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Polycystic ovary syndrome (PCOS) is one of the most common endocrine disorders affecting approximately 10% of adolescent women. According to literature data, in the case of coexistence of obesity and PCOS, menstrual cycle disorders are much more common. One of the probable reasons is the activity of adipose tissue, which secretes many types of adipokines that may have a negative impact on hormonal and metabolic functions. This article reviews the literature on the role of adipokines in the etiopathogenesis of PCOS in adolescent girls. The literature base consisted of published articles - clinical trials, meta-analyses, reviews and systematic reviews. The databases - PubMed, ScienceDirect, EMBASE were searched.
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Introduction

Adipose tissue (AT) synthesizes and secretes many biologically active proteins adipokines with autocrine, paracrine, and endocrine properties. AT is traditionally classified into white adipose tissue (WAT), and brown adipose tissue (BAT), with WAT constituting approximately 95% of total AT mass. WAT itself is further divided into subcutaneous adipose tissue (SAT) and visceral adipose tissue (VAT), which differ in anatomical location, metabolic activity, and secretory profile. SAT, located beneath the skin, is the predominant source of leptin and adiponectin, which are adipokines with anti-inflammatory properties and insulin-sensitizing effects. In contrast, VAT, situated around internal organs, displays higher lipolytic activity and greater secretion of pro-inflammatory adipokines such as tumor necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6), contributing to insulin resistance and an increased risk of cardiometabolic diseases. BAT, which constitutes about 2% of total AT, is specialized in thermogenesis and secretes batokines that enhance energy expenditure and improve insulin sensitivity. The distinct endocrine profiles of these adipose depots underscore their differential contribution to systemic metabolic regulation and are of particular relevance to the pathophysiology of polycystic ovary syndrome (1, 2).

Overweight and obesity among adolescents is an epidemically growing problem, the effects of which are reflected in adulthood. Data show that over the past 30 years, there has been a twofold increase in the prevalence of obesity among children and a fourfold increase among adolescents. During adolescence, obesity may be an early indication of hypothalamic-pituitary-ovarian axis dysfunction and ultimately lead to abnormal ovarian function in reproductive age, in the form of menstrual disorders (oligomenorrhea, amenorrhea, heavy menstrual bleeding), PCOS, infertility and endometrial abnormalities - endometrial polyps, proliferation with/without atypia of the endometrium and endometrial carcinoma (3, 4).

PCOS is one of the most common endocrinopathies, affecting approximately 10% of the girl population. The heterogeneity of symptoms, endocrine and metabolic abnormalities in this disease entity, makes it very difficult to establish the aetiopathogenesis of PCOS (5).

There is a complex relationship between PCOS and obesity. Obesity in PCOS, not only results in an exacerbation in the clinical symptoms of the syndrome, but also leads to metabolic disorders. The literature reports that in the population of women with obesity, the prevalence of PCOS increases to approximately 30% (6–8). Wood et al. in their review of the literature, confirm the connection between obesity and PCOS - up to 84% of PCOS patients are thought to be obese (2). Christensen et al. conducted a study involving 137,502 adolescent girls aged 15–19 years. The results show that the prevalence of PCOS according to the National Institutes of Health (NIH) criteria was approximately 3.0, 6.7, and 14.7 times higher in girls with overweight, moderate obesity, and extreme obesity, respectively. Furthermore, it was observed that adolescent girls with PCOS were more likely to be obese than their healthy peers (63.1% vs. 16.5%) (9).

Girls with obesity and polycystic ovary syndrome are significantly more likely to have heavy menstrual bleeding and iron deficiency anemia as a result of higher blood serum estrogen concentrations and endometrial hyperplasia, as well as increased clinical signs of hyperandrogenism, higher total and free testosterone levels, lower sex hormone binding globulin (SHBG) levels and compensatory hyperinsulinemia with insulin resistance (2).

In the literature, we find data that patients with obesity and PCOS are more likely to have menstrual cycle disorders compared to normal weight patients. Additionally, in PCOS, central obesity is usually observed, which is associated with a higher risk of insulin resistance and hyperandrogenemia (2, 7, 10). Furthermore, obesity is an independent risk factor for endocrine disruption: elevated blood serum total testosterone and insulin levels and reduced SHBG concentration levels (2, 7, 10).

In the past, adipose tissue was perceived solely as an energy reservoir, but numerous studies have shown that it is a source of numerous substances that affect metabolic processes, constituting an axial disorder in type 2 diabetes, metabolic syndrome or PCOS (1). Abnormal adipokines secretion as a result of inflammation within the adipose tissue may significantly contribute to endocrine and metabolic abnormalities in PCOS (11, 12). Adipokines play an important role in the aetiopathogenesis of PCOS and their exact part remains unclear and requires further research.

The aim of this review is to determine the role of adipokines in the aetiopathogenesis and clinical picture of PCOS in adolescent girls. English-language publications were included by searching the database - PubMed, ScienceDirect, EMBASE, using the terms - adolescent girls, PCOS, adipokines, leptin, adiponectin, resistin, apelin, vaspin, visfatin, ghrelin, omentin, obesity, insulin resistance, metabolic syndrome.





Leptin

Leptin is the best-studied adipokine, discovered in 1994 by cloning the obesity gene in mice. It is a 16 kDa protein hormone, encoded by the OB gene on chromosome 7, and is mainly produced by differentiated adipocytes. Leptin receptors are located in the central nervous system - the hypothalamus, the choroid plexus of the brain and in peripheral tissues such as the ovary, placenta, adrenal glands and thyroid gland (13, 14).

Leptin concentration changes according to circadian rhythm, reaching a maximum between 10 p.m. and 3 a.m., which is related to its effect on the satiety and hunger center in the hypothalamus. It inhibits appetite by reducing the synthesis of neuropeptide Y. Due to its properties, it is often referred to as an anorexigenic hormone or satiety hormone. Moreover, its concentration increases with fat mass and changes during the menstrual cycle - with a peak during the luteal phase (15, 16).

Leptin directly affects gonadoliberin (GnRH) release, gonadotropin secretion (increases follitropin (FSH), lutropin (LH), thyrotropin (TSH) production and release, inhibits somatotropin (GH) and adrenocorticotropic hormone (ACTH) production and ovarian steroidogenesis. Literature reports support the relation of hypoleptinemia with female infertility and delayed puberty. In addition, leptin is involved in other reproductive functions: lactation, folliculogenesis, oocyte growth and maturation. In hepatocytes, it enhances the inhibitory effect of insulin on hepatic gluconeogenesis, and in pancreatic beta cells, it inhibits insulin secretion (17).

In a study by Kale-Gurbuza et al. (2013) 38 adolescent girls with obesity, 17 of whom were diagnosed with PCOS were examined. Leptin and ghrelin levels were similar in the group of girls with obesity and PCOS and the control group with obesity alone. According to this study, leptin positively correlates with body mass index (BMI), oestradiol and TSH levels. Also, a metanalysis by Li et al. (2017) showed that, compared to normal-weight adolescents with PCOS, a group of adolescents with obesity and PCOS had significantly lower levels of SHBG and HDL-C and significantly higher levels of triglycerides, leptin, fasting insulin, LDL-C and free testosterone (13, 18).

Interestingly, an article by Y Al-Taee et al. (2022) showed that elevated leptin and prolactin levels in women with PCOS modify immune mechanisms in these women (19).

Zukauskaite et al. in their study showed higher levels of leptin in adolescents with hyperandrogenism compared to the control group, which may indicate the potential involvement of this adipokine in the development of PCOS (20).





Adiponectin

Adiponectin is a polypeptide hormone secreted by adipose tissue. Its synthesis is stimulated by: insulin, PPAR-γ receptor agonists, and inhibited by: TNF-α and PPAR-α receptor agonists (21).

In obesity, there is a reduced production of adiponectin (which enhances the proinflammatory effects of TNF-α), while its concentration increases with decreasing body weight. We find reports in the literature that adiponectin concentrations may decrease during puberty (22).

Adiponectin has antidiabetic properties - it increases insulin sensitivity by inhibiting hepatic gluconeogenesis and increasing glucose consumption in muscles (21, 23). In addition, as a result of increased fatty acid oxidation, it exerts an antiatherosclerotic effect and has a beneficial effect on lipid metabolism - lowering fatty acid and triglyceride concentrations in the blood. Many studies suggest that adiponectin levels are positively correlated with HDL fraction cholesterol levels, and negatively correlated with fasting blood glucose, blood pressure, insulinemia, LDL fraction cholesterol and triglyceride levels (24–26).

A higher concentration of adiponectin is observed in women than in men. Estradiol positively correlates with adiponectin levels and stimulates the expression of its receptors, whereas testosterone has the opposite effect. The results of studies conducted by Spranger et al. showed a negative correlation between adiponectin and testosterone in patients with PCOS (27). Moreover, Comim et al. demonstrated that a reduction in the expression of adiponectin receptors—AdipoR1 and AdipoR2—leads to an increased synthesis of androstenedione by ovarian theca cells, suggesting the involvement of adiponectin in the etiopathogenesis of hyperandrogenism in PCOS (28).

Riestra et al. demonstrate that adiponectin levels in adolescent girls are positively correlated with SHBG levels and negatively correlated with free androgen index. The authors suggest that this association is independent of BMI values and body fat mass (29). Adiponectin has also been shown to inhibit the release of LH and GH, without affecting FSH levels, and has an effect on ovarian steroidogenesis (30). Furthermore, adiponectin is negatively correlated with the insulin resistance index in adolescent girls with PCOS (31).

Moreover, adiponectin concentrations are lower in a group of adolescent girls with obesity and PCOS compared to a group of normal-weight girls with PCOS (32). Yasar et al. suggest that the concentration of the studied adipokine is significantly lower among adolescent girls with PCOS compared to controls, but is independent of BMI (33). Data in the literature are divergent, and the exact dependence of adiponectin levels in PCOS in adolescent girls requires further study (32, 33).

Cekmez et al. in their study, observed significantly reduced adiponectin levels in a group of girls with obesity PCOS and elevated values of the insulin resistance index, HOMA-IR, compared to girls without PCOS (12). Toulis and Yilmaz observed hypoadiponectinemia among mature women with PCOS, both in the normal weight and abnormal BMI groups, and reduced levels of the studied adipokine are likely to be associated with insulin resistance among patients with PCOS. Many researchers suggest that hypoadiponectinemia is an important factor linking obesity, insulin resistance and PCOS (34, 35). The results of several studies support the hypothesis that impaired adiponectin secretion by adipose tissue, combined with insulin resistance, plays an important role in the early development of PCOS among adolescent girls with obesity, and that hypoadiponectinemia may be a new biomarker of insulin sensitivity (12).

A different view is presented by Pinkas-Himel, claiming that reduced adiponectin concentrations only in a group of girls with obesity and PCOS, excludes the involvement of this adipokine in the aetiopathogenesis of PCOS, and that its concentration inversely correlates with BMI and leptin and insulin concentrations (32). A similar view is presented by Kale-Gurbuz, who draws the conclusion that PCOS is not a factor influencing adiponectin concentrations in girls with obesity (13).

Güven on the basis of her study believes that hypoadiponectinemia in girls with obesity and PCOS may be a risk factor for cardiovascular diseases - dyslipidemia, hypertension, insulin resistance (36).

We find few data in the literature identifying an association between adiponectin and PCOS in normal-weight women/teenagers. A case-control study by Mirza et al. (2014) involving normal-weight women (BMI<23) aged 16–35 years with PCOS showed that adiponectin may be an independent diagnostic marker for PCOS in young normal-weight patients with less severe clinical symptoms of the syndrome or in a group of women with a positive family history of PCOS, as its levels are independently associated with PCOS (37).





Omentin

Omentin, another of the adipokines, was discovered in 2005 and exists in the form of two isoforms, omentin-1 (interlectin-1) and omentin-2. The omentin gene is located on chromosome 1q22-q23, being expressed primarily in visceral adipose tissue stromal cells, as well as in intestinal Paneth cells, endothelial cells, macrophages, fibroblasts and epicardium (38).

Omentin exhibits anti-inflammatory effects and sensitises tissues to insulin action, and its reduced levels are a risk factor for metabolic diseases. According to the literature, insulin resistance is the primary metabolic disorder in women with PCOS, independent of the patients’ BMI (39, 40).

Data in the literature on the relationship of omentin with PCOS in adolescent girls are very limited. We find only one publication in the literature for this age group. A study involving 41 girls with obesity and PCOS showed lower omentin-1 levels in adolescent girls with obesity and PCOS compared to girls with obesity but without PCOS, as well as a negative correlation with free testosterone levels. However, the relationship between omentin-1 and the HOMA-IR index was not proven (41). The results obtained are consistent with data in the literature - Choi et al. also observed reduced omentin-1 levels in women with PCOS, regardless of BMI (42). However, a number of studies show a negative correlation of the investigated adipokine with HOMA-IR, indicating the need for further research in this age group (40, 43, 44). Previous findings suggest that a variable adipokine profile, including a decrease in omentin-1 levels in PCOS patients, may be a consequence of hyperandrogenism (41).





Vaspin

Vaspin (VASP) is a relatively new adipokine discovered in 2005. It is encoded by the SERPINA12 gene, located on the long arm of chromosome 14, and is associated with the development of insulin resistance, obesity and inflammation. Interestingly, its expression has been found not only in visceral and subcutaneous adipose tissue, but also in the skin, liver, pancreas, placenta, stomach, cerebrospinal fluid, hypothalamus and ovaries (45).

VASP is assumed to have a hypoglycemic effect and to increase tissue insulin sensitivity, although the molecular mechanisms of its action are not well understood (45). Based on a study of 89 children, Gajewska et al. suggest that polymorphisms of the rs2236242 gene encoding vaspin affect body composition and lipid profile in prepubertal children, which may affect the risk of obesity and related diseases in the future (46). In addition to functions characteristic for other adipokines, such as regulation of proliferation, apoptosis or angiogenesis processes, it also influences preadipocyte differentiation, steroid synthesis, oocyte maturation and corpus luteum formation (45).

Despite the abundance of data, we find few papers in the literature on VASP expression in adipose tissue and blood serum concentrations of this adipokine in children with obesity and in a group of girls with PCOS. The results of studies in this age group are very divergent.

Cekmez et al. analyzing VASP concentrations in a group of 48 obese, adolescent girls with PCOS found that the average vaspin concentration in this group was higher than in the adolescents in the control group, but the difference was not statistically significant. All other studies referred overwhelmingly to girls with obesity and overweight, fatty liver and carbohydrate metabolism disorders (12).

Özkan et al. published a paper in 2022 investigating adipokine levels and their correlation with the degree of hepatic steatosis in children with overweight and overweight. 81 children with a BMI above the 95th percentile were recruited into the study group, while 32 normal-weight children were recruited into the control group. In conclusion, it was found that VASP levels in children with hepatic steatosis and elevated BMI were lower than in children in the control group. Furthermore, a positive correlation between HDL and vaspin levels was noted. However, there was no significant change in VASP levels depending on the degree of hepatic steatosis in the affected children (47). Reinherr and Roth, on the other hand, include vaspin as a pro-inflammatory cytokine that is associated with insulin resistance and metabolic syndrome (MS) in children, which contradicts the results of the aforementioned study (48). Buyukinan et al. in a study involving 47 children with obesity and metabolic syndrome (MS) also observed higher levels of VASP in the study group and its strong correlation with high CRP values (49). Similar conclusions were also reached by Salama et al. (50). This may support the view that this adipokine in children with metabolic syndrome (MS) contributes to increased inflammatory markers and may precede the onset of abnormal glucose metabolism. Also, Zlatkina, in her 2016 paper, concludes that increased blood serum VASP levels may precede changes in insulin levels in children, and that monitoring of VASP levels may allow a group at high risk of developing metabolic disease and hypertension in the future to be more quickly identified (51). These observations are corroborated by a large Korean study of 168 overweight boys and 176 overweight girls. It proved that VASP concentrations in the overweight group of children were significantly higher than in the normal-weight group, while showing a positive correlation with body weight, BMI and diastolic blood pressure (52). Suleymanoglu et al. additionally showed the same correlation with BMI, triglyceride levels, insulin and HOMA-IR. However, a negative correlation with adiponectin and fasting glucose/insulin ratio was reported (53).

The studies by Körner et al. and Martos-Moreno do not fully confirm the above results. Körner et al. marked blood serum VASP levels in 67 children with obesity. The control group included 65 normal-weight children. In this study, there was no correlation between blood VASP concentrations and BMI found. However, significantly higher blood serum vaspin concentrations were found in girls compared to boys. Girls with obesity had significantly lower blood VASP concentrations compared to normal-weight girls, which is in considerable contradiction with the analysis of the previously cited studies. It is also worth mentioning that an increase in VASP concentrations with age and stage of sexual maturation was observed in girls (54, 55).

Similar findings were reached by Martos-Moreno et al. who assessed blood serum VASP concentrations in 100 prepubertal children. They also observed no differences in blood vaspin concentrations between the group of children with obesity and normal-weight. Interestingly, even weight reduction measured by BMI and body fat reduction estimated by DEXA did not result in changes in blood VASP concentrations in these children (55). These results are in contrast to another study on a group of 50 children with overweight and obesity, in whom already a short-term lifestyle modification resulted in a significant decrease in blood serum VASP concentration and an improvement in insulin sensitivity expressed by a decrease in HOMA- IR (56).

The number of publications and scientific studies on vaspin and its effects on the metabolism of children and, in particular, the metabolism of girls during puberty is severely limited. The conclusions drawn from the literature analysis are also ambiguous, as the results of individual studies often contradict each other. Nevertheless, the effects of VASP on carbohydrate metabolism, insulin sensitivity or oocyte maturation seem to be indisputable, and all the metabolic abnormalities mentioned are closely related to PCOS and underlie this disease.





Resistin

Resistin was first detected in rodents and was initially known as a hormone secreted by adipocytes, which is associated with obesity and insulin resistance. Recent data indicate that in humans, it is mainly produced and secreted by peripheral blood mononuclear cells (PBMC), being a mediator of numerous inflammatory processes. Resistin increases the expression of proinflammatory cytokines such as TNF-α, IL-6, IL-12 and monocyte chemotactic protein (MCP1) and acts by interacting with Toll-like receptor 4 (TLR4) in human myeloid and epithelial cells. This relationship is highly relevant as it links resistin to inflammation and possibly to insulin resistance, making it of interest in studies related to metabolic disorders such as diabetes and obesity. Currently, both obesity and type 2 diabetes mellitus (T2DM) and cardiovascular diseases (CVD) have been recognized as chronic inflammatory diseases that are most likely linked to the action of cytokines and adipokines, including resistin (57–59).

Numerous studies indicate that increased resistin levels are positively correlated with the development of insulin resistance, diabetes and cardiovascular diseases such as dyslipidemia, atherosclerosis and hypertension. Its elevated concentrations are also observed in non-alcoholic fatty liver disease (NAFLD) and inflammatory conditions of this organ (57–59).

The role of resistin in the pathophysiology of PCOS is widely debated, but the literature does not provide conclusive evidence for its significant role in the development of this endocrinopathy. Some authors have studied blood serum resistin levels in patients with PCOS, but the results of these studies so far remain contradictory (59). In 2021, Raeisi et al. in order to clarify the discrepancies regarding resistin and follistatin levels in women with PCOS conducted a meta-analysis of the scientific literature on the subject matter. Thirty-eight publications covering a total of 2424 cases of patients with PCOS and 1906 patients in control groups were included in the study. It was unequivocally found that resistin levels were significantly higher in patients with PCOS compared to the control group, irrespective of BMI, suggesting that this adipokine may play an important role in the pathogenesis of PCOS (60). Subsequent papers published after this meta-analysis seem to mostly confirm the above conclusions (61, 62).

Data on the role of resistin in the context of PCOS development in adolescent girls are limited. Sartori et al. in 2016 did not find a single paper investigating the effect of resistin on sexual development during adolescence.

In the scientific literature, we find 2 publications linking PCOS in adolescent girls to the adipokine in question. Güven et al. published a study in 2010 that included 22 adolescent girls with PCOS and 16 adolescents without PCOS as controls. The aim of their study was to assess fasting and glucose-loaded blood serum adiponectin and resistin levels and their impact on CVD risk in adolescents with PCOS. Numerous indices of insulin resistance were also calculated, such as HOMA-IR, insulin sensitivity index (QUICKI), fasting glucose-to-insulin ratio (FGIR) and whole-body insulin sensitivity index (ISI). Unfortunately, no correlation between resistin levels and indices of insulin resistance was found in the conducted study (36).

Two years earlier, Bideci et al. also sought to assess resistin levels in adolescent female patients with PCOS and determine its potential correlations with hormonal and metabolic features of the condition. The study included 16 girls with obesity and 12 normal-weight girls with PCOS and 19 adolescent girls with obesity as controls. In the context of resistin, it was only found that its concentration significantly correlates with free testosterone and sex hormone-binding globulin levels in the blood (63).





Apelin

Apelin is a cytokine, encoded by the APLN gene of the long arm of the X chromosome. The presence of apelin mRNA, as well as apelin receptor mRNA, has been found in: vascular endothelium, central nervous system, gastrointestinal tract and peripheral blood cells (64). There are several forms of apelin: apelin-12, apelin-13, apelin-16, apelin-17, and apelin-36 (65).

Apelin is one of the most potent substances with a positive inotropic effect, exhibiting vasodilatory properties by stimulating nitric oxide synthesis and inhibiting vasopressin secretion (66–68). In the literature, we find data that apelin has an effect on carbohydrate metabolism - it exhibits insulin-like effects by lowering glucose concentrations due to its increased consumption in muscle and adipose tissue (69). Recently, it has been more often suggested that apelin may increase insulin sensitivity and improve insulin resistance (70). Based on their findings, Sorhede et al. suggest that apelin inhibits insulin secretion (71).

In addition, the concentration of this adipokine is dependent on the degree of adipose tissue development. A Polish study showed that apelin concentrations were significantly lower in a group of women with Anorexia nervosa compared to a control group with normal BMI and a group of women with obesity (72). Moreover, some studies show a positive correlation between tumor necrosis factor (TNF- α) levels and apelin together with its positive effect on angiogenesis within adipose tissue (73, 74). A relatively new study in gestational diabetic mice shows that apelin can regulate lipid metabolism by increasing the activity of the PI3K/Akt signaling pathway and play a role in lowering total cholesterol and increasing HDL-C levels (75).

There are few studies in the literature that have assessed the association between apelin levels and endocrine profile and metabolic abnormalities in PCOS among adolescent girls, and the results are inconsistent. Choi et al. observed from their study that apelin levels were significantly lower in PCOS patients compared to controls, and its levels were negatively correlated with free androgen index (FAI) and total testosterone levels (76). Similar conclusions were also reached by Chang et al. and Altinkaya et al., whose studies also showed reduced apelin levels in women with PCOS compared to the control group (77, 78).

Other results were obtained by Olszanecka-Glinianowicz et al. where the concentrations of apelin-12 and apelin-36 were not statistically significantly different in the group of women with PCOS and women without PCOS. However, in a subgroup analysis, they observed reduced apelin-36 levels in patients with obesity, PCOS and elevated levels in the normal-weight group, compared with the control group (79). The authors suggest that the elevated apelin-36 levels in the normal-weight group of women result from mechanisms compensating for the increasing disturbances of carbohydrate metabolism.

In the most recent study from 2023, which recruited 44 adolescents with PCOS and 44 adolescents without PCOS, the authors also observed no difference in apelin concentration between the control and study groups or its association with insulin resistance (80). Analogous conclusions were drawn by Benk et al., who similarly observed no difference in apelin levels between the study groups (81).

A study by Cekmez et al. showed a different relationship - significantly higher apelin values in a group of adolescent girls with PCOS and a positive correlation with BMI and HOMA-IR (12). Their observations were in line with those of Hosoy et al. who, on the basis of their study, noted that apelin levels were clearly increased in patients with insulin resistance and hyperinsulinemia. Furthermore, the group of PCOS patients in their study had higher apelin concentration than the control group, and it positively correlated with HOMA-IR values (82). In addition, at least two other studies have shown significantly elevated apelin levels in PCOS patients (83, 84).

The structure and function of apelin seem to be quite well understood. However, according to an analysis of the scientific literature, information on its role in adolescent girls with PCOS is scarce and the results of studies are divergent. This may be due to the relatively small size of the patient groups recruited for the studies. There is certainly a need for further exploration of the presented topic.





Visfatin

Another of the adipokines important in the pathogenesis of PCOS is visfatin. It is a protein cytokine consisting of 491 amino acids. It was discovered as a protein involved in pancreatic beta cell maturation and is identical to pre-B-cell colony-enhancing factor (PBEF). Visfatin influences glucose metabolism by affecting pancreatic islet beta cells, thereby modifying oxidative stress-related processes, and is secreted in adipose tissue as well as muscles, liver, kidneys, bone marrow, heart, trophoblast and fetal membranes (59, 80).

Interestingly, current scientific reports show that visfatin (as well as apelin) in PCOS not only plays a hypoglycemic role, but may also exacerbate inflammation, thus worsening insulin resistance. The study by Ruan et al. examined 88 girls aged between 12 and 20 years, with half of the study group burdened with PCOS. They found that visfatin and apelin levels did not differ between the study and control groups. Importantly, however, the researchers found that visfatin is a predictor of insulin resistance, leading to an improved lipid profile and thus may have a protective function in the development of metabolic syndrome in adolescent female patients with PCOS. The results of studies on visfatin levels in PCOS are conflicting, with some finding significantly higher levels of visfatin in the study group compared to controls, while others show, as in the study by Ruan et al. no significant differences between the groups (80).





Discussion

The above article demonstrates the influence of adipokines on the etiopathogenesis and clinical picture of PCOS in a group of adolescent girls (Figure 1). Environmental, genetic, and epigenetic factors can influence adipose tissue dysfunction; however, regardless of the primary etiological factor, the resulting inflammation within adipose tissue and the reduced insulin sensitivity of adipocytes lead to disturbances in adipokine secretion, creating a vicious metabolic cycle. Most studies focusing on the role of adipose tissue in the development of PCOS have assessed its function indirectly, concentrating solely on measurements of individual adipokine concentrations in the blood. However, it is important to note that many of these bioactive molecules are secreted not only by adipose tissue, which can significantly influence their concentration in the blood. Furthermore, the results of some studies show that the mere presence of PCOS has an impact on adipokine and cytokine levels. Often, in this group of patients, adipokine levels differ significantly compared to control groups of women matched for BMI without the condition (85).




Figure 1 | Adipokines in adolescent girls.



The available data are limited and very often the research results are mutually exclusive (Table 1). In the literature on the subject, we find mainly studies on women of reproductive age. Moreover, another fundamental limitation of studies on the influence of adipokines on the etiopathogenesis of PCOS in girls is the small size of the studied populations, as well as the heterogeneous inclusion criteria for the study, which makes it difficult to interpret and compare the obtained results with the data available in the literature. Further investigation in this direction is needed, because considering the increasing incidence of overweight and obesity in modern society, it is all the more important to highlight this problem and a full understanding of the pathophysiology of PCOS will allow us to identify new effective therapeutic targets for this endocrinopathy from an early age.


Table 1 | Serum levels of adipokines in adolescents with PCOS.
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