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The relationship between biochemical parameters, interleukin-6 and ovarian
morphology in polycystic ovary syndrome
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ABSTRACT

Objectives: The aim of this study is to investigate rela-
tionships between biochemical parameters and interleu-
kin-6 according to the ovarian morphology in polycystic
ovary syndrome (PCOS).

Materials and methods: Total of 85 patients with PCOS
were divided into three groups according to the ultrasono-
graphic examination of the ovaries; group 1 (with no poly-
cystic image at any of the ovaries, n=22), group 2 (with
polycystic image at only one ovary, n=41), and group 3
(with polycystic image at both of the ovaries, n=22). Se-
rum interleukin 6 (IL-6), hormone levels, and homeostasis
model assessment-insulin resistance (HOMA-IR) were
measured.

Results: The mean serum IL-6 levels for groups 1, 2
and 3 were 14.65 + 6.18 pg/mL, 16.22 + 6.55 pg/mL, and
14:53 + 7.32 pg/mL, respectively. There was no statically
difference between three groups for serum IL-6 levels
(p>0.05). For metabolic profile, the mean of HOMA-IR
was 3.09+1.56 for group 2 and this was significantly lower
than other groups (p<0.05).

Conclusions: There were no difference in hormonal and
inflammatory markers according to the ovarian morphol-
ogy in PCOS patients based on data derived form our
study. J Clin Exp Invest 2012; 3(3): 307-312
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is a common
endocrine disorder affecting about 6% of women
of reproductive age which is characterized by both
gynecological and endocrine symptoms, including
chronic anovulation and hyperandrogenism.! In
2003, the European Society for Human Reproduc-

OZET

Amag: Bu galismanin amaci polikistik over sendromun-
da (PKOS) biyokimyasal parametreler ve interleukin-6 ile
over morfolojisi iliskisini degerlendirmektir.

Gereg ve yontem: PKOS tanisi almis 85 hasta overlerin
ultrasonografik degerlendirmesine goére; grup 1 ( polikistik
g6érinimu olmayan, n = 22), grup 2 (bir overde polikistik
gorintisl olan, n = 41) ve grup 3 (her iki overde polikis-
tik goriintisu olan, n = 22) olmak Uzere Ug¢ gruba ayrildi.
Hastalarin serum interlokin 6 (IL-6), hormone diizeyleri ve
homeostasis model assessment-insulin rezistans (HO-
MA-IR) degerleri dlculdu.

Bulgular: Serum IL-6 seviyeleri dederlendirildiginde, or-
talama degerler gruplar icin sirasiyla 14.65+6.18 pg/mL,
16.22+6.55 pg/mL ve 14.53+7.32 pg/mL olarak bulundu.
Serum IL-6 dlzeyleri igin (¢ grup arasinda istatistiksel
olarak anlamli bir fark yoktu (p> 0.05). Metabolik profi-
ling degerlendirmesinde ise HOMA-IR degeri grup 2 de
3,09+1,56 bulundu ve dider gruplara gore anlamli dizey-
de dusliktu (p<0.05).

Sonug: Calismamiz verilerine dayanarak, PKOS hasta-
lari igin over morfolojisine gére hormonal ve inflamatuvar
belirtecler arasinda fark yoktu.

Anahtar kelimeler: PKOS, interldkin-6, over morfolojisi.

tion and Embryology (ESHRE) and the American
Society for Reproductive Medicine (ASRM) revised
the definition of PCOS 1; the syndrome is now de-
fined as the presence of any two of the following
three criteria: polycystic ovaries, oligo/anovulation
and/or clinical or biochemical evidence of hyperan-
drogenism." In addition to the reproductive abnor-
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malities, a significant proportion of PCOS women
suffer from obesity, insulin resistance and features
of the metabolic syndrome.? Other factors that in-
dependently increase cardiovascular risk, such
as obesity, arterial hypertension, dyslipidaemia
and clotting disorders, may coexist in women with
PCOS.34

Inflammatory processes, particularly increased
proinflammatory cytokine production and activa-
tion of immune system, are associated with obesity,
and have been implicated in the pathophysiology
of atherosclerosis, the metabolic syndrome, insulin
resistance, and diabetes mellitus.® There is accu-
mulating evidence indicating chronic low-grade in-
flammation in PCOS, including increased levels of
C-reactive protein (CRP), increased leukocyte num-
bers, and increased pro-inflammatory cytokines.6
Human interleukin 6 (IL-6) is a 184 AA polypeptide
with potential O- and N-glycosylation sites and a
significant homology with G-CSF. It is produced by
various cells, including T and B cells, monocytes,
fibroblasts, endothelial cells, mesangial cells and
several tumor cells. IL-6 regulates the growth and
differentiation of various cell types with major activi-
ties on the immune system, hematopoiesis and in-
flammation.” The elevation of serum IL-6 precedes
that of acute phase proteins, e.g., in a postopera-
tive phenomenon and may thus be a sensitive early
parameter to investigate inflammatory conditions.
IL-6 signaling molecule is associated with hyperan-
drogenism and PCOS, or influence hyperandrogen-
ic phenotypic traits.® The adipose tissue plays com-
mon role in the relationship between cytokines and
insulin resistance. Inflammatory cytokines might
induce insulin resistance by direct actions on insu-
lin- signaling post receptor molecules or by inducing
central obesity through activation of the hypotha-
lamic- pituitary-adrenal axis.®

Polycystic ovary morphology is a cardinal fea-
ture of PCOS defined as irregular menses and hy-
perandrogenism.'®" But the presence of polycystic
ovary morphology does not enough for diagnosis
of PCOS and may be seen with normal women." 2
On the other hand there is not adequate information
about the characteristics of inflammation marker of
PCOS patients with normal ovarian morphology.
The aim of this study is to estimate relationship with
the biochemical parameters and interleukin-6 ac-
cording to the ovarian morphology in PCOS.

MATERIALS AND METHODS

Study subjects

Total of 85 non-smoking subjects with PCOS who
were admitted to the department of gynecology and

obstetrics of Faculty of Medicine of Kirikkale Univer-
sity were enrolled in this study. They were divided
according to the ultrasonographic examination of
the ovaries into three groups; group 1 (with no poly-
cystic image at any of the ovaries), group 2 (with
polycystic image at only one ovary), and group 3
(with polycystic image at both of the ovaries). All
women were euthyroid and not taking any medica-
tion or hormones for six months (including oral con-
traceptive agents) known to affect sex hormones or
carbohydrate metabolism. The diagnosis of PCOS
was made on the basis of the revised 2003 Rot-
terdam ESHRE/ASRM diagnostic criteria!, women
with PCOS meet two of the following three criteria
after exclusion of other etiologies (pituitary insuf-
ficiency, persistent hyperprolactinemia, congenital
adrenal hyperplasia): (a) oligomenorrhea or anovu-
lation; (b) clinical and/or biochemical signs of hyper-
androgenism; (c) polycystic ovaries.

Age, height, body weight, waist circumference
and systolic and diastolic blood pressure were re-
corded. Waist circumference was taken midway
between the inferior margin of the last rib and the
crest of the ileum in the horizontal plane, while in
an upright position. Body mass index (BMI) was cal-
culated for all groups as body weight (kg) divided
by body height squared (m?). Waist/Hip ratio (WHR)
was calculated as waist circumference divided by
hip circumference. Ferriman-Gallwey score =7 was
used for grading hirsutism.™

Radiologic procedures

Ultrasonographic examinations were performed in
the early follicular phase (days 1 + 3) of the men-
strual cycle, when the ovaries are relatively quies-
cent by a single operator following the criteria of
the Rotterdam ESHRE/ASRM Consensus.! Trans-
abdominal ultrasonographic examination was per-
formed on each patient by using linear-array real
time ultrasound with a 2.0-MHz transducer (GE
LOGIQ 9 Milwaukee, USA).

Sample collection

Blood was drawn for determination of basal en-
docrinological and immunological parameters be-
tween 9:00 and 10:00. Fasting blood samples were
taken from the antecubital vein at rest in the supine
position at the morning. Blood was immediately
transferred into ice-chilled glass tubes containing
disodium EDTA (1 mg/ml) and centrifuged 1600 g,
for 15 min at 4°C. Serum samples were frozen and
stored at -70°C until assayed.
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Biochemical procedures

The fasting blood sample was analyzed for serum
thyroid stimulating hormone (TSH), free triiodothy-
ronine (FT3), free thyroxine (FT4), follicle stimu-
lating hormone (FSH), luteinizing hormone (LH),
estradiol (E2), androstenedione (AS), dehydroepi-
androsterone-sulphate (DHEAS), total testosterone
(Ttes) and free testosterone (Ftes) on day 2 or 3
of menstrual cycle while serum progesterone was
measured on day 21.

Serum IL-6 levels were measured by ELISA
(Human IL-6 Immunoassay Kit, KHC0061, Bio-
Source International, USA) as described previous-
ly. 4

After 12 h of fasting, serum glucose, total cho-
lesterol, triglycerides, high density lipoprotein (HDL)
and low density lipoprotein (LDL) concentrations
were determined using an autoanalyzer into the
standard laboratory measurements. Serum insulin
was measured by immunoradiometric assay. The
estimate of insulin resistance by the homeostasis
model assessment (HOMA-IR) was calculated with
the following formula; fasting serum insulin (ulU/
mL) x fasting serum glucose (mmol/L) + 22, 5." The
HOMA-IR value was given as meantSD, and ap-
praised the values > 2,5 as an insulin resistant state
and the values <2,5 as an insulin sensitive state.

Glucose tolerance was evaluated using 75g
Oral Glucose Tolarance Test (OGTT). Abnormal
plasma OGTT was classified according to the
American Diabetes Association (ADA) 2003 criteria
16 as follows: (i) impaired fasting glucose (IFG), that
is, fasting blood glucose (FBG) 2100 and <126mg/
dL, (ii) impaired glucose tolerance test (IGT), that
is, 2-hr glucose 2140 and <200mg/dL, and (iii) type
2 DM, that is, FBG =126mg/dL or 2-hr glucose
2200mg/dL. All subjects gave them informed con-
sent to participate in the present study.

Statistical analysis

All analyses were performed with the SPSS statis-
tical package version 10.0. Statistical significance

Table 1. The anthropometric characteristics of groups.

was set as 5%. All results are reported as mean +/-
standard deviation. All parameters of three groups
were compared each other with Mann- Whitney U
Test. In statistically different parameters between
groups, the difference producing group was deter-
mined by Bonferoni correction.

RESULTS

The mean age of groups were 21.27+3.95 years
for group 1, 24.46+5.29 years for group 2, and
24 .52+6.90 years for group3 respectively. There
was not statically difference between groups for
age (p>0.05). The anthropometric characteristics of
groups are listed in Table 1. Upon comparing both
groups of patients; BMI, WHR were significantly in-
creased in group 2 (p =0.07). For metabolic profile,
the mean of HOMA-IR was 3.09+1.56 for group 2
and significantly low from other groups (p=0.01).
As OGTT determined mean value for group 2
was 127.32+30.04 mg/dL and statically high from
group 1 and 3 (p=0.05). The value of OGTT was
102.18+22.07 mg/dL for group 1 and 97.55+25.28
for group 3. The metabolic characteristics of groups
are listed in Table 2.

The outcomes of the Mann- Whitney U Test de-
termined that there was statistically no difference
between groups for FSH, E2, LH, TSH, FT3, FT4,
DHEAS, As, Ftes, Ttes, progesterone on 21 th day
of menstrual cycle. When we determined the in-
terleukin-6 (IL-6) levels of the groups the mean for
group 1 was 14.65+6.18 pg/mL. The mean value
for group 2 was 16.22+6.55 pg/mL and 14.53+7.32
for group 3. There was no statically difference be-
tween three groups for IL-6 (p>0.05). The hormonal
characteristics and IL-6 levels of groups are listed
in Table 3. According to Bonferoni correction, the
difference producing groups for BMI, WHR, FGS,
HOMA-IR and for OGTT were determined as group
2 according to the others.

Group 1 (n=22) Group 2 (n=41) Group 3 (n=22) P value
Age (years) 21.27+3.95 24.4615.29 24.52+6.90 0.072
BMI (kg/m?) 23.974+2.73 26.55+5.15 23.1643.62 0.017
WHR 0.76+0.06 0.79+0.07 0.75+0.04 0.033
FGS 5.05+3.80 9.00+4.84 7.09+4.07 0.005

BMI: Body mass index, WHR: Waist/Hip ratio, FGS: Ferriman-Gallwey score
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Table 2. The metabolic characteristics of groups

Group 1 (n=22) Group 2 (n=41) Group 3 (n=22) P value
HOMA-IR 4,08+2,73 3,09+1,56 3,568+1,04 0.007
OGTT (mg/DI) 102.18+22.07 127.32+30.04 97.55+25.28 0.001

HOMA-IR: insulin resistance by the homeostasis model assessment, OGTT: oral glucose tolerance test 120. minute

value

Table 3. The hormonal characteristics and IL-6 levels of groups

Group 1 (n=22) Group 2 (n=41) Group 3 (n=22) P value
FSH (mIU/L) 5.23+1.77 5.88+2.66 6.28+4.01 0.664
E, (pa/L) 94.93+79.66 88.11+121.64 107.54+120.84 0.902
LH (mIU/L) 10.80+9.83 11.95+9.38 9.94+5.94 0.318
TSH (mIU/L) 2.80+1.60 2.01+0.78 2.24+1.09 0.121
FT, (pg/mL) 3.25+0.69 3.07+0.97 2.98+0.55 0.249
FT, (pmol/L) 16.31+2.19 18.3014.53 16.57+2.79 0.265
DHEA-S (ug/dL) 285.48+113.71 280.87+82.98 265.88+97.37 0.667
SHBG (nmol/L) 29.78+21.31 24.08+16.53 28.87+16.15 0.339
FTes (pg/mL) 3.30+3.07 3.41+2.30 3.18+2.79 0.411
TTes (ng/mL) 0.62+0.27 0.73+0.24 0.69+0.41 0.195
Prog-21 (ng/mL) 5.2016.31 5.82+6.01 5.36+5.35 0.752
As (ng/mL) 4.35+1.60 4.05+1.51 3.57+1.12 0.205
IL-6 (pg/mL) 14.65+6.18 16.22+6.55 14.53+7.32 0.667

FSH:, follicle stimulating hormone, E,: estradiol,LH: luteinizing hormone, FT,: free triiodothyronine, FT, : free thyroxine,
DHEA-S: dihydroepiandesterone sulphate, SHBG : sex hormone binding globuline, FTes: free testosterone, TTes: total
testosterone, Prog-21: progesterone on 21th day of menstrual cycle, As: Androstenedion, IL-6: interleukin 6.

DISCUSSION

Polycystic ovary syndrome is one of the most com-
mon endocrine disorders in humans. In fact, most
women with PCOS exhibit features of metabolic
syndrome." The diagnosis of PCO is ultrasound
examination of the ovaries with the presence of
multiple peripheral small cysts. There is still debate
about whether there has to be more than 10-12
cysts and whether both ovaries have to be effected.
According to Rotterdam consensus criteria com-
monly used in clinical practice, two of the following
three must be fulfilled for the diagnosis of PCOS:
polycystic ovaries (12 or more follicles in each ova-
ry, each follicle measuring 2-9 mm in diameter and/
or ovarian volume >10 mL, one polycystic ovary is
sufficient for the diagnosis), oligo-/anovulation; clini-
cally diagnosed as oligo-/amenorrhea and hyperan-
drogenism."

In this study, we analyzed the biochemical pa-
rameters and IL-6 according to the ovarian morphol-
ogy in PCOS. Although there was not statistically a
meaningful connection between the study groups,
high levels at IL-6 were established in all groups.
The process of an inflammatory response the in-
vading pathogens or damaging insults is of critical
importance to the homeostasis of the human body.
Puder et al. demonstrated that the increase in low
grade chronic inflammation and in insulin resistance
in women with PCOS is associated with central fat
excess. Independently of each other, both total
body fat as well as central fat excess has a major
impact on serum levels of inflammatory mediators,
on the WBC, and on estimates of insulin resis-
tance.'® There is a balance of IL-6 at inflammation,
immunity, bone metabolism, natural development,
reproduction and homeostasis. On the other hand,
when the balance of IL-6 is damaged, the following
pathologies are occurred as chronic inflammation,
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autoimmunity, osteoporosis, atherosclerosis, rheu-
matoid arthritis, breast/prostate cancer, cardiovas-
cular disease, diabetes and atopy.'® This inflamma-
tory marker may be involved in the pathogenesis
of the insulin resistance syndrome?® and high levels
of IL-6 become a risk for diabetes, atherosclerosis
and cardiovascular disease.?"?? In the multi-ethnic
study of atherosclerosis, psychosocial factors were
positively associated with inflammatory markers in-
cluding IL-6 concentrations, but these associations
were reduced by 45-100 % after adjustment for BMI
and diabetes.?® As a result, it is believed that chronic
inflammation is a predisposing factor for CVD. It has
been correlated with obesity and insulin resistance
but not hyperandrogenemia in PCOS.?*

In the presence of PCOS, there are many prob-
lems for the women. Hirsutism, acne, or alopecia
is short-term problem, long-term effects are non-
insulin-dependent diabetes mellitus, cardiovascu-
lar diseases (dyslipidemia, hypertension, vascular
disease, ovarian dysfunction).?® Ferriman Galwey
Score was determined significantly low at the group
1 of no ovarian pathology (p=0.005). Hirsutism in-
creased with the level of ovarian pathology. The
incidence of non-insulin-dependent diabetes melli-
tus is found six-fold at 223" aged-women. Especially
obesity is well recognized as a risk factor and is a
common association with PCOS; diabetes is found
a contributory cause for death 3, 6 times more com-
monly than expected. There were statistically sig-
nificant connection between BMI and WHR (waist-
hip ratio) at group 2 (p=0.017, 0.033 respectively).
HOMA-IR was high level in all groups but that it was
statistically found least in group 2 than the others
was determined (p=0.007). The patients with or
without ovarian morphology change the risk of type
2 diabetes does not change.

Many of the biochemical disturbances such as
insulin resistance and hyperandrogenism and the
resultant unfavorable changes in blood lipids, which
are associated with PCOS, are recognized risk fac-
tors. PCOS may contribute to the risk of developing
cardiovascular disease. Hyperinsulinemia has been
found to be associated with a higher risk of cardio-
vascular disease.?® The increased concentrations
of inflammatory markers cluster with cardiovascular
risk factors such as dyslipidemia, glucose intoler-
ance and type 2 diabetes, hypertension, and obe-
sity. Chronic low-grade inflammation has been pro-
posed to play a role in the pathogenesis of insulin
resistance and the metabolic syndrome.?” Chronic
inflammation could be involved in the development
of metabolic syndrome and cardiovascular disease.
Serum markers of chronic inflammation together

with insulin resistance are increasingly being con-
sidered as cardiovascular risk factors. Atherogen-
esis is associated with chronic local inflammation,
and the inflammatory process could result in the
release of cytokines into the circulation such as
TNF-a or IL-6.%8

In conclusion, we could not find any difference
between them in this clinical study, when we studied
on clinic, hormonal and inflammatory markers ac-
cording to the presence of the ovarian pathologies.
PCOS had the same level of risk from CVS and dia-
betes mellitus for different ovarian morphology. IL-6
higher patients may much more risk of CVS and dia-
betes mellitus than the others. This situation might
be said because of the findings both BMI and WHR
for ovarian morphology difference at PCOS.
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