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Abstract

Purpose We aimed to evaluate the alteration of cardio-

vascular and metabolic risk parameters of polycystic ovary

syndrome (PCOS) patients after a 6-month treatment with

an oral contraceptive (OC) containing cyproterone acetate

(CPA).

Methods Forty women with PCOS were evaluated at

baseline and after treatment with an OC. Carotid intima-

media thickness (CIMT), brachial artery flow-mediated

dilatation (FMD), nitrate-mediated dilatation (NMD), high

sensitive (hs)-CRP, lipid levels, index of glucose sensitiv-

ity, and homeostasis model assessment of insulin resistance

index (HOMA) were assessed.

Results Mean CIMT was significantly elevated (0.03 ±

0.01 mm) (p \ 0.05). There was a tendency of reduction in

FMD, which was significant among overweight patients

(p \ 0.05). Total cholesterol, low-density lipid (LDL), and

triglyceride levels were significantly elevated (p \ 0.05).

Conclusion CIMT as an indicator of early atherosclerosis

and FMD as a finding of endothelial dysfunction seem to

be deteriorated especially in overweight PCOS patients

who were prescribed to OC containing cyproterone acetate

for 6 months.

Keywords Polycystic ovary syndrome � Cardiovascular

risk � Oral contraceptives � Metabolic risk

Introduction

Polycystic ovary syndrome (PCOS) is the most common

endocrinopathy of reproductive age women with a preva-

lence of 6–8% [1]. It is characterized by hyperandroge-

nism, ovulatory dysfunction, and polycystic ovaries [2].

Obesity, hypertension, dyslipidemia, metabolic syndrome,

and impaired glucose tolerance may accompany this syn-

drome which could lead to cardiovascular disease. How-

ever, the exact cardiovascular risk has not been clearly

identified due to lack of long-term studies [3].

To date combined oral contraceptive pills (OCPs) have

been the first-line treatment for PCOS [4]. They induce

predictable cyclic menses, reduce luteinizing hormone

secretion, lower ovarian androgen production, increase sex

hormone binding globulin (SHBG), thus reduce free

androgens [5]. Estrogen component is almost always ethi-

nyl estradiol (EE) in doses ranging from 15 to 50 lg The

progestin component is of variable potency and androge-

nicity. Among the OCPs containing antiandrogenic prog-

estins, EE and cyproterone acetate (CPA) combination has

been widely used and cyproterone acetate is the most

potent antiandrogenic progesterone [4, 6]. The OCPs are

known to have effects on lipid and carbohydrate metabo-

lism [4]. Increased risk of stroke and myocardial infarction

among healthy OCP users was reported in a previous meta-

analysis [7]. Potential adverse cardiometabolic effects of

these drugs may be exaggerated with extra risk factors such
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as obesity, metabolic syndrome, and polycystic ovary

syndrome.

Various markers have been currently used for detection

of subclinical atherosclerosis in clinical studies such as

carotid intima-media thickness (CIMT), brachial artery

flow mediated dilatation (FMD) and high sensitive

C-reactive protein (hs-CRP) [8–10]. Women with PCOS

have been found to exhibit increased CIMT, impaired FMD

and elevated hs-CRP in some previous studies [10–14].

However, there is little evidence about the alteration rate of

these risk parameters during follow up which may help the

management of these patients.

Hence the aim of our study was to evaluate the car-

diovascular and metabolic risk parameters in PCOS

patients who were prescribed to an OCP (35 lg ethinyl

estradiol plus 2 mg cyproterone acetate) for 6 months.

Materials and methods

The study protocol was approved by local ethics committee

of Dokuz Eylul University and Turkish Ministry of Health.

All subjects gave written informed consent before the study

commencement. Study was conducted in Reproductive

Endocrinology Department of Dokuz Eylul University

Hospital (Turkey) between January 2009 and November

2009.

Patients

Inclusion criteria

All PCOS patients who presented to the reproductive

endocrinology outpatient clinic of Dokuz Eylul University

Hospital were informed about the study. For inclusion into

the study patients who accepted and were eligible for the

terms of the study, were screened and questioned. Forty-

four patients were eligible for the study and 40 of them

concluded the study. Diagnosis of PCOS was made in

the presence of at least two of the following criteria in

accordance with Rotterdam Concensus [15]: menstrual

irregularity (oligomenorrhea or amenorrhea), clinical or

biochemical hyperandrogenism and polycystic ovaries in

ultrasonographic evaluation. Hirsutism was defined as a

Ferriman–Gallwey score [ 8.

Exclusion criteria

Congenital adrenal hyperplasia, Cushing’s syndrome,

androgen-secreting tumors, hyperprolactinemia and thyroid

disease were excluded by biochemical testing. Also patients

with a history of known hypertension, hyperlipidemia or

diabetes were not included in the study. Smokers, regular

intense exercise performers, and patients who had received

hormone therapy in last 6 months were excluded from the

study.

Study design

All subjects were assessed at baseline during the early

follicular phase (cycle days 3–5) with a detailed history,

gynecologic examination and pelvic ultrasound, anthropo-

metric measurements and blood pressure levels. A fasting

blood sample was drawn for hormone, lipid, glucose and

hs-CRP levels. In addition, doppler measurement of CIMT,

FMD, and nitrate-mediated dilatation (NMD) were per-

formed. All of these parameters were evaluated at the

beginning and the end of the 6 months follow up.

All patients were prescribed a monophasic OCP con-

taining 35 lg EE plus 2 mg CPA (Diane 35; Schering AG,

Berlin, Germany) for 6 months. No changes in lifestyle

were implemented throughout the study.

Instrumentation

Systolic and diastolic blood pressure measurements were

performed by the same trained physician using a standard

mercury sphygmomanometer with an appropriate cuff size

in each patient. Anthropometric measurements which

included body weight, height, body mass index (BMI),

waist circumference, hip circumference and waist to hip

ratio (WHR) were assessed.

Measurement of endothelial function and carotid intima

media thickness

Sonographic examinations were performed in a semi-

darkened, isolated and temperature controlled room

(20–25�C). Images were obtained by high-resolution

Doppler sonography machine (HDI-5000; ATL, Bothell,

WA, USA) with a 5–12 MHz broadband linear-array

transducer. All of the sonographic examinations were

performed by the same examiner.

Intima-media thickness of carotid arteries

Longitudinal plane sonographic images of the both com-

mon carotid arteries (CCA) of each patient at approxi-

mately 1 cm proximal to the carotid bulb were obtained

and archived in the PACS system. Care was taken to keep

the frequency level and other imaging parameters (general

2D optimization, persistence, etc.) the same in each patient.

Archived images were retrospectively analyzed in a
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blinded fashion using computer software program (Q-LAB,

ATL-Philips, Bothell, WA, USA) in which IMT measure-

ments were semi-automatically made.

Flow-mediated dilatation of brachial artery

Each subject was studied for FMD in the morning hours

(8:00 a.m. to 09:00 a.m.) after being abstained from alco-

hol, caffeine, tobacco, vasoactive agents, and food for 12 h

before the examination. Subjects were in the supine posi-

tion with the arm outstretched. The brachial artery was

imaged over a longitudinal section approximately 5 cm

proximal to the brachial artery curve in the antecubital

fossa. After baseline measurements, a blood pressure cuff

was placed around the arm above the scanned part of the

artery and was inflated to 200 mmHg for 5 min. The blood

pressure cuff was then deflated, resulting in a reactive

hyperemia to cause an increase in shear stress and dilata-

tion of the brachial artery. After cuff deflation brachial

artery diameters at 30, 60, and 90 s were measured and

sonographic images were recorded. After 10 min of rest, a

single dose of sublingual isordile dinitrate of 5 mg was

administered and brachial artery diameter was measured

after 3 min in order to evaluate endothelium-independent

dilatation. Among 30, 60, and 90 s measurements, the

largest value of the brachial artery diameter was accepted

as the reference value for dilatation and FMD was

expressed as the percentage of change in brachial artery

diameter from baseline value. Likewise, nitrate-mediated

endothelium-independent dilatation was expressed as the

percentage change in brachial artery diameter 3 min after

sublingual nitrate administration, relative to baseline

values.

Assays

Total testosterone (TTE), dehydroepiandrostenedione-sul-

fate (DHEAS), insulin and SHBG were measured with

automated chemiluminescent immunoassays on the Immu-

lite 2500 (Siemens). The intra-assay coefficient of varia-

tions (CVs) were: TTE 3.39–3.43%, DHEAS 1.96–2.32%,

insulin 3.35–3.32%, SHBG 1.0–1.4%. The interassay CVs

were: TTE 6.82–7.16%, DHEAS 3.32–5.85%, insulin

5.6–4.5%, SHBG 3.2–2.8%. 17 OH-progesterone (17-OHP)

and free testosterone (FTE) concentrations were determined

by RIA [Diagnostic system Laboratories (DSL), Texas,

USA]. The intra-assay CVs were: 17-OHP 6.3–7.8%, FTE

3.7–5.2%. The interassay CVs were: 17-OHP 8.1–7.9%,

FTE 7.3–7.9%. Total cholesterol (TC), HDL, LDL, tri-

glyceride (TG), glucose, and hsCRP were determined with

immunoassay kits (Abbott Architect c16000).

Free androgen index (FAI) was calculated according to

the formula: TTE 9 100/SHBG. The presence of insulin

resistance was investigated using basal insulin levels,

glucose/insulin (G/I) ratio and homeostasis model assess-

ment (HOMA) score. The estimate of insulin resistance by

HOMA score was calculated with the formula: [fasting

serum insulin (lU/ml) 9 fasting plasma glucose (mmol/l)/

22.5].

Statistical analysis

Data are shown as means ± SD and raw numbers (per-

centages) unless otherwise stated. SPSS 17.0 software;

SPSS Inc, Chicago, IL was used for statistical analysis. A

p value \ 0.05 was considered as statistically significant.

Paired sample t test and Wilcoxon test were used before

and after treatment analysis. Pearson bivariate test was

used for correlation analysis.

Results

Forty women completed the study. Mean age of the

patients was 20.8 ± 4.0 years.

Baseline characteristics of patients and alteration

of metabolic parameters

Mean and p values of metabolic, clinical, and anthropo-

metric parameters of 40 patients before and after 6 months

are shown in Table 1. The difference of BMI or anthro-

pometric measures were not statistically significant

(p [ 0.05). Serum fasting glucose and insulin levels, glu-

cose/insulin ratio and HOMA were remained unchanged

(p [ 0.05). Mean TC levels were 169.20 ± 35.60 and

189.80 ± 36.10 mg/dL, LDL levels were 98.0 ± 27.80

and 109.30 ± 29.60 mg/dL, and mean TG levels were

94.90 ± 65.20 and 117.80 ± 51.30 mg/dL before and after

6 months, respectively (p \ 0.05). Whereas HDL remained

unchanged (p [ 0.05).

A significant improvement in testosterone and free

testosterone levels was observed (p \ 0.05). FAI and

Ferriman–Gallway score were also decreased significantly

(p \ 0.05). SHBG was increased (p \ 0.05) whereas,

DHEAS level remained unchanged (p [ 0.05). The

correlation of change in the androgenic parameters with

the cardiovascular ones was statistically insignificant

(p [ 0.05).

Alteration of cardiovascular parameters

Mean and p values of cardiovascular parameters in 40

patients before and after 6 months are shown in Table 2.

Difference in the systolic or diastolic blood pressure levels
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were not statistically significant (p [ 0.05). Also hs-CRP

levels did not change compared with baseline (p [ 0.05).

There was a reduction in FMD, however, it did not reach

statistical significance (p [ 0.05). Whereas the mean

CIMT values increased significantly after 6 months

(p \ 0.05). Progression rate was 0.02 ± 0.01 mm and

0.03 ± 0.01 mm for right and left CIMT, respectively.

There was not any significant correlation between CIMT,

FMD, NMD or any metabolic parameters (p [ 0.05).

After splitting the data according to BMI scores, 27

patients were normal weight (BMI \ 25) and 13 were

overweight (BMI [ 25). At baseline systolic blood pres-

sure and hsCRP levels were significantly higher among

overweight patients (p \ 0.05). Also HDL levels and G/I

were lower in the overweight group (p \ 0.05). Evaluation

of the splitted data revealed that, lipid profile parameters

were significantly deteriorated after 6 months among nor-

mal-weight patients (Table 3). On the contrary, only TG

levels among lipid parameters increased in overweight

patients (p \ 0.05). Although there was a reduction of

FMD in all patients, this reduction reached a statistical

significance in overweight group (p \ 0.05) (Table 3).

Discussion

PCOS increases the risk of cardiovascular diseases and

metabolic disorders [16, 17]. Concomitant disturbances

such as obesity, dyslipidemia, and insulin resistance create

a suspicion of the exact independent roles of these factors

in future cardiovascular events. In order to control addi-

tional cardiovascular risk factors, we excluded the patients

with such metabolic abnormalities except obesity in our

study.

Currently, OCPs are the first-line treatment modality in

PCOS due to their improving effects on menstrual irregu-

larity and hyperandrogenism. Hence we preferred to eval-

uate cardiovascular risk factors of PCOS patients under

treatment with OCP. In the literature, there are conflicting

reports about the cardiovascular effects of OCPs on PCOS

patients [18, 19]. Some of these reports support the bene-

ficial effects of OCPs on cardiovascular system in PCOS

patients [20, 21]. However, in a recent meta-analysis, it

was suggested that OCPs may have negative effects on

cardiovascular events in healthy individuals and these

effects may be aggravated in case patient and has an

increased cardiovascular risk factor such as PCOS [5, 7].

Endothelial dysfunction is recognized as an initial step

in the development of atherosclerosis and it can be detected

by reduced FMD [22]. PCOS was associated with impaired

FMD in some previous reports [12, 13, 23]. In our study,

there was a tendency of reduction in FMD, which was even

significant among overweight patients (p \ 0.05). This

result suggests that the reduction of FMD in PCOS patients

was a progressive event during the 6-month long follow up.

According to the findings in the literature, OCPs seem to

have neutral or negative effects on endothelial function

among healthy individuals [24, 25]. However, some studies

have reported controversial results. According to these

studies, OCPs have deteriorating, neutral and improving

effects on endothelial function among PCOS patients [18,

19, 21]. However, in the study of Mancini et al., hypoca-

loric diet was prescribed to the patients in addition to OCPs

and a significant weight reduction was observed after the

treatment. Therefore, it may be concluded that life style

implementation may hinder the negative effects of

Table 1 Comparison of metabolic, clinical, and anthropometric

parameters of all patients before and after the treatment

Parameter Baseline After treatment p

BMI (kg/m2) 24.06 ± 6.40 24.08 ± 6.40 [0.05

Waist circumference (cm) 77.0 ± 2.30 77.30 ± 2.70 [0.05

Hip circumference (cm) 100.80 ± 10.70 101.70 ± 11.70 [0.05

WHR 0.76 ± 0.070 0.75 ± 0.07 [0.05

Glucose/insulin ratio 18.58 ± 12.60 18.36 ± 13.60 [0.05

HOMA 2.08 ± 2.80 1.75 ± 1.40 [0.05

Total cholesterol (mg/dL) 169.20 ± 35.60 189.80 ± 36.10 <0.05

HDL (mg/dL) 52.50 ± 13.60 55.0 ± 17.30 [0.05

LDL (mg/dL) 98.0 ± 27.80 109.30 ± 29.60 <0.05

Triglyceride (mg/dL) 94.90 ± 65.20 117.80 ± 51.30 <0.05

Ferriman–Gallwey score 12.10 ± 2.50 10.50 ± 2.70 <0.05

Testosterone (ng/dL) 51.90 ± 29.0 36.0 ± 22.20 <0.05

F.testosterone (pg/mL) 3.30 ± 1.10 1.8 ± 0.80 <0.05

SHBG (nmol/L) 33.40 ± 15.70 148.50 ± 72.0 <0.05

FAI 9.83 ± 17.50 2.41 ± 5.90 <0.05

DHEAS (lg/dL) 232.30 ± 84.80 207.80 ± 100.0 [0.05

Data are presented as mean ± SD

BMI body mass index, WHR waist to hip ratio, HOMA homeostasis

model assessment, HDL high density lipid, LDL low density lipid

Table 2 Comparison of cardiovascular risk parameters of all patients

before and after the treatment

Parameter Baseline After treatment p

Central SBP (mmHg) 107.50 ± 10.50 106.20 ± 10.0 [0.05

hsCRP (mg/L) 3.31 ± 3.20 3.87 ± 2.90 [0.05

FMD (%) 18.50 ± 8.90 16.60 ± 7.70 [0.05

NMD (%) 29.90 ± 10.70 30.30 ± 10.90 [0.05

CIMT (mm) (right) 0.44 ± 0.03 0.46 ± 0.04 <0.05

CIMT (mm) (left) 0.44 ± 0.03 0.47 ± 0.04 <0.05

Data are presented as mean ± SD

SBP systolic blood pressure, hsCRP high sensitive C-reactive protein,

FMD flow mediated dilatation, NMD nitrate-mediated dilatation,

CIMT carotid intima media thickness
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treatment or natural progression of PCOS. In our study,

endothelial function seems to be deteriorated after the

6-month follow up. In addition, the significant alteration,

which was observed particularly in the overweight group,

supports the previous reports, which emphasize the inde-

pendent role of obesity in cardiovascular risk [26, 27].

CIMT is a validated sensitive and specific non-invasive

marker of the early preclinical phases of systemic athero-

sclerosis and an increased CIMT is an independent pre-

dictor of the occurrence of major cardiovascular events

later in life [8]. It has also been determined that women

with PCOS exhibit increased CIMT [11]. However, there is

limited data on the alteration rate of CIMT in PCOS

patients subjected to follow-up. Only in a recent study,

non-significant tendency toward a decrease in CIMT was

reported with EE/CPA treatment [20]. The remarkable

aspect of the study was that a diet and physical activity

were prescribed to all patients in addition to the ongoing

treatment. Contrary to that study, our results revealed that,

both right and left CIMTs were significantly increased after

6 months in both the normal weight and the overweight

groups. The significant change in CIMT might have

resulted from increased lipid since endothelial dysfunction

and increased IMT coexist with abnormal lipid profile [28].

Furthermore, in a recent study, a CIMT progression rate of

0.015 ± 0.024 mm per year was reported among healthy

young women [29]. However, in our study, the increment

in CIMT in our PCOS patients was 0.03 ± 0.01 mm at the

end of 6 months, which is four times higher than that in the

healthy young women of that study. The progression of

these cardiovascular risk parameters in a short period of

time indicates the importance of close follow-up in PCOS

patients. However, further studies are required to elucidate

the effect of life style implementation on CIMT in PCOS

patients.

In our study, except HDL, all lipid profile components

were elevated significantly in the normal-weight patients

while only TG levels were significantly elevated in the

overweight patients. Although HDL levels seem to be

elevated in normal-weight group, this increment did not

reach statistical significance. In the literature, the potential

impact of OCPs on lipid profile and the exact effect of

OCP-induced lipid changes on cardiovascular system

remain unclear. The estrogenic component of OCPs ele-

vates TG and HDL levels dose-dependently, whereas their

progestogenic effect on lipid levels depends on the pro-

gestin type [30]. However, there is not any direct evi-

dence about the progestogenic effect on lipid metabolism

since there is no study regarding the effect of progesto-

gen-only oral contraceptives on the lipid profile of women

with PCOS [31]. Different type of OCPs which include

drospirenone, desogestrel and norethindrone have also

been studied in women with PCOS regarding to their

effects on lipid profile [32–34]. Increased TG and TC

levels were mostly seen in these studies [32–34]. As to

the results of the studies, which used EE/CPA as OCP;

include the following: elevation of TC, TG, and LDL

levels [35] elevation of only TG levels [18] and no sig-

nificant alteration in lipid levels [36, 37]. The interesting

result of our study was the higher deterioration of lipid

profile in the normal-weight patients than in the over-

weight ones.

Table 3 Comparison of metabolic and cardiovascular parameters within normal and overweight patients before and after the treatment

Parameter Normal weight Overweight

Baseline After treatment p Baseline After treatment p

BMI (kg/m2) 20.99 ± 2.10 20.87 ± 2.44 [0.05 32.4 ± 5.45 32.6 ± 6.10 [0.05

Glucose/insulin ratio 21.61 ± 14.27 21.42 ± 14.60 [0.05 10.07 ± 5.28 10.21 ± 5.06 [0.05

HOMA 1.59 ± 1.54 1.50 ± 1.18 [0.05 3.16 ± 3.86 2.41 ± 1.89 [0.05

Total cholesterol (mg/dL) 174.85 ± 41.31 193.88 ± 40.42 <0.05 180.62 ± 33.50 179.11 ± 18.40 [0.05

HDL (mg/dL) 57.93 ± 13.02 60.00 ± 17.33 [0.05 43.69 ± 7.47 41.67 ± 8.39 [0.05

LDL (mg/dL) 99.73 ± 31.78 111.31 ± 33.05 <0.05 111.45 ± 23.81 104.16 ± 18.24 [0.05

Triglyceride (mg/dL) 88.89 ± 68.46 100.08 ± 36.38 <0.05 126.85 ± 42.37 165.11 ± 57.45 <0.05

hsCRP (mg/L) 1.81 ± 1.24 3.12 ± 2.66 [0.05 6.46 ± 4.62 5.69 ± 3.14 [0.05

FMD (%) 19.04 ± 9.57 16.84 ± 8.44 [0.05 18.21 ± 8.86 16.16 ± 5.83 <0.05

NMD (%) 32.97 ± 10.62 31.53 ± 11.93 [0.05 27.46 ± 11.77 26.16 ± 4.90 [0.05

CIMT (mm) (right) 0.43 ± 0.02 0.45 ± 0.04 <0.05 0.45 ± 0.03 0.48 ± 0.03 <0.05

CIMT (mm) (left) 0.43 ± 0.03 0.46 ± 0.04 <0.05 0.44 ± 0.03 0.47 ± 0.03 <0.05

Data are presented as mean ± SD

BMI body mass index, WHR waist to hip ratio, HOMA homeostasis model assessment, HDL high density lipid, LDL low density lipid, SBP
systolic blood pressure, hsCRP high sensitive C-reactive protein, FMD flow mediated dilatation, NMD nitrate-mediated dilatation, CIMT carotid

intima media thickness
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In previous studies, a CRP greater than 3 mg/L was

accepted to be correlated with CVD [10]. Furthermore,

OCPs and obesity were found to increase hs-CRP levels in

healthy populations and PCOS patients in some researches

[38–40]. In agreement with those reports, mean hCRP

levels were above 3 mg/L at the baseline evaluation, in our

study. Moreover, there was a tendency toward increment in

hCRP after 6 months. However, that increase did not reach

statistical significance.

Upon evaluation of baseline hormone values, all patients

exhibited hyperandrogenemia. At the end of the treatment,

the clinical and laboratory findings of our patients revealed

a significant decrease in hyperandrogenemia in both the

groups. In the current literature, most study results indicate

hyperandrogenemia as a main factor of cardiovascular

deterioration [12, 41, 42]. Furthermore, in a recent study,

amelioration of excess androgen was recommended for

cardiovascular prevention [43]. These findings suggest that

OCPs may improve cardiovascular status. However, con-

trary to these findings, a positive correlation between FAI

and FMD in overweight PCOS patients was also demon-

strated in a previous study [44]. They suggested a positive

cardioprotective effect of endogenous DHEAS in patients

with PCOS which indicates that, hyperandrogenism may

have a protective role against endothelial dysfunction. [44].

Similarly, the deterioration of cardiovascular risk parame-

ters in our PCOS patients was not prevented by ameliora-

tion of hyperandrogenemia. Additionally there was no

significant correlation between alteration rate of androgens

and CIMT. Hence the potential beneficial cardiovascular

effects of androgen amelioration might be influenced by

hyperlipidemia in OCP prescribed PCOS patients.

We also evaluated glucose metabolism. Insulin resis-

tance was not detected in our patients according to the

HOMA criteria defined by a previous study on PCOS

patients [45]. Hence insulin resistance was not a factor

contributing to cardiovascular risk in our study population.

Furthermore, we did not observe any deterioration in glu-

cose metabolism after 6 months, which supports some of

the previous reports [37, 46].

As a conclusion, CIMT, an indicator of early athero-

sclerosis, and FMD, a finding of endothelial dysfunction,

seem to be deteriorated after the 6-month follow-up of

PCOS patients who were prescribed to OCP containing

cyproterone acetate. As the study was conducted with only

one type of pill, it may not be concluded that the deterio-

ration is because of cyproterone acetate, therefore addi-

tional studies with different type of OCPs are also

necessary. In addition, the progression of these cardiovas-

cular risk parameters in a short period of time indicates the

importance of close follow-up in PCOS patients. These

findings revealed that OCPs may not be protective against

the progression of cardiovascular risk parameters. Thus,

some additional treatment modalities such as life style

implementation may be added to treatment especially in

overweight PCOS patients. Long-term studies with larger

populations are needed to confirm these findings.

Conflict of interest None of the authors has any conflict of interest,

financial or otherwise.

References

1. Azziz R, Woods KS, Reyna R, Key TJ, Knochenhauer ES, Yıldız
BO (2004) The prevalence and features of the polycystic ovary

syndrome in an unselected population. J Clin Endocrinol Metab

89:2745–2749

2. ACOG Practice Bulletin (2009) Clinical management guidelines

for obstetrician–gynecologists: polycystic ovary syndrome.

Obstet Gynecol 114:936–949

3. Mak W, Dokras A (2009) Polycystic ovarian syndrome and the

risk of cardiovascular disease and thrombosis. Semin Thromb

Hemost 35(7):613–620

4. Vrbikova J, Cibula D (2005) Combined oral contraceptives in the

treatment of polycystic ovary syndrome. Hum Reprod Update

11:277–291

5. Nader S, Diamanti-Kandarakis E (2007) Polycystic ovary syn-

drome, oral contraceptives and metabolic issues: new perspec-

tives and a unifying hypothesis. Hum Reprod 22:317–322

6. Yildiz BO (2008) Oral contaceptives in polycystic ovary syn-

drome: risk-benefit assesment. Semin Reprod Med 26:111–120

7. Baillargeon JP, McClish DK, Essah PA, Nestler JE (2005)

Association between the current use of low-dose oral contra-

ceptives and cadiovascular arterial disease: a meta-analysis.

J Clin Endocrinol Metab 90:3863–3870

8. Lorenz MW, Markus HS, Bots ML, Rosvall M, Sitzer M (2007)

Prediction of clinical cardiovascular events with carotid intima-

media thickness: a systematic review and meta-analysis. Circu-

lation 115:459–467

9. Juonala M, Viikari J, Laitinen T, Marniemi J, Helenius H,

Ronnemaa T, Raitakari OT (2004) Interrelations between bra-

chial endothelial function and carotid intima-media thickness in

young adults. Circulation 110:2918–2923

10. Boulman N, Levy Y, Leiba R, Shachar S, Linn R, Zinder O,

Blumenfeld Z (2004) Increased C-reactive protein levels in the

polycystic ovary syndrome: a marker of cardiovascular disease.

J Clin Endocrinol Metab 89:2160–2165

11. Lakhani K, Hardiman P, Seifalian AM (2004) Intima-media

thickness of elastic and muscular arteries of young women with

polycystic ovaries. Atherosclerosis 175:353–359

12. Orio F, Palomba S, Cascella T, Simone BD, Biase SD, Russo T,

Labella D, Zullo F, Lombardi G, Colao A (2004) Early impair-

ment of endothelial structure and function in young normal-

weight women with polycystic ovary syndrome. J Clin Endocrinol

Metab 89:4588–4593

13. Carmina E, Orio F, Palombo S, Longo R, Cascella T, Lombardi

G, Rini GB, Lobo RA (2006) Endothelial dysfunction in PCOS:

role of obesity and adipose hormones. Am J Med 119:356.e

1–356.e 6

14. Kelly CC, Lyall H, Petrie JR, Gould GW, Connell JM, Sattar N

(2001) Low grade chronic inflammation in women with poly-

cystic ovarian syndrome. J Clin Endocrinol Metab 86:2453–2455

15. Rotterdam ESHRE/ASRM-sponsored PCOS Concensus Work-

shop Group (2004) Revised 2003 concensus on diagnostic criteria

and long-term health risks related to polycystic ovary syndrome.

Fertil Steril 81:19–25

928 Arch Gynecol Obstet (2011) 284:923–929

123



16. Legro RS, Kunselman AR, Dodson WC, Dunaif A (1999) Prev-

alance and predictors of risk for type 2 diabetes mellitus and

impaired glucose tolerance in polycystic ovary syndrome: a

prospective, controlled study in 254 affected women. J Clin

Endocrinol Metab 84:165–169

17. Birdsall MA, Farquhar CM, White HD (1997) Association

between polycystic ovaries and extent of coronary artery disease

in women having cardiac catherization. Ann Intern Med

126:32–35

18. Meyer C, McGrath BP, Teede HJ (2007) Effects of medical

therapy on insulin resistance and the cardiovascular system in

polycystic ovary syndrome. Diabetes Care 30:471–478

19. Battaglia C, Mancini F, Fabbri R, Persico N, Busacchi P,

Facchinetti F, Venturoli S (2010) Polycystic ovary syndrome and

cardiovascular risk in young patients treated with drosperinone–

ethinylestradiol or contraceptive vaginal ring. A prospective,

randomized, pilot study. Fertil Steril 94(4):1417–1425

20. Luque-Ramirez ML, Mendieta-Azcona C, Alverez-Blasco F,

Escobar-Morreale HF (2009) Effects of metformin versus ethi-

nyl-estradiol plus cyproterone acetate on ambulatory blood

pressure monitoring and carotid intima media thickness in women

with the polycystic ovary syndrome. Fertil Steril 91:2527–2536

21. Mancini F, Cianciosi A, Persico N, Facchinetti F, Busacchi P,

Battaglia C (2010) Drospirenone and cardiovascular risk in lean

and obese polycystic ovary syndrome patients: a pilot study. Am

J Obstet Gynecol 202(2):169.e1–169.e8

22. Buchner NJ, Rump LC (2003) Oral contraceptives and endothe-

lial function: harm or benefit? J Hypertens 21:2227–2230

23. Tarkun I, Arslan BC, Canturk Z, Turemen E, Sahin T, Duman C

(2004) Endothelial dysfunction in young women with polycystic

ovary syndrome: relationship with insulin resistance and low-grade

chronic inflammation. J Clin Endocrinol Metab 89:5592–5596

24. Virdis A, Pinto S, Versari D, Salvetti G, Bernini G, Fruzetti F,

Genazzani AR, Taddei S, Salvetti A (2003) Effect of oral con-

traceptives on endothelial function in the peripheral microcircu-

lation of healthy women. J Hypertens 21:2275–2280

25. Lizarelli PM, Martins WP, Vieira CS, Soares GM, Franceschini

SA, Ferriani RA, Patta MC (2009) Both a combined oral con-

traceptive and depot medroxyprogesterone acetate impair endo-

thelial function in young women. Contraception 79:35–40

26. Vural B, Calıskan E, Turkoz E, Kilic T, Demirci A (2005)

Evaluation of metabolic syndrome frequency and premature

carotid atherosclerosis in young women with polycystic ovary

syndrome. Hum Reprod 20:2409–2413

27. Mancini F, Cianciosi A, Reggiani GM, Facchinetti F, Battaglia C,

Aloysio D (2009) Endothelial function and its relation to leptin,

homocysteine, and insulin resistance in normalweight and over-

weight eumenorrheic women and PCOS patients: a pilot study.

Fertil Steril 91:2537–2544

28. Karasek D, Vaverkova H, Halenka M, Budikova M, Novoty D

(2006) Brachial endothelial function in subjects with familial

combined hyperlipidemiaand its relationships to carotid artery

intima-media thickness. Int Angiol 25:418–426

29. Johnson HM, Douglas PS, Srinivasan SR, Bond MG, Tang R, Li

S, Chen W, Berenson GS, Stein JH (2007) Predictors of carotid

intima media thickness progression in young adults: the Bogalusa

Heart Study. Stroke 38:900–905

30. Diamanti-Kandarakis E, Kandarki E, Christakou C, Panidis D

(2009) The effect of pharmaceutical intervention on lipid profile

in polycystic ovary syndrome. Obes Rev 10:431–441

31. Soares GM, Vieira CS, Martin W, Dos Reis RM, de Sa MF,

Ferriani RA (2009) Metabolic and cardiovascular impact of oral

contraceptives in polycystic ovary syndrome. Int J Clin Pract

63:160–169

32. Culberg G, Hamberger L, Mattsson LA, Mobacken H, Samsioe G

(1985) Lipid metabolic studies studies in women with a poly-

cystic ovary syndrome during treatment with a low dose desog-

estrel–ethinyl estradiol combination. Acta Obstet Gynecol Scand

64:203–207

33. Korytkowski MT, Mokan M, Horwitz MJ, Sl Berga (1995)

Metabolic effects of oral contraceptives in women with poly-

cystic ovary syndrome. J Clin Endocrinol Metab 80:3327–3334

34. Guido M, Romualdi D, Giuliani M, Suriano R, Selvaggi L, Apa

R, Lanzone A (2004) Drosperinone for the treatment hirsute

women with polycystic ovary syndrome: a clinical, endocrino-

logical, metabolic pilot study. J Clin Endocrinol Metab 89:

2817–2823

35. Prelevic GM, Würzburger MI, Trpkovic D, Balint-Peric L (1990)

Effects of a low dose estrogen–anti-androgen combination

(Diana-35) on lipid and carbohydrate metabolism in patients with

polycystic ovary syndrome. Gynecol Endocrinol 4:157–168

36. Luque-Ramirez M, Alvarez-Blasco F, Botella-Carretero JI,

Martinez–Bermejo E, Lasuncion MA, Escobar-Morreale HF

(2007) Comparison of ethinyl-estradiol plus cyproterone acetate

versus metformin effects on classic metabolic cardiovascular risk

factors in women with the polycystic ovary syndrome. J Clin

Endocrinol Metab 92:2453–2461

37. Elter K, Imir G, Durmusoglu F (2002) Clinical, endocrine and

metabolic effects of metformin added to ethinyl estradiol-cypro-

terone acetate in non-obese women with polycystic ovarian syn-

drome: a randomized controlled study. Hum Reprod 17:1729–1737

38. Cauci S, Santolo MD, Culhane JF, Stel G, Gonano F, Guaschino

S (2008) Effects of third-generation oral contraceptives on high-

sensitivity C-reactive protein and homocysteine in young women.

Obstet Gynecol 111:857–864

39. Hoeger K, Davidson K, Kochman L, Cherry T, Kopin L, Guzick

DS (2008) The impact of metformin, oral contraceptives, and

lifestyle modification on polycystic ovary syndrome in obese

adolescent women in two randomized, placebo-controlled clinical

trials. J Clin Endocrinol Metab 93:4299–4306

40. Buchbinder S, Kratzsch J, Fiedler GM, Yar V, Brügel M, Leichtle
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