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ABSTRACT

Background: Polycystic ovary syndrome (PCOS) is a heterogeneous endocrine-metabolic disorder
characterized by reproductive dysfunction, androgen excess, and variable metabolic risk. Although
insulin resistance, thyroid dysfunction, and hyperandrogenism are frequently discussed as separate
abnormalities, their interaction may better explain the diversity of PCOS phenotypes and long-term
cardiometabolic consequences. Objective: This narrative review aims to synthesize current evidence on
the interrelationship among insulin resistance, thyroid dysregulation, and androgen excess in PCOS and
to present these mechanisms as an integrated triangular hormonal-metabolic model. Methods: A
targeted narrative literature search was conducted using PubMed, Google Scholar, and Scopus. Search
terms included combinations of “polycystic ovary syndrome,” “PCOS,” “insulin resistance,”
“hyperinsulinemia,” “hyperandrogenism,” “thyroid dysfunction,” “subclinical hypothyroidism,”
“autoimmune thyroiditis,” and “cardiometabolic risk.” Priority was given to international guidelines,
systematic reviews, meta-analyses, mechanistic studies, observational studies, and clinically relevant
interventional evidence. The synthesis was organized thematically around epidemiology,
pathophysiology, clinical manifestations, and phenotype-directed management. Results: The reviewed
evidence supports insulin resistance as a central metabolic driver of PCOS through compensatory
hyperinsulinemia, increased ovarian androgen synthesis, reduced sex hormone-binding globulin, and
impaired ovulatory function. Hyperandrogenism may further aggravate insulin resistance through
visceral adiposity and adipose dysfunction. Thyroid dysfunction, particularly subclinical hypothyroidism
and thyroid autoimmunity, appears to modify metabolic and reproductive severity in selected patients
by influencing insulin sensitivity, lipid metabolism, inflammation, and follicular function. Conclusion:
PCOS should be approached as an integrated endocrine-metabolic syndrome in which insulin resistance,
androgen excess, and thyroid dysfunction may interact bidirectionally. Integrated assessment and
phenotype-directed management may improve clinical care, although further longitudinal and
interventional studies are needed. Keywords: Polycystic Ovary Syndrome; Insulin Resistance;
Hyperandrogenism; Thyroid Dysfunction; Subclinical Hypothyroidism; Autoimmune Thyroiditis;
Metabolic Syndrome; Reproductive Health.

INTRODUCTION

Polycystic ovary syndrome (PCOS) is among the most common endocrine and metabolic disorders
affecting reproductive-aged women, with reported prevalence ranging from 6% to 20% depending on

the diagnostic criteria, ethnicity, and population studied (1). Although classically defined by ovulatory
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dysfunction, clinical or biochemical hyperandrogenism, and polycystic ovarian morphology, PCOS is
now increasingly understood as a systemic disorder involving reproductive, metabolic, inflammatory,
and neuroendocrine pathways rather than an isolated ovarian condition. Its clinical expression is highly
heterogeneous, ranging from menstrual irregularity, infertility, acne, and hirsutism to insulin resistance,
dyslipidemia, obesity, impaired glucose tolerance, psychological morbidity, and increased long-term
cardiometabolic risk (1-3).

Among the multiple biological disturbances implicated in PCOS, insulin resistance, androgen excess,
and thyroid dysfunction appear to occupy particularly important and interrelated positions. Insulin
resistance is one of the most consistent metabolic abnormalities in PCOS and may occur in both obese
and lean phenotypes. Compensatory hyperinsulinemia promotes ovarian theca-cell androgen synthesis,
suppresses hepatic sex hormone-binding globulin production, increases free testosterone levels, and
contributes to chronic anovulation (1,4,5). At the same time, hyperandrogenism may worsen adipose
tissue dysfunction, visceral fat accumulation, and systemic insulin resistance, creating a self-reinforcing
metabolic-reproductive cycle. This bidirectional relationship helps explain why many patients present
with overlapping reproductive and metabolic manifestations rather than isolated clinical features.

Thyroid dysfunction has also gained increasing attention as a clinically relevant comorbidity in PCOS.
Subclinical hypothyroidism and autoimmune thyroiditis have been reported more frequently among
women with PCOS than in matched controls, and these abnormalities may aggravate menstrual
dysfunction, infertility, dyslipidemia, weight gain, insulin resistance, and inflammatory burden (6-8).
Thyroid hormones influence glucose metabolism, lipid turnover, ovarian steroidogenesis, gonadotropin
dynamics, and follicular maturation; therefore, even mild thyroid dysregulation may modify the severity
and phenotype of PCOS. However, thyroid dysfunction is often discussed separately from insulin
resistance and androgen excess, which limits understanding of their combined contribution to PCOS
heterogeneity.

Existing reviews and guidelines have addressed the diagnosis, metabolic risk, and management of PCOS,
but the interaction among insulin resistance, thyroid dysregulation, and androgen excess remains
insufficiently integrated into a single conceptual framework. Much of the available literature evaluates
these mechanisms independently, whereas clinical practice often encounters them together in the same
patient. A narrative synthesis is therefore useful to connect mechanistic, epidemiologic, and therapeutic
evidence and to clarify how these endocrine axes may interact in shaping reproductive dysfunction,
metabolic risk, and individualized treatment response.

This narrative review aims to synthesize current evidence on the bidirectional relationships among
insulin resistance, thyroid dysfunction, and androgen excess in PCOS and to present these interactions
as a triangular hormonal-metabolic model. By integrating epidemiologic findings, mechanistic
pathways, and clinical implications, this review seeks to support more comprehensive assessment and
phenotype-directed management of women with PCOS.

MATERIALS AND METHODS

This article was designed as a narrative review because the objective was to provide an integrated
conceptual synthesis of endocrine and metabolic mechanisms in PCOS rather than to answer a narrowly
defined PICO question or generate pooled quantitative estimates. The review focused on three
interrelated domains: insulin resistance, thyroid dysfunction, and androgen excess. These domains were
selected because they represent frequently overlapping biological disturbances in PCOS and because
their interaction may explain important variation in reproductive, metabolic, and cardiometabolic
phenotypes.

Relevant literature was identified through targeted searches of PubMed, Google Scholar, and Scopus.
Search terms included combinations of “polycystic ovary syndrome,” “PCOS,” “insulin resistance,”
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“hyperinsulinemia,” “hyperandrogenism,” “androgen excess,” “thyroid dysfunction,” “subclinical
hypothyroidism,” “autoimmune thyroiditis,” “metabolic syndrome,” “ovulatory dysfunction,” and
“cardiometabolic risk.” Priority was given to international guidelines, systematic reviews, meta-analyses,
mechanistic studies, observational studies, and clinically relevant interventional studies. Recent
publications from 2018 onward were emphasized to reflect the contemporary evidence landscape, while
older seminal literature was retained where it provided foundational mechanistic or diagnostic context.

Articles were selected according to their relevance to the review objective, methodological credibility,
clinical importance, and contribution to understanding the interaction between metabolic, thyroid, and
androgenic pathways in PCOS. Studies were considered particularly relevant if they addressed insulin
resistance in PCOS phenotypes, thyroid hormone or thyroid autoimmunity abnormalities in PCOS
populations, androgen-mediated reproductive or metabolic dysfunction, or treatment approaches
targeting one or more components of the proposed triangular model. Publications not directly related
to PCOS pathophysiology, endocrine interaction, or clinical management were not prioritized.

The synthesis was organized conceptually and thematically. First, epidemiologic evidence was
summarized to establish the burden and coexistence of insulin resistance, hyperandrogenism, and
thyroid dysfunction in PCOS. Second, mechanistic evidence was integrated to explain bidirectional
pathways linking hyperinsulinemia, ovarian androgen production, thyroid hormone abnormalities,
inflammation, and metabolic risk. Third, clinical and therapeutic implications were reviewed, including
lifestyle modification, insulin-sensitizing therapy, thyroid optimization, and anti-androgen treatment.
Because this was a narrative review, no formal risk-of-bias assessment, meta-analysis, or certainty-of-
evidence grading was performed. This approach allows flexible integration of mechanistic and clinical
evidence but introduces potential selection bias; therefore, conclusions were interpreted cautiously and
framed as a conceptual synthesis rather than definitive causal evidence.

RESULTS

The reviewed evidence supports the interpretation of PCOS as a heterogeneous endocrine-metabolic
syndrome rather than a disorder restricted to ovarian morphology or menstrual irregularity alone.
Current diagnostic and guideline literature emphasizes that PCOS includes overlapping reproductive,
metabolic, dermatologic, and psychological features, with prevalence varying according to the
diagnostic criteria and population studied (1,3,5). This heterogeneity is important because it explains
why some patients present predominantly with infertility or ovulatory dysfunction, whereas others show
marked insulin resistance, obesity, dyslipidemia, thyroid abnormalities, or cardiometabolic risk. Within
this broader framework, insulin resistance, thyroid dysregulation, and androgen excess emerge as
interconnected mechanisms that may jointly influence the severity and clinical phenotype of PCOS.

Table 1. Summary Evidence Matrix for the Triangular Hormonal-Metabolic Model in PCOS

Evidence Domain Main Evidence Study / Evidence  Population or Focus Key Findings

Source Type
PCOS burden and Azziz; Teede et al;; Review / guideline Women of reproductive PCOS prevalence varies widely
diagnostic heterogeneity Chang and Dunaif evidence age with PCOS depending on diagnostic criteria and

population characteristics; clinical
expression includes reproductive,
metabolic, and psychological
manifestations (1,3,5).

Insulin resistance in Azziz; Wijeyaratne Review / ‘Women with PCOS, Insulin resistance occurs in both
PCOS et al.; Diamanti- observational and including South Asian obese and lean PCOS phenotypes
Kandarakis and mechanistic phenotypes and contributes to compensatory
Christakou evidence hyperinsulinemia, impaired
ovulation, and metabolic risk
(1,4,10).
Hyperinsulinemia and  Rosenfield and Mechanistic / Ovarian steroidogenesis Hyperinsulinemia stimulates ovarian
androgen excess Dumesic; Chang  endocrine review  and adiposity-related  theca-cell androgen production and
and Dunaif evidence PCOS mechanisms reduces SHBG, increasing free

androgen activity (5,9).
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Evidence Domain

Main Evidence
Source

Study / Evidence
Type

Population or Focus

Key Findings

Thyroid dysfunction in
PCOS

Inflammation and
immune-metabolic
interaction

Genetic and
developmental
contributors

Dietary and lifestyle
interventions

Insulin-sensitizing
therapy

Xing et al;
Shekarian et al.;
Kwiatkowski et al.

Rudnicka et al.;
Gonzdlez et al.

Tay et al.; Dumesic
et al.; Sdnchez-
Garrido et al.

Che et al;
Rodriguez Paris et
al.

Brand et al;
Facchinetti et al.

GLP-1 receptor agonists Jensterle et al.

Thyroid optimization

Xing et al;
Shekarian et al.;

Meta-analysis /
systematic review
evidence

Review / clinical
mechanistic
evidence

Review /
mechanistic
evidence

Review /
experimental and
translational
evidence

Review /[ expert

consensus evidence

Review evidence

Meta-analysis /
endocrine review

Biondi and Cappola evidence

‘Women with PCOS and
thyroid abnormalities

Inflammation in PCOS

Genetic susceptibility
and reproductive
programming

Dietary patterns and
metabolic regulation in
PCOS

Subclinical hypothyroidism and
thyroid autoimmunity appear more
common in PCOS populations and
may worsen insulin resistance,
menstrual dysfunction, and
metabolic abnormalities (6-8).
Chronic low-grade inflammation,
oxidative stress, and cytokine
activation are implicated in PCOS
pathogenesis and may interact with
insulin resistance and androgen
excess (2,12).

Genetic predisposition, prenatal
androgen exposure, neuroendocrine
programming, and metabolic
environment may contribute to later
PCOS expression (13,14,17).
Low-glycemic and Mediterranean-
style dietary approaches may
improve insulin sensitivity,
inflammatory profile, and
reproductive outcomes (19,20).

Metformin and inositols Metformin and inositol-based

in PCOS

Weight, insulin
resistance, and
metabolic dysfunction
in PCOS

Subclinical
hypothyroidism and
thyroid-related
metabolic dysfunction

therapies may improve insulin
signaling, menstrual cyclicity,
ovulatory function, and androgen-
related outcomes (15,21).

GLP-1 receptor agonists show
therapeutic potential for weight
reduction, insulin resistance, and
metabolic improvement in PCOS
(22).

Thyroid dysfunction may worsen
lipid abnormalities, insulin
resistance, and reproductive
dysfunction; correction may benefit
selected patients with confirmed
thyroid disease (6,7,11).

Insulin resistance appears to be one of the most consistently reported metabolic abnormalities in PCOS.
Evidence from reviews and observational studies indicates that insulin resistance may occur in both
obese and lean phenotypes, although the metabolic burden is often greater in populations with higher
adiposity or increased cardiometabolic vulnerability (1,4,10). The mechanistic relevance of insulin
resistance lies in compensatory hyperinsulinemia, which can stimulate ovarian theca-cell androgen
production and reduce hepatic sex hormone-binding globulin synthesis, thereby increasing biologically
active free androgens (5,9). This mechanism provides a plausible explanation for the frequent
coexistence of metabolic dysfunction and hyperandrogenic manifestations such as hirsutism, acne,
anovulation, and impaired follicular maturation.

Hyperandrogenism is not only a reproductive or cosmetic feature of PCOS but also a contributor to
metabolic dysfunction. Excess androgen activity may promote visceral adiposity, impair adipocyte
differentiation, worsen insulin sensitivity, and intensify inflammatory signaling (9,16). This creates a
self-reinforcing cycle in which insulin resistance increases androgen production, while androgen excess
further aggravates insulin resistance and metabolic dysfunction. The strength of evidence is greatest for
the association between insulin resistance and androgen excess, supported by mechanistic studies,
endocrine reviews, and clinical observations; however, the magnitude of this interaction varies across
PCOS phenotypes and should not be generalized uniformly to all patients.

Thyroid dysfunction represents the third node of the proposed triangular model. Meta-analytic and
review evidence suggests that subclinical hypothyroidism and autoimmune thyroiditis are more
frequently reported among women with PCOS than in non-PCOS comparison groups (6-8). Thyroid
hormones influence basal metabolic rate, lipid metabolism, glucose handling, gonadotropin regulation,
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ovarian steroidogenesis, and follicular development. Therefore, thyroid dysregulation may worsen
insulin resistance, menstrual disturbance, weight gain, dyslipidemia, and reproductive dysfunction in
selected PCOS phenotypes (6,7,11). However, the available evidence does not establish that thyroid
dysfunction is a universal causal driver of PCOS. Rather, it should be interpreted as a clinically relevant
comorbidity and potential disease modifier, particularly in patients with metabolic abnormalities,

menstrual irregularity, infertility, or autoimmune features.

Inflammation appears to provide an additional pathway linking metabolic and endocrine dysfunction in
PCOS. Chronic low-grade inflammation, oxidative stress, and altered cytokine activity have been
implicated in PCOS pathogenesis and may interact with insulin resistance, adipose dysfunction,
androgen excess, and thyroid autoimmunity (2,12). This immune-metabolic component strengthens the
rationale for viewing PCOS as a systemic condition. It also helps explain why lifestyle interventions,
dietary quality, weight management, insulin-sensitizing therapy, and metabolic optimization may
influence reproductive outcomes even when they do not directly target the ovary.

The therapeutic literature supports phenotype-directed management rather than a single uniform
treatment strategy. Dietary interventions, particularly low-glycemic and Mediterranean-style dietary
patterns, may improve insulin sensitivity, inflammatory burden, and metabolic risk markers in PCOS
(19,20). Metformin remains one of the most widely discussed insulin-sensitizing therapies and may
improve menstrual cyclicity, insulin indices, and androgen-related outcomes in selected patients (15).
Inositol-based therapies, especially myo-inositol and D-chiro-inositol combinations, have also been
proposed to improve ovarian insulin signaling and ovulatory function (21). GLP-1 receptor agonists have
emerging relevance in PCOS phenotypes characterized by obesity, insulin resistance, and
cardiometabolic risk, although their role should be interpreted within the limits of available clinical
evidence (22).

For patients with confirmed thyroid dysfunction, thyroid assessment and appropriate correction may be
clinically important, particularly where menstrual disturbance, infertility, weight gain, dyslipidemia, or
insulin resistance coexist. Nevertheless, thyroid-directed therapy should not be presented as a universal
PCOS treatment. Its potential benefit is most defensible in patients with biochemical thyroid
abnormalities rather than euthyroid individuals. Similarly, anti-androgen therapy may improve
hirsutism and acne but does not address the full metabolic basis of PCOS and should be integrated with
contraception counseling and metabolic assessment where clinically indicated.
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Figure 1 Integrated triangular hormonal-metabolic model of PCOS.

The figure illustrates the bidirectional interactions among insulin resistance/hyperinsulinemia, thyroid
dysregulation/autoimmunity, and androgen excess/hyperandrogenism in polycystic ovary syndrome.
Insulin resistance promotes hyperinsulinemia, increased ovarian androgen synthesis, reduced SHBG

production, and elevated free testosterone, while androgen excess may worsen visceral adiposity,
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inflammation, and impaired insulin signaling. Thyroid dysfunction may further aggravate insulin
resistance, dyslipidemia, inflammatory burden, altered SHBG balance, gonadotropin disruption, and
impaired follicular development. These interconnected pathways contribute to the heterogeneous PCOS
clinical phenotype, including menstrual irregularity, anovulation, infertility, hirsutism, acne, obesity,
dyslipidemia, type 2 diabetes risk, cardiometabolic risk, and psychological burden. The model supports
integrated endocrine-metabolic assessment and phenotype-directed management.

DISCUSSION

This narrative review synthesized current evidence on the interaction among insulin resistance, thyroid
dysregulation, and androgen excess in polycystic ovary syndrome (PCOS), framing these mechanisms
as an interconnected hormonal-metabolic triangle rather than isolated abnormalities. The reviewed
literature indicates that insulin resistance is one of the most consistent metabolic disturbances in PCOS
and contributes directly to compensatory hyperinsulinemia, increased ovarian androgen synthesis,
reduced sex hormone-binding globulin, and impaired ovulatory function (1,4,5,10). Hyperandrogenism,
in turn, may worsen visceral adiposity, adipose tissue dysfunction, and systemic insulin resistance,
forming a bidirectional cycle that helps explain the coexistence of reproductive and metabolic
manifestations in many PCOS phenotypes (9,16). Thyroid dysfunction, particularly subclinical
hypothyroidism and autoimmune thyroiditis, appears to act as an important modifying factor in a subset
of women with PCOS by influencing metabolic rate, lipid metabolism, insulin sensitivity, inflammatory
burden, and reproductive function (6-8,11).

The strongest and most biologically coherent evidence supports the relationship between insulin
resistance and androgen excess. This interaction is supported by endocrine mechanisms, clinical
observations, and therapeutic evidence showing that insulin-sensitizing interventions may improve
menstrual cyclicity, ovulatory function, and androgen-related outcomes in selected patients (15,21).
However, PCOS remains heterogeneous, and not all patients demonstrate the same degree of insulin
resistance, obesity, or hyperandrogenism. Therefore, the triangular model should be interpreted as a
conceptual framework that helps explain common overlapping pathways rather than as a universal
mechanism applicable to every patient with PCOS.

The role of thyroid dysfunction in PCOS is clinically important but requires more cautious
interpretation. Meta-analytic evidence suggests higher rates of subclinical hypothyroidism and thyroid
autoimmunity among women with PCOS, yet the directionality and causality of this association remain
uncertain (6-8). Thyroid abnormalities may aggravate metabolic and reproductive dysfunction, but
current evidence does not justify treating thyroid dysfunction as a primary cause of PCOS in all patients.
Instead, thyroid screening appears most relevant in patients with menstrual irregularity, infertility,
weight gain, dyslipidemia, insulin resistance, symptoms suggestive of hypothyroidism, or autoimmune
risk. This interpretation avoids overgeneralization while supporting integrated endocrine assessment in
clinically appropriate cases.

The therapeutic implications of this model favor phenotype-directed management. Lifestyle
modification, dietary quality, physical activity, and weight management remain foundational because
they target insulin resistance, inflammatory burden, and cardiometabolic risk (19,20). Metformin and
inositol-based therapies may be useful in patients with insulin resistance, menstrual irregularity, or
metabolic dysfunction, whereas GLP-1 receptor agonists may have a role in selected patients with obesity
and marked metabolic risk (15,21,22). Thyroid hormone correction should be reserved for patients with
confirmed thyroid dysfunction, and anti-androgen therapy should be individualized for clinical
hyperandrogenism with appropriate contraceptive counseling. This integrated approach is more
clinically defensible than treating PCOS solely as either a reproductive disorder or a metabolic disorder.

This review has several limitations. Because it was conducted as a narrative review, the literature search

was not exhaustive, no formal risk-of-bias assessment was performed, and no certainty-of-evidence
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grading was applied. Selection bias is possible, particularly because mechanistic and clinically relevant
studies were prioritized over a fully systematic evidence map. In addition, PCOS definitions vary across
studies, and differences in diagnostic criteria, ethnicity, age, body mass index, thyroid status, and
metabolic phenotype limit direct comparison across the evidence base. Future research should prioritize
longitudinal studies that evaluate insulin resistance, androgen profiles, thyroid function, thyroid
autoimmunity, inflammatory markers, and reproductive outcomes simultaneously. Randomized trials
are also needed to determine whether combined metabolic and thyroid-directed management improves
outcomes beyond standard phenotype-based treatment.

CONCLUSION

PCOS is best understood as a heterogeneous endocrine-metabolic syndrome in which insulin resistance,
androgen excess, and thyroid dysregulation may interact through bidirectional hormonal, metabolic,
and inflammatory pathways. The strongest evidence supports the insulin resistance-hyperandrogenism
axis, while thyroid dysfunction appears to modify metabolic and reproductive severity in selected
patients. A triangular hormonal-metabolic framework supports integrated assessment of glucose—
insulin status, androgen profile, thyroid function, and cardiometabolic risk rather than isolated
symptom-based management. This approach may improve phenotype-directed care, but further
longitudinal and interventional studies are required to clarify causality, treatment sequencing, and long-
term clinical benefit.
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