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Aims: To investigate the relationship between the levels of 
C-reactive protein (CRP), interleukin-6 (IL-6) and IL-1β and the 
hormonal and metabolic alterations in women with polycystic 
ovary syndrome (PCO). Materials and methods: Case–control 
study. CRP, IL-6 and IL-1β were evaluated in combination with 
obesity, insulin resistance (IR) and hyperandrogenism param-
eters in 20 patients with PCO. Twenty healthy women were 
used as the control. Results: The average CRP values was 5.1 
in the cases vs. 0.8 mg/L in the control group (p < 0.0001). The 
IL-6 average values were 2.77 in the cases vs. 2.70 pg/ml in the 
control group (p = 0.254). IL-1β levels were found to be within 
the normal range in all individuals. A positive correlation was 
found between the CRP values and the IR (p < 0.0001) as well 
as with the presence of obesity (p < 0.02). No correlation was 
found between PCR and hyperandrogenemia (p = 0.4) nor 
between IL-6 values and IR (p = 0.3), or between the levels of this 
cytokine and the presence of hyperandrogenemia (p = 0.2). A 
significant correlation was found between IL-6 levels and obesity 
(p < 0.0001). Conclusions: The present study demonstrates the 
presence of a chronic inflammation status in young women with 
PCO. These parameters are mainly related to obesity and, to a 
lesser extent, to IR.

Keywords: Polycystic ovary syndrome, c-reactive 
protein-cytokines

Introduction
The polycystic ovary syndrome (PCO) is one of the most frequent 
endocrine disorders, having an estimated prevalence of 6–10% 
among women in the reproductive age. PCO is featured by the 
presence of hyperandrogenism, chronic anovulation and infer-
tility. Together with the latter reproductive abnormalities, some 
women may also present obesity, insulin resistance (IR) and the 
subsequent development of metabolic syndrome [1,2].

Women suffering from PCO have risk factors for coronary 
disease, such as IR, type 2 diabetes (DBT2), metabolic syndrome, 
hypertriglyceridemia and endothelial dysfunction [3,4].

Over the last years, many studies have demonstrated the 
high risk for the development of glucose intolerance and DBT2 
in women with PCO. However, it is not clear whether the 
increased risk is related to the abnormalities observed in the 
PCO, i.e. hyperandrogenism, or whether it is associated with 

the anthropometrical and metabolic abnormalities featuring the  
PCO [5,6].

Markers of subclinical chronic inflammation such as the 
C-reactive protein (CRP) and interleukin-6 (IL-6) have proven 
to be independent predictors of both DBT2 and the increased 
cardiovascular disease risk [7–9]. Thus, the adipose tissue has 
been demonstrated to be an important source of proinflamma-
tory mediators such as the tumor necrosis factor-α (TNFα), IL-6 
and IL-1β [10,11]. Furthermore, some studies have suggested that 
in PCO there exists an underlying inflammatory status which, 
together with the endothelial dysfunction may lead to the early 
development of atherosclerosis. Nevertheless, it is not clear if such 
increased risk is related to the anthropometrical changes or to the 
PCO itself [12–14]. Therefore, the elucidation of the latter issue 
would help elaborate an efficient treatment in these patients.

Taking into account these data, the aim of this study was to 
investigate the co-existence of chronic inflammation markers 
(CRP, IL-6 and IL-1β) in women presenting PCO and their rela-
tionship with the hormonal and metabolic imbalance featuring 
this syndrome.

Materials and methods
Description of the cohort

A case-control study was undertaken. Twenty patients with PCO 
participated in the study. Diagnosis of patients was made on the 
basis of clinical and biochemical findings. Imaging tests were also 
performed and employed to diagnose the patients according to the 
2003 Rotterdam classification [15]. Pathologies other than PCO 
such as congenital suprarenal hyperplasia, Cushing’s syndrome, 
hyperprolactinemia, pathologies of the thyroid gland, androgen-
secreting tumors and diabetes were ruled out. Patients were under 
no pharmacological treatment for at least three months previous 
to the enrollment in this study. As control group, a cohort of 
20 age-matched women without PCO or other diseases were 
included. Each individual was offered to participate in this study. 
Written consent was obtained.

All blood samples were obtained during the early follicular 
phase (days 2–5 of the menstrual cycle). Sera were obtained and 
kept at –40 °C until used.

The body mass index (BMI) was calculated as the ratio 
between weight (kg) and size (m2). A BMI >25 kg/m2 and a BMI 
>30 kg/m2 were taken as markers of overweight and obesity, 
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respectively. Testosterone and sex hormone-binding globulin 
(SHBG) were both determined by radioimmunoassay (RIA). The 
hyperandrogenism was defined by the free androgen index (FAI), 
calculated as follows: FAI = (Total testosterone (ng/ml) × 3.47/
SHBG (ng/ml)) × 100. Indexes > 4.5 were considered indicators 
of hyperandrogenism.

IR was assessed by the HOMA (homeostasis model assessment) 
index, which was calculated as follows: HOMA = (glucose (mg/dl) 
× insulin (uU/ml))/405. HOMA values greater than 2 were consid-
ered markers of IR. Glucose and insulin levels were determined by 
the glucose oxidase method and chemiluminiscence, respectively 
(METROLAB 2300 PLUS, WIENER; ARQUITEC SR 2000). IL-1β 
and IL-6 levels were determined by a commercial ELISA kit (R&D 
Systems, Minneapolis, Minnesota, USA). Detection limits for 
cytokines were 2.3 and 1.9 pg/ml for IL-6 and IL-1β, respectively. 
Ultrasensitive CRP levels were determined by immunoturbidim-
etry employing a Beckman LX20 autoanalyzer. Reference values 
for CRP were those established by the American Heart Association 
[16] that is, low, intermediate or high risk for cardiovascular disease 
if CRP <1.0; 1.0 < CRP < 3.0 or CRP>3.0 mg/L, respectively.

Statistical analysis

The SPSS (versión 15, SPSS Inc., Chicago, IL, USA) statistical 
package was employed. p values <0.05 were considered significant. 
Data are presented as average, median and quartiles, according to 
the symmetric or asymmetric nature of the variables distribution. 
The Shapiro’s test was employed to assess normality. Biochemical 
data were analyzed by the Mann–Whitney U test. The Pearson’s 
and Spearman´s correlation coefficients were determined to 
establish the relationship between parameters.

Results
Anthropometrical and biochemical features of PCO patients

The average age of PCO patients was 25.4 vs. 24.8 in the group of 
PCO patients vs. control group (p = NS). BMI, HOMA, FAI, CRP, 
IL-6, and IL-1 values are presented in Table I.

CRP and IL-6 values

The average CRP level in the case group was 5.1 mg/L vs. 0.8 mg/L 
(control group; p < 0.0001, Figure 1, left axis). The IL-6 average 

value in the case group was 2.77 pg/ml vs. 2.70 pg/ml (control 
group; p = 0.254, Figure 1, right axis).

Correlation between CRP, IL-6, IL-1 with IR, obesity, and 
hyperandrogenism

A significant correlation was found between levels of CRP and 
HOMA values >2 (r = 0.95, p < 0.0001). CRP levels also correlated 
with obesity (r: 0.92, p < 0.02). On the other hand, no correla-
tion was found between CRP values and hyperandrogenism  
(r = –0.008, p = 0.4). No correlation was found neither between 
IL-6 and HOMA values >2 (r = –0.21, p = 0.3) nor with IL-6 and 
hyperandrogenism (r = –0.29, p = 0.2). On the contrary, a strong 
correlation was found between IL-6 values and the presence of 
obesity (r = 1, p < 0.0001). Levels of IL-1β were found to be within 
the reference interval. Results are summarized in Table II.

Discussion
Currently, PCO is considered not only a reproductive, but also a 
metabolic disorder. This syndrome is associated with other altera-
tions such as obesity, IR, dyslipidemia, increased PAI-1 levels 
and endothelial dysfunction. All these factors contribute to the 
atherogenic process where inflammation plays a crucial role in 
the pathophysiology of both atherosclerosis and cardiovascular 
disease [17,18]. Whether PCO is a pathological entity by itself or 
whether it is a group of pathologies represented by a common 
phenotype is subject of current debate.

A substantial group of patients with PCO is constituted by 
those women presenting obesity and/or IR, where the high 
insulin levels found in these patients play an important role in 

Table I. Anthropometrical and biochemical features of PCO patients. 
Variable Number of patients (%)
BMI <25 kg/m2 16 80
BMI >25 kg/m2 1 5
BMI >30 kg/m2 3 15
HOMA <2 13 65
HOMA >2 7 35
FAI <5 10 50
FAI >5 10 50
CRP <1 mg/L 8 40
CRP >1 and <3 mg/L 5 25
CRP >3 mg/L 7 35
IL-6 >2.3 pg/ml 5 25
IL-1 detectablea 1 9.1
a Determined in 11 patients belonging to the study group. 
BMI, body mass index. BMI >25 kg/m2 and a BMI >30 kg/m2 were taken 
as markers of overweight and obesity, respectively. HOMA, homeostasis 
model assessment index. HOMA >2 were considered markers of insulin 
resistance. FAI, free androgen index. FAI >4.5 were considered indicators 
of hyperandrogenaemia. CRP, C-reactive protein.

Figure 1. °C-reactive protein (CRP) (mg/ml, black square, left axis) and 
interleukin (IL)-6 (pg/ml, open circle, right axis) levels in the case and 
control group.

Table II. Correlation between CRP, IL-6, IL-1 with IR, obesity and 
hyperandrogenism. 
  CRP IL-6 IL-1β
HOMA >2 r: 0.95, p < 0.001 r: –0.21, p = 0.3 r: 0
BMI >25 r: 0.85, p = 0.07 r: –0.61, p = 0.1 r: 0
BMI >30 r: 0.92, p < 0.02 r: 1, p < 0.001 r: 0
FAI >4.5 r: –0.008, p = 0.4 r: –0.29, p = 0.2 r: 0
r indicates Pearson correlation coefficient. p values <0.05 were considered 
significant.
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the pathogenesis of PCO, thus demonstrating the linkage between 
reproductive and metabolic alterations [5,19].

In the group of patients presented in this work, a 20% presented 
weight abnormalities (5% of them had overweight and a 15 % 
presented obesity). A 35% of patients presented abnormal HOMA 
values, whereas a 50% presented hyperandrogenism. Both IR 
and hyperinsulinemia are present in patients with PCO. Both in 
obese and nonobese plays a crucial role in the development of the 
hyperandrogenic status and anovulation.

Many studies have suggested an increased glucose intolerance 
and DBT2 in patients with PCO. However, it is not clear whether 
the risk for the development of alterations in the carbohydrate 
metabolism is related to the endocrine alterations observed in PCO 
patients such as hyperandrogenemia or whether the metabolic 
abnormalities are a consequence of the metabolic and anthropo-
metric abnormalities observed in some of these patients [6,20].

IR plays an important role in the inflammatory process and 
many epidemiological trials have demonstrated its negative 
impact in the endothelial function. Over the last decade, systemic 
markers of inflammation have proven to be predictors of the 
atherosclerosis risk [4,19,21].

The CRP is a marker of inflammation and its predictive value in 
the incidence of acute myocardial infarction and peripheral arte-
rial disease has been demonstrated. This marker is a more potent 
predictor of cardiovascular failure than the levels of low-density 
lipoprotein-cholesterol [22,23]. Thus, the determination of CRP 
levels might be a useful tool in the screening of women for PCO.

The first study demonstrating the high levels of inflammation 
in women with PCO were that conducted in 2001 by Kelly et al. 
[24]. In that study, levels of ultrasensitive CRP were significantly 
higher in women with PCO (n = 17) in comparison with healthy 
women (n = 15). These values were 2.12 and 0.67 mg/L, respec-
tively. Two years later, Fenkci et al. [25] found higher concentra-
tions of CRP in the PCO group (6.30 mg/L, n = 30) in comparison 
with the control group (2.35 mg/L, n:31).

In the work presented herein, a 60% of patients with PCO 
presented CRP values above the reference level, with a 35% of 
them having CRP levels greater than 3.0 mg/L, which, according 
to the American Heart Association, represents a high risk for 
cardiovascular disease [16].

The average values found in the PCO group were 5.1 mg/L vs. 
0.8 mg/L (control group, p < 0.0001). CRP concentrations were 
higher in the group of women with overweight (BMI >25 kg/m2 
(r: 0.85, p = 0.07). A significant correlation was found between 
CRP values and obesity (r: 0.92, p < 0.02). It must be taken into 
account that the percentages of women with obesity and IR were 
low, most probably due to the small sample size, the average age 
of patients or to the short time of evolution of the pathology. The 
percentage of overweight and obesity observed in our hospital 
was 70% and the percentage of women having IR was 46%, over a 
total of 80 patients studied (unpublished data).

The spectrum of pro-inflammatory cytokines (IL-1β, IL-6, 
TNF α) constitutes a cascade originating in the adipose tissue 
[26,27]. IL-1β is a multifunctional cytokine which plays a role 
during ovulation, fertilization and implantation [11]. The secre-
tion of TNFα is induced by IL-18 and the former cytokine, in 
turn, stimulates the synthesis of IL-6 which is responsible for the 
regulation of the synthesis of CRP by the liver. Both CRP and IL-6 
are considered strong markers of cardiovascular disease. These 
markers have recently been demonstrated to be predictors for the 
development of DBT2 [26,27].

In our work, the group of patients with PCO, displayed an 
average value of IL-6 of 2.77 pg/ml and the average value for the 

control group was 2.70 pg/ml (p = 0.254). A 90% of patients did 
not show detectable levels of IL-1β. Moreover, no correlation was 
found between the cytokines analysis.

The levels of CRP and IL-6 were significantly increased in obese 
patients (r = 0.92 and r = 1, respectively). Besides, those patients 
having IR also had increased CRP levels (r = 0.95, p < 0.0001), 
whereas no correlation was found between the levels of IL-6 and 
the presence of IR. Linear regression analyses demonstrated that 
obesity, more than IR, is the parameter which rules CRP and IL-6 
levels in the PCO patients. Hyperandrogenism parameters did 
not correlate neither with CRP levels nor with IL-6.

Taken together, and in line with other authors [28,29], these 
results suggest that the excess of adipose tissue leads to IR and 
inflammation and that IR promotes the increase in the CRP levels. 
Thus, obesity is the main cause of the chronic inflammatory status 
observed in PCO patients.

It is noteworthy that in our study group, hyperandrogenism 
was correlated with obesity.

To sum up, our results demonstrate the relationship between 
obesity, IR, a low degree of chronic inflammation and the levels 
of circulating sex hormones. The present work demonstrates the 
presence of a low degree of inflammation in young women with 
PCO and that these parameters are firstly related to obesity and, 
to a lesser extent, to IR. These results might be a useful tool for the 
treatment and follow up of patients with PCO.
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