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Abstract
Background: The increased incidence of cardiovascular disease in women with polycystic ovary syndrome (PCOS) has prompted re-
searchers to look for indicators of early atherosclerotic changes in these patients. One of the earliest stages of atherogenesis is endothelial 
cell dysfunction. The aim of this study was to assess the levels of selected plasma markers of endothelial injury [E-selectin, endothelin-1 
(ET-1) and von Willebrand Factor antigen (vWF:Ag)] in PCOS women before and after six months of treatment. 
Material and methods: 32 patients with PCOS aged 18–36 years (mean age 25.16 ± 5.80) were included in the study. The control group 
consisted of 20 healthy women matched for age and body mass. 
The levels of ET-1, vWF:Ag, E-selectin, fasting glucose, insulin, total cholesterol, HDL and LDL-cholesterol and triglycerides were assessed. 
In the PCOS group, all these tests were repeated after six months of treatment. 
Results: The study showed higher levels of vWF:Ag (p = 0.043), E selectin (p = 0.028), insulin (p = 0.044), glucose (p = 0.036) and LDL 
(p = 0.006) in PCOS patients versus healthy women. A positive correlation was demonstrated between E selectin and glucose (p = 0.0001), 
triglycerides (p = 0.014) and uric acid (p = 0.008). vWF:Ag levels showed a positive correlation with glucose (p = 0.04) and triglycerides 
(p = 0.036). A positive correlation was also found between ET-1 and total cholesterol levels (p = 0.012) in PCOS women. After treatment, 
there was a significant reduction in E-selectin levels from baseline (p = 0.002) and an increase in the levels of HDL (p = 0.0002) and tri-
glycerides (p = 0.033). 
Conclusions: Elevated levels of vWF:Ag and E selectin in PCOS women suggest endothelial dysfunction in this group of patients. Glucose 
and triglyceride are significant factors affecting endothelial function in PCOS. (Pol J Endocrinol 2011; 62 (3): 243–248)
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Streszczenie
Wstęp. Zwiększona zapadalność na choroby układu sercowo-naczyniowego obserwowana u kobiet z zespołem policystycznych jajników 
(PCOS) skłania badaczy do poszukiwania wskaźników wczesnych zmian miażdżycowych u tych chorych. Jednym z najwcześniejszych 
etapów procesu aterogenezy jest dysfunkcja komórek endotelium. 
Celem pracy była ocena stężenia wybranych osoczowych markerów uszkodzenia śródbłonka [rozpuszczalna forma selektyny E, endotelina 1 
(ET-1) oraz czynnik von Willebranda (vWF:Ag)] u kobiet z zespołem policystycznych jajników przed i po 6-miesięcznej terapii hormonalnej. 
Materiał i metody: Badanie przeprowadzono u 32 chorych z PCOS w wieku 18–36 lat (średnia wieku 25,16 ± 5,8). Grupę kontrolną 
stanowiło 20 zdrowych kobiet, odpowiednio dobranych pod względem wieku i masy ciała. U wszystkich badanych oznaczono stężenie 
endoteliny 1, czynnika von Willebrada i rozpuszczalnej formy selektyny E w osoczu oraz dokonano oceny gospodarki węglowodanowej 
(glikemia na czczo, stężenie insuliny) i lipidowej (cholesterol całkowity, cholesterol frakcji HDL, LDL, triglicerydy). W grupie chorych 
z PCOS badania te powtórzono po 6 miesiącach leczenia. 
Wyniki: Stwierdzono znamiennie wyższe stężenie vWF:Ag (p = 0,043), selektyny E (p = 0,028), insuliny (p = 0,044), glukozy na czczo 
(p = 0,036) i cholesterolu frakcji LDL (p = 0,006) u kobiet z PCOS w porównaniu ze zdrowymi. Wykazano dodatnią korelację pomiędzy 
stężeniem selektyny E i stężeniem glukozy (p = 0,0001), triglicerydów (p = 0,014) i kwasu moczowego (p = 0,008) u chorych z PCOS. 
Stwierdzono także dodatnią korelację pomiędzy stężeniem vWF:Ag a stężeniem glukozy (p = 0,04) i triglicerydów (p = 0,036). Stężenie 
ET-1 dodatnio korelowało ze stężeniem cholesterolu całkowitego (p = 0,012) w grupie kobiet z PCOS. Po 6 miesiącach terapii hormonal-
nej średnie stężenie selektyny E było znamiennie niższe w porównaniu z okresem przed leczeniem (p = 0,002), zaobserwowano także 
zmiany w profilu lipidowym polegające na istotnym wzroście stężenia cholesterolu frakcji HDL (p = 0,0002) i triglicerydów (p = 0,033). 
Wnioski: Podwyższone stężenie czynnika von Willebranda oraz selektyny E u kobiet z zespołem policystycznych jajników wskazuje 
na zaburzoną czynność śródbłonka w tej grupie chorych. Istotnymi czynnikami wpływającymi na funkcjonowanie enodtelium u kobiet 
z PCOS są glikemia i triglicerydemia. (Endokrynol Pol 2011; 62 (3): 243–248)
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Introduction

The increased incidence of cardiovascular disease in 
women with polycystic ovary syndrome (PCOS) has 
prompted researchers to look for indicators of early 
atherosclerotic changes in these patients [1, 2]. One of the 
earliest stages of atherogenesis is endothelial cell dysfunc-
tion. Factors predisposing for endothelial injury include: 
hyperinsulinaemia, insulin resistance and dyslipidaemia, 
which often accompany PCOS. Androgen excess is an ad-
ditional, independent factor that promotes atheroscle-
rosis in this group of patients [3]. Injured endothelium 
is a source of excessive secretion of numerous adhesion 
molecules, cytokines and immunoglobulins responsible 
for initiation and progression of the atherosclerotic proc-
ess [4]. Therefore there have been attempts to employ 
plasma markers of endothelial injury for early diagnosis 
of atherogenesis and for predicting the risk of late vas-
cular complications [5, 6]. Endothelial cell dysfunction 
and the resulting adhesion and migration of leukocytes 
into the vascular wall are some of the earliest stages of 
atherogenesis. Interactions of vascular endothelial cells 
with activated leukocytes lead to abnormal vasodilation, 
increased permeability of the vascular wall and activa-
tion of the coagulation system. E-selectin is an adhesion 
molecule responsible for the binding of leukocytes to 
endothelial cells, and is therefore a recognised early 
marker of atherogenesis [7]. The soluble form is released 
to the circulation by endothelial cells that are activated 
by various pathogenetic factors. Endothelin-1 (ET-1) is 
an endothelium-derived contracting factor (EDCF) char-
acterised by pressor and mitogen activities [8]. A recog-
nised marker of functional or structural endothelial injury 
is plasma von Willebrand Factor (vWF), which acts as 
an adhesion molecule that facilitates platelet aggregation 
and adhesion to endothelial cells [9, 10].

Aim

The aims of the study were:
—	 to assess the levels of selected plasma markers of 

endothelial injury [soluble E-selectin, endothelin-1 
and von Willebrand Factor antigen (vWF:Ag)] in 
young women with polycystic ovary syndrome 
before and after six months of treatment;

—	 to assess the correlation between plasma levels of 
endothelial dysfunction markers and the levels of 
the pituitary-ovarian axis hormones and the meta-
bolic status markers.

Material and methods

A total of 32 patients with PCOS aged 18–36 years (mean 
age 25.16 ± 5.80) were included in the study. The control 

group consisted of 20 healthy women matched for age 
and body mass. Some exclusion criteria were: smoking, 
obesity, diabetes mellitus, infection, immune system 
disorders, cardiovascular disease and hormonal contra-
ception for the past six months. Fasting blood samples 
were drawn between 8.00 and 9.00 in the morning from 
the ulnar vein at the beginning of the follicular phase 
(second or third day of the menstrual cycle).

All the patients underwent determination of the lev-
els of pituitary-ovary axis hormones [follicle-stimulating 
hormone (FSH), luteinising hormone (LH), estradiol 
(E2)] and androgens (free testosterone and androsten-
edione), an assessment of carbohydrate metabolism 
(fasting glucose, oral glucose tolerance test, insulin) and 
of lipid metabolism (total cholesterol, HDL-cholesterol, 
LDL-cholesterol, triglycerides) and determination of 
plasma levels of ET-1, vWF:Ag and soluble E-selectin. 
In the PCOS group, all these tests were repeated after 
six months of treatment (contraceptive oral pills).

Plasma markers of endothelial dysfunction were 
tested via enzyme-linked immunosorbent assay (ELI-
SA): vWF:Ag was determined using the von Willebrand 
Factor Antigen assay from Helena Biosciences Europe 
(UK); E-selectin was determined using the Human 
sE-Selectin assay from R&D  Systems; and ET-1 was 
determined using the Human Endothelin-1 assay from 
R&D Systems.

Statistical analysis
The study variables were compared with the t-Student 
test and the correlation was assessed using the Pearson 
method. p values of < 0.05 were considered statistically 
significant.

Results

The study showed significantly higher levels of vWF:Ag 
(p = 0.043) and soluble E-selectin (p = 0.028) in PCOS 
patients versus healthy women. ET-1 levels did not 
differ significantly between the study groups. PCOS 
patients showed significantly higher levels of insulin 
(p = 0.044), fasting glucose (p = 0.036) and LDL-cho-
lesterol (p = 0.006) than controls (Table I).

A positive correlation was demonstrated between 
soluble E‑selectin levels in PCOS patients and the levels 
of: glucose (p = 0.0001), triglycerides (p = 0.014) and 
uric acid (p = 0.008) (Figures 1–3). A positive correlation 
was also found between the serum levels of vWF:Ag and 
those of glucose (p = 0.04) and triglycerides (p = 0.036) 
in PCOS patients. ET-1 levels showed a positive correla-
tion with total cholesterol in PCOS patients (p = 0.012).

There was a significant reduction in mean soluble 
E-selectin levels in PCOS women after six months of 
treatment (p = 0.002). Changes in the lipid profile were 
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also observed and consisted of significant increases in the 
levels of HDL-cholesterol (p = 0.0002) and triglycerides 
(p = 0.033) (Table II). There were no significant differences 
in post-treatment soluble E-selectin levels between PCOS 
patients and controls. PCOS patients after hormone treat-
ment showed significantly higher levels of insulin, total 
cholesterol, HDL-cholesterol and triglycerides compared 
to healthy controls (Table III). The positive correlation 
between the levels of soluble E-selectin and those of 

glucose, triglycerides and uric acid in PCOS patients was 
maintained after six months of treatment.

Discussion

Polycystic ovary syndrome (PCOS) is en endocrine 
disorder affecting 5–10% of females of reproductive 

Table I. Comparison of test results assessing endothelial function, hormonal and metabolic status in patients with PCOS 
before treatment and controls

Tabela I. Porównanie wyników badań oceniających czynność śródbłonka, stan hormonalny i metaboliczny u chorych z PCOS 
przed leczeniem i w grupie kontrolnej 

PCOS before treatment 
(mean ± SD)

Control 
(mean ± SD) p value

Soluble E-selectin [ng/ml] 37.52 ± 16.7 28.49 ± 7.08 0.028492

von Willebrand Factor antigen (%) 145.7 ± 38.5 132.0 ± 29.7 0.043328

Endothelin-1 [pg/ml] 11.77 ± 3.27 9.83 ± 2.91 0.343744

Insulin [μU/l] 7.37 ± 6.46 4.15 ± 3.15 0.044291

Free testosterone [pg/ml] 4.99 ± 2.64 1.44 ± 0.73 0.000001

Androstenedione [ng/ml] 5.70 ± 1.96 2.44 ± 0.85 0.000001

Follicle-stimulating hormone [mIU/ml] 5.19 ± 1.27 6.93 ± 2.98 0.005970

Luteinising hormone [mIU/ml] 6.19 ± 4.1 4.94 ± 2.03 0.212889

Fasting glucose [mg/dl] 94.52 ± 36.32 76.89 ± 5.15 0.036683

Cholesterol [mmol/l] 4.49 ± 1.05 4.54 ± 0.67 0.834976

HDL-cholesterol [mmol/l] 1.49 ± 0.39 1.50 ± 0.36 0.914510

LDL-cholesterol [mmol/l] 18.42 ± 3.67 2.80 ± 0.25 0.006494

Triglycerides [mmol/l] 1.18 ± -0.89 0.80 ± 0.24 0.066065

Uric acid [µmol/l] 280 ± 96.2 232.54 ± 54.74 0.052591

Figure 1. Correlations between the levels of soluble E-selectin 
and glucose in women with PCOS before treatment
Rycina 1. Korelacja pomiędzy stężeniem selektyny E  
i stężeniem glukozy u kobiet z PCOS przed leczeniem

Figure 2. Correlations between blood levels of soluble 
E-selectin and triglycerides in women with PCOS before 
treatment
Rycina 2. Korelacje pomiędzy stężeniem selektyny E  
i stężeniem triglicerydów we krwi u kobiet z PCOS przed 
leczeniem



Selected markers of endothelial dysfunction	 Wanda Foltyn et al.

246

PR
A

C
E 

O
R

Y
G

IN
A

LN
E

age [11]. Epidemiological studies have shown that the 
incidence of cardiovascular disease in PCOS patients 
exceeds that in women with normal ovarian function, 
and that the risk of myocardial infarction is seven-fold 
higher [12, 13]. Metabolic complications, such as hy-
perinsulinaemia, insulin resistance and dyslipidaemia, 
which develop in the course of PCOS, are recognised 

risk factors for atherosclerosis. Androgen excess is an ad-
ditional, independent factor that promotes atherogen-
esis. Proinflammatory factors seem to play an important 
role in this process [14]. In women with androgen excess, 
genetic abnormalities have been shown in the form of 
polymorphism of the genes encoding inflammatory 
mediators, which may be included in the process of 
atherogenesis [15, 16]. However, the association be-
tween androgen excess and inflammation leading to 
endothelial injury remains unclear.

According to many authors, lipid abnormalities 
seen in PCOS patients put them at a particular risk of 
atherosclerosis [17, 18]. The profile of these abnormali-
ties is very similar to those seen in metabolic syndrome 
[19]. Some authors even consider PCOS to be an early 
variant of this syndrome [20–22]. In our study, the lipid 
profile in PCOS patients and controls was similar, the 
only difference being the significantly higher level 
of the atherogenic LDL-cholesterol in PCOS patients 
before treatment compared to healthy women. As 
regards carbohydrate metabolism, PCOS patients had 
significantly higher mean levels of glucose and insulin 
compared to controls. Hence, in the group of women 
with PCOS, the presence of at least three metabolic 
status parameters affecting atherogenesis has been 
demonstrated.

Atherosclerosis is a complex disorder characterised 
by dyslipidaemia, inflammation and a propensity for 

Figure 3. Correlations between blood levels of soluble 
E-selectin and uric acid in women with PCOS before treatment
Rycina 3. Korelacja pomiędzy stężeniem selektyny E  
i stężeniem kwasu moczowego we krwi u kobiet z POCS 
przed leczeniem

Table II. Comparison of test results assessing endothelial function, hormonal and metabolic status in patients with PCOS 
before and after treatment

Tabela II. Porównanie wyników badań oceniających czynność śródbłonka, stan hormonalny i metaboliczny u kobiet z PCOS 
przed i po leczeniu

PCOS  women  
before treatment 

(mean ± SD)

PCOS  women  
after treatment 
(mean ± SD)

p value

Soluble E-selectin [ng/ml] 37.52 ± 16.7 25.56 ± 13.49 0.002947

von Willebrand Factor antigen (%) 145.7 ± 38.5 140.5 ± 33.45 0.09721

Endothelin-1 [pg/ml] 11.77 ± 3.37 12.57 ± 3.67 0.571478

Insulin [μU/l] 7.37 ± 6.46 6.85 ± 5.0 0.728807

Free testosterone [pg/ml] 4.99 ± 2.64 1.17 ± 0.9 0.000001

Androstenedione [ng/ml] 5.70 ± 1.96 3.61 ± 1.3 0.000023

Follicle-stimulating hormone [mIU/ml] 5.19 ± 1.27 5.08 ± 2.9 0.850277

Luteinising hormone [mIU/ml] 6.19 ± 4.1 2.97 ± 1.5 0.000971

Fasting glucose [mg/dl] 94.52 ± 36.32 84.65 ± 33.06 0.291537

Cholesterol [mmol/l] 4.49 ± 1.05 5.40 ± 0.91 0.001003

HDL-cholesterol [mmol/l] 1.49 ± 0.39 1.90 ± 0.35 0.000218

LDL-cholesterol [mmol/l] 18.42 ± 3.67 2.92 ± 1.06 0.060478

Triglycerides [mmol/l] 1.18 ± -0.89 2.18 ± 1.2 0.033417

Uric acid [µmol/l] 280 ± 96.2 268.12 ± 83.27 0.629279
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results have been obtained by other authors [29, 30]. The 
levels of soluble E-selectin, vWF:Ag and ET‑1 in women 
with PCOS post-treatment did not differ from the levels 
of these markers in the control group. However, com-
pared to controls, PCOS patients had persistently and 
significantly higher levels of insulin and significantly 
higher levels of total cholesterol, HDL-cholesterol and 
triglycerides. The positive correlation between the 
level of soluble E-selectin and the levels of glucose, 
triglycerides and uric acid was maintained. The results 
confirm the importance of metabolic status in modifying 
endothelial function in women with PCOS.

Determining the actual contribution of androgen 
excess to the elevated cardiovascular risk in women 
with PCOS is not easy, as the manifestations of coronary 
artery disease rarely develop before the menopause [31]. 
Retrospective studies suggest a higher prevalence of 
coronary artery occlusion and cerebrovascular events in 
patients with a history of PCOS [32, 33]. Considering the 
young age of patients with PCOS and the long duration 
of the disease, detection of early vascular changes in this 
group of patients is of particular practical significance.

Conclusions

Elevated levels of vWF:Ag and soluble E‑selectin in 
young women with PCOS suggest endothelial dysfunc-
tion in this group of patients.

Table III. Comparison of test results assessing endothelial function, hormonal and metabolic status in patients with PCOS 
after treatment and controls

Tabela III. Porównanie wyników badań oceniających stan hormonalny i metaboliczny u chorych z PCOS po leczeniu i w grupie 
kontrolnej 

PCOS women  
after treatment 
(mean ± SD)

Controls 
(mean ± SD) p value

Soluble E‑selectin [ng/ml] 25.56 ± 13.49 28.49 ± 7.08 0.384045

von Willebrand Factor antigen (%) 139.5 ± 33.45 132.0 ± 29.7 0.11573

Endothelin‑1 [pg/ml] 12.57 ± 3.67 9.83 ± 2.91 0.139570

Insulin [μU/l] 6.85 ± 5.0 4.15 ± 3.15 0.037240

Free testosterone [pg/ml] 1.17 ± 0.9 1.44 ± 0.73 0.287389

Androstenedione [ng/ml] 3.61 ± 1.3 2.44 ± 0.85 0.001162

Follicle-stimulating hormone [mIU/ml] 5.08 ± 2.9 6.93 ± 2.98 0.040228

Luteinising hormone [mIU/ml] 2.97 ± 1.5 4.94 ± 2.03 0.006576

Fasting glucose [mg/dl] 84.65 ± 33.06 76.89 ± 5.15 0.305869

Cholesterol [mmol/l] 5.40 ± 0.91 4.54 ± 0.67 0.000986

HDL-cholesterol [mmol/l] 1.90 ± 0.35 1.50 ± 0.36 0.000604

LDL-cholesterol [mmol/l] 2.92 ± 1.06 2.80 ± 0.25 0.665386

Triglycerides [mmol/l] 2.18 ± 1.2 0.80 ± 0.24 0.008513

Uric acid [µmol/l] 268.12 ± 83.27 232.54 ± 54.74 0.112738

thrombosis [23]. The initiation and progression of 
atherosclerotic processes are associated with vascular 
endothelial dysfunction and the activation of adhesion 
molecules [24, 25]. Vascular endothelial dysfunction 
may be an early marker of cardiovascular disease and 
predict coronary artery disease even before athero-
matous changes develop in the arteries. Endothelial 
dysfunction in our patients with PCOS is evidenced 
by the significantly higher levels of soluble E-selectin 
and vWF:Ag compared to healthy women. Other au-
thors have obtained similar results [26]. The positive 
correlation between the level of soluble E-selectin and 
the levels of glucose, triglycerides and uric acid and be-
tween the level of vWF:Ag and the levels of glucose and 
triglycerides suggests an association between metabolic 
status and endothelial function in women with PCOS.

In contrast to other authors, we found no significant 
difference in ET-1 levels between PCOS patients and 
healthy individuals [27, 28]. On the other hand, a posi-
tive correlation was observed between ET-1 level and 
cholesterol level in PCOS patients.

The six months of hormone therapy resulted in a sig-
nificant reduction of soluble E‑selectin levels. Hormone 
treatment did not affect the levels of the other markers 
of endothelial injury or the levels of glucose and insulin. 
A significant increase in HDL‑cholesterol and triglyc-
eride levels was, however, observed, which is probably 
related to the side effects of the contraceptives. Similar 
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Glucose and triglyceride levels are significant factors 
affecting endothelial function in PCOS.

References
1.	 Bickerton ST, Clark N, Meeking D et al. Cardiovascular risk in women 

with polycystic ovarian syndrome (PCOS). J Clin Pathol 2005; 58: 151–154.
2.	 Dokras A. Cardiovascular disease risk factors in polycystic ovary syn-

drome. Semin Reprod Med 2008; 26: 39–44.
3.	 Cussons AJ, Stuckley BG, Watss GF. Cardiovascular disease in the poly-

cystic ovary syndrome: new insights and perspectives. Atherosclerosis 
2006; 185: 227–239.

4.	 Predos P: Endothelial dysfunction in the pathogenesis of atherosclero-
sis. Int Angiol 2002; 21: 109–116.

5.	 Chong, Blann AD and Lip GYH. Assessment of endothelial damage and 
dysfunction: observations in relation to heart failure. Q J Med 2003; 96: 
253–267.

6.	 Abdu TA, Elhadd T, Pfeifer M et al. Endothelial dysfunction in endocrine 
disease. Trends Endocrinol Metab 2001; 12: 257–265.

7.	 Roldan V, Marin F, Lip GYH. et al. Soluble E-selectin in cardiovascular 
disease and its risk factors. A review of the literature. Thromb Haemost 
2003; 90: 1007–1020.

8.	 Teplyakov AI. Endothelin-1 involved in systemic cytokine network 
inflammatory response at atherosclerosis. J Cardiovasc Pharmacol 2004; 
44 (Suppl 1): S274–S275.

9.	 Constans J, Conri C. Circulating markers of endothelial function in car-
diovascular disease. Clin Chim Acta 2006; 368: 33–47.

10.	 Lip GYH, Blann AD. Von Willebrand Factor: a marker of endothelial 
dysfunction in vascular disorders? Cardiovas Res 1997; 34: 255–265.   

11.	 Lobo RA, Carmina E. The importance of diagnosing the polycystic ovary 
syndrome. Ann Intern Med 2000; 132: 989–993.

12.	 Pierpoint T, McKeigue PM, Isaacs AJ, Wild SH, Jacobs HS. Mortality of 
women with polycystic ovary syndrome at long-term follow-up. J Clin 
Epidemiol 1998; 51: 581–586.

13.	Bickerton ST, Clark N, Meeking D et al. Cardiovascular risk in women 
with polycystic ovarian syndrome (PCOS). J Clin Pathol 2005; 58: 
151–154.

14.	Diamanti-Kandarakis E, Peterakis T, Alexandraki K et al. Indices 
of low–grade chronic inflammation in polycystic ovary syndrome 
and the beneficial effect of metformin. Hum Reproduction 2006; 
21: 1426–1431.

15.	 Villuendas G, San Milan JM, Sancho J et al. The 597G→A and 174 G→C 
polymorphisms in the promotor of the IL-6 gene are associated with 
hyperandrogenism. J Clin Endocrinol Metab 2002; 87: 1134–1141. 

16.	 Escobar-Morreale HF, Calvo RM, Sancho J et al. TNF-alfa and hyperan-
drogenism: a clinical, biochemical and molecular genetic study. J Clin 
Endocrinol Metab 2001; 86: 3761–3767.

17.	 Pirwany IR, Fleming R, Greer IA et al. Lipids and lipoprotein subfrac-
tions in women with PCOS: relationship to metabolic and endocrine 
parameters. Clin Endocrinol (Oxf) 2001; 54: 447–453.

18.	 Valkenburg O, Steegers-Theunissen RP, Smedts HP et al. A more athero-
genic serum lipoprotein profile is present in women with polycystic ovary 
syndrome: a case-control study. J Clin Endocrinol Metab 2008; 93: 470–476.

19.	 Reaven GM. Banting lecture 1988. Role of insulin resistance in human 
disease. Diabetes 1988; 37: 1595–1607.

20.	 Dunaif A. Insulin resistance and the polycystic ovary syndrome: mecha-
nism and implications for pathogenesis. Endocr Rev 1997; 18: 774–800. 

21.	 Diamanti-Kandarakis E, Baillargeon JP, Iuorno MJ et al. A modern medi-
cal quandary: polycystic ovary syndrome, insulin resistance, and oral 
contraceptive pills. J Clin Endocrinol Metab 2003; 88: 1927–1932.

22.	 Sam S, Dunaif A. Polycystic ovary syndrome: syndrome XX? Trends 
Endocrinol Metab 2003; 14: 365–370.

23.	 Ross R. The pathogenesis of atherosclerosis: a perspective for the 
1990s. Nature 1993; 362: 801–809.

24.	 Mombouli JV, VanHoutte PM. Endothelial dysfunction: from physiology 
to therapy. J Mol Cell Cardiol 1999; 31: 61–74. 

25.	 Drexler H, Hornig B. Endothelial dysfunction in human disease. J Mol 
Cell Cardiol 1999; 31: 51–60.

26.	 Diamanti-Kandarakis E, Peterakis T, Alexandraki K et al. Indices of 
low-grade chronic inflammation in polycystic ovary syndrome and the 
beneficial effect of metformin. Hum Reproduction 2006; 21: 1426–143.

27.	 Diamanti-Kandarakis E, Spina G, Kouli C et al. Increased endothelin-1 
levels in women with polycystic ovary syndrome and the beneficial ef-
fect of metformin therapy. J Clin Endocrinol Metab 2001; 86: 4666–4673.

28.	 Orio F, Jr, Palomba S, Cascella T et al. Early impairment of endothelial 
structure and function in young normal-weight women with polycystic 
ovary syndrome. J Clin Endocrinol Metab 2004; 89: 4588–4593.

29.	 Van Rooijen M, Hansson LO, Frostega RD et al. Treatment with com-
bined oral contraceptives induces a rise in serum C-reactive protein in 
the absence of a general inflammatory response. J Thromb Haemost 
2006; 4: 77–82.

30.	 Mastorakos G, Koliopoulos C, Creatsas G. Androgen and lipid profiles 
in adolescents with polycystic ovary syndrome who were treated with 
two forms of combined oral contraceptives. Fertility and Sterility 2002; 
77: 919–927.

31.	 Norman RJ, Dewailly D, Legro RS et al. Polycystic ovary syndrome. 
Lancet 2007; 370: 685–697.

32.	 Shaw LJ, Bairey Merz CN, Azziz R et al. Postmenopausal women with 
a history of irregular menses and elevated androgen measurements at 
high risk for worsening cardiovascular event-free survival: results from 
the National Institutes of Health — National Heart, Lung, and Blood 
Institute sponsored Women’s Ischemia Syndrome Evaluation. J Clin 
Endocrinol Metab 2008; 93: 1276–1284.

33.	 Wild S, Pierpoint T, McKeigue P et al. Cardiovascular disease in women 
with polycystic ovary syndrome at long-term follow-up: a retrospective 
cohort study. Clin Endocrinol (Oxf) 2000; 52: 595–600.


