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The Relationship of Osteoprotegerin with
Cardiovascular Risk Factors in Women with and
Without Polycystic Ovary Syndrome

Polikistik Over Sendromu ve Kontrol Grubu Hastalarda Osteoprotegerin ve
Kardiyovaskdler Risk Faktorleri Arasindaki lliski
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Abstract

Aim: In this study, we aimed to compare osteoprotegerin (OPG)
levels in patients with and without polycystic ovary syndrome
(PCOS) and to investigate the correlation between OPG levels
and cardiovascular risk factors.

Methods: A total of 49 patients with PCOS and 31 age- and
body mass index-matched healthy controls were included in
the study. Blood samples were collected and hormonal and
metabolic parameters and OPG levels were analyzed. The carotid
intima-media thickness (CIMT) was measured for each patient
and control through ultrasonography.

Results: The low-density lipoprotein and total cholesterol levels
were higher and the Homeostasis Model Assessment-Insulin
Index (HOMA-IR) values were higher in patients with PCOS
(p=0.002, p=0.037, and p=0.028, respectively). The OPG levels
were 4.29 pmol/L and 4.07 pmol/L in the patient and control
groups, respectively, indicating no significant difference between
the groups. The CIMT was 0.57 in both groups.

Conclusion: Our study results suggest that OPG levels appear
to be similar in patients with PCOS and healthy controls.
Although OPG has been associated with endothelial dysfunction,
atherosclerosis and coronary calcification in previous studies,
currently not a useful marker for cardiovascular risk analysis in
this patient population.
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Amag: Bu calismada amacimiz, polikistik over sendromu tanisi
olan ve olmayan hastalarda osteoprotegerin (OPG) dlzeylerinin
karsilastiriimasi ve OPG dUzeylerinin kardiyovaskdler risk faktorleri
ile iliskisinin arastiriimasidir.

Yoéntemler: Calismaya, ayni yas ve vicut kitle indeksine
sahip 49'u polikistik over sendromu ve 31'i kontrol grubunda
olmak Uzere toplam 80 hasta alindi. Hastalardan alinan kan
orneklerinde, hormonal ve metabolik parametreler ile OPG
dizeyleri degerlendirildi. Ultrasonografi ile her hastanin karotis
arteri intima media kalinhigi ol¢tldd.

Bulgular: Biyokimyasal testler incelendiginde, dusik dansiteli
lipoprotein ve kolesterol diizeyleri ile homeostasis model
assessment insulin indeks dizeyleri polikistik over grubunda
daha yuksek bulundu (p=0,002, p=0,037, p=0,028). OPG dlizeyi,
polikistik over grubunda 4,29 pmol/L, kontrol grubunda ise 4,07
pmol/L saptandi. Her iki grupta karotis intima media kalinligi
0,57 mm olarak ¢él¢llda.

Sonug: Calismada polikistik over grubu ile kontrol grubu arasinda
OPG duzeyleri ve karotis intima- media kalinliklar agisindan fark
bulunmadi. Ayrica OPG duizeyleri ile kardiyovaskdler risk faktorleri
arasinda da bir baglanti saptanmadi.
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Introduction

Polycystic ovary syndrome (PCOS) is characterized by
chronic ovulatory dysfunction, clinical and/or biochemical
hyperandrogenism, and polycystic ovary morphology. It is
the most common endocrine disorder, affecting 5-8% of
women of reproductive age (1). In patients with PCOS,
insulin resistance (2), impaired glucose tolerance (3), type
2 Diabetes Mellitus (DM) (3), obesity (2), and dyslipidemia
(4), which increase the cardiovascular (CV) risk, are
frequently seen. In addition to well-known risk factors,
an increase in the new risk factors, such as subclinical
atherosclerosis and increased inflammatory response, has
been shown (5).

A dramatic increase in CV diseases, particularly
atherosclerosis, has been estimated worldwide by 2020
(6). Currently, there is an unmet need for identifying
patients at high risk for CV diseases and for developing
early diagnostic and therapeutic tools.

Some studies exploring the potential diagnostic
biomarkers for CV diseases have been focused on the
tumor necrosis factor (TNF) family (7). Receptor activator
of nuclear factor kappa-B (RANK), RANK ligand (RANKL),
and osteoprotegerin (OPG) are recent biomarkers which
have been shown to play a role in vascular remodeling
and atherosclerosis (8), and are members of the TNF
receptor family. /n vitro studies have demonstrated that
OPG was expressed in arterial smooth muscle cells (9),
pulmonary artery smooth muscle cells (10), Weibel-
Palade bodies of the endothelial cells (11), and alpha
granules of megakaryocytes. RANK-RANKL is responsible
for controlling osteoclast resorption and bone
destruction, while OPG acts as a decoy receptor and
inhibits cellular apoptosis, interacting with TNF-related
apoptosis inducing ligand (TRAIL) (12). OPG is thought
to play a role in endothelial cell function, angiogenesis,
and vasculogenesis (7). In vitro studies have shown that
it leads to vascular and endothelial changes seen in
atherosclerosis by increasing apoptosis, inflammatory cell
chemotaxis, and the release of matrix metalloproteinases
(7). Several studies have shown that OPG induced
endothelial inflammation (13) and led to proliferation
of endothelial smooth muscle cells (14), resulting in
subclinical atherosclerosis. In addition, OPG has been
associated with endothelial dysfunction, atherosclerosis,
and coronary calcification (15-17). Given its effects on
endothelial dysfunction, it has been suggested that
OPG might have a predictive value in the detection of
metabolic syndrome and CV diseases (18).

In the present study, we aimed to compare OPG levels
in patients with and without PCOS and to investigate the
correlation between OPG levels and CV risk factors.
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Methods

This cross-sectional study was carried out between
March 2018 and June 2018. Written informed consent
was obtained from each participant. The study protocol
was approved by the Ethics Committee (2011-KAEK-25
2018/05-25).

The study was conducted in accordance with the
principles of the Declaration of Helsinki.

A total of 49 patients with PCOS and 31 age- and body
mass index (BMI)-matched healthy controls (overweight)
were included in the study. In the patient group, PCOS
was diagnosed based on the following Rotterdam
criteria: 1) oligo-ovulation or anovulation, 2) clinical
and/or biochemical signs of hyperandrogenism, and 3)
polycystic ovaries on ultrasonography (USG) (19). The
control group consisted of healthy individuals in whom no
clinical, laboratory, and USG signs of PCOS were present.
Exclusion criteria were as follows: history of diabetes,
hyperprolactinemia,  Cushing syndrome, congenital
adrenal hyperplasia, thyroid disorders, and hypertension.
Patients who received oral contraceptives, anti-androgens,
aspirin, statin, and insulin-sensitizing agents within the
past six months were also excluded.

Biochemical Analyses and Hormone Assays

Blood specimens were collected for biochemical and
hormone analyses in the early follicular phase (between
day 2 and day 5 of the menstrual cycle) between 8.00
and 10.00 a.m. after an overnight fast of at least 12
hours.

Follicle-stimulating  hormone  (FSH),  luteinizing
hormone (LH), estradiol (E;), total testosterone,
dehydroepiandrosterone sulfate (DHEA), insulin, and
17-hydroxyprogesterone  (17-OHP)  were analyzed.
In addition, fasting blood glucose, total cholesterol,
low-density lipoprotein (LDL), high-density lipoprotein
(HDL), and triglyceride (TG) were evaluated. Insulin
resistance was calculated using the Homeostasis Model
Assessment-Insulin - Resistance  (HOMA-IR)  formula
(fasting glucose (mg/dL) x fasting insulin (uU/mL)/405).
Blood specimens were aliquoted and serum was isolated
for OPG analysis and kept at -30 °C until analysis. Serum
OPG levels were analyzed using the Biovendor enzyme-
linked immunosorbent assay (ELISA). The assay detects
both monomeric and dimeric forms of OPG, including
OPG bound to its ligand.

Anthropometric Measurements

Body weight, height, and BMI were calculated for each
participant. Waist circumference was measured at the
narrowest part between the lower border of the rib cage
and the iliac crest, while hip circumference was measured
at the greater trochanter with the subject standing erect.
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Carotid Intima-media Thickness Measurement

The carotid intima-media thickness (CIMT) was defined
as the average of the three thickness measurements
between the intimal and medial-adventitial interfaces and
was measured in the supine position with head flexion.
CIMT measurements were performed by an experienced
radiologist.

Statistical Analysis

Statistical analysis was performed using the SPSS
version 18 software (SPSS Inc., Chicago, IL, USA).
Descriptive data were expressed in mean + standard
deviation, number, and frequency (%). The Shapiro-Wilk
test was used to test for normality in both PCOS and
control groups. Systolic and diastolic blood pressures,
17-OHP insulin, HOMA-IR, HDL, and TG showed non-
normal distribution in both groups, while the remaining
variables showed normal distribution in at least one group.
The independent samples t-test was used to compare
the normally distributed variables between the groups,
while the Mann-Whitney U test was used to compare the
non-normally distributed variables between the groups.
Multiple covariance analysis was performed to evaluate
the effect of PCOS and other variables on OPG, and PCOS
was included in the model as a covariate to evaluate the
effect of PCOS thoroughly and its effects were eliminated.
Pearson’s correlation coefficient was used to analyze the
correlation between OPG and other variables between
the groups. A p value of <0.05 was considered statistically
significant.

Results

A total of 49 patients with PCOS and 31 healthy
controls were included in the study. There was no
significant difference in age, BMI, and smoking status
between the groups (p=0.131, p=0.755, and p=0.981,
respectively). For the anthropometric measurements, the
waist and hip circumferences and waist-to-hip ratio were
statistically significantly higher in patients with PCOS
(p=0.002, p=0.004, and p=0.016, respectively).

For hormone analysis, thyroid-stimulating hormone,
prolactin, FSH, and E, were statistically significantly
lower, while LH, total testosterone, DHEA, 17-OHP and
fasting insulin levels were higher in the PCOS group.
For biochemical analysis, LDL and cholesterol levels
were higher in the PCOS group (p=0.002 and p=0.037,
respectively). In addition, the HOMA-IR values were
statistically significantly higher in the PCOS group,
compared to the control group (p=0.028). The OPG
levels were 4.29 pmol/L and 4.07 pmol/L in the PCOS
and control groups, respectively.

Table 1 shows the anthropometric measurements,
biochemical and hormone analysis results, CIMT
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measurements, and OPG levels in both groups. As there
were significant differences in many variables between the
PCOS and control groups, the possible effect of OPG was
further analyzed. The correlation between the OPG levels
and other variables was also investigated (Table 2). There
was no significant correlation between the OPG levels
and other variables. The multiple covariance analysis also
revealed no significant correlation between the groups
(p=0.551).

Discussion

Polycystic ovary syndrome, which is a complex
condition characterized by elevated androgen levels
and menstrual irregularities, usually affects women of
reproductive age. It is also associated with metabolic
disorders such as insulin resistance, dyslipidemia, and
obesity. Metabolic dysfunction with advanced age may
make PCOS to be a predisposing factor for coronary
artery disease.

Although several studies have shown an increase
in the CV biomarkers in PCOS patients, it is still unclear
whether increased biomarkers have a predictive value
for CV diseases. Recently, a number of studies have
investigated the role of RANK, RANKL, and OPG in
the pathogenesis of CV diseases. In recent studies, a
correlation has been shown between OPG levels and
subclinical atherosclerosis, CV morbidity and mortality
(20,21). Increased OPG levels have been also associated
with unstable angina (22), acute myocardial infarction,
and sudden coronary events (23). In our study, we also
compared the OPG levels between patients with and
without PCOS and investigated the correlation between
the OPG levels and CV risk factors.

In the literature, there are three studies investigating
the correlation between OPG levels and PCOS. Abali et
al. (24) examined the relationship of OPG levels with
CIMT and brachial artery flow-mediated vasodilation
(FMD) in women with PCOS, compared to BMI-matched
(<25 kg/m2/normal weight) controls. The CIMT and FMD
are useful indicators of subclinical atherosclerosis and
endothelial dysfunction. The latter is a helpful predictor
of atheromatous disease and coronary artery disease (25)
with a higher prognostic value than conventional risk
factors. The aforementioned authors found a difference
of 0.07 mm in the CIMT measurements of the patient
group compared to the control group. In addition, the
FMD levels were lower in PCOS patients. These findings
are consistent with the literature, suggesting an increased
risk of CV diseases. Irrespective of CIMT and FMD levels,
the OPG levels were higher in the patient group than in
controls. However, they found no significant correlation
between OPG levels and CV risk factors.
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In another study, Pepene et al. (26) examined the
relationship of OPG levels with insulin resistance and FMD
levels in overweight patients with PCOS. Different from
the study of Abali et al. (24), the authors found lower OPG
levels in patients with PCOS than in controls. This can be
attributed to the OPG-lowering effect of excess androgens.
In addition, an OPG level of >2.65 pmol/L indicated severe
endothelial dysfunction. In the aforementioned study,
there was no significant difference in CIMT measurements
between the groups and the CIMT was not associated with
OPG levels. However, there was only a positive correlation
between OPG levels and insulin resistance among the CV
risk factors.

Furthermore, Escobar-Morreale et al. (27) found lower
OPG levels in patients with PCOS compared to healthy
controls. It is paradoxical to obtain lower OPG levels in
PCOS women, as OPG has been shown to be associated
with coronary artery disease and severity of the disease
(28,29). As suggested by Escobar-Morreale et al. (27), it
should be further examined whether OPG has a protective
effect against atherosclerosis. In the aforementioned study,
lower OPG levels were explained by the neutralization of
the RANKL which is a strong predictor of CV diseases and
progression of atherosclerotic lesions to unstable plaques.
However, the authors found no significant difference in
RANKL levels between PCOS women and controls.

Table 1. Anthropometric measurements. biochemical and hormone analysis results. CIMT measurements. and OPG levels between

groups
Variable* Control group PCOS P

n Mean SD n Mean SD
Age (year) 31 28.26 4.08 49 26.69 4.69 0.131
Height (cm) 31 158.81 17.22 49 162.06 5.63 0.223
Bodyweight (kg) 31 65.77 15.01 49 75.5 15.85 0.008
BMI (kg/m?2) 31 30.07 30.62 49 28.68 5.41 0.755
Galleway score 31 8.84 4.95 49 17.2 8.13 0.001
Waist circumference (cm) 31 83.16 12.47 49 92.29 11.84 0.002
Hip circumference (cm) 31 103.68 9.87 49 110.8 10.78 0.004
Waist-to-hip ratio 31 0.8 0.06 49 0.83 0.05 0.016
TSH (pU/mL) 31 2.22 1.37 49 1.74 0.78 0.047
PRL (ng/mL) 31 19.58 8.73 49 15.39 7.92 0.029
FSH (mIU/mL) 31 5.82 1.6 49 4.85 1.43 0.006
LH (mIU/mL) 31 4.23 1.44 49 5.87 3.72 0.007
Estradiol (pg/mL) 31 45.24 24.32 49 36.04 12.54 0.029
Total testosterone 30 1.1 0.34 48 1.3 0.39 0.03
DHEA (ug/dL) 31 180.77 76.05 49 230.01 89.25 0.013
Fasting blood glucose (mg/dL) 31 88.77 9.34 49 90.49 9.52 0.431
LDL (mg/dL) 31 87.52 27.36 49 108.37 29.21 0.002
Cholesterol (mg/dL) 31 165.13 30.59 49 180.98 33.7 0.037
CIMT (right mid) (mm) 31 0.57 0.05 49 0.59 0.12 0.373
CIMT (left mean) 31 0.57 0.06 49 0.56 0.08 0.645
CIMT (mean) 31 0.57 0.05 49 0.57 0.08 0.644
OPG (pmol/L) 31 4.07 1.47 49 429 1.41 0.505
Systolic TA* 31 110 10.33 49 112.37 9.94 0.431
Diastolic TA* 31 65.16 10.29 49 70.49 9.14 0.017
17-OH prog* (ng/mL) 31 0.45 0.53 49 1.22 0.89 0.001
insiilin* (uU/mL) 31 8.63 4.45 49 11.45 6.26 0.027
HOMA IR* 31 1.93 1.12 49 2.63 1.64 0.028
HDL* 31 52.55 12.69 49 48.94 11.1 0.232

CIMT: Carotid intima-media thickness, OPG: Osteoprotegerin, PCOS: Polycystic ovary syndrome, SD: Standard deviation, BMI: Body mass index, TSH: Thyroid-stimulating
hormone, PRL: Prolactin, FSH: Follicle-stimulating hormone, LH: Luteinizing hormone, DHEA: Dehydroepiandrosterone sulfate, LDL: Low-density lipoprotein

*Normally distributed variables
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Considering the relationship between OPG levels and
FMD, it is still under question whether OPG produces
response to endothelial injury or it has an effect in the
pathogenesis of endothelial dysfunction. In humans,
OPG appears to have a dichotomous role: in healthy
individuals, it is in a fine balance with proatherogenic
and antiatherogenic effects; however, in case of
persistent positive induction by various risk factors, the
proatherogenic pathway becomes predominant (11). In
addition, OPG is an anti-apoptotic factor in endothelial
cells and it leads to proliferation of the endothelial
cells in micro-vessels (30). It has been shown that, in
the presence of TNF OPG increases the release of
intercellular adhesion molecule-1, vascular cell adhesion
molecule-1, and E-selectin (30). It also increases fibrosis
in the vascular smooth muscles (31) and inhibits
vascular calcification (32). Observational studies have
demonstrated that OPG levels are positively associated
with CV diseases but animal studies have also shown
the protective role of OPG against CV diseases (33).
Based on these findings, it still remains to be elucidated
whether OPG is a pathogenic factor or an ineffective
marker for CV diseases.

In the present study, our study groups had age
and BMI similar to the study of Pepene et al. (26). We
found higher OPG levels in women with PCOS than in
controls; however, it did not reach statistical significance.
In addition, LDL, total cholesterol, insulin, and HOMA-IR
values, and diastolic blood pressure were significantly
higher in patients with PCOS, although there was no
relationship between the OPG levels and these risk factors.
We also found similar CIMT measurements, an indicator
of subclinical atherosclerosis, between the two groups
and found no relationship between OPG levels and CIMT
measurements.

In the literature, there is a controversy regarding the
relationship between OPG levels and CV risk factors. Some
authors have suggested that OPG was lower in patients
with obesity than in healthy controls (34), while the others
have shown no relationship between OPG levels and
BMI (35,36). In addition, increased OPG levels have been
associated with elevated LDL and total cholesterol levels
(36,37), while some others have shown no relationship
(36). Furthermore, some authors have shown a relationship
between increased blood pressure and OPG levels, although
the others have found no relationship (36-39).

Table 2. Correlation between osteoprotegerin levels and other variables
Control group PCOS group
OPG (pmol/L) OPG (pmol/L)
r P n r P n
Age, year -0.043 0.819 31 -0.076 0.605 49
BMI, kg/m?2 -0.193 0.298 31 -0.253 0.079 49
Galleway score -0.148 0.426 31 0.000 0.998 49
Waist-to-hip ratio 0.067 0.721 31 -0.011 0.942 49
SBP (mmHg) -0.130 0.486 31 -0.117 0.423 49
DBP (mmHg) -0.107 0.568 31 -0.034 0.819 49
TSH (pU/mL) 0.095 0.609 31 0.144 0.322 49
PRL (ng/mL) 0.099 0.594 31 0.204 0.159 49
FSH (mlU/mL) -0.230 0.213 31 0.186 0.201 49
LH (mIU/mL) -0.147 0.430 31 0.109 0.456 49
Estradiol (pg/mL) -0.046 0.804 31 -0.051 0.729 49
Total testosterone -0.043 0.822 30 0.043 0.774 48
DHEA (pg/dL) 0.200 0.281 31 0.170 0.242 49
17-OHP (ng/mL) 0.411 0.022 31 0.150 0.303 49
HOMA-IR 0.287 0.117 31 -0.229 0.114 49
HDL (mg/dL) 0.044 0.813 31 0.108 0.459 49
LDL (mg/dL) -0.021 0.909 31 0.010 0.944 49
TG (mg/dL) 0.226 0.222 31 0.004 0.978 49
CIMT, mean (mm) 0.101 0.590 31 -0.002 0.990 49
OPG: Osteoprotegerin, PCOS: Polycystic ovary syndrome, SD: Standard deviation, BMI: Body mass index, SBP: Systolic blood pressure, DBP: Diastolic blood
pressure, TSH: Thyroid-stimulating hormone, PRL: Prolactin, FSH: Follicle-stimulating hormone, LH: Luteinizing hormone, DHEA: Dehydroepiandrosterone sulfate,
17-OHP: 17-hydroxyprogesterone, HOMA-IR: Homeostasis Model Assessment-Insulin Index, HDL: High-density lipoprotein, LDL: Low-density lipoprotein, TG: Triglyceride,
CIMT: Carotid intima-media thickness, n: Number
*r: Pearson correlation coefficient
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It is wellknown that PCOS shares similar
characteristics with metabolic disorders such as obesity,
hyperlipidemia, insulin resistance, and increased
inflammation. In a study, Bernardi et al. (40) reported
increased OPG expression due to increased inflammatory
response in patients with metabolic syndrome than in
healthy individuals. However, there are studies showing
no significant relationship between metabolic syndrome
and OPG level (38).

CV diseases have a long subclinical phase and,
therefore, certain markers are used for early diagnosis and
early identification of high-risk patients. Previous studies
mostly included younger women with PCOS and long-
term follow-up is needed to identify CV diseases in this
patient population.

Study Limitations

The cross-sectional design of our study is the main
limitation. Another limitation is that we were unable to
evaluate osteoporosis in our study population; however, the
role of OPG in bone turnover is well-known. Nonetheless,
we included younger patients and BMI-matched controls
and those with low-risk for osteoporosis in our study.
Finally, although we measured fasting blood glucose and
insulin levels, we did not measure Hba1lc levels, and thus
no prediabetic patient was found and excluded from the
study.

Conclusion

Our study results showed that there was no significant
difference in OPG levels between patients with PCOS and
healthy controls. We also found no significant relationship
between OPG levels and CV risk factors. These findings
suggest that OPG is, currently, not a useful marker for CV
risk analysis in this patient population. Further large-scale
and long-term studies including different phenotypes of
PCOS are needed for better understanding of the role of
OPG in CV diseases.
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