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ARTICLE INFO ABSTRACT
Keywords: Polycystic ovary syndrome (PCOS) represents the most prevalent endocrine disorder among women of repro-
Chronic Kidney Disease (CKD) ductive age, affecting approximately 5-18% of females worldwide. Characterized by irregular ovulation,

Polycystic ovary syndrome (PCOS)

hyperandrogenism, and polycystic ovaries, hyperandrogenism is the defining feature. Recent evidence highlights
Insulin Resistance (IR)

that, in addition to its notable reproductive and metabolic consequences, PCOS may also contribute to an

Androgen . C o sk . . . .
Metabilic disorder elevated risk of renal complications. This increased risk is attributed to chronic low-grade inflammation, hor-
Inflammation monal dysregulation, and disturbances in lipid metabolism inherent to the condition. However, the pathological

Oxidative Stress mechanisms, clinical manifestations, and progression of secondary renal damage in this cohort remain insuffi-
ciently studied. This review consolidates current understanding of the relationship between PCOS and chronic
kidney disease (CKD), aiming to clarify potential mechanisms by which PCOS may induce secondary renal
dysfunction, encompassing both direct renal impairment and indirect damage mediated through systemic al-
terations. Furthermore, it advocates for comprehensive management strategies to mitigate renal risks in patients
with PCOS, emphasizing the necessity of multidisciplinary approaches and further research to address these
critical gaps.

Abbreviations: PCOS, Polycystic ovary syndrome; CKD, Chronic Kidney Disease; IR, Insulin Resistance; HA, hyperandrogenic anovulation; PCOM, polycystic
ovarian morphology; OD, ovulatory dysfunction; GWAS, Genome-wide association studies; HPO, hypothalamic-pituitary-ovarian; T2D, type 2 diabetes; GFR,
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1. Introduction

Polycystic ovary syndrome (PCOS), also known as Stein-Leventhal
syndrome or hyperandrogenic anovulation (HA) [1], is defined by the
2003 Rotterdam consensus [2] as a syndrome characterized by hyper-
androgenism, ovulatory dysfunction, and polycystic ovarian
morphology (PCOM) on ultrasound. The prevalence of PCOS varies
slightly based on diagnostic criteria; however, the latest international
evidence-based guidelines report a global prevalence of approximately
10-13 % [3], with 9.8 % among adolescents [4]. The NIH consensus
group classifies PCOS into phenotypes A and B (collectively referred to
as classical PCOS), phenotype C (ovulatory PCOS), and phenotype D
(non-hyperandrogenic PCOS) based on the presence of HA, ovulatory
dysfunction (OD), and PCOM [5]. PCOS is driven by a complex interplay
of multiple etiological factors, and it is considered a heterogeneous
disorder influenced by both genetic and environmental components [6].
A strong hereditary component is evident in PCOS [7,8], with maternal
traits such as PCOM, hyperandrogenemia, and metabolic syndromes
exhibiting significant heritability [9]. Genome-wide association studies
(GWAS) have identified several susceptibility genes for PCOS [10], with
FSHR, LHCGR, INSR, and DENNDI1A implicated in androgen synthesis
regulation, making them key diagnostic and therapeutic targets [11].
Beyond genetic factors, both prenatal and postnatal environmental ex-
posures impact the development of PCOS. Fetal exposure to excessive
androgens during early pregnancy [12] or nutritional deficiencies [13]
increases the risk of the syndrome. Furthermore, postnatal factors such
as environmental pollution [14-16] and unhealthy dietary habits,
including high caloric and fat intake [17,18], are linked to PCOS onset.
Hyperandrogenism (HA) and insulin resistance (IR) are key factors in
the pathogenesis of PCOS, with their close interplay contributing
together to the progression of the disease [19]. The heterogeneity of
PCOS complicates the identification of a singular initiating mechanism;
however, excessive ovarian androgen production is widely recognized as
a critical factor in its pathophysiology [20]. This hormonal imbalance
disrupts the hypothalamic-pituitary-ovarian (HPO) axis and may induce
ovarian ferroptosis, leading to PCOM and anovulation, which can result
in infertility [21,22]. Moreover, androgen excess is associated with a
range of metabolic complications, including obesity and IR [23],
mediated through its multifaceted effects on peripheral metabolic tis-
sues and the brain. These include promoting adipocyte hypertrophy
[24], impairing adipocyte differentiation, and altering lipolysis regula-
tion [25]. Additionally, hyperandrogenemia may elevate the risk of type
2 diabetes (T2D) through testosterone-induced mitochondrial dysfunc-
tion and oxidative stress in pancreatic p-cells [26,27].

Chronic kidney disease (CKD) is a prevalent, progressive disorder
characterized by substantial heterogeneity. It is projected to become the
fifth leading cause of death globally by 2040 [28]. Affecting approxi-
mately 9.1 % of the global population, or 697.5 million individuals [29],
CKD represents a major public health challenge. The disease can arise
secondarily from conditions such as diabetes, hypertension, and
glomerulonephritis, and is influenced by identifiable genetic factors
[30,31]. Clinically, CKD is marked by persistent kidney damage, with
key indicators including reduced glomerular filtration rate (GFR), pro-
teinuria, hematuria, and other markers of renal dysfunction [28,32,33].
Systemic involvement often accompanies renal injury. The pathophysi-
ology of CKD is multifaceted, driven by a range of etiological factors, and
is characterized by fibrosis and the progressive, irreversible loss of
nephron function [33]. Chronic inflammation and ongoing oxidative
stress are pivotal in CKD progression, promoting excessive extracellular
matrix (ECM) deposition, which aggravates fibrosis and activates in-
flammatory cytokine and chemokine networks, such as tumor necrosis
factor-a (TNF-a) and monocyte chemoattractant protein-1 (MCP-1),
further amplifying local and systemic inflammatory responses [34,35].
Dysregulated immune activation, including an imbalance between
innate and adaptive immunity, sustains inflammatory cycles, with in-
flammatory caspases like NLRP3 playing a significant role in advancing
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fibrosis [36,37]. Additionally, CKD is frequently associated with meta-
bolic abnormalities, including the accumulation of uremic toxins, dys-
glycemia, electrolyte imbalances, and acid-base disturbances [38].
These alterations not only exacerbate renal injury but also affect other
organ systems, increasing the risk of comorbidities such as cardiovas-
cular diseases, bone disorders, and anemia [39,40]. Due to the irre-
versible nature of CKD progression, its multifactorial complexity, and
the high costs associated with dialysis and kidney transplantation,
effective prevention and treatment strategies remain critical challenges.

The pathogenesis of secondary CKD varies according to the under-
lying condition; however, sustained renal damage and chronic meta-
bolic disturbances are most closely linked to CKD development [28].
Given the previously discussed etiological and mechanistic factors in
PCOS, it is plausible to hypothesize that the long-term progression of
PCOS may contribute to chronic kidney injury via specific mechanisms.
While cohort studies have indicated no increased risk of secondary CKD
in patients with PCOS after extended follow-up [41], Mendelian
randomization studies have confirmed a positive causal relationship
between PCOS and CKD [42], highlighting the necessity of long-term
renal function monitoring in these patients. Experimental studies in
animal models further suggest that women with hyperandrogenemia
face an elevated risk of CKD in later life [43]. Cross-sectional studies
have also reported higher GFR, elevated uric acid levels, and increased
urinary albumin excretion (UAE) in patients with PCOS compared to
controls, signaling a heightened risk of kidney disease [44]. A Canadian
cohort study similarly found that the prevalence of kidney disease in
patients with PCOS is 30 % higher than in controls [45]. However, to
date, no comprehensive study or review has fully explored the mecha-
nisms by which PCOS induces secondary CKD. This article aims to
investigate the complex relationship between PCOS and secondary CKD,
emphasizing the need to understand the multiple mechanisms through
which PCOS contributes to CKD. It also seeks to identify potential
management strategies to mitigate kidney disease risk in patients with
PCOS, offering valuable insights for both basic research and clinical
practice.

2. Mechanisms linking PCOS to kidney disease
2.1. Inflammation in PCOS

2.1.1. Chronic inflammation

PCOS is characterized by a mild, chronic, diffuse inflammatory state
[46], resulting from an imbalance between pro-inflammatory and anti-
inflammatory cytokines and chemokines [47,48]. Cytokines, small
proteins or peptides, act as signaling molecules that mediate immune
regulation and other physiological functions by interacting with specific
receptors on target cells [49]. Previous studies on PCOS have primarily
focused on the imbalance of pro-inflammatory cytokines secreted by
ovarian leukocytes, oocytes, and granulosa cells, which impact local
ovarian function [48,50,51]. However, less attention has been given to
the systemic pro-inflammatory effects of these cytokines. Indeed, reports
indicate that this imbalance extends beyond the ovaries into the serum
of patients with PCOS, where similar alterations in inflammatory cyto-
kines are observed [52]. As previously discussed, the hallmark features
of CKD include interstitial fibrosis and structural damage to the renal
vasculature, processes in which pro-inflammatory cytokines are inte-
gral. These cytokines participate in key signaling pathways such as Wnt,
NF-kB, Notch, and transforming growth factor p (TGF-f), driving fibro-
blast activation, excessive ECM deposition, and arteriolar remodeling
due to endothelial cell apoptosis [53,54]. TNF-a, a multifunctional
homotrimeric cytokine, is known to activate the NF-kB pathway. By
binding to TNFR1 and TNFR2 receptors, TNF-a induces inflammatory
responses [55]. Research by Ye et al. demonstrated that TNF-o levels in
the serum of patients with PCOS are significantly elevated and correlate
with disease severity. Furthermore, studies in primary granulocyte cul-
tures and mouse models confirmed that this elevation is associated with
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secondary tubular damage in PCOS. Silencing TNF-a or its receptor
TNFR1 in granulocytes alleviated this damage, suggesting that TNF-a
secretion by granulocytes triggers NF-kB signaling in tubular cells,
leading to kidney fibrosis [52]. Similarly, Kehinde et al. support this
hypothesis, noting that IR-driven lipid accumulation is a key factor
activating this pathway, resulting in increased expression of NLRP3
inflammasomes and cell apoptosis in PCOS animal models [56]. Another
NF-kB-associated chemokine, stromal cell-derived factor 1 (SDF-1, also
known as CXCL12), has been implicated in the development of PCOS-
related CKD. SDF-1 contributes to kidney fibrosis by promoting fibro-
blast differentiation and recruiting inflammatory cells, making it a
critical participant in CKD progression [57,58]. An animal study
demonstrated that PCOS mice exhibited hypertrophy of proximal
tubular epithelial cells, accompanied by elevated caspase-6 levels,
indicative of apoptosis, and fibrosis associated with late-stage kidney
damage. However, treatment with butyrate alleviated kidney inflam-
mation, characterized by significant elevations in SDF-1, NF-xB, and
TNF-a [59]. Moreover, although the exact regulatory mechanisms
remain unclear, emerging studies have begun to explore the involve-
ment of the complement system in PCOS, particularly the alternative
pathway [60,61]. Cross-sectional studies have indicated that patients
with PCOS with glomerular hyperfiltration (GH) exhibit elevated C-
reactive protein (CRP) levels and reduced decay-accelerating factor
(DAF), suggesting a potential role for the complement system in PCOS-
related renal injury [62].

Immune-related leukocytes also play a role in the onset and pro-
gression of chronic inflammation. Mendelian randomization studies
have confirmed a causal relationship between immune cell infiltration
and PCOS susceptibility, with higher levels of regulatory T (Treg) cells
reducing PCOS risk, while monocytes and certain B cells correlate
positively with PCOS incidence [63]. A study using a PCOS animal
model explored the immune phenotypes of female rats via flow cytom-
etry, revealing upregulation of CD4" T cells, Th17 cells, and
CD47CD28null cells in the kidneys, while Treg cells were down-
regulated [64]. Considering that pro-inflammatory Th17 cells and
immune-stabilizing Treg cells share common precursor naive CD4" T
cells [65,66], and the established role of Th17/Treg imbalance in
various inflammatory diseases [67-69], the increased Th17 cells in the
kidneys of patients with PCOS may contribute to the pro-inflammatory
response by releasing interleukin-6 (IL-6), a cytokine elevated in the
serum of patients with PCOS [70]. Similarly, other studies have reported
an increased Th1/Th2 ratio in the peripheral blood of patients with
PCOS, with this imbalance correlating with disease progression [71,72].
However, the specific mechanisms by which T cells contribute to PCOS-
related kidney disease remain poorly defined and require further
investigation.

2.1.2. Oxidative stress

Oxidative stress (OS) is a critical contributor to chronic inflammation
and fibrosis. OS arises when reactive oxygen species (ROS)—including
superoxide, nitric oxide, hydroxyl radicals, and hydrogen perox-
ide—accumulate abnormally in the body, disrupting metabolic balance
[73]. Prolonged exposure to excessive ROS triggers a cascade of harmful
reactions, such as lipid peroxidation, protein carbonylation, and DNA
damage, which accelerate tissue injury and the aging process [74]. The
mitochondria are the primary source of cellular ROS [75]. In patients
with PCOS, mitochondrial dysfunction, often linked to D-loop regulatory
region mutations in granulosa cell (GC) mtDNA, has been well-
documented, leading to elevated OS levels [76-79]. This supports the
hypothesis that factors such as obesity, IR, and HA—key features of
PCOS—serve as potential triggers for OS [80]. Although there is ongoing
debate regarding whether variation in mtDNA copy number directly
correlates with the onset of PCOS [81-83], the role of OS in the path-
ological progression of PCOS is relatively well-established. Similar to
cytokine imbalances, OS affects local ovarian function by activating
protein kinases and inducing Ca®" release, leading to GC apoptosis [84
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85]. Additionally, OS may have systemic effects by disrupting the bal-
ance between serum ROS and antioxidant enzyme activities [86,87].
The kidneys, being high-energy organs, are particularly susceptible to
ROS-induced damage due to their abundance of mitochondria and
oxidative reactions [88]. Furthermore, the kidneys contain substantial
amounts of NADPH oxidase [89], and certain metabolic alterations can
enhance enzyme activity, exacerbating ROS accumulation and its
damaging effects [90]. Consequently, it can be hypothesized that sys-
temic ROS accumulation induced by OS in PCOS may lead to secondary
renal damage, impairing renal filtration and metabolic functions, ulti-
mately increasing the risk of CKD and related complications. A study
using a dehydroepiandrosterone (DHEA)-induced PCOS mouse model
explored the role of OS in the kidneys. By measuring total oxidant status
(TOS) and total antioxidant capacity (TAC) in both ovarian and renal
tissues, the study revealed that HA in PCOS may induce organ damage
through OS mechanisms, affecting both the ovaries and kidneys. His-
tological analysis showed signs of OS-related damage in the proximal
renal tubules and glomeruli of the PCOS mice [91]. Non-targeted nu-
clear magnetic resonance (NMR) metabolomics studies have revealed
that, by eight weeks, the NADH/FAD ratio in the kidneys of PCOS mice
was 50 % lower than in the control group, indicating increased OS
within the mitochondrial environment of PCOS kidneys. Additionally,
compensatory increases in metabolites of the pentose phosphate (PP)
pathway, involved in NADPH production as a reducing agent, were
observed, further emphasizing the OS in PCOS kidneys [92]. Alahmadi
et al. also reported elevated serum lipid peroxidation products in PCOS
rats, accompanied by significant reductions in antioxidants such as
reduced glutathione, catalase, and superoxide dismutase. Histological
analysis revealed glomerular abnormalities, atrophy, and reduced cell
density, with significant increases in apoptosis markers (p53) and a
decrease in anti-apoptotic markers (Bcl2), indicating apoptosis
involvement in PCOS-induced renal injury [93]. (Fig. 1).

Although direct clinical evidence linking OS to renal damage in pa-
tients with PCOS remains scarce, the specific molecular pathways un-
derlying OS-induced renal injury warrant further experimental
investigation. Studies on metabolic syndrome (MetS), which shares
several clinical features with PCOS—such as obesity, IR, hyperglycemia,
hyperlipidemia, hypertension, and notably chronic inflammation and
systemic OS—may offer valuable insights. Approximately 40 % of
women with PCOS are affected by MetS [94], and research on MetS-
related OS-induced renal damage is well-established [95,96]. These
studies highlight mechanisms such as NADPH oxidase activation
(especially within the pyruvate dehydrogenase complex) and mito-
chondrial ROS production, which activate NLRP3 inflammasomes,
driving downstream renal injury. Thus, findings from MetS research
could serve as important reference points for understanding OS mech-
anisms in PCOS-related renal damage.

2.1.3. Autoimmunity

Increasing evidence suggests that autoimmune mechanisms may
significantly contribute to the pathogenesis of PCOS. Elevated levels of
non-organ/tissue-specific antibodies, such as anti-histone antibodies
and anti-double-stranded DNA (dsDNA) antibodies, were among the
earliest immunological findings in patients with PCOS [97,98]. Subse-
quent reports have highlighted increased levels of anti-nuclear anti-
bodies (ANAs), particularly the SSO subtype, and anti-Smith (anti-SM)
antibodies [99,100]. Furthermore, organ-specific antibodies, including
anti-thyroid peroxidase (anti-TPO) and anti-thyroglobulin (anti-TG)
antibodies, are found at higher frequencies in patients with PCOS,
regardless of thyroid function [101,102]. These findings align with
previous reports indicating a higher prevalence of autoimmune diseases,
such as Hashimoto’s thyroiditis (HT), in patients with PCOS [103],
reinforcing the hypothesis that autoimmune mechanisms may play a
role in PCOS pathogenesis. At the mechanistic level, the development of
autoimmune diseases in PCOS may be linked to an imbalance between T
cells and B cells in the immune microenvironment, particularly the
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Fig. 1. The Relationship Between Chronic Inflammatory State, Oxidative Stress, and Secondary Renal Injury in PCOS. Serum TNF-a secreted by ovarian
granulosa cells in PCOS acts on upregulated TNFR1, activating the NF-«kB pathway in renal tubular cells, thereby inducing fibrosis and apoptosis. Similarly, SDF-1
contributes to cell apoptosis through analogous pathways. In the kidneys of patients with PCOS, an upregulation of pro-inflammatory cells and a downregulation of
anti-inflammatory cells are observed, which may be associated with renal inflammatory damage. Increased oxidative stress markers in peripheral blood lead to
damage in both the ovaries and kidneys. Additionally, mitochondrial dysfunction induced by oxidative stress is evident in the kidneys of patients with PCOS.

androgen-induced upregulation of Thl and Thl7 cells, alongside
downregulation of Tregs [104,105]. This immune dysregulation shares
similarities with immune abnormalities observed in systemic autoim-
mune diseases, such as systemic lupus erythematosus (SLE). A recent
case report described a patient with both PCOS and ANA-positive SLE
who experienced a cerebrovascular accident, suggesting that autoim-
mune abnormalities may increase the risk of multi-system complications
in patients with PCOS [106]. The kidneys are frequently affected in
autoimmune diseases, and the imbalance between Th17 and Treg cells
observed in the kidneys of patients with PCOS mirrors that seen in SLE
and other autoimmune disorders [64,107-109]. In SLE, approximately
50 % of patients develop kidney involvement, which can progress to
lupus nephritis (LN). LN is a significant risk factor for both morbidity
and mortality in SLE and often leads to CKD or end-stage renal disease
(ESRD) [110]. Moreover, the elevated levels of ANA, anti-SM antibodies,
and anti-dsDNA antibodies in the serum of patients with PCOS resemble
the serological markers of SLE, suggesting that PCOS may share similar
immunopathological mechanisms with SLE. These mechanisms could
potentially lead to secondary kidney damage in patients with PCOS,
such as glomerulonephritis, resulting from the deposition of immune
complexes formed by autoantibodies.

However, there remains a significant gap in research on this topic.
Given the heterogeneity of PCOS, the potential pathological causes of
secondary renal injury are diverse. Much more research has focused on

understanding kidney damage related to metabolic abnormalities, OS,
and other factors, which are better supported by evidence. Additionally,
there is a lack of clinical and evidence-based support for the diagnosis of
autoimmune kidney disease in PCOS, such as the absence of reports on
immune complex deposition in kidney biopsies. Therefore, large-scale
prospective cohort studies and foundational research investigating the
relationship between autoimmune antibodies and kidney function in
patients with PCOS are urgently needed. Such studies would offer
valuable insights and benefit those with PCOS who experience immune
dysfunction.

2.2. Metabolic Dysfunctions in PCOS

2.2.1. Hyperandrogenism

Metabolic dysregulation of sex hormones is a hallmark of PCOS.
Androgens, a group of hormones with a steroidal backbone, include
testosterone, androstenedione, and dihydrotestosterone (DHT) [111].
The biosynthesis of androgens begins with cholesterol from the ovaries
and adrenal cortex. Enzymes such as cytochrome P450 side-chain
cleavage enzyme (P450scc), 17a-hydroxylase/17,20-lyase (CYP17A1),
and others catalyze the production of key precursors, including DHEA
and androstenedione. These precursors are subsequently converted into
testosterone via 17p-hydroxysteroid dehydrogenase (17f-HSD) and
further converted into the more potent androgen DHT by 5a-reductase
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[112]. Androgens exert their effects by binding to androgen receptors
(ARs), acting as transcription factors upon activation [113,114]. In
PCOS, GC proliferation and abnormal increases in luteinizing hormone
(LH) levels stimulate the ovarian theca cells to produce excess androgens
[9,115], driving HA. Additionally, the upregulation of enzymes such as
CYP17A1, CYP11A, and P450cl17 enhances the synthesis of andro-
stenedione and testosterone [9,116,117]. Fewer than 30 % of patients
with PCOS exhibit functional adrenal HA (FAH), suggesting that excess
androgen production may also be adrenal-derived [118]. Elevated levels
of insulin and insulin-like growth factor (IGF-1) in PCOS further stim-
ulate ovarian steroidogenic enzyme expression, exacerbating androgen
production, particularly as insulin functions as a gonadotropin in the
ovaries [119]. These changes initiate a cascade of events at the protein
translation and phosphorylation levels, activating signaling pathways
such as PI3K/Akt [120], ultimately leading to significantly elevated
androgen levels in the bloodstream [119,121,122]. This intrinsic HA
underpins many clinical features of PCOS, including changes in ovarian
morphology [123], obesity [124], IR, p-cell dysfunction [125], and an
increased risk of cardiovascular disease [126].

AR expression has been confirmed in both mouse and human kidneys
[127], with reports indicating presence in the glomeruli, proximal tu-
bules, distal tubules, and collecting ducts [128]. In PCOS rat models
induced with testosterone propionate (TP) rather than estradiol valerate
(EV), more severe kidney injury is observed, as indicated by elevated
blood urea nitrogen (BUN) levels [129], suggesting that testosterone
contributes to the progression of PCOS-associated kidney disease. Pre-
vious research has demonstrated that elevated testosterone levels can
induce apoptosis in human proximal tubule epithelial cells via the
activation of the Fas/FasL pathway, leading to the activation of caspase-
3, —8, and —9 [130], while pre-treatment with AR antagonists such as
flutamide can mitigate this effect [130]. Additionally, exogenous
testosterone administration in female murine models with unilateral
ureteral obstruction (UUO) upregulates TNF-a, exacerbating a-SMA-
induced renal tubular interstitial fibrosis and epithelial cell apoptosis
[131]. Beyond caspase-dependent pathways, testosterone may also
affect renal tubular epithelial cells through caspase-independent
mechanisms. Notably, testosterone activates hypoxia-inducible factor
1-alpha (HIF-1a), leading to the upregulation of BNIP3, which mediates
mitochondrial dysfunction and non-caspase-dependent apoptosis [132].
A cross-sectional study further indicated an association between higher
testosterone levels and lower GFR in women, with a stronger correlation
between increased testosterone levels and decline in estimated GFR
(eGFR) in women with diabetes. Additionally, DHT exhibited a stronger
association with CKD prevalence in diabetic women compared to non-
diabetic women [133]. Given that patients with PCOS typically pre-
sent with both IR and HA, these findings suggest an elevated risk of
androgen-induced kidney damage in this population. Serum testos-
terone has been proposed as a prognostic marker for PCOS-related
kidney injury, as it can induce fibrosis in HKC-8 renal tubular epithe-
lial cell lines [134]. Chronic PCOS rat models have similarly shown that
sustained HA promotes renal interstitial fibrosis and increases the risk of
proteinuria and significant elevations in kidney injury molecule 1 (KIM-
1) [43,135]. In addition to its effects on renal tubular epithelial cells, HA
in PCOS may also contribute to kidney damage through mechanisms
that promote glomerulosclerosis. Pathological evaluations of kidney
tissue from PCOS rats have revealed focal segmental glomerulosclerosis
(FSGS), a prominent feature compared to control rats [43]. Furthermore,
hypertension, often associated with HA in PCOS due to activation of the
sympathetic nervous system, renal nerves, and melanocortin-4 receptors
(MC4R), may exacerbate kidney damage. This hypertension induces
mechanical stress, leading to glomerular stretching and podocyte injury
[136,1371, which triggers the release of thrombospondin-1 (TSP1) and
activation of the TGF-§ signaling pathway. These events culminate in
podocyte apoptosis, fibrosis, and FSGS [138-140]. Therefore, HA in
PCOS likely contributes to secondary kidney injury through multiple
mechanisms, with progression dependent on individual disease
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characteristics. (Fig. 2).

2.2.2. Insulin resistance and hyperinsulinemia

A significant proportion of women with PCOS present with impaired
glucose tolerance, acanthosis nigricans, and abdominal obesity, which
are commonly indicative of IR and subsequent compensatory hyper-
insulinemia [141]. Insulin sensitivity is typically assessed using the
hyperinsulinemic-euglycemic clamp technique for diagnosing IR. Insu-
lin, a polypeptide hormone consisting of 51 amino acids, forms a hex-
americ complex composed of three dimers and is synthesized and
secreted by pancreatic p-cells. The molecule includes an A-chain and B-
chain connected by disulfide bonds [142,143]. Proinsulin, its precursor,
undergoes processing by signal peptidases and is further modified
within the rough endoplasmic reticulum and the trans-Golgi network
before being stored in secretory granules for release by f-cells [144].
Insulin secretion is tightly regulated by blood glucose levels; elevated
glucose triggers calcium ion pathways, prompting p-cells to release in-
sulin and thereby maintain glucose homeostasis. In healthy individuals,
insulin binds to its transmembrane receptor (IR), forming a complex that
activates the receptor’s tyrosine kinase activity [145]. This, in turn,
activates Akt within the PI3K/Akt signaling pathway, promoting the
translocation of glucose transporter 4 (GLUT4) to the cell membrane and
facilitating glucose uptake. In women with PCOS, IR disrupts this
signaling cascade, with a likely reduction in the expression and phos-
phorylation of AMP-activated protein kinase (AMPK), a critical regu-
lator of skeletal muscle metabolism and glucose uptake, as well as
pyruvate dehydrogenase [146]. This contrasts with other metabolic
diseases, where IR is often associated with the inactivation and reduced
phosphorylation of insulin receptor substrates (IRS) 1/2, with Akt (also
known as protein kinase B) playing a pivotal role downstream. However,
some studies also support the involvement of this pathway in PCOS-
related IR [147-150]. The heterogeneity of PCOS complicates the un-
derstanding of the origins of IR, but existing literature suggests it is
primarily driven by HA, chronic low-grade inflammation, and OS
[151-154], with epigenetic and transcriptional alterations also
contributing [155]. This multifactorial IR leads to compensatory
hyperinsulinemia, where p-cells secrete more insulin to maintain stable
blood glucose levels. As discussed previously, elevated insulin levels
directly stimulate GCs as gonadotropins and suppress sex hormone-
binding globulin (SHBG) production, promoting testosterone synthesis
and exacerbating HA and metabolic dysfunction, thus accelerating PCOS
progression [156].

Long-term IR and hyperinsulinemia in PCOS contribute significantly
to other systemic chronic pathological changes [157]. While some
studies suggest these mechanisms are not related to PCOS-associated
kidney damage [158,159], the underlying pathophysiology indicates
that IR and hyperinsulinemia do play a role in renal injury, both struc-
turally and functionally. This damage typically results from the inter-
play of multiple mechanisms across different areas. Furthermore, the
association between IR and an increased risk of kidney disease has been
shown to be independent of T2D [160,161]. The cumulative effects of IR
and hyperinsulinemia are often manifested in podocyte damage. Podo-
cytes, which have a high concentration of insulin receptors, are direct
targets of insulin, and their function is regulated by the AMPK and PI3K/
Akt signaling pathways [162-164]. Dysregulation of these pathways is
thought to contribute to the IR observed in PCOS. Knocking out insulin
receptors in podocytes results in various glomerular injuries, including
morphological alterations, podocyte apoptosis, accumulation of
collagen and other matrix components, thickening of the glomerular
basement membrane, and ultimately glomerulosclerosis [165]. This il-
lustrates the pathway to glomerular sclerosis when insulin sensitivity is
reduced. In the context of hyperinsulinemia, research by Lay AC et al.
demonstrated that podocyte loss of insulin receptors exacerbates the
vicious cycle of IR [166]. Additionally, IR has been shown to cause
kidney damage beyond glomerular sclerosis, including lipid accumula-
tion, lipid peroxidation in renal tubules, tubulointerstitial fibrosis,
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Fig. 2. The Association Between Metabolic Dysregulation and Secondary Renal Injury in PCOS. Hyperandrogenemia in PCOS promotes tubular apoptosis via
Fas pathway activation and induces HIF-1a activation, leading to mitochondrial dysfunction in renal tubular epithelial cells. Hyperandrogenemia-associated hy-
pertension is also linked to secondary renal fibrosis. Additionally, insulin resistance induced by decreased AMPK expression and AKT inactivation in PCOS contributes
to renal fibrosis, potentially mediated through mechanisms such as lipid peroxidation.

vascular lesions, and inflammatory cell infiltration in the renal paren-
chyma [167-169]. These findings highlight the broad impact of IR on
kidney function [170]. IR may also affect renal hemodynamics,
contributing to secondary kidney damage [171,172]. However, these
studies were conducted in diabetes-related nephropathy mouse models
(e.g., db/db) or fructose-induced IR, which, while sharing some patho-
physiological features with PCOS, do not fully replicate the IR and
hyperinsulinemia seen in PCOS, especially considering the added
complexity of HA. Therefore, further animal studies are required to
elucidate the specific mechanisms by which IR induces secondary kid-
ney damage in PCOS. (Fig. 2).

2.2.3. Dyslipidemia

As previously noted, PCOS and MetS share common pathological
features, with dyslipidemia being a significant overlapping component
[173]. The prevalence of dyslipidemia in PCOS populations has been
reported to range from 41.3 % to 70 % in various clinical studies
[174-177], likely reflecting differences in geographic location,
ethnicity, age, and diagnostic criteria for dyslipidemia. Regardless of
these variables, lipid abnormalities are highly prevalent in patients with
PCOS and play a critical role in overall metabolic dysfunction. Specif-
ically, patients with PCOS often exhibit hypertriglyceridemia, reduced

high-density lipoprotein cholesterol (HDL-C), and elevated low-density
lipoprotein cholesterol (LDL-C) levels [178]. These lipid profile alter-
ations not only indicate significant metabolic disturbances but also
predict poorer clinical outcomes. Elevated LDL-C and decreased HDL-C
predispose LDL particles to oxidation, forming oxidized LDL (ox-LDL),
which damages the vascular endothelium, promotes inflammation, and
increases the risk of atherosclerotic cardiovascular disease (ASCVD)
[179]. Notably, even after adjusting for BMI as a confounding factor,
patients with PCOS continue to exhibit elevated androgen levels and
lower HDL-C levels, suggesting that HDL-C-related lipid metabolic dis-
orders may be an intrinsic aspect of PCOS pathophysiology rather than
simply a secondary consequence of obesity. This highlights the impor-
tance of lipid evaluations in all patients with PCOS, not just those who
are overweight or obese [180].

Pathophysiological factors common to PCOS—such as IR, chronic
low-grade inflammation, and hormonal imbalances—disrupt lipid
metabolism, contributing to dyslipidemia. The androgen-mediated
reduction in HDL-C levels, attributed to decreased HDL particle size
and accelerated clearance, is well-documented [181]. Additionally,
androgen-induced inhibition of lecithin—cholesterol acyltransferase
(LCAT) activity further contributes to reduced HDL-C levels [182].
Regarding LDL-C, androgens promote its elevation by stimulating
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hepatic lipase activity and inhibiting LDL receptor expression in hepa-
tocytes, which delays LDL-C clearance [182]. Thus, HA directly alters
lipoprotein synthesis and metabolism in the liver [183], resulting in an
abnormal lipid profile in patients with PCOS. Concurrently, insulin
stimulates lipid synthesis and suppresses lipid breakdown [184]; how-
ever, studies on its impact on dyslipidemia in PCOS are limited [185].
Notably, IR reduces lipolytic efficiency, leading to elevated free fatty
acid (FFA) levels, which further impair insulin sensitivity and promote
both hepatic gluconeogenesis and dyslipidemia [186,187]. IR also
stimulates hepatic synthesis of very low-density lipoprotein (VLDL),
contributing to hypertriglyceridemia [188]. Consequently, the rela-
tionship between IR and dyslipidemia is multifaceted and not yet fully
understood.

Undoubtedly, dyslipidemia has a significant impact on the kidney, an
organ with a dense vascular network [189]. Several studies in Korean
patients with CKD have shown that higher LDL-C and serum triglyceride
levels are associated with CKD progression [190,191], while both
abnormally low and high HDL-C levels can exacerbate CKD [192]. Lipid
peroxidation, ferroptosis, and endoplasmic reticulum (ER) stress are key
mediators of renal injury. In long-term high-fat diet (HFD) mouse
models, renal insufficiency is prominently characterized by glomerulo-
sclerosis and tubular injury [193]. These alterations are linked to the
accumulation and acidification of phospholipids in the lysosomes of
proximal tubular cells (PTCs), resulting in autophagic dysfunction
[194]. Mitochondrial dysfunction, inflammasome activation, and
apoptosis also contribute to the damage, as evidenced by ROS-induced
pathological changes observed in HK-2 cell line experiments [193].
Studies using proprotein-convertase subtilisin/kexin type-9 (PCSK9)-
gain-of-function (GOF) and HFD pig models have shown that different
HFDs promote renal fibrosis through distinct injury pathways. In the
hypercholesterolemic PCSK9-GOF model, significant increases in CHOP
and GRP94 expression indicate ER stress, while in the hyper-
triglyceridemic HFD model, ferroptosis is confirmed by upregulation of
Gpx4 and Acsl4 [195]. In vitro experiments using PK1 pig renal
epithelial cells further support these findings, showing that Ferrostatin-1
alleviates these injuries, protects mitochondrial function, and prevents
the progression of severe renal inflammation and fibrosis [195]. In
summary, distinct HFDs induce different renal injury mechanisms,
highlighting the need for targeted prevention and treatment strategies to
protect renal function in dyslipidemic patients.

Although existing studies have demonstrated associations between
dyslipidemia, systemic metabolic dysfunction, and renal injury, no
research has directly investigated the independent role of dyslipidemia
in kidney damage using a PCOS model. The confounding and interre-
lated effects of dyslipidemia, HA, and IR complicate isolating its specific
contribution. Future studies should prioritize designing comprehensive
experimental and clinical investigations to elucidate the direct impact of
dyslipidemia on the pathophysiological mechanisms of PCOS and its role
in renal impairment. Additionally, it is essential to evaluate the efficacy
of targeted preventive and therapeutic interventions to offer more pre-
cise strategies for metabolic and renal protection in patients with PCOS.

3. Potential preventive and therapeutic approaches for PCOS-
Related renal disease

3.1. Lifestyle and dietary modifications

Mendelian randomization studies have confirmed a significant as-
sociation between obesity and the risk of developing PCOS, while PCOS
itself does not contribute to an increase in body mass index (BMI)
[196,197]. Over 50 % of women with PCOS are classified as overweight
or obese, based on an elevated BMI, a primary or secondary alteration
that clearly impacts the clinical metabolic features of PCOS, exacer-
bating its symptoms and leading to long-term complications [198].
Obesity induces and/or amplifies IR and compensatory hyper-
insulinemia, which significantly influences the progression of PCOS.
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This process involves the upregulation of inflammatory cytokines,
further promoting the chronic inflammatory state characteristic of PCOS
[199]. Obesity-related metabolic indicators, such as BMI and waist-to-
height ratio (WHtR), have been shown to correlate with the progres-
sion of HA [200]. Furthermore, obesity is a recognized risk factor for
CKD [201]. BMI and related metabolic markers are considered inde-
pendent risk factors for declining GFR and mortality [202]. Obesity
impacts kidney function through both direct and indirect pathways,
including obesity-related glomerulopathy (ORG), activation of the
renin-angiotensin-aldosterone system (RAAS), hypertension, altered
renal hemodynamics, and the generation of nephrotoxic lipid factors
[203]. While such research has not been conducted specifically in PCOS
cohorts, it is reasonable to assume that these pathways, which are also
implicated in PCOS disease progression and pathological damage
[136,204,205], contribute to the increased renal burden in women with
PCOS. Weight management strategies, such as bariatric surgery, have
been shown to improve prognosis in obese patients with PCOS
[206,207]. However, lifestyle and dietary modifications aimed at
reducing weight in overweight or obese patients with PCOS—thereby
optimizing metabolic characteristics and improving prognosis—have
proven effective [208]. These approaches are now considered first-line
interventions for PCOS [94]. Lifestyle interventions are essential;
despite the significant heterogeneity in symptoms and clinical presen-
tation of PCOS, increasing regular physical activity and adopting
cognitive-behavioral interventions have been shown to improve HA and
BMI in patients with PCOS [209]. This is consistent with evidence-based
guidelines for PCOS management [3]. Notably, increasing physical ac-
tivity is also a key preventive and interventional measure for reducing
CKD risk and improving overall health in patients with CKD [210,211].
Regular aerobic exercise, combined with resistance training, is an
effective intervention for patients with PCOS, alleviating the burden of
the primary disease while potentially reducing the risk of secondary
CKD.

Dietary interventions are crucial for the self-management of PCOS. A
low-glycemic index (GI) diet and controlled carbohydrate intake are
recommended strategies for managing PCOS [94,212]. The Mediterra-
nean diet (MedDiet) has been identified as an effective nutritional
approach for alleviating PCOS-related obesity, improving IR, and
reducing pro-inflammatory cytokine production [213]. The MedDiet
incorporates monounsaturated fats (MUFAs) and polyunsaturated fats
(PUFAs), antioxidants, low-GI carbohydrates, and proteins, with specific
nutritional supplements that enhance insulin sensitivity and signifi-
cantly improve IR and inflammation [214,215]. In patients with CKD,
the MedDiet is endorsed by the National Kidney Foundation’s Kidney
Disease Outcomes Quality Initiative (KDOQI) and the European Renal
Association—-European Dialysis Transplant Association (ERA-EDTA) due
to its positive effects on blood lipids, GFR, and albuminuria [216,217].
Randomized crossover trials have demonstrated that an improved
MedDiet does not increase renal burden in patients with CKD, as it does
not negatively impact serum and urinary potassium levels [218]. This
positions the MedDiet as an ideal dietary intervention to reduce renal
damage in patients with PCOS. Additionally, some studies suggest that,
compared to the MedDiet, a ketogenic diet—low in carbohydrates, high
in fats, and moderate in protein—may provide better outcomes for
weight loss, menstrual regularity, and reproductive health in obese pa-
tients with PCOS [219-221]. However, the high animal fat content of
ketogenic diets may pose risks for renal health, as it can increase
cholesterol, saturated fats, and trans fats, potentially overloading lipid
metabolism [222] and raising the risk of kidney stones [223]. Therefore,
from the perspective of minimizing renal disease risk in patients with
PCOS, the MedDiet appears to be the more favorable option.

3.2. Pharmacological interventions

Given the significant variability in the pathophysiology and clinical
presentation of PCOS, pharmacological treatments are often
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personalized, frequently involving a combination of medications
tailored to specific symptoms. The choice of pharmacotherapy depends
on the primary manifestations of the disease in each patient.

For individuals with menstrual irregularities resulting from OD,
medications to regulate the menstrual cycle are commonly prescribed.
Progestin-based treatments are considered a first-line option, especially
for adolescents and perimenopausal women with PCOS [6]. Typical
medications include progestins, vitamin D, and dydrogesterone [224].
Combined oral contraceptives (COCs), which contain progestins and
estrogens, are also frequently used as a first-line treatment in patients
who do not seek pregnancy, as they effectively alleviate HA-related
symptoms, such as hirsutism. This is achieved by inhibiting androgen
production through mechanisms like negative feedback on LH secretion
and increasing SHBG levels [225,226]. While some studies suggest that
COCs may promote low-grade inflammation and OS [227,228], others
report that COCs can reduce serum OS markers [225]. A retrospective
study found no significant difference in early renal damage markers,
such as the urine albumin-to-creatinine ratio (ACR), between patients
with PCOS on and off oral contraceptives [229]. Despite concerns
regarding COCs’ potential to activate the renin-angiotensin-aldosterone
system (RAAS) [230], experimental evidence indicates that their impact
on renal function is minimal [231]. Additionally, progestins and estro-
gens have demonstrated protective effects in renal diseases [232-234].

Spironolactone is another effective option for managing hyper-
androgenism in PCOS. As an androgen receptor antagonist, it helps
alleviate symptoms such as hirsutism [235]. The incidence of hyper-
kalemia in patients with PCOS is generally low [236], and spi-
ronolactone is also thought to have anti-inflammatory and antioxidative
effects [237,238]. As an aldosterone antagonist, spironolactone has
shown significant efficacy in reducing proteinuria, lowering systolic
blood pressure, and improving eGFR in patients with CKD [239].
Moreover, it offers protective effects in acute kidney injury (AKI)-
induced CKD, primarily by inhibiting MCP-1 expression, reducing
fibrosis, and suppressing the TGF-f pathway [240]. Spironolactone also
benefits patients with IgA nephropathy by reducing inflammation and
fibrosis and regulating proteinuria [241], further enhancing its renal
protective profile. The blocking effect of spironolactone on the RAAS
system also provides renal benefits [242]. Consequently, COCs and
spironolactone, two commonly used anti-HA agents, emerge as kidney-
friendly treatment options for most patients with PCOS.

Pharmacological interventions, such as metformin and thiazolidi-
nediones, both insulin sensitizers, are widely utilized for managing
metabolic abnormalities in PCOS and are recommended by evidence-
based guidelines [3]. Metformin improves IR by inhibiting hepatic
gluconeogenesis through the AMPK/SIRT1 pathway [243], thereby
lowering blood glucose levels [244]. It also directly inhibits andro-
stenedione production in ovarian theca cells, helping alleviate HA in
patients with PCOS [245]. Meta-analyses have confirmed metformin’s
superior efficacy in addressing metabolic abnormalities in PCOS [246].
Beyond its impact on glucose metabolism, metformin has demonstrated
renoprotective effects, particularly in diabetes-related nephropathy, by
enhancing SIRT1 and AMPK signaling to maintain renal structure and
function [247,248]. In various renal injury models, metformin has been
recognized for mitigating renal fibrosis and inflammation independent
of its glucose-lowering effects. In animal models of folic acid-induced
AKI, metformin improved renal function and reduced inflammation by
inhibiting TGF-f1 and MCP-1 [249]. In vitro studies with HK2 cells
confirmed that this inhibition occurred through the suppression of the
Smad3, ERK1/2, and P38 pathways [249], with similar results observed
in primary cultured mouse kidney fibroblasts [250]. In an adenine-
induced CKD mouse model, metformin improved renal function and
exhibited anti-fibrotic effects through the inhibition of TGF-p1 [251]. In
UUO mice and Ang Il-treated renal fibroblast cell lines, metformin
suppressed the pro-fibrotic ERK signaling pathway, reducing ECM pro-
duction and deposition [252]. It also reduced renal and systemic im-
mune cell infiltration [253]. Furthermore, metformin is considered
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beneficial for cardiovascular health and has anti-aging effects [254].
Clinical trials have also confirmed its ability to improve renal function in
patients with PCOS, with safety established for those with liver
dysfunction [255]. Despite its gastrointestinal side effects, metformin
remains a beneficial option for patients with PCOS, reducing the risk of
secondary kidney diseases.

Novel insulin sensitizers have also been explored in PCOS manage-
ment. Myo-inositol, a potential alternative to metformin, has been
shown to enhance fertility in patients with PCOS [256-258]. In addition
to its reproductive benefits, myo-inositol offers renal protection by
inhibiting tubular cell apoptosis, reducing tubular morphological dam-
age [259], suppressing ferroptosis [260], and improving glomerular
damage, such as FSGS and minimal change disease [261]. Sodium-
glucose co-transporter 2 (SGLT-2) inhibitors reduce the reabsorption
of glucose and sodium ions in renal tubules, increasing glucose and so-
dium excretion in urine. This insulin-independent mechanism for
lowering blood glucose levels makes SGLT-2 inhibitors a valuable
treatment option for patients with PCOS, especially those intolerant to
metformin [262-264]. The renal protective effects of SGLT-2 inhibitors
have been extensively studied, primarily through mechanisms such as
reducing GH, regulating the RAAS, and exerting anti-inflammatory,
anti-fibrotic, and antioxidative effects, while also improving endothe-
lial function [265-267]. Glucagon-like peptide-1 (GLP-1) agonists, such
as liraglutide, stimulate insulin secretion to maintain glucose homeo-
stasis. Among these, semaglutide—recently approved by the FDA as the
first GLP-1 receptor agonist to reduce the risk of kidney disease pro-
gression [268]—has been shown in PCOS mouse models to alleviate
ovarian inflammation by inhibiting the NF-xB pathway, thereby
improving IR and reducing testosterone levels [269]. Semaglutide also
ameliorates metabolic disturbances in PCOS by modulating the gut
microbiota [270]. Its beneficial effects on kidney outcomes have been
preliminarily confirmed in randomized controlled trials [271]. Studies
in HFD-induced obese mouse models further support its renoprotective
role by alleviating inflammation and OS [272]. In most cases, GLP-1 is
regarded as having anti-inflammatory and antioxidative properties, with
protective effects demonstrated in diabetes-related nephropathy models
[273,274]. However, case reports suggest that liraglutide and exenatide
may promote AKI through mechanisms such as acute tubular necrosis
[275]. Therefore, when using GLP-1 agonists in patients with PCOS,
careful consideration of potential renal risks is necessary.

Since dyslipidemia plays a central role in the pathophysiology of
PCOS, lipid-lowering therapy to prevent cardiovascular and renal
complications has become a common strategy in hyperlipidemic pa-
tients with PCOS, with statins being considered a favorable option
[276,277]. Statins inhibit hydroxymethylglutaryl-CoA (HMG-CoA)
reductase, thereby reducing the conversion of HMG-CoA to mevalonate,
which decreases cellular cholesterol synthesis and lowers hepatic
cholesterol levels. They also upregulate LDL receptor expression on
hepatocytes, enhancing LDL clearance and reducing plasma LDL levels,
while simultaneously lowering total cholesterol and triglycerides and
increasing HDL, thus alleviating dyslipidemia [278-280]. A meta-anal-
ysis has indicated that atorvastatin treatment in PCOS women can lower
total testosterone, the free androgen index (FAI), androstenedione, and
DHEAS, thereby mitigating HA, although the overall quality of evidence
remains limited, suggesting potential pleiotropic effects of statins in
PCOS management [281]. Additionally, the antioxidant, anti-
inflammatory, insulin-sensitizing, and immunomodulatory properties
of statins may further contribute to the amelioration of PCOS [282,283].

By intervening early in the dysregulation of lipid metabolism and
inflammation, statins can help mitigate potential renal injury. Various
studies have proposed different mechanisms through which statins may
prevent or alleviate kidney damage. In diabetes-related nephropathy,
statins have been shown to improve renal function by reducing serum
inflammatory cytokines and enhancing blood flow [284]. Additionally,
a Chinese cohort study indicated that statin use can lower the risk of
incident CKD and slow the decline in eGFR [285]. Furthermore,
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preliminary evidence supports the role of statins in reducing proteinuria
[286]. However, some studies have suggested that statins may
contribute to kidney damage; a multicenter study found an association
between statin use and an increased incidence of acute or chronic kidney
disease [287], and a heightened risk of AKI following cardiac surgery
was reported with rosuvastatin use [288]. Given that only a small
fraction of statins is metabolized by the kidneys [279], the mechanisms
underlying this nephrotoxicity require further experimental validation,
which remains a critical clinical concern.

The use of traditional Chinese medicine (TCM) and herbal formulas
in patients with PCOS is also frequently reported. However, due to the
unknown risks of liver and kidney toxicity and the absence of large-scale
clinical trials to confirm their efficacy and safety, these therapies may
not be suitable for all patients with PCOS.

In conclusion, the pharmacological treatment strategy for patients
with PCOS must be tailored according to individual clinical symptoms
and metabolic characteristics. Although the drugs discussed have shown
significant efficacy in managing PCOS-related symptoms and metabolic
abnormalities, with partial validation of their renal protective effects,
some may still pose potential risks for renal damage. Therefore, clini-
cians must thoroughly assess renal function when selecting a treatment
plan for patients with PCOS to ensure the safety and effectiveness of the
therapy. Future high-quality clinical trials and mechanistic studies are
needed to further clarify the long-term safety and efficacy of these drugs
in patients with PCOS and to develop new targeted interventions. Such
efforts will optimize individualized treatment strategies, reduce the risk
of secondary renal damage, and improve patient prognosis and quality
of life.

4. Conclusion

This review systematically explored the potential mechanisms and
factors leading to secondary renal injury in PCOS, along with possible
management strategies, aiming to provide guidance for comprehensive
management and related research in PCOS. The primary features of
PCOS include HA, IR (with accompanying hyperinsulinemia), chronic
inflammation, OS, and associated metabolic abnormalities, such as
dyslipidemia. These pathological characteristics predispose patients
with PCOS to an increased risk of secondary renal damage. The potential
pathways include direct local inflammation, stress, and fibrosis in the
kidneys, as well as systemic effects on renal function. These damages
often occur through multiple pathways and sites, necessitating further
investigation to pinpoint their specific mechanisms.

Interventions for PCOS primarily focus on dietary and lifestyle
management, with symptomatic pharmacological treatments serving as
adjuncts. Most interventions are kidney-friendly; however, some mea-
sures and medications may still pose risks for renal damage. As such,
multidisciplinary evaluation by clinicians is essential to minimize the
risk of secondary renal injury in patients. Finally, to prevent and miti-
gate the occurrence and progression of CKD associated with PCOS,
greater attention must be given to the renal risks inherent in PCOS.
Increased basic and clinical research is needed to promote the devel-
opment of more rational management strategies for PCOS, which will be
of significant benefit to patients.
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