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Abstract

Background.

Polycystic ovary syndrome (PCOS) is a common endocrine disorder associated with
metabolic, hormonal, and clinical disturbances. Physical activity is a first-line non-
pharmacological intervention, although heterogeneity in exercise modalities and outcomes
limits consistent clinical conclusions.

Objective.

To synthesize current evidence on the effects of physical activity on clinical, metabolic, and
hormonal outcomes in women with PCOS.

Methods.

PubMed, Scopus, and Web of Science were searched (2020-2026) for peer-reviewed
systematic reviews, meta-analyses, randomized controlled trials, and position statements
evaluating structured exercise interventions, metabolic and hormonal outcomes, and patient-
reported outcomes in women with PCOS.

Results.

Regular physical activity improves metabolic health in women with PCOS, particularly
insulin sensitivity, waist circumference, and cardiometabolic risk factors, with additional
benefits for menstrual regularity and psychological well-being. Hormonal effects are variable,
with modest improvements in androgen levels and sex hormone-binding globulin. Resistance
and combined training appear particularly beneficial for metabolic outcomes.

Conclusions.

Physical activity is a key component of PCOS management, providing meaningful metabolic
and clinical benefits. Individualized and sustainable exercise approaches should be prioritized,

while future research should address standardized outcomes and longer intervention durations.

Keywords: polycystic ovary syndrome; physical activity; exercise training; insulin resistance;

metabolic health; hormonal parameters
Introduction

Polycystic ovary syndrome (PCOS) is one of the most prevalent endocrine disorders affecting

women of reproductive age, with an estimated global prevalence ranging from 6% to 20%,



depending on diagnostic criteria and population characteristics (1). The syndrome is clinically
heterogeneous and characterized by ovulatory dysfunction, hyperandrogenism, and polycystic
ovarian morphology (2), frequently accompanied by metabolic abnormalities such as insulin
resistance, dyslipidemia, obesity, and increased cardiometabolic risk (3). Beyond reproductive
dysfunction, PCOS is increasingly recognized as a chronic metabolic condition with long-

term health implications (4).

Insulin resistance is considered a central pathophysiological feature of PCOS and is present in
a substantial proportion of affected women, independent of body mass index (5).
Compensatory hyperinsulinemia enhances ovarian androgen production and suppresses sex
hormone-binding globulin (SHBG), thereby exacerbating hyperandrogenic manifestations and
menstrual irregularities (3,5). Chronic low-grade inflammation, altered adipokine secretion,
and impaired skeletal muscle insulin signaling further contribute to metabolic dysregulation

and increased cardiovascular risk (6).

Lifestyle modification is recommended as first-line therapy for PCOS management (7).
Among lifestyle components, physical activity plays a pivotal role due to its ability to
improve insulin sensitivity and cardiometabolic health independently of weight loss (8).
International guidelines and position statements emphasize physical activity as a cornerstone

of PCOS management across phenotypes and body weight categories (9).

A growing body of evidence has investigated the effects of aerobic, resistance, and combined
physical activity interventions on clinical, metabolic, and hormonal outcomes in PCOS (10).
Meta-analyses demonstrate improvements in insulin resistance, waist circumference, and lipid
profiles, often without significant reductions in body weight (11). In contrast, evidence
regarding reproductive and hormonal outcomes remains heterogeneous, likely due to

methodological variability and differences in exercise prescription (1).

PCOS is also associated with increased psychological burden, including anxiety, depression,
and reduced quality of life. Physical activity has been shown to improve psychological well-
being and patient-reported outcomes in women with PCOS (12). Mechanistic studies further
suggest that improvements in skeletal muscle insulin signaling, mitochondrial function, and

inflammatory profiles may underlie these benefits (13).



Given the rapid expansion of research over the past five years and ongoing heterogeneity in
outcomes, an updated synthesis of contemporary evidence is warranted. This narrative review
aims to synthesize evidence published between 2020 and 2026 regarding the effects of

physical activity on clinical, metabolic, and hormonal parameters in women with PCOS.

Methods of Literature Review

This narrative review synthesizes peer-reviewed literature published between 2020 and 2026
addressing the effects of physical activity on PCOS-related outcomes. Searches were

conducted in PubMed, Scopus, and Web of Science using combinations of terms including

99 ¢ b1

“polycystic ovary syndrome,” “PCOS,” “physical activity,” “exercise,” “aerobic training,”

99 CCr

“resistance training,” “insulin resistance,” and “hormonal outcomes.”

Eligible publications included systematic reviews, meta-analyses, randomized controlled trials,
observational studies, and international guidelines or position statements evaluating physical
activity interventions in women with PCOS. Studies focusing exclusively on dietary
interventions were excluded. Priority was given to high-level evidence with clear clinical
relevance. Data were synthesized descriptively and organized into clinical, metabolic, and
hormonal domains. Given the narrative nature of this review, no quantitative synthesis or

formal risk-of-bias assessment was performed.

Effects of Physical Activity on Clinical Parameters

Clinical manifestations of polycystic ovary syndrome (PCOS) are heterogeneous and
encompass reproductive, anthropometric, dermatological, and psychological domains. These
features contribute substantially to symptom burden and reduced quality of life. Physical
activity has been widely investigated as a non-pharmacological intervention targeting clinical
outcomes, with growing evidence suggesting benefits that extend beyond weight reduction

alone (2).
Anthropometric outcomes and body composition

Changes in body mass index (BMI) and body composition represent some of the most

frequently reported clinical outcomes in physical activity interventions among women with



PCOS (14). Meta-analyses indicate that aerobic and combined physical activity programs lead
to modest but statistically significant reductions in BMI and waist circumference (15).
However, the clinical relevance of these changes is better understood when body composition

and fat distribution are considered (7).

Several intervention studies demonstrate reductions in central adiposity and visceral fat mass
following regular physical activity, even in the absence of significant changes in total body
weight (16). This finding is particularly relevant given the strong association between visceral
adiposity, insulin resistance, and cardiometabolic risk in PCOS. Resistance training and
combined aerobic—resistance programs appear to be particularly effective in improving lean
body mass and reducing waist circumference, supporting their role in optimizing body

composition rather than solely focusing on weight loss (7).

Importantly, the emphasis on anthropometric parameters rather than body weight aligns with
emerging clinical perspectives that prioritize metabolic health and functional outcomes over
absolute weight reduction. This approach may also improve patient adherence, as many

women with PCOS experience frustration with weight-centered treatment goals (17).
Menstrual regularity and ovulatory function

Menstrual irregularity and chronic anovulation are core diagnostic features of PCOS and
major contributors to infertility (18). The impact of physical activity on menstrual cyclicity
has been examined in multiple randomized controlled trials and systematic reviews, although

results remain heterogeneous (10).

Some studies report improvements in menstrual regularity and ovulatory function following
structured physical activity protocols, particularly when aerobic exercise is combined with
resistance training and delivered over longer durations (18). These improvements appear more
pronounced in women who experience concurrent metabolic benefits, suggesting that
restoration of ovulatory function may be mediated indirectly through enhanced insulin

sensitivity and reduced hyperinsulinemia rather than direct endocrine effects (7).

However, not all trials demonstrate significant changes in menstrual outcomes, and variability
in outcome definitions, intervention duration, and baseline phenotype limits comparability
across studies (9). Short intervention periods and reliance on self-reported menstrual patterns

further complicate interpretation (18). Consequently, while physical activity may contribute to



improved menstrual function in some women with PCOS, it should not be viewed as a

universal or stand-alone intervention for restoring ovulation (7).

Clinical manifestations of hyperandrogenism

Hyperandrogenic symptoms, including hirsutism, acne, and androgenic alopecia, are among
the most distressing clinical features of PCOS (18). While biochemical androgen
concentrations are commonly assessed, fewer studies evaluate changes in clinical

manifestations of hyperandrogenism following physical activity interventions (1).

Available evidence suggests that sustained physical activity may lead to modest
improvements in clinical hyperandrogenic symptoms, particularly hirsutism scores, although
changes are often small and variable (19). These improvements are thought to result primarily
from increases in sex hormone-binding globulin and reductions in free androgen availability

rather than substantial decreases in total androgen production (16).

Assessment of dermatological outcomes remains limited by reliance on subjective scoring
systems and short follow-up periods (20). Consequently, while physical activity may
contribute to gradual improvement in hyperandrogenic symptoms, expectations should be

managed carefully in clinical practice (7).
Psychological well-being and quality of life

Psychological distress is highly prevalent in women with PCOS and includes increased rates
of anxiety, depression, body image dissatisfaction, and reduced health-related quality of life
(21). These factors significantly impact daily functioning and treatment adherence,
underscoring the importance of addressing mental health as a core component of PCOS

management (22).

Systematic reviews and interventional studies consistently demonstrate that regular physical

activity improves psychological well-being in women with PCOS (14,21). Improvements



have been reported in depressive symptoms, anxiety scores, self-esteem, and perceived health

status following aerobic, resistance, and combined training programs(1).

Notably, several studies indicate that improvements in quality of life occur even when
objective clinical or hormonal parameters remain unchanged (21). This finding highlights the
independent value of physical activity as a therapeutic tool that addresses psychosocial

dimensions of PCOS and supports long-term engagement with lifestyle interventions (17).

Resistance training may offer particular benefits for body image and self-efficacy, while
aerobic exercise is commonly associated with improvements in mood and perceived vitality
(23). These modality-specific effects further support the need for individualized physical

activity prescriptions based on patient preferences and psychological needs (9).
Clinical outcomes in adolescent populations

Adolescents with PCOS represent a distinct clinical population due to ongoing pubertal
development and heightened psychosocial vulnerability (24). Emerging evidence suggests
that structured physical activity interventions may improve clinical symptoms, menstrual

patterns, and psychological well-being in adolescent girls with PCOS (25).

Interventions incorporating aerobic exercise, resistance training, and mind-body approaches
such as yoga have been associated with reductions in symptom severity and improvements in
menstrual regularity and quality of life (19). However, data in this population remain limited,
and interpretation is complicated by physiological variability during adolescence and

differences in diagnostic criteria (24).

Further high-quality, age-specific studies are required to establish evidence-based physical
activity recommendations for adolescents with PCOS and to assess the long-term impact of

early intervention on disorder trajectory.

Effects of Physical Activity on Metabolic Parameters

Metabolic dysfunction constitutes a core feature of polycystic ovary syndrome (PCOS) and
represents a major determinant of long-term morbidity (3). Insulin resistance, compensatory
hyperinsulinemia, dyslipidemia, chronic low-grade inflammation, and increased

cardiovascular risk are highly prevalent in women with PCOS, regardless of obesity status



(26). Consequently, metabolic outcomes have been a primary focus of physical activity

intervention studies in this population (7).
Insulin resistance and glucose metabolism

Insulin resistance is widely regarded as a hallmark metabolic abnormality in PCOS and is
present in up to 70% of affected women, including those with normal body mass index (5).
Numerous systematic reviews and meta-analyses consistently demonstrate that regular
physical activity improves insulin sensitivity in women with PCOS, as reflected by reductions
in fasting insulin concentrations and homeostasis model assessment of insulin resistance

(HOMA-IR) (27).

Both aerobic and resistance-based physical activity interventions have been shown to confer
metabolic benefits, although their mechanisms may differ (7). Aerobic training primarily
enhances peripheral glucose uptake through improvements in cardiorespiratory fitness and
skeletal muscle oxidative capacity (11), whereas resistance training increases lean muscle
mass and improves insulin-mediated glucose disposal (23). Combined training programs
appear to offer additive benefits and are associated with more pronounced improvements in

insulin sensitivity compared with single-modality interventions (7).

Importantly, several studies demonstrate that improvements in insulin resistance occur
independently of significant weight loss (26). This observation challenges the traditional
weight-centric model of PCOS management and underscores the intrinsic metabolic benefits
of regular exercise (20). Observational data further indicate that habitual exercise levels are
inversely associated with insulin resistance in women with PCOS, even after adjustment for
body composition and dietary intake (8). These findings suggest that physical activity itself,
rather than weight reduction per se, is a critical determinant of metabolic health in this

population (7).
Skeletal muscle adaptations and insulin signaling

Skeletal muscle plays a central role in whole-body glucose homeostasis, accounting for the
majority of insulin-stimulated glucose uptake (26). Mechanistic studies indicate that women
with PCOS exhibit intrinsic impairments in skeletal muscle insulin signaling, including
reduced insulin receptor substrate phosphorylation and altered downstream signaling

pathways (16).



Physical activity induces multiple adaptations within skeletal muscle that may counteract
these defects (7). Exercise training has been shown to increase glucose transporter type 4
(GLUT4) expression, enhance insulin receptor signaling, and improve mitochondrial
oxidative capacity (16). These adaptations facilitate more efficient glucose uptake and

utilization, thereby improving insulin sensitivity at the tissue level (10).

Emerging evidence also suggests that exercise may attenuate muscle fibrosis and improve
muscle quality in women with PCOS, further supporting its role in restoring metabolic
flexibility (26). While mechanistic studies remain limited in number and sample size,
available data provide strong biological plausibility for the observed clinical improvements in

insulin resistance following regular physical activity (7).
Lipid profile and cardiometabolic risk

Dyslipidemia is commonly observed in PCOS and contributes to increased cardiovascular
disease risk later in life (3). Characteristic lipid abnormalities include elevated triglyceride
levels, reduced high-density lipoprotein cholesterol (HDL-C), and increased low-density
lipoprotein cholesterol (LDL-C) (11).

Meta-analyses demonstrate that regular physical activity leads to favorable changes in lipid
profiles, particularly reductions in triglyceride concentrations and modest increases in HDL-C
(10). Changes in LDL-C are less consistently reported; however, exercise-induced
improvements in lipid metabolism may still translate into meaningful reductions in

cardiovascular risk when sustained over time (7).

Combined aerobic and resistance training interventions appear particularly effective in
improving cardiometabolic risk factors, likely due to complementary effects on fat oxidation,
muscle mass, and insulin sensitivity (16). In addition to lipid parameters, physical activity
improves blood pressure, endothelial function, and cardiorespiratory fitness, all of which are

important determinants of cardiovascular health (22).

Low cardiorespiratory fitness has emerged as an independent predictor of cardiometabolic
morbidity in women with PCOS (7). Improvements in maximal oxygen uptake (VO2max)
following structured physical activity interventions may therefore represent a clinically

meaningful adaptation with implications for long-term cardiovascular risk reduction (10).

10



Inflammation and adipose tissue function

Chronic low-grade inflammation is increasingly recognized as a contributor to metabolic
dysfunction in PCOS. Elevated circulating levels of inflammatory markers, including C-
reactive protein, interleukin-6, and tumor necrosis factor-o, have been reported in women

with PCOS and are closely linked to insulin resistance and visceral adiposity (28).

Physical activity has been shown to attenuate inflammatory burden through multiple
mechanisms (14). Interventional studies report reductions in inflammatory markers following
regular physical activity, particularly when interventions are of sufficient duration and
intensity. These anti-inflammatory effects are thought to be mediated by reductions in visceral
fat mass, improvements in adipokine secretion, and exercise-induced modulation of immune

cell activity (28).

However, findings across studies remain heterogeneous, with some trials reporting minimal or
no changes in inflammatory markers (11). Variability in baseline inflammation, intervention
characteristics, and outcome measurement methods likely contributes to these discrepancies
(28). Nevertheless, the potential anti-inflammatory effects of physical activity represent an

important adjunct mechanism underlying metabolic improvement in PCOS (14).
Mitochondrial function and metabolic flexibility

Recent research has focused on mitochondrial dysfunction as a potential contributor to insulin
resistance in PCOS. Alterations in mitochondrial density, oxidative enzyme activity, and

substrate utilization have been reported in skeletal muscle of women with PCOS (16).

Exercise training is a potent stimulus for mitochondrial biogenesis and improved oxidative
capacity (7). Several studies suggest that physical activity may enhance mitochondrial
function in women with PCOS, although findings are inconsistent and limited by small
sample sizes (26). High-intensity and resistance-based training modalities may be particularly
effective in stimulating mitochondrial adaptations, but further research is required to clarify

modality-specific effects (7).

Improvements in mitochondrial function may enhance metabolic flexibility, defined as the

ability to switch between lipid and glucose oxidation in response to physiological demands

11



(16). Enhanced metabolic flexibility may partly explain improvements in insulin sensitivity

observed following physical activity interventions, even in the absence of weight loss (26).
Weight-independent metabolic benefits

A consistent and clinically important finding across the literature is that metabolic
improvements induced by physical activity frequently occur independently of significant
weight loss (10). This observation challenges the prevailing emphasis on weight reduction as
the primary therapeutic target in PCOS and supports a paradigm shift toward prioritizing

metabolic health and functional outcomes (7).

From a clinical perspective, emphasizing weight-independent benefits may improve patient
motivation and adherence to exercise programs (21). Women with PCOS often experience
difficulty achieving sustained weight loss, and repeated failure to meet weight-based goals
can undermine engagement with lifestyle interventions (17). Reframing success in terms of
improved insulin sensitivity, cardiometabolic health, and physical fitness may therefore

enhance long-term adherence and clinical outcomes (29).
Effects of Physical Activity on Hormonal Parameters

Hormonal dysregulation is a defining characteristic of polycystic ovary syndrome (PCOS)
and underlies many of its reproductive and clinical manifestations. Core endocrine
abnormalities include hyperandrogenism, altered gonadotropin secretion—often reflected by
an increased luteinizing hormone (LH) to follicle-stimulating hormone (FSH) ratio—and
reduced concentrations of sex hormone-binding globulin (SHBG) (18). Given the close
interrelationship between metabolic and endocrine pathways in PCOS, physical activity has
been investigated as a potential modulator of hormonal function through both direct and

indirect mechanisms (10).
Androgen concentrations and SHBG

Hyperandrogenism, expressed biochemically and clinically, represents a hallmark of PCOS
and is closely linked to insulin resistance and compensatory hyperinsulinemia. Numerous
intervention studies and systematic reviews have examined the impact of exercise training on
circulating androgen levels, including total testosterone, free testosterone, and free androgen

index (18). Overall, the evidence indicates that physical activity is associated with modest but

12



potentially clinically relevant reductions in androgen bioavailability, particularly in structured

and supervised interventions of sufficient duration (1).

Importantly, reductions in free androgen concentrations appear to be mediated predominantly
through increases in SHBG, rather than through marked suppression of ovarian androgen
production. Exercise-induced improvements in insulin sensitivity reduce hepatic inhibition of
SHBG synthesis, thereby lowering circulating free testosterone levels (18). This mechanism is
consistent with findings that hormonal improvements are most consistently observed in

studies demonstrating concurrent metabolic adaptations, such as reductions in fasting insulin

or HOMA-IR (8).

Resistance training and combined aerobic—resistance interventions may confer greater
benefits for androgen-related outcomes compared with aerobic exercise alone. Some trials
report larger increases in SHBG and greater reductions in free androgen index following
resistance-based programs, potentially reflecting the strong influence of increased lean muscle
mass and improved insulin signaling on hepatic and endocrine function (23). Nevertheless,
heterogeneity in exercise prescription, baseline phenotype, and hormonal assessment methods

limits definitive conclusions regarding modality-specific superiority (10).
Gonadotropins and hypothalamic—pituitary—ovarian axis regulation

Altered gonadotropin secretion, characterized by an increased LH/FSH ratio, is commonly
observed in PCOS and contributes to ovarian androgen excess and anovulation. Evidence
regarding the effects of physical activity on gonadotropin dynamics remains inconsistent (18).
While some intervention studies report partial normalization of LH/FSH ratios following

regular physical activity, others demonstrate no significant changes (1).

The variability in findings likely reflects differences in baseline endocrine status, intervention
duration, and methodological rigor (10). Many studies rely on single time-point hormonal
measurements and do not account for cycle phase or pulsatile gonadotropin secretion, which
may obscure subtle adaptations (7). Consequently, current evidence does not support a

consistent or direct effect of exercise training on gonadotropin regulation (10).

Ovulatory function and menstrual cyclicity

13



Ovulatory dysfunction is a central feature of PCOS and a major contributor to subfertility
(27). Improvements in ovulatory function and menstrual regularity have been reported in
some physical activity intervention studies, although these outcomes are often secondary and

inconsistently assessed (1).

Evidence suggests that improvements in ovulatory function are more closely associated with
metabolic adaptations than with exercise training exposure per se (18). Enhanced insulin
sensitivity and reduced hyperinsulinemia may restore ovarian responsiveness to
gonadotropins, thereby facilitating ovulation (5). This indirect pathway aligns with
observations that hormonal and reproductive improvements are most pronounced in women

who experience significant metabolic benefits from physical activity interventions (10).

However, not all studies demonstrate improvements in ovulatory outcomes, and short
intervention durations may limit the ability to detect meaningful reproductive changes (9). As
such, physical activity should be viewed as a supportive strategy that may enhance

reproductive function in some women, rather than a stand-alone treatment for anovulation

(14).

Hormonal outcomes in adolescent populations

Adolescent girls with PCOS represent a distinct population in which hormonal regulation is
influenced by pubertal maturation and ongoing development of the hypothalamic—pituitary—
ovarian axis (24). Emerging evidence suggests that structured physical activity interventions
may contribute to improvements in androgen profiles and menstrual regularity in adolescents

with PCOS (19).

Interventions incorporating aerobic exercise, resistance training, and mind-body approaches
such as yoga have been associated with reductions in biochemical hyperandrogenism and
improvements in cycle patterns (25). However, interpretation of these findings is complicated
by physiological variability during adolescence, differences in diagnostic criteria, and limited
sample sizes. Longitudinal studies with standardized endocrine assessment are needed to

clarify the long-term hormonal effects of physical activity in this age group (24).

Methodological considerations and sources of heterogeneity

14



Across the literature, heterogeneity in hormonal outcomes reflects substantial methodological
variability (18). Differences in diagnostic criteria, obesity status, baseline endocrine
phenotype, timing of hormonal sampling, and use of hormonal contraception all influence
reported results (7). Additionally, many studies lack adequate power to detect small but

potentially clinically meaningful endocrine changes (10).

The reliance on short-term interventions further limits interpretation, as hormonal adaptations
may require longer durations to manifest (14). Few trials stratify outcomes by PCOS
phenotype or assess dose-response relationships between physical activity and hormonal

change, representing important gaps in the evidence base (18).
Clinical relevance of hormonal adaptations

Although exercise-induced hormonal changes are generally modest, their clinical relevance
should be considered within the broader context of PCOS management (1). Even small
reductions in free androgen levels or increases in SHBG may translate into gradual
improvements in hyperandrogenic symptoms over time, particularly when combined with
sustained metabolic benefits (18). Moreover, improvements in ovulatory function, when

present, hold important implications for reproductive health (10).

It is also noteworthy that patient-centered outcomes, such as quality of life and symptom
perception, often improve independently of measurable hormonal changes (21). This
observation underscores the multifaceted benefits of physical activity and cautions against

overreliance on biochemical endpoints when evaluating intervention success (17).
Summary

This narrative review highlights physical activity as a key component of polycystic ovary
syndrome (PCOS) management. The strongest and most consistent evidence supports
metabolic benefits, including improvements in insulin sensitivity, cardiometabolic risk factors,
inflammatory markers, and physical fitness, frequently occurring independently of weight loss.
Clinical outcomes such as body composition and health-related quality of life improve more
variably, while effects on menstrual regularity and hyperandrogenic symptoms appear largely
dependent on concurrent metabolic adaptation. Hormonal responses to physical activity are
generally modest and heterogeneous, with reductions in androgen bioavailability observed

mainly in structured exercise programs associated with improved insulin resistance. Overall,

15



the findings support the integration of individualized and sustainable physical activity
interventions into standard PCOS care, with emphasis on metabolic health and quality of life

rather than isolated hormonal endpoints.
Conclusions

Physical activity plays a fundamental role in the management of PCOS, providing robust
metabolic benefits and moderate improvements in clinical outcomes. Hormonal responses are
variable and modest but may contribute to symptom improvement when accompanied by
metabolic adaptations. Individualized, patient-centered physical activity programs should be
prioritized, and future research should focus on standardized outcome measures, longer

intervention durations, and mechanistic integration to optimize therapeutic strategies.
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