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Abstract

Background: Polycystic ovary syndrome (PCOS) is one of the most common endocrine
disorders among women of reproductive age, affecting approximately 6-20% of this
population worldwide depending on diagnostic criteria. It is characterized by chronic
anovulation, hyperandrogenism, and polycystic ovarian morphology. However, beyond
the reproductive manifestations, PCOS represents a complex metabolic disorder
associated with insulin resistance, obesity, dyslipidemia, and increased cardiovascular
risk.

Objective: Understanding the effect of visceral adiposity on PCOS is essential for
developing targeted therapeutic interventions that address both reproductive and
metabolic outcomes.

Conclusion: Recognizing the importance of visceral adiposity in PCOS underscores the
need for comprehensive management approaches that extend beyond symptom control
to address underlying metabolic derangements. Lifestyle modification, pharmacologic
therapy, and novel interventions targeting adipose tissue biology represent key
components of an integrated therapeutic strategy.

Keywords: Polycystic ovary syndrome; visceral adipose tissue; berberine; metformin;
insulin resistance; hyperandrogenism.

Introduction

Polycystic ovary syndrome (PCOS) is one of the most common endocrine disorders among women of
reproductive age, affecting approximately 6—20% of this population worldwide depending on diagnostic criteria.
It is characterized by chronic anovulation, hyperandrogenism, and polycystic ovarian morphology. However,
beyond the reproductive manifestations, PCOS represents a complex metabolic disorder associated with insulin
resistance, obesity, dyslipidemia, and increased cardiovascular risk. (Lemaitre et al., 2023)

In recent years, visceral adipose tissue (VAT) has emerged as a crucial determinant of the metabolic
disturbances observed in PCOS. Unlike subcutaneous adipose tissue, VAT has unique endocrine and
inflammatory properties that profoundly influence systemic metabolism and hormonal balance. Understanding
the effect of visceral adiposity on PCOS is essential for developing targeted therapeutic interventions that
address both reproductive and metabolic outcomes. (Bril et al., 2024)

The pathophysiology of PCOS is multifactorial, involving genetic, environmental, and endocrine factors.
Central to its development is an interplay between hyperandrogenism, insulin resistance, and abnormal
gonadotropin secretion. Excessive luteinizing hormone (LH) stimulates theca cells to produce androgens, while
inadequate follicle-stimulating hormone (FSH) leads to arrested follicular development. (Y. Zhang et al., 2024)

Hyperinsulinemia, driven by insulin resistance, further amplifies ovarian androgen production and
inhibits hepatic synthesis of sex hormone-binding globulin (SHBG), resulting in elevated levels of free
circulating androgens. Obesity, particularly visceral obesity, exacerbates these mechanisms through both direct
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and indirect pathways, suggesting that adipose tissue dysfunction is integral to the pathogenesis of PCOS.
(Katluzna et al., 2021)

Distribution and Function of Adipose Tissue

Adipose tissue is not a uniform storage site for fat but a metabolically active organ that regulates energy
homeostasis, immune response, and endocrine signaling. It is broadly classified into subcutaneous adipose tissue
(SAT) and visceral adipose tissue (VAT). SAT is located beneath the skin and primarily functions as an energy
reserve, whereas VAT is stored around internal organs such as the liver, intestines, and pancreas.

VAT exhibits higher metabolic activity, greater lipolytic rate, and increased secretion of inflammatory
cytokines compared with SAT. This differential behavior means that VAT accumulation contributes
disproportionately to insulin resistance and metabolic syndrome. In women with PCOS, this preferential
deposition of visceral fat appears to be a major driver of hormonal and metabolic disturbances. (F. Zhang et al.,
2022)

Mechanisms Linking Visceral Fat to PCOS

Visceral adipose tissue influences PCOS pathogenesis through several interconnected mechanisms. One
of the most significant is insulin resistance. VAT releases free fatty acids (FFAs) into the portal circulation,
which directly affect hepatic glucose metabolism and promote insulin resistance. The resulting hyperinsulinemia
stimulates ovarian androgen production and reduces SHBG synthesis. Additionally, visceral adipocytes secrete
various adipokines and inflammatory mediators such as tumor necrosis factor-alpha (TNF-a), interleukin-6 (IL-
6), leptin, and resistin, while adiponectin levels are decreased. These cytokines promote chronic low-grade
inflammation, impair insulin signaling, and disrupt hypothalamic-pituitary-ovarian (HPO) axis function. (de
Medeiros et al., 2021)

Furthermore, the activity of 11B-hydroxysteroid dehydrogenase type 1 (11B-HSD1), an enzyme that
converts inactive cortisone to active cortisol, is elevated in visceral fat, leading to increased local cortisol
concentrations. This promotes further adipocyte differentiation, lipid storage, and insulin resistance. The
interaction between these metabolic and hormonal factors forms a vicious cycle that sustains both visceral
obesity and PCOS features.

Visceral Fat and Insulin Resistance in PCOS

Insulin resistance is a hallmark of PCOS and is present even in lean women with the disorder, although it
is more pronounced in those who are obese. VAT contributes to systemic insulin resistance by increasing the
flux of FFAs to the liver, thereby stimulating gluconeogenesis and impairing hepatic insulin clearance.
Additionally, the pro-inflammatory cytokines released from visceral fat interfere with insulin receptor signaling
through serine phosphorylation of insulin receptor substrate-1 (IRS-1). (Prabhu et al., 2021). In PCOS, this
insulin resistance leads to compensatory hyperinsulinemia, which enhances ovarian androgen synthesis by
acting synergistically with LH on theca cells. Hyperinsulinemia also suppresses SHBG production in the liver,
further increasing bioavailable androgens. The elevated androgen levels promote abdominal fat deposition,
particularly in the visceral region, perpetuating a self-reinforcing cycle between adiposity and hormonal
imbalance. This mechanism highlights VAT as both a cause and a consequence of insulin resistance in PCOS.
(Mic¢i¢ et al., 2022)

Inflammatory Role of Visceral Adipose Tissue

A key distinguishing feature of visceral adiposity is its pro-inflammatory state. Visceral fat exhibits an
increased infiltration of macrophages and T lymphocytes that produce pro-inflammatory cytokines. This chronic
low-grade inflammation contributes to insulin resistance and ovarian dysfunction in PCOS. Elevated levels of
TNF-o and IL-6 have been correlated with markers of hyperandrogenism and menstrual irregularity. (de
Medeiros et al., 2021)
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Moreover, inflammatory cytokines alter the secretion of gonadotropin-releasing hormone (GnRH) and
disrupt normal follicular maturation. They also impair endothelial function, increasing cardiovascular risk. This
inflammatory milieu generated by visceral adiposity extends beyond metabolic dysfunction, affecting
reproductive tissues directly and thereby worsening PCOS symptoms. In summary, inflammation serves as a
mechanistic bridge linking visceral adiposity with both the endocrine and metabolic manifestations of PCOS.
(Bril et al., 2024)

Adipokines and Their Impact on Ovarian Function

Adipose tissue acts as an endocrine organ through the secretion of bioactive peptides known as
adipokines. Among them, leptin, adiponectin, resistin, and visfatin have significant roles in PCOS
pathophysiology. Leptin levels are typically elevated in obese women with PCOS, reflecting leptin resistance.
High leptin levels may impair ovarian folliculogenesis and oocyte quality. Conversely, adiponectin, which
enhances insulin sensitivity and has anti-inflammatory properties, is decreased in women with PCOS, especially
those with visceral obesity. Low adiponectin levels correlate with insulin resistance, dyslipidemia, and
hyperandrogenism. (Lemaitre et al., 2023)

Resistin and visfatin, both of which are secreted predominantly by visceral adipocytes, contribute to
insulin resistance and chronic inflammation. Their elevated levels in PCOS further promote metabolic
disturbances and ovarian dysfunction. These alterations in adipokine profiles illustrate how visceral fat acts as
an endocrine disruptor that drives both systemic metabolic dysfunction and local ovarian pathology. (Y. Zhang
et al., 2023)

Visceral Adiposity and Hyperandrogenism

Hyperandrogenism is a central feature of PCOS, manifesting as hirsutism, acne, and alopecia. VAT
contributes to hyperandrogenism through several pathways. First, increased insulin levels derived from VAT-
induced insulin resistance stimulate ovarian androgen synthesis. Second, VAT expresses higher levels of
enzymes involved in steroid metabolism, such as aromatase and 17B-hydroxysteroid dehydrogenase, which can
alter the balance between androgens and estrogens. Third, the release of inflammatory mediators from VAT
stimulates the hypothalamic-pituitary axis to secrete more LH, thereby enhancing androgen production.
(Lonardo et al., 2024). Moreover, androgens themselves promote visceral fat accumulation, leading to a
bidirectional relationship. This reciprocal interaction between androgens and visceral fat reinforces the
metabolic and reproductive dysfunction in PCOS. Clinical studies consistently show that women with PCOS
have higher visceral fat-to-subcutaneous fat ratios than BMI-matched controls, even when total body fat is
similar. (Bai et al., 2023)

Cardiometabolic Consequences of Visceral Adiposity in PCOS

The accumulation of visceral adipose tissue in PCOS has profound cardiometabolic implications. It
predisposes affected women to metabolic syndrome, type 2 diabetes mellitus, dyslipidemia, and hypertension.
The combination of insulin resistance, inflammation, and endothelial dysfunction increases the risk of
atherosclerosis and cardiovascular disease later in life. (Basar Gokcen et al., 2021)

Visceral fat contributes to an atherogenic lipid profile characterized by elevated triglycerides, low high-
density lipoprotein (HDL) cholesterol, and small dense low-density lipoprotein (LDL) particles. These
metabolic abnormalities often appear in early adulthood and may persist even after normalization of menstrual
function or fertility treatment. Thus, visceral adiposity not only exacerbates PCOS symptoms but also represents
a key determinant of long-term health risks in this population. (Jurczewska et al., 2023)

Diagnostic Assessment of Visceral Fat in PCOS

Accurate assessment of visceral fat is essential for understanding its role in PCOS and guiding
therapeutic strategies. Conventional anthropometric measurements such as body mass index (BMI) and waist-to-
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hip ratio provide only indirect estimates of fat distribution. Imaging modalities, including magnetic resonance
imaging (MRI), computed tomography (CT), and dual-energy X-ray absorptiometry (DEXA), offer more
precise quantification of visceral fat compartments. However, their use is limited by cost and accessibility. (Y.
Zhang et al., 2022)

Ultrasound-based measurement of intra-abdominal fat thickness has emerged as a practical and non-
invasive alternative for evaluating VAT in clinical and research settings. Studies have shown strong correlations
between ultrasonographic VAT measurements and metabolic markers of insulin resistance in women with
PCOS. Hence, assessing visceral fat distribution can provide valuable insight into disease severity and help
tailor individualized management approaches (Q. Zhang et al., 2022), also diagnosed by Waist-to-height ratio
(WHtR). WC/H > 0.5 is indicative of visceral obesity. (Valeria et al., 2021). To calculate (WHtR), WC needs to
be measured precisely by measuring the waist midway between the bottom of the ribs and the top of the hips
with natural breath. WC and height need to be measured in the same units, and the calculation method of WHtR
is to divide WC by height measurement (ZHANG et al., 2024).

Therapeutic Implications: Targeting Visceral Adiposity

Given its pivotal role in PCOS pathophysiology, targeting visceral adiposity offers a promising
therapeutic avenue. Lifestyle modification, including dietary intervention and regular physical activity, remains
the cornerstone of management. Caloric restriction and aerobic exercise preferentially reduce visceral fat stores
and improve insulin sensitivity. Even modest weight loss (5-10%) has been shown to restore ovulation and
reduce androgen levels in obese women with PCOS.(Hurayb et al., 2024)

Pharmacological interventions such as metformin and thiazolidinediones improve insulin sensitivity and
may reduce visceral fat accumulation. Anti-obesity agents like orlistat and glucagon-like peptide-1 (GLP-1)
receptor agonists have also demonstrated beneficial effects on body composition and reproductive outcomes. In
addition, bariatric surgery has been associated with significant reductions in visceral fat and improvement in
PCOS manifestations in morbidly obese women. Future therapies targeting adipokine signaling and
inflammatory pathways may provide further benefits by directly addressing visceral fat dysfunction.

Berberine: Origin and Pharmacological Profile

Berberine is a plant-derived isoquinoline alkaloid found in species of Berberis, Coptis, and
Phellodendron. It has been used for thousands of years in traditional Chinese medicine to treat gastrointestinal
infections, diarrhea, and metabolic disorders. In recent decades, extensive pharmacological research has
revealed that berberine exerts pleiotropic effects on glucose and lipid metabolism, inflammation, and oxidative
stress. (Rondanelli et al., 2021)

Berberine has poor oral bioavailability, but it demonstrates high tissue distribution and a long half-life
due to its active metabolites. It acts through multiple molecular pathways, including activation of adenosine
monophosphate-activated protein kinase (AMPK), modulation of gut microbiota, and regulation of insulin
signaling cascades. These mechanisms underpin its therapeutic effects in metabolic diseases and have attracted
attention for its potential use in PCOS management. (He et al., 2024)

Mechanisms of Action of Berberine in PCOS

Berberine exerts its beneficial effects in PCOS through multiple mechanisms that target the core
pathophysiological abnormalities of the syndrome.

1. Improvement of Insulin Sensitivity

Insulin resistance is central to PCOS pathophysiology, and berberine has shown potent insulin-sensitizing
effects. It activates AMPK, a cellular energy sensor that regulates glucose and lipid metabolism. AMPK
activation enhances glucose uptake in skeletal muscle, promotes fatty acid oxidation, and suppresses hepatic
gluconeogenesis. These actions collectively reduce circulating glucose and insulin levels. Clinical studies have
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demonstrated that berberine decreases fasting plasma glucose, fasting insulin, and HOMA-IR (Homeostatic
Model Assessment for Insulin Resistance) in women with PCOS, comparable to the effects of metformin. (Yu et
al., 2021)

2. Regulation of Lipid Metabolism

Women with PCOS often exhibit dyslipidemia characterized by elevated triglycerides and low high-density
lipoprotein (HDL) levels. Berberine improves lipid profiles by upregulating low-density lipoprotein receptor
(LDLR) expression and promoting cholesterol clearance. Moreover, it reduces triglyceride synthesis and very
low-density lipoprotein (VLDL) secretion in the liver. By ameliorating lipid abnormalities, berberine mitigates
cardiovascular risks associated with PCOS and improves overall metabolic health. (X. Zhang et al., 2025)

3. Reduction of Androgen Excess

Hyperandrogenism is a defining feature of PCOS, and berberine has been shown to reduce serum testosterone
and androstenedione levels. This effect is mediated partly by improved insulin sensitivity, which diminishes
insulin’s stimulatory effect on ovarian androgen production. Additionally, berberine directly modulates
steroidogenic enzyme activity within the ovary, reducing androgen biosynthesis. Some studies also suggest that
berberine may increase SHBG production, thereby reducing free circulating androgens. (Usulkar et al., 2024)

4. Anti-inflammatory and Antioxidant Effects

PCOS is associated with chronic low-grade inflammation and oxidative stress, contributing to metabolic and
reproductive dysfunction. Berberine exhibits potent anti-inflammatory properties by inhibiting nuclear factor-
kappa B (NF-kB) signaling and suppressing the release of pro-inflammatory cytokines such as interleukin-6 (IL-
6) and tumor necrosis factor-alpha (TNF-a). It also enhances the activity of antioxidant enzymes, including
superoxide dismutase and catalase, thereby reducing oxidative damage in ovarian and metabolic tissues.
(Ochyra et al., 2022)

5. Modulation of Gut Microbiota

Emerging evidence suggests that gut dysbiosis may play a role in the development of insulin resistance and
systemic inflammation in PCOS. Berberine beneficially modulates gut microbiota composition by increasing
short-chain fatty acid-producing bacteria and reducing endotoxin-producing species. These microbiome changes
improve intestinal barrier integrity and metabolic function, offering an additional mechanism for berberine’s
efficacy in PCOS. (Mirzaee et al., 2021)
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Fig. (1). The mechanism of berberine’s action in polycystic ovary syndrome (PCOS).

Clinical Evidence of Berberine Use in PCOS

Several clinical studies have investigated the effects of berberine in women with PCOS, often comparing

its efficacy to that of metformin.

A landmark randomized controlled trial compared berberine, metformin, and placebo in women with
PCOS undergoing in vitro fertilization (IVF). The study found that berberine significantly improved insulin
sensitivity, reduced androgen levels, and enhanced lipid profiles. Interestingly, women receiving berberine
exhibited higher pregnancy rates compared to the metformin group, suggesting additional reproductive benefits
beyond metabolic improvement. (He et al., 2024)

Another clinical trial demonstrated that berberine reduced body mass index (BMI) and waist-to-hip ratio
in obese women with PCOS. These improvements were accompanied by decreased fasting insulin and
testosterone levels. Importantly, berberine was associated with fewer gastrointestinal side effects compared to
metformin, highlighting its better tolerability. (Rondanelli et al., 2021)
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In a meta-analysis of randomized controlled trials, berberine was shown to significantly lower fasting
glucose, fasting insulin, total cholesterol, and testosterone levels in women with PCOS. Moreover, the
combination of berberine with lifestyle modification or metformin produced additive effects, further enhancing
metabolic and hormonal outcomes. These findings position berberine as a promising alternative or adjunct
therapy for PCOS management. (Jin et al., 2024)

Berberine and Ovulatory Function

Restoration of ovulation and fertility remains a key goal in PCOS treatment. Studies indicate that
berberine can improve ovulatory frequency and menstrual regularity. This is primarily attributed to the reduction
in insulin resistance and androgen levels, which normalize the hypothalamic—pituitary—ovarian axis. By
improving follicular maturation and oocyte quality, berberine enhances natural conception rates and outcomes in
assisted reproduction. Some evidence also suggests that berberine may improve endometrial receptivity,
facilitating successful implantation and pregnancy. (Mishra et al., 2022)

Comparative Efficacy: Berberine vs. Metformin

Metformin has long been considered the cornerstone of pharmacologic therapy for insulin resistance in
PCOS. However, berberine has emerged as a comparable agent with additional advantages. Both agents activate
AMPK and improve glucose metabolism, but berberine exerts broader effects on lipid regulation and
inflammation. Clinical studies have shown that berberine achieves similar reductions in fasting glucose, insulin,
and HOMA-IR values as metformin but with a superior impact on lipid parameters. (Mirzaee et al., 2021)

Furthermore, berberine appears to cause fewer gastrointestinal side effects, such as diarrhea and nausea,
which often limit metformin adherence. The dual action of berberine on metabolic and reproductive axes
suggests that it may offer a more holistic approach to PCOS management, especially in patients with significant
dyslipidemia or intolerance to metformin. (Ochyra et al., 2022)

Berberine in Combination Therapy

Combination therapy is increasingly being explored to maximize the therapeutic benefits of berberine.
Co-administration with metformin has shown synergistic effects in improving insulin sensitivity and hormonal
balance. Similarly, the addition of berberine to oral contraceptives or anti-androgenic medications can enhance
metabolic outcomes without compromising reproductive benefits. In some trials, combining berberine with
myo-inositol or D-chiro-inositol improved ovulatory function more effectively than either agent alone,
indicating potential additive or complementary mechanisms. (He et al., 2024)

Safety and Tolerability of Berberine

Berberine is generally well-tolerated, with few adverse effects reported in clinical studies. The most
common side effects include mild gastrointestinal discomfort, constipation, or nausea, which are typically
transient. Unlike metformin, berberine does not cause lactic acidosis or severe hypoglycemia. However, its use
during pregnancy and lactation remains inadequately studied, and caution is advised in women attempting
conception. Long-term safety data are still limited, and further large-scale trials are warranted to assess its
chronic use in reproductive-age women. (Jin et al., 2024)

Limitations of Current Evidence

Despite promising results, several limitations exist in the current evidence regarding berberine’s role in
PCOS. Most clinical trials have been conducted in Asian populations, raising questions about generalizability to
other ethnic groups. Moreover, sample sizes in many studies are relatively small, and study durations are often
short. There is also considerable variability in berberine formulations, dosages, and treatment durations,
complicating comparisons across studies. Standardization of berberine supplements and well-designed,
multicenter randomized controlled trials are necessary to establish definitive efficacy and safety profiles.
(Mishra et al., 2022)
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Pathophysiology of PCOS and the Role of Insulin Resistance

Insulin resistance is a fundamental pathogenic mechanism in PCOS and occurs in both obese and lean
phenotypes. Defects in insulin receptor signaling, increased serine phosphorylation of insulin receptor
substrates, and enhanced lipolysis contribute to peripheral insulin resistance. To compensate, pancreatic 3-cells
secrete higher amounts of insulin, resulting in hyperinsulinemia.(Xu et al., 2022)

Hyperinsulinemia has several deleterious effects in PCOS. It stimulates theca cells in the ovaries to
produce excessive androgens and suppresses hepatic production of sex hormone-binding globulin (SHBG),
thereby increasing free androgen levels. Elevated androgens disrupt follicular development, leading to chronic
anovulation and the formation of polycystic ovaries. In addition, insulin resistance contributes to dyslipidemia
and promotes visceral adiposity, which further aggravates metabolic and hormonal imbalances. Consequently,
therapies that improve insulin sensitivity, such as metformin, have been considered central to managing PCOS,
particularly in women with metabolic features.(Ma et al., 2021)

Pharmacology of Metformin

Metformin belongs to the biguanide class of oral hypoglycemic agents. It exerts its action primarily by
decreasing hepatic glucose production and enhancing peripheral glucose uptake in skeletal muscle and adipose
tissue. Unlike other antidiabetic agents, metformin does not cause hypoglycemia or weight gain, making it
suitable for long-term use in women with PCOS.(Huang et al., 2023)

Metformin is absorbed mainly in the small intestine and is not metabolized by the liver. It is excreted
unchanged by the kidneys. The drug’s bioavailability ranges from 40% to 60%, and it has a half-life of
approximately 4—6 hours. Common side effects include gastrointestinal discomfort such as nausea, diarrhea, and
abdominal cramping, which can often be minimized by gradual dose titration or the use of extended-release
formulations. The risk of lactic acidosis, though frequently cited, is exceedingly rare in patients with normal
renal function.(Miao & Zhou, 2022)

Molecular Mechanisms of Metformin Action

The primary mechanism of metformin is the activation of adenosine monophosphate-activated protein
kinase (AMPK), a cellular energy sensor that regulates lipid and glucose metabolism. Activation of AMPK
leads to inhibition of hepatic gluconeogenesis, increased glucose uptake in peripheral tissues, and reduced lipid
synthesis. This shift in energy metabolism decreases hepatic glucose output and improves insulin
sensitivity.(Melin et al., 2024)

Metformin also inhibits mitochondrial respiratory chain complex I, leading to a mild reduction in
intracellular ATP levels. This energy deficit stimulates AMPK activation and suppresses hepatic gluconeogenic
enzymes such as phosphoenolpyruvate carboxykinase and glucose-6-phosphatase. Moreover, metformin
enhances insulin receptor tyrosine kinase activity, thereby improving insulin signaling.(Saadati et al., 2025)

Beyond its metabolic effects, metformin exerts direct ovarian actions. It reduces theca cell androgen
production by lowering insulin and LH stimulation, decreases expression of steroidogenic enzymes such as
cytochrome P450c170, and may improve follicular maturation. Metformin’s anti-inflammatory and antioxidant
properties further contribute to restoring ovarian and metabolic homeostasis in PCOS.(Yen et al., 2021)

Metformin and Insulin Sensitivity in PCOS

Metformin significantly improves insulin sensitivity in women with PCOS. Clinical studies have
demonstrated reductions in fasting insulin levels, glucose tolerance, and HOMA-IR (Homeostasis Model
Assessment of Insulin Resistance) scores after 8—12 weeks of therapy. These improvements are more
pronounced in obese and insulin-resistant subgroups but can also benefit lean women with biochemical evidence
of insulin resistance.(Meng & Zhu, 2021)
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Enhanced insulin sensitivity decreases hyperinsulinemia, which in turn reduces ovarian androgen
production and increases SHBG levels. This leads to an overall reduction in circulating free testosterone. The
improvement in insulin dynamics also promotes weight stabilization and reduces the risk of developing
metabolic syndrome and type 2 diabetes in PCOS patients.(Nowak et al., 2024)

Effects of Metformin on Ovarian Function and Ovulation

One of the most significant benefits of metformin in PCOS is the restoration of ovulatory function. By
improving insulin sensitivity and lowering androgen levels, metformin reestablishes the hormonal milieu
necessary for normal follicular development and ovulation. Several studies have shown that metformin therapy
results in the resumption of regular menstrual cycles and spontaneous ovulation in up to 40-60% of women with
PCOS.(Abdalla et al., 2022)

Metformin can be used as monotherapy or in combination with ovulation-inducing agents such as
clomiphene citrate or letrozole. The combination of metformin and clomiphene has demonstrated superior
efficacy compared with either drug alone, especially in women who are clomiphene-resistant. Furthermore, pre-
treatment with metformin before assisted reproductive techniques such as in vitro fertilization (IVF) can reduce
the risk of ovarian hyperstimulation syndrome and improve ovulatory response.(Melin et al., 2023)

Metformin and Hyperandrogenism

Hyperandrogenism is a defining feature of PCOS and manifests clinically as hirsutism, acne, and
alopecia. Metformin reduces serum androgen concentrations by multiple mechanisms. The drug decreases
insulin levels, thereby reducing insulin-stimulated androgen synthesis in theca cells. It also indirectly increases
hepatic SHBG production, resulting in lower levels of bioavailable testosterone.(Xing et al., 2022)

In addition, metformin’s anti-inflammatory and metabolic effects may suppress ovarian expression of
enzymes responsible for androgen biosynthesis. Clinical trials have consistently shown that metformin lowers
total and free testosterone levels and improves hyperandrogenic symptoms. However, the magnitude of
improvement in hirsutism and acne may take several months to become clinically evident due to the slow
turnover of hair follicles.(Shamim et al., 2022)

Metformin and Weight Management

Obesity and visceral adiposity are common in women with PCOS and contribute to worsening insulin
resistance and hormonal disturbances. Metformin exerts modest but clinically meaningful effects on weight
reduction. It decreases appetite by influencing hypothalamic neuropeptides and enhances fat oxidation through
AMPK activation. Although weight loss achieved with metformin alone is generally moderate (2—4 kg), it can
be significant when combined with lifestyle modification.(Nowak et al., 2024)

Importantly, metformin reduces visceral rather than subcutaneous fat stores, leading to improved
metabolic outcomes. Reduction of visceral adiposity is associated with better insulin sensitivity, decreased
inflammation, and improved reproductive function. Therefore, metformin represents a valuable adjunct in
comprehensive weight management strategies for PCOS.(Yen et al., 2021)

Metformin and Lipid Profile

Women with PCOS often present with dyslipidemia characterized by elevated triglycerides, low HDL
cholesterol, and increased small dense LDL particles. Metformin has been shown to improve these lipid
abnormalities through both direct and indirect mechanisms. By activating AMPK and reducing hepatic
lipogenesis, metformin decreases triglyceride synthesis and VLDL secretion. The improvement in insulin
sensitivity further normalizes lipid metabolism.
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Metformin in Combination Therapy

While metformin monotherapy provides significant benefits, combination therapy with other agents often
yields superior outcomes. The combination of metformin with clomiphene citrate or letrozole enhances
ovulation rates and pregnancy outcomes in infertile women. When combined with lifestyle interventions such as
diet and exercise, metformin amplifies weight loss and metabolic improvement.(Abdalla et al., 2022)

Recent studies have explored metformin’s combination with oral contraceptives, anti-androgens, and
GLP-1 receptor agonists. In combination with oral contraceptives, metformin helps mitigate the adverse
metabolic effects of estrogen-progestin therapy. Pairing metformin with GLP-1 agonists produces synergistic
effects on weight loss, insulin sensitivity, and ovulatory function, representing an emerging area of interest in
PCOS treatment optimization.(Nowak et al., 2024)

Safety and Tolerability of Metformin

Metformin is generally safe and well tolerated. Gastrointestinal side effects, including nausea, diarrhea,
and abdominal discomfort, are the most common and usually transient. These can be minimized by initiating
therapy with a low dose (e.g., 500 mg once daily) and gradually increasing to the target dose of 1500-2000 mg
per day or by using extended-release formulations.(Meng & Zhu, 2021)

Metformin should be used cautiously in patients with renal impairment, hepatic dysfunction, or
conditions predisposing to hypoxia. Regular monitoring of renal function is advised. The incidence of lactic
acidosis is extremely low in the absence of contraindications. Long-term use may be associated with reduced
vitamin B12 levels, warranting periodic assessment and supplementation when necessary.(Yen et al., 2021)

Limitations of Metformin Therapy

Despite its wide utility, metformin is not a universal solution for PCOS. Its efficacy varies among
individuals depending on the degree of insulin resistance and metabolic dysfunction. Some women may not
achieve adequate ovulatory response with metformin alone and may require additional ovulation-inducing
agents. Moreover, metformin’s effects on weight reduction are modest compared to newer pharmacological
agents targeting obesity.(Saadati et al., 2025). There is also variability in treatment response related to genetic
factors and ethnicity. Long-term adherence may be affected by gastrointestinal side effects, and discontinuation
can lead to relapse of symptoms. Thus, metformin should be considered part of a multifaceted management plan
rather than a standalone therapy.(Miao & Zhou, 2022)

Conclusion

Visceral adipose tissue plays a central role in the development and progression of polycystic ovary
syndrome. Through its effects on insulin resistance, inflammation, adipokine secretion, and steroid metabolism,
VAT acts as a metabolic hub that links obesity to reproductive dysfunction. The disproportionate accumulation
of visceral fat in women with PCOS not only exacerbates hyperandrogenism and anovulation but also increases
long-term cardiometabolic risks. (Lemaitre et al., 2023)

Recognizing the importance of visceral adiposity in PCOS underscores the need for comprehensive
management approaches that extend beyond symptom control to address underlying metabolic derangements.
Lifestyle modification, pharmacologic therapy, and novel interventions targeting adipose tissue biology
represent key components of an integrated therapeutic strategy. Continued research into the molecular
mechanisms of visceral fat dysfunction will be crucial for developing more effective and individualized
treatments for women suffering from PCOS. (Bril et al., 2024).

Berberine represents a promising natural therapeutic option for the management of Polycystic Ovary
Syndrome. Through multifaceted mechanisms—including the activation of AMPK, improvement of insulin
sensitivity, reduction of androgen excess, regulation of lipid metabolism, and attenuation of inflammation—
berberine addresses both the metabolic and reproductive aspects of PCOS. Clinical studies have demonstrated
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its efficacy in improving hormonal balance, ovulatory function, and metabolic parameters, often with
comparable or superior outcomes to metformin. (Ionescu et al., 2023)

Its favorable safety profile and additional lipid-lowering and anti-inflammatory effects make it an
attractive alternative or adjunct to conventional pharmacotherapy. Nevertheless, further large-scale, long-term
studies are needed to confirm its efficacy, standardize dosing regimens, and evaluate its impact on fertility and
metabolic outcomes. In conclusion, berberine offers a natural, well-tolerated, and mechanistically
comprehensive approach to managing PCOS, bridging the gap between traditional herbal medicine and modern
evidence-based therapy. (Jurgiel et al., 2024).

Metformin remains a cornerstone in the management of polycystic ovary syndrome due to its
multifaceted effects on metabolism, reproduction, and endocrine function. By improving insulin sensitivity,
reducing hyperinsulinemia, and mitigating hyperandrogenism, metformin addresses the root metabolic
disturbances underlying PCOS. It restores ovulatory cycles, improves fertility outcomes, enhances metabolic
health, and reduces long-term cardiovascular risk.(Huang et al., 2023)

Although not universally effective in all phenotypes, metformin’s favorable safety profile, affordability,
and pleiotropic benefits make it an indispensable therapeutic option. Optimal management of PCOS requires an
individualized, multidisciplinary approach integrating lifestyle modification, pharmacologic therapy, and regular
follow-up. As new research continues to uncover additional mechanisms and potential synergistic therapies,
metformin’s role in PCOS will remain central to bridging reproductive and metabolic medicine.(Yen et al.,
2021).
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