Pre prints.org

Article Not peer-reviewed version

Neurotrophin and Adipokine Signatures
Associated with Visceral Adiposity-
Driven Cardiometabolic and Endocrine
Risk in Polycystic Ovary Syndrome

Daniela Koleva-Tyutyundzhieva i , Maria llieva-Gerova , Elena Becheva , Tanya Deneva , Maria Orbetzova

Posted Date: 30 January 2026
doi: 10.20944/preprints202601.2399.v1

Keywords: polycystic ovary syndrome; visceral adiposity index; cardiometabolic risk; neurotrophins; BDNF;
NGF; adipokines; insulin resistance; estradiol

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/4228174
https://sciprofiles.com/profile/4704808
https://sciprofiles.com/profile/623504
https://sciprofiles.com/profile/4040696
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 January 2026 d0i:10.20944/preprints202601.2399.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Neurotrophin and Adipokine Signatures Associated
with Visceral Adiposity-Driven Cardiometabolic and
Endocrine Risk in Polycystic Ovary Syndrome

Daniela Koleva-Tyutyundzhieva *, Maria Ilieva-Gerova !, Elena Becheva !, Tanya Deneva 2
and Maria Orbetzova !

1 Department of Endocrinology and Metabolic Diseases, Faculty of Medicine, Medical University of Plovdiv,
15A Blvd Vasil Aprilov, 4002 Plovdiv, Bulgaria

2 Department of Clinical Laboratory, Faculty of Medicine, Medical University of Plovdiv,
4002 Plovdiv, Bulgaria

* Correspondence: daniela.koleva@mu-plovdiv.bg; Tel.: +359-898664113

Abstract

Polycystic ovary syndrome (PCOS) is a heterogeneous endocrine-metabolic disorder associated with
insulin resistance (IR), visceral adiposity, and increased cardiometabolic risk. The visceral adiposity
index (VAI) is a validated surrogate marker of adipose tissue dysfunction, but its relationship with
circulating neurotrophins and adipokine balance in PCOS remains incompletely understood. In this
study, 100 women with PCOS were stratified into lower- (n = 50) and higher-risk (n = 50) groups
according to VAI Anthropometric measures, fasting glucose and insulin concentrations, lipid profile,
and serum levels of brain-derived neurotrophic factor (BDNF), nerve growth factor-g (NGF), leptin,
adiponectin, and resistin were assessed. HOMA-IR, adipokine ratios and atherogenic indices were
calculated. Multivariate regression revealed that BDNF was independently associated with VAI and
non-HDL-cholesterol, whereas NGF3 was independently associated with HDL-cholesterol and
estradiol, indicating neurotrophin associations with metabolic and endocrine parameters
independent of general adiposity. Correlation heatmap and network analyses demonstrated
interconnected clusters linking visceral adiposity, IR, dyslipidemia, adipokine imbalance, and
neurotrophins, with the leptin/adiponectin ratio emerging as a central integrative marker. These
findings indicate that VAl-defined cardiometabolic risk in PCOS is accompanied by distinct and
opposing neurotrophin-adipokine signatures, highlighting neurotrophin-adipokine networks
underlying visceral adiposity-driven cardiometabolic and endocrine risk.

Keywords: polycystic ovary syndrome; visceral adiposity index; cardiometabolic risk; neurotrophins;
BDNEF; NGEf; adipokines; insulin resistance; estradiol

1. Introduction

Polycystic ovary syndrome (PCOS) is one of the most common endocrine disorders in women
of reproductive age, affecting approximately 10-15% of the female population worldwide [1,2].
Beyond its reproductive manifestations, PCOS is increasingly recognized as a complex metabolic
condition characterized by insulin resistance, dyslipidemia, visceral adiposity, and elevated
cardiometabolic risk, which substantially contributes to the long-term development of type 2 diabetes
mellitus and cardiovascular disease [3-5].

Visceral adiposity plays a pivotal role in the metabolic derangements associated with PCOS.
Dysfunctional visceral adipose tissue acts as an active endocrine organ, secreting adipokines and
bioactive mediators that influence insulin sensitivity, lipid metabolism, and low-grade inflammation
[6,7]. The visceral adiposity index (VAI), which integrates anthropometric measures and lipid
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parameters, has emerged as a practical surrogate marker of visceral fat dysfunction and
cardiometabolic risk, potentially outperforming body mass index (BMI) in women with PCOS [8,9].

Neurotrophins have recently attracted attention as molecular mediators linking metabolism,
adipose tissue biology, and endocrine regulation. Brain-derived neurotrophic factor (BDNF) and
nerve growth factor-p (NGEp), classically known for their roles in neuronal development, are also
expressed in adipose tissue and peripheral metabolic organs and exert regulatory effects on energy
balance, lipid handling, and insulin signaling [10-12]. However, studies investigating circulating
BDNEF levels in obesity and PCOS have yielded inconsistent results, reporting both increased and
decreased concentrations [13-15]. In contrast, NGFP has been linked to ovarian function,
steroidogenesis, and potentially favorable lipid profiles, yet data regarding its role in cardiometabolic
risk in PCOS remain scarce and inconclusive [16,17].

Adipokines such as leptin, adiponectin, and resistin further modulate metabolic and
inflammatory pathways in PCOS. Notably, adipokine ratios, including adiponectin/leptin and
adiponectin/resistin, have been proposed as sensitive indicators of adipose tissue dysfunction and
insulin resistance, providing greater pathophysiological insight than individual adipokine levels
alone [18-20].

While individual roles of neurotrophins and adipokines in PCOS have been studied, their
integrated association with VAl-defined visceral adiposity and cardiometabolic risk remains
unexplored in a single cohort. Therefore, the present study aimed to investigate VAl-associated
differences in circulating BDNF and NGE levels, adipokine ratios, and cardiometabolic parameters
in women with PCOS, as well as their relationships with lipid fractions, insulin resistance indices,
and estradiol levels.

2. Results
2.1. Clinical and Anthropometric Characteristics According to VAI

No significant differences were observed between the low- and high-VAI PCOS groups with
respect to age or height. In contrast, women with high VAl exhibited significantly higher body weight
and BMI (p <0.001). Parameters reflecting central adiposity, including waist and hip circumferences,
waist-to-hip ratio (WHR), and waist-to-height ratio (WHtR), were all significantly elevated in the
high-VAI group (p <0.01-0.001). Additionally, systolic blood pressure (SBP) was significantly higher
among women with high VAI (p < 0.05), whereas diastolic blood pressure (DBP) did not differ
significantly between groups (Table 1).

Table 1. Age, anthropometric and clinical parameters in the two studied groups of women with PCOS.

Low-VAI PCOS High-VAI PCOS
Parameters (n=50) (n=50)
Age (years) 23.87 +4.05 24.36 +5.24 NS
Height (cm) 166.48 + 8.33 166.64 + 5.85 NS
Weight (kg) 61.75+12.19 76.84 +16.12 ***
BMI (kg/m?) 22.21+3.81 27.64 £ 5.57 ***
Waist (cm) 71.17 +7.83 88.85 + 14.27 ***
Hip (cm) 97.30 £9.51 105.15 + 11.07 **
WHR 0.73 £0.05 0.84 +0.08 ***
WHItR 0.43 £ 0.04 0.53 £ 0.09 ***
SBP (mmHg) 109.57 +12.52 116.09 +11.05 *
DBP (mmHg) 71.96 +9.14 73.04 +9.16 NS

NS-not significant (p > 0.05); *—p < 0.05; **—p < 0.01; ***~p < 0.001.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.2399.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 January 2026 d0i:10.20944/preprints202601.2399.v1

3 of 15

2.2. Adipokines and Neurotrophins

Circulating leptin and resistin concentrations tended to be higher in the high-VAI group (p >
0.05), whereas adiponectin levels were significantly lower (p = 0.001). Consequently,
leptin/adiponectin (L/A) and adiponectin/resistin (A/R) ratios differed markedly between groups,
with a shift toward an unfavorable adipokine balance in high-VAI PCOS (p < 0.01-0.001). Women
with higher VAI exhibited significantly increased circulating BDNF levels, whereas NGEFf3
concentrations were significantly higher in the low-VAI group (Table 2).

Table 2. Adipokines and neurotrophins levels; values of leptin-to-adiponectin ratio (L/A) and adiponectin-to-
resistin ratio (A/R) in the two studied groups of women with PCOS.

Parameters Low-VAI PCOS High-VAI PCOS
(n=50) (n=50)

Leptin (ng/mL) 27.43 £13.27 34.06 £ 19.92 NS
Adiponectin (mcg/mL) 17.52 £8.70 9.95+4.71 ***
Resistin (ng/mL) 5.47 £2.42 6.85 +4.62 NS
BDNF (ng/mL) 23.03+3.05 26.11+4.14*
NGEFp (pg/mL) 51.40 £29.20 39.15+4.38*
L/A 1.94 +1.06 4.30 £2.81 **
A/R 26.80 + 14.66 14.61 + 8.21 ***

NS-not significant (p > 0.05); *—p < 0.05; **—p < 0.01; ***~p < 0.001.

2.3. Glucose Homeostasis and Insulin Resistance; Lipid Profile and Atherogenic Indices

Fasting plasma glucose (FBG) levels were comparable between groups. However, women with
higher VAI demonstrated significantly elevated fasting immunoreactive insulin (FIRI) concentrations
and HOMA-IR values, indicating increased insulin resistance (Table 3). Marked differences in lipid
metabolism were observed between VAI groups. The high-VAI group exhibited significantly lower
HDL-C and higher TG levels. LDL-C and TC concentrations were comparable; however, non-HDL-
C, LDL/HDL ratio and AIP were significantly elevated in women with higher VAI (Table 3),
indicating a more atherogenic lipid phenotype.

Table 3. Glucose homeostasis and insulin resistance parameters; lipid profile and atherogenic indices in the two

studied groups of women with PCOS.

Parameters Low-VAI PCOS High-VAI PCOS
(n=50) (n=50)
FBG (mmol/L) 471+ 047 4.90 + 0.66 NS
FIRI (uIU/mL) 597 +2.26 9.48 +4.44 **
HOMA-IR 1.27 +0.59 213 +1.17 **
TC (mmol/L) 448 +1.14 447 +0.75 NS
LDL-C (mmol/L) 257 +1.11 2.77 +0.69 NS
HDL-C (mmol/L) 1.67 +0.49 1.15 +0.25 ***
TG (mmol/L) 0.54+0.16 1.18 +0.44 ***
Non-HDL-C 2.82+1.14 3.31+0.73 *

AIP -0.19+0.12 0.03 £0.15 ***

NS-not significant (p > 0.05); *—p < 0.05; **—p < 0.01; ***—p < 0.001.

2.4. Hormonal Parameters

No statistically significant differences in gonadotropin or steroid hormone parameters were
observed between PCOS patients with low and high VAL Estradiol, androgen levels, sex hormone
binding globulin (SHBG), and the free androgen index (FAI) showed only numerical differences
without statistical significance (Table 4).
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Table 4. Hormonal parameters in the two studied groups of women with PCOS.
Parameters Low-VAI PCOS High-VAI PCOS
(n=50) (n=50)
Log LH (IU/L) 0.80+0.26 0.79+0.36 NS
FSH (mIU/mL) 590+1.26 5.46 +2.12 NS
Log LH/FSH 0.04+0.26 0.09 +0.34 NS
E2 (pg/mL) 314.67 +176.14 228.68 + 183.03 NS
Total testosterone (ng/mL) 0.66 +0.17 0.70 +0.20 NS
Androstenedione (ng/mL) 416+2.34 3.75+1.44 NS
DHEA-S (pg/dL) 275.77 12291 289.72 +103.67 NS
SHBG (nmol/L) 46.78 +10.25 37.20 £ 18.64 NS
FAI 5.01 +2.47 9.43 £ 5.46 NS

NS-not significant (p > 0.05).

2.5. Correlation Analyses

Leptin exhibited strong positive correlations with BMI (r = 0.695, p < 0.001), WHR (r = 0.422, p =
0.001), WHtR (r = 0.628, p < 0.001, Figure 1), HOMA-IR (r = 0.408, p = 0.001, Figure 1), triglycerides (r
=0.273, p <0.05), non-HDL-C (r = 0.274, p < 0.05, Figure 1), and BDNF levels (r = 0.471, p < 0.01, Figure
1), and a negative correlation with adiponectin (r =-0.330, p < 0.01).
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Figure 1. Associations of Leptin with WHtR, HOMA-IR, non-HDL Cholesterol, and BDNF in the Whole Study
Group.

Adiponectin showed inverse associations with anthropometric indices — BMI (r =-0.348, p <0.01),
WHR (r =-0.300, p < 0.05) and WHItR (r = -0.361, p < 0.01, Figure 2); with triglycerides (r =-0.411, p <
0.01), AIP (r=-0.421, p = 0.001, Figure 2), and HOMA-IR (r =-0.294, p < 0.05, Figure 3).
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Figure 2. Associations of Adiponectin with WHtR, AIP and HOMA-IR in the Whole Study Group.

BDNF demonstrated positive correlations with TC (r=0.271, p <0.05), LDL-C (r=0.435, p <0.01),
non-HDL-C (r=0.455, p <0.01), and L/A ratio (» = 0.376, p < 0.05) (Figure 3), suggesting an association
with adiposity-related lipid alterations.
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Figure 3. Associations of BDNF with TC, LDL-C, non-HDL-C and L/A ratio in the Whole Study Group.

In contrast, NGFf3 correlated negatively with non-HDL-C (r=-0.336, p <0.05) and positively with
HDL-C (r = 0.529, p = 0.001), (Figure 4). Importantly, NGF{ also showed a significant positive
correlation with serum estradiol levels (r = 0.747, p < 0.001, Figure 4), indicating a potential link
between neurotrophin signaling and ovarian steroidogenesis in PCOS.
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Figure 4. Associations of NGF with non-HDL-C, HDL-C and Estradiol in the Whole Study Group.

2.6. Multivariate Regression Analysis

Multiple linear regression analyses assessed independent associations of circulating
neurotrophins with metabolic and anthropometric parameters. BDNF and NGF[3 were modeled
separately as dependent variables, with BMI, WHtR, HOMA-IR, lipid fractions (TG, HDL-C, LDL-C,
non-HDL-C), and VAI as predictors.

For BDNF, VAI (3 =0.312, p = 0.004) and non-HDL-C (8 = 0.285, p = 0.011) remained significant
after adjustment, indicating associations with visceral adiposity and atherogenic lipids independent
of overall adiposity. For NGFf3, HDL-C (3 = 0.398, p = 0.002) and estradiol (3 = 0.547, p <0.001) were
independently associated, while BMI and WHtR had no significant effect, supporting a protective
neurotrophin—-endocrine profile in lower-risk PCOS phenotypes.

2.7. Correlation Network and Heatmap Visualization

Spearman correlation analyses were performed to evaluate pairwise relationships among key
anthropometric, metabolic, adipokine, and neurotrophin markers, including BMI, WHtR, HOMA-IR,
lipid fractions (TG, HDL-C, LDL-C, non-HDL-C), BDNF, NGEp, leptin/adiponectin (L/A) and
adiponectin/resistin (A/R) ratios, and estradiol. A heatmap (Figure 5) was generated to visualize the
strength and direction of all correlations, highlighting clusters of positive and negative associations.
The correlation network illustrates integrated relationships, showing that high VAI and L/A ratios
cluster with BDNF and atherogenic lipids, whereas NGFf clusters with HDL-C and estradiol,
suggesting divergent neurotrophin-adipokine patterns according to cardiometabolic risk in PCOS.
These visualizations complement the regression analyses, providing a holistic view of interrelated
metabolic, hormonal, and neurotrophin alterations.
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https://doi.org/10.20944/preprints202601.2399.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 January 2026 d0i:10.20944/preprints202601.2399.v1

7 of 15

1.0

HOMA-IR .
- 0.6
-0.4
Non-HDL-C .

- 0.2
- 0.0

e .

Adiponectin .

- -0.2

Leptin .

IN]
w

N

0.8

Spearman r

--0.4

BMI

WHtR
HOMA-IR
TG

HDL-C
LDL-C
Non-HDL-C
UA

AR

BDNF
NGFB
Adiponectin
Leptin

Figure 5. Correlation Heatmap of Neurotrophins, Adipokines, Anthropometric and Metabolic Markers. Colors
represent the strength and direction of Spearman correlations (blue = negative, red = positive).

3. Discussion

In the present study, women with higher VAI exhibited markedly adverse anthropometric and
metabolic profiles, including increased BMI, WHR, and WHIR, reflecting pronounced central obesity,
together with elevated FIRI and HOMA-IR, indicative of enhanced IR. These findings are consistent
with substantial evidence demonstrating that visceral adiposity, rather than generalized obesity, is a
principal driver of cardiometabolic risk in PCOS. Previous studies have shown that WHtR and other
indices of central fat distribution outperform BMI in predicting IR, dyslipidemia, and cardiovascular
risk in women with PCOS [21,22]. Consistent with this, comprehensive reviews on cardiometabolic
risk in PCOS emphasize that visceral fat accumulation is a key determinant of dyslipidemia and
cardiometabolic risk, largely independent of overall adiposity [23,24].

The lipid abnormalities observed in the high-VAI group—characterized by elevated
triglycerides, non-HDL cholesterol, and atherogenic indices alongside reduced HDL-C—reflect a
classical atherogenic metabolic phenotype. These results align with the original validation studies of
the visceral adiposity index, which established strong associations between elevated VAI IR, and
atherogenic dyslipidemia [8,25]. Subsequent investigations in PCOS populations have confirmed that
higher VAI values are closely linked to unfavorable lipid patterns and increased cardiovascular risk
markers [26,27], reinforcing the clinical utility of VAI as a surrogate marker of visceral adipose tissue
dysfunction in this syndrome.

With regard to adipokines, leptin concentrations tended to be higher, while adiponectin levels
were significantly lower in women with elevated VAI resulting in substantially increased
leptin/adiponectin (L/A) and decreased adiponectin/resistin (A/R) ratios. This adipokine imbalance
is widely recognized as a hallmark of adipose tissue dysfunction in PCOS. A recent meta-analysis by
Lin et al. focusing on nonobese women with PCOS demonstrated that leptin levels are significantly
elevated, whereas adiponectin concentrations are consistently reduced compared to nonobese
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controls, indicating that these alterations occur independently of BMI and are associated with IR and
metabolic risk [28]. Moreover, several studies suggest that the L/A ratio is a more sensitive marker of
metabolic impairment than individual adipokine levels, particularly in PCOS cohorts [29,30]. The
strong positive correlations observed in our study between leptin, anthropometric indices, IR, and
atherogenic lipid parameters further support the central role of leptin as a mediator linking excess
visceral adiposity to systemic metabolic dysregulation.

Our neurotrophin profiling revealed distinct patterns according to VAI-defined cardiometabolic
risk. Circulating BDNF concentrations were higher in women with elevated VAl and showed positive
associations with leptin and atherogenic lipid fractions. Although data on BDNF in PCOS are
heterogeneous, accumulating evidence indicates that BDNF participates in metabolic regulation
beyond its classical neurotrophic functions. Experimental studies have demonstrated that BDNF
influences energy homeostasis, lipid metabolism, and adipokine expression in adipose tissue [31-33].
In human studies, some reports describe reduced BDNF levels in obese women with PCOS [34,35],
whereas others have observed elevated circulating BDNF in conditions characterized by metabolic
stress, dyslipidemia, or IR [36,37]. Our findings support the latter perspective and suggest that
increased BDNF in high-VAI women may represent a compensatory response to visceral adiposity—
related metabolic stress, potentially modulated by dyslipidemia and leptin signaling.

In contrast to BDNF, NGEFp levels were higher in women with low VAI and were favorably
associated with HDL-C, non-HDL-C, and estradiol concentrations, suggesting a potentially
protective neurotrophic-endocrine profile in lower-risk PCOS phenotypes. NGF is well established
as a key regulator of ovarian physiology, follicular development, and steroidogenesis [38].
Experimental models have shown that alterations in ovarian NGF expression affect follicular
morphology, ovulation, and steroid hormone production [39,40]. Human data further support a role
for NGF in ovarian endocrine regulation, including modulation of estrogen synthesis [41]. The strong
positive correlation between NGFf{ and estradiol observed in our cohort is therefore consistent with
the concept that neurotrophin signaling interfaces with ovarian steroidogenic pathways and may
contribute to more favorable endocrine and metabolic profiles in PCOS.

Taken together, our findings demonstrate that VAI-defined cardiometabolic risk in PCOS is
accompanied by distinct and opposing neurotrophin and adipokine signatures. Elevated BDNF and
L/A ratios in high-VAI individuals reflect adiposity-related metabolic stress and dyslipidemia,
whereas higher NGFf3 levels in low-VAI women may indicate protective neurotrophic and endocrine
modulation. The correlation heatmap and network further highlight these interconnections, showing
that BDNF clusters with VAI and atherogenic lipid fractions, consistent with previous reports linking
circulating BDNF to obesity-related dyslipidemia in individuals with insulin resistance [42,43].
Conversely, NGFp clustered with estradiol and favorable lipid parameters, supporting a potential
protective role in ovarian endocrine regulation and metabolic homeostasis. This observation is
consistent with human and translational evidence demonstrating that NGF signaling interfaces with
ovarian steroidogenesis and follicular function, including estrogen synthesis, and is implicated in the
pathophysiology of PCOS [39,41]. Importantly, the L/A ratio emerged as a central integrative marker
connecting IR, dyslipidemia, and visceral adiposity, in line with prior evidence that adipokine ratios
better reflect adipose tissue dysfunction than individual adipokine levels [44,45]. Overall, these
observations underscore the complex interplay between visceral adiposity, adipokine imbalance,
neurotrophin signaling, and cardiometabolic risk in PCOS, supporting the concept of a compensatory
neurotrophin-adipokine network as an adaptive or maladaptive response to metabolic and
endocrine dysregulation.

Several limitations should be acknowledged. The cross-sectional design precludes causal
inferences between VAI, adipokines, neurotrophins, and metabolic parameters, and longitudinal
studies are needed to clarify temporal relationships. Circulating BDNF and NGF@ may not fully
reflect tissue-specific expression or local signaling in adipose tissue, ovary, or the central nervous
system. Although VAl is a validated surrogate of visceral adiposity, direct imaging (e.g., MRI or CT)
was not performed. Potential confounders such as diet, physical activity, psychological stress, and
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genetic variability were not comprehensively assessed. Finally, the cohort size and its clinical
characteristics may limit generalizability to broader PCOS populations. Nevertheless, this integrated
evaluation of neurotrophins and adipokines in relation to VAI provides novel insights into
cardiometabolic risk signatures in PCOS.

4. Materials and Methods
4.1. Study Design and Participants

This cross-sectional study included 100 women diagnosed with polycystic ovary syndrome
(PCOS) according to the Rotterdam criteria 2003 [46]. Participants were recruited from the Clinic of
Endocrinology and Metabolic Diseases, “St. George” University Hospital of Plovdiv, Bulgaria
between June 2020 and June 2023. Women were stratified into lower-risk (low-VAI, n = 50) and
higher-risk (high-VAL n = 50) groups based on the Visceral Adiposity Index (VAI). VAI was
calculated according to the formula proposed by Amato et al. Participants were stratified into low-
and high-VAI groups using established cut-off values indicative of visceral adipose tissue
dysfunction and increased cardiometabolic risk, as previously described in a Caucasian population.
A VAI cut-off value of 1.9 was applied for women, corresponding to increased cardiometabolic risk
[47].

Women aged 18-35 years with a confirmed diagnosis of PCOS who had not received hormonal
or metabolic treatments in the preceding six months were eligible for inclusion. Participants were
excluded if they were pregnant or lactating, had type 2 diabetes mellitus, cardiovascular disease,
chronic inflammatory or autoimmune disorders, thyroid or adrenal pathology, or were using insulin-
sensitizing or lipid-lowering agents (e.g., metformin, statins) or hormonal contraceptives, or if they
were active smokers.

All participants provided written informed consent. The study protocol was approved by the
Medical University of Plovdiv Institutional Ethics Committee (protocol code 2444/26 October 2020),
in accordance with the Declaration of Helsinki.

4.2. Anthropometric and Clinical Assessment

Body weight and height were measured using standard calibrated scales and stadiometers. BMI
was calculated as weight (kg) divided by height squared (m?). Waist and hip circumferences were
measured with a flexible tape at the midpoint between the lowest rib and iliac crest (waist) and at the
widest part of the hips, respectively. WHR and WHtR were calculated accordingly. Blood pressure
was measured in the seated position after a 5-minute rest using an automated sphygmomanometer.

4.3. Biochemical and Hormonal Measurements

Venous blood samples for laboratory analyses were collected under standardized conditions in
the early morning, following an overnight fast of 12 hours, during the follicular phase of the
menstrual cycle (2nd to 5th day after a spontaneously occurring cycle). Samples for the determination
of fasting blood glucose (FBG) and fasting insulin (FIRI), lipid profile, standard hormonal parameters,
neurotrophins, and adipokines were processed at the Central Clinic Laboratory, St. George
University Hospital, Plovdiv, Bulgaria. Serum was separated by centrifugation at 3000 rpm for 10
minutes and stored at —80 °C until analysis.

4.3.1. Glucose Metabolism:

Fasting serum glucose levels were determined using a standard glucose oxidase-peroxidase
(GOD-POD) method. Serum insulin concentrations were measured using a chemiluminescent
immunoassay (CLIA) kit (Beckman Coulter, Inc., Chaska, MN, USA; manufactured in Ireland). The
assay demonstrated high analytical performance, with a dilution recovery of 96-104%, sensitivity of
0.03 uIU/mL, intra-assay coefficient of variation (CV) of 2.0-4.2%, and inter-assay CV of 3.1-5.6%. No
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cross-reactivity was observed with bilirubin (10 mg/dL), triglycerides (20.32 mmol/L), or C-peptide
(20,000 pmol/L), and the reference range was 1.9-23.0 pIU/mL.

Insulin resistance was assessed using the homeostasis model assessment of insulin resistance
(HOMA-IR) was calculated as (fasting immunoreactive insulin [uU/mL] x fasting blood glucose
[mmol/L])/22.5.

4.3.2. Lipid Profile:

Serum lipid concentrations were determined enzymatically. Total cholesterol (TC) was
measured using the ChOD-PAP method, triglycerides (TG) using the GPO-PAP method, and HDL
cholesterol (HDL-C) following MgSQOas-dextran sulfate precipitation. All analyses were performed
using reagents from Schneiders Medizintechnik (Zwolle, Netherlands) on a Delta Kone autoanalyser
(Kone Instruments, Espoo, Finland). Low-density lipoprotein cholesterol (LDL-C) was calculated
according to the Friedewald formula, non-HDL cholesterol was defined as TC minus HDL-C, and the
Atherogenic Index of Plasma (AIP) was calculated as log(TG/HDL-C).

4.3.3. Neurotrophins and Adipokines:

Serum adipokine and neutrophin concentrations were measured using commercially available
ELISA Kkits according to the manufacturers’ instructions.

Leptin levels were determined using a solid-phase human ELISA kit (DRG Instruments GmbH,
Marburg, Germany) with a sensitivity of 0.2 ng/mL, intra-assay CV <8.7%, and inter-assay CV <5.4%.
Adiponectin concentrations were quantified using a human ELISA kit (BioVendor — Laboratorni
medicina a.s., Heidelberg, Germany) with a sensitivity of 26 ng/mL, intra-assay CV <5.9%, and inter-
assay CV < 7.0%. Resistin levels were measured using a competitive solid-phase human EIA kit
(Phoenix Pharmaceuticals, Inc., Burlingame, CA, USA), with a sensitivity of 1.16 ng/mL, intra-assay
CV <14.0%, and inter-assay CV < 5.0%.

Brain-derived neurotrophic factor (BDNF) concentrations were measured using a human BDNF
ELISA kit (R&D Systems, Minneapolis, MN, USA), with a sensitivity of 0.01 ng/mL, intra-assay CV <
6.5%, and inter-assay CV <7.2%. Nerve growth factor beta (NGFf) levels were determined using a
human NGFp ELISA kit (Abcam, Cambridge, UK) with a sensitivity of 1 pg/mL, intra-assay CV <6%,
and inter-assay CV <6.5%. All serum samples were stored at -80 °C until analysis.

Adipokine ratios (L/A, A/R) were calculated for each participant.

4.3.4. Hormonal Parameters:

Serum luteinizing hormone (LH) and follicle-stimulating hormone (FSH) concentrations were
measured using automated chemiluminescent immunoassays (CLIA) (Beckman Coulter, Inc.,
Ireland) based on a sandwich immunochemical principle. The LH assay had a sensitivity of 0.2 IU/L,
dilution recovery of 96.9-102.8%, intra-assay CVs of 3.6-3.8%, and inter-assay CVs of 4.3-6.4%, with
no detectable cross-reactivity. The reference range for LH in the follicular phase was 2.12-10.89 IU/L.
The FSH assay demonstrated a sensitivity of 0.2 mIU/mL, dilution recovery of 96.6-104.3%, intra-
assay CVs of 3.1-4.3%, and inter-assay CVs of 4.3-5.6%, with a follicular-phase reference range of
3.85-8.78 mIU/mL. Serum estradiol (E2) concentrations were measured using a chemiluminescent
immunoassay (CLIA) kit (Beckman Coulter, Inc., Ireland) based on a competitive immunochemical
principle. The assay demonstrated dilution recovery ranging from 97% to 118% and an analytical
sensitivity of 73 pmol/L. Intra-assay coefficients of variation (CVs) ranged from 3.1% to 19.7%, while
inter-assay CVs ranged from 5.0% to 20.0%. The method showed high analytical specificity, with no
detectable cross-reactivity with bilirubin, triglycerides, hemoglobin, estriol, aldosterone, or
testosterone. The reference range for estradiol during the follicular phase of the menstrual cycle was
99-448 pmol/L. The LH/FSH ratio was calculated for all participants.

Serum androgen and sex hormone-binding globulin (SHBG) concentrations were measured
using automated chemiluminescent immunoassays (CLIA) according to the manufacturers’
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instructions. Total testosterone (TT) levels were determined using a CLIA kit (Beckman Coulter, Inc.,
Brea, CA, USA) with an analytical sensitivity of 0.35 ng/mL, dilution recovery of 96-115%, intra-assay
CVs of 1.7-3.9%, and inter-assay CVs of 4.2-7.1%. The assay demonstrated high specificity, with no
significant cross-reactivity, and a reference interval for women of 0.1-0.75 ng/mL.

Serum androstenedione (A4) concentrations were assessed using a CLIA kit (catalog no.
L2KAQO?2; Siemens Healthcare Diagnostics, Tarrytown, NY, USA), with a sensitivity of 1.0 nmol/L,
intra-assay CVs of 6.2-15.1%, and total imprecision of 8.5-17.8%; the reference range for women in
the follicular phase was 0.75-3.1 ng/mL. Dehydroepiandrosterone sulfate (DHEA-S) levels were
quantified using a CLIA kit (Beckman Coulter, Inc.), with a sensitivity <2 pg/dL, dilution recovery
of 94.8-116.2%, intra-assay CVs of 1.6-8.3%, and inter-assay CVs of 4.4-11.3%; age-specific reference
ranges were applied.

SHBG concentrations were measured on the Access 2 Immunoassay System (Beckman Coulter,
Inc.) with an analytical sensitivity of 0.33 nmol/L and a reportable range up to 180 nmol/L; intra- and
inter-assay CVs were generally <10%. The free androgen index (FAI) was calculated using the
formula: TT (nmol/L) x 100/SHBG (nmol/L).

4.4. Statistical Analysis

Statistical analyses were performed using SPSS software (version 21.0; IBM Corp., Armonk, NY,
USA). Data distribution was assessed using the Kolmogorov-Smirnov test. Variables with non-
normal distribution, including LH concentrations and the LH/FSH ratio, were logl0-transformed
prior to analysis. Normally distributed data are presented as mean + standard deviation (SD),
whereas non-normally distributed variables are expressed as median (interquartile range).
Comparisons between groups were conducted using Student’s t-test or the Mann—-Whitney U test, as
appropriate. All statistical tests were two-tailed, and a p-value < 0.05 was considered statistically
significant.

In addition to univariate comparisons, multivariate linear regression analyses were performed
to assess the independent associations of circulating neurotrophins with anthropometric and
metabolic parameters. BDNF and NGFB were modeled separately as dependent variables.
Independent predictors included BMI, WHtR, VAI, HOMA-IR, lipid fractions (TG, HDL-C, LDL-C,
non-HDL-C), and estradiol. Multicollinearity was assessed using variance inflation factors (VIF), and
only models with VIF <5 were accepted. Standardized B-coefficients and corresponding p-values are
reported.

Correlation analyses were conducted to explore associations between anthropometric indices,
metabolic parameters, adipokines, and neurotrophins. Spearman’s rank correlation coefficients were
used for correlation network and heatmap visualization to account for non-normal distributions and
to capture monotonic relationships among variables. Pearson correlation coefficients were used for
selected pairwise associations displayed as scatter plots.

To provide an integrative overview of interrelationships among variables, correlation heatmap
and network analyses were generated based on Spearman correlation matrices. The heatmap
visualizes the strength and direction of pairwise correlations among key markers, including BMI,
WHItR, VAL, HOMA-IR, lipid fractions, adipokine ratios (L/A and A/R), BDNF, NGFp, and estradiol.
The correlation network highlights clusters of closely related variables and opposing patterns
according to cardiometabolic risk profiles.

5. Conclusions

Our study demonstrates that visceral adiposity—driven cardiometabolic risk in women with
PCOS is associated with distinct neurotrophin and adipokine signatures. High VAI is linked to
elevated BDNF levels and unfavorable leptin/adiponectin and adiponectin/resistin ratios, reflecting
adiposity-related metabolic stress and insulin resistance. Conversely, higher NGF{3 concentrations in
low-VAI women may indicate protective neurotrophic and endocrine modulation, including
favorable lipid handling and estradiol regulation. These findings highlight a dual neurotrophin—
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adipokine axis as a potential integrative mediator of metabolic and endocrine alterations in PCOS.
Future longitudinal and mechanistic studies are warranted to explore whether modulation of
neurotrophin and adipokine profiles could serve as therapeutic targets to mitigate cardiometabolic
and reproductive risks in this population.
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Abbreviations

The following abbreviations are used in this manuscript:

PCOS Polycystic Ovary Syndrome

IR Insulin Resistance

BMI Body Mass Index

HOMA-IR Homeostatic Model Assessment for Insulin Resistance
WHItR Waist-to-Height Ratio

AIP Atherogenic Index of Plasma

HDL-C High-Density Lipoprotein Cholesterol
LDL-C Low-Density Lipoprotein Cholesterol
TG Triglycerides

L/A Leptin-to-Adiponectin Ratio

A/R Adiponectin-to-Resistin Ratio

VAI Visceral Adiposity Index

BDNF Brain-derived Neurotrophic Factor
NGEf Nerve Growth Factor-

ELISA Enzyme-Linked Immunosorbent Assay
LH Luteinizing hormone

FSH Follicle-Stimulating Hormone

E2 Estradiol

T Total Testosterone

SHBG Sex Hormone Binding Globulin
DHEA-S Dehydroepiandrosterone Sulfate
FAI Free Androgen Index
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