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ABSTRACT

Polycystic ovary syndrome (PCOS) is a heterogeneous syndrome characterized by
hyperandrogenism and insulin resistance. The mechanism that is responsible for
insulin resistance is unclear and several hypotheses have been suggested. Resistin,
and visfatin, a new protein with potential insulin-mimetic action are adipokines which
are suggested to play a role in the pathogenesis of insulin resistance. The aim of the
study is to assess the relationship between both serum resistin and plasma visfatin
and insulin resistance and hyperandrogenism in PCOS patients. The present study
included 60 women with polycystic ovary syndrome (PCOS) (group I1: 30 with BMI <
25 kg/m*and group IV: 30 with BMI > 25 kg/m?) and 20 healthy women (group I: 10
with BMI < 25 kg/m?and group I11: 10 with BMI > 25 kg/m?) served as controls.
Fasting blood samples were withdrawn between the 3™ and the 6" day of the
menstrual cycle of the ovulating women and between the 3™ and the 6™ day of a
spontaneous bleeding of the anovulatory women. Serum LH, FSH free testosterone,
resistin, plasma glucose, insulin and visfatin were estimated in all patients and
controls. Insulin resistance was assessed using the homeostatic assessment model
(HOMA). Resistin and visfatin levels were significantly higher in women with PCOS
(13.26£7.58 ng/ml and 35.82+8.94 ng/ml) than normal controls (7.95% 2.17 ng/ml
and 11.88+1.84 ng/ml) (p=0.003, p<0.0001), respectively. Serum resistin levels in
groups 111 and 1V were significantly higher compared to groups I and 1l (p< 0.001,
p< 0.001) being higher in group 1V, whereas no significant difference existed between
groups | and Il. Resistin correlated positively with BMI, fasting plasma glucose,
fasting plasma insulin and HOMA index in women with BMI > 25 kg/ m? (groups 11|
and IV).In other words, resistin was found to correlate significantly with all obesity-
associated parameters. Plasma visfatin levels were significantly higher in groups Il
and IV being higher in group IV when compared to the control groups | and IlI,
whereas no significant difference existed between control groups | and Ill. Visfatin
also positively correlated with, fasting plasma insulin (r = 0.882, p< 0.01 and r =
0.952, p< 0.01) and HOMA (r = 0.908, p< 0.01 and r = 0.942, p< 0.01) in women
with PCOS (groups Il and 1V), respectively. In women with PCOS (groups Il and 1V),
both resistin and visfatin positively correlated with free testosterone (r =0.6, p =
0.003 and r = 0.973, p< 0.01) and (r = 0.969, p<0.01 and r = 0.922, p<0.01),
respectively. In women with PCOS (groups Il and V), resistin correlated positively
with visfatin (r = 0.784, p< 0.01, r =0.954, p< 0.01), respectively. From the current

157



Bull. Egypt. Soc. Physiol. Sci. 27 (2) 2007

Ahmed & Ghamry

data, it could be suggested that resistin levels correlate with insulin resistance as a
consequence of obesity itself, rather than a, causative factor. Also the possibility that
resistin may play a role in augmenting androgen biosynthesis in women with PCOS
could arise. We presume that, in PCOS the increase in plasma visfatin is a secondary
event in order to prevent further development of insulin resistance. Finally, the
insulin-like visfatin action might stimulate ovarian androgen synthesis and secretion
and thus contribute to the pathogenesis of PCOS.

Key Words: Polycystic ovary syndrome (PCOS), resistin, visfatin, insulin resistance,

hyperandrogenism.

INTRODUCTION

Polycystic ~ ovary  syndrome
(PCOS), is a very common endocrine
disorder affecting up to 10% of
women of reproductive age. It is
expressed as chronic anovulation and
hyperandrogenism(l'z) ,and its clinical
manifestations often start at puberty(3).
Insulin resistance with compensatory
hyperinsulinismia is a prominent
feature of PCOS. Both lean and obese
women with PCOS show reduced
insulin sensitivity and
hyperinsulinemia to some extent, but
insulin resistance is enhanced by the
interaction between obesity and the
syndrome(4).

Hyperinsulinismia is thought to
result in  increased  androgen
biosynthesis® and decreased levels of
sex-  hormone-binding  globulin
(SHBG)®, thus playing a major role
in the pathogenesis of
hyperandrogenism .In addition to
reproductive  morbidity,  insulin
resistance and the resultant
hyperinsulinism put patients at risk
for long —term metabolic disorders,
such as impaired glucose tolerance
(up to 35%) and type 2 diabetes (up to
10%)™, as well as cardiovascular
disease®.

The  mechanism  that is
responsible for insulin resistance is

unclear and several hypotheses have
been suggested(g). Because obesity is
linked to insulin resistance and many
women with PCOS are obese, it is
possible that, at least in a subgroup of
patients,  insulin  resistance  is
worsened by  excessive  adipose
mass™?,

The adipose tissue is now
considered an active organ, secreting
substances, which may play a role in
the pathogenesis of  insulin
resistance®™.  In  recent years,
numerous studies pointed out that so-
called true adipokines (adiponectin,
leptin), secreted only by fat cells, as
well as other adipocytokines (tumor
necrosis factor-o, resistin, interleukin
6, interleukin 18), which can be
secreted also by stromal cells in
adipose tissue, play a significant role
in the regulation of insulin
sensitivity121314.15.1617)

One of the recently identified
molecules of this kind is resistin, a
114-amino-acid peptide(ls'lg'lg).
Resistin is an adipokine belonging to a
recently described family of small
cysteine-rich secreted proteins®” that
is induced during adipocyte
differentiation®® and down-regulated
by insulin-sensitizing agents™®. In
mice, resistin has been linked to
insulin resistance. Administration of
recombinant resistin impaired insulin
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action and glucose tolerance, whereas
administration of antiresistin
antibodies improved insulin action®.

In humans, low levels of resistin
mRNA and protein expression were
initially  reported in  isolated
subcutaneous and  omental
adipocytes®?? A high level of
resistin gene expression was observed
in human preadipocytes that decreased
during adipogenic differentiation®.
Resistin mRNA was also found in
human monocytes(21). Differentiation
of monocytes into macrophages in
vitro increases resistin mRNA®.
Together, these observations
demonstrate that there are multiple
cellular sources of resistin in humans
and that circulating resistin represents
resistin from adipocytes as well as
from the stromovascular
compartment.

The relationship between resistin
and insulin resistance and adiposity in
humans is controversial. Whereas
some studies observed a positive
association between resistin and
insulin resistance®?"®_ others failed
to demonstrate a relationship®%.

In 2005, visfatin, a new protein
was discovered®. Visfatin, also
known as pre-B cell colony-enhancing
factor, is a cytokine that is highly
expressed in visceral fat and was
originally isolated as a secreted factor
that synergizes with IL-7 and stem
cell factors to promote the growth of
B cell precursors®?. It reportedly has
insulin-mimetic actions, mediated by
activation of the insulin receptor in a
manner distinct from that of
insulin®.  Also, plasma levels
increased with obesity and correlated
positively with visceral adiposity(sl).
Berndt et al.®® did not find a relation

between  visfatin  and  insulin
sensitivity. Others revealed conflicting
data regarding the role of visfatin in
regulation of insulin sensitivity in
humans®"*9,

Insulin resistance and increased
visceral adipose tissue and
hyperandrogenism are the hallmarks
of PCOS. The aim of the present work
was to assess the relationship between
both serum resistin and plasma
visfatin and insulin sensitivity and
hyperandrogenism in PCOS patients.

SUBJECTS & METHODS

Sixty women with PCOS were
enrolled in the present study along
with twenty healthy women with
regular menstrual cycles to serve as
control subjects. Women with PCOS
were selected from the Gynecology
Outpaient Clinic at Kasr El Aini
Hospital, Cairo University. Women
with PCOS had a mean age of
27.8+4.31 years and mean body mass
index (BMI) of 27.17+5.91 Kg/m®.

The diagnosis of PCOS was
based on the revised 2003 consensus
on PCOS diagnostic criteria®). These
criteria  included  findings  of
hyperandrogenism of ovarian origin
(hirsutism with or without acne),
chronic anovulation (both
oligmenorrhea and amenorrhea), a
typical ovarian appearance on
transvaginal ultra sound examination
and an increased ratio of LH to FSH
A precise medical and obstetric
history including BMI was obtained.
The BMI was calculated as body
weight in kilograms divided by height
in meters squared (kg/mz)(e’e).

Exclusion criteria for the study
included  known  cardiovascular
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disease, thyroid disease, neoplasms,
current smoking, diabetes mellitus,
hypertension (blood pressure >140/90
mm Hg) and renal impairment.
Furthermore, other common causes of
hyperandrogenism (prolactinoma,
congenital  adrenal  hyperplasia,
Cushing syndrome, and virilizing
ovarian or adrenal tumors) were
excluded. None of these women,
PCOS and controls, were on any
medications for at least 6 months
before the study, including oral
contraceptives; glucocorticoids;
ovulation induction agents;
antidiabetic and antiobesity drugs; or
estrogenic, antiandrogenic, or
antihypertensive medication.

Twenty normal ovulatory
females with a mean age of 27.9+
4.44 years and mean body mass index
of 26.75+ 5.29 Kg/m* served as a
control. They were selected from the
Kasr El Aini family planning and
gynecological outpatient clinic.

The eighty women were divided
into 4 groups based on BMI and the
diagnosis of PCOS as follows.

Group I: comprised 10 ovulatory
females without hyperandrogenemia
(controls and BMI < 25 kg/m?).
Group I1: comprised 30 females with
PCOS and BMI < 25 kg/m*

Group Ill: comprised 10 ovulatory
females without hyperandrogenemia
(controls and BMI >25 kg/m?).

Group IV: comprised 30 females with
PCOS and BMI > 25 kg/m®.
Sampling:

After an over night fast, blood
samples were withdrawn between the
3" and the 6™ day of the menstrual
cycle of the ovulating women and
between the 3™ and the 6™ day of a
spontaneous  bleeding  of  the

anovulatory women. An informed
written consent was obtained from all
80 women. Serum/plasma were
immediately aliquoted on ice and
stored at -80 C. Fasting plasma
glucose was measured immediately
with the glucose oxidase/peroxidase
method®”. Insulin was measured
using the radioimmunoassay kit
supplied by Linco Research, Inc.®®
(St Charles, MO, USA). LH®® and
FSH®? were measured with the
available commercial kits (ELISA)
provided by DRG Diagnostics GmbH,
Germany™) Free testosterone was
measured  with an  enzyme-
immunoassay (EIA)  supplied by
Diagnostic ~ Systems  Laboratories
(DSL-10-49100) , Inc.  Webster,
Texas USA. The LH/FSH ratio was
calculated and the insulin sensitivity
was estimated using the homeostatic
model assessement (HOMA) index.
HOMA-R= [fasting insulin (uU/ml) %
fasting serum glucose (mg/d1)]/405“?.
Serum resistin levels were measured
with a commercial ELISA kit supplied
by Biovender GmbH, Heidelberg,
Germany®®. Plasma visfatin levels
were measured with a commercial
ELISA kit supplied by BioSource
International, Inc. Camarillo,
California USA®Y.

Statistical Analysis:

The statistical analysis of data
was done by using Excel program and
statistical package of social science
(SPSS) program version 10. Values
were expressed as mean + SD. For
comparison of means between groups
student t- test, ANOVA and post-hoc
tests were used. The relationships
between resistin and visfatin and other
variables were assessed using the
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Pearson correlation. The level of
significance was p< 0.05.

RESULTS

The clinical and biochemical
parameters of women with PCOS and
healthy controls are summarized in
table 1.There was no major difference
between the two groups with respect
to age, BMI and fasting plasma
glucose. Compared to the controls,
women with PCOS had significantly
higher serum concentrations of LH
(p<0.001), LH/FSH ratio (p<0.001)
and free testosterone (p<0.001).
Women with PCOS had significantly

lower FSH levels compared to
controls (p<0.001).

The plasma insulin levels were
significantly higher (p<0.001) in
PCOS compared to the control group.
Women with PCOS had significantly
higher HOMA values compared to
matched controls consistent with the
PCOS group being more insulin
resistant than the control group.

Mean serum resistin levels was
significantly higher in PCOS women
(13.26+£7.58ng/ml)  compared to
normal controls (7.95£2.17ng/ml)
(p=0.003). Also, mean plasma visfatin
levels was significantly higher in
PCOS women (35.8248.94ng/ml)
compared to normal  controls
(11.88+1.84ng/ml) (p<0.0001).

Table 1: Clinical and biochemical parameters of women with PCOS and healthy

controls.

Control PSOC P value

N=20 N=60
Age (years) 279+ 444 | 27.8+4.31 0.929
BMI (Kg/ m%) 26.75+5.29 | 27.17£591 | 0.77
FSH (mIU/ml) 6.49+1.2 4.32+0.72 <0.0001
LH (mlIU/ml) 4.02+0.52 14.05+4.83 | <0.0001
LH/FSH ratio 0.63+0.12 3.32+1.21 <0.0001
Free testosterone (pg/ml) 1.6+ 0.35 5.51£2.18 <0.0001
Fasting plasma glucose (mg/dl) 93.7£10.21 | 94.58+£9.31 | 0.721
Fasting plasma Insulin (pIU/ml) 7.98+1.82 13.37£4.63 | <0.0001
HOMA 1.934+0.77 3.19+1.37 | <0.0001
Serum Resistin (ng/ml) 7.95+2.17 | 13.26£7.58 | 0.003
Plasma Visfatin (ng/ml) 11.88+1.84 | 35.8248.94 | <0.0001

Values are expressed as mean + SD.
P < 0.05 was considered significant.

161



Bull. Egypt. Soc. Physiol. Sci. 27 (2) 2007

Ahmed & Ghamry

Clinical and biochemical
parameters of all subjects based on
BMI stratification are summarized in
table 2. Groups III and IV had
significantly higher BMI compared to
groups I and II (p< 0.001). Women
with PCOS (groups II and IV) had
significantly lower FSH levels (p<
0.001) compared to control groups (I
and III) In contrast, LH levels were
significantly higher in women with
PCOS (groups II and IV) compared to
control groups (I and III) (p< 0.001).
Also, women with PCOS with BMI >
25Kg/ m® had higher LH levels than
women with PCOS with BMI< 25Kg/
m’. The same results were detected as
regards the LH/FSH ratio (p< 0.001).
Women with PCOS (group IV) had
significantly higher free testosterone
levels (p< 0.001) compared to PCOS
(group 1II).

Blood glucose levels were
significantly higher in women with
BMI> 25K g/m? (group III versus I; p<
0.05; group IV versus I; p< 0.001; IV
versus Il ; p< 0.001) whereas no
significant difference was observed
between women with BMI< 25Kg/m’
of groups I and II .Compared to
normal controls (groups I and III),

women with PCOS with BMI >
25Kg/m* had significantly higher
plasma insulin levels (p< 0.001and p<
0.001), respectively. Also, control
group III had significantly higher
plasma insulin level (p< 0.001)
compared to control group L
However, insulin resistance (assessed
by HOMA) was significantly higher
in women with PCOS with BMI >
25K g/m* compared to groups I, IT and
I (p< 0.001, p< 0.001 and p< 0.001),
respectively.

Serum resistin levels in groups III
and IV were significantly higher
compared to groups I and II (p<
0.001, p< 0.001) being higher in
women with PCOS with BMI >
25Kg/m®. Whereas no significant
difference existed between women
with PCOS with BMI < 25Kg/ m* and
control women with BMI < 25Kg/ m’
(Fig.1).

Plasma visfatin levels were
significantly higher in women with
PCOS (groups II and IV) being higher
in in women with PCOS with BMI >
25Kg/m* when compared to the
control groups (I and III). Whereas no
significant difference existed between
control groups (I and III) (Fig.2).
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Table 2: Clinical and biochemical parameters of all subjects based on BMI

stratification

BMI < 25Kg/ m® BMI > 25Kg/ m?
Group | Group 11 Group 111 Group IV | ANOVA
Control PCOS Control PCOS p value

N=10 N=30 N=10 N=30

Age (years) 28.1+4.86 27.23+4.4 27.7+4.24 28.36+4.22 >0.05
(a) (a) (a) (a)

BMI (Kg/ m?) 22.35+1.83 | 22.33+1.86 | 31.16+£3.55 | 2.02+4.37 <0.01
(a) (a) (®) (®

FSH (m1U/ml) 7.22+1.18 4.36+0.69 5.77+0.68 | 4.27+0.75 <0.01
(b) (a) () (a)

LH (mlu/ml) 4.06+0.56 10.95+1.79 3.98+0.5 17.16+4.94 <0.01
(a) (d (a) (c)

LH/FSH ratio 0.56+0.07 2.56+0.62 0.69+0.122 | 4.07£1.19 <0.01
(a) (® (a) ()

Free testosterone (pg/ml) 1.4+0.29 3.79+0.8 1.42+0.28 7.23£1.71 <0.01
(a) (© (a) (d)

Fasting plasma glucose (mg/dl) 89.1£9.25 89+4.16 98.3+9.36 100.16+£9.72 | <0.01
(a) (a) (® ()

Fasting plasma Insulin(ulU/ml) 6.48+0.68 9.14+1.26 9.48+1.24 17.61+£2.22 <0.01
(a) (® (® (c)

HOMA 1.41+0.24 1.99+0.28 2.45+0.77 | 4.38+0.91 <0.01
(a) (b) () (d)

Serum Resistin (ng/ml) 6.18+0.94 6.37+0.81 9.72+1.46 | 20.14+4.26 <0.01
(a) (a) (® ()

Plasma Visfatin (ng/ml) 11.65+1.73 | 27.87+4.14 12.11£2.02 | 43.78+3.85 <0.01
(a) (® (@) (©)

Values are expressed as mean+SD

P < 0.05 was considered significant.
Same letters (a,b,c,d) under each group indicate a non- significant difference between groups.
Different letters under each group indicate a significant difference between groups.
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Fig (1): Serum resistin levels (ng/ml) in studied groups
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Fig (2): Plasma visfatin levels (ng/ml) in studied groups

Calculation of Pearson coefficient
showed that in the whole study group,
resistin  correlated positively with
BMI, LH, LH/FSH ratio, plasma
insulin, fasting plasma glucose, free
testosterone, HOMA and visfatin.
Serum resistin levels were found to
correlate negatively with FSH (table
3). In subgroup analysis, the positive
correlation between serum resistin and
BMI was present in women with
PCOS and BMI > 25Kg/ m® (r =
0.963, p < 0.01) and in control group
with BMI > 25Kg/ m* (r =0.953, p <
0.01) but not in women with PCOS
with BMI< 25Kg/ m” (r = 0.213, p
=0.258) or the control group with
BMI<25Kg/ m* (r = - 0.512, p= 0.13).
Resistin also positively correlated
with fasting plasma glucose (r =0.818,
p< 0.01 and r = 0.457, p =0.043),

fasting plasma insulin (r = .938, p<
0.01 and r = 0.706, p =0.001) and
HOMA (r = 0931, p< 0.01 and r =
0.645, p =0.002) in women with
PCOS and BMI > 25Kg/ m* and in
controls with BMI > 25Kg/m’
respectively. Additionally, in women
with PCOS (groups II and IV), resistin
positively  correlated with  free
testosterone (r =0.6, p = 0.003 and r =
0.973, p< 0.01). There was no
significant  correlation  between
resistin  and  free  testosterone
concentrations in control subjects (r =
0.031, p = 0.932 and r = 0.063, p =
0.085), respectively. In women with
PCOS (groups II and IV), resistin
correlated positively with visfatin (r =
784, p<0.01, r =0.954, p< 0.01),
respectively.
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Table 3: Correlations between resistin and anthropometric, biochemical and
hormonal parameters in the whole study group

Parameters r p

Age 0.089 0.433
BMI 0.866 <0.01
FSH -0.469 0.037
LH 0.638 <0.01
LH/FSH 0.582 <0.01
Free testosterone 0.877 <0.01
Fasting plasma glucose 0.676 <0.01
Fasting plasma insulin 0.951 <0.01
HOMA 0.951 <0.01
Visfatin 0.784 <0.01

P < 0.05 was considered significant.

Calculation of Pearson coefficient
showed that in the whole study group,
visfatin correlated positively with
BMI, LH, LH/FSH ratio, plasma
insulin, fasting plasma glucose, free
testosterone, HOMA and resistin
(table 4). In subgroup analysis, the
correlation between plasma visfatin
and BMI was present in women with
PCOS with BMI>25Kg/m® and
BMI<25Kg/m* (r =0.951, p<0.01 and
r=0.929, p<0.01)  respectively.
Visfatin also positively correlated
with fasting plasma glucose (r =0.841,
p< 0.01) in women with PCOS and

BMI > 25Kg/ m* but not in women
with PCOS with BMI< 25Kg/m’
(r=0.076, p=0.691). In addition,
visfatin also positively correlated
with, fasting plasma insulin (r
0.882, p<0.01 and r=0.952, p< 0.01)
and HOMA ( r=0.908, p< 0.01 and r
= 0.942, p< 0.01) in women with

PCOS groups (I and 1IV),
respectively. In addition, visfatin
positively  correlated with  free

testosterone in women with PCOS
groups (II and IV), respectively (r =
0.969, p<0.01 and r = 0.922, p<0.01).

Table 4: Correlations between visfatin and anthropometric, biochemical and
hormonal parameters in the whole study group.

Parameters r p

Age 0.036 0.751
BMI 0.536 <0.01
FSH -0.590 <0.01
LH 0.822 <0.01
LH/FSH 0.803 <0.01
Free testosterone 0.954 <0.01
Fasting plasma glucose 0.391 <0.01
Fasting plasma insulin 0.816 <0.01
HOMA 0.816 <0.01
Resistin 0.784 <0.01

P < 0.05 was considered significant.
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DISCUSSION

Polycystic ovary syndrome is a
heterogeneous syndrome
characterized by hy}()erandrogenism
and insulin resistance™. The aim of
the study is to assess the relationship
between both serum resistin and
plasma visfatin and insulin resistance
and hyperandrogenism in PCOS
patients.

In the present study, serum
resistin levels in the women with
PCOS were significantly higher
compared with control women.
Previous studies reporting serum
resistin concentrations in women with
PCOS are inconsistent. Although one
small study of Asian subjects observed
a 2-fold higher concentration of
resistin - mRNA expression in
adipocytes  from subjects  with
PCOS™) there was no difference in
the circulating resistin concentration
between women with PCOS and
controls. In contrast, serum resistin
was significantly elevated in other
studies ).

In the current study, when
subjects were segregated according to
BMI, women with PCOS and BMI >
25Kg/m® had significantly higher
resistin concentrations than women
with BMI< 25Kg/ m* with or without
PCOS. On the other hand, in women
with PCOS and BMI< 25Kg/ m’ the
resistin levels were similar to control
women with BMI<25Kg/m’. These
results are in accordance with those of
Panidis et al.*Y, who reported that
serum resistin levels were
significantly higher in women with
PCOS and BMI>25Kg/m*. Also, a
significant positive correlation
between serum resistin concentration

and BMI was observed. Degawa-
Yamauchi et al.“® reported a positive
correlation between resistin and BMI ,
while Lee et al. found no
correlation®. The current
observations support the concept that
there may be a relationship between
obesity and circulating resistin
concentrations.

The altered levels of resistin may
be the consequence of altered adipose
tissue function and also may be due to
a difference in fat distribution in those
women with PCOS which have
proportionally more visceral adipose
tissue™”. Such finding is ascertained
by the work of Curat et al.“®), who
reported  that the increased
macrophage population in obese
human visceral white adipose tissue
(WAT) might be responsible for the
enhanced production of chemokines
as well as resistin .In fact, it has been
suggested that differences in adipose
tissue distribution may influence the
secretion of the different
adipocytokines“®.

Evidence concerning the role of
resistin in the development of insulin
resistance  remains  controversial.
Some studies support the proposal of
Steppan et al.™ that resistin is a
hormone that links obesity to insulin
resistance and diabetes®®?. Others
show quite the opposite(21'24).
Inconsistencies between in vivo
studies and experiments conducted on
isolated adipocytes can be explained
by the fact that, in situ,
stromovascular elements of adipose
tissue, which are more abundant in

obese individuals contribute
significantly to the production of
resistin®®.
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In the present study, resistin
levels did not differ significantly
between women with BMI < 25K g/m*
(groups I and II). However, women
with PCOS and BMI < 25Kg/ m* had
higher levels of insulin, higher
HOMA index, in other words, they
were more resistant to insulin.
Nevertheless, resistin levels were
significantly higher in women with
BMI>25 kg/m* (groups III and IV)
compared to women with normal BMI
(groups 1 and II), as were blood
glucose and insulin levels and HOMA
index.

In addition, in the current present
work, resistin correlated positively
with BMI, fasting plasma glucose,
fasting plasma insulin and HOMA
index in women with BMI>25 kg/m’
(groups III and IV). In other words,
resistin  was found to correlate
significantly =~ with  all  obesity-
associated parameters. These findings
suggest that resistin is not associated
with insulin resistance of PCOS that is
not induced by obesity.

In the present study population
the free testosterone levels were
significantly higher in females with
PCOS (groups II and IV) compared to
controls (I and III). Pandidis et al.
reported decreased levels of sex-
hormone-binding globulin (SHBG) in
PCOS females. Nestler et al
determined that the reduced levels of
SHBG were further induced by
obesity(g). That relationship explains
the higher levels of free testosterone
in women with PCOS and BMI > 25
kg/m® compared with women with
PCOS and normal BMI.

Also, there was a significant
positive correlation between serum
resistin and testosterone in PCOS

patients (groups II and IV) only.
Munir et al.*® showed similar results.
On the contrary, Pandidis and
coworkers®” found no correlation
between  serum  resistin  and
testosterone. In our study, there was
no correlation between circulating
resistin and testosterone in control
subjects and between BMI and
testosterone, indicating that there may
be important differences in polycystic
ovaries facilitating the responsiveness
of the theca cells to resistin. The
current results apparently support the
notion that, resistin in vitro, can
increase ovarian androgen production
by directly stimulating ovarian theca
cells®. These data raise the
possibility that resistin may play a role
in augmenting androgen biosynthesis
in women with PCOS.

Our data showed that plasma
visfatin levels were higher in women
with PCOS (groups II and IV).Similar
results were reported by Chan et
al.®?_ Tan et al.®? and Kowalska et
al.®?,

The mechanisms controlling
cellular visfatin secretion have not yet
been  characterised. Circulating
visfatin concentrations were found to
be correlated with the amount of
visceral fat in healthy non-obese
humans®. Women with PCOS have
an increased prevalence of visceral
obesity and metabolic syndrome(l’z).

Recently, it has been shown that
visceral adipose tissue produces
visfatin, which may regulate insulin
sensitivity®?. Higher plasma levels of
visfatin in patients with type 2
diabetes mellitus and women with
gestational diabetes mellitus have
been found®*3*).
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Patients with PCOS often display
an impairment of insulin-stimulated
glucose utilization in peripheral
tissue®. Furthermore, the ability of
norepinephrine to stimulate lipolysis
in visceral fat cells has been shown to
be 50% higher in women with
PCOS®®. It has also been suggested
that visfatin is released from fat cells
during lipolysis(57).

The insulin-mimetic action of
visfatin has been proposed to
contribute to the development of the
metabolic syndrome®”. Women with
PCOS (groups II and IV), in the
present study, have a higher incidence
of insulin resistance. We noted a
positive correlation between plasma
visfatin levels and both insulin and
HOMA, as previously reported by
some authors® but not others®?.

The correlation observed in our
study indicates a possibility that in
certain conditions visfatin cannot
exert its potential beneficial metabolic
actions or its increase is a secondary
event in order to prevent further
development of insulin resistance.

There is still confusion over the
exact relationship between plasma
visfatin concentrations and BMI.
Berndt et al. demonstrated a
significant correlation between the
two®), However, Chen et al
demonstrated no correlation®. A
difference in fat distribution in women
with PCOS may result in changed
adipose tissue function and adipokine
levels®”. Our study tested whether
there was any correlation between
visfatin levels and BMI and whether
there was any difference between
women with PCOS and those with a
regular menstrual cycle. Interestingly,
we found a significant positive

correlation between visfatin levels and
BMI in subjects with PCOS but not in
normal healthy women .The body fat
distribution and body shape of
subjects with PCOS shift strongly
towards the android direction, with
significantly increased upper trunk
obesity and significantly decreased leg
subcutaneous adipose tissue
development(sg'sg). Patients  with
PCOS show metabolic abnormalities
combined with a more android type of
adiposity than that found in control
group subjects with similar BMI®?.
The development of obesity, upper
body fat distribution, or both might
increase visceral fat cell lipolysis®®.
Moreover, there is a unique lipolysis
up-regulating alteration in visceral fat
cells in subjects with PCOS because
of a selective increase in the function
of the protein kinase A-hormone-
sensitive lipase complex. In visceral
fat cells, the lipolytic effect is
increased®®.

Our data showed that plasma
visfatin correlated positively with free
testosterone in PCOS women (groups
II and IV) but not with controls. That
finding was contradictory to that
reported by Chan et al.*” who did not
find such correlation. On the other
hand Kowalska et al.®® found such
correlation in lean PCOS women
only. The explanation of the
association between visfatin and
androgens is at present unknown.

This may indicate that visfatin
could influence ovarian androgen
secretion, however, we cannot rule out
the influence of other unknown
factors, which might regulate the
release of both substances. Fukahara
et al.®Y reported that visfatin exerts
insulin-mimetic properties through
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stimulation of insulin receptor. In
view of the fact that hyperinsulinemia
might stimulate ovarian androgen
synthesis and secretion® and thus
contribute to the pathogenesis of
PCOS, it is possible that relationships
observed in our study might be due to
insulin-like visfatin action.

The present results showed that in
the whole study group, visfatin
correlated positively with resistin,
while in subgroup analysis, such
correlation was found only in women
with PCOS (groups II and IV).

As previously mentioned women
with PCOS have proportionally more
visceral adipose tissue™” and Curat et
al.“®® reported that the increased
macrophage population in human
visceral white adipose tissue (WAT)
might be responsible for the enhanced
production of chemokines as well as
resistin and visfatin specially in obese
subjects.

In conclusion, the results of the
study showed that women with PCOS
exhibit higher serum resistin and
plasma visfatin levels than control
subjects. The present data suggest that
resistin levels correlate with insulin
resistance as a consequence of obesity
itself, rather than a, causative factor.
We also arise the possibility that
resistin may play a role in augmenting
androgen biosynthesis in women with
PCOS. The positive correlation
between plasma visfatin levels and
both insulin and HOMA possibly
indicates that in certain conditions
visfatin cannot exert its potential
beneficial metabolic actions or its
increase is a secondary event in order
to prevent further development of
insulin resistance. Finally, the positive
correlation of visfatin with free

testosterone in PCOS women could be
explained by the insulin-like visfatin
action that might stimulate ovarian
androgen synthesis and secretion and
thus contribute to the pathogenesis of
PCOS.
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