
Introduction 
One of the main causes of infertility in women of repro-

ductive age is polycystic ovarian syndrome (PCOS), a com-
mon gynecological condition characterized by a variety of 
endocrine symptoms,1,2 after non-classical congenital adrenal 
hyperplasia and hyperprolactinemia were rejected as specific 
alternative diagnoses.3 PCOS is a condition marked by ele-
vated androgen levels (exemplified by hirsutism and/or hy-
perandrogenemia) and ovarian dysfunction symptoms (such 
as oligo-ovulation and/or polycystic ovarian morphology). 
Compared to other women in the reproductive age group, pre-
menopausal women have a higher prevalence of PCOS, 
which ranges from 6% (based on outdated, more restrictive 
criteria) to 20% (based on more recent, broader definitions).4 
After ruling out other possible causes for elevated androgen 
levels, the National Institutes of Health identified PCOS in 
1990 by observing monthly irregularities and clinical or bio-
chemical markers of hyperandrogenism. 
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ABSTRACT 

Non-communicable diseases are more likely to affect women with polycystic ovarian syndrome (PCOS), in particular, 
mostly ascribed to the existence of low-grade chronic inflammation brought on by adipokines and proinflammatory cytokines. 
Angiopoietin-2, lipocalin-2, adipsin, and interleukin (IL)-22 concentrations in women with PCOS were assessed in this study, 

and their levels were compared to those in a healthy control 
group. Blood samples were obtained from outpatient and 
private gynecological clinics, as well as primary healthcare 
settings, from 55 women diagnosed with PCOS and 35 
healthy control women. The serum concentrations of proin-
flammatory cytokines and adipokines were evaluated using 
the enzyme-linked immunosorbent assay technique. The 
data revealed that serum concentrations of angiopoietin-2, 
lipocalin-2, adipsin, and IL-22 were markedly increased in 
the PCOS cohort relative to the control cohort. Lipocalin-2 
revealed a substantial positive correlation with adipsin, an-
giopoietin-2, and IL-22; likewise, angiopoietin-2 revealed a 
large positive correlation with adipsin and IL-22. Receiver 
operating characteristic curve analysis indicated that both 
lipocalin-2 and adipsin exhibited enhanced diagnostic effi-
cacy for PCOS [area under the curve (AUC)=0.8518; 
AUC=0.8103, respectively], while angiopoietin-2 and IL-
22 demonstrated moderate diagnostic significance for PCOS 
(AUC=0.7476; AUC=0.7340, respectively). Proinflamma-
tory cytokines and adipokines showed significant diagnostic 
potential for identifying PCOS and may serve as markers 
for screening, thereby enhancing diagnostic accuracy for 
PCOS. These results suggest that lipocalin-2, adipsin, an-
giopoietin-2, and IL-22 could be utilized as biomarkers for 
assessing the risk of PCOS.
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Pro-inflammatory cytokines contribute to the activation 
and recruitment of immune cells, and anti-inflammatory cy-
tokines help to suppress excessive inflammation. 

The origin of PCOS could exert influence on the incon-
sistency between pro-inflammatory cytokines that contribute 
to the activation and recruitment of immune cells, and anti-
inflammatory cytokines, which help to suppress excessive in-
flammation.5 Thus, inflammatory reactions serve as mediators 
and exacerbate the metabolic characteristics of PCOS. Obe-
sity is probably linked to both PCOS and insulin resistance, 
as adipose cells play a vital role in the production of pro-in-
flammatory substances, causing persistent inflammation.6 

Adipose tissue is the primary source of cytokine synthe-
sis, which causes the organism to go into a pro-inflammatory 
state.7 There is a lack of understanding regarding the specific 
mechanisms underlying inflammation in women with 
PCOS. An increase in adipocytes and immune cell infiltra-
tion within adipose tissue is a sign of excess adiposity, which 
is a notable prevalence of PCOS. As a result, low-grade in-
flammation persists.8 

Adipose tissue operates as a dynamic organ that releases 
cytokines, hormones, adipokines, and influences the en-
docrine systems that regulate immunity, inflammation, meta-
bolic pathways of glucose and lipid, as well as reproductive 
functions.9 Excess visceral fat in females with PCOS may trig-
ger the persistent presence of elevated levels of circulating 
cytokines mediated by pro-inflammatory cytokines.10 

Angiogenesis plays a vital role in the progression of 
ovarian follicles and the ovulation mechanism.11 Angiogen-
esis is governed by several proteins and growth factors, in-
cluding angiopoietins. Angiopoietin-2 acts as an antagonist 
to angiopoietin-1 and is crucial in the control of angiogene-
sis processes.12 Angiopoietin-2 is involved in follicle forma-
tion, showing elevated levels during follicular expansion and 
reduced levels during follicle maturation.13,14 Research em-
ploying animal models of PCOS has shown reduced levels 
of angiopoietin-2, leading to increased ovarian vascularity 
and vessel stability.15 Altered angiopoietin-2 expression was 
associated with a deficiency in oocyte maturation.16 A prior 
study has recorded increased levels of angiopoietin-2 in fol-
licular fluid among PCOS subjects undergoing ovarian stim-
ulation.17  

The respiratory and gastrointestinal systems, the geni-
tourinary system, endothelial cells, vascular smooth muscle 
cells, hepatocytes, endometrial cells, and splenic cells are 
among the tissues that have been shown to express the 
adipocytokine lipocalin-2.18 Numerous studies have reported 
varying levels of lipocalin in both PCOS and other illnesses 
interrelated with insulin resistance, indicating increases, de-
creases, or no changes; however, the underlying mechanisms 
contributing to these inconsistent findings remain incom-
pletely understood.19-21 Since its expression increases with 
agents that cause insulin resistance, lipocalin-2 seems to fa-
cilitate the development of insulin resistance, whereas lower-
ing its expression in cultured adipocytes improves insulin 
efficacy.22 Two of the main characteristics of PCOS are obe-
sity and insulin resistance. On the other hand, little is known 
about the levels of serum lipocalin-2 in PCOS patients.23 The 
study’s objective was to assess the levels of adipokines, 
chemokines, and proinflammatory mediators in the serum of 
patients with PCOS. This research intends to examine the as-
sociation between changes in proinflammatory mediators and 
adipokines in PCOS patients. 

Materials and Methods  
Study design 

The study involved 55 participants with a diagnosis of 
PCOS (aged 15-48) and 35 healthy women (aged 15-48) 
who visited our Gynecology and Obstetrics Clinic. The iden-
tification of PCOS was substantiated following globally ac-
cepted evidence-based protocols, specifically the Rotterdam 
indicator, which requires the existence of a minimum of two 
of the following signs: ovarian dysfunction (oligo-amenor-
rhea), biochemical and/or clinical high levels of androgens, 
and enlarged polycystic ovaries. The experimental group 
comprised females exhibiting normal menstrual cycles, ab-
sence of ovulatory abnormalities, standard basal hormone 
levels, and polycystic ovarian morphology in both ovaries. 
Criteria for exclusion included: i) endocrine disorders im-
pacting reproductive function; ii) other conditions causing 
hyperandrogenemia and ovulation dysfunction; iii) the usage 
of hormone treatment within the past 3 months; iv) preg-
nancy, hyperprolactinemia, breastfeeding, Cushing syn-
drome, congenital adrenal hyperplasia, alternative adrenal 
gland disorders, thyroid disorders, and women utilizing hor-
monal contraceptive methods. 

 
Sample collection  

In the first follicular phase (days 2-5) of the menstrual 
cycle, 5 mL of venous blood was extracted from the antecu-
bital vein by peripheral venipuncture. The specimens were 
gathered in uncoated tubes devoid of anticoagulants and sub-
sequently processed via centrifugation. The resultant sera 
were aliquoted into three Eppendorf tubes to avoid repetitive 
freeze-thaw cycles and subsequently stored at low tempera-
tures until analysis. Serum concentrations of angiopoietin-2, 
lipocalin-2, adipsin, and interleukin (IL)-22 were quantified 
for both the patient and control cohorts via the enzyme-linked 
immunosorbent assay technique. 

 
Statistics 

In the data processing for this research, both descriptive 
and inferential statistical methods were employed using the 
GraphPad Prism software. The data evaluation was conducted 
at a 95% confidence interval, with results presented as mean 
± standard error. Given that many of the studied parameters 
exhibited a normal Gaussian distribution, the parametric t-test 
method was applied. Correlation analysis among the param-
eters was performed using Pearson’s correlation coefficient. 
The diagnostic effectiveness of PCOS patients was assessed 
using receiver operating characteristic (ROC) curves, as well 
as the ideal threshold value, area under the curve (AUC), sen-
sitivity, and specificity for each index. P was taken into con-
sideration as the significance level. 

 
 

Results 
Serum levels of adipokines in polycystic  
ovarian syndrome 

The concentrations of lipocalin and adipsin in both co-
horts, along with the statistically meaningful differences ob-
served in these adipokines, are presented in Supplementary 
Table 1 and Figures 1 and 2. 
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Circulating concentration of adipsin  
in polycystic ovarian syndrome 

The mean serum levels of adipsin in PCOS patients were 
elevated (294.0±149.8 pg/mL) compared to control women 
(144.2±73.46 pg/mL), as shown in Supplementary Table 1 
and Figure 2. 

 
Serum levels of proinflammatory factors 

Supplementary Table 2 illustrates a remarkable difference 
in the concentrations of proinflammatory factors between the 
two study groups. 

 
Circulating concentration of angiopoietin-2  
in polycystic ovarian syndrome 

Data presented in Supplementary Table 2 and Figure 3 
demonstrate that the mean circulating concentration of an-
giopoietin-2 in PCOS patients was remarkably elevated 
(24.23±12.37 ng/mL) compared to that in control women 
(11.86±6.174 ng/mL).  

Circulating concentration of interleukin-22  
in polycystic ovarian syndrome 

Data in Supplementary Table 2 and Figure 4 demonstrate 
that the mean circulating concentration of IL-22 in PCOS pa-
tients was higher (17.16±7.752 pg/mL) compared to those in 
control women (9.407±3.739 pg/mL). 

 
The receiver operating characteristic curve  
analysis 

The ROC curve analysis was conducted to assess the fac-
tors influencing the dependent variables for diagnosing 
PCOS. The sensitivity of lipocalin-2, adipsin, angiopoietin-
2, and IL-22 as biomarkers for PCOS risk was 78%, 81%, 
72%, and 77%, respectively, with specificities of 94%, 97%, 
91%, and 84%, and 100%, respectively (Table 1, Supplemen-
tary Figures 1-4). 

Table 1 illustrates the AUC, specificity, and sensitivity 
of various proinflammatory factors and adipokines in patients 
with PCOS when compared to control groups. An AUC rang-
ing from 0.9 to 1.0 indicates outstanding predictive ability 
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Figure 1. Serum lipocalin-2 concentration comparison be-
tween the patient and control groups.

Figure 2. Serum adipsin concentration comparison between 
the patient and control groups.

Figure 3. Serum angiopoietin-2 concentration comparison be-
tween the patient and control groups.

Figure 4. Serum interleukin-22 concentration comparison be-
tween the patient and control groups.



for a biomarker, while a range of 0.8 to 0.9 suggests a highly 
effective marker. An AUC between 0.6 and 0.7 reflects a sat-
isfactory marker, and an AUC of 0.6 denotes an inconsequen-
tial marker. The diagnostic potential of lipocalin-2 was 
represented by an AUC of 0.8103, showing a sensitivity of 
78 and a specificity of 94 (Supplementary Figure 1). The di-
agnostic ability of adipisin was measured with an AUC of 
0.8518, demonstrating a sensitivity of 71 and a specificity of 
97 (Supplementary Figure 2). The diagnostic ability of an-
giopoietin-2 was characterized by an AUC of 0.7476, exhibit-
ing a sensitivity of 72 and a specificity of 91(Supplementary 
Figure 3). The diagnostic capability of IL-22 was measured 
with an AUC of 0.7340, demonstrating a sensitivity of 77 and 
a specificity of 84 (Supplementary Figure 4). 

 
Relationship among parameters under study  

Supplementary Figures 5-9 show the results of Pearson’s 
correlation analysis. There was a significant positive correla-
tion between lipocalin-2 and adipsin (r=0.8469; p<0.0001) as 
depicted in Supplementary Figure 5. Serum lipocalin-2 levels 
and IL-22 were found to be strongly positively correlated 
(r=0.5953; p<0.0001), as shown in Supplementary Figure 6. 
Lipocalin-2 demonstrated a remarkable positive correlation 
with angiopoietin-2 (r=0.7975; p<0.0001), as shown in Sup-
plementary Figure 7. Serum angiopoietin-2 levels and IL-22 
were found to be significantly positively correlated. 
(r=0.5390; p<0.0001) as shown in Supplementary Figure 8. 
A remarkable positive correlation exists between circulating 
angiopoietin-2 levels and adipsin (r=0.8201; p<0.0001) as il-
lustrated in Supplementary Figure 9. 

 
 

Discussion 
Our study demonstrated a substantial elevation in serum 

lipocalin concentrations in patients with PCOS, in contrast to 
healthy control subjects, with a mean serum lipocalin concen-
tration in the PCOS cohort of 66.12±33.72 pg/mL, in contrast 
to 32.40±15 pg/mL in the control group. The findings align 
with those of Cakal et al., who noted significantly increased 
serum lipocalin-2 concentration in patients with PCOS rela-
tive to controls matched for age and body mass index (BMI). 
On the other hand, several studies have shown that there are 
no appreciable differences in lipocalin-2 levels between 
PCOS patients and healthy controls.19,24 

According to research, lipocalin-2 may be a biomarker 
for insulin resistance in PCOS patients. Our research 
showed that women with PCOS had higher lipocalin-2 con-
centrations.20 

Several studies have suggested that lipocalin-2 and an-
drogens may interact.25-27 Rat studies have demonstrated the 

impact of androgens on the synthesis of lipocalin-2 and the 
presence of putative androgen response elements within the 
promoter regions of the genes encoding lipocalins.27 Addi-
tionally, lipocalin-2 alters the activity of the enzyme aro-
matase, which is essential for the conversion of androgens 
into estrogens in granulosa cells and adipose tissue.25,26 Gar-
cia Martinez et al. demonstrated how women with PCOS 
had significantly higher levels of lipocalin-2 in their adipose 
tissue compared to their peers with the same BMI, but no 
such elevation was found in their skeletal muscle. Male par-
ticipants were included in this study, indicating that 
lipocalin-2 production in PCOS-afflicted women exhibited 
characteristics more commonly found in men. The authors 
hypothesized that because the synthesis of many adipocy-
tokines in women with complex PCOS reflects male-pattern 
characteristics, androgen concentrations may regulate the 
differences in the hormonal roles of adipose tissue between 
sexes.26 The primary adipokine produced by adipose tissue 
is lipocalin-2. PCOS is a common endocrine condition af-
fecting 6-18% of females during their reproductive age. This 
disorder is frequently associated with obesity, insulin resist-
ance, an increased incidence of type II diabetes, and hyper-
lipidemia. The precise mechanisms underlying PCOS 
remain incompletely elucidated.28  

Gencer et al. (2014) reported that lipocalin-2 concentra-
tions were remarkably diminished in females with PCOS.20,29 
A remarkable decline in plasma lipocalin-2 concentrations 
was noted in females diagnosed with PCOS; this observation 
was not linked to elements such as insulin resistance, obesity, 
or estrogen concentrations. In contrast, it was demonstrated 
that lipocalin-2 levels were heightened in women with PCOS 
compared to the control cohort. Additionally, elevated 
lipocalin-2 levels were seen in women with PCOS. An exam-
ination of the literature reveals discrepancies among these 
studies, which are believed to arise from variations in the sam-
ple group characteristics examined.30 

PCOS is reported to affect at least 1 in every 200 adoles-
cent girls. Although the precise causes of PCOS development 
during adolescence remain unclear, certain allelic variants of 
genes and ecological factors that may be involved in predis-
position have been identified.31 PCOS in females is believed 
to exhibit polygenic inheritance influenced by environmental 
factors. Additionally, elevated inflammatory markers associ-
ated with PCOS indicate that inflammation may play a role, 
though its direct involvement in the pathogenesis is uncer-
tain.32 A significant association has also been noted between 
obesity and the onset of PCOS in adolescent girls.31 Diagnos-
ing PCOS in adolescents poses challenges and is contentious 
compared to adult women, relying on two clinical criteria: hy-
perandrogenism (either clinical or biochemical) and menstrual 
irregularity. Adolescents exhibiting only one of these charac-
teristics may be deemed “at risk” for PCOS.33 In recent 
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Table 1. The receiver operating characteristic curve analysis. 

Variables of the ROC curve       AUC               95% Cl                 SE                       p            Sensitivity (%)      Specificity (%) 
Lipocalin                                              0.8103            0.7088-0.9117           0.05177                <0.0001                     78                               94 
Adpisin                                                 0.8518            0.7621-0.9414           0.04573                <0.0001                     81                               97 
Angiopoietin-2                                     0.7476            0.6253-0.8700           0.06243                 0.0006                      72                               91 
IL-22                                                    0.7340            0.6221-0.8459           0.05708                 0.0005                      77                               84 
ROC, receiver operating characteristic; AUC, area under the curve; CI, confidence intevarl; SE, standard error.



decades, significant augmentations in the incidence the preva-
lence of overweight and obesity among females have occurred 
alongside expedited maturation and a pronounced rise in the 
cases of adolescent PCOS.34 

Adolescents diagnosed with PCOS typically demonstrate 
hyperandrogenism and insulin resistance. The principal diag-
nostic criteria for adolescent PCOS include hirsutism, acne, 
seborrhea, androgen excess in females, and oligo-amenorrhea 
occurring more than 2 years post-menarche.34,35  

Adipsin, referred to as complement factor D, is an en-
zyme with a cytokine configuration that links the metabo-
lism of adipose tissue to complement system pathways. The 
association of adipsin concentrations with age, BMI, fasting 
plasma glucose, and leptin highlights its significance in the 
development of obesity.36 Originally described as comple-
ment factor D, adipsin additionally activates the cascade re-
action of the complement system, making it a crucial 
element of the immune system.37 The complement system 
is one element that makes up the innate immune system. It 
is linked to insulin resistance, cardiovascular diseases, and 
inflammation.38 Evidence indicates a correlation between 
PCOS and the complement system, suggesting that adipsin 
may potentially affect the condition. In our investigation, 
adipsin levels were markedly elevated in adolescent girls 
with PCOS relative to controls in good health. Nonetheless, 
although adipsin is a protein released by adipocytes, its con-
centrations were decreased in obese teenagers with PCOS 
compared to their average weight peers. 

The present investigation reveals that circulating adipsin 
concentrations are markedly increased in people with PCOS 
relative to the control group cohort. Adipose tissue impair-
ment occurs in women diagnosed with PCOS,39,40 promoting 
the advancement of reproductive and metabolic disorders in 
these individuals. Adipsin, the primary protein produced by 
mature adipocytes, has a structural configuration similar to 
complement factor D, which functions as an enzyme that lim-
its the rate at which the alternative complement mechanism 
is activated. This signifies a correlation between obesity and 
adipsian.41 While levels of adipsin have been demonstrated to 
diminish in animal models of obesity, various human investi-
gations suggest that this adipokine is increased in disorders 
of metabolism associated with obesity.42,43 The cause of this 
difference is indeterminate. A study found higher adipsin lev-
els in both cord blood and maternal blood of obese pregnant 
women compared to their slim counterparts. The research 
demonstrated a significant positive relationship between cir-
culating adipsin level and BMI among pregnant individuals, 
in addition to a link between fetal adipsin levels and fetal birth 
weight.44 Furthermore, an additional investigation indicated 
that the levels of circulating adipsin were elevated in individ-
uals with obesity as opposed to those without. A notable pro-
portion of women diagnosed with PCOS exhibit diverse 
degrees of insulin resistance.40,45 

Adipose tissue functions as a primary target organ in peo-
ple with PCOS. Those affected by PCOS demonstrate alter-
ations in the synthesis and release of adipokines in both 
peripheral and visceral adipose tissue. Adipsin is an essential 
adipokine synthesized by adipose tissue. 

The pathogenesis of PCOS is intricate. Some researchers 
propose that a chronic inflammatory response is the primary 
mechanism underlying the onset and progression of PCOS.32 
Numerous studies demonstrate that inflammatory indicators, 
including C-reactive protein and leukocyte count, are signif-

icantly heightened in individuals diagnosed with PCOS.46 
While clomiphene, an estrogen antagonist, is the traditional 
medication for infertility associated with PCOS, some patients 
do not respond to it. Given the significant role, this study in-
tends to examine the notion that serum concentrations of cy-
tokines that promote inflammation are linked to the 
pathophysiological processes of PCOS. 

Angiogenesis is essential for the progression of ovarian 
follicles and the ovulation process.11 It is regulated by several 
proteins and growth factors, including angiopoietins. An-
giopoietin-2 acts as an antagonist to angiopoietin-1 and is cru-
cial for the regulation of angiogenesis.12 Angiopoietin-2 
concentrations rise during follicular expansion and decline 
throughout follicular maturation.13,14 Research on animal mod-
els of PCOS suggests that diminished angiopoietin-2 levels 
correlate with increased ovarian vascularity and vessel stabil-
ity.15 Abnormal angiopoietin-2 expression has been linked to 
issues in oocyte maturation.16 A previous study found elevated 
angiopoietin-2 levels in the follicular fluid in females with 
PCOS receiving ovarian stimulation. 

Proinflammatory factor angiopoietin-2 plays a vital func-
tion in the modulation of tissue and organ angiogenesis.12 
Under normal physiological conditions, angiopoietin-2 levels 
gradually increase with follicle development. As follicles ma-
ture, the levels of angiopoietin-2 subsequently decline, indi-
cating its essential function in follicle development.14 Prior 
animal models and human research have shown that angiopoi-
etin-2 levels are markedly reduced in people with PCOS, re-
sulting in a considerable increase in ovarian vascular 
density.15,17 This study found that angiopoietin-2 levels in 
PCOS patients were considerably elevated compared to 
healthy women. Rajendiran et al. indicated that serum an-
giopoietin-2 levels in PCOS patients serve as a distinct risk 
factor for diseases.47 

Prolonged inflammation, as demonstrated by changes in 
proinflammatory and anti-inflammatory cytokines, is a char-
acteristic of PCOS. Cytokines play a vital role in the regula-
tion of normal ovarian and menstrual cycles. The alteration 
of cytokines, a significant component in the chronic inflam-
matory mechanism related to PCOS, is believed to be associ-
ated with the diminished ovarian response to CC treatment.48 

Meta-inflammation in PCOS is marked by elevated levels 
of various indicators, including inflammatory cytokines like 
IL-6 and IL-18. The immune response is influenced by the 
ratio of estrogen to progesterone.49,50  

Patients with a diagnosis of PCOS exhibit reduced prog-
esterone levels as a consequence of either oligo-ovulation or 
anovulation; consequently, heightened estrogen levels may 
result in an overactive immune response, ultimately resulting 
in the generation of autoantibodies in patients with PCOS.51 
Estrogen affects the immune system by encouraging Th2 lym-
phocytes, monocytes, T-lymphocytes, and Th1 cells to pro-
duce IL-4, IL-1, and IL-6, respectively. The immune 
response’s activating effects of estrogens may be lessened by 
progesterone. 

The systemic inflammatory state associated with PCOS 
is significantly influenced by localized ovarian inflamma-
tion. Granulosa cells isolated from PCOS patients showed 
markedly lower levels of inflammatory cytokines and asso-
ciated gene expressions after receiving IL-22.52 Qi et al. sug-
gested that IL-22 may enhance adenosine monophosphate 
kinase and reduce the inflammatory state of macrophages 
by activating signal transducer and activator of transcription. 

[page 334]                                               [Italian Journal of Medicine 2025; 19:2023]

Article



Mechanistic insight into the treatment of ovarian dysfunc-
tion is provided by the change in local inflammation brought 
on by IL-22. 

IL-22, a constituent of the IL-10 family, has been thor-
oughly documented for its involvement in mitigating meta-
bolic disorders. It has been demonstrated to enhance insulin 
sensitivity in cases of obesity by safeguarding β cells of the 
pancreatic gland from programmed cell death and facilitating 
the browning of peripheral white adipose tissue. Furthermore, 
the levels of IL-22 in serum have been interrelated with obe-
sity; however, the findings from various studies have been in-
congruous.52 As a result, research on the role of IL-22 has 
stimulated interest in endocrine metabolic diseases.53 Signif-
icantly, the widespread persistent presence of elevated levels 
of circulating cytokines in PCOS has led to multiple studies 
suggesting that IL-22 can alleviate the illness by increasing 
systemic inflammation levels and decreasing insulin resist-
ance.54,55 Our research team has previously shown that IL-22 
treatment in many PCOS mouse models alleviated insulin re-
sistance and enhanced ovarian function.52 Nonetheless, the di-
rect influence of IL-22 on the ovary and its efficacy in treating 
non-metabolic PCOS patients remains ambiguous. 

PCOS exhibits significant heterogeneity and includes 
multiple subgroups. Approximately 21-23% of women with 
PCOS predominantly exhibit ovarian dysfunction without as-
sociated metabolic problems, for whom current therapies are 
limited and non-specific. A prior study identified IL-22 as a 
component that facilitates the initiation of browning in white 
adipose tissue intensifies insulin resistance in polycystic ovary 
syndrome.21 However, all PCOS models utilized in earlier re-
search exhibited considerable metabolic disorders and do not 
indicate that IL-22 has the potential to improve the reproduc-
tive phenotype in non-metabolic PCOS patients.56 This un-
derscores the difficulties in creating non-metabolic PCOS 
models, complicating the development of a strategy that guar-
antees PCOS mice exhibit no metabolic symptoms. Certain 
research suggests the letrozole-induced polycystic ovary syn-
drome model may demonstrate a reproductive phenotype akin 
to PCOS without the presence of insulin resistance; however, 
the results seem ambiguous, as this model reveals contradic-
tory metabolic traits.57,58 Consequently, there is an immediate 
necessity for a dependable model of non-metabolic PCOS to 
examine the role of IL-22 on ovarian physiological function 
of ovarian activity within this framework. 

An ROC curve analysis was conducted to assess the pre-
dicted capacity of PCOS. Adipisin was recognized as the most 
efficacious diagnostic parameter for PCOS (AUC=0.8518), 
demonstrating a sensitivity of 81% and a specificity of 97%. 
This was followed by lipocalin-2 (AUC=0. 8108), angiopoi-
etin-2 (AUC=0. 7476), and IL-22 (AUC=0. 7476). Both 
lipocalin-2 and adipisin displayed superior diagnostic capacity 
for PCOS (AUC=0.8518 and AUC=0.8103, respectively), 
while angiopoietin-2 and IL-22 showed some diagnostic value 
for PCOS (AUC=0.7476 and AUC=0.7340, respectively). 
Notably, the combined diagnostic application of proinflam-
matory factors and adipokines enhanced the diagnostic accu-
racy for PCOS. 

The Pearson correlation analysis indicated a substantial 
positive association among the studied parameters. Alter-
ations in adipocyte activity influence the secretion of 
adipokines, proinflammatory substances originating from 
adipose tissue that elevate the risk of low-grade inflamma-
tion. The hormonal dysregulations linked to PCOS result in 

a persistent inflammatory response. The interaction between 
the ovarian microenvironment and visceral adipocytes may 
be influenced by circulating immune cells and inflammatory 
cytokines. The management of standard follicular matura-
tion and ovulation is overseen by a precisely orchestrated 
inflammatory mechanism, which is perturbed in PCOS. 
Granulosa cells’ production of inflammasome complexes is 
evidence of the inflammatory disruption linked to PCOS. As 
a result, it persists as an independent yet unverified hypoth-
esis that immunological dysfunction directly leads to ovu-
latory failure. 

 
 

Conclusions 
This study discovered that patients with PCOS had ele-

vated levels of all proinflammatory factors and adipokines 
compared to healthy women, indicating possible associa-
tions between these molecules and PCOS. Additionally, 
lipocalin-2, adipsin, angiopoietin-2, and IL-22 may serve as 
novel diagnostic biomarkers for PCOS. These results em-
phasize the possible contributions of proinflammatory ele-
ments and adipokines in PCOS and its associated metabolic 
alterations. However, additional investigation is required to 
thoroughly understand their mechanisms and implications 
in clinical practice. 

 
 

References 
  1. Bhattacharya K, Sengupta P, Dutta S, et al. Waist-to-

height ratio and BMI as predictive markers for insulin re-
sistance in women with PCOS in Kolkata, India. 
Endocrine 2021;72:86-95. 

  2. Bhattacharya K, Saha I, Sen D, et al. Role of anti-Mul-
lerian hormone in polycystic ovary syndrome. Middle 
East Fertil Soc J. 2022;27:32. 

  3. Azziz R, Carmina E, Dewailly D, et al. The Androgen Ex-
cess and PCOS Society criteria for the polycystic ovary 
syndrome: the complete task force report. Fertil Steril 
2009;91:456-88. 

  4. Escobar-Morreale HF. Polycystic ovary syndrome: defi-
nition, aetiology, diagnosis and treatment. Nat Rev En-
docrinol 2018;14:270-84. 

  5. Wu H, Yu K, Yang Z. Associations between TNF-α and 
interleukin gene polymorphisms with polycystic ovary 
syndrome risk: a systematic review and meta-analysis. J 
Assist Reprod Genet 2015;32:625-34. 

  6. Tilg H, Moschen AR. Inflammatory mechanisms in the 
regulation of insulin resistance. Mol Med 2008;14: 
222-31. 

  7. Chait A, Den Hartigh LJ. Adipose tissue distribution, in-
flammation and its metabolic consequences, including di-
abetes and cardiovascular disease. Front Cardiovasc Med 
2020;7:522637. 

  8. Gregor MF, Hotamisligil GS. Inflammatory mechanisms 
in obesity. Annu Rev Immunol 2011;29:415-45. 

  9. Lecke SB, Morsch D, Spritzer PM. Circulating levels and 
subcutaneous adipose tissue gene expression of pigment 
epithelium-derived factor in polycystic ovary syndrome 
and normal women: a case control study. Reprod Biol En-
docrinol 2013;11:77. 

10. Sathyapalan T, Atkin SL. Mediators of inflammation in 

                                                                [Italian Journal of Medicine 2025; 19:2023] [page 335]

Article



polycystic ovary syndrome in relation to adiposity. Me-
diators Inflamm 2010;2010:758656. 

11. Tal R, Seifer DB, Arici A. The emerging role of angio-
genic factor dysregulation in the pathogenesis of polycys-
tic ovarian syndrome. Semin Reprod Med 2015;33: 
195-297. 

12. Scholz A, Plate KH, Reiss Y. Angiopoietin-2: a multifac-
eted cytokine that functions in both angiogenesis and in-
flammation. Ann N Y Acad Sci 2015;1347:45-51. 

13. Hayashi K-G, Acosta TJ, Tetsuka M, et al. Involvement 
of angiopoietin-tie system in bovine follicular develop-
ment and atresia: messenger RNA expression in theca in-
terna and effect on steroid secretion. Biol Reprod 
2003;69:2078-84. 

14. Nishigaki A, Okada H, Tsuzuki T, et al. Angiopoietin 1 
and angiopoietin 2 in follicular fluid of women undergo-
ing a long protocol. Fertil Steril 2011;96:1378-83. 

15. Abramovich D, Irusta G, Bas D, et al. Angiopoietins/TIE2 
system and VEGF are involved in ovarian function in a 
DHEA rat model of polycystic ovary syndrome. En-
docrinology 2012;153:3446-56. 

16. Liu Z, Liu C, Hao C, et al. Aberrant expression of an-
giopoietin-like proteins 1 and 2 in cumulus cells is poten-
tially associated with impaired oocyte developmental 
competence in polycystic ovary syndrome. Gynecol En-
docrinol 2016;32:557-61. 

17. Tal R, Seifer DB, Grazi RV, Malter HE. Angiopoietin-1 
and angiopoietin-2 are altered in polycystic ovarian syn-
drome (PCOS) during controlled ovarian stimulation. 
Vascular Cell 2013;5:18. 

18. Esteve E, Ricart W, Fernández-Real JM. Adipocytokines 
and insulin resistance: the possible role of lipocalin-2, 
retinol binding protein-4, and adiponectin. Diabetes Care 
2009;32:S362-7. 

19. Panidis D, Tziomalos K, Koiou E, et al. The effects of 
obesity and polycystic ovary syndrome on serum 
lipocalin-2 levels: a cross-sectional study. Reprod Biol 
Endocrinol 2010;8:151. 

20. Gencer M, Gazi E, Hacıvelioğlu S, et al. The relationship 
between subclinical cardiovascular disease and lipocalin-
2 levels in women with PCOS. Eur J Obstet Gynecol Re-
prod Biol 2014;181:99-103. 

21. Cakal E, Ozkaya M, Engin-Ustun Y, Ustun Y. Serum 
lipocalin-2 as an insulin resistance marker in patients with 
polycystic ovary syndrome. J Endocrinol Invest 2011; 
34:97-100. 

22. Yan Q-W, Yang Q, Mody N, et al. The adipokine lipocalin 
2 is regulated by obesity and promotes insulin resistance. 
Diabetes 2007;56:2533-40. 

23. Kahal H, Aburima A, Ungvari T, et al. The effects of treat-
ment with liraglutide on atherothrombotic risk in obese 
young women with polycystic ovary syndrome and con-
trols. BMC Endocr Disord 2015;15:14. 

24. Koiou E, Tziomalos K, Katsikis I, et al. Weight loss sig-
nificantly reduces serum lipocalin-2 levels in overweight 
and obese women with polycystic ovary syndrome. Gy-
necol Endocrinol 2012;28:20-4. 

25. Guo H, Zhang Y, Brockman DA, et al. Lipocalin 2 defi-
ciency alters estradiol production and estrogen receptor 
signaling in female mice. Endocrinology 2012;153: 
1183-93. 

26. Martínez-García MA, Montes-Nieto R, Fernandez-Duran 
E, et al. Evidence for masculinization of adipokine gene 

expression in visceral and subcutaneous adipose tissue of 
obese women with polycystic ovary syndrome (PCOS). 
J Clin Endocrinol Metab 2013;98:E388-96. 

27. Nantermet PV, Xu J, Yu Y, et al. Identification of genetic 
pathways activated by the androgen receptor during the 
induction of proliferation in the ventral prostate gland. J 
Biol Chem 2004;279:1310-22. 

28. Hu L, Shen H, Wu Q, et al. Treatment of polycystic ovar-
ian syndrome with insulin resistance by insulin-sensitizer. 
Clin Exp Obstet Gynecol 2014;41:288-92. 

29. Diamanti-Kandarakis E, Livadas S, Kandarakis SA, et al. 
Serum concentrations of atherogenic proteins neutrophil 
gelatinase-associated lipocalin and its complex with ma-
trix metalloproteinase-9 are significantly lower in women 
with polycystic ovary syndrome: hint of a protective 
mechanism? Eur J Endocrinol 2008;158:525-31. 

30. Yilmaz Ö, Temur M, Calan M, et al. The relationship be-
tween lipocalin-2 and free testosterone levels in polycys-
tic ovary syndrome. Endokrynol Pol 2017;68:7-12. 

31. Saleh FL, Starkman H, Furness A, et al. Polycystic ovary 
syndrome in adolescents. Obstet Gynecol Clin North Am 
2024;51:679-93. 

32. Duleba AJ, Dokras A. Is PCOS an inflammatory process? 
Fertil Steril 2012;97:7-12. 

33. Burgert TS, Paprocki E. PCOS and common androgen 
abnormalities in adolescents. NASPAG Essentials of Pe-
diatric & Adolescent Gynecology 2025:190-204. 

34. Ibáñez L, de Zegher F. Adolescent PCOS: a postpubertal 
central obesity syndrome. Trends Mol Med 2023;29: 
354-63. 

35. Ibáñez L, Oberfield SE, Witchel S, et al. An international 
consortium update: pathophysiology, diagnosis, and treat-
ment of polycystic ovarian syndrome in adolescence. 
Horm Res Paediatr 2017;88:371-95. 

36. Milek M, Moulla Y, Kern M, et al. Adipsin serum con-
centrations and adipose tissue expression in people with 
obesity and type 2 diabetes. Int J Mol Sci 2022;23:2222. 

37. White RT, Damm D, Hancock N, et al. Human adipsin is 
identical to complement factor D and is expressed at high 
levels in adipose tissue. J Biol Chem 1992;267:9210-3. 

38. Hertle E, Van Greevenbroek M, Stehouwer C. Comple-
ment C3: an emerging risk factor in cardiometabolic dis-
ease. Diabetologia 2012;55:881-4. 

39. Spritzer PM, Lecke SB, Satler F, Morsch DM. Adipose 
tissue dysfunction, adipokines, and low-grade chronic in-
flammation in polycystic ovary syndrome. Reproduction 
2015;149:R219-27. 

40. Diamanti-Kandarakis E, Dunaif A. Insulin resistance and 
the polycystic ovary syndrome revisited: an update on 
mechanisms and implications. Endocr Rev 2012;33:981-
1030. 

41. Peake P, O’Grady S, Pussell B, Charlesworth J. Detection 
and quantification of the control proteins of the alternative 
pathway of complement in 3T3-L1 adipocytes. Eur J Clin 
Invest 1997;27:922-7. 

42. Chedraui P, Pérez-López FR, Escobar GS, et al. Circulat-
ing leptin, resistin, adiponectin, visfatin, adipsin and ghre-
lin levels and insulin resistance in postmenopausal 
women with and without the metabolic syndrome. Matu-
ritas 2014;79:86-90. 

43. Derosa G, Fogari E, D’Angelo A, et al. Adipocytokine 
levels in obese and non-obese subjects: an observational 
study. Inflammation 2013;36:914-20. 

[page 336]                                               [Italian Journal of Medicine 2025; 19:2023]

Article



44. Sivakumar K, Bari MF, Adaikalakoteswari A, et al. Ele-
vated fetal adipsin/acylation-stimulating protein (ASP) in 
obese pregnancy: novel placental secretion via Hofbauer 
cells. J Clin Endocrinol Metab 2013;98:4113-22. 

45. Stepto NK, Cassar S, Joham AE, et al. Women with poly-
cystic ovary syndrome have intrinsic insulin resistance on 
euglycaemic–hyperinsulaemic clamp. Human Reprod 
2013;28:777-84. 

46. Rudnicka E, Kunicki M, Suchta K, et al. Inflammatory 
markers in women with polycystic ovary syndrome. Bio-
med Res Int 2020;2020:4092470. 

47. Rajendiran L, Nandeesha H, Chitra T. Reduced angiopoi-
etin-2 as a predictive biomarker for clomiphene citrate re-
sistance in polycystic ovary syndrome. J Human Reprod 
Sci 2021;14:144-8. 

48. Wang L, Qi H, Baker PN, et al. Altered circulating in-
flammatory cytokines are associated with anovulatory 
polycystic ovary syndrome (PCOS) women resistant to 
clomiphene citrate treatment. Med Sci Monit 2017;23: 
1083-9. 

49. Escobar-Morreale HcF, Botella-Carretero JI, Villuendas 
G, et al. Serum interleukin-18 concentrations are in-
creased in the polycystic ovary syndrome: relationship to 
insulin resistance and to obesity. J Clin Endocrino Metab 
2004;89:806-11. 

50. Khan D, Ansar Ahmed S. The immune system is a natural 
target for estrogen action: opposing effects of estrogen in 
two prototypical autoimmune diseases. Front Immunol 
2016;6:635. 

51. Petríková J, Lazúrová I, Yehuda S. Polycystic ovary syn-
drome and autoimmunity. Eur J Intern Med 2010;21: 
369-71. 

52. Qi X, Yun C, Sun L, et al. Gut microbiota–bile acid–in-
terleukin-22 axis orchestrates polycystic ovary syndrome. 
Nat Med 2019;25:1225-33. 

53. Dalmas E, Donath MY. A role for interleukin-22 in the al-
leviation of metabolic syndrome. Nat Med 2014;20: 
1379-81. 

54. Qi X, Yun C, Liao B, et al. The therapeutic effect of in-
terleukin-22 in high androgen-induced polycystic ovary 
syndrome. J Endocrinol 2020;245:281-9. 

55. Gao Z, Wang G, Ma X, et al. Troxerutin attenuates insulin 
resistance via pancreatic IL-22/JAK1/STAT3 signaling 
activation in dihydrotestosterone-induced polycystic 
ovary syndrome rats. Am J Physiol Endocrinol Metab 
2022;323:E405-17. 

56. Stener-Victorin E, Padmanabhan V, Walters KA, et al. An-
imal models to understand the etiology and pathophysi-
ology of polycystic ovary syndrome. Endocr Rev 2020; 
41:bnaa010. 

57. Corrie L, Gulati M, Singh SK, et al. Recent updates on 
animal models for understanding the etiopathogenesis of 
polycystic ovarian syndrome. Life Sciences 2021;280: 
119753. 

58. van Houten ELA, Kramer P, McLuskey A, et al. Repro-
ductive and metabolic phenotype of a mouse model of 
PCOS. Endocrinology 2012;153:2861-9.

                                                                [Italian Journal of Medicine 2025; 19:2023] [page 337]

Article

Online supplementary material: 
Supplementary Table 1. Mean concentration of adipokines in serum samples from control and patient groups. 
Supplementary Table 2. Serum proinflammatory factors concentration comparison between the patient and control groups. 
Supplementary Figure 1. Receiver operating characteristic curve results of serum lipocalin-2. 
Supplementary Figure 2. Receiver operating characteristic curve results of serum adipisin. 
Supplementary Figure 3. Receiver operating characteristic curve results of serum angiopoietin-2. 
Supplementary Figure 4. Receiver operating characteristic curve results of serum interleukin-22. 
Supplementary Figure 5. A scatterplot shows the relationship between lipocalin-2  to adipsin in the polycystic ovarian syndrome group. 
Supplementary Figure 6. A scatterplot shows the relationship between lipocalin-2 and interleukin-22 in the polycystic ovarian syndrome group. 
Supplementary Figure 7. A scatterplot shows the relationship between lipocalin-2 and angiopoietin-2 in the polycystic ovarian syndrome group. 
Supplementary Figure 8. A scatterplot shows the relationship between angiopoietin-2 and interleukin-22 in in the polycystic ovarian syndrome 

group. 
Supplementary Figure 9. A scatterplot shows the relationship between angiopoietin-2 and adipsin in the polycystic ovarian syndrome group.


