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Objective: The etiology and pathophysiology of Polycystic Ovary
syndrome (PCQOS) are not yet clearly explained as the disease has a
heterogeneous clinical presentation. Several cytokines produced by
the ovary and other tissues contribute to the maintenance of a chronic
inflammatory state and metabolic imbalance in PCOS. The present study
aims to widen the scientific scope concerning the association between
the inflammatory state and PCOS through the measurement and
evaluation of several inflammatory markers.

Method: Forty-nine medication-naive PCOS patients and 39 healthy
controls were enrolled in this case-control study. Blood samples were
obtained for the measurement of inflammatory markers.

Results: Cyclooxygenase-2 (COX-2), IL-12, IL-18, IL-23, Krippel-like
factor-4 (KLF-4), peroxisome proliferator-activated receptor (PPAR)-
gamma, sirtuin (SIRT) and toll-like receptor-2 (TLR-2) were found to be
significantly higher in the PCOS group compared to the healthy controls.
There were no significant differences regarding these inflammatory
markers when overweight and normal weight PCOS women were
compared (p>0.05). Receiver operating characteristic curve analysis
revealed that the following cut-off values had satisfactory sensitivity and
specificity for the diagnosis of PCOS: 5.9 ng/mL for COX-2, 22.3 pg/mL
for IL-12, 32 pg/mL for IL-18, 57 pg/mL for IL-23, 203 pg/mL for KLF-
4, 254 ng/mL for PPAR-gamma, 2.9 ng/mL for SIRT, and 2 ng/mL for
TLR-2.

Conclusion: Our findings demonstrate that these inflammatory markers
might be used to identify patients with PCOS with high sensitivity and
specificity. Our results support the consideration that the low-grade
inflammation observed in women with PCOS s likely intrinsic to the
pathophysiology of the disease.
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Amag: Polikistik Over sendromunun (PCOS) etiyolojisi ve patofizyolojisi
henuz agiklanamamistir, ¢linkl hastalik heterojen klinik tabloya sahiptir.
Over ve diger dokular tarafindan Uretilen birkag sitokin, PCOS'de kronik
bir enflamatuvar durumun ve metabolik dengesizligin korunmasina
katkida bulunur. Bu galisma, cesitli enflamatuvar belirteglerin olgimu ve
degerlendiriimesi yoluyla enflamatuvar durum ile PCOS arasindaki iligkiyi
ve bilimsel kapsami genigletmeyi amaglamaktadir.

Yéntem: Bu olgu-kontrol ¢alismasina ilag kullanmamis 49 PCOS hastasi
ve 39 saglikli kontrol dahil edildi. Enflamatuvar belirteglerin dlguimu icin
kan ornekleri alindi. Siklooksijenaz-2 (COX-2), IL-12, IL-18, IL-23, Krippel
benzeri faktor-4, peroxisome proliferator-activated receptor (PPAR)-
gama, sirtuin (SIRT) ve gegis Ucreti benzeri reseptor-2 (TLR-2) olglimleri
yapildi.

Bulgular: PCOS grubunda saglikli kontrollere gore COX-2, IL-12, IL-
18, 1L-23, Krlippel benzeri faktor-4, PPAR-gama, SIRT ve TLR-2 anlamli
olarak daha ylksek bulundu. Asiri kilolu ve normal kilolu PKOS kadinlari
karsilastinldiginda bu enflamatuvar belirtegler agisindan anlamli fark
yoktu (p>0,05). Alici isletim karakteristigi analizi, asagdidaki kesme
degerlerinin PCOS tanisi igin tatmin edici duyarliliga ve 6zgullige sahip
oldugunu ortaya koymustur: COX-2 icin 5,9 ng/mL, IL-12 igin 22,3 pg/
mL, IL-18 igin 32 pg/mL, 57 IL-23 i¢in pg/mL, Krippel benzeri faktor-4
icin 203 pg/mL, PPAR-gama igin 2,54 ng/mL, SIRT igin 2,9 ng/mL ve
TLR-2igin 2 ng/mL.

Sonug: Bulgularimiz, bu enflamatuvar belirteglerin PCOS'li hastalari
ylUksek duyarlilik ve ozglllikte tanimlamak icin kullanilabilecegini
gostermektedir.  Sonuglarmiz PCOS'li kadinlarda gézlenen duslk
dereceli enflamasyonun muhtemelen hastaligin patofizyolojisine 6zgl
oldugu dlsutncesini desteklemektedir.

Anahtar kelimeler: Dusik dereceli enflamasyon, interlokinler, krippel
benzeri faktor-4, Polikistik Over sendromu, siklooksijenaz-2
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Introduction

Polycystic Ovary syndrome (PCOS) is the most common

and complex endocrine disorder among women
of reproductive age with an estimated prevalence
ranging between 5% and 15% (1). Given the established
associations between PCOS and several diseases including
cardiovascular diseases, type 2 diabetes, dyslipidemia,
obesity and infertility, PCOS represents a major challenge
regarding potential long-term morbidity, mortality and

increased health-care costs (2).

The etiology and pathophysiology of PCOS are not yet
clearly explained as the disease has a heterogeneous
clinical presentation. Several genetic and environmental
factors as well as lifestyle are believed to have a role in the
development and progression of PCOS. Hyperinsulinism
due to insulin resistance and hyperandrogenism are
considered to be the primary underlying conditions that
lead to the development of this syndrome (3,4). Studies have
shown that insulin resistance is present in more than half of
the patients with PCOS, irrespective of weight and obesity
(5). The overstimulation of the insulin receptors of follicular
theca cells by the synergistic action of hyperinsulinism and
luteinizing hormone (LH) is likely the major cause of the
hyperandrogenism and associated ovulatory dysfunction
observed in PCOS women (6). Although the mode of
inheritance is still unclear, familial clustering of the cases
and higher prevalence of the syndrome in identical twins
compared to non-identical twins suggest that genetic
susceptibility may also contribute to PCOS development

(7).

Recently, several pieces of research have been published
investigating the relationship between chronic low-grade
inflammation and PCOS. Adipokines and inflammation
mediators produced by the adipose tissue have been shown
to contribute to the metabolic changes presenting in PCOS
(8). Moreover, several cytokines produced by the ovary and
othertissuesare considered to cause a chronicinflammatory
state which maintains the metabolic imbalance(s) observed
in the syndrome (9,10). However, current data are available
for only a minority of inflammatory markers.

The present study aims to widen the scientific scope
concerning the association between the inflammatory state
and PCOS through the measurement of several previously
unassessed inflammatory markers. This study also aims to
address the potential role of inflammatory markers in the
diagnosis of PCOS.
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Materials and Methods

All consecutive female patients (age, 18 to 40 years)
diagnosed with PCOS at the Department of Gynecology,
Adnan Menderes University, Aydin, Turkey between June
2015 and July 2016 were enrolled in this cross-sectional
study. The diagnosis of PCOS was based on the revised
diagnostic criteria by the Rotterdam ESHRE/ASRM-
Sponsored PCOS consensus workshop group (11). A
group comprised of healthy volunteers was also included
in the study as a control group. Those who had any
chronic diseases or infectious diseases within 3 months of
enrollment, and pregnant patients or those in the initial
six weeks of the post-partum period and breastfeeding
women were excluded from the study. Written informed
consent was obtained from all participants included in the
study. The study was approved by the Institutional Ethical
Committee and was performed in accordance with the most
recent version of the Helsinki Declaration (2017/1131).
Age, body mass index (BMI), menstrual cycle (ir) regularity,
presence of hirsutism, and the systolic and the diastolic
blood pressures of all patients were recorded.

Blood samples following a 12-hour fasting were drawn
from all participants for fasting blood glucose, insulin,
follicle stimulating hormone (FSH), LH, thyroid stimulating
hormone (TSH), estradiol, prolactin, total testosterone,
cyclooxygenase-2 (COX-2), interleukin-12, interleukin-18,
interleukin-23  (IL6), Kriippel-like factor-4 (KLF-4),
peroxisome  proliferator-activated receptor (PPAR)-
gamma, sirtuin-1 (SIRT1) and toll-like receptor-2 (TLR-2)
measurements. After centrifugation (4000 x g for 10 min),
1 to 2 mL serum samples for the measurement of the
aforementioned inflammatory markers were stored at -80
°C until being assayed. Enzyme-linked immunosorbent
assay was performed to determine the serum levels of these
inflammatory markers. Insulin resistance was determined
by using the homeostasis model assessment HOMA-IR
formula as follows:

(HOMA-IR) formula [HOMA-IR = fasting insulin (mIU/mL)
x fasting glucose (mg/dL)/18)/22.5].

The predictive value of the inflammatory markers for
identifying PCOS was the primary outcome of the present
study.

Statistical Analysis

All analyses were performed on SPSS v21 (IBM, Armonk,
USA). For the normality check, the Kolmogorov-
Smirnov test was used. Normally distributed variables
(height, weight, and blood glucose) were compared with
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the independent samples t-test, while non-normally
distributed variables were compared with the Mann-
Whitney U test. Chi-square test or Fisher’s exact test were
used to compare the categorical variables. Data were
given as mean * standard deviation or median (minimum
- maximum) for continuous variables with regard to
normality, and as frequency (percentage) for categorical
variables. Diagnostic performance of each variable was
assessed by performing receiver operating characteristic
(ROC) curve analysis. A p-value <0.05 was accepted to
show statistical significance.

Results

A total of 49 medication-naive PCOS patients [median age
21 (18-39)] and 39 healthy controls [median age 22 (19-
40)] were enrolled in this cross-sectional study. Patients’
average weight was higher in the PCOS group compared
to the healthy controls (68.76+13.90 kg vs. 61.38+8.89 kg,
p=0.005). However, the number of overweight and obese
patients were similar in the two groups. Patients with POCS
and controls were similar with regard to systolic and the
diastolic blood pressures. Menstrual cycle irregularity and
hirsutism were more frequentin PCOS patients compared to
controls. FSH, prolactin and TSH levels were similar among
groups, while total testosterone, fasting blood glucose and
insulin levels, and the HOMA index were higher in PCOS
patients. LH and the estradiol levels were also higher in the
PCOS group compared to the control group (Table 1).

Inflammatory markers including COX-2, IL-12, 1L-18, IL-
23, KLF-4, PPAR-gamma, sirtuin (SIRT), and TLR-2 were
significantly higher in PCOS patients than the controls.
ROC curve analysis revealed that the following cut-off
values provided satisfactory sensitivity and specificity for
the diagnosis of PCOS:5.9 ng/mL for COX-2, 22.3 pg/mL
for IL-12, 32 pg /mL for IL-18, 57 pg /mL for IL-23, 203 pg/
mL for KLF-4, 2.54 ng/mL for PPAR-gamma, 2.9 ng/mL for
SIRT, and 2 ng/mL for TLR-2 (Table 2, Figure 1).

Discussion

The present study demonstrates that COX-2, IL-12, IL-
18, 1L-23, KLF-4, PPAR-gamma, SIRT, and TLR-2 are
significantly higher in patients with PCOS compared to
healthy controls. The blood levels of inflammatory markers
were similar in overweight PCOS women and normal
weight PCOS women. Our findings also demonstrate that
these inflammatory markers might be useful in identifying
patients with PCOS with high sensitivity and specificity.

PCOS is a common and complex endocrinopathy which
effects 5% to 15% of reproductive-age women. Recent data
indicate that adiposity and low-grade inflammatory state
are two main factors contributing to the development of
PCOS (12). Due to the fact that adipose tissue acts as an
endocrine organ by releasing adipokines, cytokines, and
several hormones, the increased levels of inflammatory
markers in PCOS women were initially suggested to be
due to PCOS-related adipocyte hypertrophy. In support
of this hypothesis, it is known that adipocytes are
vulnerable to hypertrophy when exposed to excessive
androgen stimulation, as is the case in women with PCOS.
Hyperandrogenism and the hypertrophy of adipocytes
lead to stromal vessel compression which further induces
adipose tissue hypoperfusion (13). Activation of nuclear
factor kappa-B, which is a transcription factor mediating
inflammatory processes, by adipose tissue hypoperfusion
stimulates the release of various inflammatory cytokines,
including interleukins (1f , 6,10, and 18), tumor necrosis
factor alfa (TNF-a), interferon gamma, complement factors,
transforming growth factor , monocyte chemotactic
protein-1 (MCP-1) and vascular cell adhesion molecule
(8). The resultant macrophage recruitment maintains
inflammatory state and leads to adipocyte dysfunction.
PCOS ovarian tissue has been shown to contain more
macrophages and lymphocytes than the ovarian tissues
of controls in previous studies (14). Increased blood
concentrations of TNF-q, interleukins (IL-6, IL-18, IL-1f,
IL-7, 1L-17), MCP-1, macrophage inflammatory protein-
la, macrophage migration inhibitory factor,
metalloproteinases (MMP) 2 and 9, soluble intercellular
adhesion molecule-1 and soluble endothelial leukocyte
adhesion molecule-1 have been shown in PCOS (15).

matrix

It has also been postulated that low-grade inflammation
itself might be a precursor for the development of insulin
resistance and the characteristic ovarian dysfunction in
patients with PCOS. Nevertheless, whether low-grade
inflammation and the altered release of adipokines are
intrinsic to PCOS or a consequence of PCOS-related
adipocyte hypertrophy and hyperandrogenism, is a matter
of debate (16). Previous data demonstrated that white blood
cell count and the platelet-to-lymphocyte ratio, a marker of
proinflammatory state, were significantly higher in obese
PCOS patients compared to normal weight PCOS patients.
However, neutrophil-to-lymphocyteratioand mean platelet
volume did not differ in obese and normal-weight PCOS
patients, although both were found to be higher than in the
healthy controls (17,18). Prior studies have demonstrated
significantly higher levels of high-sensitive C-reactive
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protein, IL-6, and TNF-a in women with PCOS compared
to BMI-matched controls (19). Additionally, these markers
are also reported to be increased in lean PCOS women
suggesting a special association between inflammatory state
and PCOS, regardless of obesity-associated alterations (20).
The cytokine elevation in PCOS was initially considered as a
consequence of the excessive visceral fat deposition, which
is known to be related to increased adipocytokine levels in

obese patients (21,22). However, several subsequent studies
have failed to demonstrate any significant differences in
visceral, abdominal subcutaneous, gluteal subcutaneous,
or midfemoral subcutaneous fat (as measured by MRI) of
women with or without PCOS (21). We found that COX-2,
IL-12, IL-18, IL-23, KLF-4, PPAR-gamma, SIRT and TLR-2
were significantly higher in the PCOS group compared to
the healthy controls. However, there were no significant

Table 1. Summary of patients’ characteristics regarding groups

Controls PCOS Total p
n 39 49 88 N.A
Age 21(18-39) 22 (19-40) 22 (18-40) 0.227
Height (cm) 164.41£6.39 163.51+£5.95 163.91£6.13 0.497
Weight (kg) 61.38+8.89 68.761+13.90 65.49+12.44 0.005
Overweight (BMI>25) 15 (38.46%) 29 (59.18%) 44 (50.00%) 0.086
Obesity (BMI>30) 2 (513%) 8 (16.33%) 10 (11.36%) 0175
Systolic BP 110 (90-125) 110 (90-152) 110 (90-152) 0.385
Diastolic BP 70 (55-80) 70 (50-90) 70 (50-90) 0.443
Menstrual Cycle
Irregular 3 (7.69%) 35 (71.43%) 38 (43.18%)
Regular 36 (92.31%) 14 (28.57%) 50 (56.82%) <0.001
Hirsutism
Absent 25 (64.10%) 3 (6.12%) 28 (31.82%)
Mild 14 (35.90%) 15 (30.61%) 29 (32.95%) <0.001
Medium 0 (0.00%) 16 (32.65%) 16 (18.18%)
Severe 0 (0.00%) 15 (30.61%) 15 (17.05%)
FSH (mIU/mL) 4.5 (2.82-9.00) 4.47 (1.33-10.60) 4.50 (1.33-10.60) 0.589
LH (mlU/mL) 318 (0.70-13.46) 413 (0.71-16.40) 3.61(0.70-16.4) 0.030
Estradiol (pg/mL) 29 (15-82) 40 (2-133) 35 (2-133) 0.004
Prolactin (ng/mL) 13.08 (1.62-28.00) 14.95 (6.01-52.00) 14.24 (1.62-52.00) 0.058
TSH (mIU/mL) 1.38 (0.54-2.81) 1.78 (0.58-4.69) 1.75 (0.54-4.69) 0.280
Total testesterone (ng/dL) 1.04 (0.71-2.10) 1.33 (0.56-3.50) 117 (0.56-3.50) 0.016
Blood glucose (mg/dL) 83.12+9.30 89.31£8.64 8719%9.29 0.006
Insulin (ulU/mL) 6.20 (1.42-21.50) 9.35 (3.70-31.20) 8.60 (1.42-31.20) 0.007
HOMA-IR 1.39 (0.27-4.28) 2.11(0.72-716) 1,94 (0.27-716) 0.003
COX-2 (ng/mL) 2.21(0.30-5.96) 6.58 (3.66-10.80) 5.53 (0.30-10.80) <0.001
IL-12 (pg/mL) 11.29 (6.29-22.18) 32.76 (15.41-133.65) 21.44 (6.29-133.65) <0.001
IL-18 (pg/mL) 19.00 (9.94-58.06) 48,62 (31.75-199.88) 3706 (9.94-199.88) <0.001
IL-23 (pg/mL) 47.33 (15.67-98.17) 92.33 (53.17-385.67) 64.83 (15.7-385.7) <0.001
KLF-4 (pg/mL) 170.85 (147.8-299.8) 204.26 (147.7-884.3) 196.20 (147.7-884.3) <0.001
PPAR-gamma (ng/mL) 115 (0.24-3.44) 4,58 (1.37-9.70) 2.67 (0.24-9.7) <0.001
SIRT (ng/mL) 1.37 (1.29-3.22) 3.42 (3.20-6.97) 3.25(1.29-6.97) <0.001
TLR-2 (ng/mL) 1,29 (0.38-2.70) 3.62 (111-9.64) 2.23(0.38-9.64) <0.001

Data given as mean + standard deviation or median (minimum - maximum) for continuous variables regarding normality and frequency (percentage) for categorical variables.
N.A: not applicable, PCOS: Polycystic Ovary syndrome, BMI: Body mass index, cm: Centimeter, kg: Kilogram, FSH: Follicle stimulating hormone, LH: Luteinizing hormone,
HOMA-IR: Homeostasis Model Assessment of Insulin Resistance, TLR-2: Toll-like receptor-2, PPAR: Peroxisome proliferator-activated receptor, COX-2: Cyclooxygenase-2,
TSH: Thyroid stimulating hormone, BP: Blood pressure, SIRT: Sirtuin, KLF-4: Kriippel-like factor-4
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differences regarding these inflammatory markers when
overweight and normal-weight PCOS women were
compared. This indicates an intrinsic pathology of PCOS
regarding pro-inflammatory state.

In the current study, we assessed the levels of several
inflammatory markers which were not studied previously
in PCOS, including COX-2, IL-12, IL-18, IL-23, KLF-4,
PPAR-gamma, SIRT and TLR-2, which were found to be
significantly higher in patients compared to the controls.
These markers are utilized in the evaluation of the different
pathways of inflammation and higher concentrations show
the presence of a global activation of inflammation in PCOS
women. Furthermore, the high sensitivity and specificity
for the diagnosis of PCOS with these markers support the
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Figure 1. ROC curve demonstrating the diagnostic
performance of the inflammatory markers in identifying
women with PCOS

PCOS: Polycystic ovary syndrome, COX-2: Cyclooxygenase-2,
PPAR: Peroxisome proliferator-activated receptor, TLR-2: Toll-like
receptor-2, SIRT: Sirtuin, ROC: Receiver operating characteristic

evidence derived from previous studies which suggest a
significant role for low-grade inflammatory activity in the
development of PCOS. When we elucidate the diagnostic
predictivity of the parameters we measured in our study;,
significant results were found in ROC analysis. It was
observed that all of the other markers except the KLF-4
results showed high (>0.90) Area under receiver operating
characteristic curve values in predicting PCOS diagnosis.
These remarkable results demonstrate that these markers
can be used in a diagnostic sense; however, it is obvious
that more extensive studies are needed. It is also important
to note that there are several other studies that have been
performed for the evaluation of these markers, but it is
evident that the findings of our research are important.

There is also evidence that the

state can itself promote androgen production and

inflammatory

hyperandrogenemia. An experimental study conducted
by Spaczynski and colleagues has shown that TNF-a can
stimulate proliferation of ovarian theca cells in murine
models (23). In addition, a systematic review including
31 studies, carried out by Escobar-Morreale et al. (24)
has revealed that PCOS women exhibit an elevated
circulating C-reactive protein, which is independent of
obesity. The reduction in serum concentrations of the
inflammatory markers with atorvastatin and simvastatin,
which have been shown to exert remarkable anti-
inflammatory effects, also supports the specific role of
inflammation in PCOS (25,26). With these results in mind,
we suggest that our findings support the consideration
that low-grade inflammation and the altered release of
the adipokines are intrinsic to PCOS pathophysiology.
However, although only a few, there are also some
studies indicating increased visceral fat accumulation
in normal-weight PCOS women (27,28). Therefore,
one could consider that a patient with PCOS does not

Table 2. Measurements of performance for Polycystic Ovary syndrome diagnosis

Cut-off Sensitivity Specificity Accuracy PPV NPV AUC 95.0% CI p
COX-2 (ng/mL) 5.9 71.40% 100.00% 84.09% 100.00% 73.58% 0.947 0.907 0.987  <0.001
IL-12 (pg/mL) 22.3 71.40% 100.00% 84.09% 100.00%  73.58% 0.972 0.945 0999 <0.001
IL-18 (pg/mL) 32 98.00% 97.40% 97.73% 97.96% 97.44% 0.984 0.954 1,000 <0.001
IL-23 (pg/mL) 57 93.90% 76.90% 86.36% 83.64% 90.91% 0.919 0.862 0.977 <0.001
KLF-4 (pg/mL) 201 61.20% 87.20% 72.73% 85.71% 64.15% 0.763 0.664 0.863  <0.001
PPAR-gamma (ng/mL) 2,54 89.80% 97.40% 93.18% 97.78% 88.37% 0.979 0.956 1.000 <0.001
SIRT (ng/mL) 2.9 100.00% 97.40% 98.86% 98.00% 100.00% 0.998 0.995 1.000 <0.001
TLR-2 (ng/mL) 2 89.80% 94.90% 92.05% 95.65% 88.10% 0.948 0.904 0992  <0.001

PPV: Positive predictive value, NPV: Negative predictive value, AUC: Area under receiver operating characteristic curve, Cl: Confidence intervals, COX- 2: Cyclooxygenase-2,

PPAR: Peroxisome proliferato-activated receptor, TLR-2: Toll-like receptor, SIRT: Sirtuin
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necessarily need to have a high BMI for the development
of adipocyte-associated inflammatory activation. This
particular finding can be considered as a limitation of the
current study, as we did not assess visceral fat deposition.
Further research, including the measurement of the
visceral fat accumulation, will probably serve additional
information concerning the clarification of the role of
inflammation and obesity in the pathogenesis of PCOS.

We have to underline the fact that a few previous reports
have shown higher accumulation of fat in the viscera of
normal-weight PCOS patients. This accumulation may
cause insulin resistance, adipocyte dysfunction and low-
grade inflammation, even though patients have normal
BMI. Although our findings indicate that the low-grade
inflammatory state observed in PCOS is irrespective of BMI
value, we have not measured the visceral fat accumulation.
However, there are also studies that report a lack of
difference in visceral fat deposition between patients with
PCOS and healthy individuals. The relatively low number
of patients included in this study is also another drawback.

Conclusion

The present study shows that inflammatory markers,
including COX-2, IL-12, IL-18, IL-23, KLF-4, PPAR-gamma,
SIRT and TLR-2, are increased in PCOS regardless of BMI.
Our findings also demonstrate that these inflammatory
markers might be used to identify patients with PCOS, with
high sensitivity and specificity. The lack of any difference
in the serum concentrations of the aforementioned
inflammatory markers in overweight and normal-weight
PCOS patients supports the consideration that the low-
grade inflammation shown in women with this syndrome
is intrinsic to PCOS.
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