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Association between polycystic ovarian syndrome
and endometrial, ovarian, and breast cancer
A population-based cohort study in Taiwan
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Abstract
Polycystic ovary syndrome (PCOS) is a common endocrine disorder among the women of reproductive age. We conducted a
nationwide population-based retrospective cohort study to analyze the association between PCOS and the subsequent
development of gynecological cancers, namely endometrial, breast, and ovarian cancer.
For this population-based cohort study, we used the Taiwan National Health Insurance Research Database, which contains

information on approximately 24.7 million insured individuals. The cohort included women who had received a diagnosis of PCOS
between 1998 and 2013. An age-matched systematic random-sampling method with a ratio of 1:4 was used for patient selection for
the non-PCOS reference cohort. Multivariate Cox proportional hazard regression analysis was used to determine the effects of PCOS
on the risks of gynecologic and breast cancer. The data are presented as hazard ratios (HRs) with 95% confidence intervals (CIs).
The PCOS cohort consisted of 8155 patients with PCOS, and the comparison cohort consisted of 32,620 matched patients

without PCOS. The incidence of endometrial cancer was 226 and 15 per 100,000 person-years in the PCOS and comparison
groups, respectively. A statistically significant higher risk of endometrial cancer was found in the PCOS cohort (adjusted HR [aHR]=
17.7, 95%CI=4.9–64.2) than in the comparison cohort. However, no association was observed between PCOS and ovarian (aHR=
1.64, 95% CI: 0.63–4.27) or breast cancer (aHR=0.98, 95% CI: 0.58–1.65).
The results of this large population-based cohort study supported the premise that women with PCOS might have an increased

risk of endometrial cancer, but no association between PCOS and the risks of ovarian and breast cancer was found.

Abbreviations: BMI = body mass index, CAD= coronary artery disease, CHF = congestive heart failure, CI = confidence interval,
Clinical Modification, COPD = chronic obstructive pulmonary disease, DM = diabetes mellitus, HR = hazard ration, HTN =
hypertension, ICD-9-CM: International Classification of Diseases, IRB = Institutional Review Board, IRR = incidence rate ratio, NHI =
National Health Insurance, NHIRD = National Health Insurance Research Database, Ninth Revision, OR = odds ratio, PCOS =
polycystic ovarian syndrome, RCIPD = Registry of Catastrophic Illness Patient Database, SD = standard deviation, SHRs =
subhazard ratios.
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Polycystic ovarian syndrome (PCOS) is a common endocrine
disease, with a prevalence of 6.5% in the female population in
Spain.[1] Women with PCOS may present with hyperandrogen-
ism, menstrual irregularity, and a polycystic morphology of the
ovary.[2] The prevalence of insulin resistance and insulin
secretory defects, menstrual dysfunction, and androgen excess
is high in patients with PCOS.[3,4] The irregular metabolic and
hormonal status of women with PCOS may increase their risk of
some cancer types.
Cancers related to chronic hormone stimulation in women

include endometrial, ovarian, and breast cancer. In women with
PCOS, chronic estrogen stimulation can often cause endometrial
hyperplasia or endometrial cancer.[5–10] Ovarian cancer was
reported to be associated with PCOS in one study.[11] Some
studies have reported a link between PCOS and breast cancer but
others have not.[12,13] Previous studies have been limited by
significant methodological biases such as the selection criterion,
length of follow-up, and inclusion of a heterogeneous population.
In this study, we addressed the concern of a heterogeneous
population. Large cohort studies are justified for examining the
entire spectrum of cancer in women with PCOS, especially
associations between PCOS and hormone-related endometrial,
breast, and ovarian cancer.
We investigated the risk of the aforementioned 3 cancers in a

population-based cohort of Taiwanese women with PCOS
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identified in the National Health Insurance Research Database
(NHIRD) between 1998 and 2013 and followed for cancer in the
Taiwan Cancer Registry through 2013.

2. Methods

2.1. Data source

The Taiwanese government launched the National Health
Insurance (NHI) program in 1995, and it covers >99% of
Taiwan’s population.[14] The National Health Research Institute
released the NHIRD for research purposes. The Longitudinal
Health Insurance Database 2000 (LHID2000) contains the
details of 1 million patients randomly selected from the NHIRD.
The NHIRD also includes the Registry of Catastrophic Illness
Patient Database to protect vulnerable beneficiaries by exempting
these patients from copayments for the corresponding medical
services. This study was approved by the institutional review
board (IRB) of China Medical University and the Hospital
Research Ethics Committee (IRB permit number: CMUH-104-
REC2-115).

2.2. Participants

Women aged 15 to 49 years who had received a new diagnosis of
PCOS (International Classification of Diseases, Ninth Revision,
igure 1. Flowchart of the process for establishing the PCOS cohort and comparison cohort using theNHIRD. NHIRD=National Health Insurance Research
atabase, PCOS=polycystic ovarian syndrome.
F
D

2

ClinicalModification [ICD-9-CM] code 256.4) between 1998 and
2013 were identified for the potential PCOS cohort. Valid
diagnoses were based on blood tests for luteinizing hormone,
follicle-stimulating hormone, and testosterone (NHI codes:
09078B2, 09126B, 09126C, 09078B1, 09125B, 09125C,
09064B2, 09121B, and 09121C) or ultrasonography (NHI code:
19003C) or both. We excluded patients who had received
diagnoses of breast cancer (ICD-9-CM code 174 and 175),
endometrial cancer (ICD-9-CM code 182), or ovarian cancer
(ICD-9-CM code 183) and those who had withdrawn from the
insurance program before the index date. We also excluded
patients who had received a diagnosis of cancer either before the
diagnosis of PCOS or within one year after receiving the diagnosis
of PCOS and also in the comparison group before the index date.
The comparison group of this study was randomly selected

fromwomenwithout PCOS andwas 4-fold size matched with the
PCOS group by sex, age, and index year. Figure 1 illustrates the
selection procedure.

2.3. Outcome, relevant variables, and comorbidities

Outcomes assessed in this study were breast, endometrial, and
ovarian cancer. The study endpoint was the date on which a
patient received the diagnosis of one of these cancers, withdrew
from the insurance, or the end of 2013. Person-years were the



Table 1

Baseline characteristcs in women with and without PCOS.

PCOS
(n=8155)

Comparison group
(n=32620) P

Age, y 1.0000
15–29 5059 (62.0) 20236 (62.0)
30–39 2579 (31.6) 10316 (31.6)
40–49 517 (6.3) 2068 (6.3)

Mean (SD) 27.7 (7.0) 27.5 (7.9) .0381
Follow-up duration, y
Mean (SD) 6.0 (4.0) 6.3 (4.0) <.0001
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sum of the follow-up time for each individual, and the follow-up
time was the period from the index date to the endpoint. We
assessed hypertension (HTN; ICD-9-CM codes 401–405),
diabetes mellitus (DM; ICD-9-CM code 250), hyperlipidemia
(ICD-9-CM code 272), stroke (ICD-9-CM codes 430–438),
coronary artery disease (CAD; ICD-9-CM codes 410–413,
414.01–414.05, 414.8, and 414.9), congestive heart failure
(CHF; ICD-9-CM codes 398.91, 402.01, 402.11, 402.91, and
428), and chronic obstructive pulmonary disease (COPD; ICD-9-
CM codes 491, 492, and 496) as comorbidities in this study.
Comorbidity, n (%)
Hypertension 263 (3.2) 662 (2.0) <.0001
Diabetes 230 (2.8) 387 (1.2) <.0001
Hyperlipidemia 494 (6.1) 916 (2.8) <.0001
Stroke 127 (1.6) 324 (1.0) <.0001
CAD 76 (0.9) 243 (0.7) .0865
CHF 22 (0.3) 66 (0.2) .2404
COPD 291 (3.6) 842 (2.6) <.0001

CAD= coronary artery disease, CHF= congestive heart failure, COPD= chronic obstructive pulmonary
disease, PCOS=polycystic ovarian syndrome, SD= standard deviation.
2.4. Statistical analysis

Toanalyze thedemographics of the PCOSandcomparison groups,
we used the x2 tests for categorical variables and t tests for
continuous variables. The incidence of an outcome was calculated
using person-years. We compared the incidence of breast,
endometrial, and ovarian cancer between the groups by using
the incidence rate ratio (IRR) and hazard ratio (HR) and used
univariate and multivariate Poisson regression models to estimate
the IRR and 95% confidence interval (CI) of the 2 groups. TheHR
and 95%CIof the twogroupswere estimated using univariate and
multivariate Cox proportional hazard regression models. The
variables used in the multivariate model were age and all
comorbidities. We used the Kaplan–Meier method to describe
the incidence of an outcome for the 2 groups and examined
the difference between the groups by using the log-rank test. We
considered the 3 cancers to be the endpoints of this study and
computed subhazard ratios (SHRs) by performing risk regression.
The SHR for one of the cancers and 95% CIs were estimated by
considering the other 2 cancers as competing risks. Statistical
analyses of the data were performed using SAS statistical software
(Version9.4 forWindows; SASInstitute, Inc.,Cary,NC).APvalue
of <.05 was considered statistically significant.
3. Results

3.1. Demographics and clinical characteristics

In this study, 8155 and 32,620 patients were included in the
PCOS and comparison groups, respectively (Table 1). The 2
groups exhibited no differences in age grouping and mean
[standard deviation, (SD)] age (27.7 [7.0] and 27.5 [7.9] in the
PCOS and comparison group, respectively). The mean (SD)
follow-up time for the PCOS and comparison groups was 6.0
(4.0) and 6.3 (4.0) years, respectively. The proportion of CAD
and CHF did not differ between the groups, but the PCOS group
had a higher proportion of other comorbidities, namely HTN,
DM, hyperlipidemia, stroke, and COPD, than did the compari-
son group.
3.2. Incidence of endometrial cancer in patients with
PCOS

During the mean follow-up period of 6.0 years, 11 patients
(11/8155) in the PCOS group and 3 patients (3/32,620) in the
comparison group developed endometrial cancer (Table 2). The
incidence of endometrial cancer was 22.6 and 1.5 per 100,000
person-years in the PCOS and comparison groups, respectively.
The adjusted IRR of endometrial cancer for the PCOS and
comparison groups was 17.1 (95% CI=15.7–18.6). Compared
with the patients without PCOS, the patients with PCOS had a
significantly increased adjusted HR for endometrial cancer (17.7,
3

95% CI=4.89–64.2; Table 2). When breast and ovarian cancer
were considered as competing risks, the patients with PCOS also
had a significantly increased adjusted SHR for endometrial cancer
compared with the patients without PCOS (17.7, 95% CI=4.81–
65.3; Table 3). We also assessed the risk of endometrial cancer
between the groups after stratification by the follow-up period
(Table 4). Compared with the patients without PCOS, the patients
with PCOS had a significantly higher risk of endometrial cancer in
the first 5 years of follow-up (adjusted HR=6.29, 95%CI=1.02–
8.7). The incidence of endometrial cancer in the PCOS group was
49.2 per 100,000 person-years between 5 and 10 years of follow-
up; however, no event occurred in the comparison group during
these years. After >10 years of follow-up, no statistically
significant difference in the incidence of endometrial cancer was
observed between the groups.
The Kaplan–Meier curves indicated that the endometrial

cancer-free survival rate was significantly higher in the compari-
son group than in the PCOS group (P< .0001 in the log-rank test;
Fig. 2).

3.3. Incidence of ovarian cancer in the patients with PCOS

During themean follow-up period of 6.0 years, 6 patients (6/8155)
in the PCOS group and 15 patients (15/32,620) in the comparison
group developed ovarian cancer (Table 2). The incidence of
ovarian cancer was 12.3 and 7.3 per 100, 000 person-years in the
PCOS and comparison groups, respectively. The adjusted IRR of
ovarian cancer in the PCOS and comparison groups was 1.63
(95% CI=1.50–1.78). Compared with the patients without
PCOS, the patients with PCOS did not have a significantly
increased adjusted HR for ovarian cancer (1.64, 95% CI=0.63–
4.27; Table 2). When breast and endometrial cancer were
considered as competing risks, no statistically significant difference
in the incidenceofovariancancerwasobservedbetween thegroups
(adjusted SHR=1.64, 95% CI=0.60–4.45; Table 3).
3.4. Incidence of breast cancer in the patients with PCOS

During the mean follow-up period of 6 years, 17 patients
(17/8155) in the PCOS group and 85 patients (85/32,620) in the
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Table 2

Risk of with endometrial cancer, ovarian cancer, and breast cancer in women with PCOS compared with the comparison group.

HR (95% CI)

N Event Person-years Incidence per 1000 person-years Crude Adjusted
∗

Endometrial cancer
Comparison group 32,620 3 205,718 0.15 1 (Reference) 1 (Reference)
PCOS 8155 11 48,584 2.26 16.6 (4.61, 59.81) 17.7 (4.91, 64.21)

Ovarian cancer
Comparison group 32,620 15 205,718 0.73 1 (Reference) 1 (Reference)
PCOS 8155 6 48,584 1.23 1.70 (0.66, 4.37) 1.64 (0.63, 4.27)

Breast cancer
Comparison group 32,620 85 205,718 4.13 1 (Reference) 1 (Reference)
PCOS 8155 17 48,584 3.50 0.88 (0.52, 1.49) 0.98 (0.58, 1.65)

CI= confidence interval, HR=hazard ratio, PCOS=polycystic ovarian syndrome.
∗
Model was adjusted for age and comorbidities listed in Table 1.

Table 3

Subhazard ratios of endometrial cancer, ovarian cancer, and
breast cancer based on the competing-risk regression.

Variables Comparison group (n=32,620) PCOS (n=8155)

Endometrial cancer
cSHR (95% CI) 1 (Reference) 16.6 (4.63, 59.7)
aSHR

∗
(95% CI) 1 (Reference) 17.7 (4.81, 65.3)

Ovarian cancer
cSHR (95% CI) 1 (Reference) 1.69 (0.66, 4.37)
aSHR

∗
(95% CI) 1 (Reference) 1.64 (0.60, 4.45)

Breast cancer
cSHR (95% CI) 1 (Reference) 0.88 (0.52, 1.49)
aSHR

∗
(95% CI) 1 (Reference) 0.97 (0.58, 1.65)

aSHR= adjusted SHR, CI= confidence interval, cSHR=crude SHR, PCOS=polycystic ovarian
syndrome, SHR= subhazard ratio.
∗
Model was adjusted by age and comorbidities listed in Table 1.
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comparison group developed breast cancer (Table 2). The
incidence of breast cancer was 35.0 and 41.3 per 100 000 person-
years in the PCOS and comparison groups, respectively. The
adjusted IRR of breast cancer in the PCOS and comparison
groups was 0.94 (95% CI=0.86–1.03). Compared with the
patients without PCOS, the patients with PCOS did not have a
significantly decreased adjusted HR for breast cancer (0.98, 95%
CI=0.58–1.25; Table 2), and no statistically significant differ-
ence in the incidence of breast cancer was observed between the
groups in the competing risk regression model (adjusted SHR=
0.97, 95% CI=0.58–1.65; Table 3).
Table 4

Risk of endometrial cancer in women with PCOS compared with the

Comparison group

N Event Person-years
Incidence per 10,000

person-years N Event Pe

Follow time
<5 32,620 2 128,792 0.16 8155 3
5–10 17,296 0 61,172 0.00 4378 7
≧10 5791 1 15,755 0.63 1486 1

CI= confidence interval, HR=hazard ratio, PCOS=polycystic ovarian syndrome.
∗
Model was adjusted by age and comorbidities listed in Table 1.

4

4. Discussion

In this large cohort study, an overall 17-fold higher risk of
endometrial cancer was found in more than 8155 Taiwanese
women with PCOS than in the woman without PCOS. The
incidence of endometrial cancer was 22.6 and 1.5 per 100,000
person-years in the PCOS and comparison groups, respectively.
However, no association was observed between PCOS and either
breast or ovarian cancer.
The results of our study showed that PCOS was associated

with endometrial cancer; this finding is consistent with that of a
previous meta-analysis of 5 case–control studies that reported a
significantly increased odds ratio (OR) of 2.79 for endometrial
cancer.[11,15,16] Five case–control studies have reported an
association between PCOS and endometrial cancer without
accounting for body mass index (BMI).[5–8,17] This result is
consistent with our finding. All our patients with PCOSwere aged
<50 years, indicating that the increased risk of this malignancy
may be more likely in younger women with PCOS.
A recent Danish study did not find a higher prevalence of

endometrial cancer in women with PCOS or hyperandrogenism
than in controls.[18] Several studies that evaluated polycystic
ovarian morphology have reported no association with endome-
trial cancer.[19,20]

One population-based case–control study of ovarian cancer[21]

indicated that women with PCOS had a 2.5-fold higher risk of
ovarian cancer than did controls (95%CI=1.1–5.9). However, a
recent meta-analysis demonstrated that the risk of ovarian cancer
was not significantly increased in women with PCOS (OR=1.4;
95% CI=0.9–2.2).[11] In a Danish registry cohort study,
researchers determined a nonsignificant increase in the risk of
comparison group stratified by follow-up year.

PCOS HR (95% CI)

rson-years
Incidence per 10,000

person-years Crude Adjusted
∗

30,967 0.97 6.18 (1.03, 37.0) 6.29 (1.02, 38.7)
14,219 4.92 — —

3399 2.94 6.14 (0.38, 98.6) 4.95 (0.30, 82.4)



Figure 2. Comparison of Kaplan–Meier survival estimates for endometrial cancer in the 2 groups. PCOS=polycystic ovarian syndrome.
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ovarian cancer in women with PCOS compared with the general
Danish female population (standardized incidence ratio=1.8;
95%CI=0.8–3.2).[5] No association between PCOS and ovarian
cancer was evident in cohort studies conducted in Taiwan and
England.[17,22] Oral contraceptive use can reduce the risk of
ovarian cancer.[23] Thus, patients with PCOS are typically treated
with oral contraceptives according to the guidelines that suggest
that OCs may counteract the potential cancer-promoting effects
of PCOS.
In a long-term follow-up of 786 women who had received a

diagnosis of PCOS, breast cancer was found to be the most
common cause of death.[24] However, most other studies have
identified no association between PCOS and breast can-
cer.[5,11,17]

The major reason PCOS increases the risk of endometrial
cancer is the prolonged exposure of the endometrium to
unopposed estrogen caused by anovulation.[25] This prolonged
exposure can cause endometrial hyperplasia and may lead to
endometrial cancer. Other risk factors for endometrial cancer are
obesity, unopposed long-term estrogen use, nulliparity, infertili-
ty, DM, and HTN. Most of these factors also contribute to the
development of PCOS.[26]
5

The strengths of our study are the large sample size of >24
million patients that enabled an accurate evaluation of the
association between specific diseases (e.g., PCOS and cancers)
and age. Diagnoses of PCOS were made by specialists.
Additionally, our study design included an unbiased participant
selection process. Because participation in the NHI is mandatory
and all residents of Taiwan can access health care with low
copayments, there is low referral bias and high follow-up
compliance.
Certain limitations to our findings should be considered. First,

the NHIRD does not provide detailed information on patients
concerning smoking, alcohol consumption, or family history of
malignant diseases—these are all major risk factors for cancer
development. Moreover, data concerning risk factors for
endometrial cancer, such as BMI, metabolic syndrome, and
fertility, were not included in the NHIRD. Thus, we were unable
to control for these potentially confounding factors. Second, the
follow-up period could have been too short, considering that
most cases of uterine cancer occur after the age of 60 years. Third,
the diagnoses of PCOS were identified using ICD-9-CM codes
from the database; thus, its prevalence may have been under-
estimated because only patients seeking medical evaluation could
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be identified, which would most likely result in an underestima-
tion of the association between PCOS and gynecological cancers.
Fourth, the stage, histology, and outcome of uterine cancers
found within the PCOS group could not be obtained in the
NHIRD, which somewhat obscures the clinical utility of our
results. Additional studies may be necessary to explore these
clinical issues. Fifth, although the data we obtained on PCOS and
cancer diagnoses were highly reliable, the diagnoses in NHI
claims are primarily for administrative billing and do not undergo
verification for scientific purposes. Sixth, few cases of endome-
trial cancer were noted (14/10,000), which may reduce the
sensitivity and positive predictive value. Seventh, the PCOS
validation process used only the ICD-9-CM diagnosis codes,
laboratory test results, or ultrasound results; no independent
reviewer or physician provided confirmation. However, several
studies used these same criteria to define PCOS in the
NHIRD.[17,27]

In conclusion, our nationwide population-based retrospective
cohort study provided evidence of an increased risk of
endometrial cancer in the patients with PCOS. Chronic estrogen
stimulation of the endometrium may be the underlying
pathophysiology. DM, HTN, and hyperlipidemia are also risk
factors for endometrial cancer. The clinical utility of this
information remains to be determined in light of the low
incidence of the cancers.
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