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Introduction

PCOS is one of the most commonly occurring endocrinopathies among women and increasingly affects adolescent populations. The connection between PCOS and various endocrinological, psychological, and CVD is increasingly recognized. Some studies have shown elevated levels of visfatin and VEGF among patients with PCOS, which are markers of vascular endothelial dysfunction. In our study, we evaluated the concentration of these parameters, focusing solely on a group of adolescents with PCOS, to assess whether these early markers of CVD are present at an early stage of diagnosis.





Material and methods

In total, 80 adolescent girls participated in the study. 47 adolescents diagnosed with PCOS were included in the study group (mean age 15.68 ± 1.18 years, BMI 26.66 ± 6.41 kg/m2), while the remaining 33 regularly menstruating individuals (mean age 15.79 ± 1.22 years, BMI 25.44 ± 7.24 kg/m2) were assigned to the control group. Each participant underwent imaging, biochemical, and hormonal tests. Additionally, markers of endothelial dysfunction: VEGF and visfatin, were measured in all adolescents.





Results

Both VEGF and visfatin levels did not differ significantly between PCOS and control group (p=0.30 and p=0.15, respectively). In the group of adolescent girls with PCOS, visfatin was significantly correlated with HDL, FSH, cortisol, and testosterone levels >55 ng/dl. VEGF was significantly correlated with fasting glucose, glucose levels after OGTT, estradiol, and waist circumference >80 cm.





Conclusion

It can be indirectly inferred that both visfatin and VEGF should not be used as early markers for cardiometabolic complications among adolescent patients with PCOS. On the other hand, low visfatin levels, through their negative correlation with HDL, may have a protective effect on cardiovascular complications, while low VEGF levels, through their positive correlation with glucose levels, may have a protective influence on carbohydrate metabolism disorders.
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Introduction

Polycystic ovary syndrome (PCOS) is one of the most common endocrinopathies affecting women of reproductive age. The prevalence varies widely, ranging from 2.2% to 20%, depending on the diagnostic criteria and the studied population (1, 2). This condition increasingly affects adolescent populations, potentially affecting around 3-11% of adolescent girls (3–5). Rotterdam criteria (6) are commonly used for diagnosing PCOS, but they are applicable only to adult patients. Modified criteria proposed by Ibanez et al. (2017r) (7) and Teede et al. (2023) (8) have been developed for diagnosing PCOS in younger patients based on the presence of clinical or biochemical hyperandrogenism and menstrual irregularities.

PCOS is associated with a range of complications and comorbidities, including other endocrinological, psychological, and cardiometabolic disorders (9). Studies on adult populations have shown that PCOS is linked to an increased risk of hypertension (10), elevated triglyceride levels (11), decreased HDL cholesterol levels (12), and increased risks of non-fatal cerebrovascular disease events compared to women without PCOS (13). While researchers have extensively studied cardiometabolic disturbances in adult patients with PCOS, data regarding adolescents are still lacking. These diseases significantly impact the quality of life, highlighting the importance of multidisciplinary care, preventive education, and prompt diagnosis of comorbid conditions threatening the patient in adulthood.

Several studies have shown a significant link between classical cardiometabolic risk factors and PCOS (9–13). Additionally, increased levels of visfatin and vascular endothelial growth factor (VEGF), as early markers of endothelial dysfunction, have been noted in women with PCOS (14). Visfatin is suggested to induce the expression of proangiogenic factors, leading to endothelial dysfunction and increased cardiovascular risk (15). VEGF is a factor involved in angiogenesis and is secreted mainly in the situation of insufficient blood supply (16). VEGF is considered as a main modulator of angiogenesis in ovaries. Its expression is elevated in the stromal tissue of polycystic ovary (17). However, these studies were conducted on adult patients, and research on adolescents is still lacking. In our study, we aimed to examine whether increased levels of visfatin and VEGF, as early markers of cardiovascular disease, are present in adolescent girls with PCOS.





Patients and methods

It was a prospective study involving a group of 80 adolescent girls aged 13 to 17 years. The study group comprised 47 patients who, upon comprehensive diagnostic evaluation, satisfied the complete set of criteria for a PCOS diagnosis as established by the 2017 Ibanez et al. consensus (7). Specifically, these individuals demonstrated:

	Menstrual irregularities occurring more than 2 years after menarche, including oligomenorrhea (menstrual cycles less frequent than every 45 days), polymenorrhea (cycles shorter than 21 days), and secondary amenorrhea (absence of menstrual bleeding in the past 90 days);

	Clinical hyperandrogenism (assessed based on excessive hair growth—significant hirsutism was defined as a Ferriman-Gallwey score of ≥8) or biochemical hyperandrogenism (diagnosed when total testosterone levels exceeded 55 ng/dL).



Exclusion criteria comprised eating disorders (anorexia nervosa, bulimia), hyperprolactinemia (prolactin [PRL] ≥721 mIU/l), adrenal disorders (17hydroxyprogesterone [17OHP] ≥10 ng/ml, in patients with 17OHP between 2.0-9.9 ng/ml, urine steroid profile results suggestive of congenital adrenal hyperplasia), and the use of medications known to influence sex steroids in the last 3 months (oral contraceptives, glucocorticosteroids, antiandrogens, aromatase inhibitors, metformin, anticonvulsants, etc.).

The control group consisted of 33 healthy, regularly menstruating girls, in whom PCOS was excluded.

Data regarding medical history, physical examination, and laboratory and imaging tests performed during hospitalization were collected based on medical documentation.

In all patients, the following data were analyzed:

	anthropometric measurements (body weight [kg], height [cm], BMI [kg/m2], age of menarche [years], hirsutism assessed according to the Ferriman-Gallwey scale [points], waist circumference [cm], hip circumference [cm], Waist-Hip Ratio (WHR), systolic pressure (mmHg), diastolic pressure (mmHg);

	biochemical tests results (alanine aminotransferase – ALT [U/l], aspartate aminotransferase – AST [U/l], total cholesterol - TC [mg/dl], triglycerides - TG [mg/dl], HDL cholesterol - HDL [mg/dl], LDL cholesterol - LDL [mg/dl], fasting glucose and at 120 minutes of oral glucose tolerance test (OGTT) after a load of 75 g glucose [mg/dl]), visfatin [ng/ml], vascular endothelial growth factor – VEGF [pg/ml]);

	hormonal tests results (total testosterone - T [ng/dl], estradiol - E [pmol/l], luteinizing hormone - LH [mIU/ml], follicle stimulating hormone - FSH [mIU/ml], dehydroepiandrosterone sulfate - DHEAS [µg/dl], androstenedione – A [ng/ml], fasting insulin and 120 minutes OGTT [µIU/ml]), cortisol [ug/dl]);

	pelvic ultrasound (5 MHz convex transducer, Siemens Medical Solution USA, Inc. apparatus) – ovarian volume [V];

	HOMA-IR (assessment of a model of homeostasis), and LH to FSH ratio (LH/FSH) were calculated.



Measurements of the concentrations of the tested hormones were made in the blood serum using the electrochemiluminescence method on the Cobas e411 apparatus (T, E), chemiluminescence on the Immulite 2000XPi apparatus (LH, FSH, DHEAS) or the ELISA method on the DS2 analyzer (17OHP, A) and ELISA (VEGF, visfatin).

Anthropometric data, biochemical, hormonal and immunological results were compared using the Statistica 14EN software. All values were expressed as mean standard deviation for normal or median (interquartile range) for skewed distribution. Comparison between groups was performed using t-Student test for normally distributed data and Mann-Whitney U test for non-normally distributed samples. Correlation analysis was performed using Pearson correlation coefficient for normally distributed, Spearman correlation coefficient for non-normally distributed data and Gamma correlation for categorized data.

P value <0.05 was considered statistically significant.

The study was performed according to the guidelines of the Helsinki Declaration on human experimentation and was approved by the Bioethics Committee of the Medical University of Silesia (PCN/0022/KB1/132/19). An informed consent was obtained from every subject or/and parent or guardian.





Results

Table 1 presents the clinical assessment of patients with PCOS and the control group. Clinically, there were no differences between the groups in terms of chronological age, age of menarche, and BMI. The hirsutism score tends to be higher in the PCOS group than in the control group.


Table 1 | The clinical characteristics of PCOS patients and controls.



Metabolic parameters were also analyzed, as illustrated in Table 2. A significantly lower concentration of HDL was found in the group of adolescent patients with PCOS compared to the control group. The remaining results did not differ between the groups.


Table 2 | The biochemical and metabolic characteristics of PCOS patients and controls.



The group of patients with PCOS was characterized by significantly higher concentrations of E, T, DHEAS, and A (p<0.01). The LH concentration was also higher in the study group, although with a trend towards statistical significance (p=0.08). Both VEGF and visfatin levels did not differ significantly between PCOS and the control group (p=0.30 and p=0.15, respectively). The hormonal assessment is presented in Table 3.


Table 3 | The hormonal characteristics of PCOS patients and controls.



In the group of patients with PCOS, visfatin levels showed a significant correlation with HDL, FSH, cortisol, and T >55 ng/dl (R=-0.35, p=0.01; R=-0.29, p=0.04; R=-0.31, p=0.03; Rƴ=-0.32, p=0.03, respectively). In the same group, significant correlations were found between VEGF levels and fasting glucose, glucose in OGTT, E, and waist circumference >80 cm (R=0.29, p=0.04; R=0.33, p=0.03; R=-0.38, p=0.01; Rƴ=0.30, p=0.03, respectively).

In the controls, visfatin levels were significantly correlated with T, DHEAS, LH/FSH ratio, elevated LDL, and T >55 ng/dl (R=-0.42, p=0.01; R=-0.38, p=0.03; R=-0.36, p=0.04; Rƴ=0.55, p=0.03; Rƴ=-0.53, p=0.04, respectively). In the same group, the only significant correlation was found between VEGF levels and DHEAS (R=-0.35, p=0.04).





Discussion

PCOS is a syndrome that increases cardiometabolic risk in women regardless of its phenotype. Among these patients, there is a higher incidence of conditions such as hypertension, hypertriglyceridemia, and metabolic syndrome (18, 19). Increased levels of visfatin and vascular endothelial growth factor (VEGF), as early markers of endothelial dysfunction, have been noted in women with PCOS (20). Because research on adolescents with PCOS is still lacking, we aimed to examine whether increased levels of visfatin and VEGF, as early markers of cardiovascular disease, are present in adolescent girls with PCOS. We found no significant difference in terms of visfatin and VEGF levels between the PCOS and control group. However, visfatin level correlated negatively in PCOS girls with HDL level and hyperandrogenemia. While VEGF was related to glucose levels and central obesity.

Studies in the adult female population with PCOS have shown that visfatin is positively correlated with cardiometabolic risk factors (14). Due to its sensitivity and specificity, visfatin has been suggested as potentially useful in predicting this risk among PCOS patients. Other studies have demonstrated increased visfatin levels in patients with PCOS, which are associated with the pathophysiology of this syndrome and the potential for metabolic complications (21).

Analyzing visfatin levels in our study among adolescents with PCOS, we found that visfatin levels were similar in both groups. Cekmez et al. (22) obtained results similar to ours. In contrast, Wang Y et al. (23) and Dambala et al. (20) reported higher visfatin levels in the PCOS patient group compared to controls. The differences in results can be attributed to the varying characteristics of the study groups. The study by Cekmez et al. (22) involved adolescent PCOS patients whose clinical characteristics were similar to our patients, whereas the other studies focused on adult women. In our study of adolescents with PCOS, visfatin was negatively correlated with HDL levels, with no association with other lipid parameters. A similar correlation was found in the study by Kim J. et al. (24), conducted on a group of lean, adult women with PCOS. The mechanism explaining this correlation may be the pro-inflammatory properties of visfatin, which affects the regulation of interleukins such as Interleukin 6 (IL-6), Interleukin 1B (IL-1B), and tumor necrosis factor alpha (TNF-α) (25). It has been demonstrated that TNF-α reduces the levels of apolipoprotein A-I (apo A-I) and apolipoprotein B (apo B). Apo A-I is a key protein in HDL, thus its deficiency contributes to a decrease in the total HDL cholesterol pool (26). Additionally, through another mechanism, TNF-α contributes to the reduction of HDL levels by increasing the activity of hepatic lipase (HL), an enzyme that hydrolyzes triglycerides and phospholipids contained in HDL (27). However, conclusions from other studies differ and indicate a positive correlation between visfatin levels and HDL among women with PCOS (Ruan et al. (28), Wang et al. (23)). The limited number of studies on adolescents with PCOS does not allow for precise analysis and reliable comparison of the research. Adolescent patients with PCOS are at the early stages of the disease, which undoubtedly affects their distinct metabolic profile.

Regarding VEGF, studies in the adult population have shown that susceptibility to PCOS may depend on VEGF polymorphisms and ethnicity, specifically among Asian or Caucasian populations. Certain polymorphisms, such as VEGF rs2010963, decreases the risk of PCOS in the general population, whereas VEGF rs3025039 may decrease the risk of PCOS in Asian populations but increase it in Caucasian populations (29). Other studies found no association between the risk of PCOS and certain VEGF polymorphisms in the general population (30). Research on VEGF levels in adult PCOS patients showed significantly higher levels in the PCOS group compared to controls, with VEGF levels dependent on BMI (31). In our study, VEGF levels were lower in the adolescent PCOS group compared to the control group, but this difference was not statistically significant. Our findings were not confirmed by other researchers, who demonstrated higher VEGF concentrations in the population of adult women with PCOS compared to the control group [Dambala et al. (20), Simkova et al. (32), Elci E (33), Tahergorabi et al. (31), Abd El Aal DE et al. (34)]. The differing results may be attributed to the young age of the patients who participated in our study. It is well-established that factors such as metabolic activity, inflammation, tissue damage, angiogenesis, lifestyle, etc., influence VEGF levels. Differences in the interaction of VEGF with specific receptors may also result from hormonal changes and insulin resistance, which are age-dependent. Additionally, genetic factors also play a role in regulating VEGF levels, as demonstrated by studies conducted among women from Bahrain (35).

VEGF, through interaction with specific receptors, activates the phosphatidylinositol 3-kinase (PI3K) and protein kinase AKT signaling pathways, as well as the mitogen-activated protein kinase (MAPK) pathway (36). This leads to alterations in insulin signaling pathways. As a result of these processes, glucose is not effectively utilized by muscle or adipose tissue due to reduced uptake by these tissues, consequently contributing to hyperglycemia. Furthermore, VEGF can influence the expression and function of glucose transporters, particularly GLUT4. Dysregulation of GLUT4 function results in impaired glucose uptake by muscle and adipose cells, contributing to hyperglycemia through an additional mechanism (37). In our study VEGF was significantly correlated with fasting glucose and glucose levels in OGTT, indirectly suggesting a role for VEGF in reducing the risk of carbohydrate metabolism disorders among adolescent PCOS patients. The lack of other studies on VEGF levels in adolescent patients prevents the formulation of reliable conclusions.

Limitation of our study is the insufficient sample size to stratify the cohort into distinct experimental and control groups based on BMI status. A longitudinal study would be particularly valuable to determine if the observed associations and differences persist into adulthood, especially considering the duration of the disease.





Conclusions

Low levels of visfatin and VEGF among adolescents with PCOS may be due to the early stage of the disease, and at this stage, they should not be used as early markers of metabolic risk. On the other hand, the observed negative correlations between visfatin levels and HDL, as well as positive correlations between VEGF levels and glucose among adolescents with PCOS, could indirectly serve as protective markers against cardiovascular diseases and diabetes.

It is crucial to conduct further studies on girls with PCOS to better understand their cardiometabolic risk and to explore markers that can help identify patients at the highest risk of complications. This would enable timely interventions such as lifestyle changes, appropriate diets, and proper treatment. Given the prevalence of PCOS and its consequences for metabolic, reproductive, and mental health, the occurrence of this syndrome in adolescent patients should be carefully studied. The continuation of research in this patient population and the conducting of studies on larger groups are necessary for a more precise understanding of the problem.
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Control

Variables group

(n=33)
LH [mIU/ml] 8.90+5.51 7.14%2.61 0.09
FSH [mIU/ml] 5.20+£1.95 | 5.21+1.92 0.10
LH/FSH 2.07£1.19 1.78+1.62 0.08
Estradiol [pmol/l] 175.60+104.65 139.50+61.35 0.04
Testosteron [ng/dl] 61.81+16.24 36.20+14.86 <0.01
DHEAS [ug/dl] 328.40+127.40 245.03+98.12 <0.01

Androstendione

[ng/ml] 4.70£1.65 2.46%1.56 <0.01
Visfatin [ng/ml] 0.52+0.22 0.57+0.19 0.15
VEGF [pg/ml] 191.52+£91.99 162.56+75.07 0.30

DHEAS, dehydroepiandrosterone sulfate; FSH, follicle stimulating hormone; LH, luteinizing
hormone; MMP-9, matrix metalloproteinase-9; PCOS, polycystic ovary syndrome; VEGF,
vascular endothelial growth factor.
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Variables PCOS group

Control group (n=33)

(n=47)
Chronological age [years] 15.68+1.18 15.79+1.22 0.64
Age of menarche [years] 12.06+1.68 12.48+1.55 0.53
‘Waist circumference [cm] 83.25+16.91 80.58+21.24 023
Hip circumference [cm] 99.13+£9.23 97.94+12.01 0.28
WHR 0.83+0.09 0.81+0.11 0.21
Hirsutism [points| 5.00+£5.79 2.67+5.28 0.06
BMI [kg/m2] 26.66+6.41 25.4447.24 0.20
Systolic blood pressure [mmHg] 124.19+10.70 123.76+10.47 0.86
Diastolic blood pressure [mmHg] 74.57+7.95 74.28+8.63 0.94

BMI, body mass index; PCOS, polycystic ovary syndrome; WHR, waist-to-hip ratio.
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PCOS group

Variables (n=47) Control group (n=33)
ALAT [U/]] 21.13£14.90 21.27+19.62 0.23
ASPAT [U/] 23.19+11.19 23.58+13.00 071
Glucose 0 [mg/dl] 88.9146.08 91.18£9.59 0.46
Glucose 120 [mg/dl] 112.66+29.80 116.81:+20.92 0.23
Insulin 0 [uIU/ml] 15.00£5.55 15.10£7.15 0.78
Insulin 120 [pIU/ml] 87.60£38.20 68.70£25.65 0.17
HOMA-IR 322£1.29 3.24+1.51 0.72
Total cholesterol [mg/dl] 159.26+39.14 172.79+37.92 0.17
HDL cholesterol [mg/dl] 49.02+7.63 53.29£9.67 0.03
LDL cholesterol [mg/dl] 91.74+29.75 98.14%31.37 0.41
Triglycerides [mg/dl] 107.62+58.61 104.82451.94 0.93

ALT, alanine aminotransferase; ASPAT, aspartate aminotransferase; Glucose 0, fasting glucose; Glucose 120, glucose 120 minutes OGTT; HOMA IR, assessment of a model of homeostasis;
insulin 0, fasting insulin; insulin 120, insulin 120 minutes OGTT; PCOS, polycystic ovary syndrome.





