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ABSTRACT. Aim. The aim of this study was to investigate the relationship between four circulating adipocytokines
(apelin, vaspin, visfatin, adiponectin) and markers of insulin sensitivity, in the context of polycystic ovary syndrome
(PCOS) in adolescents. Subjects and methods. 48, obese, adolescent girls (mean age: 15.6±3.4 years, mean body
mass index standard deviation score (BMI-SDS): 2.31±0.1), and 37 control subjects (mean age: 16.2±3 years,
mean BMI-SDS: 2.17±0.05) were enrolled the study. The diagnosis of PCOS was established according to the
Rotterdam criteria. Hyperinsulinism and insulin resistance was evaluated using the homeostasis model assessment
(HOMA-IR) from fasting samples. Plasma adiponectin and vaspin levels were determined by radioimmunoassay.
Determination of visfatin and apelin levels was performed by enzyme immunoassay. Results. HOMA-IR, apelin
and visfatin levels (4.9±2 versus 1.4±0.7, p<0.001; 2.2±1.1 versus 0.58±0.16, p<0.001; 31.3±11.1 versus 18.5±10.7,
p<0.001; respectively) were significantly elevated, and adiponectin levels (2.01±1.02 versus 12.5±6.2, p<0.001) were
significantly lower in the PCOS group. Vaspin levels were higher in the PCOS group than in the control group, but
the differences were not significant. Apelin and visfatin correlated positively and adiponectin correlated negatively
with BMI-SDS and HOMA-IR. Conclusion. Based on the findings of this study, apelin, visfatin and adiponectin
levels can be used as specific markers for insulin sensitivity, and these adipocytokines might play a part in the
pathogenesis of PCOS.
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he etiology of polycystic ovary syndrome (PCOS) is com-
lex and multifactorial. There is much evidence however,
o suggest that adipose tissue plays an important role in the
evelopment and maintenance of PCOS pathology. There
s a close correlation between adiposity and symptom
everity in women with PCOS, and even modest reductions
n weight generally translate into significant improvements
n menstrual regularity, fertility and hyperandrogenic fea-
ures. Insulin resistance is a common feature of PCOS,
ffecting about 50% of PCOS patients [1].

dipose tissue, apart from storing fat, secretes a number of
ormones called adipocytokines, four of which, visfatin,
aspin, apelin and adiponectin, appear to play an impor-
ant role in metabolism and energy homeostasis [2, 3].
nitially it was suggested that most of the abnormalities
bserved in metabolic syndrome result from insulin resis-
ance and/or hyperinsulinemia [4]. However, more recent
tudies have indicated an important role of adipose tis-
ue hormones or “adipocytokines” in metabolic syndrome.

diponectin is exclusively expressed and secreted by adi-
ose tissue and is involved in glucose and lipid metabolism.
Hypoadiponectinaemia has been shown to be associated
with insulin resistance in animal and human studies [5].
Plasma adiponectin levels are decreased in subjects with
obesity and insulin resistance or type 2 diabetes melli-
tus, and are inversely correlated with visfatin and fasting
insulin levels [6, 7]. Both tissue expression and plasma
levels of visfatin increase in parallel with obesity. It has
insulin-mimetic effects and lowers plasma glucose lev-
els [8]. Apelin synthesis in adipocytes is stimulated by
insulin, and plasma apelin level markedly increases in
obesity associated with insulin resistance and hyperinsu-
linemia [9]. Vaspin was identified as an adipokine with
insulin-sensitizing effects, and is predominantly secreted
from visceral adipose tissue in a rat model of type 2 dia-
betes [10]. Youn et al. have recently shown that vaspin
mRNA expression in adipose tissue is related to parameters
of obesity and glucose metabolism in adults [11].

This research article considers the various mechanisms
that might underlie the link between excess adiposity

and PCOS - including the effects of differential insulin
sensitivity, abnormal steroid hormone metabolism and
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dipocytokine secretion. Greater attention to the thera-
eutic options available to reduce the impact of excess
diposity on ovarian and metabolic function is essential
o the management of PCOS. We hypothesize that the
our, circulating adipokines, mentioned above, are linked
o markers of insulin sensitivity and PCOS in adolescents.

ONORS AND METHODS

ubjects

he Research Ethics Committee of Gulhane Military Aca-
emic Hospital approved the experimental protocol, and
ritten consent was obtained from the parents. Signed,

nformed consent forms were obtained from the parents of
he adolescents.
orty eight, obese, adolescents (PCOS group; 48 girls,
ean age: 15.6±3.4, mean body mass index standard devi-

tion score (BMI-SDS): 2.31±0.1) were recruited from
mong the adolescents who attended the outpatient clinic
f the Department of Pediatric Endocrinology between
007 and 2008. Control subjects who were obese, healthy
hildren (37 girls, mean age: 16.2±3, mean BMI-SDS:
.17±0.05), were enrolled from patients who attended the
ospital for minor illnesses such as the common cold, con-
unctivitis etc.
dolescents were excluded if they had had any prior
ajor illness, including type 1 or type 2 diabetes, if they
ere taking medication, or if they had a condition known

o influence body composition, insulin action, or insulin
ecretion (e.g. glucocorticoid therapy, hypothyroidism,
ushing’s disease). All subjects were in good health and
ad normal thyroid function. The family history for obe-
ity and diabetes was obtained using questionnaires. None
f the patients had a family history of diabetes.

ethods

nthropometric measurements were taken for all patients.
he height and weight were measured with an empty blad-
er in post-absorptive conditions. Height was measured to
he nearest 0.5 cm on a standard height board, and weight
as determined to the nearest 0.1 kg on a standard physi-

ian’s beam scale with the subject dressed only in light
nderwear and no shoes. BMI was calculated as weight (in
ilograms) divided by height (in metres) squared. Patients
ith a body mass index of ≥95th percentile according to

eference curves for Turkish children were accepted as
bese [12]. The degree of obesity was quantified using
ole’s least mean-square method, which normalizes BMI-

kewed distribution and expresses BMI as an SD score
BMI-SDS). This measure gives age- and sex-specific
stimates of the distribution median, the coefficient of vari-
tion and the degree of skewness by a maximum-likelihood
tting technique. Obesity was defined as a BMS-SDS
1.64. Their pubertal development stages were assessed

y a paediatric endocrinologist using the Tanner scale cri-
eria. All subjects were within Tanner stage II-IV. After the
hild had rested for at least five minutes and was in a sitting
osition, diastolic and systolic pressure (mmHg) measure-
ents were taken, using a mercury-gravity manometer and
cuff appropriate for body size. The appropriate-sized cuff
or a child was long enough to completely encircle the
ircumference of the arm (with or without overlap), and
wide enough to cover approximately 75% of the upper arm
between the top of the shoulder and the olecranon, leaving
sufficient room, both at the antecubital fossa to place the
bell of the stethoscope comfortably, and at the upper edge
of the cuff to prevent obstruction of the axilla. The onset of
a clear tapping sound (Korotkoff sounds) defined as phase
I, corresponded to systolic blood pressure. Phase IV was
used as the diastolic blood pressure.

Definition of polycystic ovary syndrome

The diagnosis of PCOS was established according to
the Rotterdam criteria (oligo- and/or anovulation, clinical
and/or biochemical signs of hyperandrogenism and poly-
cystic ovaries on ultrasonography scan, as well as exclusion
of other etiologies that mimic the PCOS phenotype) [13].
A patient was considered to have PCOS if she fulfilled two
out of the three criteria mentioned above. We assumed that
a patient had clinical hyperandrogenism or hyperandrogen-
emia if she presented symptoms of hirsutism (more than
eight points for the Freeman-Gallway score), with or with-
out acne. The menses status and ovulation were defined
in the following way: a patient was considered to have
oligo/amenorrhea and anovulation if she had had fewer
than six menses during the previous year. Exclusion of
other disorders with similar clinical symptoms was under-
taken using the appropriate tests. Ultrasound scans were
performed for all patients. The morphology of polycystic
ovaries was considered if there were 12 or more follicles of
2-9 mm in diameter in each ovary and/or an enlarged ovary
(>10 cm3). Studies were performed in regularly cycling
girls during the early follicular phase (three-five days) of
their menstrual cycle, and in the PCOS group, three-five
days after a spontaneous menses, or independent of cycle
phase in the presence of amenorrhea. All analyses were
performed after an overnight fast.

Blood samples

Fasting blood samples (at 8:00 AM) were obtained by
venipuncture after an overnight fast (at least 12 h), to
measure serum glucose and insulin levels, and other param-
eters. After clotting, the serum was separated and analysed
immediately. Plasma glucose was determined by the glu-
cose oxidase method. Plasma insulin was measured using
the IMMULITE immunoassay (IMMULITE Diagnostic
Products Corporation, Los Angeles, CA, USA). Plasma
concentrations of total cholesterol, triglycerides and high-
density lipoprotein-cholesterol (HDL-cholesterol) were
measured using routine enzymatic methods with the Olym-
pus 2700 Analyzer. Low density lipoprotein cholesterol
levels (LDL-cholesterol) were calculated using the Friede-
wald formula. Plasma adiponectin and vaspin levels were
determined by radioimmunoassay (Linco Research, St.
Charles, MO, USA). Determination of visfatin, apelin
levels was performed by enzyme immunoassay (vis-
fatin C-terminal [human] EIA; Phoenix Pharmaceuticals,
Belmont, CA, USA). LH (sensitivity 0.07 mIU/mL; intra-
assay CV 4.7%, inter-assay CV 6.3%), FSH (sensitivity 0.3
mIU/ml; intra-ssay CV 2.8%, inter-assay CV 4.6%), testos-
terone (sensitivity 0.35 nmol/L; intra-assay CV 7.8%,
inter-assay CV 10.1%) and estradiol (sensitivity 10 pg/mL;

intra-assay CV 7.2%, inter-assay CV 7.5%) were measured
using a chemiluminescence method (ACS Chirone 180)
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nd serum sex hormone-binding globulin (SHBG) – by
mmunoradiometric assay (ZenTech, Angleur, Belgium),
ith a sensitivity below 0.3 nmol/L, and intra-assay and

nter-assay CV 2.9%. The free androgen index was cal-
ulated as the serum testosterone (nmol/L) x 100/SHBG
nmol/L) ratio.

nsulin sensitivity indices

he “gold standard” for measuring insulin sensitivity is the
uglycemic-hyperinsulinemic clamp technique. Another
ommon method is to use a frequently sampled intravenous
lucose tolerance test, with the minimal model assess-
ent of insulin sensitivity. Unfortunately, neither of these

wo methods is feasible in the pediatric age group. Pre-
ious studies have evaluated simple indices for assessing
nsulin sensitivity in a wide range of conditions associ-
ted with insulin resistance. In a study of prepubertal and
ubertal obese children and adolescents, HOMA-IR and
UICKI correlated significantly with indices derived from

he glycemic and insulinemic responses to an OGTT [14].
accaro et al. recently reported that QUICKI performed
o better than HOMA-IR and fasting insulin as surrogate
easures of insulin resistance in the adult population [15].
e have previously reported that HOMA-IR was more

eliable than FGIR and QUICKI as a measure of insulin
esistance among children and adolescents [16].

he insulin sensitivity index was derived from fast-

ng blood samples. The homeostasis model assessment

Table 1
Clinical and laboratory characteris

Adolescents with PC

N 48

Age (years) 16.9 ± 0.3

Weight (kg) 85 ± 19.8

Height (cm) 155.2 ± 11.3

BMI (kg/m2) 35.1 ± 4.3

BMI-SDS 2.31 ± 0.14

Systolic blood pressure (mmHg) 120.9 ± 14

Diastolic blood pressure (mmHg) 78.1 ± 11.9

Lipids
Total cholesterol (mg/dL) 175 ± 36
Triglycerides (mg/dL) 129 ± 70
LDL-cholesterol (mg/dL) 105 ± 32
HDL-cholesterol (mg/dL) 45 ± 9

Fasting glucose (mg/dL) 89.8 ± 12.9
Fasting insulin (�U/mL) 32.2 ± 23.0
LH (mIU/mL) 11.65 ± 6.1
Testesterone (nmol/L) 2.66 ± 0.8 .
SHBG (nmol/L) 47.1 ± 28.1
Free androgen index 4.8 ± 2.6

HOMA-IR 4.99 ± 2.08

Adipocytokines
Vaspin (�g/L) 0.75 ± 1.04
Apelin (ng/mL) 2.22 ± 1.15
Adiponectin (�g/mL) 2.01 ± 1.02
Visfatin (ng/mL) 31.3 ± 11.1

ata are given as means±SD. difference at p<0.05 level.
OMA-IR: homeostasis model assessment for insulin resistance (fasting insulin (�U/mL

core.
of insulin resistance (HOMA-IR) was calculated as
fasting insulin concentration (�U/mL) × fasting glucose
concentration (mmol/L)/22.5 [12]. Insulin resistance in
adolescents is defined as levels of the homeostasis model
assessment for insulin resistance (HOMA-IR) greater than
3.16 [17].

Statistical analysis

Data were expressed as mean±SD. Differences in the
means of variables were tested using both parametric
and non-parametric tests depending on the distribution of
the variables. Correlation analyses were conducted using
Spearman or Pearson correlation coefficients depending,
once again, on the distribution of the variables. A prob-
ability value of less than 0.05 was considered significant.
SPSS version 10.1 (SPSS, Chicago, IL, USA) was used for
analysis.

RESULTS

The characteristics of the 48 PCOS adolescents and 37
control subjects are summarized in table 1. The PCOS
group included 48 obese patients and the control group
included 37 sex-, age- and pubertal stage-matched, obese
adolescents without PCO. Both the PCOS group and con-

trol group showed no significant differences in terms of
age, total cholesterol or LDL-cholesterol.

tics of the study population.

OS Controls p

37

17.2 ± 0.2 NS

75.6 ± 15.8 <0.001

152.3 ± 13.1 NS

30.7 ± 2.2 <0.001

2.17 ± 0.05 <0.001

108.7 ± 11 <0.001

74.3 ± 9.7 NS

166 ± 25 0.17
82 ± 41 0.001
93 ± 24 0.059
55 ± 13 <0.001
89.20 ± 7.47 NS
11.05 ± 2.9 <0.001
6.59 ± 4.5 p<0.05
1.75 ± 0.4 p<0.05
69.2 ± 33.7 NS
2.6 ± 1.4 p<0.05

1.47 ± 0.7 <0.001

0.56 ± 0.33 NS
0.58 ± 0.16 <0.001
12.5 ± 6.2 <0.001
18.5 ± 10.7 <0.001

) X fasting glucose (mg/dL)/405. BMI-SDS: body mass index-standard deviation
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here was no significant difference between the PCOS
roup and the control group as regards BMI-SDS
2.31±0.14 versus 2.17 ±0.05). However; triglyceride
evels (129±70 versus 82±41 mg/dL, p: 0.001) were sig-
ificantly elevated, and HDL-cholesterol levels (45±9
ersus 55±13) were significantly lower in the PCOS group.
erum LH, testosterone levels and the free androgen index
11.65±6.1 versus 6.59±4.5 mIU/mL, 2.66±0.8 versus
.75±0.4 nmol/L and 4.8±2.6 versus 2.6±1.4, p<0.05;
espectively) were found to be significantly higher in the
COS group than in the control group.
OMA-IR, apelin and visfatin levels (4.9±2 versus
.4±0.7, p<0.001; 2.2±1.1 versus 0.58±0.1 ng/mL,
<0.001; 31.3±11.1 versus 18.5±10.7 ng/mL, p<0.001;
espectively) were significantly elevated, and adiponectin
evels (2.01±1.02 versus 12.5±6.2 �g/mL, p<0.001) were
ignificantly lower in the PCOS group. Vaspin levels
0.75±1.04 versus 0.56±0.33 �g/L) were higher in the
COS group than in the control group, although the differ-
nce was not significant.
able 2 shows a correlation between adipocytokines and
MI-SDS and HOMA-IR. Apelin correlated positively
ith BMI-SDS (r: 0.34, p: 0.02) and HOMA-IR and r: 0.86,
<0.001).Visfatin also correlated positively with BMI-
DS (r: 0.61, p<0.001) and HOMA-IR (r: 0.63, p<0.001),
nd adiponectin correlated negatively with BMI-SDS
r: -0.46, p: 0.002) and HOMA-IR (r:-0.44, p: 0.004).

ISCUSSION

tudies performed during the last decade have indicated
hat adipose tissue is not only a site for triglyceride storage,
ut also a source of several biologically active media-
ors, including leptin, tumor necrosis factor-�, adiponectin,
pelin, visfatin, vaspin, acylation-stimulating protein,
esistin, interleukin-6, plasminogen activator inhibitor-1,
nd transforming growth factor-b [18, 19].

n this study, we assessed the role of the adipcytokines
n PCOS, and compared the levels of cytokines derived

Table 2
Correlation of adipocytokines and lipids

BMI-SDS

r

Lipids
Total cholesterol (mg/dL) 0.57
Triglycerides (mg/dL) 0.04
LDL-cholesterol (mg/dL) 0.52
HDL-cholesterol (mg/dL) -0.06

Fasting glucose (mg/dL) 0.42
Fasting insulin (�U/mL) 0.61
LH (mIU/mL) 0.25
SHBG (nmol/L) 0.23
Free androgen index 0.52
HOMA-IR 0.86

Adipocytokines
Vaspin (�g/L) 0.28
Apelin (ng/mL) 0.34
Adiponectin (�g/mL) -0.46
Visfatin (ng/mL) 0.61
from adipose tissue in adolescents with PCOS and control
adolescents without PCOS. Thus, we found significantly
higher visfatin, apelin and HOMA-IR levels and lower
adiponectin levels in the PCOS group than in the control
group. Therefore, these data support the idea that the high
levels of adipocytokines related to insulin resistance, may
have a role in the early development of PCOS in obese
adolescents.
Adipocytokines are an exciting new link between PCOS
and insulin resistance, but also obesity and cardiovascu-
lar disease, hypertension, as well as hyperlipidemia [20].
As in our report, Toulis et al. and Yılmaz et al. reported
that adiponectin levels seem to be lower in women with
PCOS compared with non-PCOS controls, and low lev-
els of adiponectin in PCOS are probably related to insulin
resistance [21, 22]. In contrast to other reports, Arikan et
al. found higher adiponectin levels in non-obese, young
women with PCOS, however, they also reported no sig-
nificant changes in circulating resistin levels in non-obese
young women with PCOS [23].
Berndt et al. showed that plasma visfatin correlates signif-
icantly with percentage body fat, body mass index, and
the visfatin mRNA level in visceral adipose tissue, but
not with visceral fat mass or waist-to-hip ratio, and no
relationship was observed between plasma visfatin and
fasting plasma insulin, fasting glucose, and insulin sen-
sitivity in non-diabetic subjects [24]. In two recent studies
[25, 26], plasma visfatin levels were higher in patients
with type 2 diabetes mellitus than in normoglycemic con-
trols. However, it was unclear if the higher visfatin levels
were associated with the diabetes itself or with the greater
amount of visceral adipose tissue in diabetic subjects [26].
Our findings showed that there were higher visfatin levels
and lower adiponectin levels in the PCOS group than in
the control group. Taken together, these findings suggest
that visfatin might play a role in the pathogenesis of PCOS,
reflecting the study by Kowalska et al. [27].
Recently, apelin mRNA and protein were identified in

adipocytes and vascular stromal fractions isolated from
mouse and human subcutaneous adipose tissue [28].

with BMI-SDS and HOMA-IR.

HOMA-IR

p r p

0.54 0.1 0.64
0.63 0.16 0.22
0.36 0.13 0.4
0.69 -0.11 0.48
<0.001 0.44 <0.001
<0.001 0.58 <0.001
0.4 0.13 0.58
0.3 0.19 0.34
<0.001 0.49 <0.001
<0.001

0.3 0.03 0.61
0.02 0.86 <0.001
0.002 -0.44 0.004
<0.001 0.63 <0.001
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pelin transcripts and immunoreactivity are expressed
n the central nervous system and in various peripheral
issues, including the heart, lung, and mammary gland
29, 30]. Widespread expression of apelin in peripheral
issues is associated with its synthesis by endothelial cells
31]. Hosoya et al. showed that plasma apelin levels
arkedly increase in insulin resistance and hyperinsuline-
ia [9]. In this study, there were higher apelin levels in the
COS group than in the control group. Additionally, apelin
nd visfatin levels correlated positively and adiponectin
evels negatively with HOMA-IR levels.
aspin is a newly described adipocytokine expressed pre-
ominantly in visceral, white adipose tissues. In several
tudies, serum vaspin levels were shown to decrease with a
orsening of diabetes and body weight loss, whereas levels

ould be normalized by insulin or pioglitazone treatment
32]. In the present study, there were no significant differ-
nces in vaspin levels between controls and PCOS patients.
everal studies involving vaspin have found no signifi-
ant relationship with the pathophysiology of PCOS and
nsulin resistance. However, the role of various adipokines
s connectors between PCOS and insulin resistance has
een better elucidated in recent years.
ased on the findings of this study, apelin, visfatin and
diponectin levels could be used as specific markers for
nsulin sensitivity, and these adipokines may contribute
o the pathogenesis of PCOS. We know that PCOS is a
omplex and heterogeneous disorder, and it is suggested
hat the post-receptor defect in insulin signaling might be
aused by a plasma-derived factor that could activate the
erine kinase of the insulin receptor substrate and, in that
ay, inhibit insulin action.
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