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There is a complex interrelationship between polycystic ovary syndrome (PCOS) and excessive body weight. A sig-
nificant proportion of adolescent girls with PCOS is overweight or obese, increased body mass index (BMI) aggra-
vates the clinical symptoms of the disease and increases the risk of metabolic disorders. Visceral fat is a biologically 
active tissue. It secrets a number of hormones known as adipokines, which contribute significantly to metabolic and 
endocrine disturbances. The aim of this publication is to summarize the current knowledge on adipokines network, 
and their influence on symptoms and prognosis of PCOS in adolescent girls. The adipokin network’s role in patho-
genesis of PCOS and its metabolic complication is presently the field of intensive research, however many results are 
contradictory. Some adipokines, like leptin, adiponectin, reistin seem to have a direct effect on reproductive system. 
Leptin affects directly GnRH release, LH secretion and ovarian steroidogenesis. Adiponectin receptors are expressed 
in the pituitary gland and in the ovary. Visfatin concentration in PCOS girls is increased and positively correlated with 
androgens level. Opposite relationships were revealed in PCOS referred to omentin-1 concentration. Vaspin level 
corresponds to the severity of PCOS. Apelin is one of the adipokins, which concentration is increased in adolescents 
with PCOS and is related to body mass index and insulin resistance. Future studies should focus on revealing the 
relationships among adipokines in adolescent girls to give the insight into the mechanisms involved in the pathology 
of PCOS and to identify new therapeutic targets of this syndrome. Pediatr.	Endocrinol.	12/2013;4(45):45-54.	

Pomiędzy zespołem policystycznych jajników (PCOS) a otyłością istnieje złożona zależność. Większość dziewcząt 
z PCOS jest otyłych lub ma nadwagę, co nie tylko powoduje nasilenie objawów klinicznych zespołu, ale również 
prowadzi do powstania zaburzeń metabolicznych. Trzewna tkanka tłuszczowa jest organem biologicznie aktyw-
nym, wydzielającym wiele adipokin, które mogą w sposób znaczący wpływać na powstanie zaburzeń hormonalnych  
i metabolicznych w PCOS. Celem publikacji jest podsumowanie wiedzy na temat sieci adipokin oraz jej wpływu na 

Adipokines Network in Adolescent Girls with Polycystic Ovary Syndrome

Sieć	adipokin	u	dziewcząt	z	zespołem	policystycznych	jajników

1Zofia Prokopowicz, 2Sasa Stupar, 1Agnieszka Zachurzok, 1Ewa Malecka-Tendera

1Department	of	Paediatrics,	Paediatric	Endocrinology	and	Diabetes,	Medical	University	of	Silesia,	Katowice,	Poland
2Faculty	of	Medicine,	University	of	Ljubljana,	Slovenia
1Klinika	Pediatrii,	Endokrynologii	i	Diabetologii,	Śląski	Uniwersytet	Medyczny,	Katowice,	Polska
2Wydział	Medyczny	Uniwersytetu	w	Lublanie,	Słowenia

Corresponding author:  Zofia	Prokopowicz,	Department	of	Paediatric,	Padiatric	Endocrinology	and	Diabetes	Medical	University	of	Silesia,	
	 	 	 Medykow	Street	16,	40-752	Katowice,	Poland,	tel.:	+48	32	207	16	54;	fax:	+48	32	207	16	53,	e-mail:	m.z.m@interia.pl

Key words:	adipokines,	polycystic	ovary	syndrome,	adolescent	girls
Słowa kluczowe:	adipokiny,	zespół	policystycznych	jajników,	nastoletnie	dziewczęta

ABSTRACT/STRESZCZENIE



46

Praca przeglądowa Endokrynol. Ped., 12/2013;4(45):45-54

IR and hyperinsulinemia. Several studies reported 
hypeinsulinaemia, increased IR and dyslipidemia 
in girls with PCOS [5,6]. These metabolic distur-
bances were more pronounced in obese subjects but 
they were also present in nonobese girls. The role of 
adipokines network disturbances at this age could 
be extremely important for future severity of clinical 
symptoms of hyperandrogenemia, fertility problems 
and cardiovascular risk. The aim of this rewiev is 
to summarize the current knowledge on adipokines 
network, and their influence on symptoms and prog-
nosis of PCOS in adolescent population (table I).

Leptin

The discovery of leptin and its role in weight 
control in rodents, in the last decade of 20 th cen-
tury, not only aroused hope for effective treatment 
of human obesity, but also initiated research on 
the endocrine function of adipose tissue. Leptin is 
a peptide hormone, produced most abundantly by 
differentiated adipocytes, but also found in epithe-
lium of digestive tract and trophoblast. It is a me-
diator of a long-term regulation of energy balance 
and food intake suppressor, which may be used in 
replacement therapy for leptin-defficient, morbidly 
obese patients [7]. Leptin was proposed to be a pos-
sible link between energy metabolism and ovarian 
function [8]. Despite of its metabolic function, it 
affects directly GnRH release from hypothalamus, 
LH secretion from the pituitary gland and steroi-
dogenesis in the ovary. [8]. Leptin level in humans 
varies during menstrual cycle with the peak during 
the luteal phase [9]. Kisspeptin neurons are a key 
part of the central pathway by which leptin affects 
gonadotropin secretion. Leptin increases the plasma 
concentration of LH and FSH, as well as LH pulse 
frequency and amplitude [10]. Moreover Grego-
raszczuk and Rak-Mardyla reported in their in vitro 

Introduction

Polycystic ovary syndrome (PCOS) is a heter-
ogeneous disease characterized by hyperandrogen-
ism (HA), ovulation disorders and polycystic ovary 
morphology. It occurs, depending on the diagnostic 
criteria, in 6-18% of the female population of the re-
productive age [1]. A significant proportion of wom-
en with PCOS is overweight or obese, what not only 
aggravates the clinical symptoms of the disease, but 
also increases the risk of metabolic syndrome [1]. 

The interrelationship between PCOS and exces-
sive body weight is complex. It is well known that 
fat tissue is not only the main energy reservoir, but 
also an important endocrine organ. By secreting ad-
ipokines, it plays a pivotal role in the regulation of 
many metabolic processes, such as glucose and li-
pid metabolism, reproduction and immune response 
[2, 3]. It has been shown that obesity can enhance 
HA, which leads to PCOS development, especial-
ly in genetically prone individuals [4]. There is  
a clear relationship between degree of obesity and 
symptoms severity in women with PCOS, and even 
mild reduction in weight leads to significant im-
provement in menstrual regularity, fertility and hy-
perandrogenic features. On the other hand, HA and 
insulin resistance (IR) influence fat accumulation 
pattern, leading to visceral obesity. As this viscer-
al fat is biologically active, it contributes to further 
metabolic and endocrine disturbances in PCOS, and 
creates a kind of vicious circle mechanism [4]. Ad-
ipocytokines are the new link between PCOS and 
obesity, but also IR, lipid disturbances, hyperten-
sion, and finally an increased risk of cardiovascular 
disease.

First symptoms of PCOS can be found already 
at adolescence and the metabolic disorders may be 
also present at the second decade of age. Additional-
ly pubertal period is characterized by physiological 

objawy i przebieg PCOS u dojrzewających dziewcząt. Rola sieci adipokin w patogenezie oraz w powstawaniu meta-
bolicznych zaburzeń w PCOS jest obecnie polem intensywnych badań, a wyniki wielu z nich są sprzeczne. Niektóre  
z adipokin, jak leptyna, adiponektyna, rezystyna, wydają się mieć bezpośrednie działanie na system rozrodczy. Lepty-
na bezpośrednio wpływa na uwalnianie GnRH, sekrecję gonadotropin oraz steroidogenezę jajnikową. Receptory dla 
adiponektyny są obecne m.in. w przysadce oraz jajniku. Stężenie visfatyny u dziewcząt z PCOS jest podwyższone  
i koreluje pozytywnie ze stężeniami androgenów. Odwrotną zależność obserwuje się w przypadku omentyny-1. Stęże-
nie vaspiny jest zależne of fenotypu PCOS, natomiast stężenie apeliny, które w PCOS jest podwyższone, jest zależne 
od indeksu masy ciała i oporności na insulinę. W populacji dziewcząt istnieje szczególna potrzeba dalszych badań, 
które powinny być ukierunkowane na ujawnienie związków pomiędzy stężeniami adipokin. Ich celem jest zdobycie 
wiedzy na temat mechanizmów biorących udział w patogenezie PCOS i jego powikłań oraz umożliwienie opracowa-
nia nowych opcji terapeutycznych. Endokrynol.	Ped.	12/2013;4(45):45-54.
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Table I 

Adipokines Serum levels in PCOs adolescent references

Leptin

Significantly	elevated	compared	to	BMI-matched	controls [12]

Significantly	elevated	in	obese	PCOs		girls	compared	to	normal	weight	girls	with	or	
without	PCOs [25]

Similar	levels	compared	to	BMI-matched	controls [13,	14]

Adiponectin

Significantly	decreased	in	obese	PCOs		girls	compared	to	normal	weight	girls	with	or	
without	PCOs [25]

Similar	levels	between	overweight/obese	and	normal	weight	PCOs	girls [26]

Significantly	decreased	compared	to	BMI-matched	controls [26]

Visfatin Significantly	elevated	compared	to	BMI-matched	controls [2]

Omentin
lack	of	data	in	girls	with	PCOS	

Significantly	decreased	in	obese	children	compared	to	normal	controls [39]

Vaspin Insignificantly	elevated	compared	to	BMI-matched	controls,	no	correlation	between	
vaspin	and	BMI	or	HOMA-IR [2]

Resistin
Similar	levels	in	obese	PCOs	girls	compared	to	BMI-matched	controls.	 [13]

Similar	levels	compared	to	BMI-matched	controls	both	fasting	and	in120’	of	OGTT [47]

Apelin Significantly	elevated	compared	to	BMI-matched	controls,	correlates	positively	with	
BMI	and	HOMA-IR [2]

RBP4 a	statistical	trend	for	higher	RBP4	compared	with	controls [60]

studies that leptin in elevated doses, via increasing 
progesterone and testosterone secretions, could be 
an independent risk factor for cyst formation in the 
pigs’ ovary [11].

There is a growing number of studies concearn-
ing leptin in PCOS girls with divergent results and 
the role of leptin in pathogenesis of PCOS has been 
not fully clarified yet. Some studies showed high-
er leptin level in PCOS group compared to BMI 
matched controls, suggesting that this adipokine can 
be an additional pathogenic factor of the syndrome 
[12]. However in most studies, the increase in leptin 
concentration after adjusting for BMI becomes in-
significant [13, 14]. 

It was shown by Kedikova et al that in adoles-
cent girls with PCOS correlation between leptin and 
BMI, total body adipose tissue, waist circumference 
and HOMA index is significant [15]. Some studies 
found also significant positive correlation between 
leptin and DHEAS, and retinol binding proteine 4 
(RBP4), and negative between leptin and SHBG, 
especially in the group of adolescent girls with HA 
[12, 16, 17]. An important observation was made 

by Mahde et al., who noted in PCOS patients the 
significant difference in leptin level between regular 
and irregular menstrual cycles [18].

Adiponectin

Adiponectin is a 30-kDa protein produced in ad-
ipocytes, with a complex but well known structure 
and mechanisms of action. Its receptors are highly 
expressed in the liver and muscles, but also in the 
human pituitary gland, where adiponectin, together 
with resistin, influences LH and FSH release. More-
over it modulates steroidogenesis and directly in-
duces ovarian genes expression via receptors pres-
ent in granulose and theca cells of ovarian follicles 
[19]. Besides other actions adiponectin decreases 
mRNA expression of LH receptor [20]. The main 
role of adiponectin in other tissues is the sensitiza-
tion to insulin, as the lower level of this hormone 
is associated with increased IR [21]. In addition, 
adiponectin is considered the only anti-atherogenic 
and anti-inflammatory adipocytokine discovered so 
far [21, 22]. It is down-regulated in obesity and its 
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circulating concentration increases with dietary re-
striction and weight loss [21]. 

It was shown that adiponectin inversely cor-
relates with age and the major determinant of its 
concentration is total fat mass. Moreover, adiponec-
tin level decreases significantly during puberty. This 
may be due to an unidentified adaptive physiolog-
ical mechanism related to normal accrual of body 
fat in pubertal period [21]. Riestra et al. found that 
adiponectin levels in adolescent are positively cor-
related with SHBG and negatively associated with 
free androgen index (FAI). They suggested that this 
relationship although being independent of BMI 
and fat mass can be insulin-dependent [23].

Evidence for the effects of adiponectin on the hu-
man ovary was also confirmed by the studies reporting 
its reduced levels in women diagnosed with PCOS 
[24]. Cause-effect relationship is less clear, as both, 
obesity and PCOS, result in hyperandrogenemia. On 
the other hand adipose tissue synthesis of adiponectin 
is reduced by androgens, therefore further investiga-
tions should be carried out to clarify this correlation.

Some studies showed that adolescent obese girls 
with PCOS have significantly lower adiponectin 
levels compared to lean girls with this syndrome, 
while other revealed that hipoadiponectynemia in 
teenage girls with PCOS was independent of BMI 
[25, 26]. Unlike in adult women with PCOS, low-
er adiponectin levels in PCOS lean girls, compared 
with matched controls, are independent of testos-
terone, fasting glucose and insulin [26]. Therefore 
it was suggested that PCOS does not play pivotal 
role in determining adiponectin levels in adolescent 
girls. This may be due to the fact that teenage girls 
are at the early stage of PCOS which may not be yet 
fully developed in all its features.

Visfatin

Visfatin, first identified in the liver, bone marrow 
and muscles, was later described in human visceral 
adipose tissue as an adipokine produced by mac-
rophages [27]. Some studies showed that plasma 
visfatin correlates significantly with body fat mass, 
BMI, visceral fat mass and waist-to-hip ratio [28], 
while in other studies, this relation was much less 
clear [29,30]. However there is no doubt that tis-
sue expression and plasma level of visfatin increase 
in obesity [31]. Mechanism responsible for the en-
hanced production of visfatin and resistin in humans 
might be an increased macrophage population that 
occurs in obese individuals [27]. 

Experimental studies revealed the insulin-like 
activity of visfatin, that could be IR compensato-
ry mechanism [31]. Unfortunately this effect is not 
strong enough to be effective. Visfatin has been 
found to promote the expression of interleukins in 
the endothelial wall, as well as the expression of 
intercellular adhesion molecule-1, vascular cell ad-
hesion protein-1 and E-selectin [32]. It stimulates 
proinflammatory activity in a dose-dependent man-
ner, enhancing tumor necrosis factor α (TNFα) and 
IL-6 secretion by human monocytes [32]. Therefore 
the induction of IR by visfatin-related microinfla-
mation seems to outweigh its insulin-mimetic ac-
tion in obese subjects [33].

The relationship between the plasma concentra-
tion of visfatin or the expression of visfatin in vis-
ceral adipose tissue and IR in women with PCOS 
has been reported in several studies. As PCOS is a 
metabolic disorder associated with IR, compensa-
tory hyperinsulinaemia and hyperglycemia, the ex-
pression of this adipokine is therefore higher in ad-
olescents with PCOS than in BMI matched healthy 
controls [2]. The effect of androgens on the visfatin 
concentration still remains unclear but it is suggest-
ed that visfatin may play a role in the pathogenesis 
of PCOS [34]. Some authors have shown positive 
correlation between visfatin and testosterone and 
FAI [34], while others reported an inverse correla-
tion [29] or even no such a relationship [35]. There 
are some studies in which no differences between 
plasma visfatin level in young, obese, and normal 
weight PCOS and non-PCOS women were ob-
served [34]. This might result from different meth-
ods used for determining visfatin level or variability 
in diagnostic criteria of PCOS.

In the available literature we found only one 
paper published so far on visfatin level in adoles-
cent girls with PCOS [2]. Cekmez et al reported an 
increased level of this cytokine in the study group, 
suggesting its role in early PCOS pathogenesis. 

Omentin-1

Omentin-1 (Omentin, Intelectin-1, Endothelial 
Lectin HL-1, Intestinal Lactoferrin Receptor) was 
first found in intestinal Paneth cells. Although it is 
mainly produced by stromal cells of visceral adi-
pose tissue, it is also found in the human ovaries, 
placenta, lungs, intestine and heart [36]. In vitro 
studies have shown that omentin-1 increases insulin 
signal transduction by stimulating Akt/protein ki-
nase B phosphorylation, both, in the absence and in 
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presence of insulin. It also appears to enhance insu-
lin induced glucose uptake in adipocytes, most like-
ly by glucose transporter 4 (GLUT4) translocation 
[36]. Several studies showed that omentin-1 levels 
negatively correlate with BMI, but also with sever-
al markers of inflammation, like Il-6, Il-18, TNFα, 
hs-CRP, suggesting that reduced omentin-1 concen-
tration may have an important permissive role in 
the development of atherogenic process [18]. It was 
proved in vivo and ex vivo that omentin-1 is down 
regulated by both glucose and insulin, what can lead 
to the conclusion that low omentin-1 and high glu-
cose levels have the same causes and consequences 
[37]. 

Women with PCOS tend to have lower omen-
tin-1 level when compared to BMI matched con-
trols and the explanation could be a well-known 
phenomenon of hyperinsulinemia in PCOS women 
[18, 37, 38]. Other factors that may influence the 
omentin-1 level are gonadal and adrenal steroids. 
The significant difference was found in omentin-1 
level between the PCOS women with regular and 
irregular menstrual cycles. It may be due to the fact 
that omentin-1 can affect the secretion of hormones 
regulating ovarian and menstrual function [18]. 
Negative correlation was found between omentin-1 
and androgen level [38]. Elevated androgens con-
centration in PCOS was proposed to be the one of 
most influential factors reducing omentin-1 level in 
these women. 

In obese children serum omentin-1 level is low-
er than in lean peers and negatively correlated with 
BMI, waist circumference, HOMA-IR and insulin 
levels suggesting that omentin-1 might be a bio-
marker for metabolic dysfunction also in childhood 
and adolescence [39]. However there are no data 
about omentin-1 concentration and its role in patho-
genesis of PCOS in adolescent girls.

Vaspin

Visceral adipose tissue-derived serpin (vaspin) is 
a conserved protein, a member of the serpins’ super 
family (serine proteinase inhibitors). It is present in 
both subcutaneous and visceral fat depots as well as 
circulates in serum. Expression of vaspin mRNA in 
adults is related to parameters of obesity and glu-
cose metabolism, and correlates with adipose tissue 
abundance. It is considered beneficial because it en-
hances insulin induction of glucose uptake [40]. It 
was suggested that increase in vaspin level might 
represent a compensatory response against the obe-

sity. In animal models, administration of recombi-
nant vaspin suppressed the expression of IR-pro-
moting adipokines, including resistin, TNFα and 
leptin, and stimulated the synthesis of insulin-sen-
sitizing adipokine - adiponectin and GLUT4 [40]. 
These findings support the hypothesis that vaspin 
down-regulates the expression of genes associated 
with IR and that this action is more prominent in the 
abdominal fat [40].

Significantly higher serum vaspin level was 
found in patients with PCOS when compared to 
healthy controls [41]. Some studies reported pos-
itive associations of vaspin concentration in adi-
pose tissue with parameters of obesity and IR [41]. 
Koiou et al. compared vaspin concentration among 
different PCOS phenotypes. They noticed its higher 
level in PCOS women with anovulatory cycles and 
hyperandrogenemia than in PCOS ovulatory wom-
en with hyperandrogenemia or PCOS anovulatory 
women with normal androgen levels [41]. Vaspin 
level corresponds to the severity of PCOS and is 
significantly increased in its ‘classical’ phenotype 
[41]. However, other studies involving vaspin have 
not found significant relationships [2].

Cekmez et al. found higher levels of vaspin in 
adolescents with PCOS, but the difference between 
PCOS group and controls was not statistically sig-
nificant [2]. Moreover, there was also no correla-
tion between vaspin concentration and BMI or HO-
MA-IR. In another study Akbarzadeh et al. showed 
that PCOS is not a determinant of decreased vaspin 
plasma level [42].

Resistin

Resistin is a cysteine-rich peptide expressed 
mainly in macrophages and preadipocytes of vis-
ceral adipose tissue. Its level is associated with 
metabolic impairment and IR. It has been suggest-
ed that resistin can be involved in pathogenesis of 
cardiovascular diseases, however the data are in-
consistent. On the other hand it is well known that 
this adipokine increases secretion of TNF-α and 
IL-6 and therefore is considered a pro-inflammatory 
molecule [43].

Contradictory results have been reported in hu-
mans with regard to the connections of resistin with 
BMI, IR and PCOS. Some studies found BMI to be 
the main factor determining serum resistin concen-
tration both in healthy subjects and patients with 
PCOS [13, 44]. In contrast, other studies did not 
find such association [45]. Chinese researchers de-
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scribed positive resistin correlation with HOMA-IR, 
LH and LH/FSH ratio; they also noticed higher level 
of resistin in PCOS groups in comparison with BMI 
matched controls [46]. However, there are many 
studies that showed no difference in resistin levels 
between PCOS patients and healthy controls. Also 
no variation in resistin gene promoter was found to 
be associated with PCOS [13, 19, 45, 47]. The role 
of this adipokine in pathogenesis of PCOS still re-
mains uncertain and needs further studies.

Although resistin was found to be higher in 
PCOS with irregular than regular menstrual cy-
cles, studies were unable to show any correlation 
between androgen and resistin levels except for the 
correlation between free testosterone and resistin 
found by Bideci et al [13, 45]. Moreover, it was 
shown that in cultured human theca cells, resistin 
enhanced 17α-hydroxylase activity, a marker of 
ovarian HA in PCOS women [48]. This correlation 
was not confirmed by Lu et al who studied resistin 
and sex steroids levels in the serum and follicular 
fluid [45]. Their results suggest that resistin does not 
play a pivotal role in regulation of steroidogenesis, 
maturation, and development of oocytes, but it may 
have a local paracrine action in the regulation of IR 
in obesity and PCOS.

Ortega et al. observed that resistin levels are re-
lated to fat mass, but not to BMI in children and 
adolescents [49]. In adolescent girls with PCOS re-
sistin concentration was not related to any IR indi-
ces [47]. However, significant correlations between 
resistin level and SHBG and free testosterone were 
found suggesting that this adipokin could be the risk 
factor for low SHBG at least during puberty [13].

Apelin

Apelin is a peptide that was designated as an 
endogenous receptor ligand and is found in several 
organs like heart, brain, kidneys, lungs and mam-
mary glands. Widespread expression of apelin in 
peripheral tissues is associated with its synthesis by 
endothelial cells and cardiovascular system appears 
to be a main source of it [50]. 

Firstly apelin has been shown to be involved in 
the regulation of cardiovascular function, fluid ho-
meostasis, vessel formation and cell proliferation. 
It was proved that exogenous apelin lowers blood 
pressure via a nitric oxide-dependent mechanism 
[50]. Apelin synthesis in adipocytes is stimulated 
by insulin, and its plasma level markedly increases 
in obesity, and is associated with IR and hyperinsu-

linemia [2, 51]. This cytokine exerts glucose lower-
ing effect caused by enhanced glucose utilization in 
skeletal muscle and adipose tissue [52]. Some au-
thors suppose that overproduction of apelin in the 
obese subjects could be one of the protective mech-
anisms against obesity-related complications [53]. 

There are only few studies describing apelin in 
PCOS patients and only one relates to youth [2]. 
Choi et al. noticed that serum apelin levels were sig-
nificantly lower in PCOS group than in the controls. 
There was no difference between PCOS patients 
with and without HA, however there was a negative 
correlation between apelin and total testosterone 
and FAI [54]. The study by Olszanecka-Glinianow-
icz et al. [55] showed that the concentrations of ape-
lin-36 and -12 were similar in PCOS and non-PCOS 
groups. However, the separate analysis of obese 
PCOS and non-PCOS subgroups revealed signifi-
cantly lower plasma level of this adipokine in the 
PCOS group. There was also a negative correlation 
between serum insulin concentration, HOMA-IR 
value, LH or LH/FSH ratio and plasma apelin level. 
Moreover, in the same study apelin concentration 
correlated positively with adiponectin and inverse-
ly with leptin and resistin level. Cekmez et al. pub-
lished completely different results, as serum apelin 
level was significantly higher in adolescent girls 
with PCOS than in healthy controls, and it correlat-
ed positively with BMI and HOMA-IR [2].

Retinol Binding Protein 4

RBP4 is a carrier for vitamin A in the blood. 
Hepatocytes are considered the main source of cir-
culating RBP4, but adipose tissue has the second 
highest expression level. RBP4 appears to impair 
insulin signaling in muscles, inhibits glucose up-
take by GLUT4 suppression in adipose tissue, and 
interferes with insulin-mediated suppression of 
glucose production in the liver [56]. Furthermore, 
increased serum RBP4 level is known to stimulate 
hepatic gluconeogenesis. Hypertriglyceridemia, ac-
companied by hyperinsulinemia, may trigger RBP4 
synthesis and secretion in the liver or ectopic fat 
and RBP4 has been found to be closely related to 
the liver fat [56]. Data on the relationship between 
RBP4 level and various markers of obesity are in-
consistent, which may indicate that RBP4 level is 
correlated with some but not all parameters of ad-
iposity. Several investigators demonstrated that 
elevated serum RBP4 concentration is associated 
with increased BMI, waist-hip ratio, waist circum-
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ference, total cholesterol, and serum triglycerides 
levels [29,57,58]. In contrast, other studies did not 
find any correlation between RBP4 level and BMI 
and cholesterol concentration [16, 57].

In the study on Asian population, Weiping et al. 
proved that serum RBP4 level was significantly in-
creased in PCOS women, both lean and overweight/
obese group, and it was significantly associated 
with insulin sensitivity [57]. Whereas Polish study 
revealed significantly higher RBP4 levels in normal 
weight PCOS than in normal weight control as well 
as in obese PCOS. In the obese PCOS women and in 
the normal weight non-PCOS women lower RBP4 
levels than in the obese non-PCOS subgroup were 
observed. As higher IR in obese PCOS than non-
PCOS subgroups was found [29], these results in-
dicate that RBP4 may be a contributing factor link-
ing adipose tissue with IR in PCOS. On the other 
hand, some investigators did not find a correlation 
between RBP4 level and IR and no difference in 
RBP4 levels between PCOS and controls matched 
for BMI [58].

Different levels of RBP4 were found also across 
the spectrum of PCOS manifestations [16, 29]. It 
was suggested that RBP4 might be linked, not only 
to the metabolic, but also to the hormonal features. 
Some investigators did not reveal any association 
between RBP4 level and gonadotropins, estradiol, 
and androgens concentration [16, 57]. Also oral 
contraceptive pill was shown not to influence RBP4 
level [58]. Contrary to these results, some studies 
showed a positive correlation between circulat-
ing RBP4 level and plasma LH concentration and 
LH/FSH ratio, raising a question of whether or not 
RBP4 directly modulates pituitary hormone release 
[29]. Tan et al. demonstrated that 17-OH-estradiol 
is capable of inducing adipose tissue RBP4 biosyn-
thesis and secretion [59]. In adolescent with PCOS 

Sopher et al. found a statistical trend for higher 
RBP4. In this study RBP4 concentration correlated 
with body fat, triglycerides, IR and androgens level, 
however this last relationship was strongly related 
to the body fat. Authors suggested that RBP4 could 
be involved in dyslipidemia associated with PCOS 
[60].

Conclusions

PCOS is the disorder which is highly associated 
with obesity, thus adipokines network may play a 
crucial role, not only in metabolic disturbances, but 
also in hormonal disorders present in this syndrome. 
The studies investigating adipocytokines in PCOS 
are usually carried out in the adults. There are many 
discrepancies in their results, which may be ex-
plained by cohort size, selection bias, geographical 
divergence within the patients with PCOS, stage 
of menstrual cycle, or methodological differences 
in measurements. Nevertheless strong associations 
between adipokines and various PCOS phenotypes 
point to complex network of interactions and its 
roles in pathophysiology of PCOS. Future studies 
should focus on revealing the relationships among 
adipokines, especially in adolescent population. Pu-
bertal period is associated with increased IR, that 
could be connected with shifting of adipokines to-
ward those related to reduced insulin action. Higher 
visfatin and apelin, together with lower adiponec-
tin found in adolescent with PCOS can support the 
idea that the high levels of adipocytokines related 
to IR, may play a role in the early development 
of PCOS in obese adolescents [2]. Future studies 
should focus on revealing the relationships among 
adipokines, particularly in adolescent population, to 
give the insight into the pathology of PCOS and to 
identify new therapeutic targets of this syndrome.
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