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Abstract

Background: Polycystic ovary syndrome (PCOS) is frequently accompanied by metabolic disturbances,
particularly insulin resistance, which may influence ovarian morphology. Ultra-sonographic markers such as
ovarian and stromal volumes have been proposed as potential indicators of metabolic dysfunction.

Objectives: This study aimed to evaluate the associations between ovarian and stromal volumes and fasting
insulin, fasting blood glucose (FBG), and post-prandial blood glucose (PPBG) levels in women aged 18—40
years diagnosed with PCOS.

Methods: A cross-sectional analysis was conducted involving 120 women meeting the Rotterdam criteria for
PCOS. Ovarian and stromal volumes were measured using transvaginal or transabdominal ultrasonography.
Fasting insulin, FBG, and PPBG were assessed through standard laboratory tests. Correlations between
morphological and metabolic variables were examined using Pearson’s correlation coefficients.

Results: The average ovarian volume was 12.4 + 3.8 mL, and the mean stromal volume was 7.9 + 2.5 mL.
Stromal volume showed strong positive correlations with fasting insulin (r = 0.62, p < 0.001), FBG (r =0.41, p
<0.01), and PPBG (r = 0.45, p <0.01). Ovarian volume demonstrated weaker correlations with fasting insulin (r
=0.33, p=0.02) and PPBG (r = 0.29, p = 0.04), and no significant association with FBG (r=0.18, p=0.11).
Conclusion: Stromal volume appears to be more closely linked to metabolic abnormalities than total ovarian
volume, indicating its potential value in evaluating metabolic risk in PCOS. Further longitudinal research is
recommended.

This is an Open Access article that uses a funding model which does not charge readers or their institutions for access and distributed under
the terms of the Creative Commons Attribution License (http:/creativecommons.org/licenses/by/4.0) and the Budapest Open Access
Initiative (http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium,
provided original work is properly credited.

Introduction

Polycystic ovary syndrome (PCOS) is a prevalent
and complex endocrine disorder affecting a
significant proportion of women during their
reproductive  years, with global estimates
suggesting a prevalence between 8% and 13%.
Despite its frequency, PCOS remains a highly
heterogeneous condition, characterized by a
combination of reproductive abnormalities,
metabolic  disturbances, and  psychological
challenges.

This variability arises from differences in hormonal
imbalances, insulin sensitivity, ovarian
morphology, and genetic and environmental
influences. Such complexity not only complicates
diagnostic processes but also impacts long-term
health outcomes, emphasizing the need for deeper
understanding of the disorder’s underlying
mechanisms. Insulin resistance is recognized as one
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of the most critical metabolic features of PCOS. It
affects many individuals with the condition,
irrespective of their body weight. When insulin
resistance develops, the pancreas compensates by
producing higher levels of insulin, leading to
hyperinsulinemia.

Elevated insulin levels interact with luteinizing
hormone (LH) to stimulate excess androgen
production in ovarian theca cells. This interaction
contributes to a self-perpetuating cycle of
hyperandrogenism and metabolic dysfunction.
Given that metabolic abnormalities may develop
gradually and often appear before noticeable
clinical symptoms, identifying women at increased
metabolic risk early is essential for implementing
preventive and therapeutic strategies.

Ultrasonography plays a central role in diagnosing
PCOS, with emphasis historically placed on
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assessing ovarian volume and follicle number.
However, recent studies suggest that evaluating the
ovarian stroma may provide additional insights into
the metabolic dimension of PCOS.

The ovarian stroma consists of connective tissue
and hormonally active cells, which contribute
significantly to androgen production. Increased
stromal density, echogenicity, and volume have
been linked to higher circulating androgen levels
and to markers of insulin resistance. These findings
highlight the potential clinical value of stromal
volume as a non-invasive indicator of underlying
metabolic abnormalities.

Despite growing interest, the relationship between
ovarian stromal volume and metabolic function is
not yet fully understood and may vary based on
age, ethnicity, and other demographic factors.

Women aged 1840 years represent a particularly
relevant group for such investigation, as this age
range encompasses the primary reproductive
years—the period in which PCOS is most often
diagnosed and when metabolic changes commonly
begin to emerge. Exploring ovarian morphology
and metabolic correlations within this population
may therefore enhance diagnostic precision and
support more personalized approaches to
management.

The current study aims to analyze the connections
between ovarian volume, stromal volume, and key
metabolic markers—namely fasting insulin, fasting
blood glucose (FBG), and post-prandial blood
glucose (PPBG)—in women with PCOS aged 18—
40 years. By evaluating these associations, the
study seeks to determine whether ovarian structural
features, particularly stromal enlargement, can be

used as reliable indicators of metabolic
dysfunction. Enhanced understanding of these
relationships may refine imaging-based diagnostic
criteria, improve metabolic risk assessment, and
ultimately guide earlier and more targeted
interventions to mitigate long-term  health
complications associated with PCOS.

Materials and Methods

Study Design and Participants: This cross-
sectional study included 120 women aged 18 to 40
years diagnosed with PCOS using the Rotterdam
criteria. Exclusion criteria consisted of pregnancy,
diabetes, thyroid dysfunction, hyperprolactinemia,
Cushing syndrome, and recent hormonal therapy.

Ultrasonographic  Assessment: Ultrasound
examinations were conducted using transvaginal or
transabdominal approaches based on participant
suitability. Ovarian volume was calculated using
the prolate ellipsoid formula, while stromal volume
was estimated through manual segmentation and
grayscale analysis.

Laboratory Parameters

e Fasting insulin: measured by
chemiluminescent immunoassay.

e« FBG and PPBG: measured using the glucose
oxidase—peroxidase method.

Statistical Analysis: Descriptive statistics were
computed, and Pearson’s correlation coefficients
were used to examine associations between ovarian
morphology and  metabolic  variables. A
significance level of p < 0.05 was applied.

Results

Table 1: Baseline Characteristics of Study Participants

Variable Mean + SD
Age (years) 26.8+54

BMI (kg/m?) 27.6 4.1

Fasting Insulin (uIU/mL) 213+£9.8

Fasting Blood Glucose (mg/dL) 94.5+12.1
Post-Prandial Blood Glucose (mg/dL) 127.9+224

Table 2: Ovarian and Stromal Volume Measurements

Parameter Mean + SD
Ovarian Volume (mL) 12.4+3.8
Stromal Volume (mL) 79+£25

Table 3: Correlation of Ovarian Volume with Metabolic Parameters

Metabolic Parameter Correlation Coefficient (r) p-value

Fasting Insulin 0.33 0.02

Fasting Blood Glucose 0.18 0.11

Post-Prandial Blood Glucose 0.29 0.04
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Table 4: Correlation of Stromal Volume with Metabolic Parameters

Metabolic Parameter Correlation Coefficient (r) p-value
Fasting Insulin 0.62 <0.001
Fasting Blood Glucose 0.41 <0.01
Post-Prandial Blood Glucose 0.45 <0.01

Discussion

PCOS is recognized as a condition with far-
reaching reproductive and metabolic consequences,
with insulin resistance at its core. In this study,
stromal volume exhibited the strongest associations
with metabolic parameters, emphasizing its role as
a potential imaging marker of metabolic risk. The
positive correlation between stromal volumes and
fasting insulin levels suggests that stromal
hypertrophy may reflect heightened androgenic and
metabolic activity within the ovary. Insulin
potentiates LH-induced androgen synthesis in the
theca cells, contributing to stromal expansion. As
such, stromal enlargement could mirror the degree
of hyperinsulinemia and metabolic disturbance.
Similarly, the significant associations between
stromal volumes and both FBG and PPBG imply
that stromal hypertrophy may be indicative of early
disruptions in glucose regulation. Since insulin
resistance can precede abnormalities in glucose
tolerance, stromal enlargement may serve as an
early warning sign of progressing metabolic
dysfunction.

In comparison, ovarian volume demonstrated
weaker correlations with metabolic parameters.
This is likely due to the inclusion of follicular
components within total ovarian volume, which
may not accurately represent metabolic activity.
Thus, ovarian volume alone may not be sufficient
to reflect metabolic dysfunction in PCOS, whereas
stromal assessment may offer clearer insight. The
study’s findings align with previous research
highlighting the relationship between stromal
characteristics and metabolic dysfunction in PCOS.
Stromal volume and stromal-to-ovarian volume
ratios have consistently been linked to insulin
resistance and hyperandrogenism.

The present study strengthens the case for
incorporating stromal evaluation in routine ultra-
sonographic assessments. Despite the promising
implications, several limitations should be
acknowledged. The cross-sectional design restricts
causal interpretation, and ultrasound-based volume
measurements are inherently operator-dependent.
Additionally, ethnic and demographic differences
may influence both ovarian morphology and
metabolic risk profiles, potentially limiting
generalizability. Nonetheless, the findings suggest
that stromal volume could be used as a practical,
non-invasive indicator of metabolic risk in PCOS.
Future longitudinal research may determine
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whether stromal volume predicts metabolic
deterioration or treatment response.

Comparison with Other Studies: Our results
showing a moderate correlation between ovarian
volumes and fasting insulin agree with Dewailly et
al., who reported that enlarged ovarian size is
associated with increased metabolic risk due to
heightened follicular and stromal activity. Earlier
work by Carmina and Lobo also suggested that
ovarian volume increases proportionally with
insulin resistance, supporting our findings.

The strong correlation we observed between
stromal volume and fasting insulin levels supports
Chen et al., who identified ovarian stromal
hypertrophy as a robust predictor of
hyperinsulinemia. Similar conclusions were drawn
by Fulghesu et al., who found that stromal volume
provides better metabolic risk prediction than
ovarian volume alone. Our study also found
significant correlations between stromal volume
and both fasting and post-prandial glucose levels.
These findings mirror those of Moran et al., who
demonstrated that women with greater ovarian
stromal tissue exhibited higher glucose intolerance
and impaired insulin sensitivity. Likewise, Yildiz et
al. reported that increased ovarian stromal mass is
more strongly associated with metabolic alterations
than BMI alone. Comparing our findings with the
Rotterdam Consensus, which emphasizes ovarian
morphology as a diagnostic criterion, reinforces the
idea that ovarian stromal assessment could enhance
clinical risk stratification. This is further supported
by Teede et al., who highlighted the metabolic
heterogeneity in PCOS and the potential usefulness
of ovarian biomarkers. The results of the present
study emphasize that stromal volume is a more
reliable indicator of metabolic dysfunction than
ovarian volume. This aligns with Carmina’s work,
which emphasized that stromal echogenicity and
volume offer superior insight into the severity of
PCOS compared to follicle count or ovarian size

Conclusion

In conclusion, this study demonstrates that stromal
volume correlates more strongly with fasting
insulin, FBG, and PPBG than total ovarian volume.
These findings support the use of stromal
assessment as an important component of PCOS
evaluation, with potential applications in risk
stratification and personalized care.

Stromal volume appears to be a more reliable
indicator of metabolic dysfunction than total
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ovarian volume in women with PCOS aged 1840
years. Its strong correlations with fasting insulin,
fasting glucose, and post-prandial glucose highlight
its potential value in clinical evaluation. Further
prospective studies are necessary to confirm these
associations and explore their prognostic
significance.
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