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META-ANALYSIS

Polycystic ovary syndrome and risk of endometrial
hyperplasia and endometrial cancer in women with
abnormal uterine bleeding: A systematic review and
meta-analysis
Zhaoping Chu∗ , Jie Li, Fei Tian, and Wenfei Wu

Polycystic ovary syndrome (PCOS) is a prevalent endocrine disorder and a recognized risk factor for endometrial abnormalities.
However, the relationship between PCOS and the development of endometrial hyperplasia (EH) and cancer (EC) in women experiencing
abnormal uterine bleeding (AUB) remains inadequately de�ned. This meta-analysis aimed to assess the association between PCOS and
the risk of EH/EC in this demographic. We conducted a systematic search of PubMed, Embase, andWeb of Science from their inception
until September 15, 2025. Observational studies comparing the risk of EH and/or EC in women with AUB and PCOS to those without
PCOS were included. We utilized a random-e
ects model to pool data, estimating odds ratios (ORs) and 95% con�dence intervals (CIs).
Subgroup and sensitivity analyses were performed to evaluate the robustness of the �ndings and identify potential modi�ers. A total of
nine retrospective studies involving 6,064 women with AUBwere included in this analysis. Among them, 462 (7.6%) had PCOS, while
704 (11.6%) were diagnosed with EH and/or EC. Our results indicated a signi�cant association between PCOS and an increased risk of
EH/EC (OR: 3.28, 95% CI: 2.54–4.25; I2 = 0%, P< 0.001). This association remained consistent across sensitivity analyses and various
subgroups de�ned by geographic region, menopausal status, analytic model, and study quality. Further analyses demonstrated
heightened risks for EH (OR: 3.09, 95% CI: 2.49–3.82, P< 0.001) and EC (OR: 6.98, 95% CI: 4.68–10.40, P< 0.001) in women with
PCOS. In conclusion, PCOS is associated with a signi�cantly elevated risk of EH and EC in women with AUB. These �ndings underscore
the necessity for enhanced endometrial surveillance in this high-risk population.

Keywords: Polycystic ovary syndrome, abnormal uterine bleeding, endometrial hyperplasia, endometrial cancer, meta-analysis.

Introduction
Abnormal uterine bleeding (AUB) is a prevalent gynecological
concern, characterized by irregular bleeding from the uterine
corpus in non-pregnant women, which may vary in volume,
regularity, or timing [1, 2]. It affects up to 30% of women of
reproductive age and those in perimenopause, presenting sig-
nificant diagnostic and therapeutic challenges [3]. Although
many cases are benign or functional, AUB can indicate endome-
trial hyperplasia (EH) or endometrial cancer (EC), especially
in women with specific risk factors [4]. Timely identifica-
tion of abnormal or malignant endometrial changes in women
with AUB is essential, as it allows for prompt interventions
to prevent disease progression and enhance prognosis [5].
Among the various risk factors, polycystic ovary syndrome
(PCOS) is particularly noteworthy due to its prevalence and
associated hormonal profile [6, 7]. PCOS affects approximately
6%–15% of reproductive-aged women and is characterized by
hyperandrogenism, oligo/anovulation, and polycystic ovarian
morphology [8]. AUB frequently manifests in women with

PCOS, primarily as a result of chronic anovulation, which
induces unopposed estrogen stimulation of the endometrium
and disrupts normal cyclic shedding [9, 10].

From a biological perspective, PCOS creates a pro-estrogenic
and low-progesterone environment that encourages endome-
trial proliferation, potentially leading to EH and subsequent
malignant transformation [11, 12]. Factors such as insulin resis-
tance, inflammation, and obesity—common in PCOS—may fur-
ther heighten the endometrial risk [13]. Numerous cohort and
case-control studies have indicated an increased long-term risk
of EC in women with PCOS, particularly among those who are
obese or untreated [14–16]. However, the specific relationship
between PCOS and the risk of EH or EC in women presenting
with AUB remains inadequately established. This population is
clinically significant, as AUB often prompts diagnostic endome-
trial sampling, and recognizing PCOS as a high-risk factor
could inform clinical decision-making [17]. While some studies
have suggested a notable association between PCOS and EH/EC
in patients with AUB [18–24], others have reported no such
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correlation [25, 26], likely due to variations in study design,
population characteristics, and diagnostic criteria. To address
these inconsistencies, we conducted a systematic review and
meta-analysis aimed at quantitatively evaluating the associa-
tion between PCOS and the risk of EH and/or EC inwomenwith
AUB, providing evidence-based insights into risk stratification
and clinical management.

Materials andmethods
This study adhered to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
2020 guidelines [27, 28] and the Cochrane Handbook [28]
for systematic reviews and meta-analyses, ensuring compre-
hensive coverage of study design, data collection, statistical
methods, and result interpretation. The meta-analysis protocol
has been registered with International Prospective Register
of Systematic Reviews (PROSPERO) under the identifier:
CRD420251123044, with no deviations from the registered
protocol.

Database search
To identify relevant studies for this meta-analysis, we con-
ducted searches in the PubMed, Embase, and Web of Sci-
ence databases using a comprehensive set of search terms.
This included the following combinations: (1) “polycystic ovary
syndrome” OR “PCOS”; (2) “menorrhagia” OR “dysfunctional
uterine bleeding” OR “abnormal uterine bleeding” OR “uter-
ine haemorrhage” OR “uterine hemorrhage” OR “uterine bleed-
ing” OR “metrorrhagia”; (3) “endometrial”; and (4) “cancer”
OR “abnormal” OR “hyperplasia” OR “carcinoma” OR “malig-
nant” OR “malignancy.” The search was limited to studies
involving human subjects and included only full-length arti-
cles published in English or Chinese in peer-reviewed jour-
nals. We also manually reviewed the references of related orig-
inal and review articles to identify additional relevant studies.
The search encompassed all records fromdatabase inception up
to September 15, 2025. The complete search strategy for each
database is detailed in Supplemental File 1.

Study eligible criteria
We employed the Population, Exposure, Comparison, Out-
comes, and Study design (PECOS) framework to delineate the
inclusion criteria:

P (patients): Women with a confirmed diagnosis of AUB,
without restrictions on age ormenopausal status. The diagnosis
ofAUBwas consistentwith criteria used in the included studies.

E (exposure): Women with a confirmed diagnosis or history
of PCOS, identified through clinical history, Rotterdam criteria,
or other accepted diagnostic frameworks aligned with the orig-
inal studies.

C (comparison): Women with AUBwithout PCOS.
O (outcomes): Incidence or prevalence of EH (with or with-

out atypia) and/or EC, validated through histopathological
examination. The primary outcome of the meta-analysis was
the composite outcome of EH and/or EC, while the secondary
outcomeswere EH and EC analyzed separately. Atypical hyper-
plasia was classified as EH in all analyses and not grouped with

EC. Although theWorld Health Organization (WHO) classifica-
tions of endometrial lesions have evolved, all included studies
employed histopathological diagnosis, and atypical hyperplasia
was consistently documented within the EH spectrum; thus,
reclassification across studies was unnecessary.

S (study design): Observational studies, including cohort
studies, case-control studies, and cross-sectional studies that
report comparative data between PCOS and non-PCOS groups.

We excluded reviews, editorials, other meta-analyses, stud-
ies lackingwomenwithAUB, studies that didnot consider PCOS
as an exposure, or those that failed to report the risk of EH or EC
as an outcome of interest. In cases of overlapping populations,
we included the study with the largest sample size in the meta-
analysis.

Study quality evaluation
Two authors independently conducted the literature search,
study selection, quality assessment, and data extraction.
Discrepancies were resolved through discussion with the
corresponding author. Study quality was evaluated using the
Newcastle–Ottawa Scale (NOS) [29], which assesses selection,
control of confounders, and outcome evaluation. Scores range
from 1 to 9, with scores of 7 or higher classified as good
quality.

Data collection
The data collected for analysis comprised study details (author,
year, location, and design), participant characteristics (diag-
nosis of AUB, number of women included in each study, and
mean age), methods for validating PCOS diagnosis, the number
of women diagnosed with PCOS, reported outcomes (EH/EC),
methods for validatingEH/ECdiagnosis, thenumber of patients
with EH and EC in each study, and covariates adjusted in the
analysis of the association between PCOS and EH/EC in women
with AUB.

Statistical analysis
The association between PCOS and the risk of EH/EC in women
with AUB was summarized using odds ratios (OR) and corre-
sponding 95% confidence intervals (CI) [28]. ORs served as the
summary effect measure, facilitating consistent pooling across
heterogeneous observational study designs reporting binary
outcomes. ORs and standard errors were directly extracted or
computed from 95% CIs or P values, followed by log trans-
formation to stabilize variance and normalize the data [28].
When multiple effect estimates were available, the most fully
adjusted estimate was preferentially extracted; if only uni-
variate analyses were provided, crude data or unadjusted esti-
mates were utilized. Studies lacking outcome-specific PCOS
counts contributed only to the corresponding composite anal-
yses. Heterogeneity was assessed using the Cochrane Q test
and I2 statistic [30], with a P value < 0.10 indicating signif-
icant heterogeneity. I2 values of <25%, 25%–75%, and >75%
were interpreted as low, moderate, and high heterogeneity,
respectively. Random-effectsmeta-analyseswere performed in
ReviewManager (RevMan) using the inverse-variance method
with the DerSimonian–Laird estimator for between-study vari-
ance, selected a priori to accommodate anticipated clinical and
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Figure 1. Flowchart of database search and study inclusion.

methodological heterogeneity across studies, even when statis-
tical heterogeneity was low. Cochran’s Q, I2, and τ

2 statistics
were calculated, with τ

2 values reported directly in the cor-
responding forest plots [28]. Hartung–Knapp–Sidik–Jonkman
confidence intervals were not applied, as τ

2 was estimated as 0
in all primary analyses, a condition inwhich thismodel does not
significantly alter interval estimates. Sensitivity analyses were
conducted by removing one study at a time. For the primary
outcome, predefined subgroup analyses were performed based
on study country (Asian vs. Western countries), menopausal
status (premenopausal only vs. pre- and postmenopausal), ana-
lytic models (univariate vs. multivariate), and NOS scores (< 7
vs. ≥ 7). Publication bias was assessed using funnel plots and
visual inspection for asymmetry, as well as Egger’s test [31].
All analyses were conducted using RevMan (Version 5.3;
Cochrane Collaboration, Oxford, UK) and Stata (Version 17.0;
Stata Corporation, College Station, TX, USA).

Results
Study inclusion
The study selection process is illustrated in Figure 1. Ini-
tially, 256 records were identified from three databases. After

excluding 84 duplicates, 172 articles were screened based on
title and abstract. Of these, 150 were excluded for not aligning
with the aims of themeta-analysis. The full texts of the remain-
ing 22 articles were reviewed by two independent authors,
resulting in the exclusion of 13 articles for various reasons, as
detailed in Figure 1. Ultimately, nine studies were included in
the quantitative analysis [18–26].

Summary of study characteristics
Table 1 summarizes the characteristics of the nine stud-
ies included in this meta-analysis. All studies employed
a retrospective design and were conducted between 2010
and 2024 across various countries, including China, Iran,
the United States, Pakistan, Korea, and Thailand [18–26].
The study populations comprised premenopausal women only
in six studies [19, 21–25] or women of mixed menopausal
status presenting with AUB in three studies [18, 20, 26], with
sample sizes ranging from 69 to 3,175 participants. In total,
6,064 women with AUB were included in the meta-analysis.
Themean age of participants,where reported, ranged from23.0
to 49.5 years. PCOS was primarily diagnosed based on clinical
history [18–23, 25, 26], with one study explicitly employing
the Rotterdam criteria [24]. A total of 462 (7.6%) women were
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Table 1. Characteristics of the included studies

Study Country Design
Patient
characteristics Diagnosis of AUB

Sample
size

Mean
age
(years)

Diagnosis
of PCOS

No. of
women
with
PCOS

Outcomes
reported Diagnosis of EH/EC

No. of
patients
with EH

No. of
patients
with EC

Variables
adjusted

Gong
2010

China R Premenopausal
women with AUB

Clinical evaluation
based on symptoms,
transvaginal
ultrasound, and
diagnostic curettage

182 44 Clinical
history

4 EH/EC Pathological
con�rmation after
diagnostic curettage

8 5 Age, BMI,
hypertension,
diabetes,
HRT/TAM use,
thyroid
disease,
endometrial
thickness

Soleymani
2014

Iran R Pre or
post-menopausal
women with AUB

Clinical evaluation
(irregular bleeding
patterns, e.g.,
menorrhagia,
metrorrhagia).

591 NR Clinical
history

25 EH/EC Histopathological
examination
post-diagnostic
curettage

106 4 None

Rosen
2019

USA R Young women
(< 25 years) with
AUB

Clinical evaluation
(menorrhagia,
oligomenorrhea,
irregular cycles)

69 23 Clinical
history

21 EH/EC Histopathological
con�rmation
post-endometrial
biopsy

10 3 None

Xu 2022 China R Pre or
post-menopausal
women aged
30–65 years with
AUB

Clinical evaluation
(irregular bleeding
patterns:
menorrhagia,
intermenstrual
bleeding,
oligomenorrhea).

205 NR Clinical
history

23 EH/EC Histopathological
con�rmation
(following biopsy,
curettage, or
hysteroscopy)

NR
(reported
as com-
posite
EH/EC)a

NR
(reported
as com-
posite
EH/EC)a

None

Kuai 2023 China R Premenopausal
women (≤40
years) with AUB

Clinical evaluation
(irregular menses,
menostasis,
hypermenorrhea,
etc.)+ transvaginal
ultrasound

495 33.1 Clinical
history

109 EH/EC Histopathological
con�rmation post-
hysteroscopy/TVUS

169 48 None

Beavis
2023

USA R Premenopausal
women (≤45
years) with AUB

ICD-10 codes 3175 39 ICD-10
codes

96 EH/EC Histologically-
con�rmed

105 30 Age,
race/ethnicity,
BMI, and
diabetes

Iqbal
2023

Pakistan R Premenopausal
females aged
20–45 years with
AUB

Clinical presentation
of irregular uterine
bleeding

70 32.9 Clinical
diagnosis

35 EC Histopathology
reports from dilation
and curettage

0 35 Age, marital
status, parity,
duration of
symptoms,
BMI, and use of
contraceptives

(Continued)
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diagnosedwith PCOS. All studies reported the occurrence of EH
and/or EC,with diagnoses confirmed through histopathological
examination, serving as the definitive diagnostic standard. One
study [20] reported EH and/or EC as a composite outcome
and consequently contributed only to the composite EH/EC
analysis, not to the EH-only or EC-only subgroup analyses.
Overall, 704 (11.6%) of the included women had EH/EC. Five
studies reported only univariate results [18–20, 23, 26], while
four studies [21, 22, 24, 25] provided adjusted analyses that
included covariates such as age, body mass index (BMI),
diabetes, and reproductive history to varying extents. Study
quality was assessed using the NOS, with total scores ranging
from 6–9, indicating moderate to high methodological quality
(Table 2).

Association between PCOS and EH/EC in women with AUB
The pooled results fromnine studies [18–26] indicate that PCOS
is significantly associated with an elevated risk of EH and EC
in women with AUB (OR: 3.28, 95% CI: 2.54–4.25, P < 0.001;
Figure 2A). There was no significant heterogeneity observed
(P for Cochrane Q test = 0.64, I2 = 0%). Sensitivity analy-
ses, conducted by sequentially omitting individual datasets,
revealed stable results (OR: 2.97–3.50, p all < 0.05). Subgroup
analyses demonstrated consistent findings across studies from
both Asian and Western countries (OR: 3.26 vs. 3.34, p for sub-
group difference = 0.94; Figure 2B), and among studies com-
prising only premenopausal women compared to those includ-
ing both pre- and postmenopausal women (OR: 3.54 vs. 2.32,
p for subgroup difference = 0.28; Figure 2C). Furthermore,
results from univariate and multivariate analyses were similar
(OR: 3.06 vs. 3.35, p for subgroup difference= 0.76; Figure 3A).
Additional subgroup analysis suggested a stronger association
between PCOS and EH/EC in studies with NOS≥ 7 compared to
those with NOS = 6 (OR: 3.63 vs. 1.75), although the difference
was marginal (p for subgroup difference = 0.05, α = 0.05;
Figure 3B).

Subsequently, a meta-analysis involving four studies
[18, 19, 23, 26] confirmed that PCOS is significantly linked to
a higher risk of EH in women with AUB (OR: 3.09, 95% CI:
2.49–3.82, P < 0.001; I2 = 0%; Figure 4A). Further sensitivity
analysis, which involved excluding one study at a time, did
not significantly alter the results (OR: 2.87–3.11, P all < 0.05).
Finally, a meta-analysis of six studies [18, 21–23, 25, 26]
indicated that PCOS is also significantly associated with an
increased risk of EC in women with AUB (OR: 6.98, 95% CI:
4.68–10.40, P< 0.001; I2 = 0%; Figure 4B). Sensitivity analysis
by excluding individual studies consistently yielded similar
findings (OR: 5.82–7.49, P all< 0.05).

Publication bias
Funnel plots for the meta-analysis examining the association
between PCOS and EH/EC in women with AUB are depicted
in Figure 5A. The symmetry of these plots suggests a low risk
of publication bias. Egger’s test further confirmed the absence
of publication bias (P = 0.33). The funnel plots assessing pub-
lication bias for the separate meta-analyses of associations
betweenPCOSandEHandECare displayed in Figure 5B and 5C.
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Although these plots appeared symmetrical, the determination
of publication bias was limited by the small number of studies
available for EH and EC outcomes. Consequently, Egger’s test
was not conducted for these two meta-analyses due to the lim-
ited number of included studies.

Discussion
This meta-analysis of nine retrospective studies, encompass-
ing 6,064 women with AUB, demonstrates a significant asso-
ciation between PCOS and an increased risk of both EH and
EC when examined separately. While a composite outcome
of EH/EC was analyzed to include studies that did not dif-
ferentiate histology, the primary interpretation of our find-
ings relies on the separate, histologically confirmed analyses
for EH and EC, which represent distinct premalignant and
malignant conditions. Notably, the association was more pro-
nounced for EC than for EH, suggesting a stronger link between
PCOS and malignant endometrial changes compared to benign
hyperplasia.

Several mechanisms may explain the observed association
between PCOS and endometrial abnormalities in women
with AUB. At the molecular level, chronic anovulation in
PCOS results in prolonged exposure to unopposed estrogen
without progesterone-mediated differentiation, creating a
pro-proliferative endometrial environment [32, 33]. This
hormonal imbalance contributes to endometrial glandu-
lar hyperplasia and may initiate or accelerate malignant
transformation [34]. Additionally, insulin resistance—a
hallmark of PCOS—can enhance mitogenic signaling path-
ways through hyperinsulinemia and decrease levels of sex
hormone-binding globulin, thereby increasing bioavailable
estrogen [35–37]. Furthermore, inflammatory mediators and
altered adipokines inPCOS, such as tumornecrosis factor-alpha
and leptin, have been implicated in promoting endometrial
proliferation and carcinogenesis [38, 39]. Clinically, women
with PCOS often present with irregular or heavy menstrual
bleedingdue to endometrial instability andchronic stimulation,
making AUB both a symptom of PCOS and a potential marker
of endometrial pathology [10]. The key molecular mechanisms
underlying this association warrant further investigation in
future studies.

The results of the subgroupanalyses offer additional insights
into the consistency and potential modifiers of the association.
Risk estimates remained stable across studies conducted in
Asian andWesternpopulations, supporting the generalizability
of the findings. Similarly, the association persisted among stud-
ies that included only premenopausal women and those with
mixed menopausal status, indicating that PCOS confers an ele-
vated endometrial risk irrespective of age or menopausal state.
However, the interpretation of menopausal status in subgroup
analysis should be approachedwith caution. In postmenopausal
women, PCOS status reflects a documented premenopausal
history rather than a diagnosis established post-menopause.
Hence, the exploration of menopausal status aimed to assess
whether the historical diagnosis of PCOS influences endome-
trial outcomes across different life stages; these findings are
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Figure 2. Forest plots for the meta-analysis of the association between PCOS and the composite outcome of EH and/or EC in women with AUB.
(A) Overall random-e
ects meta-analysis of nine retrospective studies showing that PCOS was associated with higher odds of the composite endometrial
outcome inwomenwithAUB (OR3.28, 95%CI 2.54–4.25),without signi�cant heterogeneity. (B) Subgroup analysis according to study country, demonstrating
consistent associations in Asian countries (OR 3.26, 95% CI 2.42–4.40) and Western countries (OR 3.34, 95% CI 2.02–5.52), with no signi�cant subgroup
di
erence. (C) Subgroup analysis according to menopausal status, showing similar associations in studies including premenopausal women only (OR 3.54,
95% CI 2.66–4.71) and in studies including women with mixed menopausal status (OR 2.32, 95% CI 1.14–4.75), with no signi�cant subgroup di
erence.
Squares represent study-speci�c e
ect estimates,with size proportional to studyweight; horizontal lines indicate 95%CIs; diamonds represent pooled e
ect
estimates; the vertical reference line indicates no e
ect (OR = 1). Abbreviations: AUB: abnormal uterine bleeding; CI: con�dence interval; EC: endometrial
cancer; EH: endometrial hyperplasia; OR: odds ratio; PCOS: polycystic ovary syndrome.
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Figure 3. Forest plots of subgroup analyses for the association between PCOS and the composite EH/EC outcome inwomenwith AUB. (A) Subgroup
analysis according to analytic model, demonstrating similar pooled associations in studies reporting univariate estimates (OR= 3.06, 95% CI: 2.03–4.61) and
multivariate estimates (OR= 3.35, 95%CI: 2.26–4.96), with no signi�cant di
erence between subgroups (P= 0.76). (B) Subgroup analysis according to study
quality assessed by the NOS, demonstrating a stronger association in studies with NOS scores of 7–9 (OR= 3.63, 95% CI: 2.75–4.79) than in studies with an
NOS score of 6 (OR= 1.75, 95% CI: 0.88–3.49); the between-subgroup di
erence was borderline (P= 0.05). The overall pooled estimate across all included
studies was OR= 3.28 (95% CI: 2.54–4.25). Squares represent study-speci�c e
ect estimates, with square size proportional to studyweight; horizontal lines
denote 95% CIs; diamonds represent pooled estimates derived from random-e
ects models. Abbreviations: AUB: Abnormal uterine bleeding; CI: Con�dence
interval; EH/EC: Endometrial hyperplasia and/or endometrial cancer; NOS: Newcastle–Ottawa Scale; OR: Odds ratio; PCOS: Polycystic ovary syndrome.

exploratory. Additionally, a modestly stronger association was
observed in studies with higher NOS scores, likely reflecting
more rigorous methodological designs and better control for
confounding variables. Moreover, while both univariate and
multivariate analyses supported the association between PCOS
andEH/EC, the similar effect sizes across these analyses suggest
that the link is not solely driven by confounding factors such as

age, obesity, or diabetes. Of particular interest is the higher OR
observed for EC compared to EH,whichmay reflect the cumula-
tive effects of chronic hormonal and metabolic disturbances in
PCOS, ultimately increasing susceptibility to malignant trans-
formation beyond the development of hyperplasia.

This study presents several strengths. It represents the first
meta-analysis specifically examining the association between
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Figure 4. Forest plots for the separate meta-analyses of the associations between PCOS and EH or EC in women with AUB. (A) Random-e
ects
meta-analysis of four studies showing that PCOS was associated with higher odds of EH in women with AUB (OR 3.09, 95% CI 2.49–3.82; I2 = 0%).
(B) Random-e
ectsmeta-analysis of six studies showing that PCOSwas associatedwith higher odds of EC in womenwith AUB (OR 6.98, 95% CI 4.68–10.40;
I2 = 0%). In both panels, squares represent study-speci�c e
ect estimates, with square size proportional to study weight; horizontal lines indicate 95% CIs;
diamonds represent pooled e
ect estimates; and the vertical reference line indicates no e
ect (OR = 1). Abbreviations: AUB: Abnormal uterine bleeding;
CI: Con�dence interval; EC: Endometrial cancer; EH: Endometrial hyperplasia; I2: Inconsistency statistic; OR: Odds ratio; PCOS: Polycystic ovary syndrome.

PCOS and EH/EC risk among women experiencing AUB. This
population is of significant clinical relevance due to the symp-
tomatic nature of AUB and the necessity for endometrial
evaluation. The analysis utilized a relatively large sample
size, employed a comprehensive search strategy across major
databases, and implemented prespecified subgroup and sensi-
tivity analyses to investigate potential sources of heterogeneity.
The application of a random-effects model ensured that vari-
ability among studies was appropriately addressed.

However, the study is not without limitations. All included
studies were retrospective observational in nature, which
may introduce selection bias, information bias, and residual
confounding [40, 41]. Definitions of exposure and outcome var-
ied slightly across studies. Most studies identified PCOS based
on clinical history or medical records instead of standard-
ized diagnostic criteria, such as the Rotterdam criteria; only
one study explicitly reported adherence to such criteria [24].
This discrepancy raises concerns regarding potential expo-
sure misclassification. Due to the limited use of a standard-
ized diagnostic framework, conducting a sensitivity analysis
restricted to uniformly defined PCOS was not feasible [24].
Importantly, nondifferential misclassification is expected to
attenuate associations toward the null hypothesis, suggest-
ing that the observed association may underestimate the true
effect. While adjusted estimates were preferred when avail-
able, several studies reported only univariate analyses; there-
fore, residual confounding by age, BMI, metabolic factors, and
hormone use cannot be entirely excluded. Subgroup analy-
ses by region, menopausal status, analytic model, and study
quality were exploratory and not sufficiently powered to for-
mally test for effect modification. Consequently, these findings
should be interpreted with caution and should not be regarded

as definitive subgroup effects. Analyses conducted at the
study level did not permit individual patient-level adjustments.
One included study [21] identified AUB using International
Classification of Diseases, 10th Revision (ICD-10) codes rather
than exclusively clinical definitions. Nevertheless, because all
patients underwent histopathological evaluation, the ascer-
tainment of outcomes was unlikely to be materially affected.
Furthermore, stratified analyses based on specific AUB sub-
types (e.g., heavy menstrual bleeding, intermenstrual bleed-
ing, or postmenopausal bleeding) were not performed, as none
of the included studies reported PCOS-associated endometrial
outcomes separately by AUB category. Moreover, a causal
relationship between PCOS and EH/EC cannot be established
through observational data alone. Finally, although funnel plots
appeared symmetrical and Egger’s test did not indicate signifi-
cant publication bias, these methods have limited power with
a small number of observational studies; thus, publication or
selective reporting bias cannot be completely ruled out.

Despite these limitations, the findings bear significant clini-
cal implications.WomenwithAUBandahistory of PCOS should
be recognized as a high-risk group for underlying endome-
trial pathology. Clinicians should maintain a low threshold
for recommending diagnostic endometrial sampling in this
population, even among younger premenopausal women. Risk
stratification tools and management algorithms for AUB may
benefit from incorporating PCOS status as a clinical variable.
Future studies should aim to validate these findings in prospec-
tive cohorts utilizing standardized diagnostic criteria for both
PCOS and endometrial conditions, and should further explore
the roles of metabolic and hormonal mediators in this asso-
ciation. Additionally, the impact of lifestyle factors [42] and
pharmacologic interventions (e.g., progestin therapy, insulin
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Figure 5. Funnel plots assessing potential publication bias in the
meta-analyses of the associations between PCOS and endometrial out-
comes in women with AUB. (A) Funnel plot for the meta-analysis of the
composite EH/EC outcome. Visual inspection suggested approximate sym-
metry, and Egger’s test showed no evidence of publication bias (P = 0.33).
(B) Funnel plot for the meta-analysis of the association between PCOS and
EH. (C) Funnel plot for the meta-analysis of the association between PCOS
and EC. Although the plots in panels B and C appeared broadly symmetrical,
publication bias could not be reliably assessed, and Egger’s test was not
performedbecause only four and six studieswere available for the EHandEC
analyses, respectively. In each panel, squares represent individual studies,
the vertical dotted line indicates the pooled e
ect estimate, and the oblique
dashed lines indicate the pseudo 95% con�dence limits. Abbreviations:
AUB: Abnormal uterine bleeding; EC: Endometrial cancer; EH: Endometrial
hyperplasia; EH/EC: Endometrial hyperplasia and/or endometrial cancer;
OR: Odds ratio; PCOS: Polycystic ovary syndrome; SE: Standard error.

sensitizers) [43] in modifying EH/EC risk in womenwith PCOS
warrants further investigation. The present findings should
be interpreted as evidence of an association between PCOS

and increased odds of EH and EC among women with AUB,
rather than as definitive proof of an independent or causal
relationship.

Conclusion
In conclusion, this meta-analysis provides contemporary evi-
dence suggesting that PCOS may be associated with increased
odds of EH and EC in women presenting with AUB. These find-
ings underscore the necessity for heightened clinical awareness
and individualized assessment of endometrial risk within this
population. Early identification and appropriate management
of endometrial abnormalities in women with PCOS and AUB
could enhance reproductive and oncologic outcomes.

Conflicts of interest: Authors declare no conflicts of interest.

Funding: This study is supported by Hebei Province Medical
Science Research Key Project (20180143).

Data availability: All data generated or analyzed during this
study are included in this published article.

Submitted: 06 November 2025
Accepted: 21 December 2025
Published online: 18 March 2026

References
[1] Whitaker L, Critchley HO. Abnormal uterine bleeding. Best Pract

Res Clin Obstet Gynaecol 2016;34:54–65. https://doi.org/10.1016/j.
bpobgyn.2015.11.012.

[2] Brun JL, Plu-Bureau G, Huchon C, Ah-Kit X, Barral M, Chauvet P, et al.
Management of womenwith abnormal uterine bleeding: clinical prac-
tice guidelines of the French National College of Gynaecologists and
Obstetricians (CNGOF). Eur JObstetGynecol ReprodBiol 2023;288:90–
107. https://doi.org/10.1016/j.ejogrb.2023.07.001.

[3] Vitale SG, Watrowski R, Barra F, D’Alterio MN, Carugno J,
Sathyapalan T, et al. Abnormal uterine bleeding in perimenopausal
women: the role of hysteroscopy and its impact on quality of life
and sexuality. Diagnostics (Basel) 2022;12(5):1176. https://doi.org/10.
3390/diagnostics12051176.

[4] Chou A-J, Bing R-S, Ding D-C. Endometrial atypical hyperplasia and
risk of endometrial cancer. Diagnostics 2024;14(22):2471. https://doi.
org/10.3390/diagnostics14222471.

[5] Jain V, Chodankar RR, Maybin JA, Critchley HOD. Uterine bleed-
ing: how understanding endometrial physiology underpins menstrual
health. Nat Rev Endocrinol 2022;18(5):290–308. https://doi.org/10.
1038/s41574-021-00629-4.

[6] Shrivastava S, Conigliaro RL. Polycystic ovarian syndrome. Med Clin
North Am 2023;107(2):227–34. https://doi.org/10.1016/j.mcna.2022.
10.004.

[7] Howlett B, Ovsepyan V, Ross T, Carlson J. Lifecycle approach to abnor-
mal uterine bleeding. PrimCare 2025;52(2):181–92. https://doi.org/10.
1016/j.pop.2024.12.003.

[8] Singh S, Pal N, Shubham S, Sarma DK, Verma V, Marotta F, et al.
Polycystic ovary syndrome: etiology, currentmanagement, and future
therapeutics. J Clin Med 2023;12(4):1454. https://doi.org/10.3390/
jcm12041454.

[9] HartR,DohertyDA.Thepotential implicationsof aPCOSdiagnosis ona
woman’s long-term health using data linkage. J Clin Endocrinol Metab
2015;100(3):911–9. https://doi.org/10.1210/jc.2014-3886.

[10] Deligeoroglou E, Karountzos V. Dysfunctional uterine bleeding as
an early sign of polycystic ovary syndrome during adolescence: an
update. Minerva Ginecol 2017;69(1):68–74. https://doi.org/10.23736/
S0026-4784.16.03994-0.

[11] Lu L, Luo J, Deng J, Huang C, Li C. Polycystic ovary syndrome is asso-
ciated with a higher risk of premalignant and malignant endometrial
polyps in premenopausal women: a retrospective study in a tertiary

Chu et al.

PCOS and endometrial risk in AUB 1729 www.biomolbiomed.com

https://www.biomolbiomed.com
https://doi.org/10.1016/j.bpobgyn.2015.11.012
https://doi.org/10.1016/j.bpobgyn.2015.11.012
https://doi.org/10.1016/j.ejogrb.2023.07.001
https://doi.org/10.3390/diagnostics12051176
https://doi.org/10.3390/diagnostics12051176
https://doi.org/10.3390/diagnostics14222471
https://doi.org/10.3390/diagnostics14222471
https://doi.org/10.1038/s41574-021-00629-4
https://doi.org/10.1038/s41574-021-00629-4
https://doi.org/10.1016/j.mcna.2022.10.004
https://doi.org/10.1016/j.mcna.2022.10.004
https://doi.org/10.1016/j.pop.2024.12.003
https://doi.org/10.1016/j.pop.2024.12.003
https://doi.org/10.3390/jcm12041454
https://doi.org/10.3390/jcm12041454
https://doi.org/10.1210/jc.2014-3886
https://doi.org/10.23736/S0026-4784.16.03994-0
https://doi.org/10.23736/S0026-4784.16.03994-0
https://www.biomolbiomed.com


teaching hospital. BMC Womens Health 2023;23(1):127. https://doi.
org/10.1186/s12905-023-02269-4.

[12] Zanjirband M, Nasr-Esfahani MH, Curtin NJ, Drew Y, Sharma Saha S,
Adibi P, et al. A systematic review of the molecular mechanisms
involved in theassociationbetweenPCOSandendometrial andovarian
cancers. J Cell Mol Med 2024;28(24):e70312. https://doi.org/10.1111/
jcmm.70312.

[13] Palomba S, Santagni S, Falbo A, La Sala GB. Complications and chal-
lenges associated with polycystic ovary syndrome: current perspec-
tives. Int J Womens Health 2015;7:745–63. https://doi.org/10.2147/
IJWH.S70314.

[14] Barry JA, Azizia MM, Hardiman PJ. Risk of endometrial, ovarian and
breast cancer in womenwith polycystic ovary syndrome: a systematic
review and meta-analysis. Hum Reprod Update 2014;20(5):748–58.
https://doi.org/10.1093/humupd/dmu012.

[15] Harris HR, Terry KL. Polycystic ovary syndrome and risk of endome-
trial, ovarian, and breast cancer: a systematic review. Fertil Res Pract
2016;2:14. https://doi.org/10.1186/s40738-016-0029-2.

[16] Amiri M, Bidhendi-Yarandi R, Fallahzadeh A, Marzban Z,
Ramezani Tehrani F. Risk of endometrial, ovarian, and breast cancers
in women with polycystic ovary syndrome: a systematic review and
meta-analysis. Int J Reprod Biomed 2022;20(11):893–914. https://doi.
org/10.18502/ijrm.v20i11.12357.

[17] TeedeHJ,TayCT,Laven JJE,DokrasA,MoranLJ, PiltonenTT, et al. Rec-
ommendations from the 2023 International Evidence-based Guideline
for the Assessment and Management of Polycystic Ovary Syndrome. J
Clin EndocrinolMetab 2023;108(10):2447–69. https://doi.org/10.1210/
clinem/dgad463.

[18] Soleymani E, Ziari K, Rahmani O, Dadpay M, Taheri-Dolatabadi M,
Alizadeh K, et al. Histopathological findings of endometrial specimens
in abnormal uterine bleeding. ArchGynecol Obstet 2014;289(4):845–9.
https://doi.org/10.1007/s00404-013-3043-1.

[19] Rosen MW, Tasset J, Kobernik EK, Smith YR, Johnston C, Quint EH.
Risk factors for endometrial cancer or hyperplasia in adolescents
and women 25 years old or younger. J Pediatr Adolesc Gynecol
2019;32(5):546–9. https://doi.org/10.1016/j.jpag.2019.06.004.

[20] Xu Y, Xie D. Prediction of factors associated with abnormal uterine
bleeding by transvaginal ultrasound combined with bleeding pattern.
Comput Math Methods Med 2022;2022:5653250. https://doi.org/10.
1155/2022/5653250.

[21] Beavis AL, Blechter B, Najjar O, Fader AN, Katebi Kashi P, Rositch AF.
Identifying women 45 years and younger at elevated risk for endome-
trial hyperplasia or cancer. Gynecol Oncol 2023;174:98–105. https://
doi.org/10.1016/j.ygyno.2023.04.019.

[22] Iqbal K, Khanum Z, Parveen A. Association of polycystic ovarian syn-
drome with endometrial carcinoma among premenopausal females. J
Coll Physicians Surg Pak 2023;33(5):531–4. https://doi.org/10.29271/
jcpsp.2023.05.531.

[23] Kuai D, Tang Q, Tian W, Zhang H. Rapid identification of endome-
trial hyperplasia and endometrial endometrioid cancer in young
women. Discov Oncol 2023;14(1):121. https://doi.org/10.1007/s12672-
023-00736-w.

[24] Jang S, Hwang SO. Risk factors for atypical hyperplasia or endome-
trial cancer in premenopausal women aged ≤45 years with abnormal
uterine bleeding. Eur J Obstet Gynecol Reprod Biol 2024;302:288–93.
https://doi.org/10.1016/j.ejogrb.2024.09.030.

[25] Gong Z. Research for risk factor of endometial hyperplasia and
endometrial cancer. Acta Univ Sci Med Chongqing 2010;35(6):938–41.

[26] Veeranaraphanit U, Saeaib N, Srisintorn W. Predicting endometrial
hyperplasia and endometrial cancer on recurrent abnormal uterine
bleeding. Obstet Gynecol 2024;144(2):259–65. https://doi.org/10.1097/
AOG.0000000000005641.

[27] Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC,
Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline
for reporting systematic reviews. BMJ 2021;372:n71. https://doi.org/
10.1136/bmj.n71.

[28] Higgins J, Thomas J, Chandler J, Cumpston M, Li T, Page
M, et al. Cochrane Handbook for Systematic Reviews of
Interventions. Version 6.2. The Cochrane Collaboration; 2021.
www.training.cochrane.org/handbook.

[29] Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M,
et al. The Newcastle–Ottawa Scale (NOS) for assessing the quality of
nonrandomised studies in meta-analyses. 2010. http://www.ohri.ca/
programs/clinical/_epidemiology/oxford.asp.

[30] Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-
analysis. Stat Med 2002;21(11):1539–58. https://doi.org/10.1002/sim.
1186.

[31] EggerM,Davey SmithG, SchneiderM,MinderC. Bias inmeta-analysis
detected by a simple, graphical test. BMJ 1997;315(7109):629–34.
https://doi.org/10.1136/bmj.315.7109.629.

[32] Xue Z, Li J, Feng J, Han H, Zhao J, Zhang J, et al. Research progress
on the mechanism between polycystic ovary syndrome and abnormal
endometrium. Front Physiol 2021;12:788772. https://doi.org/10.3389/
fphys.2021.788772.

[33] Hajam YA, Rather HA, Neelam,Kumar R, Basheer M, Reshi MS. A
review on critical appraisal and pathogenesis of polycystic ovarian
syndrome. Endocr Metab Sci 2024;14:100162. https://doi.org/10.1016/
j.endmts.2024.100162.

[34] Eriksson G, Li C, Sparovec TG, Dekanski A, Torstensson S, Risal S,
et al. Single-cell profiling of the human endometrium in polycys-
tic ovary syndrome. Nat Med 2025;31(6):1925–38. https://doi.org/10.
1038/s41591-025-03592-z.

[35] Zhao H, Zhang J, Cheng X, Nie X, He B. Insulin resistance in polycystic
ovary syndrome across various tissues: an updated review of patho-
genesis, evaluation, and treatment. J Ovarian Res 2023;16(1):9. https://
doi.org/10.1186/s13048-022-01091-0.

[36] Wang K, Li Y, Chen Y. Androgen excess: a hallmark of polycystic ovary
syndrome. Front Endocrinol (Lausanne) 2023;14:1273542. https://doi.
org/10.3389/fendo.2023.1273542.

[37] Parker J, Briden L, Gersh FL. Recognizing the role of insulin resistance
in polycystic ovary syndrome: a paradigm shift from a glucose-centric
approach to an insulin-centric model. J Clin Med 2025;14(12):4021.
https://doi.org/10.3390/jcm14124021.

[38] Schüler-Toprak S, Ortmann O, Buechler C, Treeck O. The
complex roles of adipokines in polycystic ovary syndrome and
endometriosis. Biomedicines 2022;10(10):2503. https://doi.org/10.
3390/biomedicines10102503.

[39] MuN, Zhu Y,Wang Y, ZhangH, Xue F. Insulin resistance: a significant
risk factor of endometrial cancer. Gynecol Oncol 2012;125(3):751–7.
https://doi.org/10.1016/j.ygyno.2012.03.032.

[40] Hess DR. Observational studies. Respir Care 2023;68(11):1585–97.
https://doi.org/10.4187/respcare.11170.

[41] Talari K, Goyal M. Retrospective studies – utility and caveats. J R Coll
Physicians Edinb 2020;50(4):398–402. https://doi.org/10.4997/jrcpe.
2020.409.

[42] Gautam R, Maan P, Jyoti A, Kumar A, Malhotra N, Arora T.
The role of lifestyle interventions in PCOS management:
a systematic review. Nutrients 2025;17(2):310. https://doi.org/10.
3390/nu17020310.

[43] Maan P, Gautam R, Vasudevan S, Menon GR, Arora A, Nair A, et al.
Pharmacological and non-pharmacological interventions for polycys-
tic ovary syndrome (PCOS) in Indian women: a systematic review
and meta-analysis. Pharmaceuticals 2025;18(5):680. https://doi.org/
10.3390/ph18050680.

Related articles

1. Impact of metabolic syndrome on the risk of endometrial cancer and the role of lifestyle in prevention

Alejandra Rocío Pérez-Martín et al., BJBMS, 2022

2. Molecular classi�cation and fertility-sparing outcomes in endometrial cancer and atypical endometrial hyperplasia

Jiayi Wang et al., Biomol Biomed, 2025

Chu et al.

PCOS and endometrial risk in AUB 1730 www.biomolbiomed.com

https://www.biomolbiomed.com
https://doi.org/10.1186/s12905-023-02269-4
https://doi.org/10.1186/s12905-023-02269-4
https://doi.org/10.1111/jcmm.70312
https://doi.org/10.1111/jcmm.70312
https://doi.org/10.2147/IJWH.S70314
https://doi.org/10.2147/IJWH.S70314
https://doi.org/10.1093/humupd/dmu012
https://doi.org/10.1186/s40738-016-0029-2
https://doi.org/10.18502/ijrm.v20i11.12357
https://doi.org/10.18502/ijrm.v20i11.12357
https://doi.org/10.1210/clinem/dgad463
https://doi.org/10.1210/clinem/dgad463
https://doi.org/10.1007/s00404-013-3043-1
https://doi.org/10.1016/j.jpag.2019.06.004
https://doi.org/10.1155/2022/5653250
https://doi.org/10.1155/2022/5653250
https://doi.org/10.1016/j.ygyno.2023.04.019
https://doi.org/10.1016/j.ygyno.2023.04.019
https://doi.org/10.29271/jcpsp.2023.05.531
https://doi.org/10.29271/jcpsp.2023.05.531
https://doi.org/10.1007/s12672-023-00736-w
https://doi.org/10.1007/s12672-023-00736-w
https://doi.org/10.1016/j.ejogrb.2024.09.030
https://doi.org/10.1097/AOG.0000000000005641
https://doi.org/10.1097/AOG.0000000000005641
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
http://www.ohri.ca/programs/clinical/_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical/_epidemiology/oxford.asp
https://doi.org/10.1002/sim.1186
https://doi.org/10.1002/sim.1186
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.3389/fphys.2021.788772
https://doi.org/10.3389/fphys.2021.788772
https://doi.org/10.1016/j.endmts.2024.100162
https://doi.org/10.1016/j.endmts.2024.100162
https://doi.org/10.1038/s41591-025-03592-z
https://doi.org/10.1038/s41591-025-03592-z
https://doi.org/10.1186/s13048-022-01091-0
https://doi.org/10.1186/s13048-022-01091-0
https://doi.org/10.3389/fendo.2023.1273542
https://doi.org/10.3389/fendo.2023.1273542
https://doi.org/10.3390/jcm14124021
https://doi.org/10.3390/biomedicines10102503
https://doi.org/10.3390/biomedicines10102503
https://doi.org/10.1016/j.ygyno.2012.03.032
https://doi.org/10.4187/respcare.11170
https://doi.org/10.4997/jrcpe.2020.409
https://doi.org/10.4997/jrcpe.2020.409
https://doi.org/10.3390/nu17020310
https://doi.org/10.3390/nu17020310
https://doi.org/10.3390/ph18050680
https://doi.org/10.3390/ph18050680
https://www.bjbms.org/ojs/index.php/bjbms/article/view/6963
https://www.bjbms.org/ojs/index.php/bjbms/article/view/12445
https://www.biomolbiomed.com


Supplemental data
Supplemental file 1. Detailed search strategy for each database
PubMed

#1 “Polycystic Ovary Syndrome”[Mesh] OR “polycystic ovary syndrome”[tiab] OR PCOS[tiab]
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“dysfunctional uterine bleeding”[tiab] OR “uterine haemorrhage”[tiab] OR “uterine hemorrhage”[tiab] OR “uterine bleeding”[tiab] OR “metror-
rhagia”[tiab]

#3 “Endometrium”[Mesh] OR “endometrial”[tiab]
#4 “Endometrial Neoplasms”[Mesh] OR “Endometrial Hyperplasia”[Mesh] OR “cancer”[tiab] OR “abnormal”[tiab] OR “hyperplasia”[tiab] OR

“carcinoma”[tiab] OR “malignant”[tiab] OR “malignancy”[tiab]
#5 #1 AND #2 AND #3 AND #4

Embase
#1 ‘polycystic ovary syndrome’/exp OR ‘polycystic ovary syndrome’:ti,ab OR pcos:ti,ab
#2 ‘menorrhagia’/exp OR ‘dysfunctional uterine bleeding’/exp OR ‘abnormal uterine bleeding’:ti,ab OR ‘menorrhagia’:ti,ab OR ‘dysfunctional

uterine bleeding’:ti,ab OR ‘uterine haemorrhage’:ti,ab OR ‘uterine hemorrhage’:ti,ab OR ‘uterine bleeding’:ti,ab OR ‘metrorrhagia’:ti,ab
#3 ‘endometrium’/exp OR endometrial:ti,ab
#4 ‘endometrial cancer’/exp OR ‘endometrial hyperplasia’/exp OR cancer:ti,ab OR abnormal:ti,ab OR hyperplasia:ti,ab OR carcinoma:ti,ab OR

malignant:ti,ab ORmalignancy:ti,ab
#5 #1 AND #2 AND #3 AND #4

Web of Science
TS=(“polycystic ovary syndrome” OR PCOS)
AND
TS=(“menorrhagia” OR “dysfunctional uterine bleeding” OR “abnormal uterine bleeding” OR “uterine haemorrhage” OR “uterine hemorrhage”

OR “uterine bleeding” OR “metrorrhagia”)
AND
TS=(endometrial)
AND
TS=(cancer OR abnormal OR hyperplasia OR carcinoma ORmalignant ORmalignancy)
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