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Abstract: Polycystic ovary syndrome (PCOS) is a prevalent and multifaceted endocrine disorder characterized by hyperandrogenism,
ovarian dysfunction, and insulin resistance. This review aims to synthesize current evidence from both allopathic medicine and
Traditional Chinese Medicine (TCM) to clarify the pathophysiological mechanisms of PCOS and evaluate the therapeutic potential of
integrative management strategies. We first outline key epidemiological, genetic, and hormonal features that underpin PCOS, with
particular emphasis on insulin resistance, chronic inflammation, and dysregulated gonadotropin secretion. We then summarize core
TCM treatment principles and describe how herbal medicine, acupuncture, and combined therapies modulate endocrine pathways,
improve metabolic homeostasis, and regulate immune—inflammatory responses. Clinical studies further suggest that TCM-based
interventions may enhance ovulatory function, improve metabolic parameters, and alleviate hyperandrogenic symptoms, supporting
their complementary role alongside allopathic treatments. Finally, current limitations—including variability in TCM pattern diagnosis,
heterogeneity of herbal preparations, and methodological constraints in mechanistic research—are highlighted to guide future
investigations. Overall, this review underscores the clinical relevance and potential value of integrative approaches that bridge
traditional and modern medical frameworks in the comprehensive management of PCOS.
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Introduction

Polycystic ovary syndrome (PCOS) is a multifaceted endocrine disorder characterized by hyperandrogenism, menstrual
irregularities, and polycystic ovaries.' Globally, PCOS affects approximately 11-13% of women, imposing a significant
health and economic burden worldwide.>> According to the International Evidence-based Guidelines for the Assessment
and Management of Polycystic Ovary Syndrome, adult diagnosis requires at least two of these three features, whereas
adolescent diagnosis necessitates the concurrent presence of hyperandrogenism and persistent menstrual irregularity due
to developmental variability in ovarian morphology and anti-Miillerian hormone (AMH) levels.”

Beyond its reproductive manifestations, PCOS is strongly associated with insulin resistance, compensatory hyper-
insulinemia, dysglycemia, obesity, dyslipidemia, metabolic dysfunction-associated steatotic liver disease (MASLD), and
an elevated lifetime risk of type 2 diabetes mellitus.®° The syndrome’s presentation varies across phenotypes, ages, and
ethnicities, reflecting its multifactorial pathogenesis involving endocrine, metabolic, inflammatory, and genetic factors.
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Despite ongoing revisions to diagnostic criteria, current frameworks remain primarily expert-opinion—based and often
insufficiently capture the complexity of metabolic dysfunction in PCOS.

Given this heterogeneity, conventional allopathic therapies may not fully address the diverse clinical needs of affected
women. In contrast, Traditional Chinese Medicine (TCM), with its holistic theoretical system and syndrome differentia-
tion-guided individualized treatment, has been increasingly recognized as a potentially valuable complementary approach
in PCOS management. Emerging evidence suggests that TCM may modulate multiple biological pathways relevant to
PCOS, offering a multi-target regulatory framework aligned with the disorder’s multifaceted nature.

Therefore, this review aims to provide a comprehensive synthesis of current epidemiological, genetic, and patho-
physiological insights into PCOS while simultaneously evaluating the theoretical foundations, mechanistic pathways, and
clinical applications of TCM within the context of contemporary biomedical research. In addition, the review explores
the rationale and potential advantages of integrative approaches that combine TCM with allopathic therapies to support
more holistic and effective management strategies for PCOS. By articulating these objectives clearly at the outset, the
review offers a structured and interdisciplinary framework intended to guide future research development and inform
individualized, multimodal treatment practices for women affected by PCOS.

Epidemiology

PCOS is the most prevalent chronic endocrine disorder among women, with diagnostic criteria yet its reported prevalence
varies substantially depending on diagnostic criteria, population characteristics, and methodological considerations.'*""
Population-based studies applying the Rotterdam criteria estimate a prevalence of 14%-19%,'*'*> markedly higher than
the 10-13% reported in earlier studies applying more restrictive definitions.'* This discrepancy underscores the strong
impact of diagnostic frameworks—particularly the inclusion of polycystic ovary morphology (PCOM)—on epidemio-
logical estimates. However, PCOM has limited specificity due to the continuous distribution of follicle numbers, age-
related ovarian morphological changes, improved imaging resolution, and lack of standardized reporting.'' Similarly,
AMH, despite its emerging diagnostic utility, is constrained by assay heterogeneity, absence of universally accepted cut-
offs, and population-specific variability. These limitations contribute to inconsistent prevalence estimates and challenge
cross-study comparisons.

Epidemiological studies also highlight notable geographic and ethnic disparities: for instance, Hispanic and African
American women with PCOS exhibit higher degrees of insulin resistance than other ethnic groups,'>'® suggesting that
metabolic risk profiles vary across racial backgrounds. Age is another major determinant of PCOS prevalence. Data from
16-18 (oot

similar patterns observed in other cohorts.'®*° During adolescence, physiological menstrual irregularity and PCOM are

China indicate an increase from 10% in adolescents aged 10-20 years to 17% in women aged 21-30 years,

common; therefore, current international guidelines advise that diagnosis in this age group be based solely on hyperan-
drogenism and persistent ovulatory dysfunction to avoid overdiagnosis.>*' Conversely, in midlife, declining androgen
levels and normalization of ovarian morphology may mask the phenotype, complicating diagnosis in women over 50
years,® even though long-term cardiometabolic risks persist into perimenopause and beyond.***

Taken together, these epidemiological patterns demonstrate that PCOS is highly prevalent but diagnostically hetero-
geneous. Variability across age, ethnicity, and diagnostic methodology emphasizes the need for individualized assessment
strategies. This heterogeneity also reinforces the importance of flexible, multimodal therapeutic frameworks—such as
integrative approaches combining allopathic and TCM—to meet the diverse clinical presentations of PCOS.

Diagnostic Criteria

Current international evidence-based guidelines reaffirm that the three major diagnostic systems for PCOS—the National
Institutes of Health (NIH) 1990 criteria,”* the Rotterdam Consensus,'® and the Androgen Excess and PCOS Society”—remain
valid, with the Rotterdam framework being the most widely adopted in clinical practice (Figure 1). By allowing diagnosis based
on any two of the following features—hyperandrogenism, ovulatory dysfunction, or PCOM—the Rotterdam criteria broaden
phenotypic classification beyond the classic NIH definition and result in higher prevalence estimates and greater heterogeneity."'
The 2023 International Guidelines further introduce AMH levels as an alternative to ultrasound-based assessment of PCOM in
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Figure | Evolution of Diagnostic Criteria for PCOS. This figure summarizes the evolution of the major diagnostic criteria for PCOS from 1990 to 2023. The NIH 1990
criteria first established PCOS diagnosis based on ovulatory dysfunction and hyperandrogenism, defining a strict, classic phenotype. The Rotterdam 2003 Consensus
expanded diagnostic coverage by including PCOM, resulting in higher prevalence estimates but lower specificity. The AE-PCOS Society 2006 criteria emphasized
hyperandrogenism as an essential feature while de-emphasizing PCOM. The 2023 International Guidelines integrated AMH as a new diagnostic biomarker alongside
Rotterdam criteria, highlighting genetic risk and functional interpretation, but limitations remain due to population heterogeneity and the modest diagnostic power of
polygenic risk scores.

adult women, although its use remains constrained by variability in assay platforms, lack of universal cut-off values, and limited
validation across diverse populations.”

Despite their utility, current diagnostic approaches are largely consensus-based and insufficiently supported by robust
empirical evidence, as noted in the 2023 guidelines.” Notably, polygenic risk scores derived from the largest genome-
wide association analyses of PCOS demonstrate modest diagnostic performance (AUC < 0.72) even among women of
European ancestry, underscoring the inability of genetic profiles alone to accurately distinguish affected individuals under
either the NTH or Rotterdam definitions.?*’ In summary, these limitations reveal that existing diagnostic systems capture
reproductive phenotypes effectively but incompletely reflect the metabolic and functional impairments central to PCOS.

Genetics and Epigenetics of PCOS

Family and twin studies demonstrate that PCOS has a strong heritable component, with heritability estimates exceeding
70%.%%* Early candidate-gene studies produced inconsistent findings, but advances in large-scale genome-wide associa-
tion studies (GWAS) have established a robust polygenic architecture.® Across multiple populations, including Han
Chinese and European cohorts, more than a dozen reproducible susceptibility loci have been identified, particularly
involving genes related to gonadotropin signaling (eg, FSHR, LHCGR, FSHB) and metabolic regulation (eg, INSR,
THADA, HMGA2).*' 3% Recent meta-analyses have further validated several shared and population-specific variants,
reinforcing the view that PCOS arises from converging endocrine and metabolic genetic pathways.>>~® Clinically,
genetic stratification studies reveal two major PCOS subtypes—reproductive” and “metabolic”—that differ in BMI,
hormonal features, and insulin resistance profiles.>’ *° These genetically informed phenotypes align with emerging
precision-medicine approaches and underscore the importance of individualized management strategies.

Environmental and epigenetic influences also contribute to PCOS susceptibility.*'** Maternal hyperandrogenemia,
elevated AMH levels during pregnancy, and metabolic disturbances may alter placental steroidogenesis and program
PCOS-like traits in offspring.***” Consistent with the developmental origins hypothesis, daughters of women with PCOS
exhibit increased anogenital distance and higher lifetime risk of PCOS, whereas sons demonstrate increased metabolic
vulnerability.** >* These findings imply that PCOS embodies a distinct epigenetic signature that predisposes individuals
to a spectrum of reproductive, metabolic, and neuropsychiatric disorders.”>>°

Epigenetic modifications involving DNA methylation, transcriptional dysregulation, and altered gamete-derived small
RNAs have been observed across human and animal studies, supporting a transgenerational contribution to PCOS
etiology.’™>'>® These findings help explain the heterogeneous clinical presentations of PCOS and highlight the potential
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role of integrative, early-life and systemic interventions—such as TCM-based metabolic and inflammatory regulation—
in modifying disease expression and long-term risk.

Pathophysiology of PCOS

The pathophysiology of PCOS is complex and arises from the interplay of genetic susceptibility, developmental
programming, environmental exposures, and metabolic disturbances (Figure 2). Rather than being driven by a single
defect, PCOS reflects a network of interconnected abnormalities involving gonadotropin dysregulation, hyperandrogen-
ism, insulin resistance, adipose tissue dysfunction, and chronic low-grade inflammation. These mechanisms reinforce one
another, creating a self-perpetuating cycle that contributes to the heterogeneous clinical presentation of the syndrome.>’

Insulin Resistance

Insulin resistance (IR) is a common but non-universal metabolic abnormality observed in women with PCOS, and importantly,
it is not a diagnostic criterion for the syndrome. Nonetheless, IR contributes substantially to the metabolic and reproductive
disturbances seen in many affected individuals. Gold-standard hyperinsulinemic—euglycemic clamp studies demonstrate that
intrinsic defects in insulin signaling are present in approximately 60% of lean and nearly 90% of obese women with PCOS,
indicating that IR can occur independently of body weight.®**° While peripheral tissues such as skeletal muscle, adipose
tissue, and the liver display blunted insulin responsiveness, the ovaries and adrenal glands retain insulin sensitivity, enabling
hyperinsulinemia to directly stimulate androgen production.®™®' This tissue-specific divergence helps explain why hyper-
insulinemia contributes simultaneously to metabolic dysfunction and reproductive disturbance.

Clinically, the centrality of IR to PCOS pathogenesis is underscored by parallels with severe insulin-resistant disorders.
Women with type A or type B insulin resistance exhibit hyperandrogenism, menstrual irregularities, and polycystic ovarian
morphology—hallmarks indistinguishable from PCOS.®* ** Hyperinsulinemia also contributes to the increased prevalence of
PCOS-like features in women with obesity, type 2 diabetes mellitus, and congenital hyperinsulinemic states.®'*
Interventions that improve insulin sensitivity, such as metformin, are effective in lowering circulating androgen levels,
restoring ovulatory function, and enhancing fertility outcomes in many women with PCOS.'* Together, these findings support
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Figure 2 Integrated Pathophysiological Mechanisms of PCOS. This schematic illustrates the multifactorial pathophysiology of PCOS and the interactions among endocrine,
metabolic, and inflammatory disturbances. (1) Disordered gonadotropin secretion (increased GnRH pulse frequency and elevated LH/FSH ratio) stimulates excessive ovarian
androgen production. (2) Hyperandrogenemia disrupts follicular maturation, inhibits ovulation, and promotes adipocyte hypertrophy with enhanced local androgen
activation. (3) Adipose tissue dysfunction involves reduced GLUT4 expression and increased AKRIC3 activity, leading to impaired insulin sensitivity and abnormal lipolysis.
(4) Insulin resistance arises from defective insulin signaling in skeletal muscle, liver; and adipose tissue but persists in the ovary and adrenal glands, further aggravating
hyperandrogenism. (5) Chronic inflammation and oxidative stress imbalance (mediated by macrophage M1 polarization, NF-«B activation, and elevated ROS) amplify insulin
resistance and ovarian dysfunction. Together, these mechanisms form a vicious cycle that perpetuates the endocrine-metabolic disturbance characteristic of PCOS. In this
figure, 1 denotes an increase or upregulation and | denotes a decrease or downregulation.
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the important—though not diagnostic—role of insulin resistance in the metabolic and reproductive disturbances associated
with the disorder.

Gonadotropin Secretion Disorder

A defining neuroendocrine feature of PCOS is an increase in hypothalamic GnRH pulse frequency, which preferentially
stimulates luteinizing hormone (LH) synthesis and results in an elevated LH/FSH ratio.®® Although the upstream
mechanisms are not fully understood, growing evidence suggests that impaired negative feedback from estradiol and
progesterone—partly driven by androgen excess—reduces the sensitivity of the GnRH pulse generator.®’ Because GnRH
neurons themselves lack sex steroid receptors, these effects are mediated through upstream kisspeptin, neurokinin B, and
dynorphin A (KNDy) neurons in the arcuate nucleus.®® Dysregulation of this network promotes heightened GnRH
pulsatility and amplifies LH secretion, which in turn stimulates ovarian theca cells to overproduce androgens.

In addition to these steroid—neuropeptide interactions, elevated anti-Miillerian hormone (AMH) levels—commonly
seen in women with PCOS due to increased secretion from small follicles—can further potentiate GnRH activity and
reinforce neuroendocrine imbalance.®®’® Clinically, these abnormalities help explain the characteristic anovulation and
hyperandrogenism observed in PCOS. This neuroendocrine framework also provides a rationale for integrative ther-
apeutic strategies: allopathic treatments focus on hormonal modulation, while TCM approaches, such as acupuncture and
targeted herbal formulations, have been shown to influence hypothalamic—pituitary signaling and support menstrual cycle
regulation.

Adipose Tissue Dysfunction

Adipose tissue dysfunction represents a central metabolic disturbance in PCOS and contributes to insulin resistance,
chronic inflammation, and androgen excess. Advanced imaging studies indicate that visceral fat levels may not differ
significantly between women with PCOS and BMI-matched controls.'>’"”* Nonetheless, accumulating evidence
indicates the presence of adipocyte abnormalities and dysfunction in women with PCOS, which contributes to insulin
resistance and subclinical inflammation.”*”” Women with PCOS exhibit enlarged adipocytes, and the degree of
hypertrophy correlates with hyperandrogenism severity.”® Experimental data suggest that androgens impair adipocyte
differentiation, reduce lipogenic capacity, and hinder the maturation of preadipocytes, thereby contributing to dysfunc-
tional adipose expansion.”®"*

Metabolic defects within adipose tissue further drive systemic insulin resistance. Despite preserved insulin receptor
binding, adipocytes from women with PCOS display impaired insulin-stimulated glucose uptake linked to reduced
GLUT4 expression.”’ Dysregulated lipolysis increases circulating free fatty acids, promoting ectopic lipid accumulation,
lipotoxicity, and inflammatory responses in non-adipose tissues.®' Elevated expression and activity of AKRIC3 in
subcutaneous adipose tissue enhance local conversion of androstenedione to testosterone, augmenting androgenic tone
and creating a feed-forward loop in which hyperandrogenism worsens adipocyte dysfunction and insulin resistance.®*
This reciprocal relationship between adipose dysfunction, hyperinsulinemia, and androgen excess contributes substan-
tially to the metabolic heterogeneity of PCOS.

Recognizing adipose dysfunction as a core driver of PCOS highlights the importance of multimodal management
strategies. Allopathic interventions such as insulin sensitizers address metabolic deficits, whereas TCM-based approaches
—including herbal therapies that modulate lipid metabolism and acupuncture protocols targeting inflammation—may
provide complementary benefits by improving adipose tissue function and metabolic homeostasis.

Hyperandrogenism

Hyperandrogenism is a key endocrine hallmark of PCOS and affects approximately 60—75% of diagnosed women ®*%*
Intrinsic abnormalities within ovarian theca cells—particularly enhanced expression and activity of steroidogenic
enzymes—result in exaggerated androgen production, which is further amplified by the heightened sensitivity of these
cells to LH stimulation.®> Although the ovary remains the primary source of androgen excess, 20-30% of women with
PCOS exhibit adrenal-derived hyperandrogenism, reflecting increased ACTH responsiveness without defects in steroi-

dogenic capacity.®®
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Elevated androgen levels disrupt normal folliculogenesis by promoting excessive primordial follicle recruitment and
accelerating early follicle growth. This shift increases gonadotropin-independent small follicles while impairing the
selection of a dominant follicle, ultimately contributing to chronic anovulation.* Beyond reproductive dysfunction,
androgen excess plays a significant role in metabolic abnormalities. Hyperandrogenism is strongly associated with
adipose tissue dysfunction, characterized by enlarged adipocytes, impaired lipogenic—lipolytic balance, and dysregulated
secretion of adipokines that normally support insulin sensitivity.*® These adipose changes contribute to reduced insulin-
mediated glucose uptake in skeletal muscle and heighten the risk of metabolic dysfunction-associated steatotic liver
disease (MASLD) in women with PCOS, even in the absence of obesity and insulin resistance.*® Emerging data also
suggest that androgens may act directly on central neuroendocrine pathways, influencing energy balance and glucocorti-
coid signaling.®

Collectively, the reproductive and metabolic effects of androgen excess illustrate the interconnected nature of PCOS
pathophysiology. These interactions underscore the rationale for multimodal interventions targeting endocrine, metabolic,
and inflammatory pathways—an approach elaborated in subsequent clinical management sections.

Dysregulation of Inflammation, Oxidative Stress, and Complement Activation
PCOS is increasingly recognized as a systemic inflammatory condition, with affected women exhibiting elevated
leukocyte counts, higher circulating levels of C-reactive protein, and increased proinflammatory cytokines such as IL-
6 and TNF-a compared with controls.*® Adipose tissue plays a central role in in this process: infiltration by M1
macrophages is consistently observed in both lean and obese women with PCOS, contributing to localized inflammation
and systemic metabolic dysfunction.®’

Oxidative stress is closely intertwined with chronic inflammation in PCOS. Elevated markers of oxidative damage
have been documented across multiple studies, and both oxidative stress and inflammation impair insulin signaling at the
post-receptor level, thereby reinforcing insulin resistance.®® Hyperandrogenism further correlates with heightened
oxidative stress and inflammatory markers, although the causal relationships among these abnormalities are still being
defined.***

Complement system dysregulation represents an additional immune pathway implicated in PCOS. Increased activa-
tion of alternative complement components—particularly C3 and properdin—has been reported and is amplified in the
presence of obesity and insulin resistance.’®°? These findings together highlight a multi-layered disturbance in immune
and inflammatory regulation that contributes to reproductive dysfunction, metabolic derangements, and cardiovascular
risk in PCOS. The convergence of endocrine, metabolic, and immune mechanisms also supports the use of therapeutic
approaches capable of modulating multiple biological pathways.

Basic Theory of TCM Treatment of PCOS

Although TCM does not contain a disease entity directly corresponding to PCOS, its clinical manifestations align with

ER I3

several classical categories, including “amenorrhea”, “irregular uterine bleeding”, and “infertility”, as well as related
conditions such as “obesity”, “phlegm—dampness accumulation”, and “acne”.”> Within the TCM theoretical framework,
the development of PCOS is attributed to a combination of constitutional weaknesses and acquired dysfunctions
involving the kidney, liver, and spleen systems—functional constructs that describe reproductive capacity, emotional
regulation, metabolic transformation, and fluid transport.

TCM identifies several core pathological patterns in PCOS (Figure 3), including kidney deficiency (encompassing
both yin and yang deficiency, reflected clinically in impaired reproductive function), liver qi stagnation (associated with
emotional constraint and disrupted hormonal regulation), and phlegm—dampness accumulation (corresponding to meta-
bolic disturbances such as obesity and insulin resistance). Additional pathological factors such as blood stasis, internal
heat, and qi deficiency may coexist and contribute to the heterogeneity of clinical presentations. Treatment principles
therefore focus on strengthening the kidney to support reproductive function, regulating qi and soothing the liver to
promote hormonal balance, resolving phlegm—dampness to improve metabolic homeostasis, and invigorating blood
circulation to restore ovulatory regularity.”*
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Figure 3 TCM Theoretical Treatment for PCOS. This diagram illustrates the TCM understanding of PCOS pathogenesis and syndrome differentiation. In TCM theory,
PCOS is considered a disorder “rooted in kidney deficiency”, with manifestations involving liver Qi stagnation, phlegm-dampness, and blood stasis. Pathogenic factors such as
Qi deficiency, Yang deficiency, Yin deficiency, Qi stagnation, phlegm-dampness, fire heat, and blood stasis contribute to reproductive and metabolic imbalance. According to
syndrome differentiation, PCOS can be classified into three predominant patterns: () Phlegm-dampness retention, often associated with obesity and metabolic disturbance,
treated by strengthening the spleen, resolving phlegm, and eliminating dampness; (2) Liver-stagnation transforming into heat, typically linked to emotional constraint and
menstrual irregularity, treated by soothing the liver, relieving stagnation, clearing heat, and regulating menstruation; (3) Kidney-Yang deficiency, associated with cold
intolerance, low vitality, and subfertility, treated by warming and tonifying the kidney-yang, reinforcing Qi, and nourishing the blood. This theoretical model embodies the
TCM principle of “treating both the root and the manifestations”, providing a holistic approach for individualized treatment of PCOS.

According to the 2024 Guidelines for the Diagnosis and Treatment of Polycystic Ovary Syndrome with Integrated
Traditional Chinese and Western Medicine, PCOS is primarily categorized into three major syndrome patterns: phlegm-
dampness retention, kidney-yang deficiency, and liver meridian stagnation heat.”® These standardized syndrome types help
guide individualized therapeutic approaches. Although rooted in traditional theory, these patterns show conceptual parallels
with modern biomedical subtypes—such as metabolic-dominant PCOS or HPO axis—dominant PCOS—supporting the
rationale for integrative treatment strategies that combine TCM’s holistic regulation with targeted allopathic interventions.

Mechanism of TCM in the Treatment of PCOS

TCM exerts therapeutic effects on PCOS through multi-target and multi-system regulation that aligns closely with the
complex endocrine—metabolic disturbances characterizing the disorder. Rather than acting through a single pathway,
TCM formulations and bioactive compounds modulate the hypothalamic—pituitary—ovarian (HPO) axis, improve insulin

sensitivity, attenuate chronic inflammation, reduce oxidative stress, and influence the gut microbiota (Figure 4). These
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mechanisms parallel contemporary biomedical understanding of PCOS as a systemic condition driven by interacting
metabolic, hormonal, and immune pathways.

Several herbal compounds regulate neuroendocrine activity and restore ovulation by influencing kisspeptin—-GnRH—
LH signaling, a pathway central to anovulation in PCOS.’” In a study by Mingsan et al,’® total flavonoids from Cuscuta
chinensis have been shown to normalize estrogen and androgen secretion and modulate HPO activity in PCOS models,
providing a mechanistic explanation for traditional TCM strategies such as “tonifying the kidney” and “regulating the
Chong—Ren meridians”, which aim to re-establish reproductive axis balance.

TCM formulations and monomeric constituents demonstrate insulin-sensitizing actions that complement allopathic
therapies. Icariin (from Epimedium) ameliorates weight gain, improves ovarian morphology, and reduces fasting insulin
and inflammatory markers in PCOS models.”” Berberine, isolated from Rhizoma Coptidis, has been shown to enhance
insulin sensitivity, reduce hyperandrogenism, improve dyslipidemia, and restore estrous cyclicity.”® These findings
support the TCM principles of “resolving phlegm-dampness” and “harmonizing the spleen”, which traditionally address
metabolic stagnation and damp accumulation—now understood to parallel insulin signaling defects and adipose
dysfunction.

Chronic low-grade inflammation contributes to anovulation and metabolic dysfunction in PCOS.” Several TCM
compounds suppress proinflammatory cytokines and modulate toll-like receptor (TLR) and NF-xB pathways.
Glycyrrhizic acid (from licorice) inhibits TLR9/MyD88/NF-kB signaling and improves insulin receptor and GLUT4
activity,'°*"'%* while emodin (from rhubarb) regulates HMGB1/TLR4/NF-kB signaling, resulting in improved metabolic
profile and ovarian function.'®""'% These findings correspond to TCM concepts of “clearing heat”, “resolving toxin”, and
“regulating qi and blood”, offering a biomedical basis for the anti-inflammatory nature of many classical formulations.

Oxidative stress is also a significant contributor to the pathophysiology of PCOS, with elevated ROS and compro-
mised antioxidant defenses leading to reproductive and metabolic dysfunction.'” Research has shown that Moringa
oleifera extracts have demonstrated antioxidant activity that restores estrous cyclicity, improves insulin resistance, and
helps normalize sex hormone profiles in animal models.'°® These effects align with traditional principles of “nourishing
yin” and “protecting qi”, which aim to restore internal equilibrium disrupted by oxidative injury.
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Figure 4 Integrated Mechanistic of TCM Treatment for PCOS. This figure illustrates the multi-target therapeutic effects of TCM interventions—including herbal medicine,
acupuncture and moxibustion, and combined therapies—on PCOS. These regimens synergistically modulate multiple pathophysiological processes: (1) Endocrine axis
regulation, reflected by improvements in LH/FSH balance and normalization of sex steroid levels (eg, reductions in testosterone with appropriate modulation of estradiol);
(2) Improvement of insulin sensitivity, including reductions in insulin resistance indices such as HOMA-IR and upregulation of GLUT4; (3) Immune-inflammatory balance,
characterized by increased Treg, decreased Thl7 cells, and lowered inflammatory cytokines such as IL-6 and TNF-a; (4) Improvement of the ovarian microenvironment,
including better ovarian blood flow and perfusion, often reflected by reductions in Doppler indices such as pulsatility index (Pl) and resistance index (RI); and (5) Gut
microbiota remodeling, with increased beneficial bacteria and decreased potentially harmful taxa. Collectively, these mechanisms restore reproductive function, improve
metabolic parameters, and alleviate hyperandrogenic symptoms in women with PCOS. In this figure, 1 denotes an increase or upregulation and | denotes a decrease or
downregulation.
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Homeostasis of intestinal microbiota is integral to human health, and dysbiosis has been implicated in various
diseases. In a rat model of PCOS insulin resistance, an intestinal flora imbalance was observed. Treatment with Banxia
Xiexin Decoction for two weeks significantly increased the abundance of Proteobacteria, Akkermansia, and
Eubacterium, while decreasing Clostridium levels. This intervention improves microbial diversity and metabolic
disturbances, thereby ameliorating PCOS-associated insulin resistance.'®” These findings highlight the systemic regula-
tory effects of herbal therapy and provide a mechanistic bridge between TCM concepts of “phlegm—dampness” and
modern metabolic homeostasis.

Furthermore, TCM influences reproductive outcomes by acting on endometrial physiology.'*® Salvia miltiorrhiza,
a traditional Chinese medicinal herb frequently used in gynecological practice, contains cryptotanshinone as its principal
bioactive constituent. Administration of 97% pure cryptotanshinone to PCOS rat models modulated endometrial tissue
proliferation via the estrogen signaling pathway and improved obesity and insulin resistance parameters.'® Such actions
support individualized fertility management strategies aimed at correcting ovulatory and implantation dysfunction.

Together, these findings demonstrate that TCM possesses multi-mechanistic regulatory properties that align with the
interconnected endocrine, metabolic, immune, and reproductive abnormalities of PCOS. By targeting multiple biological
pathways simultaneously—an inherent advantage of TCM formulations—these mechanisms provide a scientific rationale
for integrative treatment strategies combining TCM with allopathic interventions, especially for phenotypes characterized
by metabolic dysfunction, inflammation, or ovulatory disruption.

Extensive Practice of TCM in the Treatment of PCOS
Treatment of PCOS with TCM

Recent reproductive prognosis research underscores the importance of individualized and multifactorial management
strategies for women with PCOS-related infertility. Ribeiro et al''® demonstrated that although AMH levels contribute to
predicting ovarian response during IVF, age remains a stronger determinant of live birth outcomes, with markedly
reduced success rates in women over 35. The study also emphasized the value of assessing cumulative rather than single-
cycle live birth rates, highlighting the complexity of reproductive decision-making in PCOS. These findings reinforce the
need for holistic approaches that integrate hormonal, metabolic, and age-related factors—an orientation that aligns
closely with the multifactorial and individualized treatment philosophy of Traditional Chinese Medicine.

A growing body of clinical research supports the use of TCM in managing the reproductive, endocrine, and metabolic
disturbances associated with PCOS. These studies, many of which adopt randomized controlled designs, suggest that
TCM—whether used alone or in combination with allopathic therapies—may improve ovulatory function, metabolic
profiles, endometrial receptivity, and inflammatory status. The following representative findings highlight key therapeutic
patterns and their clinical implications (Table 1).

Kidney-yang deficiency is one of the most frequently identified TCM patterns in PCOS. In a large randomized study,
Jinkui Shenqi Pill combined with standard hormonal therapy improved ovulatory and clinical outcomes in patients with
this pattern. The study further identified baseline factors such as AMH, FAI, LH/FSH ratio, and SHBG as predictors of
treatment response, emphasizing the importance of individualized therapy within both TCM and integrative
frameworks.''" Similarly, Ziyu Fang demonstrated significant improvements in clinical pregnancy rates and endometrial
receptivity among infertile PCOS patients with kidney deficiency, along with favorable modulation of sex hormones and
insulin resistance.''? These findings reinforce the relevance of kidney-based therapeutic strategies for reproductive
dysfunction in PCOS.

Bushen Zhuyun Decoction, when administered alongside conventional Western treatment, was shown to improve sex
hormone levels, enhance ovarian microenvironment indicators, and increase overall fertility outcomes in RCTs involving
PCOS-related infertility.''® This synergistic effect aligns with integrative medicine principles, in which TCM’s systemic
regulatory actions complement the targeted effects of allopathic agents such as ovulation inducers.

PCOS patients presenting with spleen deficiency and phlegm-dampness often exhibit prominent metabolic dysfunc-
tion and inflammatory activation. Jianpi Huatan Decoction significantly improved metabolic parameters, hormonal
profiles, and clinical symptom scores in this population.''* Notably, it modulated the balance between Treg and Th17
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Table | Summary of Major TCM Interventions for PCOS, Their Mechanistic Targets, and Supporting Clinical Evidence

TCM Intervention Primary TCM Pattern Key Mechanistic Targets Clinical Representative Outcomes
Evidence
Jinkui Shengi Pill Kidney-Yang deficiency Regulates HPO axis; modulates AMH, LH/FSH, RCT, Improved ovulation and clinical efficacy;
FAI; improves immune markers n=489 prediction model established for
responders
Ziyu Fang Kidney deficiency; infertility Enhances endometrial receptivity; improves sex RCT, Higher pregnancy rate; improved Salle
hormone balance; reduces insulin resistance n=120 score; improved E;, AMH and metabolic
markers
Bushen Zhuyun Kidney deficiency with Regulates ovarian microenvironment; improves RCT, Improved fertility outcomes; better
Decoction infertility sex hormones; enhances follicular development n=185 ovarian blood flow; reduced symptoms
Jianpi Huatan Spleen deficiency with Modulates Treg/Th17 balance; improves glucose RCT, Reduced inflammation; improved sex
Decoction phlegm-dampness metabolism; regulates hormones n=92 hormones; significant symptom
improvement
Electroacupuncture Obese PCOS; metabolic Modulates IncRNAs in follicular fluid; reduces RCT, Better ART outcomes; improved follicular
dysfunction BMI; improves oocyte quality n=70 microenvironment
Ren Du Tong Tiao Kidney-yin deficiency with Regulates HPO axis; decreases T & DHT; RCT, Reduced hyperandrogenic symptoms;
acupuncture fire hyperactivity; improves LH/FSH ratio n=80 restored ovulation and menstruation
hyperandrogenism
Acupoint injection Kidney deficiency + blood Improves glucose metabolism, insulin sensitivity, RCT, Improved metabolism; reduced
therapy stasis; metabolic dysfunction | oxidative stress markers, and inflammatory n=80 inflammation; improved hormone profile
cytokines
Warming acupuncture Kidney deficiency with blood | Regulates PI/RI of ovarian blood flow; improves RCT, Increased dominant follicles and
+ Bushen Huayu stasis sex hormones; enhances folliculogenesis n=120 pregnancy rates
Decoction
Huanglian Wendan Phlegm-dampness with Reduces inflammatory cytokines; improves IR; RCT, Improved glucose metabolism,
Decoction + metabolic disturbance upregulates insulin receptor and GLUT4 in n=78 hormones, and inflammation
acupuncture endometrium
Cangfu Daotan Pill + Spleen deficiency with Modulates gut microbiota; improves lipid/glucose | RCT, Best metabolic improvement among the
acupuncture phlegm-dampness metabolism n=90 three groups
Modified Litan Phlegm-dampness PCOS Improves glucose/lipid metabolism; reduces RCT, Better metabolic and hormonal
Decoction + Baduanjin AMH; improves insulin sensitivity n=92 regulation than Western medicine +
exercise Baduanijin alone

cells—immune pathways increasingly recognized as relevant to PCOS pathophysiology—suggesting potential immuno-
modulatory benefits complementary to metabolic and endocrine regulation.

Taken together, these clinical studies indicate that TCM interventions can beneficially influence multiple biological
systems implicated in PCOS, including reproductive endocrinology, glucose—insulin homeostasis, immune—inflammatory
pathways, and endometrial receptivity. Importantly, several trials demonstrate enhanced outcomes when TCM is used
adjunctively with allopathic therapies, supporting the broader integrative medicine framework emphasized throughout

this review.

Treatment of PCOS with Acupuncture and Moxibustion
Acupuncture and related external TCM therapies have been increasingly studied as complementary approaches for
improving reproductive, metabolic, and endocrine outcomes in PCOS. Evidence from randomized controlled trials
suggests that acupuncture may regulate neuroendocrine pathways, reduce hyperandrogenism, improve insulin sensitivity,
and enhance fertility—particularly when integrated with conventional therapies.

In obese women with PCOS undergoing assisted reproductive treatment, electroacupuncture has demonstrated
beneficial effects on reproductive outcomes and metabolic status. An RCT involving 70 patients reported that electro-
acupuncture improved oocyte quality, enhanced assisted reproduction outcomes, reduced BMI, and modulated key
exosomal long non-coding RNAs in follicular fluid, including TPTI1-AS1, PTOVI1-AS1, PTPRG-ASI, and
SNHG14.'"® These findings suggest that acupuncture may influence follicular microenvironment regulation and obesity-
related reproductive dysfunction through molecular pathways associated with metabolic and inflammatory processes.
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Ren Du Tong Tiao acupuncture has been evaluated in PCOS patients with hyperandrogenism and kidney-yin
deficiency with fire hyperactivity. In an RCT enrolling 80 patients, acupuncture produced significant reductions in
serum testosterone and dihydrotestosterone, improved the LH/FSH ratio, alleviated acne and hirsutism, and increased
rates of ovulation and menstrual cycle restoration compared with standard hormonal therapy.''® These outcomes indicate
that acupuncture may help normalize hypothalamic—pituitary—ovarian axis function and improve both clinical symptoms
and ovulatory physiology.

Acupoint injection has also shown therapeutic potential in PCOS patients with metabolic abnormalities and blood
stasis patterns. An RCT of 80 newly diagnosed patients found that adding acupoint injection to lifestyle intervention
significantly improved glucose metabolism, insulin sensitivity (as assessed by OGTT indices and clamp-derived
measures), oxidative stress markers, inflammatory cytokines, BMI, and reproductive hormone profiles compared with
lifestyle modification alone.''” These findings suggest that acupoint-based therapies may support metabolic homeostasis
and reduce systemic inflammation in PCOS.

TCM Combined Therapy for PCOS

Integrative approaches that combine internal herbal therapy with external TCM techniques or Western medical treatment
have shown promising outcomes in managing the multifactorial reproductive, endocrine, and metabolic abnormalities of
PCOS. Evidence from randomized controlled trials indicates that such combined therapies may yield superior clinical
results compared with single-modality interventions.

In women with PCOS presenting with kidney deficiency and blood stasis, warming acupuncture based on the
midnight-noon ebb-flow method combined with Bushen Huayu Decoction demonstrated enhanced therapeutic benefits.
In a 120-patient RCT, this integrative TCM regimen improved ovarian function recovery, increased dominant follicle
development, improved endometrial parameters, regulated serum sex hormone levels, and significantly increased
pregnancy success rates compared with standard hormonal therapy alone.''® These findings suggest that combining
targeted herbal therapy with acupuncture may optimize both ovarian and uterine environments for conception.

A second RCT evaluated the combined effect of Huanglian Wendan Decoction and acupuncture in PCOS patients
characterized by metabolic disturbance. Compared with herbal medicine alone, the combined treatment produced greater
reductions in LH, FSH, testosterone, fasting glucose, fasting insulin, and HOMA-IR, while also decreasing inflammatory
cytokines (IL-18, IL-6, TNF-o) and enhancing endometrial insulin receptor and GLUT4 expression.''® These results
highlight the potential of integrative TCM therapies to simultaneously modulate metabolic, endocrine, and inflammatory
pathways.

In PCOS patients with spleen deficiency and phlegm-dampness, a 3-arm RCT demonstrated that combining Cangfu
Daotan Pill with acupuncture resulted in the most substantial improvements in intestinal microbiota composition and
glucose—lipid metabolism compared with either therapy alone.'?° This integrative approach appears to enhance gut—
metabolic regulation, supporting the emerging gut—ovary axis framework in PCOS pathophysiology.

Lifestyle-oriented integrative therapies have also been explored. In an RCT of 92 women with phlegm-dampness
PCOS, modified Litan Decoction combined with Baduanjin exercise significantly improved clinical symptoms, fasting
and postprandial glucose levels, HbAlc, lipid profiles, insulin resistance indices, and sex hormone levels compared with
standard Western therapy plus Baduanjin.'?' These findings indicate that integrating herbal therapy with mind—body
exercise may provide additional benefits for metabolic and endocrine regulation.

Limitations and Future Directions

Despite growing interest and expanding research on the role of TCM in PCOS management, several limitations constrain the
current evidence base. First, the absence of internationally standardized diagnostic criteria for TCM syndrome differentiation
leads to considerable heterogeneity in patient classification, limiting comparability across studies and reducing the general-
izability of findings. Second, variability in herbal formulations—including differences in sourcing, processing, dosage, and
preparation methods—poses challenges for reproducibility and quality control, particularly in multi-center clinical research.
Third, mechanistic studies often rely on animal models or simplified in vitro systems, which may not fully capture the complex
endocrine—-metabolic interactions present in human PCOS. Additionally, many clinical trials to date have small sample sizes,
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short follow-up durations, limited blinding, and inconsistencies in outcome measures, hindering the ability to draw firm
conclusions regarding efficacy and safety.

Future research should prioritize the development of standardized and validated TCM diagnostic criteria, enabling
more reliable syndrome differentiation and improving the methodological rigor of clinical investigations. Establishing
unified herbal preparation standards, including chromatographic profiling, quality control benchmarks, and precise
formulation documentation, will further strengthen reproducibility. Mechanistic studies would benefit from integrative
approaches that combine molecular, cellular, multi-omics, and systems biology analyses to elucidate the multi-target
regulatory effects of TCM interventions in human PCOS. Large-scale, multi-center, randomized controlled trials with
longer follow-up periods, robust blinding, and harmonized clinical endpoints—such as ovulation rate, live birth rate,
metabolic restoration, and quality of life—are necessary to validate therapeutic benefits.

In parallel, integrative research frameworks that systematically combine TCM with modern biomedical therapies
should be advanced, as such strategies may better address the heterogeneous endocrine, metabolic, inflammatory, and
reproductive features of PCOS. Through the refinement of diagnostic systems, methodological standardization, and
mechanism-driven clinical trials, the field can move toward more precise, evidence-based, and personalized integrative
treatments for PCOS.

Conclusion

PCOS is a complex endocrine—metabolic disorder characterized by interconnected disturbances in reproductive, meta-
bolic, inflammatory, and neuroendocrine pathways. Traditional Chinese Medicine, through its holistic theoretical frame-
work and syndrome differentiation—based clinical strategies, offers multi-target regulatory effects that align with the
multifactorial nature of PCOS. Evidence from clinical studies indicates that TCM formulations, acupuncture, and
combined integrative approaches can improve ovulatory function, metabolic parameters, hormonal balance, endometrial
receptivity, and overall symptom burden.

While the mechanisms of action vary across interventions, TCM’s capacity to modulate multiple biological systems
provides a complementary therapeutic dimension to allopathic treatments, supporting its value within an integrative
management model. Collectively, available findings suggest that incorporating TCM into individualized, multifaceted
treatment strategies may enhance clinical outcomes for women with PCOS. Further refinement of integrative approaches
and continued strengthening of clinical evidence will help maximize their contribution to comprehensive PCOS care.
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