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Abstract
Polycystic ovary syndrome (PCOS) has metabolic implications during adolescence, including among individuals within the 
normal body mass index (BMI) range. This study evaluated visceral adipose tissue (VAT) thickness and lipid-related metabolic 
markers in normal-weight adolescents with PCOS. In this cross-sectional case–control study based on prospectively collected 
standardized data, adolescents aged 13–19 years with BMI percentiles within the normal range were included. Twenty-nine ado-
lescents with PCOS diagnosed according to international adolescent-specific criteria and 31 age-matched healthy controls were 
analyzed. VAT thickness was assessed by abdominal ultrasonography. Fasting glucose, insulin, lipid parameters, HOMA-IR, and 
HOMA-β were evaluated. Correlation, multivariable regression, BMI percentile-adjusted, and exploratory sensitivity analyses 
were performed. Adolescents with PCOS had higher BMI percentiles than controls, although all participants were normal-weight. 
VAT thickness, triglyceride levels, and TG/HDL-C ratio were higher in the PCOS group in unadjusted analyses. After adjust-
ment for BMI percentile, VAT thickness remained significantly higher, whereas the TG/HDL-C difference was attenuated and 
no longer statistically significant. Fasting insulin and HOMA-IR did not differ between groups, whereas HOMA-β was higher in 
adolescents with PCOS. VAT thickness was independently associated with the TG/HDL-C ratio in the PCOS group. In the overall 
cohort, VAT thickness and waist circumference, but not BMI percentile or group status, were associated with the TG/HDL-C ratio.
Conclusion: Normal-weight adolescents with PCOS showed greater visceral adiposity than controls. Triglycerides and 
the TG/HDL-C ratio should be interpreted cautiously as complementary exploratory lipid-related markers associated with 
visceral adiposity, rather than as definitive or superior predictors.

What is Known:
• Polycystic ovary syndrome in adolescence is associated with metabolic alterations, particularly in individuals with overweight or obesity.
• Normal-weight adolescents with PCOS may also show metabolic vulnerability, but data on visceral adiposity and lipid-related markers in 

this subgroup remain limited.
What is New:
• Normal-weight adolescents with PCOS showed greater ultrasonographically assessed visceral adipose tissue thickness than controls, and 

this difference persisted after adjustment for BMI percentile.
• Lipid-related markers, including triglycerides and the TG/HDL-C ratio, were exploratory and should be interpreted cautiously in relation to 

visceral adiposity.
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Introduction

Recent global evidence from the most comprehensive 
meta-analysis informing the 2023 International Guideline 
demonstrates that polycystic ovary syndrome (PCOS) is 
a prevalent disorder in adolescence, with prevalence esti-
mates ranging from 6.3% to 9.8% depending on diagnostic 
criteria and geographic region [1]. The diagnosis of PCOS 
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during adolescence is particularly challenging because 
physiological pubertal changes may overlap with patho-
logical features. Therefore, stricter diagnostic criteria are 
recommended in this age group, requiring the presence of 
both persistent ovulatory dysfunction and clinical and/or 
biochemical hyperandrogenism [2]. Beyond its reproduc-
tive manifestations, PCOS is increasingly recognized as a 
systemic condition with metabolic disturbances that may 
emerge early in life, including central adiposity, insulin 
resistance, dysglycemia, dyslipidemia, and increased car-
diometabolic risk, alongside endocrine features such as 
ovulatory dysfunction and clinical or biochemical hyper-
androgenism [3, 4].

A substantial proportion of individuals with PCOS have 
a normal body mass index (BMI), typically defined as 
18.5–24.9 kg/m2 in adults and as 5th to < 85th percentile for 
age and sex in adolescents, a phenotype commonly referred 
to as “lean PCOS” [5, 6]. Compared with lean PCOS, the 
obese PCOS phenotype is generally associated with central 
adiposity and more pronounced metabolic and hormonal 
derangements, including greater insulin resistance, dysgly-
cemia, and dyslipidemia. Importantly, emerging evidence 
indicates that adolescents with lean or normal-weight PCOS 
may still exhibit higher insulin resistance, adverse adipokine 
profiles, and other cardiometabolic abnormalities despite 
having a normal BMI [5, 6].

Assessment of metabolic risk in adolescents is further 
complicated by the limited sensitivity of commonly used 
fasting-based indices, such as fasting glucose and the home-
ostasis model assessment of insulin resistance (HOMA-IR). 
Pubertal physiology and interindividual variability in insulin 
sensitivity may mask early metabolic alterations when rely-
ing solely on these conventional measures [7]. Accordingly, 
reliance on BMI or fasting glucose–insulin indices alone 
may be insufficient to identify early metabolic risk in ado-
lescents with PCOS.

Previous studies in women with PCOS, including a recent 
systematic review and meta-analysis, have reported altered 
lipid-related indices, including the TG/HDL-C ratio, and 
associations with adverse metabolic features [8, 9]. Although 
data in adolescents are more limited, recent studies indi-
cate that the TG/HDL-C ratio may also be associated with 
adverse metabolic profiles in adolescents with PCOS [10]. In 
pediatric populations, the TG/HDL-C ratio has been evalu-
ated as a potential indicator of insulin resistance and cardio-
metabolic risk [11, 12]. Therefore, in the present study, the 
TG/HDL-C ratio was evaluated as an exploratory lipid-based 
marker because it integrates triglyceride and HDL-C levels, 
two components of the atherogenic lipid phenotype. It was 
not intended to replace triglycerides as an individual lipid 
parameter, but rather to provide a composite lipid-related 
index potentially reflecting metabolic alterations associated 
with visceral adiposity.

Visceral adiposity has emerged as a key determinant of 
metabolic risk independent of BMI. Mechanistically, excess 
visceral fat is associated with increased lipolytic activity 
and impaired insulin-mediated suppression of free fatty acid 
release, leading to greater hepatic free fatty acid exposure. 
This may contribute to hepatic insulin resistance, increased 
glucose output, triglyceride accumulation, and overproduc-
tion of triglyceride-rich lipoproteins, thereby promoting insu-
lin resistance and atherogenic dyslipidemia [13]. Accumulat-
ing evidence suggests that assessment of visceral adiposity 
during childhood and adolescence may provide better predic-
tion of future metabolic and cardiovascular risk than BMI-
based evaluation alone [14]. Therefore, given that adolescent 
PCOS has been proposed as a postpubertal condition char-
acterized by a tendency toward central fat accumulation [3], 
evaluating visceral adiposity may be particularly relevant for 
identifying early metabolic vulnerability in this population.

Therefore, the aim of this study was to evaluate ultrasono-
graphically assessed visceral adipose tissue (VAT) and lipid-
related metabolic markers in normal-weight adolescents 
with PCOS. We specifically explored the relationships of 
VAT with triglycerides and the triglyceride-to-high-density 
lipoprotein cholesterol ratio (TG/HDL-C). We hypothesized 
that metabolic alterations in normal-weight adolescents with 
PCOS may be reflected by increased visceral adiposity and 
adverse lipid-related markers despite normal conventional 
fasting glucose–insulin indices.

Materials and methods

Study design and participants

This cross-sectional case–control study analyzed prospec-
tively and systematically collected clinical, metabolic, and 
ultrasonographic data from an adolescent cohort established 
between January 2024 and May 2025 at a tertiary-care ado-
lescent gynecology clinic. Participants were consecutively 
recruited using standardized assessment protocols.

The original cohort included adolescents aged 13–19 
years who were at least 2 years post-menarche. For the pre-
sent analysis, “lean” was operationally defined as normal-
weight BMI status, corresponding to a BMI between the 
5th and 85th percentiles according to age- and sex-specific 
reference charts [15]. This definition was applied to both 
adolescents with PCOS and controls.

A total of 60 normal-weight adolescents were included 
in the present analysis: 29 adolescents with PCOS and 31 
age-matched healthy controls. Because this was a secondary 
analysis of a prospectively collected clinical cohort, no formal 
a priori sample size calculation was performed; all eligible 
normal-weight adolescents with available clinical, biochemi-
cal, and ultrasonographic data during the study period were 
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included. The PCOS group consisted of adolescents diag-
nosed according to international adolescent-specific diag-
nostic criteria [2]. The control group comprised age-matched 
healthy adolescents attending the same outpatient clinic for 
non-endocrinological reasons, including routine gynecologic 
evaluation or minor benign complaints. Control participants 
had regular menstrual cycles and no known endocrine or 
metabolic disorders. During eligibility assessment, all control 
participants were clinically evaluated for signs of hyperan-
drogenism using the modified Ferriman–Gallwey framework. 
Only adolescents clinically assessed as having an mFG score 
below 4 were included, a threshold below the lower range of 
ethnicity-dependent cut-off values proposed for hirsutism [4]. 
Those with hirsutism or localized terminal hair growth sug-
gestive of clinical hyperandrogenism were excluded.

Written informed consent was obtained from participants 
aged ≥ 18 years. For participants younger than 18 years, 
written informed consent was obtained from a parent or 
legal guardian, and assent was obtained from the participant. 
Ethical approval was obtained from the local Non-Interven-
tional Clinical Research Ethics Committee (Decision No: 
2025/11/14/114, Date: November 28, 2025), which approved 
the secondary analysis of prospectively collected clinical, 
metabolic, and ultrasonographic data. The study was con-
ducted in accordance with the Declaration of Helsinki.

PCOS diagnosis and exclusion criteria

Polycystic ovary syndrome was diagnosed according to the 
international adolescent-specific diagnostic criteria [2]. 
PCOS was defined by the presence of both menstrual irregu-
larity, according to years post-menarche, and clinical and/
or biochemical hyperandrogenism, after exclusion of other 
disorders that mimic PCOS.

Menstrual irregularity was defined as cycles < 21 or > 45 
days between 1 and < 3 years post-menarche, cycles < 21 
or > 35 days or < 8 cycles per year more than 3 years post-
menarche, any cycle > 90 days more than 1 year post-
menarche, or primary amenorrhea by age 15 years or > 3 
years after thelarche [2]. Clinical hyperandrogenism was 
assessed by the presence of hirsutism and/or severe acne, 
and biochemical hyperandrogenism by elevated androgen 

levels. In accordance with adolescent-specific recommenda-
tions, pelvic ultrasound findings and anti-Müllerian hormone 
levels were not used for diagnosis during adolescence.

Clinical hirsutism was assessed using the modified Ferri-
man–Gallwey scoring system. An mFG score ≥ 8 was used 
as a conventional threshold for clinically apparent hirsutism, 
rather than as a Turkish-population-specific validated cut-
off [16].

The exclusion criteria applied to both the PCOS and con-
trol groups were thyroid dysfunction, hyperprolactinemia, 
congenital adrenal disorders, Cushing syndrome, ovarian or 
adrenal tumors, known endocrine or metabolic disorders, 
and the use within the previous 6 months of medications 
known to influence androgen levels or insulin sensitivity, 
such as oral contraceptives or insulin-sensitizing agents.

Anthropometric measurements

Body weight, height, waist circumference, and hip circum-
ference were measured by trained healthcare personnel 
using standardized procedures. Body mass index was cal-
culated as weight divided by height squared (kg/m2) and 
interpreted using age- and sex-specific Centers for Disease 
Control and Prevention percentile charts [15]. Waist-to-hip 
ratio was calculated by dividing waist circumference by hip 
circumference.

Biochemical analyses

Venous blood samples were collected from all participants 
after an overnight fast of at least 10 h and drawn between 
08:00 and 09:00 a.m. Serum triglycerides, total cholesterol, 
high-density lipoprotein cholesterol, low-density lipoprotein 
cholesterol, and fasting glucose concentrations were meas-
ured using enzymatic colorimetric methods on a Mindray 
BS800M automated analyzer (Mindray Bio-Medical Elec-
tronics Co., Shenzhen, China). Serum insulin concentra-
tions were determined using a direct chemiluminescence 
immunoassay on a Siemens Centaur immunoassay analyzer 
(Siemens Healthineers, USA). Insulin resistance was esti-
mated using the homeostasis model assessment of insulin 
resistance, calculated as:

HOMA − IR = [fasting insulin (�IU∕mL) × fasting glucose (mg∕dL)]∕405.

In addition to HOMA-IR, β-cell function was estimated 
using HOMA-β, calculated from fasting glucose and fasting 
insulin values as follows:

HOMA − � = [360 × fasting insulin (�IU∕mL)]∕[fasting glucose (mg∕dL) − 63].
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For the PCOS group, early follicular phase (cycle day 3) 
serum follicle-stimulating hormone, luteinizing hormone, 
and total testosterone levels were measured during a spon-
taneous menstrual cycle or following a progestin-induced 
withdrawal bleed. Hormonal assays were performed using 
chemiluminescent immunoassays on the Siemens Atellica 
CI platform with Atellica IM assays (Siemens Healthineers, 
Germany). The LH/FSH ratio was calculated from the meas-
ured LH and FSH values. Hormonal assessments were not 
performed in the control group.

Ultrasonographic assessment of visceral adipose 
tissue

Abdominal visceral adiposity was assessed by ultrasonog-
raphy using a Samsung V8 ultrasound system (Samsung 
Medison, Seoul, Korea). All examinations were performed 
with participants in the supine position at the end of a 
normal expiratory phase, using minimal transducer pres-
sure. The probe was placed transversely along the midline 
at a standardized location approximately 1 cm above the 
umbilicus on the xiphoid–pubic axis, using a 1–5 MHz 
convex transducer.

Visceral adipose tissue thickness was defined as the 
distance between the deep fascia of the rectus abdominis 
muscle and the anterior wall of the abdominal aorta and 
was expressed in millimeters [17]. Each measurement was 
repeated three times, and the mean value was used for sta-
tistical analyses. All ultrasonographic assessments were 
performed by a single experienced investigator to avoid 
interobserver variability.

To evaluate intraobserver reliability of visceral adipose 
tissue measurements, a separate pilot study was conducted 
in 20 participants prior to the main study. The intraclass cor-
relation coefficient for visceral adipose tissue thickness was 
0.93, indicating excellent measurement reliability.

Statistical analysis

Descriptive statistics for continuous variables are presented 
as mean ± standard deviation for normally distributed data 
and as median (interquartile range) for non-normally dis-
tributed data. Categorical variables are presented as counts 
and percentages. The normality of continuous variables was 
evaluated using the Shapiro–Wilk test.

Comparisons between the PCOS and control groups were 
performed using the independent samples t test for normally 
distributed continuous variables and the Mann–Whitney U 
test for non-normally distributed variables. Categorical vari-
ables were compared between groups using the chi-square 
test or Fisher’s exact test, as appropriate.

To improve transparency regarding the magnitude of the 
observed between-group differences, effect size estimates 
were calculated for selected main comparisons and are pre-
sented in the Supplementary Table S2.

Associations between visceral adipose tissue thickness 
and metabolic parameters were assessed separately in the 
PCOS and control groups using Spearman’s rank correlation 
coefficient. Exploratory correlation analyses also evaluated 
the relationships of waist circumference and HOMA-β with 
metabolic parameters. In addition, the relationships of fasting 
plasma glucose with the TG/HDL-C ratio and VAT thickness 
were assessed separately in the PCOS group and in the overall 
cohort using Spearman’s rank correlation coefficient.

Because BMI percentile differed between groups despite 
all participants being within the normal BMI range, addi-
tional analyses adjusted for BMI percentile were performed. 
VAT thickness and the TG/HDL-C ratio were compared 
between groups after adjustment for BMI percentile.

To identify independent predictors of the TG/HDL-C ratio in 
adolescents with PCOS, multivariable linear regression analy-
sis was performed. VAT thickness and BMI percentile were 
included as independent variables in the regression model.

The multivariable regression model assessing predictors 
of the TG/HDL-C ratio was repeated separately in the con-
trol group. In addition, an overall cohort regression model 
including group status, VAT thickness, and BMI percentile 
was performed to further evaluate whether the association 
between VAT thickness and the TG/HDL-C ratio was inde-
pendent of group status and BMI percentile.

To explore the potential contribution of hyperandro-
genemia, total testosterone was added to the multivariable 
regression model in the PCOS group. Additional correlation 
analyses were performed between total testosterone and VAT 
thickness, TG/HDL-C ratio, triglycerides, HOMA-IR, and 
BMI percentile.

Additional sensitivity regression analyses were performed 
to evaluate the role of waist circumference as a clinical 
marker of central adiposity. In these models, the TG/HDL-C 
ratio was used as the dependent variable, and VAT thickness, 
BMI percentile, waist circumference, and/or group status 
were included as independent variables.

Receiver operating characteristic (ROC) curve analyses 
were performed as exploratory analyses in the PCOS group 
to assess the ability of the TG/HDL-C ratio and triglyceride 
levels to discriminate elevated insulin resistance, defined as 
a HOMA-IR value ≥ 3.16 according to established adoles-
cent reference values [18].

All statistical analyses were performed using IBM SPSS 
Statistics software, version 20.0 (IBM Corp., Chicago, IL, 
USA). A two-sided p value of < 0.05 was considered statisti-
cally significant.
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Results

Participant characteristics

Table 1 presents the baseline clinical and anthropometric 
characteristics of the two groups. Effect size estimates for 
the main between-group comparisons are presented in Sup-
plementary Table S2. Baseline hormonal characteristics of 
the PCOS group are presented in Supplementary Table S1.

Metabolic and biochemical parameters

VAT thickness was significantly higher in adolescents with 
PCOS than in healthy controls. Triglyceride levels and the 
TG/HDL-C ratio were also higher in the PCOS group. Fasting 
glucose levels were significantly higher in controls than in ado-
lescents with PCOS; however, all values remained within the 
normoglycemic range. This difference was not accompanied 
by significant differences in fasting insulin levels or HOMA-IR 
between the groups. In contrast, HOMA-β was significantly 
higher in adolescents with PCOS than in controls (Table 2).

Because BMI percentile was significantly higher in the 
PCOS group than in controls, additional BMI percentile-
adjusted analyses were performed. VAT thickness remained 
significantly higher in adolescents with PCOS after adjust-
ment for BMI percentile (adjusted p = 0.024). The TG/
HDL-C ratio remained higher in the PCOS group in the 

same direction; however, the between-group difference was 
attenuated and was no longer statistically significant after 
adjustment for BMI percentile (adjusted p = 0.111) (Supple-
mentary Table S3).

Associations between visceral adiposity, 
anthropometric measures, and metabolic 
parameters

Correlation analyses showed that VAT thickness was posi-
tively correlated with triglyceride levels in both groups. A 
significant positive correlation between VAT thickness and 
the TG/HDL-C ratio was observed only in adolescents with 
PCOS, while no such association was found in controls. No 
significant correlations were observed between VAT thick-
ness and HOMA-IR in either group. (Table 3).

Fasting plasma glucose was not significantly correlated 
with the TG/HDL-C ratio or VAT thickness in either the 
PCOS group or the overall cohort (Supplementary Table S8).

In additional exploratory analyses, waist circumference 
was positively correlated with VAT thickness, triglycerides, 
TG/HDL-C ratio, and HOMA-IR in the overall cohort. In 
sensitivity regression analyses, VAT thickness and waist 
circumference were independently associated with the TG/
HDL-C ratio, whereas BMI percentile and group status were 
not significant predictors (Supplementary Table S6). Within 
the PCOS group, HOMA-β was positively correlated with 

Table 1   Baseline clinical and 
anthropometric characteristics 
of normal-weight adolescents 
with PCOS and controls

Values are presented as mean ± standard deviation or median (interquartile range), as appropriate. 
P < 0.001c

PCOS polycystic ovary syndrome, BMI body mass index, SD standard deviation, IQR interquartile range
a Independent samples t test
b Mann–Whitney U test
c Chi-square test or Fisher’s exact test

Variable PCOS (n = 29) Controls (n = 31) p value
Mean ± SD/Median (IQR) Mean ± SD/Median (IQR)

Age (years) 16.07 ± 1.43/16 (15–17) 15.48 ± 1.36/16 (14–17) 0.138b

Age at menarche (years) 12.45 ± 0.94/13 (12–13) 12.45 ± 1.23/12 (12–13) 0.927b

Height (cm) 161.69 ± 5.02 161.13 ± 5.21 0.674a

Weight (kg) 56.97 ± 7.01 51.87 ± 4.86 0.002a

BMI (kg/m2) 21.75 ± 2.15 19.85 ± 1.54  < 0.001a

BMI percentile 59.17 ± 23.82/66 (43–78) 43.45 ± 17.73/44 (34–55) 0.002b

Waist circumference (cm) 70.97 ± 6.55 66.94 ± 5.07 0.010a

Hip circumference (cm) 97.28 ± 6.18 93.10 ± 5.30 0.007a

Waist-to-hip ratio 0.72 ± 0.04 0.71 ± 0.03 0.310a

Menstrual pattern, n (%)
PCOS (n = 29) Controls (n = 31)

Amenorrhea 13 (44.8) 0 (0)
Oligomenorrhea 13 (44.8) 0 (0)
Polymenorrhea 3 (10.2) 0 (0)
Regular cycles 0 (0) 31 (100)
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triglyceride levels, the TG/HDL-C ratio, HOMA-IR, and 
waist circumference.

Multivariable linear regression analysis

In multivariable linear regression analysis restricted to the 
PCOS group, VAT thickness was independently associated 
with the TG/HDL-C ratio, whereas BMI percentile was not. 
The regression model accounted for a significant proportion 
of the variance in TG/HDL-C levels (Table 4).

When the same multivariable regression model was repeated 
in the control group, neither VAT thickness nor BMI percentile 
was significantly associated with the TG/HDL-C ratio (VAT 
thickness: B = 0.004, 95% CI − 0.014 to 0.023, p = 0.622; BMI 
percentile: B = 0.005, 95% CI − 0.005 to 0.014, p = 0.315; 
model R2 = 0.059, p = 0.427) (Supplementary Table S5).

In the overall cohort model including group status, VAT 
thickness, and BMI percentile, VAT thickness was indepen-
dently associated with the TG/HDL-C ratio, whereas group 
status and BMI percentile were not significant predictors 
(Supplementary Table S4).

To explore the contribution of hyperandrogenemia, 
total testosterone was added to the multivariable regres-
sion model in the PCOS group. VAT thickness remained 
independently associated with the TG/HDL-C ratio after 
adjustment for BMI percentile and total testosterone, 
whereas total testosterone was not significantly associated 
with the TG/HDL-C ratio. Total testosterone was also not 
significantly correlated with VAT thickness, TG/HDL-C 
ratio, triglycerides, HOMA-IR, or BMI percentile (Sup-
plementary Table S7).

Table 2   Metabolic and biochemical parameters of normal-weight adolescents with PCOS and controls

Values are presented as mean ± standard deviation or median (interquartile range), as appropriate
HOMA-IR homeostasis model assessment of insulin resistance, HOMA-β homeostasis model assessment of β-cell function, HDL-C high-density 
lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, TG triglycerides, TC total cholesterol
a Independent samples t test
b Mann–Whitney U test

Variable PCOS (n = 29) Controls (n = 31) p value
Mean ± SD/Median (IQR) Mean ± SD/Median (IQR)

Fasting glucose (mg/dL) 88.24 ± 7.37 94.23 ± 6.14 0.001a

Fasting insulin (µIU/mL) 12.70 ± 6.89/10.0 (8.4–15.3) 9.46 ± 3.53/9.9 (7.0–12.0) 0.183b

HOMA-IR 2.82 ± 1.66/2.30 (1.66–3.50) 2.21 ± 0.87/2.31 (1.61–2.82) 0.424b

HOMA-β 188.69 ± 95.72/136.2 (120.0–243.0) 112.07 ± 49.07/116.4 (80.0–135.6)  < 0.001b

Visceral adipose tissue (mm) 28.96 ± 13.06/27.2 (18.7–35.5) 19.15 ± 9.15/17.5 (14.0–22.7) 0.001b

Triglycerides (mg/dL) 97.31 ± 61.08/83 (57–109) 64.71 ± 20.40/66 (46–79) 0.017b

Total cholesterol (mg/dL) 162.66 ± 26.35/159 (142–174) 162.29 ± 29.36/164 (140–177) 0.988b

HDL cholesterol (mg/dL) 57.46 ± 13.66/54 (48–63) 61.33 ± 10.67/59 (54–63) 0.068b

LDL cholesterol (mg/dL) 85.76 ± 18.53/84 (75–96) 86.80 ± 29.56/85 (69–97) 0.762b

TC/HDL-C ratio 2.94 ± 0.72/2.73 (2.50–3.30) 2.70 ± 0.65/2.68 (2.25–2.93) 0.183b

LDL-C/HDL-C ratio 1.56 ± 0.46/1.48 (1.28–1.88) 1.41 ± 0.66/1.43 (1.02–1.57) 0.145b

TG/HDL-C ratio 1.91 ± 1.71/1.44 (1.06–1.96) 1.09 ± 0.42/1.02 (0.75–1.39) 0.012b

Table 3   Correlations between visceral adipose tissue and metabolic 
parameters in adolescents with PCOS and controls

r indicates Spearman’s rank correlation coefficient
TG triglycerides, HDL-C high-density lipoprotein cholesterol, 
HOMA-IR homeostasis model assessment of insulin resistance

Variable PCOS (r) PCOS (P) Controls (r) Controls (p)

Triglycerides (mg/
dL)

0.422 0.023 0.467 0.008

TG/HDL-C ratio 0.409 0.027 0.336 0.065
HOMA-IR 0.034 0.861 0.303 0.097

Table 4   Multivariable linear regression analysis of TG/HDL-C ratio 
in adolescents with PCOS

Model statistics: R2 = 0.41; F = 9.07; p < 0.01
Dependent variable: TG/HDL-C ratio
B indicates unstandardized regression coefficient
BMI body mass index, CI confidence interval, TG/HDL-C triglycer-
ide to high-density lipoprotein cholesterol ratio

Predictor B Std. Error 95% CI p value

Visceral adipose 
tissue (mm)

0.076 0.021 0.032 to 0.120 0.001

BMI percentile 0.009 0.012 −0.015 to 0.033 0.426
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Receiver operating characteristic analysis

In exploratory ROC analyses restricted to adolescents with 
PCOS, the TG/HDL-C ratio and triglycerides showed similar 
descriptive performance for discrimination of elevated insu-
lin resistance (HOMA-IR ≥ 3.16). The AUC was 0.833 (95% 
CI 0.639–1.000) for the TG/HDL-C ratio and 0.824 (95% CI 
0.593–1.000) for triglycerides. Sensitivity was 87.5% for both 
markers, while triglycerides showed slightly higher specific-
ity than the TG/HDL-C ratio (85.7% vs 80.9%) (Supplemen-
tary Table S9; Fig. 1). Because only 8 of 29 adolescents with 
PCOS had HOMA-IR ≥ 3.16, these findings should be inter-
preted as exploratory and hypothesis-generating.

Discussion

In this study, we evaluated visceral adiposity and lipid-
related metabolic markers in normal-weight adolescents 
with PCOS and age-matched healthy controls. Although all 
participants were classified as normal-weight according to 
BMI percentiles, adolescents with PCOS exhibited signifi-
cantly higher BMI and BMI percentiles than controls. They 
also had greater VAT thickness and higher triglyceride levels 
and TG/HDL-C ratios in unadjusted analyses. Fasting insulin 
and HOMA-IR values did not differ significantly between the 
PCOS and control groups. However, fasting glucose levels 
were modestly but significantly higher in controls, although 
all values remained within the normoglycemic range. In 

addition, HOMA-β was higher in adolescents with PCOS. 
Overall, these findings suggest that metabolic differences 
may be detectable in normal-weight adolescents with PCOS, 
but they should be interpreted in the context of BMI percen-
tile differences and the exploratory nature of the study.

Given these BMI percentile differences within the nor-
mal-weight range, the observed differences should not be 
interpreted as being attributable solely to PCOS independ-
ent of body size. In BMI percentile-adjusted analyses, VAT 
thickness remained significantly higher in the PCOS group, 
whereas the between-group difference in the TG/HDL-C 
ratio was attenuated and was no longer statistically signifi-
cant. These findings suggest that visceral adiposity may be 
a more consistent finding in normal-weight adolescents with 
PCOS, while lipid-related differences should be interpreted 
cautiously in light of BMI percentile differences.

A significant positive association between VAT thickness 
and the TG/HDL-C ratio was observed in adolescents with 
PCOS. The same regression model did not show a significant 
association between VAT thickness and the TG/HDL-C ratio 
in controls; nevertheless, in the overall cohort, VAT thickness, 
rather than group status or BMI percentile, was independently 
associated with the TG/HDL-C ratio. Recent data have shown 
that the TG/HDL-C ratio is increased in adolescents with PCOS 
and is associated with adverse metabolic profiles and long-term 
metabolic risk [10]. Our findings are consistent with these 
observations and suggest that, in normal-weight adolescents 
with PCOS, the TG/HDL-C ratio may be linked to visceral fat 
accumulation. However, additional BMI percentile-adjusted 

Fig. 1   Exploratory ROC curves 
of the TG/HDL-C ratio and 
triglycerides for discriminat-
ing elevated insulin resistance, 
defined as HOMA-IR ≥ 3.16, 
in adolescents with PCOS. TG/
HDL-C, triglyceride-to-high-
density lipoprotein cholesterol 
ratio; HOMA-IR, homeostasis 
model assessment of insulin 
resistance; PCOS, polycystic 
ovary syndrome
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analyses indicated that the between-group difference in TG/
HDL-C was attenuated, supporting a more cautious interpre-
tation of this marker as an exploratory lipid-related correlate 
rather than a definitive PCOS-specific predictor.

Although triglycerides were the only individual lipid param-
eter that differed significantly between groups, the TG/HDL-C 
ratio was evaluated because it integrates triglyceride and HDL-C 
levels and reflects a lipid pattern commonly associated with ath-
erogenic metabolic risk in pediatric and PCOS-related studies 
[10, 12]. In the present exploratory ROC analyses, triglycerides 
and the TG/HDL-C ratio showed comparable descriptive perfor-
mance for discriminating elevated insulin resistance. Although 
the TG/HDL-C ratio had a marginally higher AUC, triglycerides 
showed slightly higher specificity at the selected cut-off point. 
Therefore, the TG/HDL-C ratio should be interpreted as a com-
plementary composite lipid-related marker rather than a superior 
marker to triglycerides alone.

Waist circumference is a practical clinical marker of cen-
tral adiposity [19] and was positively associated with VAT 
thickness and lipid-related metabolic parameters in the pre-
sent study. However, waist circumference cannot distinguish 
visceral from subcutaneous abdominal fat. Ultrasonographic 
VAT assessment may therefore provide additional informa-
tion by more directly reflecting visceral fat accumulation, 
which is metabolically active and closely linked to lipid 
abnormalities [13]. Thus, the concordant associations of 
waist circumference and VAT with metabolic markers sup-
port the relevance of central adiposity, while VAT meas-
urement offers a more specific assessment of visceral fat 
distribution beyond routine anthropometry.

Although fasting insulin and HOMA-IR did not differ sig-
nificantly between groups, HOMA-β was higher in adolescents 
with PCOS. This may suggest a compensatory β-cell response; 
however, HOMA-β is a fasting-derived surrogate and cannot 
identify impaired glucose tolerance or early dysglycemia as reli-
ably as dynamic testing [20]. Because OGTT and HbA1c were 
not available, glucose metabolism and β-cell function could not 
be comprehensively assessed. Current PCOS guidelines iden-
tify the 75-g OGTT as the most accurate test for assessing gly-
cemic status in PCOS [4]. The modestly higher fasting glucose 
levels observed in controls remained within the normoglycemic 
range and were not accompanied by higher fasting insulin or 
HOMA-IR. In addition, fasting plasma glucose was not signifi-
cantly correlated with either VAT thickness or the TG/HDL-C 
ratio in the PCOS group or in the overall cohort. Therefore, 
the lower fasting glucose values observed in adolescents with 
PCOS should not be interpreted as evidence of a more favorable 
glycemic profile or as an explanation for the observed adipos-
ity- and lipid-related findings.

These observations are consistent with pediatric evidence 
suggesting that early metabolic differences in PCOS may not 
always be captured by classical fasting glucose–insulin indi-
ces. Studies in adolescents and young women with PCOS have 

reported lipid-related disturbances and more atherogenic lipo-
protein profiles even in the absence of overt glucose–insulin 
abnormalities [21]. Together, these findings suggest that lipid-
related and insulin-based markers may provide complementary 
information in the early metabolic assessment of adolescents 
with PCOS, particularly during puberty, when fasting-based 
measures may have limited sensitivity [22].

Several mechanisms may explain the observed association 
between VAT thickness and lipid-related metabolic markers. 
Visceral adipose tissue is metabolically active and may con-
tribute to increased free fatty acid flux to the liver, promoting 
hepatic triglyceride synthesis and very-low-density lipopro-
tein secretion. This process may favor triglyceride elevation 
and relatively lower HDL-C levels, thereby contributing to 
a more atherogenic lipid pattern reflected by the TG/HDL-C 
ratio [13]. However, given the cross-sectional design, these 
mechanisms remain speculative.

Hyperandrogenemia has been linked to central adiposity 
and adverse metabolic features in PCOS [3, 4]. However, in 
our exploratory analysis, total testosterone did not explain the 
association between VAT thickness and the TG/HDL-C ratio. 
VAT thickness remained independently associated with the 
TG/HDL-C ratio after adjustment for BMI percentile and total 
testosterone, whereas total testosterone was not significantly 
associated with the TG/HDL-C ratio. These findings suggest 
that visceral adiposity may be more closely related to lipid-
related metabolic vulnerability than total testosterone levels 
alone in this cohort, although confirmation in larger studies 
with hormonal assessment in controls is needed.

The present findings are consistent with previous evidence 
linking central/visceral adiposity to lipid-related cardiometa-
bolic risk. In adolescents with PCOS, increased TG/HDL-C 
ratios and associations with adverse metabolic profiles have 
been reported [10]. Moreover, prior studies suggest that meta-
bolic differences in adolescent PCOS may be present even 
when total body fat mass is comparable to that of controls [23], 
and that total fat mass may not fully explain key lipid-related 
markers [10]. Earlier studies in non-obese women with PCOS 
have also demonstrated that increased intra-abdominal, or vis-
ceral, fat is associated with metabolic disturbances despite nor-
mal BMI [24]. This supports the concept that visceral adiposity 
may provide metabolic information beyond BMI classification 
alone. This framework is consistent with the view proposed 
by Ibáñez and de Zegher, who describe adolescent PCOS as 
a postpubertal condition often characterized by preferential 
central fat accumulation and potentially associated with early 
metabolic vulnerability, even among individuals with normal 
BMI [3]. Although the non-obese or lean PCOS phenotype has 
been well described in adult populations [25], data on meta-
bolic risk assessment in normal-weight adolescents with PCOS 
remain limited, partly because adolescent PCOS studies have 
predominantly focused on overweight or obese cohorts [26]. 
In particular, data directly examining ultrasonographically 



European Journal of Pediatrics         (2026) 185:616 	 Page 9 of 10    616 

assessed VAT thickness in relation to the TG/HDL-C ratio in 
normal-weight adolescents with PCOS remain limited. Thus, 
by focusing on normal-weight adolescents and incorporating 
ultrasonographic VAT assessment alongside a control group, 
the present study adds exploratory evidence in a relatively 
understudied phenotype.

From a clinical perspective, these findings support care-
ful metabolic assessment in adolescents with PCOS, includ-
ing those within the normal BMI range. Although overt 
cardiometabolic disease is uncommon during adolescence, 
metabolic alterations observed at this stage may reflect early 
pathophysiological changes along a continuum of future car-
diometabolic risk. In obese adolescents with PCOS, early bio-
markers of subclinical cardiovascular risk have already been 
identified [27], and large-scale meta-analyses in adult women 
with PCOS have shown an increased prevalence of meta-
bolic syndrome, with dyslipidemia representing an impor-
tant component of cardiometabolic risk [28]. In the present 
normal-weight adolescent cohort, lipid-related markers such 
as triglycerides and the TG/HDL-C ratio, when interpreted 
together with measures of central and visceral adiposity, may 
help contextualize early metabolic vulnerability and support 
individualized metabolic assessment in selected adolescents. 
However, the TG/HDL-C ratio should not be interpreted as a 
standalone screening or risk stratification tool.

Several limitations should be acknowledged. First, the rela-
tively small sample size and the absence of a formal a priori 
sample size calculation for the present secondary analysis 
limit the statistical power, generalizability, and confirmatory 
strength of the findings. The modest sample size may also 
have limited the ability to detect adjusted between-group dif-
ferences, particularly for lipid-related markers. The cross-sec-
tional design also precludes causal inference regarding the rela-
tionships between visceral adiposity, lipid-related markers, and 
glucose–insulin parameters. In addition, although both groups 
were within the normal BMI percentile range, BMI and BMI 
percentile were significantly higher in the PCOS group than 
in controls. Although BMI percentile-adjusted analyses were 
performed, residual confounding by differences in body size 
within the normal BMI range cannot be fully excluded. Body 
fat percentage was not assessed; therefore, the study could 
not comprehensively evaluate total adiposity or overall body 
composition. OGTT and HbA1c were not available; therefore, 
impaired glucose tolerance, early dysglycemia, and dynamic 
β-cell function could not be comprehensively assessed. The 
number of participants with elevated HOMA-IR was limited; 
therefore, ROC analyses should be considered exploratory and 
hypothesis-generating. Finally, the use of a single mFG cut-
off to assess clinical hirsutism is another limitation. Although 
an mFG score ≥ 8 is widely used as a conventional clinical 
threshold, mFG scores vary according to ethnicity, and higher 
thresholds may be appropriate in some Mediterranean and 
Middle Eastern populations [29]. Because adolescent-specific 

normative data for Turkish girls are limited, this cut-off should 
be interpreted as a conventional clinical threshold rather than 
as an age- and ethnicity-specific validated threshold.

In conclusion, normal-weight adolescents with PCOS 
showed greater visceral adiposity than controls, even after 
adjustment for BMI percentile. Although triglyceride levels 
and the TG/HDL-C ratio were higher in unadjusted analyses, 
the between-group difference in the TG/HDL-C ratio was 
attenuated after BMI percentile adjustment and should be 
interpreted cautiously. The associations of VAT thickness 
with lipid-related markers suggest that visceral adiposity 
may provide metabolic information beyond BMI percen-
tile alone. Triglycerides and the TG/HDL-C ratio should 
be interpreted as complementary exploratory lipid-related 
markers associated with visceral adiposity, rather than defin-
itive or superior predictors. These findings are exploratory 
and require confirmation in larger prospective studies.
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