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A B S T R A C T

Purpose: We aimed to elucidate the frequency of the SNPs in the ADIPOQ, RBP4 and BCMO1genes in a popu-
lation of Caucasian Polish women with polycystic ovary syndrome (PCOS), and to evaluate the possible asso-
ciations between these variants and the susceptibility to PCOS. Additionally, the relationship of these poly-
morphisms to a clinical phenotype of this syndrome, and the concentrations of adipokines, were determined.
Materials/methods: Clinical and biochemical profiles, DNA isolation and genotyping, and adipokine assays were
performed in 294 PCOS women and 78 controls.
Results: In a cohort of Polish women, for the genotype distribution and allele frequencies (minor allele frequency
− MAF) proved that only the SNP rs1501299 in the gene ADIPOQ (P=0.0010, OR=0.41, 95% C.I.:0.24-0.70)
and rs7501331 in the gene BCMO1 (P=0.0106, OR=0.24, 95% C.I.:0.21-0.71), are significantly associated
(the latter marginally significant) with the decrease of the risk of the disease. Also for this SNPs there were
significant differences in the genotypic frequencies in the study population.

There was a link between rs12934922 of BCMO1 gen and serum concentration of RBP4 (P=0.034) and
adiponectin (P=0.038) in the study group but not in the control group. The elevated mean serum concentration
of cholesterol (P= 0.020) and LDL cholesterol (P= 0.005) was observed for GG rs1501299 genotype and tri-
glycerides (P= 0.028) for TT rs2241766 genotype.
Conclusions: The results of the present study revealed that the genes variants RBP4 is not associated with PCO. It
seems that rs1501299 of ADIPOQ gene influences the occurrence of PCO and lipids profile in those patients.

1. Introduction

Aetiology and pathophysiology of polycystic ovary syndrome
(PCOS) has not been elucidated, however many years of observation
and clinical studies indicate the role of overproduction of androgens
(hyperandrogenism) in ovaries, as well as genetic and environmental
factors [1]. This syndrome has been linked with phenotypical and ge-
netic heterogenity, including numerous biochemical and regulatory
pathways involved in normal functions of ovaries and adipose tissue, as
well as hypothalamic–pituitary–adrenal axis, liver and peripheral tis-
sues [2]. The key factor in the PCOS pathophysiology is deregulated
androgen synthesis in the ovary on the very early stage of

folliculogenesis [3–5]. Disorders of thecal and granulosa cell functions,
as well as distorted folliculogenesis are associated with the activity of
gonadotropin, anti-Müllerian hormone (AMH) and insulin [1,2], how-
ever, there may be other factors at play. A potentially good candidate is
retinoic acid (RA), an analogue of retinol, which is the most active
retinoid on the cellular level. A product of carotenoid metabolism, it
constitutes the key factor that stimulates meiotic divisions of primary
oocytes or oogonia in human ovaries [6]. Moreover, thecal cells of the
ovary have been shown to synthetize RA [7], which suggest that these
cells are able to convert retinoid precursors to biologically active re-
tinoids [8]. RA influences androgen biosynthesis in normal ovarian
thecal cells [8], while increased conversion of retinol to RA contributes
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to increased androgen production by thecal cells in PCOS patients [7,8].
More details about abnormal retinoid signalling implicated in PCOS
pathogenesis were presented in scientific review published by Jiang
et al. in 2017 [9].

In human body, carotenoids from the provitamin A group (e.g. β-
carotene), externally supplied with nutrition, are transformed to re-
tinoids in course of an enzymatic reaction. The first step of this reaction
requires a specific monooxygenase (beta-carotene 15,15′-mono-
oxygenase 1- BCMO1) [10]. Thus, local concentration and functions of
retinol and retinoic acid in particular tissues depend on the regulatory
functions of BCMO1. There is a clear positive correlation between cell
types sensitive to vitamin A deficiency and cell types expressing BCMO1
[11]. Expression of the BCMO1 mRNA has been found in numerous
tissues, such as thecal and granulosa cells in the ovary [10], therefore β-
carotene supplied to these cells may be converted in situ to retinoids.
Recent research showed a high frequency of single nucleotide poly-
morphisms (SNPs) in the human BCMO1 gene, which affect the β-car-
otene metabolism and its level [12,13]. These SNPs also have a po-
tential effect on stimulating the retinoid-dependent signal transduction.
But there is no evidence that BCMO1 polymorphic variants are im-
plicated in PCOS pathogenesis.

However, research on the secretory activity of the adipose tissue, an
element of the endocrine system that produces adipokines and a site
where significant amounts of retinol are stored, showed that disorders
in the biology of adipocytes, related with distorted synthesis of certain
adipokines, may be the key factor in the pathogenesis of metabolic
dysfunctions in PCOS, but their role remains elusive. Adiponectin is a
protein product of the human gene ADIPOQ, which affects metabolic
processes in PCOS patients, including glucose level and adipose tissue
catabolism [14,15]. This suggests that disruption of adiponectin and/or
its receptors plays a key role in the pathogenesis of hyperandrogenism
in PCOS. Adiponectin inhibits androgen production in animal [16] and
human [15] theca cells. Moreover, the expression of adiponectin re-
ceptors in theca cells of PCOS patients is lower compared to normal
ovaries [15]. Serum adiponectin test results in PCOS patients are con-
flicting [17]. Some research findings suggest that adiponectin genes are
implicated in PCOS pathogenesis [18–20] with higher prevalence of the
rs2241766 45 T/G adiponectin gene variant in women with PCOS [21].
However, only the rs1501299 276 G/T variant of the ADIPOQ gene has
been linked with the risk of PCOS [19]. In non PCOS women, genetic
variants of the ADPOQ gene are linked with the level of this adipokine
[22,23]. Moreover, the “new adipokine”, or the retinol binding protein
4, RBP4 (coded by the RBP4 gene on chromosome 10, region 10q23-
q24), is responsible for supplying retinol to all tissues of the human
body [24]. RBP4 is mainly expressed in the liver and adipose tissue
[25], with increased expression in the adipocytes of overweight women
with PCOS [26,27]. Research showed that average serum level of RBP
in patients with PCOS is significantly higher compared to healthy
controls [28–31], regardless of the patient body mass [32,33]. In ad-
dition, SNPs of the RBP4 gene in healthy women were shown to affect
the level of this adipokine [34,35] and lipid metabolism [35,36].

Therefore the aim of this study was to determine frequencies of
polymorphisms in the following genes: ADIPOQ (rs1501299,
rs2241766), RBP4 (rs3758539, rs3758538, rs61461737, rs10882273,
rs10882280, rs11187545, rs12265684) and preliminary prospective
test in BCMO1 (rs12934922, rs7501331) in the Polish population of
PCOS patients. Another goal was to perform association analysis of
these polymorphisms with PCOS incidence in these women and eval-
uate the association of these polymorphisms with the clinical and bio-
chemical phenotype of PCOS, adiponectin level and RBP4 level.

2. Materials and methods

All subjects were Caucasian ethnicity Polish women and all parti-
cipated in a previous study [30].

2.1. PCOS women

The patients with PCOS (n=294) were defined according to the
amended Rotterdam Criteria from 2004 [37] after excluding pathology
of the adrenal glands, thyroid and hyperprolactinaemia and were hos-
pitalized in the Department of Reproduction and Gynaecological En-
docrinology of the Medical University of Białystok. For the previous 6.
months, none of the patients had been treated due to the conditions
mentioned above or declared taking contraceptives or other medica-
tions.

The diagnosis of PCOS was based on the recognition two of the three
criteria: disorders in ovulation, such as oligomenorrhoea (≥ 35 days)/
amenorrhoea; clinical hyperandrogenism (hirsutism evaluated on the
basis of the presence of terminal (coarse) hairs according to the score of
the modified Ferriman-Gallwey scale [38,39], score ≥8, acne/sebor-
rhoea or alopecia/hair loss); biochemical hyperandrogenism (evalua-
tion of total testosterone – T or dehydroepiandrosterone sulphate –
DHEA-S concentrations); and PCO morphology of the ovary in USG
imaging (more than 12 follicles of 2 to 9mm in diameter in each ovary
and/or the volume of each ovary more than 10ml).

2.2. Controls

The control group (n= 78) were recruited from the healthy female
students with regular menorrhea (the length of a cycle being from 28 to
34 days) and without features/symptoms of hirsutism. The control
subjects were surveyed according to the questionnaire based on the
available literature and related to the medical and gynaecological his-
tory, especially taking into consideration the risk of thromboembolic
disease. Patients with PCOS (based on the questionnaire [40]) with
disorders of ovulation (abnormal menstruation,< 25 or> 35 days),
hirsutism, abnormal values of prolactin − PRL (> 25 ng/ml) or an-
drogens (T > 1, 3 ng/ml, DHEA-S > 430 μg/dl), and the morphology
of PCO ovaries upon USG imaging were excluded.

2.3. Clinical measurements

Before examination, the patients were informed about the study,
and each of them signed the written consent of voluntary participation.
Standardized, preliminary screening (physical examination, USG, blood
test) was carried out in the first phase of a menstrual cycle.

The Body Mass Index (BMI) was calculated as the weight (kilo-
grams)/height in meters squared.

The Waist – Hip Ratio (WHR) was the ratio of the least circuit
measured for the waistline between the iliac crest and the border of the
last ribs, to the biggest circuit measured at the level of the buttocks.

2.4. Biochemical assays

Rutine evaluation included blood samples for: total cholesterol,
triglycerides, low-density lipoprotein (LDL) and high-density lipopro-
tein (HDL) of cholesterol, fasting insulin and glucose levels, PRL, total
testosterone, DHEA-S, 17-hydroksyprogesterone (17-OHP), thyroid sti-
mulating hormone (TSH) and free thyroxin (fT4). Hormonal examina-
tions were performed in the morning, before meals, between days 2 and
5 of the menstrual cycle. A classic glucose tolerance curve (Oral Glucose
Tolerance Test – OGTT) was performed according to the Polish Society
of Diabetology.

Insulin resistance was calculated using the homeostasis model as-
sessment-insulin resistance index (HOMA-IR), according to the fol-
lowing formula: fasting serum insulin x fasting plasma glucose (mg/dl)/
22.5.

2.5. DNA isolation and genotyping

Genomic DNA was isolated from 2ml of peripheral EDTA-blood using
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the QIAamp Blood Midi Kit (Qiagen), according to the manufacturer’s
instructions. Briefly, 2ml of whole blood was mixed with 200 μl QIAGEN
Protease and 2.4ml of lysis buffer, followed by incubation for 10min at
70 °C. After incubation, 2ml of 96% ethanol was added and mixed vig-
orously. For DNA binding, the solution was filtrated using a QIAamp
column by centrifugation at 3000 rpm for 3min. The column was washed
with 2ml of Buffer AW1 by centrifugation at 5000 rpm for 1min, and then
with 2ml of Buffer AW2 by centrifugation at 5000 rpm for 15 s. The DNA
was eluted using 200 μl of distilled water.

Genotyping was performed using the TaqMan SNP Genotyping
Assay according to the manufacturer’s protocol, on an Applied
Biosystems 7500 System by Allelic Discrimination analysis. Eleven
SNPs were studied: ADIPOQ (rs1501299, rs2241766), RBP4
(rs3758539, rs3758538, rs61461737, rs10882273, rs10882280,
rs11187545, rs12265684), BCMO1 (rs12934922, rs7501331). To assess
the reproducibly of genotyping, 5% of the samples were randomly se-
lected and re-genotyped, and all genotypes matched their initial de-
signated genotypes.

2.6. Adiponectin and RBP4 assay

Details of the adiponectin and RBP4 assay used in the present study
have been described in our previous publication [30].

2.7. Statistical analyses

Statistical analyses (for the clinical and biochemical characteristics)
were performed using the Student’s t-test, χ2-test, Mann-Whitney U
test, Shapiro-Wilk’s test and two-way ANOVA, followed by the
Newman-Keuls post hoc test or the Kruskal-Wallis test, followed by
Dunn's post hoc test, as appropriate. Differences were considered to be
significant at P < 0.05. All calculations were performed using the
statistical block, SPSS.

Association analyses performed on the 11 genotyped SNPs located
in the ADIPOQ, RBP4 and BCMO1 genes also have been described in our
previous publication [30].

2.8. Ethical approval

All procedures performed in studies involving human participants
were in accordance with the ethical standards of the Bioethics
Commission of the Medical University of Bialystok (approval number R-
I-002/146/2009).

3. Results

The characteristics of the study population revealed that there were
significant higher values of weight, BMI, WHR, concentrations of RBP4
and the lover values of adiponectin in group of PCOS women compared
to control subjects (Table 1). Additionally, PCOS group had following T,
DHEA-S and 17-OHP values (mean ± SD): 1.01 ± 0.8 ng/ml,
198.63 ± 105.55 μg/dl, and 1.92 ± 2.77 ng/ml respectively (data not
presented).

The three SNPs of RBP4: rs11187545, rs10882280 and rs1461737
were in linkage disequilibrium. The results obtained in a cohort of
Polish women for the genotype distribution and allele frequencies
(minor allele frequency – MAF) proved that only the SNP rs1501299 in
the gene ADIPOQ (P=0.0010, OR=0.41, 95% C.I.:0.24-0.70) and
rs7501331 in the gene BCMO1 (P=0.0106, OR=0.24, 95% C.I.:0.21-
0.71), are significantly associated with the decrease of the risk of the
disease. Also for this SNPs there were significant differences in the
genotypic frequencies in the study population (Table 2).

There was a link between rs12934922 of BCMO1 gen and serum
concentration of RBP4 (P=0.034) and adiponectin (P=0.038) in the
study group but not the control group (Table 3). There were no sta-
tistically differences in BMI, WHR, and insulin and fasting glucose
concentrations between genotypes of analysed genetic variants (data
not presented). The elevated mean serum concentration of cholesterol
(P= 0.020) and LDL cholesterol (P= 0.005) was observed for GG
rs1501299 genotype and triglycerides (P=0.028) for TT rs2241766
genotype (Table 4). We observed also statistically higher scores in
modified Ferriman-Gallwey scale for GG compared to TT rs1501299
genotype (P=0.032) (data not presented).

Table 1
Characteristics of phenotypical groups of PCOS women and controls subjects.

Phenotypes Age (years) Weight (kg) BMI (kg/m2) WHR RBP4 (ng/ml) Adiponectin
(ng/ml)

A N 202 202 202 200a 197b 196b

mean value
SD

24.62 ± 4.14 69.30 ± 16.55 25.01 ± 6.11 0.82 ± 0.08 31.17 ± 8.65 118.32 ± 72.19

B N 34 34 34 34 34 34
mean value SD 25.00 ± 4.34 69.69 ± 16.50 24.44 ± 5.00 0.80 ± 0.07 34.05 ± 8.53 132.77 ± 69.63

D N 53 53 53 53 50b 50b

mean value
SD

25.21 ± 5.06 65.11 ± 13.35 23.68 ± 4.57 0.80 ± 0.08 30.42 ± 8.23 116.70 ± 65.09

controls N 78 78 78 78 78 78
mean value SD 23.17 ± 1.54 61.40 ± 10.57 21.61 ± 3.10 0.75 ± 0.07 27.79 ± 11.05 147.21 ± 57.54

controls vs. A P= 0.033
ES= 0.403

P=0.001
ES=0.522

P < 0.001
ES=0.623

P < 0.001
ES= 0.764

P=0.002
ES=0.360

P < 0.001
ES=0.423

controls vs. B – P=0.013
ES=0.655

P=0.005
ES=0.748

P < 0.001
ES= 0.699

P=0.001
ES=0.604

–

controls vs. D – – P=0.020
ES=0.548

P < 0.001
ES= 0.576

– P=0.013
ES=0.504

The PCOS patients were divided into the following phenotypical groups: A−Oligomenorrhoea+ hyperandrogenism+PCO in the ovarian morphology, B−Oligomenorrhoea+ PCO in
the ovarian morphology, C−Hyperandrogenism+PCO in the ovarian morphology, D−Hyperandrogenism+oligomenorrhoea.
Due to the small number in the phenotype C group (n= 5), the data obtained were not compared statistically.
The effect size parameter (ES) was calculated because of the differences between groups. ES was divided into the 5 categories:
small effect (> =0.15 and<0.40).
medium effect (> =0.40 and<0.75).
large effect (> =0.75 and<1.10).
very large effect (> =1.10 and<1.45).
huge effect> 1.45.

a lack of data in two cases.
b not all serum samples were available.
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4. Discussion

Recent years have seen an increased interest in genetic factors as-
sociated with PCOS, especially polymorphic variations, such as single
nucleotide polymorphism – SNP, which are abundant in human genome
and easy to detect. This type of genetic variation is of great importance,
because SNPs are highly stabile and can be passed down from

generation to generation. Our study is the first evaluation of the link
between the rs7501331 variant of the BCMO1 gene and PCOS. A lim-
itation of our study is the size of compared groups, especially small size
of the control group. It causes that statistical power of our analysis for
most SNP is low (∼30%). However, the power is much higher and
exceeds ∼70% for the most frequent SNPs (BCMO1 C/T rs7501331 and
ADIPOQ G/T rs1501299), assuming the effect of association observed in
the study.

Until present, the polymorphic variants of the BCMO1 gene were
explored as loci connected particularly with the level of circulating
carotenoids and retinol. Lindquist et al. and Leung et al. revealed that
the inter-individual differences in β-carotene cleavage and absorption
may be the consequence of existing genetic variation in the BCMO1
gene [12,41,]. Leung et al. and Ferruci et al. [12,42] identified SNPs in
the BCMO1 gene related to the concentrations of circulating car-
otenoids. Furthermore, Leung et al. showed that two out of five studied
SNPs, the non-synonymous SNPs rs12934922 and rs7501331, de-
creased the activity of BCMO1 in the carriers by 32% and 69% re-
spectively [12].

Genetic variants in the enzymes involved in the initial cleavage of
carotenoids and their possible role in PCOS remain unknown. Our study
is the first that indicated the association between BCMO1 gene poly-
morphism and the PCOS risk in Polish women. It has to be noted,
however, that due to a small number of the analysed samples, especially
low number of rare homozygotes, the association of rs7501331 with
PCOS is only marginally significant and should be interpreted carefully.
The validation of this association would require replication study in a
larger group of samples.

Table 2
Genotypic frequencies of ADIPOQ (rs1501299, rs2241766), RBP4 (rs3758539, rs3758538, rs61461737, rs10882273, rs10882280, rs11187545, rs12265684) and BCMO1 (rs12934922,
rs7501331) genes in the study population.

SNP Chromosome Genotype PCOS patients (n=294) Controls (n= 78) P

rs1501299 (G/T) 3q27.3 GG 156 (53.1%) 25 (32.1%) P < 0.001
GT 117 (39.8%) 49 (62.8%)
TT 21 (7.1%) 4 (5.1%)

rs2241766 (G/T) 3q27.3a GT 39 (13.3%) 16 (20.5%)
TT 255 (86.7%) 62 (79.5%)

rs3758539 (C/T) 10q23.33b CC 199 (67.7%) 55 (70.5%)
CT 88 (29.9%) 23 (29.5%)
TT 7 (2.4%) 0 (0.0%)

rs3758538 (C/T) 10q23.33b GG 6 (2.0%) 2 (2.6%)
GT 70 (23.8%) 11 (14.1%)
TT 218 (74.1%) 65 (83.3%)

rs61461737 (A/G) 10q23.33b AA 253 (86.1%) 66 (84.6%)
AG 38 (12.9%) 12 (15.4%)
GG 3 (1.0%) 0 (0.0%)

rs10882273 (C/T) 10q23.33b CC 38 (12.9%) 8 (10.3%)
CT 142 (48.3%) 36 (46.2%)
TT 114 (38.8%) 34 (43.6%)

rs10882280 (A/C) 10q23.33b AA 3 (1.0%) 0 (0.0%)
AC 38 (12.9%) 12 (15.4%)
CC 253 (86.1%) 66 (84.6%)

rs11187545 (A/G) 10q23.33b AA 252 (85.7%) 66 (84.6%)
AG 39 (13.3%) 12 (15.4%)
GG 3 (1.0%) 0 (0.0%)

rs12265684 (C/G) 10q23.33b CC 195 (66.3%) 53 (67.9%)
CG 90 (30.6%) 25 (32.1%)
GG 9 (3.1%) 0 (0.0%)

rs12934922 (A/T) 16q23.2b AA 75 (25.5%) 19 (24.4%)
AT 151 (51.4%) 47 (60.3%)
TT 68 (23.1%) 12 (15.4%)

rs7501331 (C/T) 16q23.2b CC 185 (62.9%) 47 (60.3%) P < 0.042
CT 103 (35.0%) 25 (32.1%)
TT 6 (2.0%) 6 (7.7%)

Table 3
The adipokines levels for polymorphic variant rs12934922 of BCMO1 gene.

Level analyzed in control group BCMO1 rs12934922

RBP4 level in BB+AB vs AA
P value 0.8537
Mean BB+AB 27.66 n= 59
Mean AA 28.20 n= 19

Adiponectin level in BB+AB vs AA
P value 0.5850
Mean BB+AB 145.2 n= 59
Mean AA 153.5 n= 19

Level analyzed in case group BCMO1 rs12934922
RBP4 level in BB+AB vs AA
P value 0.0341
Mean BB+AB 32.00 n= 2
Mean AA 29.53 n= 7

Adiponectin level in BB+AB vs AA
P value 0.0377
Mean BB+AB 124.8 n= 2
Mean AA 104.9 n= 7
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Analysis of the results obtained in an animal model indicates that
genetic variants in the BCMO1 gene may increase the risk of disorders
in lipid metabolism [43]. Our findings did not prove the link between
polymorphic variants in the BCMO1 gene and the lipid profile of the
female subjects, but we showed that the genetic variant rs12934922 of
the BCMO1 gene affected the level of both examined adipokines in
PCOS patients, which indicates its possible role in the adipose tissue
functions. Further studies should focus on the mechanism of
rs12934922 action and its influence on the PCOS pathogenesis.

Incidence of metabolic disorders in PCOS patients, apart from the so
called Rotterdam Criteria (2004), is known to be high. Many of them
show increased BMI, and, as evidenced by our own study, increased
WHR. Additionally, obesity seems to affect both clinical and biochem-
ical presentation of PCOS [44]. Metabolic disorders observed in PCOS
patients and obese women without PCOS are linked with disorders in
adipose tissue functions, such as secreting cytokines, known as adipo-
kines, from adipocytes [45,46,]. In PCOS patients, adiponectin is
downregulated [30,47,48], and lower serum levels of this adipokine are
observed in both lean and obese women [49], although in some reports
the concentrations of adiponectin did not differ between PCOS and
control [50]. Many genetic studies supported the role of genetic poly-
morphisms of the ADIPOQ gene in this pathology, but the results are
conflicting. Most studies focused on the rs2241766 45 T/G and
rs1501299 276 G/T polymorphism since they were associated with the
typical disorders connected to PCOS like obesity, insulin resistance and
the risk of type 2 diabetes. The first meta-analysis carried out by Wu
et al. and published in 2014 indicated a strong association between the
ADIPOQ-rs2241766 G/T polymorphism and obesity in Chinese studies,
but no such relationship in non-Chinese studies [51]. Therefore,
rs2241766 G/T in addition to rs1501299 G/T was included into our
study in order to find out if this genetic variant is implicated in the
pathogenesis of PCOS.

A meta-analysis of the published case-control studies confirmed the
presence of rs1501299 G/T variation between the ethnic groups [18].
In Europe populations only, Heinonen et al. found a significant asso-
ciation between the rs1501299 variant and susceptibility to PCOS in
Finnish women [21]. In Asian women, such associations were found in
two studies on rs1501299 from China and Korea [52,53]. Radavelli-
Bagatini et al. reported that the haplotype TGTG of 276 G/T gene
variant was linked with susceptibility to PCOS in Brasilian women [20].
In another meta-analyses, the authors suggested that the rs1501299
polymorphism was related to a decreased risk of PCOS [18,19]. The

latest updated meta-analysis study (incorporated studies from 2013,
2015 and 2016) indicated that ADIPOQ 276 G/T polymorphism was
associated with the decreased risk of PCOS, especially in Asian and
patients diagnosed according to ESHRE/ASRM (patients diagnosed ac-
cording to European Society for Human Reproduction and Embryology/
American Society for Reproductive Medicine criteria) of PCOS sub-
groups, suggested the protective role of the T allele for PCOS [54].
Moreover, ADIPOQ 276 G/T was associated with the total levels of
adiponectin in obese non-PCOS women [22] and may influence pro-
duction of adiponectin in patients with PCOS [55]. Nevertheless, the
findings remain still controversial. No association between rs1501299
and adiponectin levels was found in Indian PCOS women [56]. In the
present study on Polish women, a significant association was found
between the rs1501299 variant in the ADIPOQ gene and the decreased
PCOS risk. This genetic variant also affected lipid concentrations, but
showed no apparent relationship with adiponectin values. The cumu-
lative results mentioned above are present in Table 5.

Furthermore, we did not demonstrate any association between the
ADIPOQ-rs2241766 G/T variant and adiponectin levels in control and
PCOS subjects. This ADIPOQ gene variant was significantly associated
with plasma adiponectin concentrations but in non-PCOS patients [23].
The association studies of many genetic variants of ADIPOQ gene with
adiponectin level demonstrated that there was some ethnic differences
in the results [57]. Moreover, the conclusion from the Indian report is
that serum adiponectin levels were more dependent on BMI than on
adiponectin gene [56]. In humans, another adipokine, RBP4, a known
mediator of glucose [58] and lipid [59,60] homeostasis, may play a
significant role in PCOS. Many factors (environmental, life-style asso-
ciated, genetic) may influence the link between RBP4 and PCOS pa-
thophysiology in different geographical regions [31]. Statistically,
RBP4 level tends to be higher in the PCOS group compared to control
subjects [28,30,31,61] with statistically significant differences between
phenotypical groups of PCOS women (control versus oligomenor-
rhoea+hyperandrogenism+PCOS in the ovarian morphology group,
P= 0.002; control versus oligomenorrhoea+ PCOS in the ovarian
morphology group, P=0.001; our results, data not presented), and
without differences between ovulatory and anovulatory PCOS women
[28]. Moreover, RBP4 levels correlated with triglyceride concentra-
tions, partially driven by body fat [62]. The association between RBP4
polymorphic variants and PCOS has not yet been studied. One study on
healthy adults from the Chinese Han population demonstrated that
RBP4 polymorphic variants were significantly associated with plasma

Table 4
The characteristic of clinical and biochemical parameters in genotipic groups rs1501299 and rs2241766 of PCOS women.

BMI
(kg/m2)

WHR total cholesterol
(mg/dl)

triglycerides
(mg/dl)

LDL cholesterol
(mg/dl)

HDL cholesterol
(mg/dl)

fasting insulin
(pmol/l)

fasting glucose
(mg/dl)

ADIPOQ G/T rs1501299
GG N 156 155 156 156 156 155 156 156

mean value ± SD 24.83±6.35 0.81 ± 0.08 175.55 ± 30.79 92.39 ± 58.63 102.97 ± 27.18 55.04 ± 16.41 9.33 ± 11.13 84.81 ± 11.43
GT N 117 116 114 115 114 113 110 116

mean value± SD 24.37 ± 4.88 0.81 ± 0.09 165.83 ± 29.56 88.13 ± 59.48 93.87 ± 24.22 56.54 ± 18.43 9.4 ± 8.35 83.47 ± 6.39
TT N 21 21 21 21 21 21 19 21

mean value± SD 25.99 ± 4.93 0.83 ± 0.07 164.48 ± 20.46 94.62 ± 43.98 93.33 ± 20.03 51.10 ± 15.51 7.64 ± 2.57 81.52 ± 8.71
Total N 294 292 291 292 291 289 283 291

mean value± SD 24.73 ± 5.71 0.81 ± 0.08 170.95 ± 30.01 90.87 ± 57.93 98.71 ± 25.93 55.34 ± 17.17 9.24 ± 9.74 84.04 ± 9.55
P 0.332 0.485 0.020 ES= 0.321 0.421 0.005 ES=0.350 0.449 0.863 0.603

ADIPOQ G/T rs2241766
GT N 39 39 37 38 37 37 37 37

mean value± SD 23.88 ± 4.80 0.80 ± 0.09 170.41 ± 31.28 75.45 ± 43.97 96.00 ± 22.29 59.29 ± 22.30 7.47 ± 5.48 84.27 ± 6.92
TT N 255 253 254 254 254 252 246 254

mean value± SD 24.86 ± 5.83 0.81 ± 0.08 171.02 ± 29.89 93.18 ± 59.46 99.11 ± 26.43 54.76 ± 16.26 9.51 ± 10.21 84.00 ± 9.89
Total N 294 292 291 292 291 289 283 291

mean value± SD 24.73 ± 5.71 0.81 ± 0.08 170.95 ± 30.01 90.87 ± 57.93 98.71 ± 25.93 55.34 ± 17.17 9.245 ± 9.74 84.04 ± 9.55
P 0.493 0.177 0.724 0.028

ES= 0.307
0.525 0.155 0.110 0.624

(ES − see Table 1).
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RBP4 levels and hypertriglyceridemia risk [35]. Although PCOS pa-
tients involved in our study showed statistically significant increase in
serum RBP4 levels compared to the control group, which is believed to
be a hypertriglyceridemia risk factor in the healthy population [35], the
observed triglyceride levels in PCOS patients were comparable to those
in the control group, and the studied variants of the RBP4 gene showed
no association with PCOS nor with the levels of particular lipid fractions
in the patients (data not presented).

5. Conclusions

Overall, our results showed no link between the studied genetic
variants of the RBP4 gene with the syndrome. It seems that rs1501299
of ADIPOQ gene influences the occurrence of PCO and the lipids profile
in those patients.
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