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Abstract 

Objective: Advanced glycation end products (AGEs) activate the intracellular Nuclear 
Factor-κB pathway in endothelial cells, leading to production of endothelin-1 (ET-1), a peptide 
which causes endothelial dysfunction. The aim of the present study was to assess ΕΤ-1 and AGEs 
levels in women with polycystic ovary syndrome (PCOS) and controls and to investigate any 
potential relationship between them. DESIGN: Metabolic and hormonal data from 75 women 
with PCOS and 25 controls, matched for age and ΒΜΙ were analyzed and correlated to AGEs 
and ET-1 levels. Results: Serum levels of ΕΤ-1 (1.55±0.13 vs. 0.37±0.10 pmol/l, p:0.003) and 
AGEs (8.34±1,81 vs. 5.77±0.78U/ml, p:0.002) were significantly higher in the PCOS group. 
ΕΤ-1 was correlated with AGES (r:0.54, p<0.001), Testosterone (r: 0.38, p<0.001), ΔΑ4 (r: 
0.41, p<0.001) and FAI (r: 0.21, p<0.05). However, multiple linear regression analysis in the 
total study population showed that ΕΤ-1 was positively associated only with AGES (β: 0.22, 
p<0.001). Conclusions: ET-1 levels were positively and strongly associated with AGEs in 
both PCOS women and controls, suggesting that the detrimental effect of AGEs on endothelial 
cells may involve increased ET-1 production. 
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INTRODUCTION

Advanced glycation end products (AGEs), the 
products of non-enzymatic glycation and oxidation 
of proteins and lipids, have been associated with 
insulin resistance and cardiovascular aberrations not 

only in diabetic but also in non-diabetic individu-
als.1-5 Non-diabetic women with polycystic ovarian 
syndrome (PCOS), which is the commonest female 
endocrinopathy, display increased serum AGEs levels. 
This finding appears to characterize the syndrome, 
even in the absence of obesity and insulin resistance.6,7 
Increased AGEs levels may play an independent 
role in the pathophysiology of endothelial dysfunc-
tion and hence cardiovascular disease in PCOS.8-14 
Specifically, AGEs activate nuclear factor-κB (NF-
κΒ), a transcription factor which upregulates gene 
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expression of molecules involved in vascular injury 
and endothelial dysfunction, including adhesion 
molecules and endothelin-1 (ET-1).15 ET-1, which is 
an endothelial-derived vasoconstrictor peptide and 
a major biochemical marker of endothelial dysfunc-
tion, has been found at increased levels in women 
with PCOS.10-14 

Thus, in women with PCOS endothelial dysfunction 
may reflect the cardiovascular impact of increased 
AGEs levels. However, the potential specific role 
of AGEs in endothelial dysfunction associated with 
PCOS remains speculative. To gain insight into this 
issue, the present study addresses the association of 
serum AGEs with serum ET-1 levels in women with 
PCOS. To exclude any confounding effect of obesity 
and insulin resistance on endothelial dysfunction, the 
study population included young, lean, non-insulin 
resistant women with PCOS and control women with 
comparable age and BMI.

Subjects and methods

The study population was composed of 75 women 
with PCOS and 25 controls of Caucasian origin of 
comparable age, matched for body mass index (BΜΙ) 
and waist-to-hip ratio (WHR). All participants were 
recruited from the PCOS-Endocrine Unit of Evge-
nidion University hospital in Athens. The diagnosis 
of PCOS was established according to the National 
Institute of Health (NIH) criteria, which require the 
combination of chronic anovulation and clinical or 
biochemical hyperandrogenism.16

Control women (the control group was the same 
which was included in a previous study published in 
2001)10 had regular ovulation—confirmed by mid-
luteal serum progesterone levels above 5ng/ml on 
two consecutive cycles—and no hyperandrogenemia 
(serum total testosterone levels below 60ng/dl). Ovar-
ian morphology was ultrasonographically assessed as 
normal in the control group.

All subjects were selected among non-smokers and 
none had been taking any medication known to affect 
lipid, carbohydrate or sex hormone metabolism for 
at least 6 months before the study. Exclusion criteria 
also included intense physical activity, hypothyroidism, 
hyperprolactinemia, Cushing’s syndrome, metabolic 

(diabetes mellitus) or cardiovascular (hypertension, 
ischemic heart disease) disorders, or other concurrent 
medical illness (kidney, liver disease). A Synachten test 
(Synacthen 0.25 mg/ml, Novartis Pharma SA, Rueil-
Malmaison, France) was performed in all patients to 
exclude non-classic congenital adrenal hyperplasia. 

Anthropometric parameters were measured in 
all participants at baseline. Subjects were weighed 
in light clothing without shoes. Height was meas-
ured to the nearest 0.1 cm using a wall-mounted 
stadiometer. BMI was calculated from body weight 
and height by the standard formula: BMI = (weight 
in kg/ height in m2). Waist circumference (WC) was 
estimated as the smallest circumference at the level 
of the umbilicus. Hip circumference was estimated 
as the widest circumference at the level of the but-
tocks. Waist-to-hip ratio (WHR) was calculated as 
a marker of body fat distribution, according to the 
standard formula: WHR = waist circumference (cm) 
/ hip circumference (cm). 

Informed written consent was obtained from 
all women and the study was approved by the local 
Institutional Review Committee.

Laboratory Assays

Patients and controls were studied during the early 
follicular phase of the menstrual cycle (3-7 days after 
the onset of spontaneous menstrual bleeding). In the 
amenorrhoeic women, recent ovulation was excluded 
by progesterone measurement (<5ng/ml). All blood 
samples were obtained between 08:00 and 09:00 h in 
the morning after overnight fasting. 

Plasma glucose was determined by the glucose 
oxidase method (glucose analyzer, Beckman Coulter, 
Inc., Palo Alto, CA). Blood samples were centrifuged 
immediately, and serum was stored at -80 C until 
assayed for insulin (Ins), total testosterone (Testo), 
sex hormone-binding globulin (SHBG), androsten-
edione (Δ4A) and dehydroepiandrosterone sulphate 
(DHEA-S). Serum insulin levels were measured using 

the RIA INSULIN-CT kits (CIS-Bio International, 
Gif-sur-Yvette, France). The assays employed for 
sex steroid levels, AGEs and ET-1 measurements 
have been reported elsewhere.6,7,10 The free androgen 
index (FAI) was calculated by the standard formula: 
FAI= 100 x Total Testo (nmol/l)/SHBG (nmol/l). 
Homeostasis model assessment for insulin resistance 
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(HOMA-IR) was calculated using the standard for-
mula: fasting glucose (mmol/l)/fasting insulin (mIU/
ml)/22.5.17

Statistical analysis

All continuous variables showed normal distribu-
tion as documented by the use of the Kolmogorov-
Smirnov test. Data are presented as mean values ± 
standard errors (SE). The two-tailed unpaired t-test 
was used to evaluate the differences in normally dis-
tributed variables between groups. The Pearson cor-
relation coefficient was applied to assess the potential 
correlation of ΕΤ-1 with AGEs, BMI, metabolic and 
hormonal variables. Multiple regression analysis was 
used to examine the relationship of ET-1 with AGES 
and all other variables in the total study population. 
All tests were two-sided and statistical significance 
was set at p<0.05. All analyses were carried out us-
ing the statistical package SPSS vs 17.00 (Statistical 
Package for the Social Sciences, SPSS Inc., Chicago, 
Ill., USA).

Results

Women with PCOS and controls were lean and did 
not differ significantly in age (27.02±0.9 vs 25.05±0.5 
years, p=0.08), BMI (22.15±0.2 vs 22.35±0.3 kg/m2, 
p=0.61) and WHR (0.74±0.006 vs 0.74±0.01, p=0.77) 
(Table 1). Serum AGEs (8.34±0.2 vs 5.77±0.1 IU/ml, 
p:0.003) and serum ET-1 levels (1.55±0.1 vs 0.37±0.1 
pmol/l, p:0.002) were significantly higher in PCOS 
women than in controls. Pertinent data of the studied 
women are presented in Table 1. Partial correlation 
analysis in the total study population showed that ΕΤ-1 
was significantly and positively correlated with serum 
AGES (r:0.54, p<0.001) (Figure 1), testosterone 
(r:0.38, p<0.001), Δ4A (r:0.41, p<0.001) and FAI 
(r:0.21, p:0.02). However, multiple linear regres-
sion analysis in the total study population showed 
that only serum AGEs were significantly correlated 
with serum ΕΤ-1 (β:0.22, p<0.001), independently 
of testosterone, Δ4Α and FAI. Furthermore, in the 
PCOS group ET-1 levels were positively related only 
with AGEs levels (r:0.385, p:0.02).

Discussion

The present study shows for the first time that 

Table 1. Clinical, hormonal and metabolic parameters in PCOS 
patients and controls 

PCOS (n=75) Controls (n=25) P

Age (years) 25.05±0.5 27.02±0.9 0.08

BMI (kg/m2) 22.15±0.2 22.35±0.3 0.61

WHR 0.74±0.06 0.74±0.01 0.77

AGEs (U/ml) 8.34±0.2 5.77±0.1 0.002

ET-1 (pmol/l) 1.55±0.1 0.37±0.1 0.003

Testo (ng/dl) 84.75±2.7 40.14±2.3 0.001

SHBG (nmol/l) 44.55±2.1 69.84±4.3 0.007

FAI 6.39±0.8 0.76±0.1 <0.001

Δ4A (ng/ml) 3.09±0.12 1.61±0.07 0.006

DHEAS (ng/dl) 2979±143 1907±157 0.007

Glucose (mg/dl) 95.48±1.51 93.04±2.62 0.42

Insulin (IU/ml) 8.28±0.56 6.90±0.69 0.19

HOMA-IR 1.9±0.14 1.5±0.18 0.20

Data are expressed as mean values ±standard errors. P<0.05 
indicates significant difference between patients and controls.

Figure 1. Correlation of serum AGEs with serum ET-1 in the 
study population (Pearson analysis, r:0.54, p<0.001). Squares 
denote controls and cycles denote women with PCOS. 

increased plasma ET-1 levels are positively associ-
ated with increased serum AGEs levels in young, 
lean, non-insulin resistant PCOS women (Figure 
1). This association is independent of BMI, insulin 



Association of endothelin-1 with AGEs in PCOS	 295

resistance and hyperandrogenemia and suggests a 
potential direct interaction between AGEs and the 
vasoconstrictor peptide, ET-1, in the pathophysi-
ologic context of PCOS. The concomitant elevation 
of these two atherogenic molecules (AGEs, ET-1) 
and their direct correlation, demonstrated in young, 
lean, non-insulin resistant PCOS patients, likely 
contributes to an increased risk for cardiovascular 
disease in this group.9

AGEs constitute a heterogeneous group of mol-
ecules, either endogenously formed by the non-enzy-
matic glycation of proteins, lipids and nucleic acids, 
or exogenously derived mainly from diet.2,18 AGEs 
modify vascular collagen by cross-linking19 and increase 
oxidation of low-density lipoprotein.20 Additionally, 
AGEs act through their own receptor (Receptor for 
AGEs, RAGE) to upregulate the expression of adhe-
sion molecules21,22 and inflammatory cytokines.23 All 
these actions may account for the detrimental impact 
of AGEs on the cardiovascular system. 

In the clinical setting, carboxymethyl-lysine(CML), 
the dominant circulating AGE and the best char-
acterized of all the AGEs, was shown to predict 
cardiovascular disease mortality in older community-
dwelling women.5 These findings may have long-term 
cardiovascular implications for women with PCOS, 
since the increase of serum AGEs in hyperandrogenic 
women or PCOS women starts from a young age and 
persists after menopause.7,24 The long-lasting expo-
sure to AGEs excess may contribute to the increased 
risk for cardiovascular disease and cardiovascular 
incidents reported in postmenopausal women with 
PCOS features.8

Our findings point to a mechanism whereby in-
creased serum AGEs could possibly contribute to 
endothelial dysfunction and thereby precipitate car-
diovascular aberrations in women with PCOS. AGEs 
may contribute to elevated plasma ET-1 levels through 
direct or indirect pathways. More specifically, AGEs 
are liable to directly amplify NF-kB-dependent ET-1 
gene expression, as shown by in vitro experiments.25 
Furthermore, AGEs induce generation of reactive 
oxygen species and activation of NADPH oxidase is 
a major step in this process.26 The resultant oxidative 
stress may perpetuate a bidirectional relationship 
between AGEs and ET-1. This mechanism appears 

to be relevant to the pathophysiology of PCOS, since 
women with the syndrome display increased levels of 
oxidative stress.27-29 In addition, ET-1 has been shown 
to enhance oxidative stress,30 thus possibly creating 
a vicious cycle between ET-1, AGEs, oxidants and 
PCOS.

Since insulin resistance is a major driver of en-
dothelial dysfunction31 and AGEs directly contribute 
to insulin resistance,32 this could be a mechanism partly 
accounting for the reported association between ET-1 
and AGEs in our study. However, in the present study 
all subjects were non-insulin resistant, as assessed by 
HOMA-IR, and did not differ in fasting insulin and 
glucose levels. Therefore, the confounding role of 
insulin resistance can be excluded, a fact that should 
be considered as an important strength of our study. 

Another plausible mediator of the association 
between ET-1 and AGEs is hyperandrogenemia. 
The present study confirms previous data showing 
that serum testosterone levels are directly correlated 
with serum ET-1 levels in women with PCOS.10 The 
mechanism via which androgen excess may be linked 
with higher ET-1 levels remains unknown, although 
males display higher ET-1 levels and greater ET-
1-mediated vasoconstrictor response in comparison 
with females.33,34 Two previous studies have shown a 
positive correlation of serum testosterone, with ET-1 
in one and with serum AGEs in the other.8,10 Thus, 
increased testosterone levels could be the common 
denominator in the observed correlation between 
AGEs and ET-1. However, the correlation of ET-1 
with testosterone was not confirmed by multiple re-
gression analysis in the present study. Most strikingly, 
multiple regression analysis showed an independent 
positive correlation of AGEs exclusively with ET-1. 

However, the present findings cannot prove any 
causal relationship, since the possibility of contribu-
tion of other unknown factors to the association 
between ET-1 and AGEs should not be overlooked. 
Furthermore, circulating levels of ET-1 and AGEs 
do not necessarily reflect the tissue concentrations of 
these molecules, which determine their direct action 
on the vasculature. 

Overall, our study suggests that PCOS per se may 
confer an adverse cardiovascular risk profile involv-
ing increased circulating AGEs and increased ET-1 
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levels. These two proatherogenic molecules are highly 
likely to interact with each other, since their circu-
lating levels are positively correlated in women with 
PCOS, independently of obesity, insulin resistance 
and hyperandrogenemia. Future research should 
clarify the putative interdependent roles of AGEs 
and ET-1 and their cardiovascular implications for 
women with PCOS.
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