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/ABSTRACT

Background. Polycystic ovary syndrome (PCOS) is one of the
most common endocrine disorders among women of repro-
ductive age. We used a nationwide population-based retro-
spective cohort study to explore the relationship between PCOS
and the subsequent development of gynecological cancers
including uterine, breast, or ovarian cancer.

Methods. We identified subjects who were diagnosed with
PCOS between January 1, 2000, and December 31, 2004, in the
Taiwan National Health Insurance (NHI) Research Database.
A comparison cohort was constructed for patients without
known PCOS who were also matched according to age.
All PCOS and control patients were observed until diagnosed
with breast cancer, ovarian cancer, or uterine cancer or
until death, withdrawal from the NHI system, or December
31, 2009.

Results. The PCOS cohort consisted of 3,566 patients, and the
comparison cohort consisted of 14,264 matched control patients
without PCOS. The adjusted hazard ratio (HR) of uterine cancer and
breast cancer in subjects with PCOS were higher (HR: 8.42 [95%
confidence interval: 1.62—43.89] and HR: 1.99 [95% confidence
interval: 1.05-3.77], respectively) than that of the controls during
the follow-up. With the Monte Carlo method, only the mean
adjusted HR of 1,000 comparisons for developing uterine cancer
during the follow-up period was greater for the PCOS group than for
the control groups (HR: 4.71,95% confidence interval: 1.57—-14.11).
Conclusion. PCOS might increase the risk of subsequent newly
diagnosed uterine cancer. It is critical that further large-scale,
well-designed studies be conducted to confirm the association
between PCOS and gynecological cancer risk. The Oncologist
2015;20:45-49

Implications for Practice: Polycystic ovary syndrome (PCOS) is a common endocrine system disorder among women of re-
productive age. PCOS may raise a woman’s risk of developing uterine cancer and breast cancer. Women with polycystic ovary
syndrome should be screened regularly to increase the chances of early detection of the two cancers.

INTRODUCTION

Polycystic ovary syndrome (PCOS) is the most common en-
docrine disorder in women of reproductive age, affecting 6%—10%
of the population [1]. In addition to chronic anovulation,
hyperandrogenism, and polycystic ovarian morphology that
characterize PCOS, obesity, arterial hypertension, diabetes
mellitus type 2, dyslipidemia, and cancer also commonly coexist
in women with PCOS [2, 3].

Endometrial (uterine) cancer is now the most common gy-
necological malignancy in Europe and North America [4]. In a

1949 case-series study, Speert [5] first suggested an association
between PCOS and endometrial carcinoma. Since then, a num-
ber of epidemiologic investigations have noted a link between
PCOS and endometrial cancer [6—10], although not by all [11]. In
a meta-analyses of five comparative studies, Haoula et al. [12]
showed that women with PCOS are approximately three
times more likely to develop endometrial cancer compared
withwomen without it. Similarly another meta-analyses of five
studies (138 women with PCOS and 5,593 non-PCOS controls)
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demonstrated that women with PCOS were at a significantly
increased risk of endometrial cancer (odds ratio, 2.79) [13].

Ovarian cancer is the second most common gynecological
cancer and has the highest mortality. Few studies have ex-
plored the association between PCOS and ovarian cancer.
Meta-analysis of three studies in arecent report demonstrated
that the risk of ovarian cancers was not significantly increased
in women with PCOS [13]. Similarly, the study also found no
increased risk of breast cancer in women with PCOS from meta-
analysis of another three studies [13].

To our knowledge, most of the studies that explored the
risk of endometrial cancer, ovarian cancer, and breast cancerin
women with PCOS had case-control study designs. However,
there are problems with these case-control studies, such as
recall bias, interviewer bias, and inaccuracy of recorded
information about exposure. This is because this information is
collected by self-report, interview, or form. Compared with
case-control studies, in cohort studies, exposure is usually
identified before the outcome. Therefore, cohort study design
provides a temporal framework to assess causality and is thus
able to provide the strongest scientific evidence. Furthermore,
most of the case-control studies were done in Western
populations. Thus, we did a large-scale, population-based re-
trospective cohort study in Taiwan to investigate whether
PCOS raises the risk of developing uterine, ovarian, or breast
cancer in women.

MATERIALS AND METHODS

Data Source

Instituted in 1995, the National Health Insurance (NHI) pro-
gram is a mandatory health insurance program that offers
comprehensive medical care coverage, including outpatient,
inpatient, emergency, and traditional Chinese medicine to all
residents of Taiwan, with a coverage rate of up to 98% [14-17].
The NHI research database (NHIRD) contains comprehensive
information regarding clinical visits, including prescription
details and diagnostic codes based on the International
Classification of Disease, ninth revision, Clinical Modification
(ICD-9-CM). The NHIRD is managed by the National Health
Research Institute (NHRI), and confidentiality is maintained
according to the directives of the Bureau of NHI. For our study,
we used as the data source the Longitudinal Health Insurance
Database 2005 (LHID 2005), which is a data set released by the
NHRI that contains all original claims data for 1 million
randomly selected beneficiaries in the 2005 Registry of
Beneficiaries. The NHRI of Taiwan reports that there were no
significant differences in gender distribution, age distribution,
or average insured payroll-related amount between the pa-
tients in the LHID 2005 and those in the original NHIRD [18].

Standard Protocol Approvals, Registrations, and
Patient Consents

The Institutional Review Board of Taipei Veterans General
Hospital approved this study. Written consent from study
objects was not obtained, because the NHI data set consists of
deidentified secondary data for research purposes, and the
Institutional Review Board of Taipei Veterans General Hospital
issued a formal written waiver for the need for consent.
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Study Population

Using data extracted from the LHID 2005, we conducted
a retrospective cohort study of patients who were newly
diagnosed with PCOS by an obstetrician-gynecologist between
January 1, 2000, and December 31, 2004. In Taiwan, most
obstetrician-gynecologists use guidelines suggested by the
U.S. National Institutes of Health to diagnose PCOS. According
to the guidelines, a person has PCOS if she has all of the
following: oligo-ovulation, signs of excessive androgen (clinical
or biochemical), and exclusion of other disorders that can
result in menstrual irregularity and hyperandrogenism. The
patients with PCOS were defined as having polycystic ovaries
(ICD-9-CM code 256.4). We excluded patients who were
diagnosed with PCOS (ICD-9-CM code 256.4) between January
1, 1996, and December 31, 1999. We also excluded patients
who were diagnosed with malignancies (ICD-9-CM codes
140-208) before they were diagnosed with PCOS. For each
PCOS patient included in the final cohort, four age-matched
control patients without malignancies were randomly selected
from the LHID 2005. All PCOS and control patients were
observed until diagnosed with breast cancer (ICD-9-CM code
174 [malignant neoplasm of female breast]), ovarian cancer
(ICD-9-CM code 183 [malignant neoplasm of ovary and
other uterine adnexa]), or uterine cancer (ICD-9-CM codes
179 [malignant neoplasm of uterus, part unspecified], 181
[malignant neoplasm of placenta], and 182 [malignant
neoplasm of body of uterus]) or until death, withdrawal from
the NHI system, or December 31, 2009. The main dependent
variable was occurrence of breast cancer, ovarian cancer, or
uterine cancer, as reported in the Registry for Catastrophic
lliness. For a diagnosis of cancer to be reported in the registry,
histological confirmation is required. Common comorbidities,
including hypertension, diabetes mellitus, dyslipidemia, con-
gestive heart failure, chronic pulmonary diseases, coronary
artery diseases, and cerebrovascular diseases, were also com-
pared between PCOS and control patients.

Statistical Analysis

The incidence of newly diagnosed breast cancer, ovarian
cancer, or uterine cancer in the PCOS and control patients was
calculated, and independent t tests and XZ tests were used to
examine the differences in the demographic characteristics
between the PCOS and control patients. A Cox proportional-
hazards regression model was constructed to calculate the
hazard ratio (HR) of breast cancer, ovarian cancer, or uterine
cancer of the PCOS cohort and control cohort. Control variables,
such as age; common comorbidities, including hypertension,
diabetes mellitus, dyslipidemia, congestive heart failure, chronic
pulmonary diseases, coronary artery diseases, and cerebrovas-
cular diseases; urbanization; and monthly income were included
as covariates in the multivariate model to calculate adjusted HR.
Insurance premiums, calculated according to the beneficiary’s
total income, were used to estimate monthly income. Monthly
income was grouped into low income (monthlyincome << 20,000
New Taiwan Dollar [NTD]), median income (20,000 NTD =
monthly income < 40,000 NTD), and high income (monthly
income = 40,000 NTD). Urbanization was divided into three
groups: urban, suburban, and rural. Because NHIRD does not
provide detailed information on patients such as tobacco
use, alcohol consumption, body mass index (BMI), fertility data,
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and so on, we were unable to adjust these potentially
confounding factors. Because occurrence of cancer is a rare
event, we used the Monte Carlo method to retest the results
in our work and to strengthen the power of our study. We
repeated the match process 1,000 times randomly to create
1,000 matched groups. The adjusted HR of each group and the
mean adjusted HR of all comparisons were determined.

The SAS statistical software for Windows, version 9.3 (SAS
Institute, Cary, NC, http://www.sas.com), was used for data
extraction, computation, data linkage, processing, and sam-
pling. All other statistical analyses were performed using the
SPSS statistical software for Windows, version 20 (IBM Corp.,
Armonk, NY, http://www-01.ibm.com/software/analytics/spss/).
The results of comparisons with a p value of less than .05 were
considered to indicate a statistically significant relationship.

RESULTS

Participant Selection

Our study included 3,566 PCOS patients and 14,264 control
patients without PCOS. The comparisons of the demographic
and clinical variables between the PCOS and control patients
are presented in Table 1. The median age at enrollment was 27
years (interquartile range [IQR], 22—32 years), and the median
follow-up period was 7.15 years (IQR, 5.93—-8.38 years) for both
PCOS and control patients. The comorbidities, including hyper-
tension, diabetes mellitus, dyslipidemia, congestive heart
failure, and chronic pulmonary disease were more common in
PCOS patients than control patients. During the study period, 2
ovarian cancers, 14 breast cancers, and 5 uterine cancers were
observed in PCOS group, and 9 ovarian cancers, 30 breast
cancers, and 2 uterine cancers were observed in control group.
Significantly higher incidence of uterine cancer (p = .005) was
observed in the PCOS patients than in the control patients. All
the subjects with uterine cancer had ICD-9-CM 182 diagnosis.

PCOS on Risks of Ovarian Cancer, Breast Cancer, and
Uterine Cancer

After adjusting for age, comorbidities, urbanization, and monthly
income, the HR for developing uterine cancer during the follow-up
period was 8.42 times (95% Cl: 1.62—43.89) greater for the PCOS
patients than for the control patients (Table 2). The adjusted HR
for the development of breast cancer was also higher than that of
the control patients (adjusted HR: 1.98, 95% Cl: 1.04-3.77).

Results of the Monte Carlo Method

The results of the Monte Carlo method are presented in Table 3.
The mean adjusted HR of 1,000 comparisons for developing
uterine cancer during the follow-up period was 4.71 times
(95% Cl: 1.57-14.11) greater for the PCOS group than for the
control groups. The mean adjusted HRs for the development of
breastcancerand ovary cancer were not higher thanthat of the
control patients (mean adjusted HR: 1.61, 95% Cl: 0.91-2.84;
and HR: 1.33, 95% Cl: 0.30-5.87, respectively).

DISCUSSION

Accordingto our research, this is the first study to demonstrate
the risk of uterine cancer in women with PCOS in a national
population-based cohort study. The main finding of our study is
that Cox proportional-hazards analysis, after adjusting for age,
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comorbidities, urbanization, and monthly income, yielded an
adjusted HR of uterine cancer that was 8.42 times greater for
women with PCOS than for the comparison cohort. This result
supports previous reports that PCOS may be a risk factor for
developing uterine cancer [6—-10]. Women with PCOS have sev-
eral risk factors for uterine cancer including chronic anovulation,
obesity, and hyperinsulinemia and therefore may be at increased
risk of developing uterine cancer [19]. Furthermore, our analysis
showed that hypertension, dyslipidemia, and diabetes were
more prevalent in women with PCOS than in women without
PCOS (Table 1), which is consistent with the results of previous
studies [20], strengthening the reliability of our findings.

The particularly high risks for uterine cancer has often been
noted among younger women with PCOS [10, 19]. In our study,
the age of onset of uterine cancer for the 5 cases in the PCOS
group ranged from 27 to 45 years (mean, 35.5 years; SD, 6.6
years). Endometrial cancer isthe most common type of uterine
cancer, and studies have shown that most cases of endometrial
cancer occur between the ages of 60 and 70 years [21]. High
BMI may be a possible factor for early-onset of uterine cancer
in patients with PCOS. Such patients are often obese [22], and
higher BMlI is a huge risk factor for uterine cancer because fat
tissues tend to produce higher levels of estrogen [23]. Previous
studies have demonstrated that obesity is associated with
earlier age at diagnosis of endometrial cancers [24, 25]. The
young age of onset of these patients’ uterine cancer highlights
the need foradditional study to better understand PCOS and to
determine what uterine cancer screening and preventive
strategies are needed.

Because the case numbers of cancers are relatively smallin
our work, we used the Monte Carlo method to retest the
results in our work. One thousand matched groups were
selected, and the mean adjusted HRs of all comparisons were
determined. The results confirmed that the mean adjusted HR
for developing uterine cancer during the follow-up period was
greater for the PCOS group than for the control groups.
However, we found the mean adjusted HR of breast cancer did
not increase with statistical significance in the Monte Carlo
method, which means that the elevated adjusted HR of breast
cancer in the original comparison may be due to the random
effect in selection of control patients.

In a long-term follow-up of 786 women diagnosed with
PCOS, breast cancer was found to be the most common cause
of death [25]. In our preliminary analysis, there is a trend of
increased breast cancer incidence in PCOS cases, and when we
adjusted for age, urbanization, income, and some other phy-
sical diseases, the risk of developing breast cancer become
statistically significant (adjusted HR: 1.98, 95% Cl: 1.04-3.77;
Table 2). However, the mean adjusted HR of breast cancer did
not increase with statistical significance with the Monte Carlo
method. This finding was consistent with previous suggestions
that the risk for breast cancer is not significantly greater in
women with PCOS [13]. Future population-based prospective
studies with large sample sizes are needed to investigate the
association between PCOS and the risk of breast cancer.

In a population-based, case-control study of 476 subjects
with histologically confirmed epithelial ovarian cancer,
Schildkraut et al. [26] found that ovarian cancer risk was found
to increase 2.5-fold (95% Cl: 1.1-5.9) among women with
PCOS. In this study, we did not find an increased risk of ovarian
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PCOS and Cancer

Table 1. Characteristics of patients with PCOS and comparison subjects

Baseline characteristics PCOS (%) Control (%) p
No. 3,566 14,264
Age (years)? 27.04 (22.66-32.10) 27.05 (22.72-32.10) .996
Distribution of age .944
0-19 424 (11.89) 1,696 (11.89)
20-39 2,917 (81.80) 11,668 (81.80)
40-59 225 (6.31) 900 (6.31)
Comorbidities
Hypertension 77 (2.16) 237 (1.66) .044°
Diabetes mellitus 131 (3.67) 321(2.25) <.001°
Dyslipidemia 169 (4.74) 328(2.30) <.001°
Coronary artery disease 1(0.03) 8(0.06) .698
Congestive heart failure 13 (0.36) 25(0.18) .040°
Cerebrovascular disease 32(0.90) 96 (0.67) .180
Chronic pulmonary disease 214 (6.00) 542 (3.80) <.001°
Degree of urbanization <.001°
Urban 2,451 (68.73) 9,183 (64.38)
Suburban 879 (24.65) 4,096 (28.72)
Rural 164 (4.60) 798 (5.60)
Income group <.001°
Low income 1,408 (39.48) 6,486 (45.47)
Median income 1,560 (43.75) 5,780 (40.53)
High income 598 (16.77) 1,998 (14.01)
Follow up (years)® 7.15 (5.93—8.38) 7.15 (5.93—8.38) .958
Newly diagnosed cancers, N (%)
Ovarian cancer 2 (0.06) 9(0.06) 1.000
Breast cancer 14 (0.39) 30(0.21) .058
Uterine cancer 5(0.14) 2(0.01) .005°

#Median (interquartile range).
BStatistical significance.
Abbreviation: PCOS, polycystic ovarian syndrome.

Table 2. Hazard ratios of time until cancers between patients
with polycystic ovarian syndrome and comparison subjects
during follow-up period

Crude HR (95% Cl) Adjusted HR (95% CI)?

0.888 (0.192-4.110)  0.997 (0.214—4.636)
Breast cancer 1.868 (0.990-3.522)  1.976 (1.035-3.772)°
Uterine cancer 10.005 (1.941-51.568)° 8.420 (1.615-43.888)°

Cancer type

Ovarian cancer

#Adjusted for age, hypertension, diabetes mellitus, dyslipidemia,
coronary artery disease, congestive heart failure, cerebrovascular
disease, chronic pulmonary disease, urbanization, and income.
Pstatistical significance.

Abbreviations: Cl, confidence interval; HR, hazard ratio.

cancer in PCOS group, which is in line with the recent meta-
analysis of three case-control studies that the risk of ovarian
cancers was notsignificantly increased in women with PCOS [13].

The strengths of our study are the large sample size and the
diagnosis of PCOS by specialists. In addition, 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, referral
bias is low, and follow-up compliance is high.

©AlphaMed Press 2015

Certain limitations to our findings should, however, be
considered: (a) The NHIRD does not provide detailed infor-
mation on patients such as tobacco use, alcohol consumption,
and family history of malignancy diseases. They are all major
risk factors for cancer development. Specifically, risk factors
of uterine cancer such as BMI, metabolic syndrome, and
fertility data were also not included in the NHIRD. Thus, we
were unable to control for these potentially confounding
factors. (b) The follow-up period could be short, considering
that most cases of uterine cancer occur after the age of 60
years. (c) The diagnoses of PCOS are identified using the ICD-9
codes from the database, and its prevalence may be under-
estimated because only subjects seeking medical evaluation
can be identified, but this would most likely result in an un-
derestimate of the association between PCOS and gynecolog-
ical cancers. (d) The stage, histology, and outcome of the
uterine cancers found in the PCOS group could not be obtained
inthe NHIRD, which made the clinical utility of our resultsin the
future somewhat obscure. Further study may be necessary to
explorethese clinical issues. (e) Although the data we obtained
on PCOS and cancer diagnoses were highly reliable, the di-
agnoses in NHI claims are primarily for administrative billing
and do not undergo verification for scientific purposes.
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Table 3. Mean hazard ratios of time until cancers between
patients with polycystic ovarian syndrome and comparison
subjects during follow-up period by the Monte Carlo method

Mean Mean standard Mean adjusted
Cancer type estimate error HR (95% CI)?
Ovarian cancer 0.287 0.757 1.33 (0.30-5.87)
Breastcancer  0.475 0.290 1.61(0.91-2.84)
Uterine cancer 1.550 0.560 4.71 (1.57-14.11)°

?Adjusted for age, hypertension, diabetes mellitus, dyslipidemia,
coronary artery disease, congestive heart failure, cerebrovascular
disease, chronic pulmonary disease, urbanization, and income.
Bstatistical significance

Abbreviations: Cl, confidence interval; HR, hazard ratio.

CONCLUSION

Our nationwide population-based retrospective cohort study
provides further evidence of an excessive risk of uterine cancer
in PCOS subjects. However, the specific mechanisms that un-
derlie this association remain unknown, and further study is
necessary to confirm our findings and explore the underlying
pathophysiological mechanisms. Furthermore, the clinical utility
of this information is to be determined because the absolute
incidences of the cancers were low. Whether intensive screening
of cancers and/or prophylactic surgery should be done in pa-
tients with PCOS needs further survey for confirmation.
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