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Abstract: Metabolic syndrome (MetS) represents a complex cluster of metabolic disturbances,
including central obesity, insulin resistance, dyslipidemia, and arterial hypertension, which
collectively contribute to systemic inflammation and endocrine dysfunction. In recent decades,
increasing attention has been directed toward the influence of metabolic syndrome on female
reproductive health, particularly ovarian structure and function. The ovaries are highly sensitive
to metabolic and hormonal imbalance, and prolonged exposure to metabolic syndrome may
induce profound pathological changes at the molecular, cellular, and tissue levels. These
alterations manifest as disrupted folliculogenesis, stromal fibrosis, microvascular damage,
chronic inflammation, oxidative stress, and hormonal dysregulation, often resulting in
anovulation, infertility, and increased risk of polycystic ovary syndrome (PCOS).
This review summarizes current scientific evidence regarding the pathophysiological
mechanisms linking metabolic syndrome to ovarian pathology. Special attention is paid to
insulin resistance, hyperinsulinemia, adipokine imbalance, chronic low-grade inflammation,
oxidative stress, and endothelial dysfunction as key mediators of ovarian structural damage.
Morphological and histopathological changes observed in experimental models and clinical
studies are discussed, including follicular atresia, theca cell hyperplasia, altered angiogenesis,
and stromal remodeling. Understanding these mechanisms is essential for the development of
targeted preventive and therapeutic strategies aimed at preserving ovarian function in women
with metabolic syndrome.
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Introduction
Metabolic syndrome (MetS) is a global health problem characterized by a constellation of
interrelated metabolic abnormalities, including abdominal obesity, insulin resistance,
hyperglycemia, dyslipidemia, and hypertension. The prevalence of metabolic syndrome has
increased dramatically over the past decades, affecting women of reproductive age with alarming
frequency. Beyond its well-established cardiovascular and metabolic consequences, metabolic
syndrome has emerged as a significant risk factor for reproductive dysfunction and infertility.
The female reproductive system is tightly regulated by complex interactions between metabolic
and endocrine signals. The ovaries, as central organs of female fertility, play a crucial role in
oocyte maturation, steroid hormone production, and menstrual cycle regulation. Ovarian function
is highly dependent on metabolic homeostasis, adequate insulin signaling, lipid metabolism, and
vascular integrity. Disruption of these processes, as seen in metabolic syndrome, may result in
structural and functional ovarian abnormalities.
Numerous clinical and experimental studies have demonstrated a strong association between
metabolic syndrome and ovarian disorders, including polycystic ovary syndrome, anovulatory
infertility, menstrual irregularities, and premature ovarian aging. However, the pathological
changes occurring within ovarian tissue under metabolic stress remain incompletely understood.
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The aim of this review is to provide a comprehensive overview of the pathological alterations in
ovarian morphology and function induced by metabolic syndrome and to elucidate the
underlying pathophysiological mechanisms.
Metabolic Syndrome: Definition and Pathophysiological Basis
Metabolic syndrome is defined as a cluster of metabolic risk factors that increase the likelihood
of cardiovascular disease and type 2 diabetes mellitus. According to international criteria, the
diagnosis of metabolic syndrome is based on the presence of central obesity combined with at
least two additional components, including elevated fasting glucose, dyslipidemia, and
hypertension.
The central pathogenic mechanism of metabolic syndrome is insulin resistance, which leads to
compensatory hyperinsulinemia. Insulin resistance disrupts glucose uptake in peripheral tissues
and alters lipid metabolism, promoting lipotoxicity and ectopic fat accumulation. Adipose tissue
in metabolic syndrome is characterized by chronic low-grade inflammation and altered secretion
of adipokines, such as leptin, adiponectin, resistin, and inflammatory cytokines.
These systemic metabolic disturbances exert profound effects on endocrine organs, including the
ovaries. Insulin resistance and hyperinsulinemia directly influence ovarian steroidogenesis and
follicular development, while chronic inflammation and oxidative stress contribute to tissue
damage and fibrosis.
Ovarian Physiology and Sensitivity to Metabolic Disturbances
The ovaries consist of a complex architecture composed of follicles at various stages of
development, stromal tissue, vascular networks, and endocrine cells. Normal ovarian function
depends on coordinated interactions between gonadotropins, insulin, growth factors, and local
paracrine signals.
Insulin plays an important physiological role in the ovary by enhancing gonadotropin action,
stimulating granulosa cell proliferation, and supporting steroid hormone synthesis. However, in
the context of insulin resistance, excessive insulin signaling may become detrimental, leading to
dysregulated androgen production and impaired follicular maturation.
Additionally, ovarian tissue is highly sensitive to oxidative stress and inflammatory mediators.
Adequate blood supply and endothelial function are essential for follicular growth and oocyte
quality. Metabolic syndrome-associated vascular dysfunction may therefore compromise ovarian
perfusion and nutrient delivery.
Insulin Resistance and Hyperinsulinemia as Key Mediators of Ovarian Pathology
Insulin resistance is widely recognized as a central mechanism linking metabolic syndrome to
ovarian dysfunction. Hyperinsulinemia exerts direct and indirect effects on ovarian cells. Insulin
stimulates theca cells to increase androgen production by enhancing the activity of steroidogenic
enzymes. Elevated androgen levels disrupt normal folliculogenesis and promote follicular arrest.
Moreover, hyperinsulinemia suppresses hepatic production of sex hormone-binding globulin
(SHBG), resulting in increased bioavailability of androgens. This hormonal imbalance further
exacerbates ovarian dysfunction and contributes to the development of polycystic ovarian
morphology.
At the cellular level, insulin resistance alters intracellular signaling pathways in granulosa cells,
impairing glucose uptake and mitochondrial function. This metabolic stress leads to increased
apoptosis, follicular atresia, and reduced oocyte quality.
Role of Adipose Tissue and Adipokines
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Adipose tissue acts as an active endocrine organ, secreting adipokines that regulate metabolism,
inflammation, and reproductive function. In metabolic syndrome, adipose tissue dysfunction
results in an imbalance of adipokines, which negatively affects ovarian physiology.
Leptin, a hormone involved in appetite regulation, is often elevated in obese individuals with
metabolic syndrome. Excessive leptin levels may impair ovarian steroidogenesis and reduce
follicular sensitivity to gonadotropins. Conversely, adiponectin, which has insulin-sensitizing
and anti-inflammatory properties, is typically reduced in metabolic syndrome, contributing to
insulin resistance and inflammation.
Pro-inflammatory cytokines such as tumor necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6)
promote oxidative stress and cellular damage within ovarian tissue. Chronic exposure to these
mediators induces stromal fibrosis and disrupts normal follicular architecture.
Chronic Inflammation and Oxidative Stress
Metabolic syndrome is characterized by chronic low-grade inflammation, which plays a crucial
role in the pathogenesis of ovarian pathology. Inflammatory cytokines activate intracellular
signaling pathways that promote oxidative stress, apoptosis, and tissue remodeling.
Oxidative stress results from an imbalance between reactive oxygen species (ROS) production
and antioxidant defense mechanisms. Excessive ROS generation damages cellular membranes,
proteins, and DNA within ovarian cells. Granulosa cells and oocytes are particularly vulnerable
to oxidative injury, which may impair follicular development and reduce fertility potential.
Histopathological studies have demonstrated increased inflammatory infiltrates and oxidative
damage markers in ovarian tissue from animal models of metabolic syndrome. These findings
suggest that inflammation and oxidative stress are key contributors to ovarian structural
deterioration.
Morphological and Histopathological Changes in the Ovaries
Numerous experimental and clinical studies have described characteristic morphological changes
in the ovaries associated with metabolic syndrome. These changes include an increased number
of atretic follicles, reduced corpus luteum formation, and thickening of the ovarian stroma.
One of the most prominent histological features is the accumulation of small antral follicles with
arrested development. This pattern reflects impaired folliculogenesis and is often accompanied
by theca cell hyperplasia and stromal fibrosis. Increased deposition of extracellular matrix
components disrupts normal tissue architecture and reduces ovarian elasticity.
Vascular alterations, including endothelial dysfunction and reduced capillary density, have also
been observed. These changes compromise oxygen and nutrient delivery to developing follicles,
further impairing ovarian function.
Metabolic Syndrome and Polycystic Ovary Syndrome: Pathological Overlap
There is a significant overlap between metabolic syndrome and polycystic ovary syndrome
(PCOS), with many women exhibiting features of both conditions. While PCOS is primarily
considered a reproductive endocrine disorder, metabolic syndrome shares common pathogenic
mechanisms, including insulin resistance and chronic inflammation.
Ovarian morphology in women with metabolic syndrome often resembles polycystic changes,
even in the absence of classical PCOS diagnostic criteria. This suggests that metabolic syndrome
itself may induce PCOS-like ovarian pathology through metabolic and inflammatory pathways.
Understanding the similarities and differences between these conditions is essential for accurate
diagnosis and personalized treatment strategies.
Clinical Implications and Reproductive Consequences
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Pathological changes in the ovaries associated with metabolic syndrome have significant clinical
implications. Women with metabolic syndrome frequently experience menstrual irregularities,
anovulation, and infertility. Additionally, altered ovarian steroidogenesis may increase the risk of
endometrial hyperplasia and hormone-dependent malignancies.
During assisted reproductive technologies, metabolic syndrome has been associated with reduced
ovarian response to stimulation, lower oocyte quality, and decreased pregnancy rates. These
findings highlight the importance of metabolic health in reproductive outcomes.
Therapeutic Perspectives and Preventive Strategies
Management of ovarian pathology in metabolic syndrome requires a multidisciplinary approach
targeting metabolic, endocrine, and inflammatory components. Lifestyle interventions, including
weight reduction, dietary modification, and physical activity, are fundamental in improving
insulin sensitivity and hormonal balance.
Pharmacological treatments such as insulin sensitizers, antioxidants, and anti-inflammatory
agents may have beneficial effects on ovarian morphology and function. Early identification and
management of metabolic syndrome in women of reproductive age are crucial for preserving
fertility and preventing long-term complications.
Conclusion
Metabolic syndrome exerts a profound impact on ovarian structure and function through a
complex interplay of insulin resistance, hormonal imbalance, inflammation, oxidative stress, and
vascular dysfunction. These mechanisms lead to characteristic pathological changes, including
disrupted folliculogenesis, stromal fibrosis, and impaired steroidogenesis.
Understanding the pathophysiological links between metabolic syndrome and ovarian pathology
is essential for the development of effective preventive and therapeutic strategies. Further
research is needed to elucidate molecular mechanisms and identify biomarkers for early
detection of ovarian damage in women with metabolic syndrome.
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