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Polycystic Ovary Syndrome (PCOS) is an increasingly recognized condition that affects a significant portion of women
worldwide. PCOS is presented by several features including metabolic, reproductive, and hormonal abnormalities. This
review explores the extent to which modifiable lifestyle and environmental factors influence PCOS outcomes and identifies
future directions for researchers in this area. Reproductive and metabolic health was improved through low-carbohydrate
and high-monounsaturated fat diets, which were associated with meaningful reductions in insulin levels and improvements
in metabolic outcomes across studies, though effects depend on intensity and consistency. Poor sleep and circadian rhythm
disruption elevate cortisol and insulin resistance, while emerging evidence links chemical exposures to chronic inflammation
and ovarian dysfunction, with improvements in inflammatory markers reported across studies. These findings demonstrate that
integrated lifestyle modifications offer clinically meaningful improvements in metabolic and reproductive parameters. This
review highlights that lifestyle and environmental factors are not secondary influences but appear as significant contributors to
PCOS progression, offering clinically relevant targets for improving metabolic and reproductive outcomes.
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Introduction

PCOS is a common endocrinopathy that affects approximately
6—10% of women of reproductive age worldwide, making it
one of the most prevalent endocrine disorders in this popula-
tion. The exact cause of PCOS is unknown, but it is sug-
gested that genetic predisposition plays a significant role.
Prevalent physical PCOS manifestations include hyperandro-
genism (characterized by elevated androgen levels leading to
hirsutism, acne, and male-pattern hair loss), irregular or ab-
sent menstruation, insulin resistance, infertility, and metabolic
complications such as obesity and type 2 diabetes mellitus.
Chronic low-grade systemic inflammation is a key feature of
PCOS and contributes to hormonal and metabolic dysfunction
by impairing insulin sensitivity and disrupting endocrine reg-
ulation. Inflammation can fluctuate based on a multitude of
factors, including dietary composition, physical activity lev-
els, sleep duration and quality, stress exposure, and gut mi-
crobiome composition. These factors collectively influence
PCOS severity?-.

Emerging evidence suggests that lifestyle and environmen-
tal factors greatly impact the development and severity of
PCOS, including the role of endocrine-disrupting chemicals
such as bisphenol A (BPA) and phthalates in promoting hy-
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perandrogenism™>, the contribution of circadian rhythm dis-
ruption to insulin resistance and hormonal dysregulation®Z,
and the potential of dietary interventions and exercise to sub-
stantially reverse these metabolic deficits®®. PCOS is also
associated with psychological conditions, including anxiety
and depression, which reduce quality of life?. Despite the
widespread reliance on pharmacological treatments, modifi-
able lifestyle and environmental factors remain underutilized
in PCOS management, even though emerging evidence sug-
gests they play a critical role in disease progression and symp-
tom severity.

Despite this fact, PCOS remains underexplored in terms
of modifiable lifestyle factors that could alleviate symptoms.
Several factors may explain this research gap: (1) the histor-
ical underrepresentation of women in clinical trials, limiting
the evidence base for female-specific conditions=; (2) hetero-
geneity in PCOS diagnostic criteria across studies, such as
the differences between Rotterdam and NIH criteria, which
makes it difficult to aggregate findings, a limitation acknowl-
edged across the reviewed literature’’%; (3) the multisystem
complexity of PCOS, spanning endocrine, metabolic, repro-
ductive, and psychological domains, making well-controlled
lifestyle intervention studies particularly challenging to de-
sign; and (4) traditional research emphasis on pharmaceuti-
cal rather than lifestyle-based interventions=. Notably, the pe-
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riod from 2005 onward saw an acceleration in PCOS-specific
lifestyle research, coinciding with wider adoption of the Rot-
terdam diagnostic criteria (2003) and increasing recognition of
insulin resistance as a central pathological mechanism, which
together created a more standardized and productive research
environment.

This review addresses the influence of lifestyle and envi-
ronmental factors on PCOS by synthesizing recent literature
on how diet, physical activity, sleep, and environmental ex-
posures impact PCOS through mechanisms of inflammation
and insulin resistance. The evidence suggests that structured
dietary modification, supervised exercise, sleep optimization,
and reduction of chemical exposures can each independently
improve key PCOS outcomes, with combined interventions
potentially reducing fasting insulin by 30-40%, improving
insulin sensitivity by 20-35%, and lowering inflammatory
markers by 15-25%%8°.  These magnitudes are clinically
comparable to, and in some cases exceed, the effects of com-
monly used pharmacological interventions such as metformin,
underscoring the importance of integrating lifestyle strategies
into standard PCOS management. Understanding these fac-
tors provides an opportunity to broaden therapeutic strategies
beyond pharmacological interventions.

Methods

Study Design

This narrative review systematically synthesized literature on
lifestyle and environmental influences on PCOS outcomes.
The review protocol was designed following PRISMA guide-
lines for systematic reviews, though this is a narrative rather
than systematic review with meta-analysis.

Inclusion Criteria

Articles were included if they were published in English be-
tween 2005 and 2025. This timeframe was selected for two
principal reasons: (1) the Rotterdam criteria for PCOS di-
agnosis were formally established in 2003, and the years
immediately following saw a marked increase in standard-
ized, diagnostically consistent research; and (2) contemporary
lifestyle and environmental exposure patterns, including mod-
ern dietary trends, sedentary behavior, and the proliferation
of endocrine-disrupting chemicals in consumer products, are
best reflected in literature from this period, making pre-2005
studies less directly applicable to current clinical and public
health contexts. Included articles investigated lifestyle or en-
vironmental influences on PCOS and reported findings related
to metabolic, inflammatory, or hormonal outcomes. Both orig-
inal research, narrative, and systematic reviews were consid-
ered. Where PCOS-specific primary evidence was limited,

particularly in the physical activity and sleep domains, mech-
anistic or translational studies from related populations (e.g.,
metabolic dysfunction, athletic cohorts, animal models) were
also included to provide biological plausibility, and are clearly
identified as such throughout the Results and Discussion sec-
tions. Although studies drew from diverse populations, vari-
ability in diagnostic criteria, study designs, and intervention
duration represents a limitation.

Search Criteria

A literature search was conducted using PubMed, Google
Scholar, and ScienceDirect. Keywords included “PCOS,” “in-
flammation,” “insulin resistance,” “diet,” “exercise,” “circa-
dian rhythm,” and “environmental exposures.” Studies were
selected based on relevance to the review’s themes, with pri-
ority given to peer-reviewed articles published between 2005
and 2025 reporting findings related to metabolic, inflamma-
tory, or hormonal outcomes in the context of PCOS. As this
is a narrative rather than systematic review, a formal PRISMA
screening process was not applied; however, 25 studies meet-
ing these criteria were identified and included in the final anal-
ysis.

9% <

Data Extraction

For each included article, key information was recorded: au-
thors, year, journal, lifestyle factor studied, and primary find-
ings. Extracted data were organized thematically into four
categories: diet, physical activity, sleep/circadian rhythm, and
environmental/allergy-related factors. This narrative synthesis
approach allowed comparison of findings across studies.

Results

Studies are organized below by strength of evidence, with
PCOS-specific research prioritized over mechanistic or trans-
lational studies.

Diet

Evidence from PCOS-Specific Studies

The following findings are synthesized from published
studies reviewed for this paper; they represent the current
state of literature rather than results of a new primary anal-
ysis. Dietary patterns stand as one of the strongest influences
on PCOS progression. In women diagnosed with PCOS, high
carbohydrate intake and hyperinsulinemia were consistently
associated with worsening metabolic and hormonal dysfunc-
tion!2, Dietary interventions such as low carbohydrate, high
monounsaturated fat diets were shown to lower fasting insulin
and triglycerides in women with PCOS, suggesting nutrition
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Table 1 Summary of Reviewed Studies

Factor No. of Study Types Main Finding Effect Size (if available)
Studies
Diet 6 1 RCT, 2 observational, 2 Low-carb/low-GI and Mediterranean diets ~ Fasting insulin decreases
meta-analyses, 1 case-control improve insulin sensitivity and 30-40%
reproductive outcomes
Physical Activity 6 2 systematic Exercise improves insulin sensitivity; Insulin sensitivity increases
reviews/meta-analysis, | RCT vigorous intensity most effective; 20-35%
pilot, 1 animal model, 2 inactivity induces insulin resistance
mechanistic studies
Sleep/Circadian 6 2 systematic Poor sleep worsens insulin resistance; Modest sleep improvement;
Rhythm reviews/meta-analyses, 2 PCOS linked to altered melatonin and inflammatory markers NS
mechanistic studies, 1 narrative elevated evening cortisol
review, 1 cohort
Environmental 7 3 systematic reviews, 2 BPA, phthalates linked to PCOS; barrier Positive association in
Exposures observational, 1 review, 1 dysfunction and chemical exposures 19/22 BPA studies

mechanistic study

linked to inflammation

can be a powerful therapeutic tool®. A systematic review and
meta-analysis of eight trials reported that a low glycemic in-
dex diet improved several clinical outcomes in women with
PCOS, including emotional health, hirsutism, and infertil-
ity, underscoring the potential of glycemic-focused dietary
modification to improve both metabolic and reproductive pro-
files'?, Adherence to the Mediterranean diet, characterized by
high fiber, complex carbohydrates, monounsaturated fats, and
omega-3s, was found to be lower in women with PCOS com-
pared to BMI-matched controls, and lower adherence corre-
lated with higher testosterone, CRP, and HOMA-IR, suggest-
ing that diet quality rather than caloric intake alone is asso-
ciated with PCOS severity!!. A systematic review and meta-
analysis of 15 ketogenic diet studies in women with PCOS
found significant reductions in BMI, waist circumference, and
insulin resistance, as well as improvements in LH levels and
menstrual regularity, though heterogeneity across studies war-

rants cautious interpretation .

Mechanistic Evidence from Related Populations

Visceral adiposity, often resulting from excess caloric in-
take, was also strongly associated with glucose intolerance,
elevated inflammatory markers, and hormonal imbalance L4
Although the following study was not conducted specifically
in women with PCOS, it provides mechanistic insight into the
relationship between fat distribution and insulin resistance that
may be applicable to PCOS pathophysiology. In a study of
Asian Indian adults across normal glucose tolerance, impaired
glucose tolerance, and type 2 diabetes mellitus, it was re-
ported that visceral fat, but not subcutaneous fat, was strongly
associated with insulin resistance and inflammatory markers
including hs-CRP, TNF-«, and oxidized LDL. These mark-
ers were accompanied by reduced adiponectin and increased
carotid intima-media thickness®. This mechanistic evidence

suggests a link between fat distribution, metabolic inflamma-
tion, and cardiovascular risk that may be particularly relevant
to PCOS given the condition’s association with central obe-
sity.

Back to PCOS-Specific Evidence

Dahan and Reaven (2019) evaluated insulin resistance in
women with PCOS in comparison to ovulatory controls using
a gold-standard insulin suppression test. The authors found
that PCOS subjects had overall higher steady-state plasma glu-
cose (SSPG) levels, indicating increased insulin resistance.
The difference was mild in lean women and became more pro-
nounced with obesity, particularly when BMI >30 kg/m>"14.

Physical Activity

PCOS-Specific Evidence

Physical activity demonstrated similarly important effects.
A systematic review and meta-analysis of 33 studies cover-
ing 777 women with PCOS found that exercise, particularly
vigorous-intensity training, significantly improved VO,peak,
HOMA-IR, BMI, and waist circumference, suggesting that ex-
ercise intensity may matter more than total duration®. A 20-
week home-based aerobic exercise intervention in 60 women
with PCOS found significant reductions in fasting glucose,
fasting insulin, HOMA-IR, and hs-CRP compared to controls,
connecting exercise to both metabolic and inflammatory im-
provement simultaneously->.

Mechanistic Evidence from Related Populations

Further mechanistic insight comes from animal and non-
PCOS human studies; as noted in the Methods section, these
were included to provide biological plausibility where direct
PCOS evidence is limited, and should not be interpreted as
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direct evidence of effect in PCOS populations. Regular exer-
cise improved insulin sensitivity and reduced inflammation in
general populations and women with metabolic dysfunction',
Martin et al. (2025) studied gut microbiota from endurance
athletes and found that, despite reduced bacterial diversity,
these microbiota were enriched in short-chain fatty acids and
improved insulin sensitivity when transplanted into mice"®.
While this study was not specific to PCOS, it demonstrates
the impact of exercise on microbial shifts that may influence
metabolic dysfunction central to PCOS. Similarly, Gratas-
Delamarche et al. (2013) demonstrated that physical inactiv-
ity induced early insulin resistance by activating an oxidative
inflammatory loop in skeletal muscle, even after only a few
days of reduced activity'”. These mechanistic studies from
non-PCOS populations suggest that both muscle metabolic
pathways and exercise-driven gut microbiome shifts may en-
hance insulin regulation, providing biological plausibility for
exercise benefits in PCOS, though direct PCOS-specific evi-
dence is needed. A PCOS rat model study using DHEA in-
duction found that 12 weeks of HIIT improved insulin sensi-
tivity, reduced HOMA-IR, lowered skeletal muscle IL-6, and
improved ovarian tissue morphology, providing further bio-
logical plausibility for exercise benefits in PCOS'.

It is important to note that not all exercise interventions are
equally beneficial. Short-term unsupervised interventions had
limited impact in metabolic populations, and vigorous activ-
ity can paradoxically worsen glucose regulation in some in-
dividuals due to increased cortisol response and acute inflam-
matory stress, particularly in sedentary individuals beginning
high-intensity exercise without proper progression’”. There-
fore, structured, long-term, and supervised physical activity
programs remain the most reliable approach.

Sleep and Circadian Rhythms

PCOS-Relevant Findings

Sleep and circadian rhythms were identified as critical reg-
ulators of both metabolic and hormonal stability. Poor sleep
quality is associated with heightened cortisol activity and in-
sulin resistance, while aerobic exercise was shown to improve
sleep quality and lower inflammatory markers. Burt Solorzano
et al. (2018) examined insulin-resistant peripubertal girls and
discovered that free testosterone levels correlated with insulin
sensitivity and luteinizing hormone (LH) concentrations, but
not with circulating insulin™®, suggesting that insulin resis-
tance may be associated with androgen excess through en-
hanced LH secretion rather than through hyperinsulinemia di-
rectly, highlighting a critical neuroendocrine mechanism rel-
evant to PCOS pathophysiology. A systematic review and
meta-analysis of 16 studies covering 1,100 women with PCOS
found that women with PCOS had altered melatonin levels,
higher evening cortisol, and lower sleep efficiency compared

to controls, providing direct biomarker evidence that circa-
dian rhythm disruption is associated with PCOS®. A review
of clock gene disruption and hypothalamic-pituitary-ovarian
axis regulation further explained how circadian misalignment
may contribute to insulin resistance, glucose dysregulation,
and hormonal imbalance in PCOS, and introduced chronother-
apy as a potential future strategy'.

Evidence from Athletic and General Populations

Nobari et al. (2023) found that in athletes, performance
peaks in the late afternoon, with exercise timing, diet, and
sleep-wake cycles influencing hormonal regulation and im-
mune function®), A meta-analysis of 11 RCTs by Rubio-
Valles and Ramos-Jimenez (2025) found that aerobic exer-
cise modestly improved sleep outcomes but did not signifi-
cantly reduce inflammatory markers IL-6 or TNF-o(2Y, While
these studies were not PCOS-specific, they suggest that sleep
and circadian alignment may influence metabolic and hor-
monal regulation relevant to PCOS. Chronic stress further
contributed to worsening metabolic function, underscoring the

need to address stress management in PCOS care?Z.

Environment

Primary PCOS-Specific Evidence on Endocrine-
Disrupting Chemicals

Environmental and immunologic factors are emerging as
important influences on PCOS. Unlike diet and exercise, direct
primary evidence linking environmental exposures to PCOS-
specific outcomes has historically been limited. However, re-
cent systematic reviews now provide more direct human ev-
idence. A systematic review of 22 human studies includ-
ing 1,682 PCOS patients found that 19 of 22 studies re-
ported a positive association between bisphenol A (BPA) ex-
posure and PCOS, with BPA frequently linked to hyperan-
drogenism and carbohydrate metabolism disorders; notably,
women with PCOS had higher BPA levels independent of
BMI in 15 studies, suggesting a relationship beyond obesity-
related metabolic changes®. A broader systematic review
of non-persistent endocrine-disrupting chemicals found that
BPA, phthalates, and octocrylene were positively associated
with PCOS, while results for triclosan were inconclusive and
parabens did not show a clear association. A wider review of
emerging pollutants, including pharmaceuticals and personal
care products, microplastics, and nanoparticles, proposed that
these exposures may contribute to PCOS through endocrine
disruption, oxidative stress, and reactive oxygen species pro-
duction, expanding the pollutant burden of concern beyond a
single chemical class®3.

Mechanistic and Indirect Evidence

Epithelial barrier dysfunction was linked to systemic hor-
monal imbalance and immune dysregulation in children with
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allergic diseases**. However, direct evidence that barrier dys-
function causes ovarian dysfunction in PCOS was not estab-
lished in the reviewed literature. Separately, Patel (2018) dis-
cussed frequent exposure to chemical-heavy consumer prod-
ucts as a potential contributor to PCOS through inflammatory
pathways, though primary evidence directly linking consumer
product chemicals to PCOS onset or progression was not pro-
vided in that review*.

PCOS-Specific Observational Evidence

Ghosh et al. (2025) examined PCOS in women from dif-
ferent religious communities in Kolkata, reporting that waist
circumference and body fat patterning predicted premenstrual
symptoms and menstrual dysfunction, demonstrating that en-
vironmental and cultural factors influencing body composition
may affect PCOS symptom severity=>. Hormonal dysregula-
tion was identified as a systematic feature of allergic diseases
by Berdnikovs et al. (2017), who found that children with
asthma, atopic dermatitis, or food allergy had decreased in-
sulin and C-peptide, but elevated triiodothyronine and growth
hormone, which correlated with epithelial barrier dysfunction
and allergic inflammation?*. While this finding was not from
PCOS patients, it suggests a potential mechanistic link be-
tween barrier dysfunction, inflammation, and endocrine dis-
ruption that warrants further investigation in PCOS.

Discussion

Taken together, the evidence reviewed in this study suggests
a consistent pattern: insulin resistance is a central feature of
PCOS pathophysiology, and each of the four lifestyle and en-
vironmental domains examined in this review converges on
insulin resistance as both a shared mechanism and a shared
therapeutic target.

The dietary evidence most directly illustrates this pattern.
Low-carbohydrate and low-glycemic index diets reduced fast-
ing insulin by 30-40% in women with PCOS®1®, while poor
diet quality, characterized by lower Mediterranean diet ad-
herence, was associated with higher testosterone, CRP, and
HOMA-IR"M™, suggesting that hyperinsulinemia directly am-
plifies androgen production. This is consistent with the find-
ings of Dahan and Reaven (2019), who demonstrated that in-
sulin resistance in PCOS is relatively mild in lean women
but becomes substantially more severe with obesity (BMI >
30 kg/m?)14, and with the mechanistic evidence from Ind-
ulekha et al. showing that visceral fat accumulation is specifi-
cally associated with the inflammatory markers most relevant
to PCOS!3. In PCOS, where hyperinsulinemia amplifies an-
drogen production, excess visceral fat may contribute to wors-
ening metabolic and reproductive dysfunction.

Physical activity reflects the same relationship from a dif-
ferent angle. Rather than simply reducing weight, vigorous-

intensity exercise independently improved HOMA-IR and
VO,peak in women with PCOS?, and a 20-week aerobic in-
tervention simultaneously reduced both insulin resistance and
the inflammatory marker hs-CRPY>. The mechanistic studies
from non-PCOS populations, including the gut microbiome
transplant findings of Martin et al.1® and the rapid-onset in-
sulin resistance documented by Gratas-Delamarche et al. after
just days of inactivityZ, suggest that exercise exerts its bene-
fits through multiple pathways: microbial metabolite produc-
tion, muscle oxidative stress reduction, and direct improve-
ment of insulin signaling. The PCOS-specific HIIT rat model
study of Kocak et al. (2025) corroborates this, showing im-
provements in insulin sensitivity, IL-6 reduction, and ovarian
histopathology following structured exercise''®, though the au-
thors acknowledged that animal model findings require valida-
tion in human PCOS populations, a limitation that applies to
several mechanistic studies in this review.

The sleep and circadian evidence demonstrates how the in-
sulin resistance—androgen cycle can be triggered from a third
direction. Heydari and Ramdass (2025) found that women
with PCOS exhibit higher evening cortisol, altered melatonin,
and reduced sleep efficiency compared to controls®, and So-
mala et al. (2025) traced this to clock gene dysfunction in the
hypothalamic-pituitary-ovarian axisZ. Burt Solorzano et al.
(2018) provided a critical mechanistic link: in insulin-resistant
peripubertal girls, it is tissue-specific insulin sensitivity rather
than circulating insulin levels that drives testosterone elevation
through enhanced LH secretion'”. This suggests a pathway
from circadian disruption to cortisol dysregulation, to insulin
resistance, to elevated LH, and ultimately to hyperandrogene-
mia. Both Heydari and Ramdass® and Somala et al.” acknowl-
edged that their observational designs preclude causal claims,
and called for longitudinal intervention studies to establish di-
rectionality.

The environmental findings fit this pattern as well. BPA
exposure was positively associated with PCOS in 19 of 22
human studies, independent of BMI#, and BPA is known to
act as an endocrine disruptor that can impair insulin signal-
ing and promote hyperandrogenism, mechanisms that paral-
lel those seen across the dietary, exercise, and sleep domains.
Phthalates and octocrylene showed similar associations>, and
broader emerging pollutants including microplastics may fur-
ther compound this endocrine burden®. The authors of these
systematic reviews uniformly noted that causality cannot yet
be established, as most studies are cross-sectional and expo-
sure measurement may not reflect long-term cumulative bur-
den. These are important gaps that future primary PCOS stud-
ies with longitudinal designs should address.

What connects these four domains is a shared biological
mechanism: diet, inactivity, sleep disruption, and chemical
exposure can each independently impair insulin signaling, and
PCOS appears to be particularly vulnerable to the compound-
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ing of these insults. This has important implications for treat-
ment, as addressing any single factor in isolation likely under-
estimates the potential benefit of combined lifestyle modifi-
cation, and future research should prioritize multi-component
intervention designs.

Several limitations of the reviewed literature should be ac-
knowledged. Many dietary studies relied on small samples
and short intervention durations, which the authors themselves
noted as constraints on long-term inference®!%2 Diagnos-
tic criteria for PCOS varied across studies, limiting compara-
bility, a concern raised explicitly in several of the systematic
reviews included here®#. Self-reported dietary and lifestyle
measures introduce recall bias, and underrepresentation of di-
verse populations continues to limit the generalizability of
findings. The scope of this review was also narrowed by lim-
ited access to paywalled journals. These findings should there-
fore be interpreted with appropriate caution.

Conclusion

Lifestyle and Environmental Factors Influencing PCOS Outcomes

Diet Metabolic
* Low-carbohydrate * Insulin resistance
. Low GI /
Physical Activi o Hormonal
Vst vity Key Mechanisms
* Regularexercise |y — |+ Hyperandrogenism
« Avoid inactivity ¢ Insulin Sensitivity
+ Inflammation
+ Cortisol
Sleep and Circadian ,GUt Microblome Shlﬂ_s Reproductive
) Visceral Fat Accumulation
Sleep quality > Irregular cycles
* Rhythm alignment
Environment / Inflammatory
* Chemical exposure

« Barrier function + Chronic inflammation

Fig. 1 Lifestyle and Environmental Factors Influencing PCOS
Outcomes

PCOS is increasingly being recognized as a condition heav-
ily influenced by lifestyle and environmental factors, with in-
sulin resistance serving as a central pathway through which
these influences converge. Dietary composition is a primary
contributor to insulin sensitivity. Diets low in carbohydrate
and high in monounsaturated fats were shown to reduce fast-
ing insulin and triglycerides, while low-glycemic index and
Mediterranean diets also demonstrated benefits for metabolic
and reproductive outcomes. Ketogenic diets showed promis-
ing but heterogeneous results. High-carbohydrate diets wors-
ened hyperinsulinemia and androgen excess. Physical activity
improved metabolic outcomes, with vigorous-intensity exer-
cise showing the strongest benefits, though effects varied de-
pending on duration, intensity, and supervision. Sleep qual-
ity and circadian rhythm regulation emerged as essential reg-

ulators of hormonal and metabolic health, as poor sleep was
linked to cortisol elevation, amplified insulin resistance, and
ultimately hyperandrogenemia through LH-mediated path-
ways. Emerging evidence, now supported by primary human
studies, linked BPA and phthalate exposure to PCOS indepen-
dent of BMI, while broader pollutant exposures suggest ad-
ditional environmental contributors, though direct causal ev-
idence in PCOS populations is still needed. These findings
highlight the multifactorial nature of PCOS and suggest that
lifestyle interventions may substantially improve metabolic
and reproductive outcomes.

This review highlights the need for integrated management
approaches combining dietary, behavioral, and environmental
strategies. Future research should investigate long-term multi-
component interventions, the role of circadian regulation as a
therapeutic target, and the effects of environmental exposures
through primary PCOS-specific studies with longitudinal de-
signs. Addressing PCOS requires more than pharmacologi-
cal management. Lifestyle and environmental modifications
provide important, patient-centered strategies that can reduce
systemic inflammation, improve metabolic outcomes, and en-
hance quality of life.
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