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Introduction: Changes in the proportion of pro-inflammatory and
anti-inflammatory adipokines may reflect the accumulation of lipids in the
liver and the development of insulin resistance. Both liver steatosis and insulin
resistance result in decreased sex hormone-binding globulin (SHBG) synthesis.
This study aimed to analyze associations between circulating SHBG and
adipokines levels in women with polycystic ovary syndrome (PCOS).

Material and methods: A cross-sectional cohort study involved 87 women with
phenotype A of PCOS (39 normal weight and 48 obese). Body mass, height, and
waist circumference were measured, and BMI was calculated. In addition, body
composition was assessed using the bioimpedance method. Serum SHBG levels
and plasma apelin-36 and apelin-12, adiponectin, leptin, omentin-1, and RBP-4
were determined by using the ELISA method. The participants were divided into
subgroups with SHBG concentrations above and below this lower limit [N = 35
(40.2%) and N = 52 (59.8%), respectively].

Results: The median adiponectin, apelin-12, and apelin-36 levels were
significantly lower, and leptin levels were significantly higher in the subgroup
with low SHBG levels than that in the subgroup above the lower limit of the
reference range, while there were no differences in median omentin-1 and
RBP-4 between the study subgroups. There were positive correlations between
SHBG and omentin-1, adiponectin, apelin-36, and apelin-12 levels, as well as
negative correlation with leptin levels. However, after adjustment by BMI, waist
circumference, and body fat percentage, only the association between SHBG and
omentin-1 remained significant.

Conclusion: Our results show associations between circulating SHBG and
adipokine levels in women with PCOS and support the role of hormonal
dysfunction of the adipose tissue in the pathogenesis of PCOS.
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Introduction

Polycystic ovary syndrome (PCOS) is characterized by
numerous endocrine disturbances including low SHBG levels in
the circulation. The liver is the main site of SHBG synthesis,
stimulated by estrogens and inhibited by insulin and androgens.
One of the pathomechanisms of hormonal disturbances specific
to PCOS is insulin resistance. Hyperinsulinemia is a mechanism
compensating insulin resistance and decreasing SHBG synthesis
in the liver (1-3). A decreased SHBG level results in an increase
in the concentration of free estrogens and androgens, which
in turn affects the activity of the hypothalamic-pituitary—ovary
axis (4).

The regulation of SHBG synthesis seems to be more complex.
Some studies have suggested that adipokines may also regulate
SHBG synthesis. However, data on this issue are limited. An
experimental study showed that adiponectin may stimulate SHBG
synthesis in human hepatic cell cultures by the activation of
the AMPK pathway. However, this process was inhibited by
increased lipogenesis and decreased fatty acid oxidation (5). The
association between circulating SHBG and adiponectin levels has
also been reported in various populations. A positive correlation
between SHBG and adiponectin levels regardless of gender,
BMI, and fat mass was shown in a study that included 785
adolescents aged 12-16 years (6). Similar results were obtained
in a pediatric population of 160 girls and boys in the peri-
pubertal age (7), 334 adults aged 50-85 years (8), 1, 881 midlife
(9), 634 postmenopausal women (10), and 614 men aged over 40
years (11).

Leptin, another adipokine, has been described to be associated
with circulating SHBG levels. An experimental study showed that
hyperleptinemia activates caspase-1 and—3 in rat hepatocytes,
triggering hepatic pyroptosis resulting in the progression of
NAFLD (12). Thus, leptin may inhibit SHBG synthesis in
hepatocytes. In line with this hypothesis, some studies showed
a negative correlation between SHBG and leptin levels. This
association was confirmed in 723 adolescents aged 12-16 years
(both in girls and boys) (13), 634 postmenopausal women
(10), 614 men over 40 years old (11), and 210 infertile
men (14). Currently, there are no published data on the
relationship between the concentration of adipokines such as
omentin-1, apelin, and retinol-binding protein 4 (RBP-4) and
SHBG levels.

As mentioned above, hormonal disturbances observed in
PCOS women include decreased circulating SHBG levels that
may enhance other hormonal disturbances (1). The hormonal
function of visceral adipose tissue and circulating adipokines
levels in PCOS women are closely related to the nutritional
status (15-18). However, there is a lack of studies assessing
the relationships between SHBG and adipokines levels in PCOS
women. It has been shown that changes in the proportion of
pro-inflammatory and anti-inflammatory adipokines are associated
with lipid accumulation in the liver and the development of
insulin resistance (19). Therefore, this study aimed to analyze
associations between circulating SHBG and adipokines levels in
PCOS women.
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Materials and methods

A cross-sectional cohort study involved 87 women with PCOS
with a mean age of 26 years (36 with normal weight and 51 with
overweight or obesity) with self-reported stable body weight during
the last 3-month period, recruited from among the patients of the
Department of Endocrinological Gynecology between 2017 and
2019. PCOS was diagnosed based on the Rotterdam ESHRE/ASRM
criteria from 2003 (20). Only women who possessed all three
of the Rotterdam criteria were enrolled. The exclusion criteria
included thyroid dysfunction, Cushing’s syndrome, 21-hydroxylase
deficiency, androgen-secreting tumor, decreased ovarian reserves,
type 1 or 2 diabetes, smoking and alcohol abuse, and any
pharmacological therapy. The study was conducted after obtaining
the informed consent of each participant, based on the study
protocol approved by the Bioethical Committee of the Medical
University of Silesia (CBN/0022/KB1/97/21).

Body weight, height, and waist circumference were measured,
and body mass index (BMI) was calculated according to the
standard formula. In addition, body composition was assessed
using the bioimpedance method (Bodystat 1500, Douglas, Isle of
Man). Between 3 and 5 days of the women’s menstrual periods,
15ml venous blood samples were withdrawn in the morning
between 8.00 and 9.00a.m. after an overnight fast (14h) and
were collected according to the recommendations of the kit
manufacturers. Plasma and serum aliquots were frozen and stored
at —70°C.

Laboratory procedures

Serum SHBG was determined using the ELISA method
(DRG Instruments GmbH, Marburg, Germany) with a limit of
quantification (LoQ) of 0.2 nmol/l and an intra- and inter-assay of
5.3 and 9.0%, respectively.

The ELISA method was also used for measurements of plasma
apelin-36 and apelin-12 (Phoenix Pharmaceuticals, Burlingame,
USA), leptin (TECOmedical AG Sissach, Switzerland), adiponectin
(TECOmedical AG Sissach, Switzerland), omentin-1 (DRG
Instruments GmbH, Marburg, Germany), and RBP-4 levels
(Phoenix Pharmaceuticals, Burlingame, USA) with the LoQ
of 0.08ng/ml, 0.11ng/ml,
and 2.17ng/ml, respectively. Moreover, intra- and inter-assay

0.2ng/ml, 0.6ng/ml, 0.5ng/ml,
coeflicients of variations were 4.6% and 4.6% for apelin-36; 6%
and 7% for leptin; 5% and 6% for adiponectin; 3.7% and 4.6% for

omentin-1; and 5.0% and <14.0% for RBP-4.

Data analysis

Normal weight was defined as having BMI between 18.5 and
24.9 kg/m?, overweight 25-29.9 kg/m? and an obesity value of
>30.0 kg/m?. The participants were divided according to the lower
limit of the SHBG concentration laboratory’s reference range for
women aged 18-50 years (<26.1 nmol/L) into a subgroup with
concentrations above and below the limit.
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Increased FAI (total testosterone divided by the SHBG level,
multiplied by 100) was defined as a value of >5.0.

Statistical analysis

Statistical analysis was performed using STATISTICA 13.0 PL
(TIBCO Software Inc., Palo Alto, CA, USA) and StataSE 13.0
(StataCorp LP, TX, USA). Statistical significance was set at a p-
value of <0.05. All tests were two-tailed. Nominal and ordinal
data were expressed as percentages. Interval data were expressed
as mean =+ standard deviation (normal distribution) or median
(lower-upper quartiles). The distribution of variables was evaluated
by the Shapiro-Wilk test and the quantile-quantile (Q-Q) plot.
In order to compare two groups with SHBG > 26.1 nmol/L and
SHBG <26.1 nmol/L, the Student t-test for independent data
or the Mann-Whitney U-test was used according to the data
distribution. The homogeneity of variances was assessed by the
Fisher-Snedecor test. The correlation between SHGB levels and
other variables was assessed using the Spearman rank correlation
coefficient p. The correction for confounding variables was done
with the Spearman rank partial correlation coefficient (package
‘ppcor’ in R).

Results

There were 52 (59.8%) PCOS women with SHBG levels below
the lower limit of the reference range and 35 women (40.2%) over
the limit (Table 1).

As was expected, the subgroup with SHBG levels below the
lower limit of the reference range (<26.1 nmol/L) was characterized
by higher median BMI, fat mass percentage, waist circumference,
insulin levels, HOMA-IR, and FAI value (and increased FAI
percentage), as well as more frequent occurrence of overweight and
obesity than the subgroup with higher SHBG levels.

The median adiponectin, apelin-12, and apelin-36 levels were
significantly lower, and leptin levels were significantly higher in
the subgroup with SHBG levels below 26.1 nmol/L. There were
no differences in median omentin-1 and RBP-4 levels between the
study subgroups (Table 1).

We observed positive correlations between SHBG and
omentin-1, adiponectin, apelin-36, and apelin-12 levels, as well as
negative correlations between SHBG and leptin levels. There was
no association between SHBG and RBP-4 levels (Table 2).

We also examined the confounding effect of BMI, waist
circumference, and body fat percentage on these associations
in models adjusted for the factors listed above. Significant
interaction terms were found for BMI, waist circumference,
and body fat percentage concerning the association between
SHBG and omentin-1; BMI, waist circumference, and body fat
percentage interaction terms (p should be interaction <0.001,
<0.001, and <0.01, respectively) were not statistically significant
for associations between SHBG and any of the other adipokines
(Table 2).
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TABLE 1 Characteristics of the study subgroups.

SHBG LOW SHBG
(N =52) HIGH
(N = 35)

Age 26+5 25+6 0.58
(years)
Body weight 83.0 63.1 <0.01
(kg) (68.1-100.8) (56.7-85.9)
BMI 31.9 224 <0.01
(kg/m?) (24.6-36.7) (20.6-30.8)
Overweight, 6 3 <0.01
N (%) (11.5) (8.6)
Obesity, 32 10
N (%) (61.5) (28.6)
Fat mass 341 18.8 <0.01
(kg) (22.5-48.6) (17.7-32.1)
Fat mass 42.1 294 <0.05
(%) (32.7-48.3) (26.2-41.8)
Waist 95.0 + 18.0 82.1+17.1 <0.01
circumference
(cm)
Glucose 5.0 5.0 0.65
(mmol/L) (4.7-5.8) (4.9-5.3)
Insulin 11.6 9.2 <0.05
(nIU/ml) (8.9-16.8) (6.5-11.3)
HOMA-IR 2.67 2.01 <0.05

(1.99-4.08) (1.31-2.62)
Estradiol 394 474 0.09
(pg/ml) (27.4-59.0) (33.5-83.4)
Testosterone 0.68 0.70 0.06
(ng/ml) (0.49-0.78) (0.53-1.00)
DHEA-S 2.86 £ 1.08 290+ 1.26 0.88
(g/ml)
Androstendione 2344117 2.58 +1.29 0.37
(ng/ml)
SHBG 16.3 40.6 -
(nmol/ml) (10.5-20.7) (33.6-53.4)
FAI 4.15 1.56 <0.001

(2.90-5.79) (1.14-2.22)
FAI > 5.0, 17 2 <0.01
N (%) (32.7) (5.7)
Omentin-1 206 221 0.17
(ng/ml) (142-282) (161-322)
Adiponectin 5.35 7.63 <0.05
(1Lg/ml) (3.46-8.46) (5.56-8.49)
Leptin 43.5 16.6 <0.01
(ng/ml) (26.3-62.3) (10.0-50.4)
Apelin-36 1.22 1.64 <0.05
(ng/ml) (0.90-1.71) (1.15-3.15)
Apelin-12 0.33 1.50 <0.05
(ng/ml) (0.23-1.23) (0.26-3.30)
RBP-4 0.33 1.50 0.36
(ng/ml) (0.23-1.23) (0.26-3.30)

Mean = standard deviation or median (lower quartile - upper quartile).
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TABLE 2 Raw and corrected by anthropometric parameters correlations
between SHBG and listed adipokines in PCOS women (correlation
coefficients calculated according to p Spearman).

Raw Partial correlation corrected for
BMI Waist Fat
circumference percentage

Omentin-1 0.242* | 0.356 0.352% 0.333**
Adiponectin | 0219* | 0.071 0.007 0.102
Leptin —0.309** | —0.126 —0.057 —0.171
Apelin-36 0.246* | 0.114 0.087 0.142
Apelin-12 0.213* 0.041 0.002 0.076
RBP-4 0.129 0.047 0.036 0.056

*p < 0.05 p < 0.01;*p < 0.001.

Discussion

To the best of our knowledge, this is the first study that
assessed the correlation between SHBG and adipokines levels in
women with PCOS. Our study showed significantly lower median
adiponectin, apelin-12, and apelin-36 and higher leptin levels in the
subgroup with low SHBG levels. In addition, positive correlations
between SHBG and omentin-1, adiponectin, apelin-36, and apelin-
12 levels, as well as negative correlations between SHBG and
leptin levels, were found. However, after adjustment by BMI,
waist circumference, and body fat percentage, the only correlation
between SHBG and omentin-1 levels remained significant. The
obtained results are ambiguous and constitute a pilot study to
further research the relationship between hormonal dysfunction
of the adipose tissue and disturbances of hepatic SHBG synthesis
in PCOS. At the level of experimental studies, only the influence
of adiponectin on the signaling pathway of SHBG synthesis
has been investigated. The study carried out on human liver
cells showed that adiponectin affects hepatic enzymes activities,
resulting in decreased hepatic lipid content due to the inhibition
of lipogenesis and the stimulation of fatty acid oxidation and
also increased hepatocyte nuclear factor 4 (HNF-4a) expression.
All these mechanisms increase hepatic SHBG synthesis (5). It
seems that leptin indirectly decreased HNF-4a expression by the
stimulation of pro-inflammatory cytokines release (21). However,
there is a lack of experimental studies confirming this hypothesis.
In addition, leptin stimulates inflammation in the course of
NAFLD, which may be an important mechanism inhibiting
the synthesis of SHBG (12). As we have previously shown,
the hyperandrogenism impairment of hormonal stroma adipose
tissue function, secondary to insulin resistance, is independent
of nutritional status. Meanwhile, changes in adiponectin release
reflecting the hormonal dysfunction of adipocytes are dependent
on the excess fat accumulation only (6-11, 13, 14). However, our
study showed a lack of association between SHBG and adiponectin
and also leptin levels after adjustment by BMI, waist circumference,
and fat percentage. Similar results in relation to leptin were
described in the study including non-diabetic elderly men, but
the relationship between SHBG and adiponectin persisted after
adjustment by BMI and waist circumference (22). The significant
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association between SHBG and adiponectin levels remained after
adjustment for body composition assessed by dual-energy X-ray
absorptiometry in young men, but the association with leptin
was lost (23). Meanwhile, in a large sample of middle and old-
aged Taiwanese men, the significant correlations between SHBG
and both adiponectin and leptin levels remained after adjustment
by BMI (11). The discrepancies may be explained both by sex
and ethnic variations. However, data from the Study of Women’s
Health Across the Nation (SWAN) that included a large sample
of white, African American, Chinese, Japanese, and Hispanic
midlife women showed that the association between SHBG and
leptin levels was substantially attenuated after adjustment for
fat mass, but positive associations between SHBG and high
molecular weight (HMW) adiponectin levels were quite robust
after adjustment for fat mass and waist circumference (9). The
differences between this study and our results may be the effect
of measurement other than the HMW form of adiponectin total
in our study. Another reason for the loss of correlation between
SHBG and both leptin and adiponectin levels after adjustment
by anthropometrics parameters in PCOS women may be the
changes in adipokines profiles observed in PCOS. Although we did
not observe any differences between RBP-4 and omentin-1 levels
between subgroups with low and high SHBG levels, we observed
a positive association between SHBG and omentin-1 levels, and
this association remained significant after adjustment for BMI,
waist circumference, and fat percentage. As we have previously
shown, the hyperandrogenism impairment of hormonal stroma
adipose tissue function, secondary to insulin resistance in PCOS,
is independent of nutritional status, while changes in adiponectin
release reflecting the hormonal dysfunction of adipocytes were
only dependent on the excessive fat accumulation (24). Thus,
the association between SHBG and omentin-1 levels may be the
effect of developing a vicious circle of disease in PCOS, where
adipose tissue hormonal dysfunction is the cause of hormonal
disorders typical for PCOS, and these disorders may intensify
the hormonal dysfunction of adipose tissue. On the other hand,
the lack of association between SHBG and RBP-4 levels can be
explained by our earlier observations that showed decreasing RBP-
4 release along with increasing insulin resistance and hormonal
disturbances in PCOS women with obesity (16). Our study has
shown higher levels of apelin-12 and apelin-36 in the subgroup
with high SHBG levels and positive correlations between SHBG
and both apelin-12 and apelin-36 and their loss after adjustment for
BMI, waist circumference, and fat percentage. It has been suggested
that apelin synthesis is stimulated by insulin, while apelin inhibits
insulin secretion. In addition, our previous study showed a positive
association between both apelin-12 and apelin-36 and adiponectin
levels and a negative association with leptin levels in PCOS (17).
This once again supports the hypothesis that the effect of hormonal
disturbances in the adipose tissue on SHBG synthesis in PCOS
is quite complex. Further experimental and clinical studies are
necessary to establish the effect of adipokines on SHBG synthesis
and release.

The limitation of our study is the size of the study subgroups
and the lack of a control group without PCOS. Moreover, the
distribution of body fat and its visceral deposits were not directly
assessed using DEXA or CT. Furthermore, we did not assess
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fatty liver and its effect on the association between SHBG and
adipokines. In addition, in our study, only the interrelations
between SHBG and selected adipokines were analyzed.

Conclusion

Our results show associations between circulating SHBG and
adipokine levels in women with PCOS and support the role of
hormonal dysfunction of the adipose tissue in the pathogenesis
of PCOS.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by the Bioethical Committee Medical University of
Silesia. The patients/participants provided their written informed
consent to participate in this study.

Author contributions

Conceptualization: DC and MO-G. Methodology: DC, GF
and MO-G. Formal analysis and visualization: AO. Investigation:

References

1. Rosner W, Hryb DJ, Khan MS, Nakla AM, Romas NA. Androgens, estrogens, and
second messengers. Steroids. (1998) 63:278-228. doi: 10.1016/S0039-128X(98)00017-8

2. Rosner W, Hryb DJ, Kahn SM, Nakla AM, Romas NA. Interactions of sex
hormone-binding globulin with target cells. Mol Cell Endocrinol. (2010) 316:79-
85. doi: 10.1016/j.mce.2009.08.009

3. Akin F Bastemir M, Alkis E, Kaptanoglu B. SHBG levels correlate with
insulin resistance in postmenopausal women. Eur ] Intern Med. (2009) 20:162-
7. doi: 10.1016/j.€jim.2007.09.023

4. Deswal R, Yadav A, Dang AS. Sex hormone binding globulin - an important
biomarker for predicting PCOS risk: A systematic review and meta-analysis. Syst Biol
Reprod Med. (2018) 64:12-24. doi: 10.1080/19396368.2017.1410591

5. Sim6 R, Saez-Lopez C, Lecube A, Hernandez C, Fort JM, Selva DM. Adiponectin
upregulates SHBG production: molecular mechanisms and potential implications.
Endocrinology. (2014) 155:2820-30. doi: 10.1210/en.2014-1072

6. Riestra P, Garcia-Anguita A, Ortega L, Garcés C. Relationship of adiponectin
with sex hormone levels in adolescents. Horm Res Paediatr. (2013) 79:83-
7. doi: 10.1159/000346898

7. Martos-Moreno GA, Barrios V, Argente ]. Normative data for adiponectin,
resistin, interleukin 6, and leptin/receptor ratio in a healthy Spanish pediatric
population: relationship with sex steroids. Eur ] Endocrinol. (2006) 155:429-
34. doi: 10.1530/eje.1.02227

8. Yasui T, Tomita J, Miyatani Y, Yamada M, Uemura H, Irahara M, et al.
Associations of adiponectin with sex hormone-binding globulin levels in aging male
and female populations. Clin Chim Acta. (2007) 386:69-75. doi: 10.1016/j.cca.2007.
08.001

9. Wildman RP, Wang D, Fernandez I, Mancuso P, Santoro N, Scherer PE,
et al. Associations of testosterone and sex hormone binding globulin with adipose
tissue hormones in midlife women. Obesity. (2013) 21:629-36. doi: 10.1002/oby.
20256

Frontiersin Medicine

10.3389/fmed.2023.1183961

GF and PM. Resources and writing—original draft preparation:
DC, PK, and LM. Data curation and funding acquisition: MO-G.
Writing—review and editing: DC, AO, GE PK, LM, PM, JC,
and MO-G. Supervision: JC and MO-G. Project administration:
PM. All authors contributed to the article and approved the
submitted version.

Funding

This study was funded by the Medical University of Silesia grant
no. KNW-1-162/N/0/0O.

Conflict of interest

The authors declare that the research was conducted
in the absence of any commercial or financial relationships
that could be
of interest.

construed as a potential conflict

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

10. Karim R, Stanczyk FZ, Brinton RD, Rettberg J, Hodis HN, Mack W]J. Association
of endogenous sex hormones with adipokines and ghrelin in postmenopausal women.
J Clin Endocrinol Metab. (2015) 100:508-15. doi: 10.1210/jc.2014-1839

11. Liu CC, Huang SP, Cheng KH, Hsieh TJ, Huang CN, Wang CY, et al.
Lower SHBG level is associated with higher leptin and lower adiponectin levels
as well as metabolic syndrome, independent of testosterone. Sci Rep. (2017)
7:2727. doi: 10.1038/541598-017-03078-0

12. Zhang Q, Wang ], Huang E Yao Y, Ling Xu L. Leptin induces NAFLD
progression through infiltrated CD8+ T lymphocytes mediating pyroptotic-like
cell death of hepatocytes and macrophages. Dig Liver Dis. (2021) 53:598-
605. doi: 10.1016/j.d1d.2020.10.025

13. de Dios O, Herrero L, Vales-Villamarin C, Mahillo-Fernandez I, Soriano-Guillén
L, Garcés C. Sex steroid hormones, leptin, and high-sensitivity C-reactive protein levels
in adolescents. Andrology. (2021) 9:829-36. doi: 10.1111/andr.12962

14. Zorn B, Osredkar J, Meden-Vrtovec H, Majdic G. Leptin levels in infertile male
patients are correlated with inhibin B, testosterone and SHBG but not with sperm
characteristics. Int ] Androl. (2007) 30:439-44. doi: 10.1111/§.1365-2605.2006.00728.x

15. Olszanecka-Glinianowicz M, Kuglin D, Dabkowska-Hu¢ A, Skatba P.
Serum adiponectin and resistin in relation to insulin resistance and markers of
hyperandrogenism in lean and obese women with polycystic ovary syndrome. Eur |
Obstet Gynecol Reprod Biol. (2011) 154:51-6. doi: 10.1016/j.ejogrb.2010.08.022

16. Olszanecka-Glinianowicz M, Madej P, Zdun D, Bozentowicz-Wikarek M, Sikora
J, Chudek J, et al. Are plasma levels of visfatin and retinol-binding protein 4
(RBP4) associated with body mass, metabolic and hormonal disturbances in women
with polycystic ovary syndrome? Eur ] Obstet Gynecol Reprod Biol. (2012) 162:55-
61. doi: 10.1016/j.¢jogrb.2012.01.026

17. Olszanecka-Glinianowicz M, Madej P, Nylec M, Owczarek A, Szanecki W,
Skatba P, et al. Circulating apelin level in relation to nutritional status in polycystic
ovary syndrome and its association with metabolic and hormonal disturbances. Clin
Endocrinol. (2013) 79:238-42. doi: 10.1111/cen.12120

frontiersin.org


https://doi.org/10.3389/fmed.2023.1183961
https://doi.org/10.1016/S0039-128X(98)00017-8
https://doi.org/10.1016/j.mce.2009.08.009
https://doi.org/10.1016/j.ejim.2007.09.023
https://doi.org/10.1080/19396368.2017.1410591
https://doi.org/10.1210/en.2014-1072
https://doi.org/10.1159/000346898
https://doi.org/10.1530/eje.1.02227
https://doi.org/10.1016/j.cca.2007.08.001
https://doi.org/10.1002/oby.20256
https://doi.org/10.1210/jc.2014-1839
https://doi.org/10.1038/s41598-017-03078-0
https://doi.org/10.1016/j.dld.2020.10.025
https://doi.org/10.1111/andr.12962
https://doi.org/10.1111/j.1365-2605.2006.00728.x
https://doi.org/10.1016/j.ejogrb.2010.08.022
https://doi.org/10.1016/j.ejogrb.2012.01.026
https://doi.org/10.1111/cen.12120
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Ciura et al.

18. Olszanecka-Glinianowicz M, Madej P, Owczarek A, Chudek J, Skalba P.
Circulating anti-Miillerian hormone levels in relation to nutritional status and selected
adipokines levels in polycystic ovary syndrome. Clin Endocrinol. (2015) 83:98-
104. doi: 10.1111/cen.12687

19. Parrettini S, Cavallo M, Gaggia F Calafiore R, Luca G. Adipokines:
a rainbow of proteins with metabolic and endocrine functions. Protein
Pept Lett. (2020) 27:1204-30. doi: 10.2174/0929866527666200505
214555

20. The Rotterdam ESHRE/ASRM-Sponsored PCOS consensus workshop
group. Revised 2003 consensus on diagnostic criteria and long-term health
risks related to polycystic ovary syndrome (PCOS). Hum. Reprod. (2004)
19:41-7. doi: 10.1093/humrep/deh098

21. Paz-Filho G, Mastronardi
Licinio J. Leptin:  Molecular

C, Franco CB, Wang KB, Wong ML,
mechanisms,  systemic  pro-inflammatory

Frontiersin Medicine

06

10.3389/fmed.2023.1183961

effects, and clinical implications. Arq Bras Endocrinol Metabol.

56:597-607. doi: 10.1590/50004-27302012000900001

22. Gannagé-Yared MH, Khalife S, Semaan M, Fares F, Jambart S, Halaby G. Serum
adiponectin and leptin levels in relation to the metabolic syndrome, androgenic profile
and somatotropic axis in healthy non-diabetic elderly men. Eur J Endocrinol. (2006)
155:167-76. doi: 10.1530/eje.1.02175

23. Vanbillemont G, Lapauw B, De Naeyer H, Roef G, Kaufman JM, Taes YEC.
Sex hormone-binding globulin at the crossroad of body composition, somatotropic
axis and insulin/glucose homeostasis in young healthy men. Clin Endocrinol. (2012)
76:111-8. doi: 10.1111/j.1365-2265.2011.04155.x

24. Orlik B, Madej P, Owczarek A, Skatba P, Chudek J, Olszanecka-Glinianowicz M.
Plasma omentin and adiponectin levels as markers of adipose tissue dysfunction in
normal weight and obese women with polycystic ovary syndrome. Clin Endocrinol.
(2014) 81:529-35. doi: 10.1111/cen.12381

(2012)

frontiersin.org


https://doi.org/10.3389/fmed.2023.1183961
https://doi.org/10.1111/cen.12687
https://doi.org/10.2174/0929866527666200505214555
https://doi.org/10.1093/humrep/deh098
https://doi.org/10.1590/S0004-27302012000900001
https://doi.org/10.1530/eje.1.02175
https://doi.org/10.1111/j.1365-2265.2011.04155.x
https://doi.org/10.1111/cen.12381
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

	A cross-sectional study of the association between circulating sex hormone-binding globulin levels and selected adipokines in women with polycystic ovary syndrome
	Introduction
	Materials and methods
	Laboratory procedures 
	Data analysis
	Statistical analysis 

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


