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ABSTRACT

Our aim was to analyze levels of proinflammatory biomarker interleukin-18 (IL-18) in
healthy controls and patients with polycystic ovary syndrome (PCOS) focusing on its association with
obesity, clinical, hormonal, and metabolic characteristics. Fifty-eight patients
with PCOS were enrolled in the study fulfilling the Rotterdam criteria and were matched for age, body
mass index (BMI), and ethnicity with 30 healthy controls. Detailed anthropometric measurements,
clinical investigations, hormonal and biochemical tests were obtained between the 3 and 5" day of
a menstrual cycle. A subanalysis of the PCOS group was performed separating patients into several
groups according to a waist-to-height ratio (WHtR), insulin resistance (IR), and free androgen index
(FAI). Serum IL-18 levels were measured using the ELISA method. Levels of IL-18 were similar
between PCOS patients and controls. IL-18 was higher in overweight/obese women compared to
normal-weight women when analyzing all participants together and separately PCOS or controls
group (p <0.001, p < 0.001, p = 0.01, respectively). Additionally, IL-18 levels were higher in high-WHtR
and IR subgroups compared to low-WHtR (p < 0.001) and non-IR PCOS women (p < 0.001). PCOS
women with high FAI had greater serum IL-18 levels than normal-FAl patients (p = 0.002). Levels of
IL-18 correlated positively with most of the anthropometric and metabolic parameters. In multiple
linear regression, age, waist circumference, and fasting insulin were independently related factors
with IL-18. Elevated levels of IL-18 were related to several indices of general and visceral
adiposity and insulin resistance in PCOS. Arch Endocrinol Metab. 2022;66(1):3-11
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INTRODUCTION

olycystic ovary syndrome (PCOS) is one of the
most common endocrine disorders among women
of reproductive age (1). PCOS is now perceived as both
a reproductive syndrome, presenting clinically with
hyperandrogenism, ovulatory dysfunction (including
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oligo-amenorrhea), polycystic ovaries, and infertility
(1), and a metabolic disorder (2). Most women with
PCOS have obesity and insulin resistance (IR) (3,4)
that further increases the risk for type 2 diabetes,
hypertension, dyslipidemia, nonalcoholic fatty liver
disease (NAFLD), and metabolic syndrome (5-7).
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All of the aforementioned and associated with
PCOS conditions are considered chronic low-grade
inflammatory disorders (8) where visceral adipose tissue
is thought to play a central role (9). Being infiltrated
with different immune cells (T-cells and macrophages)
(10,11), fat tissue additionally produces various pro-
inflammatory cytokines related to IR (12).

Interleukin-18 (IL-18) is a cytokine, discovered by
Okamura and cols. in the late 20th century and initially
was described as an interferon-gamma (IFNy)-inducing
factor (13). As a potent pro-inflammatory cytokine,
elevated IL-18 levels were already observed in many low-
grade inflammatory conditions such as obesity, metabolic
syndrome (14,15), prediabetes (16), type 2 diabetes,
latent autoimmune diabetes of the adults (LADA) (17),
hypertension (18), and dyslipidemia (19).

Elevation of IL-18 (20-22) and other inflammatory
biomarkers, such as C-reactive protein (CRP) (23,24),
tumor necrosis factor (TNF-a), and interleukin-6 (25)
was observed as well as in PCOS patients. Nevertheless,
the inflammatory nature of PCOS is still debatable
because of the great variability of reported findings;
thus, there is insufficient evidence to conclusively
resolve the issue (26,27). According to some authors,
the independent association between PCOS and low-
grade inflammation is not quite certain and it could
be analyzed after clear stratification of participants
according to body mass index (BMI) or other
parameters, using clinically relevant cutoffs (27).

Our research aimed to determine the IL-18 levels
in women with PCOS and compare them with healthy
controls, to analyze its association with different markers
for global and central adiposity, insulin resistance, and
hyperandrogenism, and to determine which of those
variables independently predict IL-18 levels.

SUBJECTS AND METHODS
Study population

Fifty-eight women with PCOS (25.9 + 5.2 years)
were consecutively enrolled in this cross-sectional
observational study and matched for age, ethnicity, and
BMI with 30 healthy controls (27.6 + 5.2 years). All
the PCOS patients were recruited in the Endocrinology
Clinic of University Hospital “Alexandrovska”, Sofia,
Bulgaria and met the Rotterdam criteria (28).

The control group consisted of healthy volunteers
with a regular menstrual cycle without clinical or

4

biochemical hyperandrogenism and a history of
infertility. Exclusion criteria for all participants in the
study were: pregnancy, hyperprolactinemia, thyroid
dysfunction, premature ovarian failure, hypothalamic
amenorrhea, congenital adrenal hyperplasia, androgen-
producing tumors, Cushing’s syndrome or disease,
use of oral contraceptive, antiandrogen or insulin-
sensitizing drugs (metformin, thiazolidinediones) for
the last 3 months. The study protocol was approved
by the Research Ethics Committee of the Medical
University of Sofia, Bulgaria with approval protocol
number 14,/22.05.2020. Each participant signed
written informed consent before recruitment.

Anthropometric and clinical assessment

Anthropometric and clinical assessment was carried out
by the same clinician to avoid an inter-observer error.
All participants were evaluated for hirsutism (according
to modified Ferriman-Gallwey [mFG] score), acne,
alopecia (using the Ludwig visual scale), and acanthosis
nigricans (AN). Detailed anthropometric measurements
were done including the following parameters: height,
weight, BMI (kg/m?), waist circumference (WC), hip
circumference (HC), waist-to-hip ratio (WHR), and
waist-to-height ratio (WHtR).

Obesity was defined as BMI > 30 kg,/m?, overweight
as BMI between 25 and 29.9 kg/m?, and normal
weight as BMI < 24.9 kg/m? and > 18,5 kg/m? (29).
Ultrasound pelvic investigation was performed by an
experienced sonographer for assessment of polycystic
morphology of the ovaries.

Laboratory tests

After an overnight fasting state, blood samples
were obtained for measurement of fasting plasma
glucose (FPG),
(IRI), testosterone, dehydroepiandrosterone sulfate
(DHEAS), androstenedione, 17-OH-progesterone,
luteinizing hormone (LH), follicle stimulating
hormone (FSH), and estradiol between the 3rd and
5th day of spontanecous or progesterone-induced
menstrual bleeding. Additionally, fasting serum samples

serum immunoreactive insulin

were collected, centrifuged, and stored in a freezer at
-80 °C until its examination for assessment of IL-
18 and sex hormone-binding globulin (SHBG). A
standard oral glucose tolerance test (OGTT) was also
performed with measurement of plasma glucose and
IRI at 0, 60, and 120 min. The homeostatic model

Arch Endocrinol Metab. 2022;66/1



assessment of insulin resistance (HOMA-IR) was
calculated using FPG and fasting insulin according to
the following equation: HOMA-IR = FPG (mmol/L)
x fasting insulin (mU /L) /22.5 (30). Testosterone was
measured by employing electrochemiluminescence
immunoassay (ECLIA) by analytics Elecsys 2010 with
analytical sensitivity 0.069 nmol/L and CV 1.2-4.7%.
SHBG was measured by enzyme-linked immunosorbent
assay (ELISA), based on the principle of competitive
binding with an analytical sensitivity of 0.23 nmol /L.
The free androgen index (FAI) was calculated using the
tollowing equation: FAI = Testosterone (nmol/L)/
SHBG (nmol/L) x 100.

All other hormonal and biochemical measurements
were performed by standard techniques in the referent
for Bulgaria Laboratory of the University hospital
“Alexandrovska”. Serum IL-18 was measured by
ELISA (Medical & Biological Laboratories Co., Ltd,
Nagoya, Japan # code No 7620) with a detection limit
of 12.5 pg/mlL.

PCOS subgrouping

A detailed subanalysis of the PCOS group was
performed separating patients into several groups.
According to WHtR, the patient group was divided
into high-WHtR (WHtR > 0.5; n = 30) and low-
WHtR (WHtR < 0.5; n = 28) (31,32). Further, the
PCOS group was divided into PCOS with IR (n =
25) and without IR (n = 33). IR was accepted when
the homeostatic model assessment of IR (HOMA-IR)
> 2.5 and/or peak insulin levels during an OGTT >
100 TU/mL (33). Finally, patients with PCOS were
divided into two androgen groups according to FAI:
normal FAI (FAI < 5, n = 39) and high FAI (FAI > 5,
n=19)(34).

Statistical analysis

Statistical analysis was conducted using the SPSS
software version 21.0. The normality of data distribution
was assessed with the Shapiro-Wilk test. Parametric tests
(Independent Samples T-Test) were carried out when
data were normally distributed and the hypotheses
were presented as the difference between the mean
values + standard deviation (SD). In case of a skewed
data distribution, a nonparametric Mann-Whitney
U test was used to compare the variables and the
hypotheses were presented as the difference between
the medians (interquartile range [IQR]). Pearson and
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Spearman correlation analyses were used for normally
and abnormally distributed data, respectively. Multiple
regression analysis using a forward (probability for
entry < 0.98, probability for removal > 0.99) and enter
methods for the introduction of independent variables
were performed to identify the main determinants of
IL-18 levels among the variables. The sample size was
calculated based on the IL-18 measurements from
a previous study (35) using Sample Size Calculator
Clinical Calc (https://clincalc.com/stats/samplesize.
aspx). To obtain a power analysis with alpha 0.05 and
power > 80%, the sample size resulted in at least 20
participants per group. For all comparisons, p < 0.05
was chosen as the level of significance at which the null
hypothesis was rejected.

RESULTS
Comparison between PCOS and healthy women

The population in our study consisted of 58 PCOS
patients and 30 healthy women who were matched
for age, BMI, and ethnicity. Women with PCOS had
significantly higher levels of testosterone, DHEAS,
FAI
LH/ESH ratio compared to controls. Expectedly,

androstenedione, 17-OH-progesterone, and
healthy controls were less hirsute than patients.
All other clinical, anthropometric, and metabolic
parameters were similar between the two groups.
IL-18 levels were also similar between patients and

healthy controls (Table 1).

Comparison between overweight/obese and normal-
weight women in the groups

When all participants were taken into account (n = 88),
IL-18 levels were higher in overweight/obese women
(n = 50) compared to normal-weight women (n = 38)
(300.8 [211.4; 357] »s. 177.5 [114.5; 210.9], p <
0.001) and in both groups separately — control group
(313.5 [199.6; 461.6] »s. 202.5 [132.3; 249.8], p =
0.01) and PCOS group (295.4 [223.1; 344.3] vs. 135
[112.3;192.3],p < 0.001) (Figure 1). When comparing
IL-18 levels between overweight/obese PCOS women
and overweight/obese healthy controls, they did not
showed significant difference (313.5 [199.6; 41.6]
ps. 295.4 [223.1; 344.3], p = 0.208). Similar results
were seen when comparing normal-weight women in
the two groups (202.5 [132.3; 249.8] »s. 135 [112.3;
192.3], p = 0.064).
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Table 1. Anthropometric, clinical, and laboratory characteristics in PCOS patients and controls

Variable PCOS (n = 58) Controls (n = 30) P-value
Age (years) 259+52 276+52 0.102
Height (cm) 164 (160; 168) 165 (160; 169) 0.798
Weight (kg) 73 (58; 87) 70 (59.5; 97.3) 0.711
BMI (kg/m?) 277+73 293+74 0.738
WC (cm) 83.5(76; 101.3) 84 (74; 96.9) 0.672
HC (cm) 100.5 (92; 110) 102 (92.8; 110.3) 0.724
WHR 0.84(0.77; 0.96) 0.81(0.76; 0.90) 0.296
WHtR 50.4 (45.3; 63.6) 48.7 (44.9; 57.4) 0.391
AN 21/58 6/30 0.147
Acne 14/58 6/30 0.791
mFG score 8 (4;14) 35(1;6.3 <0.001
FPG (mmol/L) 5.0 (4.8;5.3) 5.05(4.8;5.2) 0.621
OGTT 60" glucose (mmol/L) 6.8 (5.1;9.0) 6.7 (5.1; 8.0) 0.788
OGTT 120" glucose (mmol/L) 5.5 (4.8; 6.5) 5.5(4.8;6.3 0.788
Fasting IRI (mU/L) 9.4 (5.9;16.8) 9.3(6.0; 14.4) 0.996
OGTT 60" IRI (mU/L) 80.9 (45.8; 125.9) 61.9(30.9; 124.3) 0.379
OGTT 120" IRl (mU/L) 42.3 (23.4; 85) 30.1(17.2; 49) 0.058
HOMA-IR 2.15(1.25; 3.74) 2.18(1.28; 3.27) 0.982
LH (mU/mL) 6.6 (4.7; 8.5) 5.8(4.1;8.1) 0.214
FSH (mU/mL) 5.1(4.3;6.1) 5.5 (4.8;6.5) 0.333
LH/FSH ratio 1.2(1.0;1.8) 1.0(0.8;1.2 0.023
Estradiol (pmol/L) 133.7 (96.9; 193.8) 147.2 (104.8; 190.3) 0.768
Testosterone (nmol/L) 1.6(1.1; 2.0 0.9(0.7;1.1) <0.001
DHEAS (mcmol/L) 8.9 (6.5; 11.6) 5.5(4.2;7.5 <0.001
Androstenedione (ng/mL) 4.4 (3.0; 5.5) 2.3(1.5;2.7) <0.001
17-0H-progesterone (ng/mL) 16(1.3;1.9 1.2(1.0;1.3) <0.001
FAI 34(1.7;6.8 1.5(1.0;3.1) 0.002
SHBG (nmol/L) 45.1 (28.6; 79.1) 54.0 (28.3; 80.5) 0.544
IL-18 (pg/mL) 211.8 (134.6; 308.3) 249.8 (179.9; 367.1) 0.081

AN: acanthosis nigricans; BMI: body mass index; DHEAS: dehydroepiandrosterone sulfate; FAI: free androgen index; FPG: fasting plasma glucose; FSH: follicle stimulating hormone; HOMA-IR:
homeostatic model assessment of insulin resistance; HC: height circumference; IRI: immunoreactive insulin; IL-18: interleukin-18; LH: luteinizing hormone; mFG score: modified Ferriman-Gallwey
score; OGTT: oral glucose tolerance test; SHBG: sex hormone-binding globulin; WHR: waist-to-hip ratio; WHtR: waist-to-height ratio; WC: waist circumference.

Normally distributed data are presented by mean (+SD). Skewed distributed data are presented as median (25%; 75%). Categorical values are presented as a proportion of the total number (n/N).

Subanalysis in the PCOS group

A detailed analysis in the PCOS group showed that
high-WHtR patients had higher levels of IL-18, than
low-WHtR participants (296.8 [227.5; 344.1] s
140.8 [115.7; 200.8], p < 0.001) (Figure 2A). IL-18
levels were significantly elevated in PCOS patients with
IR, than those without IR (316.3 [237.1; 352.5] »s.
172.5 [119; 211.8], p < 0.001) (Figure 2B). IL-18
levels were also higher in PCOS women with high FAI
than patients with normal FAI (298.3 [214.5; 355.3]
ps. 181.1 [129.1;262.4], p = 0.002) (Figure 2C).

Correlations of IL-18 levels in the patients and
controls

IL-18 levels correlated positively with almost all
anthropometric and metabolic parameters in the PCOS
group, presented in Table 2. In the control group,
the serum levels of IL-18 did not show a correlation
with hormonal and most of the anthropometric and
metabolic parameters. The IL-18 levels correlated
weakly and positively with WHtR (r = 0.381; p = 0.038)
and OGTT 60" IRI (r = 0.434; p = 0.017).

Arch Endocrinol Metab. 2022;66/1



IL-18 related to metabolism in PCOS

BMI
I Normal weight M Overweight & Obese
1200 p =0.01 p <0.001
1000 o0
z
S, 800+
A=
®
= 600
.57
400
200 +
.42
0
Healthy controls PCOS patients

Figure 1. Clustering IL-18 levels in the study population. Overweight/obese women had higher serum IL-18 levels than normal-weight women in both
healthy and PCOS patients together and separately. No difference in IL-18 levels was found between overweight/obese patients (n = 33) and overweight/
obese controls (n = 17) and between normal-weight patients (n = 25) and normal-weight controls (n = 13).
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Table 2. IL-18 correlation analysis in the PCOS group

Variable r p

BMI (kg/m?) 0.556 <0.001
Weight (kg) 0.544 <0.001
Height (cm) -0.089 0.505
WC (cm) 0.598 <0.001
HC (cm) 0.506 <0.001
WHR 0.420 0.001
WHtR 0.553 <0.001
FPG (mmol/L) 0.351 0.007
OGTT 60 glucose (mmol/L) 0.322 0.015
OGTT 120 glucose (mmol/L) 0.227 0.087
Fasting IRI (mU/L) 0.634 <0.001
OGTT 60" IRI (MU/L) 0.352 0.008
0GTT 120' IRl (mUL) 0.356 0.006
HOMA-IR 0.639 <0.001
mFG score 0.286 0.030
LH (mU/mL) -0.169 0.206
FSH (mU/mL) -0.099 0.460
LH/FSH ratio -0.102 0.447
Estradiol (pmol/L) 0.073 0.584
Testosterone (nmol/L) 0.055 0.680
DHEAS (mcmol/L) - 0.040 0.765
Androstenedione (ng/mL) -0.099 0.457
17-0H-progesterone (ng/mL) 0.010 0.940
FAI 0.232 0.080
SHBG (nmol/L) -0.240 0.070

BMI: body mass index; DHEAS: dehydroepiandrosterone sulfate; FAI: free androgen index; FPG:
fasting plasma glucose; FSH: follicle stimulating hormone; HOMA-IR: homeostatic model
assessment of insulin resistance; HC: height circumference; IRI: immunoreactive insulin; LH:
luteinizing hormone; mFG score: modified Ferriman-Gallway score; OGTT: oral glucose
tolerance test; SHBG: sex hormone-binding globulin; WHR: waist-to-hip ratio; WHtR: waist-to-
height ratio; WC: waist circumference.

Pearson and Spearman correlation analysis (Rho) were used for normally and abnormally
distributed data, respectively.

Multiple linear regression in the PCOS group

Multiple linear regression was carried out to predict
IL-18 reported demographic,
anthropometric, and metabolic characteristics in the

levels from the
patient group. Using a forward stepwise regression
model, only age, WC, and fasting IRI were selected
for further analysis adding explanatory power. These

_ variables significantly predicted IL-18, F(3, 55) =

17.817, p < 0.001, R2 = 0.497. All three variables
~added statistical significance to the prediction model, p
< 0.05 (Figure 3).
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IL-18: interleukin-18; IRI: immunoreactive insulin; WC: waist circumference.

Figure 3. Scatterplot depicting the relationship between observed and
predicted IL-18 values according to a linear regression model with IL-18
as a dependent variable and independent variables — age, WC, and fasting
IRI. Approximately 50% of variations in IL-18 could be explained by these
three variables.

DISCUSSION

Metabolic abnormalities observed in women with
PCOS are undoubtedly associated with chronic low-
grade inflammation. Is PCOS per s however an
inflammatory condition or the reported relationship
between PCOS and low-grade inflammation is due
to confounding factors? The present study aimed to
address this question by comparing levels of 1L.-18, as
a potent proinflammatory biomarker, in PCOS patients
and healthy controls. Furthermore, we determined the
variables which independently predicted I1.-18 levels in
PCOS patients.

Our study found no difference in IL-18 levels
between PCOS patients and healthy
Intentionally, the two groups were matched for age,
BMI, and ethnicity that probably predetermined similar
values of most metabolic parameters. In contrast, PCOS
patients were more hyperandrogenic and therefore

controls.

more hirsute than controls. Notably, hyperandrogenism
is the most important characteristic in the diagnostic
criteria of PCOS according to the National Institute of
Health (36) and the Androgen Excess and Polycystic
Ovary Syndrome Society (37) and one of the three
characteristics according to Rotterdam criteria (28).
Clinical ~research exploring the association
between PCOS per se and IL-18 reported confusing
results. Some of those studies showed that PCOS

Arch Endocrinol Metab. 2022;66/1



independently from obesity is linked to increased
levels of IL-18 (20-22). However, Kaya and cols.
(38) demonstrated that obesity explained IL-18 levels
in PCOS women and impacted the significance in
difference of the biomarker levels between patients
and controls. Those data showed that obese PCOS
women and obese healthy controls had similar levels
of IL-18. Another study by Lindholm and cols. (39)
demonstrated a lack of significance in IL-18 levels
among the three groups in their analysis: lean PCOS
women, overweight PCOS women, and overweight
controls. More interestingly, when analyzing amounts
of mRNA for inflammatory markers (including I1.-18)
in adipose tissue, the authors observed no differences
between overweight PCOS patients and overweight
controls, whereas inflammatory markers were higher
compared to lean PCOS patients (39). A non-causal
relation thus was previously suggested with PCOS and
IL-18 levels because they both were linked to obesity
as a confounding factor. We found similar results in line
with recent studies that levels of IL-18 are increased in
obese participants (20,22,38,39). In each of the three
analyses (including all participants, healthy controls, or
PCOS group, separately), overweight/obese women
had significantly higher levels of IL-18 than normal-
weight women. Importantly, PCOS status influenced
the levels of IL-18 neither in overweight/obese
participants nor in lean of them.

To enlighten the relation between inflammation
and PCOS, the study was intended to contribute
to the current knowledge and look from a different
angle, taking into account relevant markers of
global and central adiposity, insulin resistance, and
hyperandrogenism. Importantly, the results of our
study rather support the hypothesis that the association
between PCOS per se and elevation of IL-18 levels is
dependent on confounding factors such as obesity and
insulin resistance which influence the cytokine levels
resulting in low-grade inflammation in PCOS. Similar
to prior research in the field (35), we confirmed that
IL-18 levels were higher in PCOS patients with IR than
without IR. In our study, however, greater interest was
aroused in the investigation of PCOS patients divided
according to WHtR and FAI using clinically relevant
cutofts, which was performed for the first time to the
best of our knowledge. WHtR is an effective marker
tor the assessment of high metabolic and cardiovascular
risk profiles (31,32). On the other hand, androgen
excess is associated with a deteriorated metabolic
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profile (40) and FAI is a relevant parameter for the
assessment of hyperandrogenism. The results from
our two subanalyses with WHtR and FAI showed that
IL-18 levels were significantly higher in patients with
visceral obesity and hyperandrogenism. Further studies
should assess the role of IL-18 as a predisposing factor
for increased cardiovascular and additional metabolic
risk among patients with PCOS.

IL-18 levels were correlated positively with several
indices for general and visceral adiposity and most of
the metabolic parameters associated with IR in the
PCOS group. Although the hyperandrogenic PCOS
patients had higher IL-18 levels than those with
normal androgen levels, only mFG score showed a
weak correlation with the interleukin levels. These
results and the established link between IL-18 and
deteriorated metabolic profile favor an assumption that
visceral obesity and insulin resistance predispose to
increased inflammation in PCOS patients rather than
hyperandrogenism. In the multiple regression analysis,
approximately 50% of variances in IL-18 levels were
explained by age, WC, and fasting insulinemia.

The limitations of our study include a relatively
small number of subjects and its cross-sectional design.
Furthermore, we cannot determine if there is a cause-
and-effect relationship between IL-18 levels and
metabolic and cardiovascular risk in PCOS women.
Larger and longitudinal studies are warranted to clarify
such a relation.

In conclusion, in our study, levels of IL-18 were
similar between patients with PCOS and healthy
controls. IL-18 levels were related to several indices of
general and visceral adiposity and insulin resistance in
the PCOS group where age, waist circumference, and
fasting insulinemia most closely explain serum amounts
of this proinflammatory biomarker.

Funding: the study was performed with the financial support
of Medical University-Sofia, Bulgaria, Grant 2020, Project No
8379,/20.11.2019, Contract D-130,/24.06.2020.

Contributions: PK - study design, data acquisition, data analysis,
and data interpretation; critical revision and final approval of the
manuscript. AG—study design, data interpretation; critical revision
and final approval of the manuscript. TV — data interpretation,
immunological assay evaluation, critical revision and final approval
of the manuscript. TG — data interpretation, statistical analysis,
critical revision and final approval of the manuscript. KY — data
interpretation; critical revision and final approval of the manus-
cript. HO — data interpretation; critical revision and final approval
of the manuscript. ZK — data interpretation; critical revision and
final approval of the manuscript.

hts reserved

\E&M all rig




Copyright® AE&M all rights reserved

IL-18 related to metabolism in PCOS

Disclosure: no potential conflict of interest relevant to this article
was reported.

REFERENCES

1

10.

1.

12.

13.

14.

15.

16.

17.

10

Azziz R, Carmina E, Chen Z, Dunaif A, Laven JS, Legro RS, et al.
Polycystic ovary syndrome. Nat Rev Dis Primers. 2016;2:16057.
Azziz R. Polycystic Obstet
2018;132(2):321-36.

Diamanti-Kandarakis E, Dunaif A. Insulin resistance and the
polycystic ovary syndrome revisited: an update on mechanisms
and implications. Endocr Rev. 2012;33(6):981-1030.

Cengiz H, Ekin M, Dagdeviren H, Yildiz $, Kaya C, Kanawati A.
Comparison of serum anti-Mdlllerian hormone levels in normal
weight and overweight-obese adolescent patients with polycystic
ovary syndrome. Eur J Obstet Gynecol Reprod Biol. 2014;180:46-50.
Taranto DOL, Guimaraes TCM, Couto CA, Candido AL, Azevedo
RCS, Mattos FS, et al. Nonalcoholic fatty liver disease in
women with polycystic ovary syndrome: associated factors and
noninvasive fibrosis staging in a single Brazilian center. Arch
Endocrinol Metab. 2020;64(3):235-242.

Sirmans SM, Parish RC, Blake S, Wang X. Epidemiology and
comorbidities of polycystic ovary syndrome in an indigent
population. J Investig Med. 2014,62(6):868-74.

Bahceci E, Kaya C, Karakas S, Yildiz $, Hosgdren M, Ekin M.
Serum X-box-binding protein 1 levels in PCOS patients. Gynecol
Endocrinol. 2021;23:1-5.

Jung UJ, Choi MS. Obesity and its metabolic complications:
the role of adipokines and the relationship between obesity,
inflammation, insulin resistance, dyslipidemia and nonalcoholic
fatty liver disease. Int J Mol Sci. 2014;15(4):6184-223.

Ribeiro VB, Kogure GS, Lopes IP, Silva RC, Pedroso DCC, Ferriani
RA, et al. Association of measures of central fat accumulation
indices with body fat distribution and metabolic, hormonal,
and inflammatory parameters in women with polycystic ovary
syndrome. Arch Endocrinol Metab. 2019;63(4):417-26.

Zeyda M, Huber J, Prager G, Stulnig TM. Inflammation correlates
with markers of T-cell subsets including regulatory T cells in
adipose tissue from obese patients. Obesity (Silver Spring).
2011;19(4):743-8.

Corréa TAF, Quintanilha BJ, Norde MM, Pinhel MAS, Nonino CB,
Rogero MM. Nutritional genomics, inflammation and obesity.
Arch Endocrinol Metab. 2020;64(3):205-22.

Wentworth JM, Naselli G, Brown WA, Doyle L, Phipson B, Smyth
GK, et al. Pro-inflammatory CD11c+CD206+ adipose tissue
macrophages are associated with insulin resistance in human
obesity. Diabetes. 2010;59(7):1648-56.

Okamura H, Tsutsi H, Komatsu T, Yutsudo M, Hakura A, Tanimoto
T, et al. Cloning of a new cytokine that induces IFN-gamma
production byT cells. Nature. 1995;378(6552):88-91.

Esposito K, Pontillo A, Ciotola M, Di Palo C, Grella E, Nicoletti G,
et al. Weight loss reduces interleukin-18 levels in obese women. J
Clin Endocrinol Metab. 2002;87(8):3864-6.

Angelova P, Kamenov Z, Tsakova A, El-Darawish Y, Okamura H.
Interleukin-18 and testosterone levels in men with metabolic
syndrome. Aging Male. 2018;21(2):130-7.

Gateva A, Kamenov Z, Karamfilova V, Assyov Y, Velikova
T, El-Darawish Y, et al. Higher levels of IL-18 in patients with
prediabetes compared to obese normoglycaemic controls. Arch
Physiol Biochem. 2020;126(5):449-52.

Zaharieva E, Kamenov Z, Velikova T, Tsakova A, El-Darawish
Y, Okamura H. Interleukin-18 serum level is elevated in type 2

Ovary Syndrome. Gynecol.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

diabetes and latent autoimmune diabetes. Endocr Connect.
2018;7(1):179-85.

Rabkin SW. The role of interleukin 18 in the pathogenesis
of hypertension-induced vascular disease. Nat Rev Cardiol.
2009;6(3):192-9.

Evans J, Collins M, Jennings C, van der Merwe L, Soderstrom
I, Olsson T, et al. The association of interleukin-18 genotype
and serum levels with metabolic risk factors for cardiovascular
disease. Eur J Endocrinol. 2007;157(5):633-40.

Escobar-Morreale HF, Botella-Carretero JI, Villuendas G, Sancho
J, San Millan JL. Serum interleukin-18 concentrations are
increased in the polycystic ovary syndrome: relationship to
insulin resistance and to obesity. J Clin Endocrinol Metab.
2004;89(2):806-11.

ZhangYF,YangYS, Hong J, GuWQ, Shen CF, Xu M, et al. Elevated
serum levels of interleukin-18 are associated with insulin
resistance in women with polycystic ovary syndrome. Endocrine.
2006;29(3):419-23.

Dawood A, Alkafrawy N, Saleh S, Noreldin R, Zewain S. The
relationship between I-18 and atherosclerotic cardiovascular
risk in Egyptian lean women with polycystic ovary syndrome.
Gynecol Endocrinol. 2018;34(4):294-7.

Escobar-Morreale HF, Luque-Ramirez M, Gonzéalez F. Circulating
inflammatory markers in polycystic ovary syndrome: a systematic
review and metaanalysis. Fertil Steril. 2011;95(3):1048-58.

Elci E, Kaya C, Cim N, Yildizhan R, Elci GG. Evaluation of cardiac
risk marker levels in obese and non-obese patients with polycystic
ovaries. Gynecol Endocrinol. 2017;33(1):43-7.

Cardoso NS, Ribeiro VB, Dutra SGV, Ferriani RA, Gastaldi AC,
Aradjo JE, et al. Polycystic ovary syndrome associated with
increased adiposity interferes with serum levels of TNF-alpha
and IL-6 differently from leptin and adiponectin. Arch Endocrinol
Metab. 2020;64(1):4-10.

Escobar-Morreale HF, Luque-Ramirez M, Gonzélez F Circulating
inflammatory markers in polycystic ovary syndrome: a systematic
review and metaanalysis. Fertil Steril. 2011;95(3):1048-58.

Duleba AJ, Dokras A. Is PCOS an inflammatory process? Fertil
Steril. 2012;97(1):7-12.

Rotterdam ESHRE/ASRM-Sponsored PCOS Consensus Workshop
Group. Revised 2003 consensus on diagnostic criteria and long-
term health risks related to polycystic ovary syndrome (PCOS).
Hum Reprod. 2004;19(1):41-7.

World Health Organization. Obesity: preventing and managing
the global epidemic. Report of a WHO expert consultation,
Geneva: WHO; 2000.

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF,
Turner RC. Homeostasis model assessment: insulin resistance
and beta-cell function from fasting plasma glucose and insulin
concentrations in man. Diabetologia. 1985;28(7):412-9.

Ashwell M, Hsieh SD. Six reasons why the waist-to-height ratio
is a rapid and effective global indicator for health risks of obesity
and how its use could simplify the international public health
message on obesity. Int J Food Sci Nutr. 2005;56(5):303-7.
Gateva AT, Kamenov ZA. Markers of visceral obesity and
cardiovascular risk in patients with polycystic ovarian syndrome.
Eur J Obstet Gynecol Reprod Biol. 2012;164(2):161-6.

Azziz R. Evaluation for insulin resistance and comorbidities
related to insulin resistance in polycystic ovary syndrome. In:
Insulin Resistance and Polycystic Ovarian Syndrome. New
Jersey: Humana Press; 2007.

Ibanez L, Ong KK, Lopez-Bermejo A, Dunger DB, De Zegher F
Hyperinsulinaemic androgen excess in adolescent girls. Nat Rev
Endocrinol. 2014;10(8):499.

Arch Endocrinol Metab. 2022;66/1



35.

36.

37

Yang Y, Qiao J, Li R, Li MZ. Is interleukin-18 associated with
polycystic ovary syndrome? Reprod Biol Endocrinol. 2011;9:7.
Zawadzki JK, Dunaif A. Diagnostic criteria for polycystic ovary
syndrome: towards a rational approach. In: Dunaif A, Givens
JR, Haseltine FP, Merriam GR, eds. Polycystic ovary syndrome.
Oxford, UK: Blackwell; 1992.

Wild R, Carmina E, Diamanti-Kandarakis E, Dokras A, Escobar-
Morreale H, Futterweit W, et al. Assessment of cardiovascular
risk and prevention of cardiovascular disease in women with
the polycystic ovary syndrome: a consensus statement by the
Androgen Excess and Polycystic Ovary Syndrome (AE-PCOS)
Society. J Clin Endocrinol Metab. 2010;95(5):2038-49.

Arch Endocrinol Metab. 2022;66/1

38.

39.

40.

IL-18 related to metabolism in PCOS

Kaya C, Pabuccu R, Berker B, Satiroglu H. Plasma interleukin-18
levels areincreased in the polycystic ovary syndrome: relationship
of carotid intima-media wall thickness and cardiovascular risk
factors. Fertil Steril. 2010;93(4):1200-7.

Lindholm A, Blomquist C, Bixo M, Dahlbom |, Hansson T,
Sundstrom Poromaa |, et al. No difference in markers of adipose
tissue inflammation between overweight women with polycystic
ovary syndrome and weight-matched controls. Hum Reprod.
2011;26(6):1478-85.

Condorelli RA, Calogero AE, Di Mauro M, Cannarella R, Rosta
G, La Vignera S. Androgen excess and metabolic disorders in
women with PCOS: beyond the body mass index. J Endocrinol
Invest. 2018;41(4):383-8

his resel

ght® AE&M all rig

Copyrig



