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Abstract. While existing literature suggests an association
between polycystic ovarian syndrome (PCOS) and endome-
trial cancer, the sparsity and inconsistency of current evidence
indicates a lack of clarity regarding the exact strength of this
association. It also remains uncertain whether the degree of
risk of disease is affected by confounding factors, such as
age and body mass index (BMI). The present meta-analysis
is aimed to quantify the risk of endometrial cancer in female
subjects with PCOS compared to those without PCOS.
PubMed, MEDLINE, EMBASE, Scopus and Cochrane were
searched from inception to October 31, 2022, to identify
peer-reviewed case-control, cohort and cross-sectional studies
that assessed the association between endometrial cancer and
PCOS and contained original data. Two researchers indepen-
dently extracted data and performed quality assessment using
the Newcastle-Ottawa criteria. Pooled odds ratios (ORs) were
calculated using the random-effect model and inverse variance.
The degree of heterogeneity was assessed using I? statistics. A
total of 10 relevant studies were identified and included in the
meta-analysis (comprising 12,248 female patients with PCOS
and 54,120 controls). Females with PCOS had a significantly
increased odds of developing endometrial cancer as compared
to those without PCOS [OR, 4.07; 95% confidence interval
(CI), 2.13-7.78; P<0.0001]. When postmenopausal subjects
(age,>54 years) were excluded from the meta-analysis, the odds
increased further (OR, 5.14; 95% CI, 3.22-8.21; P<0.00001).
Patients with PCOS are up to 5 times more likely to develop
endometrial cancer compared to those without PCOS. Larger,
prospective studies that are well-controlled for confounding
factors, such as BMI, are required.

Correspondence to: Dr Diandra Daley, Gynaecological Oncology
Department, Watford General Hospital, West Hertfordshire Teaching
Hospitals NHS Trust, Vicarage Road, Watford, West Hertfordshire,
WD18 OHB, United Kingdom

E-mail: diandra.daley@nhs.net

Key words: polycystic, polycystic ovarian syndrome, endometrial,
premenopausal, postmenopausal, meta-analysis

Introduction

Polycystic ovarian syndrome (PCOS) is a common endo-
crine disorder affecting 4-12% of females of reproductive
age (1,2). To overcome discrepancies, the 2003 Rotterdam
consensus group recommended diagnosis when at least two
of the following are present: Oligomenorrhea or amenorrhoea,
hyperandrogenism and ultrasound appearance of polycystic
ovaries, after exclusion of other causes of irregular menstrual
cycles and hyperandrogenism (3).

Endometrial cancer is the most common gynaecological
cancer type and the second most common female malignancy
in developed countries, but only occurs in 4% of females
under 40 years of age (4-6). The diagnosis of endometrial
cancer is based on histology and is traditionally classified
into two histological subtypes: Type I (mainly endometrioid
adenocarcinomas) is most common, oestrogen-dependent and
accounts for >75% of cases; Type II includes serous, clear
cell and mixed cell histology endometrial cancers, and is less
hormonally dependent (7-9).

An increased risk of endometrial cancer has been reported
in females with PCOS (1,10), although the underlying mecha-
nism remains elusive (10). However, there is evidence that
endocrinologic and metabolic abnormalities observed in PCOS
may have complex effects on the endometrium, such as increase
in the expression of androgen and steroid receptors contributing
to endometrial dysfunction (11). Chronic anovulation encoun-
tered in PCOS is a key factor in exposing the endometrium to
prolonged unopposed oestrogen (12,13). Certain studies have
identified overexpression of luteinising hormone and human
chorionic gonadotrophin receptors in uterine adenocarcinoma
cells, which has led to suggestions that increased secretion of
luteinising hormone, a hallmark of PCOS, is also implicated in
the development of endometrial cancer (12,14).

Important risk factors linked to increased risk of
endometrial cancer (such as obesity, unopposed oestrogen
in anovulatory females, insulin resistance, nulliparity
and diabetes) are also known long-term complications of
PCOS (7,12,15,16). Despite this, there is currently no effective
or widely implemented screening program for individuals at
increased risk of endometrial cancer in the UK.

Although the association between PCOS and endometrial
cancer is acknowledged, the inconsistency of current evidence
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means that there remains a lack of clarity regarding the strength
of this association and how it translates into quantifiable risk.
Previous studies have found that subjects with PCOS have a
significant risk of developing endometrial cancer (7,17,18),
while others have concluded that evidence of an increased
risk of endometrial cancer with PCOS was incomplete and
contradictory (12,19), while no association between the two
was also reported (20).

The present meta-analysis investigates the strength of
the association between PCOS and endometrial cancer and
whether confounding factors, such as age, have a role. The
findings may influence the management of PCOS in clinical
practice, highlighting the need for preventative strategies
among high-risk groups.

Materials and methods

Meta-analysis guidelines. The ‘Preferred Reporting Items
for Systematic Reviews and Meta-Analysis’ (PRISMA) and
‘Meta-analyses Of Observational Studies in Epidemiology’
(MOOSE) guidelines for the reporting of meta-analyses were
adhered to (21,22). Appendices S1 and S2 detail the completed
PRISMA and MOOSE checklists for the present study,
respectively. Ethical approval and patient consent were not
required for the present study, as the analysis was performed
on data extracted from previously published articles. There
was no patient or public involvement in this project and a
core outcome set was not used. The literature was indepen-
dently searched by two of the researchers (JEJ and DD), who
assessed the eligibility and quality of the retrieved articles
and extracted relevant data. Any disagreements were resolved
by discussion.

Search strategy. A literature search was performed in the
PubMed (https://pubmed.ncbi.nlm.nih.gov/), EMBASE
(https://www.embase.com/landing?status=grey), Medline
(https://www.nlm.nih.gov/medline/index.html), Scopus
(https://www.scopus.com/home.uri) and Cochrane (https://
www.cochranelibrary.com/) electronic databases to identify
relevant peer reviewed articles published from inception to
October 31, 2022. The full search terms were provided in
Appendix S3. There was no language restriction. However, all
the retrieved articles were in English. In addition, the refer-
ences of retrieved articles were hand-searched to identify any
publications that may have been missed in the initial search
process. There were no unpublished studies included in the
meta-analysis.

Inclusion and exclusion criteria.Selection criteria were devised
for the meta-analysis using the Population, Intervention,
Comparison, Outcomes and Study (PICOS) criteria (23). The
inclusion criteria were as follows: i) Participants: Females of
any age with PCOS; ii) intervention: None; iii) comparison:
Females of any age without PCOS; iv) outcome: Diagnosis
of endometrial cancer; and v) study design: Retrospective
or prospective, case-control, cohort studies, cross-sectional
or randomised controlled studies. In addition to not meeting
the above criteria, studies were also excluded on the basis
of the following: i) Literature review articles, case reports
and meta-analyses, editorials, commentaries or opinions, or

conference abstracts; ii) studies that did not provide numerical
data on the sample sizes of the participant and control groups;
and iii) studies with incomplete data or without full-text
articles available at all.

Data extraction. A total of two researchers (JEJ and DD)
independently assessed the eligibility and quality of the
retrieved articles and extracted relevant data. This process took
place in two stages: Primary screening was conducted by the
first reviewer, while a second reviewer performed a secondary
screening of the search results. The use of secondary screening
aimed to increase the reliability of the study selection process
and further ensure that relevant studies were not overlooked.
Any discrepancies were examined and discussed further and a
consensus reached. Initial screening of the titles and abstracts
was followed by evaluation of full-text papers independently. The
full inclusion and exclusion criteria were applied to determine
which studies would be included in the meta-analysis.

Relevant information from included papers was extracted
into a pre-designed, piloted data extraction form. Data
extracted from papers included the following: The first author,
year of publication, study design, setting, sample size, study
population demographics, diagnostic criteria, PCOS group,
the comparison group, quality of data, risk of bias and the
outcomes assessed. Each study was also commented on with
regard to any strengths and limitations identified.

Data synthesis and assessment of heterogeneity. The odds
ratios (ORs) and 95% confidence intervals (CIs) for the
primary and secondary outcomes were calculated using
Cochrane Revman 5 software (24). The random-effects model
and inverse variance weighting were used for the meta-anal-
ysis. The Mantel-Haenszel method was used to account for
confounding factors. The degree of heterogeneity was assessed
using the I? value, to measure the extent of inconsistency
among results. The overall effect size was determined using ¥’
statistics and P-values. It was agreed that an I*=30% was likely
to indicate moderate heterogeneity, whereas an 1>>50% would
suggest substantial heterogeneity. A y? test result of P<0.1 was
considered to indicate statistically significant heterogeneity.
This P-value was chosen, as opposed to a smaller value, to
reduce the risk of Type II error. A Begg's funnel plot was used
to compare and assess publication bias between studies.

Quality assessment. The methodological quality of the
included studies was assessed using the Newcastle-Ottawa
Scale (NOS) for case-control studies (25). This is a risk of
bias assessment tool specifically designed for non-randomised
studies, with adaptations for use with case-control, cohort
and cross-sectional studies (25). Using this tool, studies were
graded in three main areas: Selection of study groups, compa-
rability of groups and ascertainment of either the exposure or
outcome. Studies included for meta-analysis were given an
overall NOS score depending on the number of stars they are
awarded in each field.

Results

Eligible studies. As presented in Fig. 1, 24,265 poten-
tially relevant articles were retrieved through electronic



ONCOLOGY LETTERS 25: 168, 2023 3

Articles identified in literature search (PUBMED n=1,987, EMBASE n=1,536,
MEDLINE n=1,891, SCOPUS n=17,769, COCHRANE n=1,082)

Additional articles identified by looking through the

references of retrieved articles (n=12)

Articles excluded due to duplication (n=23,416)

they did not meet the inclusion criteria [i.e.

design, no control group (n=824)]

Articles excluded based on the tile or abstract as

irrelevant population or outcomes(s), unsuitable study

Articles remaining for detailed evaluation (n=37)

Excluded articles (n=27)
® Non-comparative studies (n=10)

[ == .

Meta-analysis (n=3)

PCOS (n=4)

® Studies with no data on endometrial cancer prevalence amongst women with

Articles included in analysis (n=10)

Figure 1. Flow diagram of the study selection process. PCOS, polycystic ovarian syndrome.

database searches. An additional 12 articles were identified
by examining the references of retrieved articles. A total of
23,416 studies were initially excluded due to duplication.
After title and abstract evaluation, a further 824 articles were
excluded, as they either did not describe or investigate a rela-
tionship between PCOS and endometrial cancer, their study
design did not meet the criteria for the present meta-analysis
or they lacked a control group. The full texts of 37 papers were
examined and a further 27 studies were excluded due to not
meeting the inclusion criteria. Observational studies without
a control group and studies that lacked data on endometrial
cancer prevalence specifically among females with PCOS were
excluded. Other meta-analyses were excluded from this study
to avoid duplication of results. A consensus was reached at all
stages of the article retrieval process. Secondary screening of
the search results did not lead to the exclusion or inclusion of
any additional articles.

The characteristics of the 10 studies that met the inclusion
criteria for the meta-analysis are described in Table I. A total of
66,368 females (12,248 with PCOS and 54,120 controls) were
identified. Of those patients with PCOS, 100 had endometrial
cancer; of those without PCOS, 1,215 had endometrial cancer.
The majority of studies had a case-control design and endometrial
cancer had been diagnosed histologically. PCOS was diagnosed
using a range of methods across studies, including self-reporting,
serum hormone levels, histology and clinical diagnosis. Only
2 studies were controlled for body mass index (BMI).

Methodological quality. The quality of evidence in the
majority of studies was considered moderate, with scores
ranging from 2-7. None of the included studies was deemed to
be of low quality following assessment. Tables SI-III detail the
results of the quality assessment, performed according to the
study design using the NOS criteria.
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A PCOS No PCOS Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M—H, Random, 95% C| Year M-H, Random, 95% CI
Escobedo, 1991 10 30 422 3593 135% 3.76[1.75,8.08) 1991 —_—
Niwa, 2000 5 5 10 18 3.6% 8.90[0.43, 184.86] 2000 +
Wild, 2000 7 319 4 1060 10.4% 5.92[1.72, 20.36] 2000 —_—
latrakis, 2006 3 3 78 178 3.7% 8.96 (0.46, 176.06] 2006 »
Pillay, 2006 11 18 128 211 12.0% 1.02 (0.38, 2.73] 2006 —_—
Zucchetto, 2009 25 68 429 1294 15.1% 1.17[0.71, 1.95] 2009 -
Fearnley, 2010 18 32 135 517 13.8% 3.64(1.76, 7.52] 2010 ——
Kilicdag, 2010 S 52 4 365 9.7% 9.60[2.49, 37.02] 2010 —_—
Shen, 2015 5 3566 2 14264 8.1% 10.01[1.94,51.63] 2015 —_—
Ding, 2018 11 8155 3 32620 10.1%  14.69[4.10,52.65] 2018 e
Total (95% CI) 12248 54120 100.0% 4.07 [2.13, 7.78] -
Total events 100 1215
Heterogeneity. Tau? = 0.65; Chi? = 30.95, df = 9 (P = 0.0003); I = 71% % + + {
Test for overall effect: Z = 4.25 (P < 0.0001) 0.01 0.1 1 10 100
Favours No PCOS Favours PCOS
B PCOS No PCOS Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI  Year M-H, Random, 95% CI
Escobedo, 1991 10 30 422 3593 33.6% 3.76 [1.75, 8.08] 1991 ——
Niwa, 2000 5 5 10 18 2.4% 8.90[0.43, 184.86] 2000 >
latrakis, 2006 3 3 78 178 2.4% 8.96 [0.46, 176.06] 2006 *
Fearnley, 2010 18 32 135 517  37.1% 3.64[1.76,7.52] 2010 —i—
Kilicdag, 2010 5 52 4 365 11.6% 9.60[2.49, 37.02] 2010 S —
Ding, 2018 11 8155 3 32620 12.9% 14.69[4.10, 52.65] 2018 I —
Total (95% CI) 8277 37291 100.0% 5.14 [3.22, 8.21) <
Total events 52 652
Heterogeneity: Tau? = 0.02; Chi? = 5.22,df =5 (P = 0.39); I’ = 4% f f } !
0.01 0.1 1 10 100

Test for overall effect: Z = 6.87 (P < 0.00001)

Favours No PCOS Favours PCOS

Figure 2. Forest plots of risk of endometrial cancer in females with PCOS. (A) Endometrial cancer in females with PCOS compared to controls. (B) Endometrial
cancer in females aged <54 years with PCOS compared to controls. CI, confidence interval; M-H, Mantel-Haenszel; PCOS, polycystic ovarian syndrome;

df, degrees of freedom.

Data analysis. Heterogeneity was assessed using I? and %2
statistics. The studies were analysed using a random-effects
model and a high degree of heterogeneity was identified
(I*=71%; x*, P=0.0003). As indicated in Fig. 2, the ORs of all
10 studies suggested an increased risk of endometrial cancer
in females with PCOS.

Using the Mantel-Haenszel method, meta-analysis of the
aggregated data also indicated an increased odds of endo-
metrial cancer associated with PCOS. Specifically, the odds
of developing endometrial cancer was 4 times higher among
females with PCOS, when compared with those in the control
group without PCOS (OR, 4.07; 95% CI, 2.13-7.78; P<0.0001;
Fig. 2A). This increased odds was statistically significant.
When adjusted to exclude postmenopausal patients aged
>54 years, the odds ratio increased further (OR, 5.14; 95%
CI, 3.22-8.21; P<0.00001; Fig. 2B), which suggested that the
odds of developing endometrial cancer among premenopausal
women with PCOS was five times greater than the odds
among the control group of premenopausal women without
PCOS. The risk for females with PCOS aged <54 years
was also statistically significant. In light of the predicated
3% lifetime risk of developing endometrial cancer among
the general population (26), the lifetime risk of endometrial
cancer in patients with PCOS may be estimated to be as high
as 12-15%.

o -SE(I0glOR]) .
0 :
9
05+ o ;
: 0
114 :
151 g
2 + : - Oﬁ
0.01 0.1 1 10 100

Figure 3. Funnel plot of studies of endometrial cancer in females with poly-
cystic ovarian syndrome compared to controls. OR, odds ratio; SE, standard
error.

Publication bias. Fig. 3 depicts the funnel plot analysis of
publication bias among the included studies measuring the
risk of endometrial cancer. The funnel plot exhibits asym-
metry, with more studies containing ORs greater than the
predicated overall OR of 4.07. The asymmetry of the funnel
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plot suggests that publication bias cannot be excluded and the
risk of endometrial may have been overestimated.

Discussion

The present meta-analysis of 10 observational studies with
66,368 female subjects (12,248 with PCOS and 54,120
controls) confirmed that the odds of developing endometrial
cancer among females with PCOS is greater than the odds
among females without PCOS. Specifically, the results
demonstrated 4 times greater odds of developing endometrial
cancer in subjects with PCOS, compared to controls without
PCOS (OR, 4.07; 95% CI, 2.13-7.78; P<0.0001). A subgroup
analysis demonstrated an even greater odds in premenopausal
females with PCOS (aged <54 years), compared to premeno-
pausal controls without PCOS (OR, 5.14; 95% CI, 3.22-8.21;
P<0.00001). The increased risk of endometrial cancer in
females with PCOS was statistically significant in both groups.

The present meta-analysis provides clear statistical evidence
to reinforce an unambiguous association between PCOS and
endometrial cancer. Compared to previous meta-analyses,
the present meta-analysis was enhanced by the inclusion of
a greater number of studies with substantially larger sample
sizes, as well as adherence to the PRISMA guidelines. As
indicated in the funnel plot, although publication bias across
studies cannot be excluded, none of the included studies was
regarded as being of poor quality, as per the NOS criteria.

The main limitation of the present meta-analysis is the
variation in the diagnostic method of PCOS across studies. Only
Kilicdag et al (27) used the Rotterdam criteria to identify patients,
whilst 4 studies used non-standard criteria (15,28-30) and the diag-
nostic criteria were unknown for the remaining 5 studies (31-35).
Furthermore, the use of self-reporting of previous diagnosis or
relevant clinical symptoms and signs to identify females with
PCOS across 4 included studies (31,33-35) posed a risk of recall
bias, subsequently impacting the reliability of their findings.
Similarly, whilst the majority of included studies diagnosed endo-
metrial cancer histologically, 1 study described using clinical data
with ICD-9 coding for endometrial cancer (28), whilst another
relied on data from clinical records and self-reporting (32). The
validity of the endometrial cancer diagnoses in these studies is
therefore uncertain. The use of self-reporting of clinical symp-
toms to identify females with PCOS, variation in endometrial
cancer diagnostic criteria, and disparities in sample sizes across
studies is likely to account for the considerable degree of hetero-
geneity present in the current study.

In addition, only 2 of the 10 studies took into account the
significant confounding factor of obesity by controlling for
BMI (32,35). Therefore, it remains unclear to what extent BMI
contributes to endometrial cancer risk in females with PCOS.
The potential for other confounding factors, such as diabetes,
parity and the use of hormones, to transform the results of the
present analysis, must also be considered. The high degree of
heterogeneity in the present meta-analysis may also reflect
the varying degrees to which confounding factors may have
influenced the results within each included study. Finally,
a proportion of relevant studies identified in the literature
search were excluded, as they were non-comparative studies.
As a result, the number of studies eligible for inclusion in the
present meta-analysis was reduced.
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To the best of our knowledge, the present study was the
first systematic review and meta-analysis examining endo-
metrial malignancy in females with PCOS since 2014 and it
therefore provides up-to-date evidence to reinforce an unam-
biguous association between PCOS and endometrial cancer.
The results of the present study agree with the findings of the
preceding meta-analysis by Barry et al (18), which reported
an overall effect size of PCOS on endometrial cancer risk of
almost 3-fold (OR, 2.79; 95% ClI, 1.31-5.95; P<0.008) based on
5 case-control studies. However, it is noted that the CIs of the
ORs calculated for 3/5 studies analysed in that study crossed 1,
suggesting no evidence of effect.

The present meta-analysis is also enhanced by the inclu-
sion of a greater number of studies, with substantially large
sample sizes. Specifically, the present analysis identified two
studies published after 2014, which used larger sample sizes
of 17,830 and 40,775 female subjects (28,29). Strikingly,
these two studies suggested that females with PCOS have a
10 to 14-fold increased hazards ratio for developing endo-
metrial cancer compared with the hazard ratios for controls
without PCOS, with a 95% CI>1 (28,29). The evidence from
these more recent studies alone suggests a 30-44% lifetime
risk of developing endometrial cancer amongst females with
PCOS within the studied demographics. The addition of
more recent studies to the present meta-analysis therefore
adds statistical power to the association between PCOS and
endometrial cancer.

Considering more recent data, the analysis of premeno-
pausal patients (those aged <54 years) substantiates and further
strengthens the notion that the odds of developing endometrial
cancer among females with PCOS compared to those without
PCOS may be even greater within this subgroup, as suggested
in a previous meta-analysis (18). These findings also agree
with evidence suggesting that Type II endometrial cancer (the
subtype less associated with PCOS) is more prevalent amongst
older and postmenopausal females (9).

The OR of 4.0 (95% CI, 1.7-9.3) for the endometrial cancer
risk amongst females with PCOS stated in one of the included
studies (35) differs from the OR calculated in the present
meta-analysis (OR, 3.64; 95% CI, 1.76-7.52) using the primary
data available in the publication. When comparing these ORs,
this difference was deemed unlikely to significantly impact or
change the findings of the present meta-analysis. This discrep-
ancy has also been identified and dismissed in a previous
meta-analysis (7).

A proportion of relevant studies identified in the literature
search were excluded from the present meta-analysis, as they
were non-comparative studies. Although it was not possible to
statistically determine the strength of the association between
PCOS and endometrial cancer from the studies excluded from
the meta-analysis, an association between these two variables
was suggested across all of these studies (11,36-38). Similarly,
Gottschau et al (36) described an almost 4-fold increased risk
of endometrial cancer in females with PCOS.

Of note, across most included studies, only a small propor-
tion of females diagnosed with PCOS went on to develop
endometrial cancer. This suggests that while an association
between both diagnoses is clear, the incidence of endometrial
cancer in this group is still relatively low. Therefore, the use of
large-scale screening programs to detect endometrial cancer
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in this subgroup is unlikely to be cost-effective for most
healthcare systems.

In light of the evidence currently available, it may be
concluded that the odds of having endometrial cancer were
greater among females with PCOS, compared to the odds
among those without PCOS. The results of the present
meta-analysis add statistical strength to this notion and
further contribute to the current evidence base. However, the
present study has highlighted the sheer sparseness and defects
in existing evidence. Consequently, the strength of current
evidence continues to be diluted by the unclear impact of
variation in PCOS diagnosis, selection bias and confounding
risk factors (particularly high BMI) on the exact risk. More
large-scale, prospective studies are required to further inves-
tigate the association between PCOS and endometrial cancer,
while also considering potential confounding factors.
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