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background: Polycystic ovary syndrome (PCOS) is a common condition affecting 8% of women. The objective of the present study was
to quantify separately the risk of endometrial cancer, ovarian cancer and breast cancer in women with PCOS compared with non-PCOS controls,
and quantify separately the risk to women of all ages as well as the risk to premenopausal women.
methods: We conducted a systematic review and meta-analysis of observational studies. Studies were eligible for inclusion if they compared
women with PCOS to non-PCOS groups for fatal or non-fatal gynaecological cancers. Studies listed in MEDLINE and EMBASE published up to 7
October 2013 in any language were identiﬁed, and relevant papers were also searched by hand. Relevant data (for example, study design, source of
control data, diagnostic criteria) were extracted and tabulated.
results: From 698 references, 11 studies (5 of endometrial cancer and 3 each of ovarian and breast cancer) met the inclusion criteria for the metaanalysis (919 women with PCOS and 72054 non-PCOS controls). Using the Mantel–Haenszel method, with ﬁxed or random effects model as
appropriate, women with PCOS were at a signiﬁcantly increased risk of endometrial cancer (odds ratio (OR), 2.79; 95% conﬁdence interval (CI),
1.31–5.95, P , 0.008), but the risk of ovarian and breast cancers was not signiﬁcantly increased (OR, 1.41; 95% CI, 0.93–2.15, P , 0.11 and OR,
0.95; 95% CI, 0.64–1.39, P , 0.78, respectively). However when studies which included women aged over 54 years were excluded from the analysis,
the risk for women with PCOS increased further for endometrial cancer (OR, 4.05; 95% CI, 2.42–6.76, P , 0.00001), became signiﬁcantly increased
for ovarian cancer (OR, 2.52; 95% CI, 1.08–5.89, P , 0.03), but remained non-signiﬁcant for breast cancer (OR, 0.78; 95% CI, 0.46–1.32, P , 0.35).
conclusions: This is the ﬁrst meta-analysis to examine gynaecological cancers in women with PCOS younger than 54 years of age compared
with controls of similar age. Current data suggest that women of all ages with PCOS are at an increased risk of endometrial cancer but the risk of ovarian
& The Author 2014. Published by Oxford University Press on behalf of the European Society of Human Reproduction and Embryology.
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and breast cancer was not signiﬁcantly increased overall. These results highlight the potential risk of gynaecological cancer morbidities associated with
PCOS. However, the available evidence is far from robust and variation in diagnostic criteria for PCOS, associated risk factors (particularly obesity), and
selection bias in the studies may have resulted in an exaggeration of the increased risk. Furthermore, women who have PCOS should also be made
aware that any increased risk for endometrial cancer must be judged in the context of its relatively low incidence in the general population. A large wellcontrolled prospective study is required in order to gain a more accurate estimate of the risk of gynaecological cancers in women with PCOS.

prospero crd registration number: CRD42012003500.
Key words: ovarian cancer / polycystic ovary syndrome / menopause / endometrium / breast

Introduction

Methods
Data sources and study selection
The guidelines issued by Stroup et al. (2000) were followed in the implementation of this meta-analysis. Qualiﬁed librarians advised on the search strategy
and assisted where papers were difﬁcult to access. The study protocol is
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Polycystic ovary syndrome (PCOS) is a very common hormonal disorder
affecting 5–8% of women of reproductive age (Azziz et al., 2004). It has
an insidious onset with a clinical spectrum which includes the classical
triad of PCOS: hyperandrogenism, menstrual abnormalities and polycystic ovaries (ESHRE/ASRM, 2004; Azziz et al., 2006; Broekmans et al.,
2006). Although originally considered a gynaecologic and endocrine condition, PCOS is now recognized as a multi-system disorder (Solomon,
1999). The discovery of insulin resistance in the 1980s was followed by
studies showing an increase of type II and gestational diabetes, and via
metabolic syndrome to increased morbidity from coronary heart
disease and stroke (Dunaif, 1997; Broekmans et al., 2006; DiamantiKandarakis et al., 2007; RCOG, 2007; Shroff et al., 2007).
Concerns that women with PCOS might be at increased risk of cancer
date back to the 1940s (Legro, 2007) but this risk is still frequently overlooked by the doctors who care for these women. Any association with
malignant disease would be highly important from a public health perspective in view of the high prevalence of PCOS. In practice, this lack
of recognition means that women are not advised of this risk, preventative treatment is not offered even to those patients at highest risk and
diagnosis of pre-malignant or malignant disease is delayed. In part this
lack of recognition can be explained by the relative lack of studies in
this ﬁeld compared with those investigating cardiovascular morbidity in
women with PCOS (Hardiman et al., 2003).
The ﬁrst reports of an association between PCOS and cancer related
to endometrial disease (Speert, 1949; Dockerty et al., 1951; Dockerty
and Jackson, 1957; Jafari et al., 1978; Gallup and Stock, 1984; Kurabayashi
et al., 2003). More recently the possibility of an increased risk of ovarian
and breast malignancy has been suggested (Gammon and Thompson,
1991; Schildkraut et al., 1996). At a cellular level there are numerous potential mechanisms which could promote neoplastic disease in women
with PCOS, including the prolonged anovulatory state and associated
hyperandrogenism with unopposed estrogen action (Key and Pike,
1988; Genazzani et al., 2001). These could increase the risk of cancer
through the effect of these hormones on various tissue and organs
(Wild et al., 2000; Hardiman et al., 2003). PCOS emerged as a risk
factor for endometrial cancer many years ago from a small number of
case reports. We previously highlighted the lack of robust evidence to
support an association with endometrial cancer (Hardiman et al.,
2003) but a recent meta-analysis (Haoula et al., 2012) of pooled data
from ﬁve comparative studies concluded that women with PCOS were
about three times more likely to develop endometrial cancer than
other women. Similarly, a population-based case–control study
(Schildkraut et al., 1996) raised the possibility of risk of ovarian cancer
in women with PCOS, although other studies have not supported this
contention (Coulam et al., 1983; Pierpoint et al., 1998). Inconsistent

ﬁndings also exist regarding the prevalence of breast cancer in women
with PCOS (Anderson et al., 1997; Pierpoint et al., 1998).
The cancers discussed in this paper are all highly age-related. The peak
incidence for endometrial cancer is 90 per 100 000 women (0.09%) at
age 70 years. One in eight women develop breast cancer, and this occurs
post-menopausally in 80% of cases. Similarly, most cases of ovarian
cancer occur post-menopausally (Cancer Research UK, 2013). The
last systematic review of endometrial, ovarian and breast cancer risk in
PCOS was published in 2009 (Chittenden et al., 2009). The authors identiﬁed eight studies to show that women with PCOS were more likely to
develop endometrial cancer (odds ratio (OR) 2.70, 95% conﬁdence
interval (CI) 1.00 –7.29) and ovarian cancer (OR 2.52, 95% CI 1.08 –
5.89) but not breast cancer (OR 0.88, 95% CI 0.44– 1.77). However,
their analysis of ovarian cancer included only one study (Schildkraut
et al., 1996) and therefore could not provide a meta-analysis of studies
of ovarian cancer. No assessment was made of publication bias or the
quality of included studies. Chittenden et al. (2009) also included three
studies that were of polycystic ovaries rather than PCOS (Gammon
and Thompson, 1991; Baron et al., 2001; Pillay et al., 2006), making
the ﬁndings less generalizable to women with a diagnosis of PCOS.
Most importantly, the review by Chittenden et al. (2009) combined
data from women with PCOS of a very wide age range, and the studies
included deﬁned PCOS in a variety of ways. Since then Haoula et al.
(2012) published a systematic review which considered only endometrial
cancer and added one more study to those analysed by Chittenden et al.
(2009). In the light of the Cochrane Collaboration recommendation
to update systematic reviews at 2-yearly intervals, we designed the
present study to investigate the strength of the association between
all three cancers and PCOS (Reeves et al., 2011). In a further development on previous reviews, we investigated the view - which has been
expressed but is unproven-that the strength of association of cancer in
women with PCOS is inﬂuenced by age (Pillay et al., 2006). This is therefore
the ﬁrst report of a separate subgroup analysis of the effect of age, excluding studies that included women over the age of 54 years, who are presumed to be post-menopausal (5 of the 11 studies). A further distinction of
this meta-analysis study over previous meta-analyses on this topic is the
use of Newcastle Ottawa Quality Assessment Scale (NOS) criteria to
assess the methodological quality of included studies.
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available on the Centre for Reviews and Dissemination (CRD) website (registration number CRD42012003500).

Inclusion and exclusion criteria
Studies that compared cancer events in women with PCOS to non-PCOS
controls were eligible for inclusion provided that:
(i) The study reported the actual number of women from each group who
experienced the event and the number who did not experience the
event;
(ii) The studies reported other relevant data, e.g. the number of women in
each group;

Data extraction
Data were collected and coded based on clinical relevance, for example BMI
data were collected because of the clinical relevance of BMI to the development of cancer (Renehan et al., 2008). The primary analyses estimated the
ORs for cancer in women with PCOS. Sub-analyses were conducted to
test for any effect of age and type of PCOS diagnosis.
Information was extracted from each study regarding: (i) characteristics of
the participants (age, BMI, ethnicity and method of diagnosis); (ii) the comparison (PCOS compared with controls); (iii) the outcome(s) measured
(fatal or non-fatal endometrial, ovarian, or breast cancer, as separate endpoints); and (iv) the study design (case – control or cohort). Additional data
were extracted in order to assess the methodological quality of each study.
The quality assessment criteria were: (i) whether the PCOS diagnosis was
sound; (ii) whether selection bias could be ruled out; (iii) whether the
control group was selected from hospital or the community; (iv) whether
the control group was assessed for PCOS status; (v) whether the PCOS
and control group were comparable in terms of age and BMI; (vi) ascertainment of diagnosis; (vii) whether the ascertainment of diagnosis was similar for
PCOS and control group; (viii) whether the response rate was similar in the
PCOS and control group.
Each article was assessed by authors J.A.B. and P.J.H., and articles that
ﬁtted the main criteria (assessing gynaecological cancer in women with
PCOS) were accessed. Methodological quality was assessed by J.A.B. and

M.M.A. based on the criteria of the NOS for case– control studies (Wells
et al., 2011). The Cochrane Non-Randomized Studies Methods Working
Group considers the NOS an acceptable tool for assessment of nonrandomized studies (Reeves et al., 2011). Inter-rater agreement of NOS
scoring was assessed using Cohen’s Kappa. A Kappa of 0.41 – 0.60 is generally
considered as demonstrating ‘moderate agreement’ and 0.61– 0.80 is ‘substantial agreement’ (Landis and Koch, 1977); The NOS scores of J.A.B.
and M.M.A. were in substantial agreement, as shown by the Cohen’s
Kappa of 0.750 (P , 0.00002). Discrepancies were examined and discussed
before a ﬁnal score was agreed upon and assigned.
The raw numbers of events in each study in each of the PCOS and
non-PCOS samples from each study were identiﬁed and calculated as a
common unit, the OR. The OR is the ratio of the odds of the outcomes in
each group. The Mantel– Haenszel method was used, with a random
effects model in most cases, to generate an OR for all included studies combined. Results were considered statistically signiﬁcant where the probability
value was below the 0.05 threshold. Review Manager statistical software,
version 5.2, was used to analyse data.
The outcome measure was a diagnosis of cancer. With the exception of
some of the women in one study (Anderson et al., 1997), the women in
the included studies were alive at the time of the study measurements; therefore it could be said that the outcome was mainly non-fatal cancer.

Results
Eligible articles
Figure 1 summarizes the search strategy used to identify appropriate
studies. Of the 698 initially retrieved, after duplicates were removed
the titles and abstracts of 212 records were assessed. A total of 31 full
texts were further assessed, including reference sections, and 20 were
excluded for various reasons (for example, polycystic ovaries rather
than PCOS was identiﬁed). Finally, 11 papers met all of the inclusion
and exclusion criteria.
The 11 studies that met the inclusion criteria for the meta-analysis
(919 women with PCOS and 72 054 non-PCOS controls) are listed in
Table I. Most of the studies were: of case –control design, diagnosed
cancer histologically, diagnosed PCOS by self-report, did not control
for BMI, and consisted mainly of Caucasian patients. Five of the 11
studies included groups of women over the age of 54 years. Because
menopause may be clinically relevant to the risk of gynaecological
cancers, sub-analyses based on age were carried out.

Methodological quality
Regarding the quality of the studies, in general the NOS scores were
moderate. Table II shows that the scores ranged from two to six.

Data analysis
Heterogeneity was assessed using I 2 and x 2 statistics. I 2 values of 30% or
above were considered likely to indicate moderate heterogeneity and I 2
value .50% indicative of substantial heterogeneity. x 2 P-values ,0.10
were considered to represent signiﬁcant heterogeneity. Therefore
studies showing tolerable levels of heterogeneity (I 2 values ,30% and
x 2 P-values .0.10) were analysed using a ﬁxed effects model, and
studies showing any greater degree of heterogeneity were analysed
using a random effects model.
Figures 2a and 3a show that the ORs for all ﬁve of the studies of
endometrial cancer and all three of the studies of ovarian cancer
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Papers with titles or abstracts that indicated that they were not relevant, for
example, animal studies, reviews, or single case studies, were excluded.
Papers not published in English were reviewed.
The search replicated that by Chittenden et al. (2009). All published
studies that assessed the prevalence of both fatal and non-fatal gynaecological
cancers were included in the search. The cancer sites included were endometrial, ovarian, and breast cancer. Studies listed in MEDLINE published
up to 7 October 2013, and EMBASE from 1980 to 7 October 2013, were
identiﬁed. Any comparative design was eligible for inclusion (prospective
or retrospective, case – control or cohort studies), including studies that
used normative population data as a comparison arm of the research
design. The following keyword search terms were entered simultaneously:
‘(polycystic ovar* OR polycystic ovary syndrome OR PCOS OR PCO OR
Stein-Leventhal) and (breast cancer OR breast carcinoma OR endometrial
cancer OR endometrial carcinoma OR ovarian cancer OR ovarian carcinoma
OR leiomyosarcoma OR uterine sarcoma OR vulval cancer OR vulvar carcinoma OR cervical cancer OR cervical carcinoma OR vaginal cancer OR vaginal
carcinoma OR cervical intraepithelial neoplasia OR CIN)’. A MEDLINE
search from 1946 to Week 1 October 2013 retrieved 269 papers. An
EMBASE search from 1980 to Week 41 (Week 1 October) 2013 produced
429 results. A hand search of the resulting papers produced no further relevant papers. Authors were contacted where additional information was
needed. For example, Iatrakis et al. (2006) stated the PCOS diagnosis was
conﬁrmed, but did not state which diagnostic criteria was used (in this
case, no further data could be obtained).
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Publication bias
To assess publication bias, funnel plots were created (Figs 5–7).
The funnel plot of the ﬁndings for endometrial cancer (Fig. 5) is asymmetrical, mainly due to two studies with small sample sizes (Niwa et al.,
2000; Iatrakis et al., 2006) (see the lower right of the plot). Because of this
asymmetry, publication bias cannot be ruled out. The funnel plots for
ovarian and breast cancer studies (Figs 6 and 7) show less asymmetry,
though because the number of studies in each plot (N ¼ 3) is small, it
is difﬁcult to draw ﬁrm conclusions regarding publication bias.

Discussion

Figure 1 Flow diagram of the literature search for studies of fatal and
non-fatal endometrial, ovarian, and breast cancer.

This is the ﬁrst systematic review of gynaecological and breast malignancies in women with PCOS to be published since 2009 and the ﬁrst ever to
separately analyse the risk in premenopausal and post-menopausal
women (categorized as women less than and over 54 years of age,
respectively) with this syndrome. Our analysis identiﬁed two studies published during the 2 years since the last meta-analysis (Haoula et al., 2012).
The clinical utility of the two previous meta-analyses (Chittenden et al.,
2009; Haoula et al., 2012) is uncertain because in both cases the analyses
included patients on the basis of polycystic ovary morphology (PCOM)
either on ultrasound or histopathology as well as patients with PCOS:
Chittenden et al. (2009) had included three studies of PCOM
(Gammon and Thompson, 1991; Baron et al., 2001; Pillay et al., 2006)
and Haoula et al. (2012) included one (Pillay et al., 2006). Around 20%
of European women have polycystic ovaries (the prevalence is even
higher in some other populations) but approximately two-thirds of
these women do not have PCOS (Polson et al., 1988; Clayton et al.,
1992). The morbidity associated with PCOS and polycystic ovaries
cannot be assumed to be the same and therefore we made the decision
not to include studies of women selected on the basis of their ovarian
morphology alone. Consequently our results should be more relevant
to clinical practice as they reﬂect the risk amongst our patients rather
than asymptomatic women in the general population. However, even
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independently showed an increased risk of cancer events associated with
PCOS. Figure 4a shows that two of the three studies of breast cancer
reported a reduction in risk for women with PCOS. Figure 2b shows that
the effect size for endometrial cancer increased when the age of the
sample was taken into account. In the only study which reported ovarian
cancer in younger women, the risk was signiﬁcantly higher in women
with PCOS (Fig. 3b) but self-evidently it was not possible to perform a
meta-analysis, because there was only one study. The risk for breast
cancer (Fig. 4b) did not show any signiﬁcant difference between PCOS
and controls, either overall or in the subgroup analysis of younger women.
Table III shows the results of the meta-analysis of the main groups and
subgroups. Using the Mantel –Haenszel method, with ﬁxed or random
effects model as appropriate, women with PCOS were at a signiﬁcantly
increased risk of endometrial cancer (P , 0.008), but not for ovarian
cancer (P , 0.11), nor breast cancer (,0.78). When women aged
over 54 years old were excluded from the analysis, the risk for women
with PCOS increased further for endometrial cancer (P , 0.00001),
became signiﬁcantly increased for ovarian cancer (P , 0.03) (although
this ﬁnding is on data from a single study, so meta-analysis was not possible) and remained relatively unchanged for breast cancer (P , 0.35).
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Table I Characteristics of the 11 studies included in the meta-analysis to assess the risk of endometrial, ovarian and breast cancer in women with polycystic ovary
syndrome (PCOS).
Study name

Cancer
site

Study design

Diagnostic criteria Ca

Diagnostic criteria PCOS

Age in years
[age category]

Controlled for BMI

Ethnic group

..........................................................................................................................................................................................................................................................
Escobedo
et al. (1991)

Endometrium

Case– control
(Dec 1980– 1982)

Histologically conﬁrmed Ca
infertility patients.
Physician diagnosed

Self-report to trained
interviewers. Criteria not
stated.

All 20– 54
(matched age
group)
[,54]

No

EC cases 92% white, 6% Black; 2%
other. Ethnicity of Controls not
stated, but selected from same
regions as cases

Schildkraut
et al. (1996)

Ovary

Case– control
(Dec 1980– Dec
1982)

Histologically conﬁrmed epithelial
Ca.
Physician diagnosed

Self-report Stein-Leventhal
syndrome or pco from
interview. Criteria not stated.

All 20– 54
[,54]

No

Not stated, but all from Western
USA. Controls chosen by random
digit phoning

Anderson
et al. (1997)

Breast

Cohort (Jan
1986–Dec 1992)

ICD codes 174.0–174.9.
Included fatalities.

Self-report. Stein-Leventhal
syndrome.

All aged 55– 69
[.54]

No signiﬁcant
difference

Mail survey, Iowa, USA

Talamini et al.
(1997)

Breast

Case– control
(1991– 1994)

Histologically conﬁrmed Ca.
Diagnosed by past history

Self-report. Stein-Leventhal
syndrome.

All 20– 74
[.54]

Data not shown, but
BMI had little impact on
ORs

From across Italy.

Niwa et al.
(2000)

Endometrium

Case– control
(1988– 1997)

Histologically conﬁrmed primary
carcinoma.
Physician diagnosed

Clinical data. Diagnosis based
on Goldzieher (1981).

All , 40
[,54]

No

100% Japanese

Iatrakis et al.
(2006)

Endometrium

Case– control
(Dec 1992– 2004)

Histologically conﬁrmed
carcinoma. Physician diagnosed

Self-report. Criteria not stated.

All 43– 48
[,54]

No

Not stated, but study is Greek.

Olsen et al.
(2008)

Ovary

Case– control

New diagnosis of invasive
epithelial Ca (n ¼ 1276) or
borderline malignant tumour
(n ¼ 315).

Self-report Criteria not stated.

Ca 18–79
Controls age
matched + 5
years
[.54]

No, but no signiﬁcant
difference

Not stated except from Australia.
Controls from electoral roll.

Zucchetto
et al. (2009)

Endometrium

Case– control
(1992– 2006)

Histologically conﬁrmed Ca ,1
year; no earlier diagnosis of cancer

Self-report to trained
interviewers. Criteria not
stated.

All 18– 79
[.54]

No

From Pordenone, Milan and Naples,
Italy.

Fearnley et al.
(2010)

Endometrium

Case– control
(2003– 2007)

Histologically conﬁrmed
carcinoma newly diagnosed.

Self-report & criteria not stated.

Ca 18–50
Control ,50
[,54]

No

Not stated except from Australia.
Controls from electoral roll.

Ghasemi et al.
(2012)

Breast

Case– control
(no dates)

Histologically conﬁrmed primary
Ca

Rotterdam, with interview,
conﬁrmed by USS.

All 30– 51
age matched
[,54]

No, but no signiﬁcant
difference

Not stated. Study is Iranian.

Bodmer et al.
(2011)

Ovary

Case– control
(GPRD,
1995–2009)

Ca diagnosis with evidence of
Ca-related treatment.

Not stated, but used a diagnosis
from GPRD

All 61.2 (SD 13.1)
Age matched
[.54]

80% BMI matched

92% white

Ca, cancer; Rotterdam, Rotterdam diagnostic criteria; GPRD, General Practice Research Database; ICD, International Statistical Classiﬁcation of Diseases; pco, polycystic ovaries; USS, ultrasound scan; OR, odds ratio; EC, endometrial cancer.
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Study

PCOS case
deﬁnition
adequate

Representativeness of
PCOS cases

Selection of
non- PCOS
controls

Deﬁnition of
non- PCOS
controls

Comparability of
both groups

Ascertainment
of diagnosis

Same
ascertainment
method for both
groups

Non-response
rate

NOS
score

Risk of cancer in polycystic ovary syndrome

Table II Evaluation of the methodological quality of the 11 studies included in the meta-analysis using an adapted version of the Newcastle-Ottawa Quality
Assessment Scale (NOS).

..........................................................................................................................................................................................................................................................
Escobedo
et al. (1991)

X

X

X

X

X

*

X

*

2

Schildkraut
et al. (1996)

X

*

*

*

X

*

*

*

6

Anderson
et al. (1997)

X

X

*

*

X

*

*

*

5

Talamini et al.
(1997)

X

X

*

*

X

*

*

*

5

Niwa et al.
(2000)

X

X

*

*

X

*

*

X

4

Iatrakis et al.
(2006)

X

X

X

*

X

*

*

X

3

Olsen et al.
(2008)

X

*

*

*

X

*

*

X

5

Zucchetto
et al. (2009)

X

X

*

*

*

*

*

*

6

Fearnley et al.
(2010)

X

*

*

*

X

*

*

X

5

Ghasemi
et al. (2012)

*

X

X

*

X

*

*

X

4

Bodmer et al.
(2011)

X

*

*

*

X

X

*

*

5

Note that the evaluation is in regards to being a sound study of PCOS rather than a sound study of cancer.
Note: ‘*’ indicates NOS quality assessment star awarded; ‘X’ indicates that no star was awarded.
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Figure 3 (a and b) Upper forest plot: ovarian cancer in women with PCOS compared with controls. Lower forest plot: ovarian cancer in PCOS compared
with controls in women under 54 years old.

after excluding studies based on ovarian morphology, it is possible that
variations in diagnostic criteria for PCOS could have introduced selection
bias into our analysis; only one study of the 11 included used the Rotterdam criteria (Ghasemi et al., 2012), another two used non-standard criteria (Niwa et al., 2000; Bodmer et al., 2011) and in the remaining eight
the syndrome was self-reported so that the criteria were unknown.

Concerns regarding the reliability of PCOS diagnosis are further raised
by the prevalence of the syndrome in some of the included studies. For
example, Iatrakis et al. (2006) found three cases of PCOS in 81 women
with endometrial cancer, a prevalence for the syndrome of only 3.7%,
but of greater concern is that the prevalence was 0% in the control
group. These ﬁgures are difﬁcult to reconcile with those found in the
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Figure 2 (a and b) Upper forest plot: endometrial cancer in women with polycystic ovary syndrome (PCOS) compared with controls. Lower forest plot:
endometrial cancer in PCOS compared with controls in women under 54 years old.
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Table III Findings of the present meta-analysis of 11 studies, with subgroup analysis based on age of the women (over or
under age 54 years).
Disease site

Studies included in analysis

Number of
studies

Odds ratio
(95% conﬁdence
interval)

Z

x2

I2

.............................................................................................................................................................................................
Endometrial cancer

All endometrial cancer studies
Excluding samples that included
women over age 54 years
(Zucchetto et al., 2009)

5
4

2.79 (1.31– 5.95)
4.05 (2.42– 6.76)

2.65 (P , 0.008)
5.34 (P , 0.00001)

11.33 (P , 0.02)
0.65 (P , 0.88)

65%
0%

Ovarian cancer

All ovarian cancer studies
Excluding samples that included
women over age 54 years
(Olsen et al., 2008; Bodmer et al., 2011)

3
1

1.41 (0.93– 2.15)
2.52 (1.08– 5.89)

1.62 (P , 0.11)
2.14 (P , 0.03)

2.39 (P , 0.30)
n/a

16%
n/a

Breast cancer

All breast cancer studies
Excluding samples of women over
age 54 years (Anderson et al., 1997)

3
2

0.95 (0.64– 1.39)
0.78 (0.46– 1.32)

0.27 (P , 0.78)
0.93 (P , 0.35)

1.42 (P , 0.06)
0.26 (P , 0.61)

0%
0%

general population and cast doubt on the reliability of the data in that
study.
Subject to these important caveats, the results of this meta-analysis
suggest that women with PCOS of all ages are at an increased risk of
endometrial cancer, but the risk of ovarian and breast cancer was not signiﬁcantly increased overall.
Our analysis of women aged ,54 years (in practical terms, premenopausal subjects) conﬁrmed previous suggestions that the risk of endometrial cancer may be even higher in this subgroup of women with
PCOS. It is of interest that in the three studies which reported ovarian
cancer, the increased risk in women with PCOS was not signiﬁcant,
but the OR was higher and signiﬁcant in the single study of women

aged ,54 years. The risk for breast cancer was not signiﬁcantly different
in PCOS compared to the control women overall, or in the subgroup
analysis of the two studies of younger women with breast cancer. This
ﬁnding for endometrial disease is consistent with the observation that
post-menopausal women tend to have type II endometrial cancer,
which has not been shown to be associated with PCOS, unlike type I
(Gadducci et al., 2005).
Overall our results are consistent with previous reviews published on
cancer in PCOS (Hardiman et al., 2003; Broekmans et al., 2006) although
the addition of further studies to this meta-analysis has added statistical
power. A previous meta-analysis (Chittenden et al., 2009) of eight
studies found that women with PCOS were more at risk of endometrial
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Figure 4 (a and b) Upper forest plot: breast cancer in women with PCOS compared with controls. Lower forest plot: breast cancer in PCOS compared
with controls in women under 54 years old.
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Figure 6 Funnel plot of studies of ovarian cancer in women with
PCOS compared with controls.

Figure 7 Funnel plot of studies of breast cancer in women with PCOS
compared with controls.

cancer and ovarian cancer, but not breast cancer. However, that paper
only included one study of ovarian cancer and thus was unable to conduct
a meta-analysis for this disease. The meta-analysis of endometrial cancer
in PCOS (Haoula et al., 2012) added one study (Fearnley et al., 2010) to
those in Chittenden et al. (2009), but did not take into consideration
another study (Zucchetto et al., 2009), and like Chittenden et al.
(2009) included one study of polycystic ovaries (Pillay et al., 2006). The
present meta-analysis has been able to include two new studies
(Ghasemi et al., 2012; Bodmer et al, 2011). The ﬁnding with respect to
endometrial cancer is also in accord with two studies which did not
meet the inclusion criteria for our meta-analysis. In a case series of 176
women with endometrial cancer (Dahlgren et al., 1991), the prevalence
of hirsutism (but not oligomenorrhoea) was signiﬁcantly higher in the
cases than in the general population; the study was excluded as it did
not include any diagnosis of PCOS. In the study by Lunde and Tanbo
(2007) of 149 women who underwent ovarian wedge resection for
PCOS, the standardized incidence ratio for endometrial cancer was
4.4 but this was not statistically signiﬁcant; this study was excluded
because it did not report the numbers of cancer cases and non-cases
in the control group.
As with studies of cardiovascular risk in women with PCOS, assessment of cancer risk is complicated by the possible confounding effects
of obesity. High BMI is a recognized risk factor for both endometrial
and breast cancer; there is also some evidence of an association with
ovarian cancer, although this increased risk may not apply to invasive
serous cancers (Webb, 2013). It is therefore possible that our ﬁnding
of increased risk for endometrial malignancy might result, at least in
part, from the increased prevalence of obesity in women with PCOS.
In support of this hypothesis, here we found that the risk of ovarian
cancer was slightly decreased in studies where BMI was similar in the
PCOS and non-PCOS groups. Diabetes is another possible confounding
factor in our analysis as this is also associated with an increased risk of
endometrial cancer, possibly secondary to hyperinsulinemia, hyperglycaemia and inﬂammation (Giovannucci, 2007). PCOS shares these risk
factors (obesity, diabetes, inﬂammation, metabolic syndrome, age) and
it is unclear whether the increased risk of endometrial cancer is due to
individual risk factors (diabetes, obesity) or whether PCOS itself, with
its speciﬁc metabolic features (such as hyperinsulinism, hyperglycaemia,
insulin resistance, hyperandrogenism), increases the risk of cancer. It is
possible that the observed association between PCOS and endometrial
cancer results from a common inherited genetic variant. Also it is plausible that other factors, such as parity (nulliparous versus multi), age at ﬁrst
pregnancy and use/length of use of hormones (HRT, OCP), may act as
confounders.
The range of criteria used to diagnose PCOS is well recognized as a
cause for the variation in morbidity associated with this syndrome.
This was evident in the studies used in our analysis but this is to some
degree understandable because these studies were targeted as risk
factors for cancer and were not speciﬁcally focused on PCOS.
However, unlike the two previous meta-analyses, we excluded data
from women with asymptomatic polycystic ovaries. Like the previous
meta-analyses, we included self-reported diagnoses of PCOS, and also
diagnoses based on unusual criteria (for example, one study was based
on Goldzieher’s criteria (Niwa et al., 2000)). Some studies predate the
accepted Consensus Guidelines (ESHRE/ASRM, 2004) and therefore
could be expected not to conform to these criteria (Escobedo et al.,
1991; Schildkraut et al., 1996; Anderson et al., 1997; Talamini et al.,
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Figure 5 Funnel plot of studies of endometrial cancer in women with
PCOS compared with controls.

Barry et al.

757

Risk of cancer in polycystic ovary syndrome

Ethical approval
Ethical approval was not required for this study.

Acknowledgements
We thank the librarians at the Royal Free London Hospital for advice
regarding the literature search, and Steven di Costa of City University
London for translation of material from Italian to English.

Authors’ roles
J.A.B. and P.J.H.: study design, database search, collection of data. J.A.B.:
analysis of data. J.A.B. and M.M.A.: NOS scoring. J.A.B., M.M.A. and
P.J.H.: drafting, interpretation of data and revision of manuscript. Guarantor: P.J.H. All authors had full access to all of the data.

Funding
This study was conducted without external funding. Departmental funds
from the Institute for Women’s Health were used to support the authors
throughout the study period and manuscript preparation.

Conﬂict of interest
All authors have completed the Uniﬁed Competing Interest form at
www.icmje.org/coi_disclosure.pdf (available on request from the corresponding author) and declare that (i) J.A.B. and P.J.H. have support from
UCL for the submitted work; (ii) J.A.B., M.M.A. and P.J.H. have no relationships with companies that might have an interest in the submitted
work in the previous 3 years; (iii) their spouses, partners or children
have no ﬁnancial relationships that may be relevant to the submitted
work; and (iv) J.A.B., M.M.A. and P.J.H. have no non-ﬁnancial interests
that may be relevant to the submitted work.

References
Anderson KE, Sellers TA, Chen PL, Rich SS, Hong CP, Folsom AR. Association of
Stein-Leventhal syndrome with the incidence of postmenopausal breast
carcinoma in a large prospective study of women in Iowa. Cancer 1997;79:494– 499.
Azziz R, Woods KS, Reyna R, Key TJ, Knochenhauer ES, Yildiz BO. The prevalence and
features of the polycystic ovary syndrome in an unselected population. J Clin
Endocrinol Metab 2004;89:2745 –2749.
Azziz R, Carmina E, Dewailly D, Diamanti-Kandarakis E, Escobar-Morreale HF,
Futterweit W, Janssen OE, Legro RS, Norman RJ, Taylor AE et al. Positions
statement: criteria for deﬁning polycystic ovary syndrome as a predominantly
hyperandrogenic syndrome: an Androgen Excess Society guideline. J Clin
Endocrinol Metab 2006;91:4237 –4245.
Baron JA, Weiderpass E, Newcomb PA, Stampfer M, Titus-Ernstoff L, Egan KM,
Greenberg ER. Metabolic disorders and breast cancer risk (United States). Cancer
Causes Control 2001;12:875–880.
Bodmer M, Becker C, Meier C, Jick SS, Meier CR. Use of metformin and the risk of
ovarian cancer: a case-control analysis. Gynecol Oncol 2011;123:200– 204.
Birks S, Peeters A, Backholer K, O’Brien P, Brown W. A systematic review of the impact
of weight loss on cancer incidence and mortality. Obes Rev 2012;13:868 –891.
Broekmans FJ, Knauff EAH, Valkenburg O, Laven JS, Eijkemans MJ, Fauser BCJM. PCOS
according to the Rotterdam consensus criteria: change in prevalence among
WHO-II anovulation and association with metabolic factors. BJOG 2006;113:
1210 – 1217.
Cancer Research UK. 2013. Cancer statistics by type. Available on the world wide
web at http://www.cancerresearchuk.org/cancer-info/cancerstats/types/ (26
February 2014, date last accessed).
Chittenden BG, Fullerton G, Maheshwari A, Bhattacharya S. Polycystic ovary syndrome
and the risk of gynaecological cancer: a systematic review. Reprod Biomed Online
2009;19:398 –405.
Clayton RN, Ogden V, Hodgkinson J, Worswick L, Rodin DA, Dyer S, Meade TW. How
common are polycystic ovaries in normal women and what is their signiﬁcance for
the fertility of the population? Clin Endocrinol (Oxf) 1992;37:127–134.
Coulam CB, Annegers JF, Kranz JS. Chronic anovulation syndrome and associated
neoplasia. Obstet Gynecol 1983;61:403–407.
Dahlgren E, Friberg LG, Johansson S, Lindstrom B, Oden A, Samsioe G, Janson PO.
Endometrial carcinoma; ovarian dysfunction –a risk factor in young women. Eur J
Obstet Gynecol Reprod Biol 1991;41:143 –150.

Downloaded from http://humupd.oxfordjournals.org/ at UCL Library Services on March 6, 2015

1997; Niwa et al., 2000), whilst one study did not specify the diagnostic
criteria (Iatrakis et al., 2006). Much of the diagnostic data were selfreported and a diverse range of control cohorts were used (Talamini
et al., 1997; Niwa et al., 2000; Baron et al., 2001; Iatrakis et al., 2006).
Indeed where studies reported a high risk cancer when compared with
age-corrected estimated population incidence, this suggests potential selection bias. Clearly, inclusion of these studies with possible selection
biases is a limitation of the present study.
The diversity of the included studies can be clearly seen from Table I.
The heterogeneity evident can be summarized as being due to variation
in PCOS phenotypes in different ethnicities, diagnostic criteria for PCOS
and cohort sizes. To mitigate the effects of heterogeneity we have used a
random effects model where appropriate. The CIs for some of the
studies crossed zero meaning that no signiﬁcant risk could be determined, though in the case of endometrial cancer a signiﬁcant risk was
identiﬁed (see Table III). Additionally our meta-analysis was limited by
the small number of studies suitable for inclusion and their overall
quality. We used a comprehensive article and abstract screening
process and an extensive three-stage search technique was utilized to
maximize article recognition. Although publication bias could not be
ruled out (see Figs 5–7), none of the studies included in this meta-analysis
were of poor quality, as rated using the NOS for measuring quality assessment (Table II).
On the basis of the available evidence, it is reasonable to conclude that
there is an increased cancer risk, at least for endometrium, in women
with PCOS. However the other equally important conclusion to be
drawn from our systematic review is that the available evidence is far
from robust, so that variation in diagnostic criteria for PCOS, associated
risk factors (particularly obesity), and selection bias may have resulted in
an exaggeration of the increased risk. Women who have PCOS should be
made aware that the increased risk we report for endometrial cancer
must be judged in the context of the relatively low incidence in the
general population (Cancer Research UK, 2013).
The current uncertainty regarding cancer risk in PCOS is not likely
to be resolved by additional case – control studies, the design of which
allows limited scope for controlling for the effect of different confounding factors and interactions between them. It is imperative
that any association between PCOS and cancer is examined further
in the context of an appropriately powered prospective longitudinal
cohort study. The results of such a study will not only deﬁne the
risk more clearly, but could facilitate the development of screening
of subgroups at greatest risk. This is important because there may
be primary interventions, such as lifestyle changes (Birks et al.,
2012) and metformin treatment (Landman et al., 2009), that may mitigate this excess risk.

758

Lunde O, Tanbo T. Polycystic ovary syndrome: a follow-up study on diabetes mellitus,
cardiovascular disease and malignancy 15 –25 years after ovarian wedge resection.
Gynecol Endocrinol 2007;23:704–709.
Niwa K, Imai A, Hashimoto M, Yokoyama Y, Mori H, Matsuda Y, Tamaya T. A
case-control study of uterine endometrial cancer of pre- and post-menopausal
women. Oncol Rep 2000;7:89–93.
Olsen CM, Green AC, Nagle CM, Jordan SJ, Whiteman DC, Bain CJ, Webb PM.
Epithelial ovarian cancer: testing the ‘androgens hypothesis’. Endocr Relat Cancer
2008;15:1061 –1068.
Pierpoint T, McKeigue PM, Isaacs AJ, Wild SH, Jacobs HS. Mortality of women
with polycystic ovary syndrome at long-term follow-up. J Clin Epidemiol 1998;
51:581–586.
Pillay OC, Te Fong LF, Crow JC, Benjamin E, Mould T, Atiomo W, Menon PA,
Leonard AJ, Hardiman P. The association between polycystic ovaries and
endometrial cancer. Hum Reprod 2006;21:924– 929.
Polson DW, Adams J, Wadsworth J, Franks S. Polycystic ovaries—a common ﬁnding in
normal women. Lancet 1988;1:870 –872.
RCOG. Polycystic Ovary Syndrome, Long-Term Consequences. Green-top Guideline
No. 33. 2007. Royal College of Obstetricians and Gynaecologists, London.
Reeves BDJ, Higgins J. Cochrane handbook for systematic reviews of interventions. In:
Higgins JPT, Green S (ed). The Cochrane Collaboration, London, UK. 2011.
Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M. Body-mass index and incidence
of cancer: a systematic review and meta-analysis of prospective observational
studies. Lancet 2008;371:569– 578.
Schildkraut JM, Schwingl PJ, Bastos E, Evanoff A, Hughes C. Epithelial ovarian cancer
risk among women with polycystic ovary syndrome. Obstet Gynecol 1996;
88:554– 559.
Shroff R, Syrop CH, Davis W, Van Voorhis BJ, Dokras A. Risk of metabolic
complications in the new PCOS phenotypes based on the Rotterdam criteria.
Fertil Steril 2007;88:1389 –1395.
Solomon CG. The epidemiology of polycystic ovary syndrome. Prevalence and
associated disease risks. Endocrinol Metab Clin North Am 1999;28:247 –263.
Speert H. Carcinoma of the endometrium in young women. Surg Gynecol Obstet 1949;
88:332– 336.
Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, Moher D,
Becker BJ, Sipe TA, Thacker SB. Meta-analysis of observational studies in
epidemiology: a proposal for reporting. Meta-analysis of observational studies in
epidemiology (MOOSE) group. JAMA 2000;283:2008– 2012.
Talamini R, Franceschi S, Favero A, Negri E, Parazzini F, La Vecchia C. Selected medical
conditions and risk of breast cancer. Br J Cancer 1997;75:1699 –1703.
Webb PM. Obesity and gynecologic cancer etiology and survival. Am Soc Clin Oncol Educ
Book 2013; 222 – 228.
Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M, Tugwell P. The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised
studies in meta-analyses. 2011. www.ohri.ca/programs/clinical_epidemiology/
oxford_web.ppt.
Wild S, Pierpoint T, Jacobs H, McKeigue P. Long-term consequences of polycystic
ovary syndrome: results of a 31 year follow-up study. Hum Fertil (Camb) 2000;
3:101– 105.
Zucchetto A, Serraino D, Polesel J, Negri E, De Paoli A, Dal Maso L, Montella M, La
Vecchia C, Franceschi S, Talamini R. Hormone-related factors and
gynecological conditions in relation to endometrial cancer risk. Eur J Cancer Prev
2009;18:316 –321.

Downloaded from http://humupd.oxfordjournals.org/ at UCL Library Services on March 6, 2015

Diamanti-Kandarakis E, Papavassiliou AG, Kandarakis SA, Chrousos GP.
Pathophysiology and types of dyslipidemia in PCOS. Trends Endocrinol Metab
2007;18:280 –285.
Dockerty MB, Jackson RL. The Stein-Leventhal syndrome: analysis of 43 cases with
special reference to association with endometrial carcinoma. Am J Obstet Gynecol
1957;73:161 –173.
Dockerty MB, Lovelady SB, Foust GT Jr. Carcinoma of the corpus uteri in young
women. Am J Obstet Gynecol 1951;61:966 –981.
Dunaif A. Insulin resistance and the polycystic ovary syndrome: mechanism and
implications for pathogenesis. Endocr Rev 1997;18:774– 800.
Escobedo LG, Lee NC, Peterson HB, Wingo PA. Infertility-associated endometrial
cancer risk may be limited to speciﬁc subgroups of infertile women. Obstet Gynecol
1991;77:124 –128.
ESHRE/ASRM. Revised 2003 consensus on diagnostic criteria and long-term health
risks related to polycystic ovary syndrome. Fertil Steril 2004;81:19 –25.
Fearnley EJ, Marquart L, Spurdle AB, Weinstein P, Webb PM. Polycystic ovary
syndrome increases the risk of endometrial cancer in women aged less than 50
years: an Australian case-control study. Cancer Causes Control 2010;21:2303 –2308.
Gadducci A, Gargini A, Palla E, Fanucchi A, Genazzani AR. Polycystic ovary syndrome
and gynecological cancers: is there a link? Gynecol Endocrinol 2005;20:200 –208.
Gallup DG, Stock RJ. Adenocarcinoma of the endometrium in women 40 years of age
or younger. Obstet Gynecol 1984;64:417– 420.
Gammon MD, Thompson WD. Polycystic ovaries and the risk of breast cancer. Am J
Epidemiol 1991;134:818 –824.
Genazzani AR, Gadducci A, Gambacciani M. Controversial issues in climacteric medicine II.
Hormone replacement therapy and cancer. International Menopause Society Expert
Workshop. 9–12 June 2001, Opera del Duomo, Pisa, Italy. Climacteric 2001;4:181–193.
Ghasemi N, Mortazavizadeh MR, Khorasani Gerdekoohi A. Frequency of poly cystic
ovary syndrome in patients with premenopausal breast cancer. Iran J Reprod Med
2012;8:86 –89.
Giovannucci E. Metabolic syndrome, hyperinsulinemia, and colon cancer: a review. Am J
Clin Nutr 2007;86:s836 –s842.
Haoula Z, Salman M, Atiomo W. Evaluating the association between endometrial
cancer and polycystic ovary syndrome. Hum Reprod 2012;27:1327 –1331.
Hardiman P, Pillay OC, Atiomo W. Polycystic ovary syndrome and endometrial
carcinoma. Lancet 2003;361:1810 –1812.
Iatrakis G, Zervoudis S, Saviolakis A, Troulos M, Antoniou E, Sarantaki A, Lykeridou K,
Kourounis G. Women younger than 50 years with endometrial cancer. Eur J Gynaecol
Oncol 2006;27:399– 400.
Jafari K, Javaheri G, Ruiz G. Endometrial adenocarcinoma and the Stein-Leventhal
syndrome. Obstet Gynecol 1978;51:97– 100.
Key TJ, Pike MC. The dose-effect relationship between ‘unopposed’ oestrogens and
endometrial mitotic rate: its central role in explaining and predicting endometrial
cancer risk. Br J Cancer 1988;57:205– 212.
Kurabayashi T, Kase H, Suzuki M, Sugaya S, Fujita K, Tanaka K. Endometrial
abnormalities in infertile women. J Reprod Med 2003;48:455 –459.
Landis JR, Koch GG. An application of hierarchical kappa-type statistics in the assessment
of majority agreement among multiple observers. Biometrics 1977;33:363–374.
Landman GW, Kleefstra N, van Hateren KJ, Groenier KH, Gans RO, Bilo HJ. Metformin
associated with lower cancer mortality in type 2 diabetes: ZODIAC-16. Diabetes
Care 2009;33:322–326.
Legro R. In Diamanti-Kandarakis E, Nestler J, Panidis D, Pasquali R, (eds). Insulin resistance
and polycystic ovarian syndrome 2007. Humana Press, Totowa, NJ, 335–348.

Barry et al.

