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Abstract

Background: Adipokines (fibulin-1, chemerin, and omentin-1) affect the hypothalamic-pituitary-gonadal axis and ovarian steroidogenesis.
Adipocyte-secreted adipokines are dysregulated in females with polycystic ovarian syndrome (PCOS). Objective: To investigate the role
of serum fibulin-1, chemerin, omentin-1, total cholesterol (TC), high-density lipoprotein (HDL), triglyceride (TG), progesterone (PROG),
and prolactin (PRL) in PCOS and the development of infertility. Methods: 150 PCOS, infertile PCOS women and control women aged 20—
40 years were enrolled in this observational study and divided into three groups: 40 women who were control, 60 women who had PCOS
only and 50 women who had infertility and PCOS. Analyses of fibulin-1, chemerin, omentin-1, lipid profile, PROG, and PRL were
performed for all participants. Results: The results showed elevated levels of fibulin-1, chemerin, and PRL in both PCOS and infertile
PCOS when compared with control, while omentine-1 and PROG decreased in both PCOS and infertile PCOS when compared with control.
The levels of TC, HDL, and TG weren’t affected in PCOS alone, but in cases of infertility, TC and TG increased while HDL decreased.
Conclusions: The increased level of fibulin-1 may be a new marker for PCOS and infertility. Chemerin shows a high level in both infertile
PCOS and PCOS women, while omentin-1 shows a low level in both infertile PCOS and PCOS women.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is characterized by the
presence of both clinical manifestations and physiological
abnormalities related to excessive testosterone levels and
impaired ovarian function, without any concurrent
diagnostic diagnosis [1,2]. Polycystic ovarian syndrome
(PCOS) is a complex endocrine disorder characterized by
a combination of many clinical features, including
menstrual irregularities, increased testosterone levels, and
the presence of cystic ovaries [3,4]. The condition, known
as Stein Leventhal syndrome, is acknowledged in honor of
the two physicians who initially found it in 1935 [5].
Based on the criteria established by the National Institutes
of Health (NIH), the present worldwide incidence of
PCOS stands at 6% (with a range of 5% to 8%). However,
when employing the Rotterdam or the androgen excess
and PCOS society (AE-PCOS Society) criteria, the
prevalence increases to 10% [6]. Polycystic ovary
syndrome is a prevalent endocrine illness observed in
women of reproductive age, with a prevalence rate ranging
from 5% to 10% within the fertile female population.
Among those affected, around 4% to 8% are young adults
and middle-aged women. The observed outcomes can be
attributed to significant epigenetic and environmental
factors, as well as modifications in lifestyles, stress levels,
and dietary patterns [1]. Moreover, there is a growing
prevalence of this phenomenon among adolescent
females, typically emerging shortly after the onset of
puberty. Adipokines are chemicals that have been found
to affect the hypothalamic-pituitary-gonadal axis and can
also change the production of steroids in the ovaries. The
dysregulation of adipocyte-secreted adipokines has been
documented in women diagnosed with PCOS. Fibulin-1, a
protein present in the extracellular matrix, is becoming
acknowledged as a substantial factor in the development
of endothelial disorders, including PCOS. Moreover, it
serves pivotal roles in the mechanism of wound healing
and has been associated with numerous respiratory
disorders [7]. Fibulin-1 belongs to a group consisting of
eight glycoproteins found in the extracellular matrix.
These glycoproteins are known for their molecular weight
of approximately 100 kDa and their modular structure.
The FBLN1 gene, which encodes fibulin-1, was the initial
member of the fibulin family to be identified. It is situated
on the long arm of human chromosome 22 (22q13.3). The
protein is commonly found in the extracellular matrix of
various organs, particularly in proximity to membranes,
elastic fibers, and other connective tissue structures. This
distribution implies its involvement in the process of
matrix remodeling [8]. Fibulin-1 has been detected in the
plasma and has been discovered in embryonic fetuses
during the early stages of development [9]. Tissue-specific
oligonucleotide arrays were used on both human and
animal samples [10] to show that the levels of fibulin-1
mRNA and protein go up a lot in the placenta. Chemerin
is classified as an adipokine, a group of proteins secreted
by adipose tissue. It is composed of 163 amino acids and

126

Fibulin-1, chemerin and omentin-1 in PCOS

undergoes activation by the action of a serine protease
enzyme, resulting in the formation of the biologically
active form of chemerin [11]. The gene in interest was first
identified in 1997 and subsequently acknowledged in
2007 [12], identified first in pre-psoriasis dermatologists
[13], and the chemerin hormone is linked to various
disorders, including cardiovascular disease. Chemerin
receptor transcripts were mostly discovered in the spleen,
placenta, lymph glands, pituitary gland, liver, and arthritis
patients' synovial fluid pools. White blood cells (WBC)
did not express it [14]. High chemerin levels are linked to
ulcerative colitis, hepatitis, and polycystic ovarian
syndrome [15]. A positive link has been observed between
the levels of chemerin and the occurrence of polycystic
ovarian syndrome [16]. Omentin-1 is a glycoprotein
consisting of 296 amino acids and N-linked
oligosaccharides. Its fundamental structural component is
a homotrimer with a molecular weight of 120 kDa,
wherein 40 kDa polypeptides are interconnected through
disulfide bonds. There exists a correlation between the
aforementioned condition and obesity, type 2 diabetes, the
metabolic syndrome, and PCOS [17]. The adipokines,
which are mostly expressed in the visceral (omental)
adipose tissue and to a far lower degree in the
subcutaneous adipose tissue, are detectable in human
serum [18]. The present study aims to evaluate the
influence of fibulin-1 as a new marker for PCOS and if the
levels of chemerin and omentien-1 are affected by
infertility and PCOS.

METHODS
Study design and patient selection

The samples were collected between October 2022 and
March 2023 from patients who attended Al-Yarmook
teaching hospital, and approval of the study protocol was
obtained from the Iragi Ministry of Health and the
Ministry of Higher Education and Scientific Research, Al-
Nahrain University, College of Science. Blood samples
were obtained from all participants and kept at -20°C until
the analysis was done. 150 women were participating in
our study, including 50 infertile women with PCOS, 60
women with PCOS only, and 40 apparently normal,
healthy women considered a control group.

Inclusion and exclusion criteria

Women aged between 20 and 40 who have no other
endocrine disorders were included. Pregnant women and
those with other health problems such as hypertension,
kidney disease, a history of type Il diabetes mellitus, or
using ovulation-inducing medications were excluded.

Analysis of markers
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To determine the amount of Feutin-A in serum samples,
the ELISA Kit from Abcam uses an enzyme-linked
immunosorbent assay (ELISA) methodology. The electro-
chemiluminescence immunoassay technique was utilized
to evaluate the concentrations of blood TC, HDL, TG,
PROG and PRL. The Cobas e 411 system, which was
jointly created by Roche and Hitachi Companies, was
utilized for this specific objective.

Statistical analysis

Statistical analysis was conducted using GraphPad Prism,
version 8.0.2 (GraphPad Software, San Diego, California,
USA). The mean * standard deviation (SD) was used to
express the descriptive analysis of biochemical
parameters. The research utilized parametric variables and
conducted comparisons using the Mann-Whitney U test.
A regression analysis was conducted to investigate the
association between variables among women diagnosed
with PCOS and infertility, as well as a control group.
Pearson's correlation coefficient was employed for this
purpose. A statistically significant result is considered at
p-value<0.05.

RESULTS

Table 1 shows the comparison of the studied parameters
between control, PCOS and infertile women with PCOS.
There were non-significant changes observed in age
(p=0.0578) and BMI (p=0.2970) between the control,
PCOS and infertile women with PCOS groups.

Table 1: Descriptive data of fibulin-1, chemerin, omentin-1
levels and other parameters in PCOS, PCOS infertility and
control

Parameters Control PCOS P.COS.VY“h p-value
infertility

BMI (Kg/m?) 23.95+2.24 24.11+2.77 24.92+2.82 0.2970
Age (year) 27.55+4.09 28.70+5.09 30.10+5.60 0.0578
Fibulin-1 200743724 365.0:7053  404.0£70.93  <0.0001
(ng/mL)
Chemerin
(ng/mL) 165.8+39.61  364.7+86.30 451.9+104.5 <0.0001
Omentin-
1(ng/mL) 10.07+1.53 7.56+1.75 6.998+0.94 <0.0001

TC (mg/dL) 175.7+27.09  185.8+27.03 227.5+26.98 <0.0001
HDL-c 76.13+25.29  66.65+30.34 46.13+12.56 <0.0001
(mg/dL)
TG (mg/dL) 105.7421.81  111.6+26.57 167.7+24.06 <0.0001
PRL (pg/ml) 9.55+3.02 14.18+3.31 18.18+4.034 <0.0001

Z:Z?rﬁ) 1.25+0.42 0.854+0.369 0.76+0.43 <0.0001

Values were presented as mean+SD; BMI: body mass index; TC:
total cholesterol; HDL-c: high-density lipoprotein cholesterol;
TG: triglycerides; PRL: prolactin; PROG: progesteron.

Figures 1, 2 and 3 showed that there is a significant
decrease in omentin-1 with a significant increase in
fibulin-1 and chemerin.
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Figure 1: Serum levels of Fibulin-1 in controls, PCOS and
PCOS infertility. *p<0.05; ***p<0.01.
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Figure 2: Serum levels of Chemerin in Controls, PCOS and
PCOS infertility. ***p<0.01.
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Figure 3: Serum levels of omentin-1 in controls, PCOS and
PCOS infertility. ***p<0.01; ns: p>0.05.

A comparison study of the three groups also showed that
there were statistically significant changes in levels for
both the PCOS group compared to the control group and
the PCOS infertility group compared to the control group
(p<0.0001). Pearson correlation analysis was used to
examine the associations between biomarkers of PCOS in
both the PCOS and PCOS infertility groups. Tables 2, 3,
and 4 show the correlations between the fibulin-1,
chemerin and omentin-1 serum levels and other study
variables in both PCOS groups. Table 2 shows that fibulin-
1 in PCOS has a positive correlation with BMI, HDL,
PRL, RROG and chemerin, while TC, TG and omentin-1
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have a negative correlation, while PCOS and infertility
show a positive correlation with HDL, TG, PRL and
chemerin and a negative correlation with omentin-1, BMI,
TC and PROG.

Table 2: Correlation of serum fibulin-1 levels in PCOS and
PCOS-infertile women with other biochemical and hormone
markers

Fibulin-1 Fibulin-1
Parameters PCOS Infertile PCOS
r P r p
BMI(Kg/m?) 0.163 0.374 -0.065 0.714
TC (mg/dL) -0.327 0.030 -0.064 0.676
HDL (mg/dL) 0.178 0.271 0.129 0.429
TG (mg/dL) -0.209 0.174 0.275 0.065
PRL (pg/ml) 0.043 0.791 0.260 0.106
PROG (ng/ml) 0.122 0.453 -0.392 0.0124
Omentin-1 (ng/mL) 0216  0.160 -0.19 0.240
Chemerin(ng/mL) 0.13 0.402 0.020 0.897

r: Pearson's correlation coefficient; BMI: body mass index; TC:
total cholesterol; HDL-c: high-density lipoprotein cholesterol;
TG: triglycerides; PRL: prolactin; PROG: progesteron.

In Table 3, chemerin in PCOS was positively correlated
with BMI, HDL, PRL, TC, TG, chemerin and omentin-1
and negatively correlated with PROG, while in infertile
PCOS it shows a positive correlation with BMI, PROG,
PRL, fibulin-1 and omentin-1 and a negative correlation
with TC.

Table 3: Correlation of serum chemerin levels in PCOS and
PCQOS-infertile women with the other biochemical and hormone
markers

Chemerin Chemerin
Parameters PCOS Infertile PCOS
r p r p
BMI (Kg/m?) 0.310 0.084 0.196 0.267
TC (mg/dL) 0.091 0.553 -0.049 0.752
HDL (mg/dL) 0.039 0.812 0.179 0.268
TG (mg/dL) 0.124 0.419 0.195 0.199
PRL (pg/ml) 0.039 0.809 0.139 0.394
PROG (ng/ml) -0.311 0.051 0.005 0.977
Omentin-1 (ng/mL) 0.130 0.402 0.020 0.897
Chemerin(ng/mL) 0.152 0.319 0.003 0.984

r: Pearson's correlation coefficient; BMI: body mass index; TC:
total cholesterol; HDL-c: high-density lipoprotein cholesterol;
TG: triglycerides; PRL.: prolactin; PROG: progesteron.

Finally, Table 4 displayed that omentin-1 in PCOS has a
positive correlation with BMI, TC, TG, PRL and chemerin
and a negative correlation with HDL, PROG and fibulin-
1, while in infertile PCOS it shows a positive correlation
with BMI, TC, PRL and chemerin and a negative
correlation with PROG, HDL, TG and fibulin-1.

DISCUSSION

In this study, compared to controls, PCOS and PCOS with
infertility had higher levels of fibulin-1. These findings are
consistent with the study conducted by Scarinci et al.,
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which showed that individuals with PCOS had higher
levels of fibulin-1 in comparison to the control group.

Table 4: Correlation of serum omentin-1 levels of PCOS and
PCOS-infertile women with other biochemical and hormone
markers

Omentin-1 Omentin-1
Parameters PCOS Infertile PCOS
r p r p
BMI (Kg/m?) 0.345 0.053 0.331 0.056
TC (mg/dL) 0.458 0.001 0.140 0.388
HDL (mg/dL) -0.088 0.589 -0.003 0.983
TG (mg/dL) 0.054 0.723 -0.095 0.561
PRL (pg/ml) 0.017 0.916 0.136 0.403
PROG (ng/ml) -0.331 0.037 -0.014 0.933
Omentin-1 (ng/mL) -0.216 0.160 -0.190 0.240
Chemerin(ng/mL) 0.152 0.319 0.003 0.984

r: Pearson's correlation coefficient; BMI: body mass index; TC:
total cholesterol; HDL-c: high-density lipoprotein cholesterol;
TG: triglycerides; PRL: prolactin; PROG: progesteron.

The findings of this study lend additional credence to the
theory that endothelium injury is a common occurrence in
women with polycystic ovarian syndrome (PCOS).
Fibulin-1 analysis, a recognized marker linked to
endothelial and cardiovascular diseases, provides proof of
this [19]. In our study, the PCOS group and the infertile
PCOS group had higher levels of chemerin than the
control group. Infertility with PCOS also results in a much
greater amount of chemerin than PCOS alone. This result
is consistent with the study of Ademoglu et al., which
demonstrates that women with PCOS generally had
greater serum chemerin levels than the control group. The
authors do concede, nevertheless, that further research is
needed to completely understand the precise physiological
effects of elevated serum chemerin levels in PCOS [16].
The study findings are consistent with those of Halawa et
al., who examined the levels of chemerin in women with
PCOS and healthy women and discovered that the latter
had significantly greater amounts, which they associated
with insulin resistance [20]. Furthermore, Yang et al.
found that chemerin was an adipokine that may cause IR
and that infertile PCOS women had greater serum
chemerin levels than controls [21]. Women with PCOS
reported considerably greater serum chemerin levels than
controls, indicating that those with PCOS and IR had
higher serum chemerin levels than women without PCOS
and IR. Moreover, serum chemerin levels were higher in
PCOS with IR than in PCOS without IR [22]. Contrary to
the current findings, Guvenc et al. evaluation of chemerin
levels in both groups revealed no variations in serum
chemerin levels between PCOS patients and healthy
controls. The absence of a significant difference between
the groups, however, may be explained by the exclusion
of patients with IR from this study [23]. Additionally,
PCOS patients showed slightly greater serum levels of
chemerin than controls, according to Kort et al. [24]. It has
been discovered that omentin-1 improves human
adipocytes' sensitivity to insulin. Comparing the PCOS



Kadhim & Hassan

group and the infertile PCOS group to the control group,
our results show a decrease in omentin-1 levels. Compared
to the PCOS subgroup with infertility, the PCOS group
had a slightly higher concentration of omentien-1;
however, this difference was not statistically significant.
In line with the findings of a study by Mahde et al., these
data demonstrate a significant drop in serum omentin-1
levels in PCOS infertile patients as compared to the
control group. Additionally, assessment of insulin
resistance (HOMA-IR), fasting insulin, and HOMA R-cell
are negatively correlated with plasma omentin-1 levels
[25]. This shows that omentin-1 may be related to the
body's sensitivity to insulin. Furthermore, compared to
women without PCOS, individuals with PCOS had
considerably decreased serum omentin-1 levels, according
to a study by Orlik et al. Furthermore, it was demonstrated
that variations in serum omentin-1 levels could be
explained by estradiol, the LH/FSH ratio, the HOMA-IR,
and the Free Androgen Index (FAI) [26]. In a different
investigation, Choi et al. demonstrated that in PCOS
patients as opposed to non-PCOS patients, postprandial
hyperinsulinemia and hyperglycemia have a stronger
effect on the decrease of omentin-1 levels. There is a
substantial ~correlation between IR and glucose
metabolism and omentin-1. Furthermore, there is proof
that in PCOS patients, there are noteworthy correlations
between decreased omentin-1 levels and androgen levels.
The authors argue that the control of omentin-1 production
in adipose tissue is influenced by multiple factors.
Furthermore, they claim that in the context of PCOS, IR
development may be influenced by elevated androgen
levels and decreased omentin-1 levels in patients [27].
Kort et al. showed that PCOS patients had lower levels of
omentin-1 than did the control group. They looked into the
relationship between omentin-1 levels and other
adipokines as well as other factors, but they were unable
to find any meaningful relationships. It appears that the
stromal vasculature in adipose tissue, rather than the
adipocytes themselves, may be the cause of the reduced
levels of omentin-1 in PCOS [24]. Their interpretation of
our results differs from that of Alanya Tosun and
colleagues. They show that, in comparison to the control
group, those with PCOS have higher levels of omentin-1.
Moreover, their research indicates that early-stage PCOS
cases that manifest at a younger age had considerably
higher serum omentin-1 levels. According to these results,
omentin-1 may function in PCOS as a protective acute-
phase reactant [28]. A major factor in PCOS and infertility
is the lipid profile. The results of our analysis show that
those with PCOS have somewhat higher levels of TC, TG,
and HDL than those in the control group. This difference
may be explained by the fact that the women in our study
were of a normal weight. On the other hand, we found a
significant increase in the levels of TC, TG, and HDL
when comparing people with PCOS and infertility to those
with PCOS alone and the control group. The results of this
investigation are in line with those of Orio et al. [29], who
showed that blood TC, LDL-C, HDL-C, and TG levels did
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not significantly differ between the PCOS and control
groups. Sahin et al. conducted a different study in which
they found no significant differences in plasma TC, LDL-
C, HDL-C, and TG levels between a group of 50 PCOS
patients and a control group of 40 individuals matched for
age and BMI [30]. According to Dastorani et al., PCOS
and infertile patients may have worsening lipid profiles as
a result of increased androgen and insulin levels.
Reproduction and inflammation are impacted by
byproduct fatty acids. Vitamin D can reduce the formation
of PTH and improve insulin sensitivity, which can lower
TC and LDL-c. Insulin also reduces TC and LDL-c and
increases HMG-CoA reductase activity, which decreases
the manufacture of cholesterol [31]. High TC levels in
PCOS women who are infertile could be caused by
abnormalities in TC absorption, cross-consumption of
stored fat, or the body's reliance on alternative energy
sources [32]. Furthermore, elevated TC levels are linked
to IR, low HDL-C levels, and the risk of atherosclerosis
[33]. Itis believed that lipid disorders contribute to female
reproduction in both primary and secondary infertility.
The granulosa and thecal cells of the reproductive organs
produce steroid hormones, using cholesterol as a substrate
for steroidogenesis. When it comes to the transport of
cholesterol to ovarian tissue, both HDL-C and LDL-C are
essential [34]. Variations in the endometrium's lipid
content may have a detrimental effect on the
endometrium's receptivity and the success of an early
embryo's implantation [35]. In our study, we found that
progesterone levels considerably fell in PCOS cases with
infertility when compared to control, and in PCOS cases
without infertility when compared to control. This was due
to progesterone levels being lowered as a result of
anovulation or oligo ovulation. Our findings that
progesterone levels in PCOS patients declined
dramatically when compared to the control group are also
supported by Kabil Kucur et al. [36]. Gulhan et al.
demonstrated, in contrast to our findings, that
progesterone levels were not statistically significant in
either the PCOS or control groups [37]. Furthermore, non-
significant differences between PCOS and the control
group were demonstrated by Tan et al. [38]. Moreover,
research indicates that more than 50% of women who
present with amenorrhea and agalactorrhea also have
elevated prolactin levels. Compared to the control group,
we found that those with PCOS and infertile PCOS had
greater prolactin concentrations during our analysis. The
results of this investigation showed that prolactin levels
were significantly higher in PCOS patients than in the
control group. In this context, it has been shown that
women with PCOS and infertility had significantly higher
prolactin levels than those with PCOS alone. Since the
results of Abdelsalam et al. showed a link between
hypothyroidism and PCOS, they concurred with the
results of this investigation. They also noted that in the
same set of people, this hypothyroidism may result in
hyperprolactinemia. These recommend that in order to
identify the cause of their hyperprolactinemia, people with
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PCOS and hyperprolactinemia should have an evaluation
of their thyroid function [39]. Additionally, Hassan (2020)
showed a substantial rise in prolactin levels in infertile
patients with PCOS compared to a non-PCOS control
group, which is consistent with our own findings. The
author added that although persistent hyperestrogenemia
in PCOS has been suggested as a potential trigger for
prolactin production, the exact source of the elevated
prolactin levels is still unknown. Approximately 5-30% of
people with PCOS had a small increase in blood prolactin
levels (range from 20 to 40 ng/dl) [40]. Our results are
consistent with another study by Esmaeilzadeh et al.,
which found that blood prolactin levels are higher in
infertile PCOS patients than in healthy individuals. This
could be explained by the fact that several features of
PCOS are associated with diminished hypothalamic
dopaminergic activity, which results in the elevated levels
of TSH, FSH, and LH ratios [41]. A study performed by
Yang et al., in contrast, showed that infertile women with
PCOS had significantly lower serum prolactin levels than
women without PCOS. Additionally, they offered proof
that infertile women with PCOS who had low serum
prolactin levels within the normal range are more likely to
have insulin resistance and beta-cell malfunction [42].
Szosland et al., on the other hand, offer a different
perspective, arguing that blood prolactin levels in PCOS
patients are within normal limits. They maintained that
any association between higher serum prolactin levels and
PCOS is merely coincidental [43].

Conclusion

The increased level of fibulin-1 may be a new marker for
PCOS and infertility. Chemerin shows a high level in both
infertile PCOS and PCOS women, while omentin-1 shows
a low level in both infertile PCOS and PCOS women.
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