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Introduction

Polycystic ovary syndrome (PCOS) is a complex endocrine disorder affecting 6–22% of women worldwide, with adolescent diagnosis posing significant challenges due to physiological differences between adolescents and adults. Historically, the application of the Rotterdam criteria in adolescent girls led to overdiagnosis, prompting the introduction of revised adolescent-specific criteria in 2017. These updated criteria require the presence of both irregular menstrual cycles and hyperandrogenism while excluding criterion of polycystic ovarian morphology. This study aims to assess whether a PCOS diagnosis based on adolescent-specific criteria correlates with an increased risk of metabolic disturbances in adulthood.





Methods

A retrospective analysis was conducted on medical records of 34 adolescent patients diagnosed with PCOS according to the Rotterdam criteria, who were divided into a study group (SG, n=23) meeting the updated adolescent PCOS criteria and a comparison group (CG, n=11) that did not meet these criteria. After the mean follow-up of 5.5 years, they were reassessed based on clinical and metabolic parameters. Clinical assessments included body mass index (BMI), Ferriman-Gallwey scale, and body composition analysis. Biochemical analyses involved fasting lipid profiles, glucose metabolism markers, and insulin resistance indices.





Results

Application of the updated diagnostic criteria resulted in a 33% reduction in PCOS diagnoses among adolescents. No significant differences in BMI were observed between SG and CG on the first and second visits. The triglycerides (TG) to HDL-cholesterol (HDL-C) ratio was significantly higher in the SG across both time points (p=0.029 in adolescence, p=0.049 in adulthood), correlating positively with insulin levels during adolescence (p=0.005, R=0.61). Additionally, HDL-C levels were consistently lower in the SG than in CG (p=0.025 in adolescence, p=0.033 in adulthood).





Conclusion

The findings of this study suggest that the revised PCOS criteria in adolescence may assist in identifying individuals at risk of long-term metabolic abnormalities. Elevated TG/HDL-C ratios and persistent HDL-C abnormalities observed in the study group may indicate a metabolic predisposition independent of obesity. These preliminary results emphasize the potential importance of early metabolic monitoring in adolescent PCOS patients; however, they should be interpreted with caution and confirmed in larger cohorts to ensure sufficient statistical power and broader generalizability.
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1 Introduction

Polycystic ovary syndrome (PCOS) is a complex endocrine disorder affecting 6–22% of women globally (1). In adult women, the primary diagnostic criteria for PCOS are the Rotterdam criteria, which require the presence of at least two of the following three features: oligo- or anovulation, clinical and/or biochemical hyperandrogenism, and polycystic ovarian morphology on ultrasound. Based on these symptoms, four phenotypes – A, B, C and D - were described. Phenotype A includes hyperandrogenism, menstrual irregularities, and ovarian cysts; Phenotype B presents with hyperandrogenism and cycle disturbances; Phenotype C involves hyperandrogenism and ovarian cysts; and Phenotype D is characterized by disrupted menstruation and cystic ovaries (2). The Rotterdam criteria, established in 2003, used to be applied to diagnose PCOS in adolescent girls, which has contributed to overdiagnosis in this population (3). However, relevant physiological differences exist between adolescents and adult women. Menstrual irregularities that are abnormal in adults are often considered normal variations in adolescents. In adolescents, the menstrual cycle length can vary between 21–45 days for up to three years post-menarche, while in adult women, the normal cycle range is 21–35 days. Irregular menstrual bleeding and anovulatory cycles within two years of menarche are typical due to the immaturity of the hypothalamic-pituitary-ovarian axis (4). Multifollicular ovarian morphology is also common in adolescent girls. This ovarian appearance results from heightened gonadotropin stimulation, leading to increased ovarian volume and follicle count. As a result, ovarian ultrasound assessment for diagnosing PCOS in adolescent girls is challenging and is generally discouraged for up to eight years post-menarche (5). First in 2017, and then in 2023, updated diagnostic criteria for PCOS in adolescent girls were introduced. These criteria specify the need for both irregular menstrual cycles and hyperandrogenism, excluding polycystic ovarian morphology as a criterion (6, 7). According to these updated criteria, a diagnosis of PCOS in adolescent girls can only be made if they meet the requirements for Rotterdam phenotype B or A.

PCOS diagnosis is associated with an increased risk of obesity or overweight, glucose intolerance, diabetes, dyslipidemia, and metabolic-associated fatty liver disease (8). The revised diagnostic criteria for PCOS in adolescents are expected to reduce overdiagnosis while identifying individuals at the highest long-term risk for metabolic disorders.

This study aims to assess whether a PCOS diagnosis based on adolescent-specific criteria correlates with an increased risk of metabolic abnormalities in adulthood.




2 Materials and methods

A retrospective analysis of the medical records of adolescent patients diagnosed with PCOS according to Rotterdam criteria was conducted. We searched for data including information about: age, weight, height, body mass index (BMI), regularity of menstrual cycle, pelvis ultrasound examination results, hirsutism assessment in Ferriman-Gallwey Scale, blood tests results: testosterone, 17OH progesterone (17OHP), dehydroepiandrosterone sulfate (DHEAS), androstenedione, aspartate aminotransferase (AST), alanine aminotransferase (ALT), total cholesterol (TC), LDL-cholesterol (LDL-C), HDL-cholesterol (HDL-C), triglycerides (TG), glucose and insulin.

Exclusion criteria included: eating disorders, Cushing’s syndrome diagnosis, adrenal cortex dysfunction (excluded on the basis of basal 17OHP <2ng/dl or ACTH analogue stimulated 17OHP <10ng/dl), diagnosis of adrenal or ovarian neoplasms, uncontrolled thyroid dysfunction (hypothyroidism or hyperthyroidism), hyperprolactinemia (concentration of prolactin ≥ 36 µg/l) and pregnancy.

Subsequently, after 4–11 years (median: 5.5 years) from the first visit, 34 young adult women were reassessed and assigned to two groups:

	The study group (SG) consisted of 23 young women aged between 18 and 25 years (mean: 21.6 ± 2.4 years). As adolescents, out of 23 patients 6 met the criteria for Rotterdam’s phenotype A, while remaining 17 were classified as phenotype B. All of the patients fulfilled the new diagnostic criteria for adolescents outlined below:	Gynecological age above 2 years

	Specific criteria for menstrual disorders (6)

	Hyperandrogenism	biochemical: elevated levels of testosterone and/or 17OHP, androstenedione, DHEAS

	clinical: hirsutism (Ferriman-Gallwey Score ≥ 8 points)







	The comparison group (CG) consisted of 11 young women aged between 20 and 26 (mean: 22 ± 1.9 years). In this group, as adolescents 2 girls with Rotterdam’s phenotype C and 5 with phenotype D were identified. Remaining 4 adolescents were considered as “at risk of PCOS”, because of symptoms and exclusion of other illnesses.



All patients’ phenotypes are presented in Table 1.


Table 1 | Symptoms and associated phenotypes present in patients during adolescence.



At the second examination, patients completed the questionnaire about length and regularity of the menstrual cycle. In all subjects, physical examination was performed including measurement of height and weight, self-assessment of hirsutism using the Ferriman-Gallwey scale, and assessment of body composition using the bioimpedance method (Tanita MC-780MA-N).

Lipids (HDL-C, LDL-C, TC, TG), carbohydrates parameters (glucose, insulin), liver enzymes (AST, ALT) were assessed in the fasting stat (all patients were informed about the requirement to fast for 8 to 12 hours prior to blood sample collection, and fasting status was confirmed on the morning of the blood draw).

We calculated parameters related to insulin resistance (IR):

	HOMA-IR (homeostatic model assessment for insulin resistance): [fasting glucose (mmol/l)] × [fasting insulin (mIU/l)]/22.5

	TyG index: ln[fasting triglycerides (mg/dl) × fasting glucose (mg/dl)/2]

	TyG-BMI: TyG index × BMI (kg/m2)

	TG/HDL-C: fasting triglycerides (mg/dl)/HDL-cholesterol (mg/dl)



Numerous cut-off values have been proposed for the indices evaluated in this study. However, with a focus on metabolic outcomes, we adopted the threshold of TG/HDL-C ≥ 3 as recommended by McLaughlin et al., who associated this value with the identification of insulin resistance and metabolic syndrome (9). For the TyG and TyG-BMI indices, we applied cut-off values established in prior research as indicative of elevated insulin resistance risk in females, specifically 7.94 for the TyG index and 168.64 for TyG-BMI (10). For HOMA-IR, we used the cut-off value 2.1 proposed by Biernacka-Bartnik et al., as it was derived specifically from a cohort of female patients with PCOS. Informed consent was obtained from all participants prior to their inclusion in the study, with each patient being fully informed of the study’s purpose, procedures, potential risks, and benefits, in accordance with ethical guidelines and institutional regulations. The study was conducted according to the Helsinki declaration and approved by the Local Ethics Committee (approval No BNW/NWN/0052/KB1/40/23).

Statistical analysis was conducted using Statistica 13.3 PL software. The SG and CG were compared using either the Mann-Whitney U-Test or the Student’s t-test for independent samples, depending on data distribution as assessed by the Shapiro-Wilk test. To examine the correlation, Spearman’s rank correlation test was used. The Fisher’s exact test was used to determine if there was a significant difference between proportions in groups. Group comparisons adjusted for covariates were performed using analysis of covariance (ANCOVA), with transformations applied where necessary to meet model assumptions. Due to the relatively small sample size of the patient group, post hoc power analyses were performed to assess the likelihood of detecting significant effects given the observed effect sizes and sample distributions. The Bonferroni correction was not applied in this study due to its exploratory nature, the small sample size, and the primary aim of identifying potential metabolic risk signals requiring confirmation in larger populations.




3 Results

At the first visit, in our cohort, 27 (78%) participants presented with hyperandrogenism (HA), 30 (88%) with menstrual disorders (MD), and 13 (38%) with polycystic ovarian morphology (PCOM). Applying the updated diagnostic criteria for adolescents resulted in a 33% reduction in PCOS diagnoses among the study participants so finally SG comprised 23 and CG – 11 participants.

Statistical analysis showed no significant differences in baseline characteristics, including age and BMI, between the groups. However, differences were observed in testosterone and DHEAS levels during adolescence (Table 2).


Table 2 | Clinical and biochemical characteristics of patients in the study and comparison groups at the time of diagnosis and at the time of follow-up visit.



Comparison of biochemical parameters (Tables 3 and 4) revealed a statistically significant difference in HDL-C levels, which were decreased in the study group compared to the comparison and in the TG/HDL-C index, which was higher in the SG. These findings were consistent across both adolescence and adulthood. In the ANCOVA model with log-transformed TG/HDL-C as the dependent variable, and BMI as a covariate, group affiliation showed a statistically significant effect in both adolescents (F(1.18) = 6.68; p = 0.019) and adults (F(1.29) = 4.76; p = 0.037). In adolescents, BMI did not significantly contribute to the model (p = 0.39), indicating that the group effect was independent of BMI, whereas in adults, BMI was additionally found to be a significant predictor (p = 0.044), while fat mass remained non-significant (p = 0.27).Interestingly, TG/HDL-C positively correlated with insulin levels but only during adolescence (p=0.005, R=0.61).


Table 3 | Biochemical characteristics of patients in the study and comparison groups during adolescence.




Table 4 | Biochemical characteristics of patients in the study and comparison groups during adulthood.



In adulthood, lipid abnormalities were observed in 12 patients (52.2%) in the SG and 4 patients (36.4%) in the CG (p=0.31). No abnormal insulin or glucose levels were identified in either group.

When analyzing the percentage of patients with elevated calculated indices, high TG/HDL-c values were observed in 8 cases (34.8%) in the SG compared to 1 case (9.1%) in the CG (p=0.12). Elevated TyG index values were found in 17 patients in the SG and 7 in the CG (77.3% vs. 63.6%, p=0.33), while high TyG-BMI values were noted in 18 patients in the SG and 8 in the CG (81.8% vs. 72.7%, p=0.43). In contrast, elevated HOMA-IR was detected in 26% of patients in both groups.

To explore further, we analyzed the longitudinal differences (adolescence to adulthood) for each parameter and compared these changes between the SG and CG. There were no statistically significant differences between the groups in any of these parameters (Table 5).


Table 5 | Comparison of longitudinal changes in biochemical parameters between study and comparison group.



Although BMI did not differ significantly between groups at the follow-up visit (Table 4), the ANCOVA model using change in BMI (ΔBMI) as the dependent variable identified duration of illness as a significant predictor (F(1.29) = 8.64; p = 0.006). As the length of observation may have contributed to the lack of statistical significance in between-group comparisons, we additionally examined weight distribution trends in both groups during adolescence and adulthood (Figure 1).




Figure 1 | Weight distribution in study group and comparison group. Normal weight: 18.5-24.99 kg/m2; overweight: 25-29.9 kg/m2, obesity class I: 30-34.9 kg/m2; obesity class II: 35–40 kg/m2; obesity class III: >40 kg/m2.



The graphical presentation highlights an increase in overweight and obesity within the SG, rising from 48% during adolescence to 57% in adulthood (p = 0.38). This shift appears to be primarily driven by an increase in the prevalence of class III obesity, which grew from 4.4% in adolescence to 13% in adulthood (p = 0.30). Overall, obesity prevalence in the SG increased from 30.4% to 39.1% (p = 0.38). In contrast, the CG maintained a stable overweight and obesity rate of 54% across both time points.




4 Discussion

The objective of this study was to evaluate whether a PCOS diagnosis based on adolescent-specific criteria correlates with an increased risk of metabolic alterations in adulthood. A retrospective data analysis identified 34 women with varying severity of PCOS-related symptoms present in adolescents – 23 meeting the modified adolescent criteria (phenotype A and B of Rotherdam criteria) and 11 not meeting the adolescent criteria of PCOS (phenotype C and D of Rotherdam criteria or at risk of PCOS). Patients were reassessed with blood tests evaluating lipids and carbohydrate metabolism parameters as young adults. General characteristics did not differ significantly between the study and comparison groups during adolescence and adulthood. Key findings include the insulin resistance index (IR) TG/HDL-C, which was higher in the study group, and HDL-C levels, which remained lower. These changes were observed both at the initial evaluation and during reassessment.

In 2017 updated diagnostic criteria for PCOS in adolescent girls were introduced to reduce the overdiagnosis in this population (6). The symptoms outlined in the newly proposed criteria, hyperandrogenism and menstrual disorders, were present respectively in 78% and 88% of our patients, while PCOM was observed in only 38% of cases (Table 1). Additionally, elevated testosterone and DHEAS levels in SG in adolescence are consistent with the updated diagnostic criteria. Tay et al. reported a 44% decrease in PCOS diagnoses among adolescents, with the number of cases dropping from 66 under the original criteria to 37 using the updated criteria (11). Similarly, applying these updated criteria in our study resulted in a 33% reduction in PCOS diagnoses among adolescents. However, our findings indicate a slightly smaller reduction in overdiagnosis, likely due to our study’s focus on a strictly selected group from an endocrinology ward rather than a more general population-based sample.

Several studies suggest an increased risk of overweight and obesity in adolescents diagnosed with PCOS, with Bhattacharya and Huang reporting that 40–60% of women with PCOS are overweight or obese (12, 13). Our report revealed similar findings, with 48% of participants in the SG classified as overweight or obese during adolescence, increasing to 57% in adulthood (p=0.38). Tay et al. demonstrated that only the phenotype meeting the updated criteria was significantly associated with a higher long-term BMI increase, while other PCOS phenotypes exhibited BMI trajectories similar to those of participants without PCOS (11). In our study, there was no significant difference in BMI between the groups, nor was there a substantial increase in BMI from adolescence to young adulthood. However, the findings reported by Tay et al. were based on a nearly 20-year longitudinal observation, whereas the maximum follow-up duration in our study was 11 years, with a median of 5.5 years. This aligns with our ANCOVA results, which identified duration of the illness as a significant predictor of BMI changes.

The HOMA-IR is widely used to assess IR in adult populations. DeUgarte et al. reported that HOMA-IR identified IR in 64% of women with PCOS, while Amissi reported a rate of 39.3% (14, 15). In our study, 26% of participants in both the study and comparison groups had abnormal HOMA-IR values in adulthood, with median values of 2.0 in the SG and 1.48 in the CG.

Research by Vasques et al. demonstrates that the TyG index may outperform HOMA-IR in IR assessment, with Yang et al. reporting higher TyG index values in PCOS patients versus controls (16, 17). In our patient cohort, neither the TyG index nor its variant, TyG-BMI, showed significant differences between the study and comparison groups.

Significant findings emerged from the analysis of the TG/HDL-C ratio. The values differed between the two groups and remained higher in the SG during both adolescence and adulthood. The statistically significant differences in log-transformed TG/HDL-C between the study and comparison groups persisted after adjusting for BMI in adolescents, and for both BMI and fat mass in adults, suggesting a group-related effect. In adults, BMI independently contributed to TG/HDL-C levels, highlighting the greater influence of body weight in this age group, whereas in adolescents, the group effect appeared to be independent of BMI. Our findings, in conjunction with the available literature, highlight the potential of using TG/HDL-C as a marker for monitoring IR risk in patients with PCOS from adolescence, especially given that a significant correlation between this ratio and insulin levels was observed at this age (p=0.005, R=0.61).

Emerging evidence suggests that an elevated TG/HDL-C ratio may serve as an early biomarker for cardiometabolic complications in women with PCOS, a population with an increased risk of such conditions (18). Wan et al. further reported a significantly higher incidence of cardiovascular disease (CVD) in women with PCOS across all age groups (10–54 years), with the number of PCOS-associated CVD cases rising from 102,530 in 1990 to 235,560 in 2019 (19). However, we recognize the need to establish a standardized consensus on cut-off points, as these may vary depending on the specific condition or clinical context.

Findings on body composition in patients with PCOS remain inconsistent. While Sun et al. reported increased abdominal fat accumulation, Zakeri et al. found no significant differences. Similarly, our study did not demonstrate any statistically significant differences in body composition between the study and control groups. Moreover, fat mass did not show predictive value for key metabolic outcomes that reached statistical significance in our analyses, including HDL-C and TG/HDL-C levels.

Insulin resistance is frequently accompanied by dyslipidemia, including elevated TG and LDL-C levels and decreased HDL-C levels. Although dyslipidemia is not a diagnostic criterion for PCOS, it is a recognized metabolic phenotype, with an estimated prevalence of 70% in PCOS populations (20). Zhao et al. found that all four PCOS phenotypes exhibit increased levels of very low-density lipoprotein (VLDL), LDL-C, fatty acids, and unsaturated fatty acids, with higher LDL-C and lower HDL-C in PCOS patients compared to controls (21). In our cohort, lipid abnormalities in adulthood were observed in 43.5% of patients in the SG and 36.4% in the CG (p=0.31). In comparison with the study by Zhao, we demonstrated differing HDL-C values, which were lower in the study group. These results were observed both in the adolescent cohort and in adulthood.

Previous studies indicate that in non-obese women with PCOS, low HDL-C levels and elevated TG/HDL-C ratios are not solely a consequence of obesity or insulin resistance but may represent intrinsic features of the syndrome itself (21). This dysregulation of lipid metabolism appears to be driven by the underlying pathophysiology of PCOS, potentially involving hormonal imbalances, chronic low-grade inflammation, or other inherent metabolic disturbances (22, 23). These findings highlight an important area for further investigation, particularly in studies with larger cohorts to better understand the metabolic profile of PCOS independent of obesity.




5 Limitations of the study

The present study has several limitations that should be considered when interpreting the findings. The cohort size was relatively small (n=34), which may restrict the generalizability of the results to a broader adolescent PCOS population. Post hoc power analysis based on group-level data indicated that a power greater than 0.80 was achieved for several comparisons involving adolescent parameters, including TG/HDL-C, HDL-C, triglycerides, and glucose. While these findings suggest sufficient sensitivity to detect meaningful effects in these cases, the results also provide guidance on the minimum sample sizes needed to ensure adequate power in future studies. Additionally, the follow-up period (median: 5.5 years) may not be sufficient to fully capture the long-term metabolic consequences associated with the syndrome. Furthermore, as participants were recruited from an endocrinology department, the findings may not be fully representative of all adolescents with PCOS, particularly those with milder phenotypes. While this allows for in-depth characterization of such cases, it may limit the external validity of the findings, and caution is warranted when generalizing the results to broader, more heterogeneous populations. Diet, physical activity, and socioeconomic status were not included in the analysis, which may influence metabolic outcomes. The study did not apply Bonferroni correction or other familywise error rate adjustments for multiple comparisons. Given the exploratory nature of the analysis and the small cohort size, applying such corrections could have substantially increased the risk of Type II errors, potentially obscuring meaningful trends. However, the lack of correction requires that the results be interpreted with caution. These limitations highlight the need for further large-scale, long-term studies to validate and expand upon these findings.




6 Conclusion

This study provides preliminary observations regarding the application of updated diagnostic criteria for PCOS in adolescent girls and their potential role in identifying individuals at risk for long-term metabolic abnormalities. The analysis of insulin resistance markers, particularly the TG/HDL-C ratio, offers insights into possible early metabolic changes in this population. Observed abnormalities in HDL-C levels and TG/HDL-C ratios during adolescence appeared to persist into adulthood without a significant increase in body weight.

These findings indicate that lipid abnormalities might be a feature of PCOS independent of traditional metabolic factors such as obesity or insulin resistance. However, further research involving larger cohorts is necessary to confirm these associations and to better understand the clinical significance of lipid profile alterations in adolescent PCOS populations.
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- 34.0]
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Muscle mass (kg) 47.9+8.8 474452 0.87*
Fat mass (kg) 19.3 [15.4 18.3 [15.4 - 35.0] 0.65%*
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Group differences were analyzed using the Student’s t-test (*) for normally distributed variables
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distributed variables (presented as median and interquartile range, 25th-75th percentile), or the
Fisher’s exact test (***) for categorical data. DHEAS, dehydroepiandrosterone sulfate; BMI, body

mass index.
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TG (mg/dl) 91.0 [69.0 - 160.0] 79.0 [48.0 - 117.0] 0.13*
Glucose (mg/dl) 86.0+5.6 86.4+6.7 0.87*
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HOMA-IR 20 [15 - 3.1] 1.5[1.3 - 2.7] | oase

Group differences were analyzed using the Student’s t-test (*) for normally distributed variables
(presented as mean + standard deviation) and the Mann-Whitney U test (**) for non-normally
distributed variables (presented as median and interquartile range, 25th-75th percentile). p-
values (#) were adjusted for BMI and fat mass using analysis of covariance (ANCOVA), with log-
transformation of the dependent variable applied to meet model assumptions. AST, aspartate
aminotransferase; ALT, alanine aminotransferase; TC, total cholesterol; LDL-C, LDL-cholesterol;
HDL-C, HDL-cholesterol; TG, triglycerides; TG/HDL-C, triglycerides to HDL-cholesterol index;
TyG, triglycerides glucose index; TyG-BMI, triglycerides glucose-BMI index; HOMA-IR,

homeostatic model assessment for insulin resistance.
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ALT(u/1) 11.95 [9.8 - 14.0] 11.55 [10.0 - 12.0] 0.77**
TC (mg/dl) 162+31.3 150.4+35.6 0.45*
LDL-C (mg/dl) | 93.0 [77.0 - 104.0] 76.4 [65.8 - 78.0] 0.27*
HDL-C (mg/dl) 43.2494 52.6+5.7 0.025*
0.037*
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- 164.0]
Glucose (mg/dl) | 81.0 [79.0 - 86.0] 90.5 [84.3 - 98.7] 0.064**
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Group differences were analyzed using the Student’s t-test (*) for normally distributed variables

(presented as mean =+ standard deviation) and the Mann-Whitney U test (**) for non-normally
distributed variables (presented as median and interquartile range, 25th-75th percentile). p-
values (#) were adjusted for BMI and fat mass using analysis of covariance (ANCOVA), with log-
transformation of the dependent variable applied to meet model assumptions. AST, aspartate
aminotransferase; ALT, alanine aminotransferase; T'C, total cholesterol; LDL-C, LDL-cholesterol;
HDL-C, HDL-cholesterol; TG - triglycerides; TG/HDL-C - triglycerides to HDL-cholesterol
index; TyG - triglycerides glucose index; TyG-BMI - triglycerides glucose-BMI index; HOMA-
IR, homeostatic model assessment for insulin resistance.
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Group differences were analyzed using the Student’s t-test (*) for normally distributed
variables (presented as mean + standard deviation) and the Mann-Whitney U test (**) for
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