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Abstract

Objective: We investigated the overall and age-specific risks of developing breast and endometrial cancer among women
with diabetes in a population-based cohort study.

Methods: Women with diabetes (n = 319310) and age-matched controls (n = 319308), selected from ambulatory care claims
and beneficiary registry in 2000, respectively were linked to the in-patient claims (2000–2008) to identify admissions due to
breast (ICD-9-CM: 174) and endometrial (ICD-9-CM: 182) cancer. The person-year approach with Poisson assumption was
used to estimate the incidence density rate. The age-specific hazard ratios (HRs) of above malignancies in relation to
diabetes with multivariate Cox proportional hazard regression.

Results: The overall incidence density rate of breast and endometrial cancer was estimated at 1.21 and 0.21 per 10,000
patient-years, respectively, for diabetes. The corresponding figures for controls were lower at 1.00 and 0.14 per 10,000
patient-years. Compared with the controls, the covariate adjusted HR for breast and endometrial cancer was 1.42 (95%
confidence interval (CI) 1.34–1.50) and 1.71 (95% CI 1.48–1.97), respectively in women with diabetes. Elderly (.= 65 years)
diabetes had the highest HR (1.61) of breast cancer, while the highest HR (1.85) of endometrial cancer was observed in
diabetes aged ,= 50 years.

Conclusions: Diabetes may significantly increase the risks of breast and endometrial cancer in all age stratifications. Health
education for strict adherence of cancer screening program in women with diabetes is essential.
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Introduction

Apart from various microvascular and macrovascular compli-

cations, accompanying insulin resistance and hyperinsulinemia of

diabetes have been hypothesized to be associated with many kinds

of tumor, but links with breast and endometrial cancer remain

controversial. A number of studies found that women with

diabetes were at increased risk of breast [1–8] and endometrial

[1,2,7,9–14] cancer, but not all studies revealed similar association

[15–18]. Although recent literature review tends to support a link

between diabetes and increased risk of breast [19] and endometrial

[14] cancer in women, several questions remain open for

investigations. First, diabetes and breast cancer association was

found to be more apparent among postmenopausal women

[1,3,6,8,20], but a lack of statistically significant association

between diabetes and premenopausal breast cancer could be due

to limited number of breast cancer patients of younger ages.

Additionally, little is known about whether such menopausal

difference was also observed in diabetes patients with endometrial

cancer [9]. Second, a recent meta-analysis that included 16 studies

published between 2000 and 2010 reported that the correlation

between diabetes and breast cancer was the most obvious in

Europe, followed by America. In Asia, the result was not

significant [19]. Because only 3 studies were conducted in Asian

populations, whether geographical distribution can affect the

relationship between diabetes and breast cancer remains specu-

lative and unproven.

In addition to the aforementioned puzzles, accompanying illness

like hypertension [21], endometriosis [22], and abortion [23] that

may be risk factors for breast cancer was rarely adjusted in

previous studies. Moreover, none of the previous studies included
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Charlson’s comorbidity score [22–25] in their analysis to assess the

severity of underlying illnesses suffered by each patient.

In Taiwan, breast and endometrial cancers are the first and

seventh commonest forms of cancers in women respectively, and

their incidences are increasing in recent years [26]. However, little

is known about age-specific risks of breast and endometrial cancer

among pre- and postmenopausal patients with diabetes. The aim

of this study was to estimate the incidence and relative risks of

malignant cancerof breast and endometrium among female

diabetes population with various age stratifications after adjust-

ment of Charlson’s comorbidity score and other potential clinical

risk factors. Our nationally representative diabetes cohort was

selected from National Health Insurance (NHI) claims in Taiwan.

Methods

Source of Data
Data analyzed in this study were retrospectively retrieved from

the claims of the National Health Insurance Research Database

(NHIRD) provided by the Bureau of National Health Insurance

(BNHI). The NHIRD provides all inpatient and ambulatory

medical claims for around 99% of Taiwanese people [27]. To

ensure the accuracy of claim files, the BNHI performs quarterly

expert reviews on a random sample for every 50 to 100

ambulatory and inpatient claims [28]. Therefore, information

obtained from the NHIRD is considered to be complete and

accurate [29,30].We used several NHIRD datasets in this study,

including ambulatory care visit claims (ACVC), inpatient claims

(IC), and Registry for Beneficiaries (RB). Access to research data

has been reviewed and approved by the Review Committee of the

National Health Research Institutes.

Study Design and Populations
This is a population-based cohort study. Details of the NHI

claim data and the methods of selection of patients with diabetes

and control subjects were described in our previous report [28].

Briefly, we considered a patient to be diabetes if she or he had

diagnosed as having diabetes (ICD-9-CM: 250 or A-code: 181) in

2000, and again within the subsequent 12 months. To avoid

accidental inclusion of miscoded patients, we further selected only

those patients with the first and last outpatient visits at least

30 days apart. Additionally, we excluded those patients who were

admitted to the hospitals for any malignant cancer (ICD-9-CM:

140–208) between 1997 and the date of initial ambulatory care

visit for diabetes treatment in 2000. In Taiwan, major illness/

injury certificates are issued to all patients with malignant cancer.

In order to avoid incorrect exclusion of cancer patients, we

excluded only those cancer patients with a major illness/injury

certificates for an admission. For the specific purpose of this study,

we limited the diabetes to females. Those aged 20 or less were also

excluded to ensure that most of the diabetes were type 2. Thus, the

final cohort consisted of 319,310 patients with diabetes. The date

of the first outpatient visit in 2000 was the index date for each

patient.

The control subjects were identified from the RB. We excluded

people with claims for ambulatory care for diabetes or hospitalized

for any type of malignancy (ICD-9-CM: 140–208) along with

issued major illness/injury certificates between 1997 and 1999.

Then we selected age- and sex-matched control subjects by using

the frequency matching procedure. Because of missing informa-

tion on the age or sex of 661 patients with diabetes, we could select

only 614,871 control subjects. Again, we limited our control

subjects to females (n=319,308). The index date for subjects in the

control group was their date of enrollment to NHI. If their date of

enrollment was before January 1, 2000, the index date was set as

January 1, 2000, which was the starting point for the follow-up for

controls.

End-points and Covariates
We used the unique personal identification number (PIN) of

each insurer in both groups and linked them to the inpatient

claims of 2000 to 2008 in order to identify the primary or

secondary diagnoses of malignant cancer of breast (ICD-9-CM:

174) and endometrium (ICD-9-CM: 182), which were the end

points of this study. To avoid incorrect assessment of malignant

cancer, we included only those patients who possessed major

illness/injury certificates for those admissions. The day of

hospitalization of the patients was considered as the date on

which the clinical endpoint of interest occurred. The study period

was from January 1, 2000, to December 31, 2008.

The geographic location of each individual’s NHI unit, either

the location of employment or residential area, was classified into

North, Central, South, or East or into level of urbanization status

(i.e., urban or rural), as per the National Statistics of Regional

Standard Classification [31]. Information on a study subject’s

underlying illnesses was retrieved from the inpatient and

outpatient claims from the first day of 1997 to the index date of

2000. These illnesses included hypertension (ICD-9-CM: 401.9)

[21], endometriosis (ICD-9-CM: 617.9) [22], and history of

abortion (ICD-9-CM: 634–639) [23] in the analysis of breast

cancer in relation to diabetes. On the other hand, only

hypertension was considered in the analysis of diabetes in

predicting onset of endometrial cancer. We calculated the

Charlson’s score to indicated an individual’s level of co-morbidity.

The Charlson comorbidity index is a weighted summary measure

of clinically important concomitant diseases that has been adapted

for use with ICD-9-CM coded administrative databases [24,25].

We also adjusted for the frequency of outpatient visits for each

study subject to avoid disease surveillance bias arising from the fact

that patients with diabetes are more likely than their control

counterparts to seek medical care, leading to an spuriously

elevated risk of cancer in diabetes.

Statistical Analysis
In the statistical analyses, the age-specific incidence density rate

was first calculated with person-years as the denominator under

the Poisson assumption. The incidence density rate was used when

the denominator was the sum of the person-time values (person-

years in the current study) of the at-risk population. To assess the

independent effects of diabetes on the risks of breast and

endometrial cancer, we used Cox proportional hazard regression

models, adjusting for age, geographic area, urbanization status,

Charlson’s score, and selected underlying illnesses. Taking into

account both geographic area and urbanization status was made

for adjustment of possible geographic variations in cancer

incidence and mortality in Taiwan [32].

The study participants who encountered in-hospital mortality

for causes other than cancer of breast and endometrium were

considered censored from the survival analysis, and the date of

censoring was the date of their deaths. If a study subject had no in-

hospital mortality, the date of censoring was either the date of his/

her withdrawal from NHI or the date of termination of the study,

i.e., December 31, 2008. All the statistical analyses were

performed using the Statistical Analysis Software (version 9.2;

SAS Institute, Cary, NC). A P value of ,0.05 was considered

statistically significant.
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Results

The mean (6SD) age of patients with diabetes was 61.06

(612.35), similar to that of control subjects (60.95612.49).

Patients with diabetes and control subjects were also comparable

with respect to the distributions of geographic area and

urbanization status. Compared to control subjects, patients with

diabetes tended to have more co-morbid conditions. The mean

Charlson’s score for diabetes and controls was 0.3361.21 and

0.0760.57, respectively. The characteristics of the study subjects

are listed in Table 1. The median time of follow-up was 6.9 years

for both the groups.

Over 9 years of follow-up, 2,945 patients with diabetes were

admitted for breast cancer, and 2,656 individuals in the control

group were admitted for the same diagnosis. The overall incidence

densities of diabetes and controls were 1.21 and 1.00 per 10,000

person-years, respectively. For both groups, the highest incidence

density rate was noted in patients aged 50–64 (1.37 and 1.17 per

10,000 person-years for diabetes and controls, respectively). After

controlling for potential covariates, patients with diabetes were

found to have a significantly increased risk of developing breast

cancer, with an overall hazard ratio (HR) of 1.42 (95% CI 1.34–

1.50). We observed a significant interaction between the diabetic

status and age (P,0.0001), and hence, we further conducted an

age-stratified analysis. The adjusted HR was most increased in

elderly (.=65 years) patients with diabetes (HR 1.61, 95% CI

1.45–1.78), followed by patients with diabetes aged 50–64 (HR

1.40, 95% CI 1.29–1.51). Younger patients (,50 years) had a

relatively small but still significantly increased HR of breast cancer

(HR 1.16, 95% CI 1.02–1.31) (Table 2).

Table 3 shows the incidence densities and HRs of endometrial

cancer in both diabetes and control subjects. We observed that 520

and 372 patients from the diabetes and controls, respectively, were

hospitalized for endometrial cancer between 2000 and 2008. The

overall incidence density rate calculated for the diabetes and

control subjects was 0.21 and 0.14 per 10,000 person-years,

respectively, which represents a covariate adjusted HR of 1.71

(95% CI 1.48–1.97). Again, we observed that the incidence of

endometrial cancer varied with age in patients of both groups. In

patients with diabetes, the highest incidence density rate was

observed in younger (,50 years) patients (0.28 per 10,000 person-

years), and the lowest one was noted for the elderly (.=65 years)

patients (0.15 per 10,000 person-years). The highest incidence

density rate for the control subjects was found for subjects aged

50–64 yeas (0.17 per 10,000 person-years). As compared to the

control group, the diabetes group had a significantly increased risk

of endometrial cancer (HR 1.71, 95% CI 1.48–1.97). The highest

age-specific HR was noted in patients with diabetes aged ,50

years (HR 1.85, 95% CI 1.36–2.50). The HR for patients with

diabetes aged 50–64 years and those aged 65 and over was similar

at 1.64 (95% CI 1.34–2.02) and 1.67 (95% CI 1.28–2.19). Despite

Table 1. Characteristics of the study subjects.

Variables Control Group Diabetes Group

n (%) n (%)

Characteristics

Age (years)

20–49 55602 (17.41) 55601 (17.41)

50–64 128389 (40.21) 128389 (40.21)

§65 135317 (42.38) 135320 (42.38)

Mean (6SD) 60.95 (612.49) 61.06 (612.35)

Geographic area

Northern 139857 (43.31) 139262 (43.10)

Central 80864 (25.04) 77009 (23.83)

Southern 89545 (27.73) 93415 (28.91)

Eastern 8942 (2.80) 9624 (2.98)

Urbanization status

Urban area 210551 (65.41) 211183 (65.51)

Rural area 108757 (33.79) 108127 (33.54)

Comorbidity

Charlson’s score

0 308685 (96.67) 274062 (85.83)

1 6387 (2.00) 22815 (7.15)

.= 2 4236 (1.33) 22433 (7.03)

Mean(6SD) 0.07 (60.57) 0.33 (61.21)

Hypertension 146306 45.82 192959 60.43

Endometriosis 1687 0.53 1613 0.51

Abortion 2430 0.76 2477 0.78

Mean number of ambulatory visit in 2000 (6SD) 20.9 (618.2) 34.6 (621.1)

Total 319308 (100.00) 319310 (100.00)

doi:10.1371/journal.pone.0067420.t001
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that, the interaction between diabetes and age was not statistically

significant (P=0.2907).

Discussion

This population-based study found that diabetes increased the

risks of both breast and endometrial cancer. The incidence density

rate of breast cancer in Taiwanese patients with diabetes (1.21 per

10,000 patient years) was lower than those of Canadian (3.23 per

1,000 person years) [6], and Korean women diabetes (1.51 per

10,000 women) [4]. However, the increased risk of breast cancer

associated with diabetes (i.e., 42%) noted in our study was

comparable with those of previous studies [1–3,8]. In addition, age

was an apparent effect modifier in our study (P,0.001): the

highest increased risk of breast cancer was observed in women

diabetes aged .65 year, and the relative risk estimates attenuated

with decreasing age. In patients with diabetes aged ,50 years, the

relative risk estimate was insignificant until it was adjusted by

patients’ past medical histories like hypertension, endometriosis,

and abortion. Many previous studies [1,3,6,8] reported that

diabetes would not increase breast cancer risk in premenopausal

patients. But our study showed the opposite results, and such

discrepancy could be attributable to the incomplete adjustment for

medical illness suffered by those previous reports.

Regarding endometrial cancer, few studies assessed the

incidence density rate of endometrial cancer in patients with

diabetes. We found out that the incidence density rates of control

subjects (0.14 per 10,000 patient years) and patients with diabetes

(0.21 per 10,000 patient years) in our study were lower than the

incidence density rate in Eastern Asia (10.3 per 100,000) [33]. The

relative risks of endometrial cancer associated with diabetes noted

in our study, however, was comparable with those reported in

previous studies [1,2,7,10,11,13]. Although not all studies [1,9]

revealed increased risk of endometrial cancer in young diabetes, a

Swedish study [2] indicated that diabetes ,40 years old still had

higher standardized incidence ratio than those of $40 year old.

This Swedish study, however, did not further assess the age-

specific risks of patients with diabetes above 40 years. In our study,

the relative risk decreased with increasing age, and the highest

relative risk estimate of endometrial cancer was noted in diabetes

,50 years. Although there was slight variation in age-specific

relative risk estimates of endometrial cancer in diabetes, such

variation was not statistically significant which provides no

justification for further interpretation.

Type 2 diabetes constitutes 98.2% of all diabetes in Taiwan [34]

so that the majority of the patients with diabetes in our study were

likely to be type 2 diabetes. Hypothetically, the associated insulin

resistance, compensatory hyperinsulinemia and increased insulin

like growth factor in type 2 diabetes inhibit hepatic synthesis of sex

hormone binding globulin (SHBG), stimulate ovarian synthesis of

sex steroid, and consequently promote cellular proliferation and

inhibition of apoptosis of breast and endometrial epithelium [35].

In addition to the endocrine effect of insulin, paracrine effect of

insulin on secretion of adipokines has also been demonstrated to

influence breast cancer risk and progression [36]. Deregulation of

fatty acid synthase activity, chronic inflammation and oxidative

stress [37] may also contribute possible pathogenic mechanism for

increased risk of breast and endometrial cancers in type 2 diabetes.

Our study demonstrated a higher increased risk of breast cancer in

younger diabetes, which might suggest that the above possible

mechanism with which diabetes may lead to an increased risk of

breast cancer is more evident in younger diabetes.

Our study had several methodological strengths. First, both

diabetes and control groups were collected from NHI database

which is population-based. A nationwide insurance coverage also

minimizes the potential for selection bias due to loss to follow-up of

the study sample. Additionally, there is little likelihood of recall

and information bias because all cancer patients were confirmed

by major illness/injury certificates which required pathological

confirmation of cancer. Second, insurance claim records provide

access to the longitudinal records for geographically dispersed

patients. Such a large number of study subjects also made it

possible for us to make detailed age-stratified analyses particularly

in very young patients. Third, we excluded patients with any type

of malignance 3 years before the index date which enable us to

evaluate accurate estimates of incidence and relative risk of

malignant cancer of breast and endometrium. Fourth, adjustment

of geographic area and urbanization statuses might have reduced

such area related confounding factors. The potential confounding

by prior illnesses and co-morbidities were also controlled in our

study. Lastly, generalizibility of the effect size related to the

relationship between diabetes and breast/endometrial cancer

should be interpreted with caution as the findings are based on

the Taiwanese cohort.

Despite the above strengths, several limitations were also noted

in our study. First, exclusive reliance on the claim data might have

caused potential misclassification bias. Although the accuracy of a

single diabetes diagnosis in the NHI claim data in 2000 was

reported to be 74.6% [38], we used at least two diabetes related

diagnosis with the first and last visits .30 days apart, which might

have reduced the possibility of disease misclassification. The

control group might have also consisted of new onset or

undiagnosed diabetes. Selection of breast and endometrial cancer

in patients with major illness/injury certificates might have

excluded some patients who had been waiting for pathological

diagnosis. Such misclassification bias, however, was likely to be

non-differential, which tends to underestimate rather overestimate

the true relative risks [39]. Second, as we described previously, we

were unable to differentiate between type 1 and type 2 diabetes in

our study, which also limits specific interpretations of the study

results. However, we limited the diabetes patients to those

diagnosed after age 20 or older to provide further reassurance

that most of the women diabetes is type 2. Third, due to limited

information of Taiwan’s NHI claim data, we could not determine

the BMI, duration and treatment regimens of diabetes, and other

socioeconomic characteristics in our study population. Certain risk

factors for breast cancer, including familial cancer history, number

of delivery, and breast feeding, are also unavailable from the claim

data. Failure to adjust for the above potential confounders might

have biased the study results. Four, Screening or surveillance bias

might be a concern in our study, because there are more frequent

physician contacts for the diabetes patients. To address this

concern, we adjusted for the number of ambulatory care visit

made by each study subject in 2000 respectively).

In conclusion, over a 9-year follow-up period, women with

diabetes in Taiwan were observed to experience significantly

elevated risk of malignant cancer of breast and endometrium even

after adjusting for potential confounding factors. Awareness of

such relationship in both pre- and postmenopausal women is

essential to diabetologists, and patients with diabetes should be

well educated for strict adherence of current cancer screening

program.

Acknowledgments

Data from the National Health Insurance Research Database was provided

by the Taiwan Bureau of National Health Insurance, Department of

Health. The interpretation and conclusions contained herein do not

Diabetes and Breast and Endometrial Cancer

PLOS ONE | www.plosone.org 5 June 2013 | Volume 8 | Issue 6 | e67420



represent those of Bureau of National Health Insurance, Department of

Health or National Health Research Institutes.
Author Contributions

Conceived and designed the experiments: HFC MDL PC LHC YHC

PCW CYL. Analyzed the data: HFC MDL PC LHC YHC PCW CYL.

Contributed reagents/materials/analysis tools: HFC MDL PC LHC YHC

PCW CYL. Wrote the paper: HFC MDL PC LHC YHC PCW CYL.

References

1. Wideroff L, Gridley G, Mellemkjaer L, Chow WH, Linet M, et al. (1997) Cancer

incidence in a population-basaed cohort of patients hospitalized with diabetes

mellitus in Denmark. J Natl Cancer Inst 89: 1360–5.

2. Weiderpass E, Gridley G, Persson I, Nyrén O, Ekbom A, et al. (1997) Risk of

endometrial and breast cancer in patients with diabetes mellitus. Int J Cancer 71:

360–3.

3. Michels KB, Solomon CG, Hu FB, Rosner BA, Hankinson SE, et al. (2003)
Type 2 diabetes and subsequent incidence of breast cancer in the nurses’ health

study. Diabetes Care 26: 1752–8.

4. Jee SH, Ohrr H, Sull JW, Yun JE, Ji M, et al. (2005) Fasting glucose level and

cancer risk in Korean Men and Women. JAMA 293: 194–202.

5. Lipscombe LL, Goodwin PJ, Zinman B, McLaughlin JR, Hux JE (2006)

Diabetes mellitus and breast cancer: a retrospective population-based cohort

study. Breast Cancer Res Treat 98: 349–56.

6. Bowker SL, Richardson K, Marra CA, Johnson JA (2011) Risk of breast cancer

after onset of type 2 diabetes: evidence of detection bias in postmenopausal

women. Diabetes Care 34: 2542–4.

7. Lambe M, Wigertz A, Garmo H, Walldius G, Jungner I, et al. (2011) Impaired

glucose metabolism and diabetes and the risk of breast, endometrial, and ovarian

cancer. Cancer Causes Control 22: 1163–71.

8. Cleveland RJ, North KE, Stevens J, Teitelbaum SL, Neugut AI, et al. (2012)

The assoication of diabetes with breast cancer incidence and mortality in the
Long Island Breast Cancer Study Project. Cancer Causes Control 23: 1193–203.

9. Parazzini F, La Vecchia C, Negri E, Riboldi GL, Surace M, et al. (1999)

Diabetes and endometrial cancer: an Italian case-control study. Int J Cancer 81:

539–42.

10. Anderson KE, Anderson E, Mink PJ, Hong CP, Kushi LH, et al. (2001) Diabetes

and endometrial cancer in the Iowa Women’s Health Study. Cancer Epidemiol

Biomarkers Prev 10: 611–6.

11. Friberg E, Mantzoros CS, Wolk A (2007) Diabetes and risk of endometrial

cancer: a population-based prospective cohort study. Cancer Epidemiol

Biomarkers Prev 16: 276–80.

12. Lindemann K, Vatten LJ, Ellstrøm-Engh M, Eskild A (2008) Body mass,

diabetes and smoking, and endometrial cancer risk: a follow-up study.

Br J Cancer 98: 1582–5.

13. Saltzman BS, Doherty JA, Hill DA, Beresford SA, Voigt LF, et al. (2008)
Diabetes and endometrial cancer: an evaluation of the modifying effects of other

known risk factors. Am J Epidemiol167: 607–14.

14. Noto H, Osame K, Sasazuki T, Noda M (2010) Substantially increased risk of

cancer in patients with diabetes mellitus. A systemic review and meta-analysis

epidemiologic evidence in Japan. J Diabetes Complications 24: 345–53.

15. Adami HO, McLaughlin J, Ekbom A, Berne C, Silverman D, et al. (1991)

Cancer risk in patients with diabetes mellitus. Cancer Causes Control 2: 307–14.

16. La Vecchia C, Negri E, Franceschi S, D’Avanzo B, Boyle P (1994) A case-

control study of diabetes mellitus and cancer risk. Br J Cancer 70: 950–3.

17. Inoue M, Iwasaki M, Otani T, Sasazuki S, Noda M, et al. (2006) Diabetes

mellitus and the risk of cancer: results from a large-scale population-based cohort

study in Japan. Arch Intern Med 166: 1871–7.

18. Kuriki K, Hirose K, Tajima K (2007) Diabetes and cancer risk for all and

specific sites among Japanese men and women. Eur J Cancer Prev 16: 83–9.

19. Liao S, Li J, Wei W, Wang L, Zhang Y, et al. (2011) Association between

diabetes mellitus and breast cancer risk: a meta-analysis of the literature. Asian

Pac J Cancer Prev 12(4): 1061–5.

20. La Vecchia C, Giordano SH, Hortobagyi GN, Chabner B (2011) Overweight,

obesity, diabetes, and risk of breast cancer: interlocking pieces of the puzzle.
Oncologist 16(6): 726–9.

21. Largent JA, Bernstein L, Horn-Ross PL, Marshall SF, Neuhausen S, et al. (2010)

Hypertension, antihypertensive medication use, and breast cancer risk in the
California Teachers Study cohort. Cancer Causes Control 21: 1615–24.

22. Matalliotakis IM, Cakmak H, Mahutte N, Goumenou AG, Koumantakis G, et
al. (2008) The familial risk of breast cancer in women with endometriosis from

Yale series. Surg Oncol 17: 289–93.
23. Pinho VF, Coutinho Eda S (2005) Risk factors for breast cancer: a systematic

review of studies with female samples among the general population in Brazil.

Cad Saude Publica 21: 351–60.
24. Charlson ME, Pompei P, Ales KL, MacKenzie CR (1987) A new method of

classifying prognostic comorbidity in longitudinal studies: development and
validation. J Chronic Dis 40: 373–83.

25. Deyo RA, Cherkin DC, Ciol MA (1992) Adapting a clinical comorbidity index

for use with ICD-9-CM administrative databases. J Clin Epidemiol 45: 613–9.
26. Bureau of health promotion. Cancer Statistics, 2009. Available: http://www.

bhp.doh.gov.tw/BHPnet/Web/Stat/StatisticsShow.aspx?No= 201206210001.
Accessed September 11, 2012.

27. Lu JFR, Hsiao WC (2003) Does Universal health insurance make health care

unaffordable? Lessons from Taiwan. Health Aff 22: 77–88.
28. Bureau of National Health Insurance. Regulations governing contracting and

management of National Health Insurance medical care institutions. Available:
http://www.nhi.gov.tw/English/webdata/webdata.aspx?menu = 11&menu_

id = 295&WD_ID=295&webdata_id = 3284. Accessed September 4, 2012.
29. Sun Y, Chang YH, Chen HF, Su YH, Su HF, et al. (2012) Risk of Parkinson’s

disease onset in patients with diabetes: A 9-year population-based cohort study

with age and sex stratifications. Diabetes Care 35: 1047–9.
30. Chen HF, Chen P, Li CY (2010) Risk of malignant neoplasms of liver and biliary

tract in diabetic patients with different age and gender stratifications.
Hepatology 52: 155–63.

31. Chen HF, Chen P, Li CY (2011) Risk of malignant neoplasm of pancreas in

relation to diabetes: a population-based study in Taiwan. Diabetes Care.34:
1177–9.

32. Chen CJ, You SL, Lin LH, Hsu WL, Yang YW (2002) Cancer epidemiology and
control in Taiwan: a brief review. Jpn J Clin Oncol 32 suppl: S66–81.

33. Cramer DW (2012) The epidemiology of endometrial and ovarian cancer.
Hematol Oncol Clin N Am 26: 1–12.

34. Chuang LM, Tsai ST, Huang BY, Tai TY, DIABCARE (Taiwan) Study Group

(2001) The current state of diabetes management in Taiwan. Diabetes Res Clin
Pract 54 suppl: S55–65.

35. Arcidiacono B, Iiritano S, Nocera A, Possidente K, Nevolo MT, et al. (2012)
Insulin resistance and cancer risk: an overview of the pathogenetic mechanisms.

Exp Diabetes Res. 2012: 789174. doi: 10.1155/2012/789174.

36. Rose DP, Vona-Davis L (2012) The cellular and molecular mechanisms by
which insulin influences breast cancer risk and progression. Endocr Relat

Cancer 19. doi: 10.1530/ERC-12-0203.
37. Vigneri P, Frasca F, Sciacca L, Pandini G, Vigneri R (2009) Diabetes and

cancer. Endocr Relat Cancer 16: 1103–23.
38. Lin CC, Lai MS, Syu CY, Chang SC, Tseng FY (2005) Accuracy of diabetes

diagnosis in health insurance claims data in Taiwan. J Formos Med Asso104:

157–63.
39. Gordis L (2000) Epidemiology. 2nd ed. Philadelphia: WB Saunders Company.

Diabetes and Breast and Endometrial Cancer

PLOS ONE | www.plosone.org 6 June 2013 | Volume 8 | Issue 6 | e67420


