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Polycystic ovary syndrome (PCOS), affecting women of 

reproductive age, is a common endocrine and metabolic 

disorder, affecting 6-20 % of women globally [1]. 

Hyperandrogenism, ovulation, and polycystic ovarian 

morphology are how the condition manifests itself [2]. This 

disorder consists of insulin resistance, chronic low-grade 

in�ammation, and lipid imbalance, in addition to obesity, 

which all increase the risks for diabetes, heart disease, and 

infertility over the long-term. Of these, obesity often 

occurs the most and is therefore a potential cause of 

oxidative stress and imbalance in hormones [3]. Excessive 

generation of reactive oxygen species leads to a state of 

oxidative stress. PCOS increases lipid peroxidation, which 

increases oxidative stress and raises MDA levels while 
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Obesity in women with Polycystic Ovary Syndrome (PCOS) is strongly associated with oxidative 

stress and lipid peroxidation. Elevated reactive oxygen species and depleted antioxidant 

defenses contribute to menstrual dysfunction, insulin resistance, and impaired follicular 

quality. Objective: This review summarizes clinical evidence (2018–2024) on oxidative-stress 

and lipid-peroxidation markers in obesity-related PCOS and evaluates the effects of 

pharmacological and nutraceutical interventions targeting redox balance. Methods: Electronic 

searches of PubMed, Scopus, and Cochrane databases were conducted following PRISMA 2020 

guidelines. Eligible studies included randomized controlled trials, case–control, and cross-

sectional designs reporting oxidative or antioxidant biomarkers in human PCOS populations. 

Non-human studies and review articles were excluded. Extracted data included study design, 

biomarkers, interventions, and clinical outcomes. Results: Fifteen studies met the inclusion 

criteria. Observational data consistently showed elevated malondialdehyde (MDA) and reduced 

total antioxidant capacity (TAC), superoxide dismutase (SOD), and glutathione (GSH) in women 

with PCOS, with greater abnormalities in obese participants. Interventional trials demonstrated 

signi�cant improvements in oxidative pro�les following antioxidant supplementation, 

particularly probiotics, selenium, ellagic acid, oleoylethanolamide, and resveratrol, with partial 

recovery of menstrual, metabolic, and in�ammatory parameters. Conclusions:  Oxidative 

imbalance is a de�ning feature of obesity-related PCOS and appears to contribute to menstrual 

and metabolic dysfunction. Antioxidant-based interventions show promising bene�ts in 

restoring redox balance, especially among obese women. These �ndings support oxidative 

modulation as a relevant therapeutic target in PCOS management.
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lowering total antioxidant capacity (TAC), superoxide 

dismutase (SOD), and catalase (CAT) levels [4]. These 

biochemical changes hinder the maturation of oocytes, 

alter the follicular micro-environment, and worsen the 

existing menstrual irregularities [5]. Current �ndings 

indicate that overweight/obese women with PCOS show a 

pronounced oxidative stress, suggesting that the 

dysfunction of adipose tissue and insulin resistance may 

lead to some redox imbalance [6, 7]. Oxidative modulation 

has become more relevant as a therapeutic target over the 

past decade. Over the past ten years, some nutraceuticals 

like coenzyme Q10, resveratrol, ellagic acid, and probiotics 

have the potential to lessen oxidative stress and improve 

metabolism and reproductive outcomes [8]. However, due 

to inconsistencies related to study design, sample type, 

and patient BMI, the �ndings remain fragmented. This 

systematic review integrates the �ndings from the years 

2018–2024 and explores the implications of oxidative 

stress and the process of lipid peroxidation in the context 

of PCOS associated with obesity. Additionally, the review 

assesses the impact of both pharmaceutical and 

nutraceutical therapies on the redox status and the clinical 

parameters of the subjects. Oxidative stress represents a 

key indicator and contributive factor to the condition of 

PCOS. 

Oxidative stress and lipid peroxidation are increasingly 

recognized as key contributors to the metabolic and 

reproductive dysfunctions seen in PCOS, yet �ndings on 

their  biochemical  mechanisms and therapeutic 

modulation remain inconsistent due to heterogeneous 

study designs and patient populations. Current evidence 

on the impact of pharmaceutical and nutraceutical 

interventions on redox balance is fragmented. This 

systematic review aims to synthesize recent studies 

(2018–2024) on oxidative stress and lipid peroxidation in 

obesity-related PCOS and evaluate interventions targeting 

redox status as a modi�able factor in clinical management.

interventions where applicable. Reported outcomes: 

Biochemical oxidative-stress measures and relevant 

metabolic, endocrine, or menstrual outcomes. Studies 

were eligible for inclusion if they involved women 

diagnosed with PCOS, reported metabolic, endocrine, or 

anthropometric outcomes, used established diagnostic 

criteria,  and were designed as obser vational  or 

interventional primary research. Systematic reviews and 

meta-analyses were excluded to prevent duplication of 

data and overlapping results. During screening, a total of 

230 articles were excluded based on prede�ned criteria, 

which included non-human studies, absence of a 

con�rmed PCOS diagnosis, lack of relevant metabolic or 

endocrine outcomes, irrelevant publication types such as 

reviews or editorials, incomplete datasets or missing full 

texts, and insu�cient methodological detail. Eligible 

participants included women from adolescence to 40 

years, re�ecting the reproductive-age range commonly 

used in PCOS epidemiological research [9]. PCOS was 

diagnosed according to the Rotterdam ESHRE/ASRM 2004 

criteria, which require the presence of at least two of the 

following: oligo-/anovulation, clinical or biochemical 

hyperandrogenism, or polycystic ovarian morphology on 

ultrasound [10]. Menstrual abnormality was de�ned as a 

cycle length shorter than 21 days or longer than 35 days, or 

fewer than eight cycles per year, in line with established 

gynecological guidelines [11]. Body mass index (BMI) was 

extracted from each included study and reported 

consistently in kg/m². A BMI threshold of ≥27 kg/m² was 

applied, supported by evidence indicating its relevance as a 

m e t a b o l i c - r i s k  m a r ke r  i n  wo m e n  w i t h  P C O S.  A 

comprehensive literature search was conducted across 

PubMed, Scopus, Web of Science, and Google Scholar 

using combinations of MeSH terms and Boolean operators. 

The complete search string incorporated terms such as 

“Polycystic Ovar y Syndrome,” “PCOS,”  “metabolic 

syndrome,” “insulin resistance,” “hyperandrogenism,” “BMI,” 

and “Rotterdam criteria,” connected using AND/OR 

operators. Data extraction was performed independently 

by two reviewers, and any disagreements were resolved 

through consensus or consultation with a third reviewer, 

ensuring accuracy and methodological rigor. Randomized 

controlled trials were appraised using the Cochrane Risk of 

Bias 2.0 tool [12], which evaluates �ve key domains: the 

randomization process, deviations from intended 

interventions, missing outcome data, measurement of 

outcomes, and selective reporting. Observational studies 

were assessed using the Newcastle–Ottawa Scale (NOS) 

[13], which examines study quality across three domains: 

selection of participants, comparability of study groups, 

and assessment of outcomes or exposures, with scores 

interpreted as indicating low, moderate, or high risk of bias. 

M E T H O D S

This systematic review was conducted in accordance with 

PRISMA 2020 guidelines. The eligibility criteria were 

expanded and explicitly de�ned to justify the non-use of 

the PICO framework. Because this review integrated both 

observational and interventional studies, a traditional PICO 

structure was not methodologically appropriate. Instead, 

inclusion criteria were structured around four clearly 

de�ned domains: Population characteristics: Women of 

reproductive age (adolescence to 40 years) diagnosed with 

PCOS. Diagnostic de�nitions: PCOS diagnosis based on 

established criteria, primarily the Rotterdam ESHRE/ASRM 

2004 de�nition. Exposure variables: Obesity status (BMI), 

oxidative-stress markers (e.g., MDA, TAC, SOD, GSH), lipid-

peroxidation indices, and antioxidant or pharmacological 
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Additionally, risk estimates (RR/OR) were interpreted using 

standard epidemiological principles, where values near 1.0 

re�ected low or negligible risk, while progressively higher 

values indicated elevated risk. Formal assessment of 

publication bias using funnel-plot asymmetry or Egger's 

regression test was not performed. These methods are 

primarily recommended for quantitative meta-analyses 

with a su�cient number of homogeneous studies. In the 

present review, substantial heterogeneity in study design, 

outcome measures, and biomarker reporting, along with 

the absence of a pooled meta-analysis, precluded reliable 

statistical evaluation of publication bias. Nevertheless, 

funnel plots and Egger's test are acknowledged as standard 

approaches for detecting small-study effects and selective 

reporting in meta-analytic contexts [14]. Given the 

heterogeneity in study designs, diagnostic criteria, and 

outcome measurements, a narrative synthesis approach 

was adopted to summarize �ndings across the included 

studies. A total of 478 records were identi�ed across 

PubMed, Scopus, and Cochrane. After duplicate removal 

and screening, 75 full-text articles were assessed for 

eligibility, and 15 studies met the inclusion criteria for the 

qualitative synthesis (Figure 1).

R E S U L T S

The included studies showed strong methodological consistency, with all but one relying on the Rotterdam criteria and 

focusing primarily on overweight or obese women, which aligns with the review's emphasis on oxidative stress. Most studies 

originated from Iran, creating a geographically concentrated evidence base, while additional contributions from Nigeria and 

Egypt improved ethnic diversity. Sample size variation (40–180 participants) and age distribution (adolescence to 40 years) 

demonstrated moderate demographic heterogeneity but consistent PCOS diagnostic features. Oxidative-stress biomarkers 

such as TAC, MDA, SOD, and CAT were uniformly reported, strengthening cross-study comparability (Table 1).
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Figure 1: The Identi�cation, Screening, Eligibility, and Inclusion of 
Studies in the Review

Table 1: Characteristics of Included Human Studies Evaluating Oxidative Stress in Women With PCOS

Sr.
No.

References Design Age (Y) Notes On Key Oxidative/LP
Markers Measured

Diagnostic
Criteria

PCOS Phenotype and Menstrual
Status (As Reported)

n (PCOS /
Control)

1 [15]
RCT (synbiotic vs

placebo, 12 wk)
PCOS; oligomenorrhea common

(per inclusion) 18–40 Rotterdam TAC, MDA, hs-CRP (blood)
60 (PCOS

only)

2 [16] 18–40 Rotterdam
TAC, MDA, and in�ammatory

markers

RCT (selenium +
probiotic vs placebo,

12 wk)

60 (PCOS
only)

PCOS; menstrual irregularity
typical

3 [17] 20–40 Rotterdam
RCT (L-carnitine vs

placebo)
80 (PCOS

only)
PCOS; many overweight/obese;

oligomenorrhea frequent
Oxidative/antioxidant indices

(clinical+lab outcomes reported)

4 [18] Case–control 120 (60/60) PCOS vs age-matched controls 18–40 Rotterdam MDA, SOD, CAT, TAC; lipid pro�le

5 [19] Case–control 120 (60/60) PCOS vs controls 18–40 Rotterdam
Non-enzymatic & enzymatic

antioxidants (e.g., GSH, SOD), TAC

6 [20] 18–40 Rotterdam
RCT (ellagic acid

200mg/d vs placebo,
8 wk)

60 (PCOS
only)

PCOS; menstrual irregularity
common

MDA, TAC; insulin resistance &
sex hormones

7 [21] 18–40 Rotterdam
RCT (L-carnitine during

COS in PCOS, 6 wk)
60 (PCOS

only)
PCOS candidates for ART;

many overweight
Metabolic pro�le; (OS not primary
but relevant to Table 2 synthesis)

8 [22] 18–40 Rotterdam
RCT (CoQ10 8 wk

vs placebo)
40 (PCOS

only)
Infertile PCOS, IVF

candidates
Antioxidant/OS panel planned; 

metabolic & reproductive endpoints

9 [23] 18–40 Rotterdam
RCT (oleoylethanolamide

vs placebo)
68 (PCOS

only)
Overweight/obese PCOS;

irregular menses
Oxidative stress markers (e.g.,

MDA, TAC), in�ammatory markers



RCT = randomized controlled trial; COS = controlled ovarian stimulation; ART = assisted reproductive technology; TAC = total antioxidant 

capacity; MDA = malondialdehyde; SOD = superoxide dismutase; CAT = catalase; TOS/OSI = total oxidant status/oxidative stress index; LP = 

lipid peroxidation.

Across observational studies, oxidative-stress patterns consistently demonstrated elevated MDA and depressed 

antioxidant markers such as TAC, SOD, and GSH among women with PCOS compared with controls. Nigerian datasets 

replicated these trends across different ethnic backgrounds, con�rming cross-regional reproducibility. Nutraceutical 

interventions showed directionally favorable biochemical improvements, including increased TAC and lowered MDA 

(p<0.05), except in settings where oxidative stress was not a primary endpoint (e.g., ART populations). Follicular �uid 

analyses revealed mitochondrial-level changes even when serum markers remained unchanged, highlighting biospecimen-

dependent sensitivity. Overall, the table depicts a clear oxidative-stress signature that aligns with obesity-linked metabolic 

dysfunction (Table 2).
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10 [24] 18–40 Rotterdam PON-1 activity, MDA
RCT (green coffee
vs placebo, 8 wk)

44 (PCOS
only)

PCOS; obesity
frequently present

11 [25] 90 (45/45)
Non-obese adolescents with

PCOS vs controls; irregular cycles 13–19 TAC status; metabolic correlates
Case–control
(adolescents)

Rotterdam
(adolescent

-adapted)

12 [26] 20–38 Rotterdam
RCT, triple-blind

(resveratrol vs placebo;
ART setting)

80 (PCOS
only)

PCOS undergoing ART;
many are overweight

OS indices (TOS/OSI), TAC in
follicular �uid & granulosa cells

13 [27] Case–control 180 (90/90) 18–40 Rotterdam
PCOS vs age/BMI-matched

controls
Oxidative stress indicators and

associations

14 [28] 18–45 Rotterdam TAC, oxidative stress & hormones
Cross-sectional (PCOS

clinic cohort)
120 (PCOS

only)
PCOS with menstrual

dysfunction; many are overweight

15 [29] 18–40 Rotterdam TAC ↑, MDA ↓ reported
RCT (probiotic

formulation vs placebo,
12 wk)

60 (PCOS
only)

PCOS with menstrual
irregularity

Sr.
No.

References Intervention Effect (Trials) Key StatsPCOS Vs Control
(Observational Studies)

Markers
Reported

Specimen and
Assay Notes

1 [15] (PCOS only)

Synbiotic ↑NO and ↓hs-CRP;
no signi�cant change in TAC/

GSH overall; MDA ↓ after
adjustment

NO +5.2–5.5 µmol/L; hs-CRP −
990 ng/mL; MDA Δ −0.1 µmol/L
(ANCOVA p=0.02) vs placebo.

Serum;
spectrophotometric

panels

TAC, MDA, NO,
hs-CRP

2 [16] Serum —
Probiotic + selenium ↑TAC &

GSH; ↓MDA & hs-CRP

TAC β +84.8 (p<0.001); GSH β +26.8
(p=0.02); MDA β −0.29 (p=0.03); hs-

CRP β −0.58 (p=0.004). 

TAC, MDA,
GSH, hs-CRP

3 [17] Serum — —
(OS panel not

primary)

L-carnitine RCT (fertility
outcomes) – OS markers not
reported for primary analysis

4 [18]
MDA, SOD,
Gpx, TAC

—
Serum;

spectrophotometry
PCOS: ↑MDA; ↓SOD &

TAC vs controls
MDA ↑ (p=0.002); SOD ↓ (p<0.001);

TAC ↓ (p=0.001).

5 [19] Serum —
e.g., MDA ↑; SOD & CAT ↓ (all

p<0.05); MDA negatively correlated
with SOD/CAT (r=−0.61/−0.57).

MDA, GSH,
SOD, CAT, Gpx;

Vit A/C/E

PCOS: ↑MDA & Gpx;
↓GSH, SOD, CAT, Vit

A/C/E

6 [20] Serum —
TAC,

MDA (plus
cytokines)

Ellagic acid ↑TAC; ↓MDA,
CRP, TNF-α vs placebo

OS panel improved (p<0.05
for TAC↑, MDA↓).

7 [21] — —
Serum/follicular

(ART setting)
OS not

primary

L-carnitine during COS:
no OS endpoints reported;
metabolic/repro outcomes

only

8 [22] —
CoQ10 vs placebo: study

focuses on metabolic pro�les;
OS markers not presented

—
Serum (IVF
candidates)

Metabolic
endpoints;

OS not directly
quanti�ed



Nutraceutical and pharmacological interventions demonstrated consistent improvements in oxidative biomarkers, 

including reductions in MDA, CRP, and TNF-α and increases in TAC, GSH, and PON-1. Mechanistically, interventions targeted 

diverse pathways such as mitochondrial biogenesis (resveratrol), gut-liver axis modulation (probiotics/symbiotics), PPAR-α 

activation (OEA), and paraoxonase activation (green coffee). Clinical outcomes often paralleled biochemical improvements, 

with several studies reporting improved menstrual regularity, reduced androgen levels, and better metabolic indices. BMI-

strati�ed �ndings suggested that obese participants derived the greatest antioxidant bene�t, reinforcing the obesity-redox 

interaction in PCOS. Collectively, the table supports a therapeutic role for redox modulation in improving metabolic and 

reproductive outcomes (Table 3).
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Table 3: Pharmacologic and Nutraceutical Interventions Targeting Oxidative Stress in PCOS

9 [23] Serum —
Oleoylethanolamide (OEA)
↑TAC; ↓MDA, CRP, TNF-α

vs placebo

TAC, 
MDA; CRP,

TNF-α

“MDA ↓ and TAC ↑ signi�cantly”
after 8 wk (p<0.05).

10 [24] —
Green coffee ↑PON-1

activity vs placebo; MDA:
NS change

Serum; enzymatic
activity

PON-1 activity,
MDA

Signi�cant PON-1 increase;
MDA between-group NS.

12 [26]

TAC, TOS/
OSI; mito

biogenesis
indices

—

Resveratrol improved
mitochondrial/embryo quality;

OS indices improved in the
ART milieu

Reported amelioration of oxidative
stress/mitochondrial markers

alongside embryo quality gains.

Follicular �uid,
granulosa cells

13 [27] Serum TAC, MDA —PCOS: ↓TAC; MDA
~NS vs controls

TAC lower (p<0.001); MDA no
between-group difference.

14 [28] Serum TAC, MDA — Differences signi�cant; open-
access article details.

PCOS: ↓TAC; ↑MDA vs
reference/controls

15 [29] Serum —TAC, MDA,
hs-CRP

Probiotic ↑TAC; ↓MDA
& hs-CRP vs placebo

Signi�cant TAC↑/MDA↓
after 12 wk.

Sr.
No.

References BMI / Obesity Strati�cationDuration
Clinical Outcome

(Manses' / Ovulation
/ Metabolic)

Oxidative
Biomarker Change

Mechanism /
Target Pathway

Intervention Type
(Drug /

Nutraceutical)

1 [15] 12 wk

Gut–liver axis
modulation;

↓in�ammation &
oxidative stress

Majority overweight / obese
(BMI > 28 kg/m²); improvements

independent of BMI change

Synbiotic vs placebo
(nutraceutical)

↓MDA (p = 0.02);
↑NO; TAC n.s.

↓hs-CRP; improved
hirsutism (mFG ↓)

2 [16] 12 wk
Microbiome–

antioxidant synergy
Se cofactor ↑ GPx

Probiotic + selenium
(nutraceuticals)

↑TAC 
(+84.8 µmol/L);

↑GSH;↓MDA
(p < 0.05)

↓Total T; ↓hirsutism
score (p < 0.01)

Mean BMI ≈ 30 kg/m²; larger
TAC rise in obese subgroup

3 [29] 12 wk
↑TAC; ↓MDA;

↓hs-CRP (sig.)

Overweight PCOS (mean BMI
31 ± 3TAC increase correlated

with); BMI reduction

Probiotic vs placeb
 (nutraceutical)

Microbiota
rebalance; anti-

in�ammatory

↓Total T; ↑SHBG;
menstrual improvement

reported

4 [17] 12 wk
Mitochondrial
β- oxidation &
FA transport

OS not reported
Overweight PCOS (mean BMI

29.5); metabolic bene�t greater
in BMI > 30 subset

L-carnitine
3 g/d (nutraceutical)

Improved insulin
sensitivity & menstrual

regularity

5 [20] 8 wk
Polyphenol

antioxidant; NF-
κB inhibition

↑TAC; ↓MDA, ↓CRP,
↓TNF-α (p < 0.05)

All participants overweight/
obese; OS improvement
correlated with BMI drop

Ellagic acid 200
mg/d (nutraceutical)

↓AMH; ↓HOMA-IR;
improved lipids

6 [21] 6 wk OS not assessed
ART patients (mean BMI 27 ± 2)

obesity not a moderator

L-carnitine
during COS (drug-
like supplement)

Mitochondrial
energy support

No improvement
in IVF outcomes

7 [22] 8 wk
Mitochondrial

ETC antioxidant
(ubiquinone)

OS not reported
CoQ10

(nutraceutical)
↓Insulin & HOMA-IR;

↑fertility indices

Overweight IVF candidates
(BMI ≈ 28); bene�t independent

of BMI class

8 [23] 8 wk
Overweight/obese PCOS (BMI

29–34); largest TAC rise in
obese tertile

Oleoylethanolamide
(OEA; nutraceutical)

PPAR-α activation;
lipid metabolism &
anti-in�ammatory

↑TAC; ↓MDA;
↓CRP; ↓TNF-α (sig.)

↓AMH;
↓weight; improved

cycle regularity



Overall, randomized controlled trials demonstrated low to moderate risk of bias across most RoB 2.0 domains. The majority 

of studies showed adequate randomization, minimal attrition, and low risk of selective reporting, supporting the internal 

validity of intervention effects. Some concerns were noted mainly in outcome measurement and reporting of laboratory 

blinding, which may introduce limited detection bias for oxidative-stress biomarkers (Table 4).
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Table 4: Risk of Bias Assessment of Randomized Controlled Trials Using Cochrane Rob 2.0

References
Deviations from

Intended Interventions
Missing

Outcome Data
Measurement
of Outcomes

Overall Risk
of Bias

Selective
Reporting

Randomization
Process

[15]

[16]

[17]

[20]

[29]

[23]

[24]

[30]

[21]

[22]

Low risk

Low risk

Some concerns

Low risk

Low risk

Low risk

Low risk

Low risk

Low risk

Low risk

Low risk

Low risk

Low risk

Low risk

Low risk

Low risk

Low risk

Low risk

Low risk

Low risk

Low risk

Low risk

Low risk

Low risk

Low risk

Some concerns

Low risk

Low risk

Low risk

Low risk

Some concerns

Low risk

Some concerns

Low risk

Low risk

Low risk

Some concerns

Low risk

Some concerns

Some concerns

Low risk

Low risk

Low risk

Low risk

Low risk

Low risk

Low risk

Low risk

Low risk

Low risk

Low risk

Low risk

Some concerns

Low risk

Low risk

Some concerns

Some concerns

Low risk

Some concerns

Some concerns

Risk of bias was assessed using the Cochrane Risk of Bias 2.0 tool according to Sterne et al. [12]. Quality assessment using 

the Newcastle Ottawa Scale indicated that included observational studies were of moderate to high methodological quality, 

with NOS scores ranging from 6 to 8. Strong performance was observed in participant selection and outcome assessment, 

re�ecting appropriate case de�nition and biomarker measurement. Lower comparability scores were primarily due to 

incomplete adjustment for confounding variables such as BMI, dietary factors, and insulin resistance (Table 5).

Table 5: Quality Assessment of Observational Studies Using the Newcastle–Ottawa Scale (NOS)

References Study Design Quality Rating
Outcome/

Exposure (max 3)
Comparability

(max 2)
Total Score

(max 9)

[18]

[19]

[25]

[27]

[28]

Case–control

Case–control

Case–control (adolescents)

Case–control

Cross-sectional

Selection
(max 4)

4

4

3

4

3

1

1

1

1

1

3

2

2

3

2

8

7

6

8

6

High quality

High quality

Moderate quality

High quality

Moderate quality

The Newcastle–Ottawa Scale (NOS) evaluates observational studies across three domains: Selection (maximum 4 stars), 

Comparability (maximum 2 stars), and Outcome/Exposure (maximum 3 stars), with a total possible score of 9 stars. Studies 

scoring 7–9 stars were classi�ed as high quality, 5–6 stars as moderate quality, and <5 stars as low quality. Quality assessment 

was performed according to the original NOS criteria described by Wells et al. [13].

D I S C U S S I O N

This review consolidates evidence showing that oxidative 
stress and lipid-peroxidation damage are central 
biochemical disturbances in obesity-related PCOS with 
menstrual irregularities. Observational studies consistently 
demonstrated elevated MDA and reduced TAC, SOD, and 
GSH in women with PCOS compared with controls, which 
parallels earlier work identifying mitochondrial dysfunction, 
excessive ROS production, and impaired antioxidant 
defenses as contributors to anovulation and metabolic 
instability in PCOS [31].  The consistent association 

between adiposity and oxidative burden in the included 
studies reinforces reports that obesity ampli�es systemic 
in�ammation and oxidative injury, worsening the metabolic 
and reproductive phenotype [32, 33]. Studies examining 
lipid-stimulated ROS generation, TBARS elevation, and BMI-
dependent oxidative shifts further support a weight-linked 
acceleration of redox disruption, even after adjusting for 
metabolic confounders [34]. The review's �ndings also align 
with literature suggesting that oxidative stress contributes 
to impaired folliculogenesis, insulin resistance, and cycle 

9 [24]
Green

coffee (antioxidant
polyphenols)

8 wk
PON-1 activation;
lipid peroxidation 

defense

↑PON-1 activity
(p < 0.05); MDA n.s.

↓LDL; ↑HDL (p < 0.05)
Mean BMI ≈ 30; effect 

consistent across BMI quartiles

10 [30] 8 wk
↑Oocyte maturity;
↑embryo quality;

pregnancy n.s.

Overweight ART population
(BMI 27–32); OS amelioration

not BMI-dependent

Resveratrol 800
mg/d (nutraceutical)

SIRT1/PGC-
1α → mitochondrial

biogenesis

↓TOS/OSI; ↑TAC in
follicular �uid



i r re g u l a r i t y  t h ro u g h  i n � a m m ato r y  s i g n a l i n g  a n d 
mitochondrial dysfunction. The mechanistic relationship 
between adiposity, macrophage in�ltration, and oxidant 
production explains why obese women often exhibit the 
greatest biochemical disturbance and the largest 
improvements following antioxidant therapy. This 
observation is compatible with established models in which 
oxidative injury disrupts insulin signaling and promotes 
follicular arrest, linking metabolic and reproductive 
dysfunction. Across intervention trials, nutraceuticals 
including probiotics with or without selenium, ellagic acid, 
OEA, resveratrol, and green coffee produced consistent 
improvements in oxidative markers, with corresponding 
bene�ts in insulin sensitivity,  androgen pro�les, 
in�ammatory markers, or menstrual regularity. These 
results mirror prior reports showing that targeted 
antioxidants can restore aspects of redox homeostasis and 
improve endocrine function in PCOS [35]. The ampli�ed 
response among obese participants suggests that 
antioxidant therapy may be particularly effective in this 
subgroup, offering a practical adjunct to conventional 
m e t a b o l i c  m a n a g e m e n t .  N o t a b l y,  r e sv e r a t r o l 's 
enhancement of mitochondrial function and follicular �uid 
TAC echoes earlier evidence linking mitochondrial quality 
with oocyte competence [36]. Heterogeneity within the 
evidence base warrants cautious interpretation. Some ART-
related trials did not report oxidative endpoints or 
demonstrated neutral �ndings, possibly due to differences 
in specimen type (e.g., serum vs. follicular �uid), duration of 
intervention, or baseline redox status. Similar concerns 
have been reported in other systematic analyses, 
emphasizing the in�uence of assay variability and 
biospecimen choice on oxidative-stress outcomes [37-39]. 
Nonetheless, the overall direction of evidence consistently 
supports an oxidative-stress signature in PCOS and its 
partial reversibility with targeted antioxidant strategies. 
Clinically, these �ndings highlight the importance of 
integrating oxidative-stress assessment into the 
management of PCOS, particularly for women who are 
overweight or obese. Tailored antioxidant or nutraceutical 
interventions may complement lifestyle modi�cations by 
attenuating ROS-mediated metabolic and reproductive 
dysfunction. However, translating these biochemical 
improvements into long-term clinical outcomes will require 
high-quality trials with standardized assays, longer follow-
up, and strati�cation by BMI to distinguish the contributions 
of adiposity and intrinsic PCOS pathology [40, 41]. 
This systematic review is limited by the predominance of 
small, heterogeneous observational and short-term 
interventional studies, restricting causal inference and 
long-term generalizability. Variability in oxidative-stress 
assays, specimen types (serum vs. follicular �uid), and 
intervention protocols further limits comparability across 
studies. Additionally, inadequate strati�cation by BMI and 

C O N C L U S I O N S

This systematic review demonstrates that oxidative stress 
is signi�cantly elevated in obesity-related PCOS and that 
targeted nutraceutical interventions can improve redox 
status, metabolic indices, and menstrual parameters, with 
the most pronounced bene�ts observed in obese 
subgroups. The �ndings reinforce the interdependence of 
metabolic dysfunction and oxidative injury in PCOS and 
support the potential value of integrating antioxidant 
strategies into clinical care. 
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