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Abstract Since insulin resistance is accepted to be a common feature of polycystic ovary syndrome (PCOS), the exact molecular
mechanism(s) involved in glucose and lipid metabolism have been under investigation in the syndrome. Recently, two novel adipo-
kines, namely visfatin and retinol-binding protein 4 (RBP4), have been suggested to play a role in insulin resistance and diabetes.
This study sought to determine whether plasma concentrations of visfatin and RBP4 are altered in PCOS by comparing a total of
27 lean, normal glucose-tolerant PCOS patients with 19 age- and body mass index-matched healthy controls. The mean plasma visf-
atin concentrations were higher in PCOS patients than those in healthy subjects (37.9 + 18.2 versus 19.8 + 17.5, P < 0.01), while
RBP4 concentrations were similar between the two. Both adipokines were correlated with each other in the whole (r=0.50,
P < 0.01) and in PCOS (r =0.52, P < 0.01) groups but not in controls. The results suggest that lean, glucose-tolerant women with
PCOS have increased circulating visfatin and unaltered RBP4 concentrations compared with healthy lean women. In order to clarify
overlapping effects and their potential contribution to the pathophysiology of PCOS, further studies are needed. o 8
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Introduction 2000; Azziz et al., 2004; Diamanti-Kandarakis et al.,

1999). Besides infertility and chronic anovulation, patients
Polycystic ovary syndrome (PCOS) is the most common with PCOS may also suffer from cardiovascular disease (Dok-
endocrine disorder of reproductive-age women, affecting ras, 2008; Giallauria et al., 2008; Legro, 2003) which may be
approximately 5—10% of this population (Asuncion et al., related to hyperandrogenism and increased risk of obesity,
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dyslipidaemia, impaired glucose intolerance/type 2 diabe-
tes mellitus, dysfibrinolysis and thrombophilic abnormalities
(Diamanti-Kandarakis, 2008; Guzick, 1996; Orio et al., 2004;
Shroff et al., 2007; Vural et al., 2005; Wang and Norman,
2004; Yildiz et al., 2002).

Insulin resistance is a common feature of the syndrome
and the exact molecular mechanism(s) of insulin resistance
in PCOS are yet to be fully elucidated. Although women with
PCOS are more insulin resistant than would be expected
from their body mass index (BMI) (Barber et al., 2006,
2008), the presence of central obesity may have a further
deleterious effect on the current insulin resistance level.
In this manner, the adipose tissue may have an active role
in the formation or progression of available insulin resis-
tance by secreting various adipokines (Aigner et al., 2009)
and/or adipocytokines (Carmina et al., 2006; Haider
et al., 2006).

Recently, two novel adipokines, namely visfatin and ret-
inol-binding protein 4 (RBP4), have been suggested to play a
role in insulin resistance, diabetes and obesity among pa-
tients with PCOS (Tan et al., 2006, 2007). Visfatin/pre-B cell
colony-enhancing factor is abundantly expressed in visceral
adipose tissue and exerts an insulin-mimetic effect by bind-
ing to the insulin receptor at a site distinct from insulin. Ani-
mal studies reported that an adipocyte-secreted protein,
RBP4, may also contribute to insulin resistance (von Eynat-
ten and Humpert, 2008). Although most of the available
data suggest that both visfatin and RBP4 concentrations
are increased in overweight PCOS patients (Barber et al.,
2008; Ozkaya et al., 2008; Tan et al., 2006, 2007; Weiping
et al., 2006), there have been few studies evaluating the
serum concentrations of visfatin and RBP4 in lean individu-
als with PCOS (Chan et al., 2008; Hahn et al., 2007; Panidis
et al., 2008).

As far as is known, there is no study assessing both visf-
atin and RBP4 in the same cohort of patients consisting of
only lean, glucose-tolerant women suffering from PCOS. In
the current study, the hypothesis was that circulating visfa-
tin and RBP4 concentrations are increased in PCOS and that
these two adipokines and their potential interaction con-
tribute to the insulin resistance of the syndrome. The study
specifically chose non-obese and normal glucose-tolerant
women with PCOS in order to eliminate the confounding ef-
fects of obesity and glucose intolerance with regard to
adipokine pathophysiology of PCOS.

Materials and methods
Subjects

This study prospectively recruited 27 lean, glucose-tolerant
PCOS patients and 19 age- and BMI-matched healthy con-
trols. The diagnosis of PCOS was made by the presence of
any two of the following three criteria: (i) clinical and/or
biochemical evidence of hyperandrogenism; (ii) chronic oli-
go-/anovulation; and/or (iii) polycystic ovaries on ultra-
sound (PCOS) (Rotterdam ESHRE/ASRM-sponsored PCOS
consensus workshop group, 2004). Hyperandrogenism and
chronic oligo-anovulation were defined as previously de-
scribed (Yarali et al., 2002; Yildiz et al., 2002). PCO was de-
fined as the presence of 12 or more follicles in each ovary,

each measuring 2—9 mm in diameter, and/or increased
ovarian volume >10ml (Balen et al., 2003; Rotterdam
ESHRE/ASRM-sponsored PCOS consensus workshop group,
2004). Cushing’s syndrome, non-classical congenital adrenal
hyperplasia, hyperprolactinaemia, thyroid dysfunction and
androgen-secreting tumours were excluded as suggested
(Rotterdam ESHRE/ASRM-sponsored PCOS consensus work-
shop group, 2004). Subjects were not taking any medication
for at least 3 months before the study. All the patients had
clinical and/or biochemical hyperandrogenism and chronic
anovulation, and 85% (23/27) of the patients had polycystic
ovaries on ultrasound (PCO).

The control group consisted of healthy women who had
regular menstrual cycles without clinical or biochemical
hyperandrogenism or PCO. They did not have a history of
any drug intake for at least 3 months. None of the partici-
pants in the study had impaired fasting glucose, impaired
glucose tolerance or type 2 diabetes. Exclusion criteria in-
cluded smoking and alcohol consumption in both groups.

Study protocol

The study protocol was approved by the institutional review
board of Hacettepe University Medical School and informed
consent was obtained from all participants.

Anthropometric measurements including (BMI) and waist
circumference were determined. Subjects underwent a
standard 2-h 75¢g oral glucose tolerance test between 8
and 10 a.m. after an overnight fast during which fasting
and 120 min glucose concentrations obtained. All sampling
procedures were performed in the early follicular phase
(days 2—5). Blood samples were drawn from large antecu-
bital veins of the forearm and centrifuged, within 30 min
of collection, at 4°C for 20 min at 1238 g. Fasting serum
and plasma samples obtained were transferred into poly-
propylene tubes and stored for up to 3 months at —80°C
until assayed for visfatin, RBP4 total testosterone, sex
hormone binding globulin (SHBG), fasting insulin, total
cholesterol, high-density lipoprotein cholesterol (HDL-C)
and triglycerides.

Assays

Plasma visfatin C-terminal concentrations were measured
by enzyme-linked immunosorbent assay (ELISA) using a
commercially available assay (Phoenix Europe, Karlsruhe,
Germany). The intra- and inter-assay coefficients of varia-
tion (CV) for this assay were 4.3% and 5.8% respectively.
The RBP4 concentrations were also analysed by ELISA using
a commercially available assay (Phoenix Europe). The in-
tra- and inter-assay CV for this assay were 5.1% and 6.9%
respectively. Plasma glucose was measured by the glucose
oxidase technique (Roche Molecular Biochemicals, Mann-
heim, Germany). Insulin was measured by radioimmunoas-
say (Diagnostic Systems Laboratories, Webster, TX, USA).
The intra- and inter-assay CV were 4.5% and 8.9% respec-
tively. Total testosterone concentrations were measured
by chemiluminescent enzyme immunoassay (Immulite
2000; Diagnostic Products Corporation, Los Angeles, CA),
with intra- and inter-assay CV of 6% and 7% respectively.
SHBG was measured by immunoradiometric assay (Diagnostic
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Systems Laboratories) with intra- and inter-assay CV of 3.7%
and 9.4% respectively. Plasma total cholesterol, HDL-C and
triglyceride concentrations were determined by enzymatic
colourimetric method (Roche Molecular Biochemicals). The
average intra- and inter-assay CV were 1.4% and 2.2%,
respectively.

Free androgen index (FAI) was calculated from total tes-
tosterone and SHBG concentrations (FAI = total testoster-
one x 100/SHBG). Homeostasis model assessment-insulin
resistance (HOMA-IR) (Araujo Penna et al., 2007) was applied
by using the following formula: HOMA-IR = fasting insulin
(nU/ml) x fasting glucose (mmol/l)/22.5. The quantitative
insulin-sensitivity check index (QUICKI) was calculated as
l/[log(fasting insulin) + log(fasting glucose)]. Homeostasis
model assessment B-cell function (HOMA B-cell) was calcu-
lated as: HOMA B-cell = fasting insulin (nU/ml) x 20/fasting
glucose (mmol/l) — 3.5.

Data analysis

The normality of the distribution of the variables was con-
firmed by Shapiro—Wilk test. Unpaired t- and Mann—Whit-
ney U tests were used for normally and not normally
distributed variables, respectively. Values were given as
mean + SD unless stated otherwise. Spearman test was used
for correlation analyses. P < 0.05 was considered statisti-
cally significant. Data analysis was performed using the
Statistics Package for Social Sciences version 13.0 (SPSS,
Chicago, IL, USA).

Results

The baseline demographic, hormonal and biochemical fea-
tures of the patients are presented in Table 1. While the
mean age, BMI and waist circumference were comparable

between the PCOS and control groups, both total testoster-
one and FAI were significantly higher in patients with PCOS,
as expected (P < 0.01 for both). The median fasting insulin
and HOMA-IR were also found to be higher in patients with
PCOS, when compared with healthy controls (P < 0.01 for
both). Although HOMA B-cell scores were higher in patients
with PCOS, the result did not reach statistical significance).
The fasting glucose and lipid profile were similar between
the study groups.

The mean plasma visfatin concentrations were higher in
PCOS patients than those in healthy subjects (37.9 + 18.2
versus 19.8 + 17.5, P < 0.01; Figure 1), while median RBP4
concentrations were similar between the two groups, as
shown in Table 1.

Neither visfatin nor RBP4 were associated with BMI, FAIl or
lipids. There were correlations between visfatin and fasting
insulin (r =0.42 P < 0.01), HOMA-IR (r=0.36, P < 0.05) and
total testosterone (r = 0.37, P < 0.05) reaching statistical sig-
nificance; but not with QUICKI (r = —0.05) or fasting glucose/
insulin ratio (r=-0.20). Of interest, RBP4 concentrations
were just associated with serum visfatin concentrations
(r=0.50, P < 0.01) as shown in Figure 2. Subgroup analyses
showed that this correlation was significant in PCOS women
(r=0.52, P < 0.01) but not in healthy women (r = 0.32).

Conclusion

The data indicate that lean, normal glucose-tolerant women
with PCOS may have increased circulating visfatin concen-
trations without any alteration in RBP4 concentrations. Of
interest, a correlation between visfatin and RBP4 is pre-
sented among lean women with PCOS, which has not been
reported elsewhere.

In the available literature, serum concentrations of visf-
atin and RBP4 are widely examined among overweight PCOS

Table 1 Clinical, hormonal and biochemical characteristics of polycystic ovary syndrome (PCOS) women and controls.
Variable PCOS (n=27) Control (n=19) P-value
Age (years) 25.4+4.4 27.0+4.4 NS
Body mass index (kg/m?) 23.2+2.9 22.5+3.2 NS
Waist (cm) 74.9 £9.1 74.8 £ 15.9 NS
Total testosterone (ng/dl) 103.7 £+ 25.5 51.2 +18.1 < 0.01
Free androgen index 5.9 (4.3-7.4) 1.6 (1.1-3.3) < 0.01
Fasting glucose (mg/dl) 84.1+7.2 81.9+6.4 NS
Fasting insulin (pU/ml) 12.9 (10.9—-16.3) 9.2 (6.7—10.7) < 0.01
Fasting glucose:insulin ratio 6.4 (5.5-7.5) 8.6 (7.9-12.7) < 0.01
HOMA-IR 2.7 (2.4-3.3) 1.7 (1.3-2.1) < 0.01
HOMA B-cell 240.8 (176.9—304.8) 181.5 (128.9—181.5) NS
QUICKI 0.33 (0.32—0.34) 0.35 (0.34—0.37) < 0.01
Total cholesterol (mg/dl) 164.4 + 28.2 169.7 +29.8 NS
HDL-C (mg/dl) 62.4+13.8 65.1+12.1 NS
Triglycerides (mg/dl) 68.0 (53.0—90.0) 73.1 (57.2-99.0) NS
Visfatin (ng/ml) 37.9+£18.2 19.8+17.5 < 0.01
RBP4 (mg/dl) 91.5 (39.9—1438.8) 44.8 (33.2—148.8) NS

Values are mean + SD or, for not normally distributed variables, median (interquartile range).
HDL-C, high-density lipoprotein cholesterol; HOMA B-cell, homeostasis model assessment — f-cell function; HOMA-IR,
homeostasis model assessment — insulin resistance; NS, not statistically significant; QUICKI, quantitative insulin-sensitivity

check index; RBP4, retinol-binding protein 4.
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Figure 1 Visfatin concentrations of patients with polycystic

ovary syndrome (PCOS) and controls.

women (Barber et al., 2008; Ozkaya et al., 2008; Tan et al.,
2006, 2007; Weiping et al., 2006). Initially, Tan et al. (2006)
demonstrated both increased visfatin mRNA and protein
concentrations in adipose tissue and adipocytes in women
with PCOS having a BMI as high as >28 kg/m?, with a parallel
increase in plasma concentration. Subsequently, Ozkaya
et al. (2008) reported that serum visfatin concentrations
were significantly higher in overweight women with PCOS
than in controls and it may be decreased by administration
of two daily doses of 850 mg metformin for 3 months. In
concordance, when compared with healthy controls, the
plasma concentration of visfatin was also found to be signif-
icantly higher in patients with PCOS, even if only lean/nor-
mal-weight subjects are examined (Kowalska et al., 2007;
Panidis et al., 2008; Zwirska-Korczala et al., 2008). Kow-
alska et al. (2007) reported a positive correlation between
serum visfatin concentrations and FAIl (r=0.48, P=0.002)
and testosterone (r=0.47, P=0.002) whereas a negative
relationship was observed with insulin sensitivity
(r=-0.30, P=0.038) in 23 lean PCOS women. In addition,
Panidis et al. (2008) reported a positive correlation with
LH (r=0.298, P <0.05) as well as with FAl (r=0.359,
P < 0.005) but negative association with SHBG (r = —0.266,
P < 0.05) in 25 normal-weight women with PCOS. In this
study of 27 PCOS women, positive associations were de-
tected between visfatin and total testosterone, fasting insu-
lin and HOMA-IR, whereas visfatin did not show a correlation
with any of the other clinical, hormonal or biochemical vari-
ables including BMI, FAI, fasting insulin, fasting glucose/
insulin ratio, QUICKI and lipids. This study has also failed
to show an association between visfatin and HOMA B-cell
in contrast with a previous study reporting an association
between serum visfatin concentrations and B-cell deteriora-

Whole Group

VISFATIN

Figure 2

PCOS Group

tion in patients with type 1 and type 2 diabetes (Lopez-
Bermejo et al., 2006).

RBP4 is a new adipokine which appears to modulate insu-
lin sensitivity in mice (Muoio and Newgard, 2005; Yang
et al., 2005). In addition, altered RBP4 concentrations have
also been presented among human subjects with obesity and
type 2 diabetes mellitus (Abahusain et al., 1999), even be-
fore the overt appearance of diabetes itself (Graham
et al., 2006). Weiping et al. (2006) reported that RBP4 con-
centrations were higher in 39 patients with PCOS when com-
pared with 45 healthy controls. Of interest, the only
variable correlated with the RBP4 concentration was found
to be glucose disposal rate. Similarly, Tan et al. (2007) re-
vealed significant up-regulation of RBP4 mRNA in both sub-
cutaneous and omental adipose tissue as well as in
isolated subcutaneous adipocytes of PCOS women, in addi-
tion to elevated serum RBP4 concentrations when compared
with healthy controls. In contrast, Barber et al. (2008) failed
to establish a significant difference between serum concen-
trations of RBP4 of patients with PCOS and controls. How-
ever, cross-sectional area of abdominal visceral fat
depots, but not subcutaneous, derived from axial magnetic
resonance images at the level of the mid-L4 vertebral body
was correlated with serum concentrations. When only lean
PCOS cases are included, the available data is more incon-
clusive. In 58 lean PCOS patients, Hahn et al. (2007) did
not observe any significant difference with regard to RBP4
concentrations when compared with 64 control cases. In
contrast, Chan et al. (2008) observed higher concentrations
of RBP4 among 37 lean patients when checked against with
37 age- and BMI-matched controls. The present study failed
to demonstrate any significant difference of RBP4 concen-
trations between the PCOS and control groups or any corre-
lations of serum RBP4 concentrations with clinical,
hormonal or biochemical variables. It is difficult to com-
ment on whether the lack of statistical significance is due
to a genuine absence of a correlation or due to the limited
sample size of this study. Factors such as limited sample
sizes of previously published studies on the subject and lack
of relevant data required for a priori assumptions of an
appropriate sample size analysis prevent a definitive conclu-
sion. Contradictory results of multiple small-sized studies
may be merely a reflection of random pre-analytical or ana-
lytical variation. Nevertheless, a post hoc power analysis of
this study indicated that at least 200 individuals in each
group would be needed to attain a power of 80%, suggesting
that a difference of circulating RBP4 concentrations be-
tween PCOS and control women, if present, is quite modest.

Control Group
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Scatter plot histograms showing correlations between retinol-binding protein 4 (RBP4) and visfatin concentrations within

(a) the whole group, (b) the polycystic ovary syndrome group, and (c) the control group.
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Both visfatin and RBP4 seem to play similar roles in the
pathogenesis of PCOS. Although it is not clear, both of them
may be responsible from the increased insulin resistance
and presence of androgenic phenotype of the syndrome to
an extent. However, it is hard to explain the whole mecha-
nism responsible for the impaired glucose metabolism and
hyperandrogenaemia with a few cytokines, adipokines or
adipocytokines. One may postulate that different molecules
may be the leading subject responsible for each phenotypic
expression of the syndrome in different subgroups. In fact,
while some authors claimed that RBP4 is responsible for
higher androgen concentrations and hirsutism scores (Aigner
et al., 2009) rather than glucose metabolism, others re-
ported a close correlation with lipid (Chan et al., 2008) or
glucose metabolism (Barber et al., 2006; Weiping et al.,
2006). These conflicting results may be based on not only
the BMI but geographical divergence within the patients
with PCOS. The variations in the commercial immunoassays
(Graham et al., 2007) might also have played a role in differ-
ences between the earlier reports and the current data.

Although the exact role that visfatin and RBP4 play in the
pathophysiology of PCOS remains to be determined, it is
possible that both the alterations in the circulating concen-
trations of these adipokines and their potential close inter-
action might have an impact on the phenotypic features of
the syndrome including hyperandrogenism, insulin resis-
tance, glucose intolerance and adiposity. Regarding an
alteration in the circulating concentrations of an adipokine,
the finding of increased visfatin concentrations in associa-
tion with fasting insulin and total testosterone concentra-
tions, in the absence of obesity and glucose intolerance,
suggests that dysfunctional production and/or action of this
adipokine might play a role in the insulin resistance and
hyperandrogenism of PCOS. On the other hand, a close cor-
relation between circulating visfatin and RBP4 concentra-
tions is also reported among the same cohort of patients
with PCOS. Of interest, there is no correlation when only
control subjects are undertaken, which may suggest that
an interaction between visfatin and RBP4 might have a spe-
cific impact on the pathophysiology of PCOS. This finding
may also point to the fact that overlapping effects of such
molecules may be responsible for the conflicting results in
cases with PCOS.

The main limitations of the current study are the small
sample size and cross-sectional nature. However, it is worthy
to note that obesity and diabetes are not confounding factors
for any of the groups in the current study. The results suggest
that lean normal glucose-tolerant women with PCOS have in-
creased circulating visfatin and unaltered RBP4 concentra-
tions compared with healthy lean women. A more detailed
understanding of the individual roles of adipokines and appar-
ently complex interrelations between them merit further
consideration, in order to clarify overlapping effects and
their potential contribution to the pathophysiology of PCOS.
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