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 ABSTRACT 
 
Polycystic ovary syndrome (PCOS) is one of the most common endocrine 
disorders in reproductive-aged women, characterized by 
hyperandrogenism, ovulatory dysfunction, and polycystic ovarian 
morphology. Beyond reproductive features, PCOS is strongly associated 
with metabolic disturbances like insulin resistance, dyslipidemia, obesity, 
and increased cardiovascular risk. Recent evidence implicates chronic 
low-grade inflammation as a central mechanism linking metabolic and 
reproductive abnormalities in PCOS. Women with PCOS consistently 
demonstrate elevated inflammatory mediators that are believed to impair 
insulin signaling, exacerbate hyperandrogenism, and disrupt ovarian 
function, contributing to anovulation and poor oocyte quality. Clinically, 
inflammatory biomarkers correlate with obesity, insulin resistance, and 
androgen levels, suggesting prognostic value for cardiometabolic risk 
stratification. Anti-inflammatory interventions, including lifestyle 
modification, insulin sensitizers, statins, nutraceuticals, and emerging 
cytokine inhibitors such as anakinra, demonstrate potential in improving 
both reproductive and metabolic outcomes. Understanding the 
inflammatory underpinnings of PCOS not only advances our 
etiopathogenic insight but also opens avenues for targeted diagnostic and 
therapeutic strategies aimed at mitigating long-term complications. 
 
Key words: Polycystic ovary syndrome, Inflammation, Disease 
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INTRODUCTION 

Polycystic Ovary Syndrome (PCOS) is a common 
endocrine disorder, affecting 5–20% of women in 
reproductive age group (1). It is characterized by a 
triad of hyperandrogenism, ovulatory dysfunction, 
and polycystic ovarian morphology. Beyond 
reproductive dysfunction, PCOS is associated with 
significant metabolic complications, including 
insulin resistance, dyslipidemia, obesity, and an 
elevated risk of type 2 diabetes and cardiovascular 
disease (2). 

The pathogenesis of PCOS is multifactorial, 
involving a complex interplay of genetic, hormonal, 
metabolic, and environmental factors. 
Dysregulation of the hypothalamic–pituitary–
ovarian (HPO) axis, increased luteinizing hormone 
secretion, and ovarian theca cell hyperactivity drive 
androgen excess, while insulin resistance and 
compensatory hyperinsulinemia exacerbate both 
metabolic and reproductive abnormalities (3). 

Recent evidence highlights the role of chronic low-
grade inflammation as a key contributor to PCOS 
pathophysiology. Women with PCOS often exhibit 
elevated levels of pro-inflammatory markers (e.g. 
high-sensitivity C-reactive protein (CRP), 
interleukin-6 (IL-6), tumor necrosis factor-α (TNF-
α), IL-18, monocyte chemoattractant protein-
1(MCP-1)) and altered immune cell profiles 
(increased leukocytes, Th1/Th17 bias, reduced 
Tregs), independent of obesity (4,5,6). These 
inflammatory mediators impair insulin signaling, 
promote oxidative stress, and contribute to 
endothelial dysfunction, thereby linking PCOS to 
long-term cardiometabolic risks (7). Moreover, 
inflammation has been implicated in ovarian 
dysfunction, with cytokines disrupting 
folliculogenesis and oocyte maturation (8). The 
interaction between hyperandrogenism, insulin 
resistance, and inflammatory pathways creates a 
vicious cycle that perpetuates disease progression. 

Given its heterogeneous presentation and 
multifaceted pathophysiology, PCOS requires 
individualized diagnostic and therapeutic strategies. 
Understanding the contribution of inflammation not 
only provides insights into disease mechanisms but 
also opens new avenues for targeted interventions 
aimed at improving reproductive, metabolic, and 
cardiovascular outcomes. 

INFLAMMATORY PATHWAYS IN PCOS 

PCOS involves activation of innate immune 
pathways. Adipose tissue in PCOS becomes 
infiltrated by pro-inflammatory macrophages (shift 
from M2 to M1) that secrete cytokines like IL-6, 
TNF-α, IL-1β and MCP-1.(4) These adipokines and 
free fatty acids chronically stimulate intracellular 
pathways (e.g. NF-κB) in metabolic and ovarian 
cells, amplifying inflammation (4,9). Notably, ovarian 
granulosa cells in PCOS show activation of NF-κB 
and assembly of the NLRP3 inflammasome, 
triggered by elevated IL-1β and IL-18 in the follicular 
fluid (4,5,9). This inflammasome activation causes 
oxidative stress and disrupts granulosa cell function 
(10). Other innate mediators (e.g. Toll-like 
receptors, advanced glycation end-products) may 
also be engaged by excess glucose/lipids, feeding 
the cycle of “metaflammation.” In PCOS, even local 
immune cells contribute chemokines like MCP-1 
and macrophage migration inhibitory factor (MIF) 
are elevated, altering monocyte/macrophage 
trafficking in the ovary (10). 

KEY INFLAMMATORY BIOMARKERS 

PCOS is associated with elevated levels of multiple 
inflammatory and adipokine biomarkers. Important 
examples include: 

• C-Reactive Protein (CRP): A liver-derived acute-
phase protein, CRP levels have been 
documented to be higher in PCOS than in 
healthy controls (11). This elevated hs-CRP 
reflects chronic inflammation and correlates with 
insulin resistance, obesity and dyslipidemia in 
PCOS (12). CRP is a downstream marker 
induced by IL-6/TNF-α and is associated with 
increased cardiovascular risk in PCOS. 

• Interleukin-6 (IL-6): A pleiotropic cytokine from 
macrophages, adipocytes and ovarian cells, IL-6 
levels have also been shown to be higher in 
PCOS (13). IL-6 directly promotes insulin 
resistance and hyperinsulinemia, and it is linked 
to obesity and metabolic syndrome in PCOS 
(12,14). IL-6 has been proposed as a marker 
bridging metabolic and reproductive 
dysfunction; higher IL-6 also correlates with 
greater cardiovascular risk (15). 

• Tumor Necrosis Factor-α (TNF-α): This pro-
inflammatory cytokine from adipose 
macrophages is upregulated in most PCOS 
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studies (16). TNF-α interferes with insulin 
signaling (impairing the insulin receptor) and 
disrupts ovarian steroidogenesis (17). 

• Interleukin-1β (IL-1β): A key inflammasome 
cytokine, IL-1β levels are significantly elevated in 
PCOS. IL-1β strongly amplifies inflammation, 
promotes ovarian androgen production and 
interferes with insulin signaling (18). In PCOS, 
IL-1β dysregulates follicle maturation and oocyte 
quality (19). 

• Interleukin-18 (IL-18): Related to IL-1, IL-18 is 
secreted by macrophages and is elevated in 
PCOS (17). IL-18 promotes insulin resistance, 
oxidative stress and endothelial dysfunction. It is 
implicated in metabolic (hyperinsulinemia, 
obesity) and ovarian (anovulation, 
hyperandrogenism) abnormalities correlating 
well with BMI, IR and androgen levels in PCOS 
patients (20,21). 

• Interleukin-8 (IL-8/CXCL8): A chemokine 
secreted by monocytes, endothelial and 
granulosa cells, IL-8 is also documented to be 
elevated in PCOS, especially in obese/insulin-
resistant cases. IL-8 recruits neutrophils and 
drives angiogenesis and oxidative stress. High 
IL-8 in follicular fluid correlates with poor oocyte 
quality, anovulation and hyperandrogenism 
(22,23). 

• Monocyte Chemoattractant Protein-1 (MCP-1) 
and MIF: MCP-1 and MIF are chemokines that 
regulate monocyte trafficking. In PCOS, serum 
and follicular MCP-1 are increased, promoting 
macrophage infiltration of the ovary. MIF, a 
macrophage-derived factor, is also elevated in 
PCOS (and in insulin resistance/obesity) (24). 
These chemokines may alter the ovarian 
immune environment and disturb normal 
ovulation (22,25) 

• Adipokines (Leptin, Adiponectin): Dysregulated 
adipokines contribute to PCOS inflammation. 
Leptin (pro-inflammatory) is high in PCOS, 
especially with obesity. Leptin correlates 
inversely with sex hormone binding globulin and 
directly with CRP/TNF, linking adiposity to 
hyperinsulinemia and androgen excess. In 
contrast, adiponectin (anti-inflammatory, insulin-
sensitizing) is markedly reduced in PCOS. Low 
adiponectin correlates with higher BMI, IR and 
androgens, further aggravating inflammation 
(26,27,28). 

• Sex Hormone-Binding Globulin (SHBG): SHBG 
serve as carrier molecules of sex hormones in 
plasma. Studies have documented decreased 
levels of SHBG levels in PCOS, reflecting 
inflammation and insulin resistance. Low levels 
of SHBG increase free androgens, exacerbating 
hyperandrogenic and metabolic symptoms 
(29,30). 

INFLAMMATION IN PCOS PATHOPHYSIOLOGY 

Insulin Resistance 

Chronic inflammation is intimately linked to the 
insulin resistance (IR) seen in PCOS. Pro-
inflammatory cytokines interfere with insulin 
signaling for instance, TNF-α induces serine 
phosphorylation of the insulin receptor substrate, 
blunting downstream signaling (31) and resulting in 
compensatory hyperinsulinemia. This 
hyperinsulinemia feeds back to worsen PCOS: 
insulin acts like a trophic factor on ovarian theca 
cells to boost androgen production. Adipose 
inflammation further fuels this cycle: visceral fat 
macrophages in PCOS secrete IL-6 and TNF-α, 
promoting IR. Thus, inflammation and IR amplify 
each other in PCOS (32). 

Hyperandrogenism 

Inflammation also contributes to androgen excess. 
Insulin resistance and its compensatory 
hyperinsulinemia–stimulates ovarian theca cells to 
make more androgens (insulin mimics LH) (32). In 
addition, inflammatory cytokines have direct 
steroidogenic effects: IL-1β and IL-18 in the follicle 
disrupt normal steroidogenesis and drive androgen 
synthesis. Elevated IL-1β correlates with higher 
serum testosterone and androstenedione in PCOS 
(33,34,35). Inflammatory cytokines also reduce 
SHBG production in the liver, increasing free 
testosterone (29). Overall, inflammation and 
hyperinsulinemia synergize to produce and 
maintain the hyperandrogenic state of PCOS. 
Conversely, inflammatory inhibition (e.g. blocking 
IL-1 signaling) can blunt ovarian androgen output 
(36). 

Ovulatory Dysfunction 

Inflammation perturbs the normal immune-
regulated process of ovulation. In healthy ovaries, a 
transient local inflammatory surge (cytokines, 
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prostaglandins, macrophage activity) triggers 
follicular rupture. In PCOS, however, a chronic 
inflammatory milieu disrupts this balance. Elevated 
IL-1β, IL-18 and IL-8 have been found in PCOS 
follicular fluid, correlating with granulosa cell stress 
and follicle arrest (37,38). For example, NF-κB and 
NLRP3 activation in granulosa cells leads to 
mitochondrial damage, oxidative stress and 
apoptosis, impairing oocyte maturation (39). IL-8 
overproduction promotes aberrant angiogenesis 
and follicular atresia. Immune cell dysregulation 
also plays a role: PCOS ovaries often show excess 
pro-inflammatory T-helper cells (Th1/Th17) and 
macrophages with a destructive phenotype, while 
regulatory T-cells (Tregs) are reduced (40). These 
changes likely hinder normal follicle development, 
leading to anovulation and poor oocyte quality in 
PCOS. 

Recent studies highlighting the role of inflammation 
in PCOS: 

• IL-1 Pathway Blockade: A 2024 proof-of-concept 
trial (the “Fertil” study) treated PCOS women 
with the IL-1 receptor antagonist anakinra (100 
mg/day for 4 weeks). Anakinra significantly 
reduced CRP and blunted the rise in androgens, 
suggesting that blocking IL-1-driven 
inflammation can attenuate hyperandrogenemia 
(36). This is among the first interventional trials 
directly linking cytokine blockade to hormonal 
improvements in PCOS. 

• Granulosa Cell Mechanisms: Mechanistic work 
has identified new molecular triggers of ovarian 
inflammation. For example, thioredoxin-
interacting protein which is upregulated by 
testosterone was shown to bind NLRP3 and 
drive inflammasome activation in granulosa 
cells. In PCOS models, knocking down TXNIP 
reduced oxidative stress, inflammation and 
follicular damage (37,38). This uncovers a 
specific link between androgens, oxidative 
stress and NLRP3-mediated inflammation in 
PCOS. 

• Novel Cytokines: Unexpectedly, levels of 
recently discovered anti-inflammatory cytokines 
(IL-27 and IL-38) were found to be elevated in 
PCOS patients in a 2024 study (41). Along with 
rises in TNF-α and IL-6, the increase in IL-27/IL-
38 suggests complex immune-endocrine 
dysregulation. These findings imply that 

compensatory anti-inflammatory signals are 
upregulated in PCOS, possibly as feedback to 
chronic inflammation. The precise roles of IL-27 
and IL-38 in PCOS remain to be defined. 

• Other Insights: Emerging data continue to link 
gut dysbiosis, adipokine signaling and 
inflammasome activation in PCOS. For instance, 
chronic endotoxemia from altered gut flora may 
engage TLR4/NF-κB pathways in PCOS (42). 
Reports also describe imbalances in Th17-
related cytokines (e.g. IL-17) in PCOS. 

CLINICAL RELEVANCE OF INFLAMMATION IN 
PCOS 

Although PCOS is defined by reproductive criteria, 
its inflammatory component has important clinical 
implications. 

Diagnostic and Prognostic Implications  

Inflammation markers are not part of formal PCOS 
diagnostic criteria, but elevated hs-CRP, and 
inflammatory cytokines are a common finding, often 
correlating with metabolic parameters. Some 
experts have proposed using hs-CRP and even IL-
6 to screen PCOS patients for cardiometabolic risk, 
since these markers predict insulin resistance and 
atherosclerosis, but it is still under debate. Similarly, 
persistently high inflammatory biomarkers identify 
PCOS patients at greater risk of metabolic 
syndrome, type 2 diabetes and cardiovascular 
disease. For instance, IL-6 levels correlate with 
markers of CVD risk (endothelial dysfunction, 
dyslipidemia) (43), and low adiponectin/high CRP 
portend worse metabolic outcomes. Thus, 
inflammation profiling (CRP, cytokines) may help 
stratify PCOS severity and guide prevention of long-
term complications. However, there are no clear-cut 
guidelines of the same. 

Therapeutic  

Inflammation offers new treatment targets. Insulin-
sensitizing drugs (metformin, thiazolidinediones) 
and weight loss are known to reduce CRP/IL-6 in 
PCOS (44). Statins also lower inflammation and 
androgen levels. More directly, targeting 
inflammatory pathways has shown promise: for 
example, anakinra therapy in PCOS improved 
hormonal and metabolic parameters. Even 
antioxidants or nutraceuticals (e.g. omega-3 fatty 
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acids, vitamin D, curcumin) are being investigated 
for their capacity to dampen PCOS inflammation. 

ANTI-INFLAMMATORY TREATMENT 
STRATEGIES 

Several anti-inflammatory interventions have been 
explored in PCOS: 

• Cytokine Inhibitors: IL-1 blockade with anakinra 
(as noted) reduced CRP and showed trends 
toward lower androgens. Similarly, NF-κB 
inhibitors have been tested: in one small study, 
salsalate (an NF-κB pathway inhibitor) improved 
ovarian steroid metabolism and hinted at better 
ovulatory function (45). 

• Metabolic Modulators: Traditional PCOS 
treatments also have anti-inflammatory effects. 
Metformin lowers CRP/IL-6 over time, partly by 
reducing visceral fat. Pioglitazone (a PPARγ 
agonist) has known anti-inflammatory properties 
and has been shown to decrease CRP and 
improve endothelial function in PCOS (though 
weight gain is a drawback) (46). Statins have 
been used off label in PCOS and can reduce 
CRP as well as testosterone. Recent reviews 
suggest statins “may be useful” to reduce PCOS 
inflammation and metabolic risk (albeit evidence 
is moderate) (47). 

• Lifestyle and Supplements: Weight loss and 
exercise remain cornerstone interventions: even 
modest weight reduction markedly lowers CRP 
and inflammatory cytokines in PCOS. Several 
nutraceuticals with anti-inflammatory activity 
have shown benefit. For example, 
supplementation with curcumin (500 mg twice 
daily) improved insulin sensitivity in obese PCOS 
women and tended to lower hs-CRP levels in 
trials (48). Omega-3 fatty acids, vitamin D, N-
acetylcysteine, and probiotics are also under 
study for their capacity to reduce PCOS 
inflammation and improve ovulation. 

CONCLUSION 

To conclude, PCOS represents a complex 
endocrine-metabolic disorder in which chronic low-
grade inflammation plays a pivotal role in the 
etiopathogenesis and clinical progression. 
Inflammatory cytokines and chemokines drive 
insulin resistance, hyperandrogenism, and 
ovulatory dysfunction, thereby linking reproductive 

manifestations with metabolic and cardiovascular 
risk. Conventional therapies such as metformin, 
thiazolidinediones, and lifestyle modification exert 
beneficial anti-inflammatory effects, while novel 
strategies targeting cytokine pathways show 
promise in improving endocrine and metabolic 
profiles. Targeting inflammation represents a critical 
step toward personalized management of PCOS, 
with the potential to improve reproductive 
outcomes, reduce metabolic risk, and enhance 
long-term health in this heterogeneous population. 
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