjects (p:0.048 and p:0.046 respectively). HbA1C, fasting 
blood glucose levels, fasting insulin levels and HOMA-IR 
were significantly higher in patients with PCOS compared to 
control subjects (p:0.012, p:0.044, p:0.011 and p:0.006 
respectively, Table 2). Total-C, LDL-C, and TG levels were 
significantly higher in women with PCOS than control subjects 
(p:0.041, p:0.035, and p:0.039, respectively). Also, HDL-C 
levels were significantly lower in women with PCOS 
compared to control subjects(p:0.034). 

Table 2. Hormonal and metabolic profile in the control group and 
PCOS women 
 Control 

(n=91) 
PCOS 

(n=109) p 

FSH (IU/L) 6.12 ± 1.32 5.98 ± 1.50 0.483 
LH (IU/L) 7.35 ± 4.06 9.88 ± 4.89 0.000 
Estradiol (pg/ml) 56.41±17.1 53.47±16.8 0.223 
Prolactin (ng/ml) 16.39±7.23 16.12±7.31 0.623 
TSH (mIU/L) 2.11±1.11 2.39±1.23 0.231 
fT3 (mIU/L) 3.06±0.53 2.79±0.68 0.129 
fT4 (mIU/L) 1.35±0.41 1.42±0.41 0.250 
Cortisol (nmol/L) 14.29±6.68 16.81±7.36 0.003 
TT (ng/dL) 37.56±35.0 61.20±28.2 0.005 
fT (ng/dL) 1.57±0.43 2.32±1.37 0.003 
DHEASO4 (nmol/L) 253.4±106.0 258.8±87.6 0.274 
17-OH progesteron 
(ng/dl) 0.88±0.22 1.08±0.30 0.008 

Vitamin B12 (pg/ml) 364.71±127.9 324.0±189.3 0.048 
25-OH-D (nmol/L) 12.50±6.26 10.53±6.96 0.046 
HbA1C 5.09±1.32 5.44±1.36 0.012 
Fasting glucose 
(mmol/L) 88.04±16.2 93.26±20.9 0.044 

Fasting insulin 
(µIU/Ml) 13.42±8.66 18.12±14.0 0.011 

HOMA-IR 3.09±2.73 4.52±4.37 0.006 
TC (mmol/L) 167.29±43.6 178.34±31.97 0.041 
LDL-C (mmol/L 92.48±29.59 99.28±26.3 0.035 
HDL-C (mmol/L) 57.22±12.37 53.69±12.1 0.034 
TG (mmol/L) 123.92±51.25 139.6±44.1 0.039 

FSH: follicle stimulating hormone; LH: luteinizing hormone; FT3: Free 
triiodothyronine; FT4: Free thyroxine; TT: total testosterone; freeT: 
bioavailable testosterone; DHEASO4: dehydroepiandrostenedionesulphate; 
25OHD: 25-hydroxyvitamin D; HOMA-IR: homeostatic model assessment of 
insulin resistance; TC: total cholesterol; LDL-C: low density lipoprotein 
cholesterol; HDL: high density lipoprotein cholesterol; TG: triglycerides; FAI: 
free androgen index; SHBG: sex hormone binding globulin; Results are 
expressed as median (range) or mean±SD according to distribution.  p < 0.05, 
significant difference between groups 

4. Discussion 
This retrospective, cross-sectional study investigated whether 
the serum hormone, lipid, and vitamin levels were different in 
healthy women and in women with PCOS in the Black Sea 
region. Today most clinicians only focus on infertility in 
women with PCOS, and underestimate the risk of metabolic 
syndrome and other long-term effects. PCOS is not only a 
gynecologic condition affecting women of reproductive age, 
but also a part of metabolic syndrome with a variety of 
associated metabolic changes such as vitamin deficiencies, 
insulin resistance and dyslipidemia. Dokras et al. (2005) 
showed that 11-fold increase in the prevalence of metabolic 
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syndrome in PCOS patients compared with age-matched 
controls. 

Chronic LH stimulation in PCOS reduces FSH receptor 
mRNA expression, which can induce the antral follicles to lose 
the FSH response (Orisaka et al., 2013). Decreased FSH 
reduces the expression of CYP19A1, which belongs to the 
cytochrome P450 family, by inactivating the cAMP-PKA-
CREB pathway, thus leading to arrested follicular development 
(Gu et al., 2018). In the preovulatory follicular wave, acute and 
elevated insulin can decrease the percentage of large follicles 
that are ovulated, which reduces ovulatory oocyte fertilization. 
The effect becomes more obvious when insulin is combined 
with increased LH (Cadagan et al., 2016). Besides, the effect 
of insulin on follicle development may involve the insulin-like 
growth factor (IGF) system. Hyperinsulinemia can reduce IGF-
binding proteins (IGFBP) synthesis to increase the free IGF-1 
content (Stanek et al., 2007), which is the direct target of miR-
323-3p (Wang et al., 2019). Decreased miRNA-323-3p can 
accelerate granulosa cell (GC) apoptosis via IGF-1 to inhibit 
folliculogenesis (Wang et al., 2019). Visceral adiposity a 
common occurrence in women with PCOS is strongly 
associated with insulin resistance and hyperlipidemia, both of 
which are harbingers of cardiovascular disease (Zheng and Li, 
2016). Similar to the literature, in our study, body weights were 
heavier, and insulin resistance was found in the PCOS group. 
Many studies reported an increased risk for cardiovascular 
diseases in women with PCOS; however, the reason for this 
increased cardiovascular risk has not been clarified yet. PCOS 
is a chronic inflammatory disease, and an excess of visceral fat 
plays an important role in cardiovascular disorders. The 
inflammatory components of visceral obesity also affect 
atherosclerosis development (Mathieu et al., 2008). In our 
study, HbA1C, fasting blood glucose levels, fasting insulin 
levels, and HOMA-IR were significantly higher in patients 
with PCOS than in corresponding groups of healthy controls as 
in the literature (Legro et al., 1999; Hoffman and Ehrman, 
2008). Insulin resistance and blunted carbohydrates oxidation 
were common features in all included women; thus, a common 
pathway of inappropriate energy oxidation, metabolic 
inflexibility, and response to insulin in women with PCOS is 
apparent (Rimmer et al., 2020). Insulin resistance is a risk 
factor for cardiovascular diseases, type II diabetes, 
hypertension, and dyslipidemia. Also, our results related to 
lipid profile in PCOS patients were compatible with the 
literature (Fulghesu et al., 2010).The most common lipid 
abnormalities among women with PCOS are elevated levels of 
triglycerides (TG), low-density lipoprotein cholesterol (LDL-
C), very-low-density lipoprotein cholesterol (VLDL-C), and 
low high-density lipoprotein cholesterol (HDL-C) levels(24) 
Similar to the literature, total-C, LDL-C, and TG levels were 
significantly higher in women with PCOS compared to control 
subjects in our study. Also, in our study, a low HDL-C level 
was found in the PCOS group. These lipid abnormalities are 
associated with insulin resistance and predict the development 

of CVD, such as myocardial infarction (MI) (Wild et al., 2011). 
Obesity increases the risks of insulin resistance and 
cardiovascular disease and impairs reproductive functions 
(Bou et al., 2019). Obesity is commonly characterized by 
systemic and tissue-specific adipogenesis with increased 
cholesterol levels and lipid accumulation, which lead to 
inflammation, oxidative stress, and dysfunction in the ovaries 
(Araujo et al., 2018). Although obesity is the most critical 
marker of metabolic dysfunction, excess androgen levels 
contribute to increased metabolic syndrome risk independent 
of obesity (Rossi et al., 2008). In this regard, many studies have 
been conducted to investigate the close relationship between 
PCOS and metabolic syndrome. The mechanisms by which 
obesity is associated with dyslipidemia in women with PCOS 
include insulin resistance, overproduction of VLDL, abnormal 
lipoprotein lipase-mediated lipolysis, and a defect in the 
insulin-signaling pathway mediated by overexpression of 
PI3KR1 gene (Diamanti-Kandarakis et al., 2007).Testosterone 
induces dyslipidemia in women with PCOS through androgen 
receptor-mediated insulin resistance and the upregulation of 
genes responsible for the catabolism of HDL (Diamanti-
Kandarakis et al., 2008). Clinical manifestations of MetS such 
as dyslipidemia develop from insulin resistance through 
increased secretion of non-esterified fatty acids and increased 
synthesis of TGs. In contrast, hypertension develops through 
endothelial damage and reduced nitric oxide bioavailability 
(Lim et al., 2019). Hypertension develops in women with 
PCOS from hyperaldosteronism via the activation of the renin-
angiotensin system (Cascella et al., 2006). One cross-sectional 
study in Brazil of 233 women with PCOS and 70 controls 
found a higher prevalence of hypertension among the PCOS 
group (Marchesan et al., 2019) as in our study. Additionally, 
insulin resistance-related compensatory hyperinsulinemia has 
been implicated in the occurrence of hypertension in women 
with PCOS through an imbalance in the autonomic nervous 
system, increased renal sodium reabsorption, as well as a 
reduction in the production of nitric oxide (Marchesan et al., 
2019). Although several studies have suggested that lower 
vitamin D levels are associated with an increased risk of insulin 
resistance and metabolic disturbance among women with 
PCOS the current findings are inconsistent (Van der Schueren 
et al., 2012). In our study, women with PCOS also had low 
vitamin D levels. The prevalence of Vitamin D deficiency 
(VDD) is 20%-48% among the general adult population, but a 
relatively higher prevalence of VDD is observed among 
women with PCOS, approximately 67%-85% of women with 
PCOS have VDD (Thompson et al., 2012). Several studies 
have confirmed an association between vitamin D status with 
cardiovascular diseases and diabetes-related outcomes 
(Camargo, 2011). Because vitamin D has anti-inflammatory 
effects, it is not surprising that it has beneficial effects on 
improving islet-cell functions, insulin release, and decreasing 
insulin resistance (Sung et al., 2012). PCOS presents 
alterations in metabolic pathways affected by Vitamin D, such 
as the insulin pathway, sex hormone production, and calcium 
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homeostasis (Li et al., 2011; Hassan et al., 2012). Patients with 
metabolic syndrome have low serum 25(OH)D levels, and 
restoration of serum 25(OH)D levels improves insulin 
resistance (Takiishi et al., 2012). One study in Tehran, 
however, did not find any difference in vitamin D levels in 
women with and without PCOS (Moini et al., 2015). In our 
study, serum vitamin B12 concentrations were significantly 
lower in PCOS women in comparison with control women as 
in the literature (Kaya et al., 2009). The low concentrations of 
vitamin B12 found in PCOS women with IR suggest the 
involvement of vitamin B12 in hyperinsulinemia, insulin 
resistance, and hyperhomocysteinemia. The importance of 
vitamin B12 in the remethylation of homocysteine to 
methionine is well recognized, and hyperhomocysteinemia is 
also a feature of vitamin B12 deficiency (Fonseca et al.,1999). 
The management of PCOS and metabolic syndrome includes 
lifestyle changes, especially for weight optimization, which 
has multiple clinical and personal benefits. Weight loss in 
overweight women could reduce the risk of suffering diabetes 
and death from cardiovascular causes by 28% (Feldman et al., 
2017) and 21% (Look AHEAD Research Group, 2016), 
respectively. The low number of patients and retrospective 
study design were among the limitations of our study. 

In this study, we found significant differences between 
patients with PCOS and control groups for hormone, lipid, and 
vitamin profiles. PCOS is an excess androgen disorder with 
different degrees of reproductive and metabolic dysfunctions. 
These effects are lifetime long, and lifestyle changes consisting 
of increased physical activity and caloric restriction can 
improve both metabolic and reproductive outcomes. As a 
result, effective diagnosis and treatment approaches are needed 
for protecting patients with PCOS from diabetes and 
cardiovascular diseases. 
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