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ABSTRACT

Objective. To investigate whether the risk of developing ovarian cancer is elevated in women with diabetes mellitus.

Methods. The study is a population-based cohort study. Women with Type 2 diabetes (n=319,310) and age-matched controls (n=319,308) were selected from the ambulatory care claims and beneficiary registry in 2000, respectively. Selected patients were linked to the in-patient claims (2000–2008) to identify admissions due to ovarian (ICD-9-CM:183.xx) cancer. The person–year approach with Poisson assumption was used to estimate the incidence density rate. The age-specific hazard ratios (HRs) of ovarian cancer in relation to diabetes were calculated using multivariate Cox proportional hazard regression model.

Result. The overall incidence density rate of ovarian cancer was estimated at 1.87 (95% confidence interval (CI) 1.70–2.05) per 10,000 patient–year for patients with diabetes. The corresponding figures for controls were slightly lower at 1.79 per 10,000 patient–year. The incidence density of ovarian cancer was increased with age in diabetes but not in controls. The covariate-adjusted HR for ovarian cancer was statistically compared with null (adjusted HR=1.06, 95% CI=0.92–1.22) in women with diabetes. Moderately elevated HR was noted in women with diabetes aged <50 (adjusted HR=1.17, 95% CI=0.82–1.65) and in women with diabetes aged >65 (adjusted HR=1.10, 95% CI=0.92–1.42). The null association between diabetes and ovarian cancer remains true regardless of the disease duration of diabetes.
Conclusion. This large-scale cohort study provides little support on the putative association between Type 2 diabetes and risk of ovarian cancer. 
Keywords: Diabetes, Ovarian cancer, Cohort studies, Incidence rate, Relative risk, Cox model.

Introduction

Diabetes mellitus (DM) is a worldwide epidemic. Marked changes in human health behavior and lifestyle have resulted in increasing incidence and prevalent rates of DM [1]. The prevalence of diabetes for all age groups worldwide was estimated to be 2.8% in 2000 and is predicted to be 4.4% in 2030 [2]. The number of people with diabetes is increasing because of population growth, aging, urbanization, nutritional changes, and increasing prevalence of obesity and physical inactivity [2, 3]. 

Patients with Type 2 DM have increased risk of developing certain cancers. In 2009, the American Cancer Society and American Diabetes Association reviewed the scientific evidence on the relationship between DM and cancer risk and concluded that the relative risks imparted by diabetes (primarily Type 2 DM) are greatest (approximately twofold or higher) for cancers of the liver, pancreas, and endometrium and lesser (approximately 1.2-fold to 1.5-fold) for cancers of the colon/rectum, breast, and bladder. The increased risk for developing other cancers (e.g., lung) does not appear to be associated with diabetes. Whether diabetes is associated with the risk of developing kidney cancer and non-Hodgkin's lymphoma is inconclusive [4]. The potential link between Type 2 DM and ovarian cancer has rarely been investigated, and the results are inconclusive. A recent study that reviewed 7 case-control studies and 11 cohort studies summarized their study findings to evaluate the epidemiological associations between diabetes and ovarian cancer [5]. Combining data from all 18 studies, diabetes was found to be associated with a modestly increased risk of ovarian cancer. The summarized relative risk of ovarian cancer incidence was estimated at 1.17 (95% confidence interval (CI), 1.02–1.33). Only one case-control study [6] and one cohort study [7] showed a significantly increased risk for ovarian cancer in patients with diabetes. In addition to such inconsistency in results, the results of previous studies also varied with respect to age range of diabetic patients, potential confounders, and method of diabetes ascertainment. For cohort studies, the follow-up duration also varied, ranging from 3.5 years to 11.8 years. The dissimilarities in findings made it difficult to interpret the summarized results on the relationship between diabetes and ovarian cancer. Moreover, very few studies [8, 9] censored follow-up at the time of bilateral oophorectomy, which in turn became a source of bias that could have attenuated an association because of misclassifications made over time. No analyses on age-specific and disease duration-specific risks of ovarian cancer in relation to diabetes were performed by previous studies, primarily because of the limited sample size [6-9].
In accordance with the global trend for DM, more than 70% increase in the total diabetic population or a 35% increase in the standardized prevalence rate was observed in Taiwan from 2000 to 2009 [10]. A recent study that investigated the incidence of epithelial ovarian cancer in Taiwanese women from 1979 to 2008 reported that the age-adjusted incidence of epithelial ovarian cancer were 1.01, 1.37, 2.37, 3.24, 4.18, and 6.33 per 100,000 person–year at every five-year period from 1979 to 2008 [11]. The figures highlighted the clinical and public health importance of both diabetes and ovarian cancer in Taiwan. By using a national representative sample of patients with diabetes, we conducted a long-term follow-up study to investigate the age-specific and disease duration-specific risks of ovarian cancer in women with diabetes. 

Material and methods

Source of data 

The 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 provided all inpatient and ambulatory medical claims for around 99% of Taiwanese people [12]. 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 [13]. Therefore, information from the NHIRD on diabetes and cancer diagnoses is considered to be complete and accurate [14]. We used several NHIRD data sets in this study, including ambulatory care visit claims, inpatient claims, major illness/injury certificates, and registry for beneficiaries. Access to research data has been reviewed and approved by the Review Committee of the National Health Research Institutes.

Study design and populations 

Our study utilizes a population-based cohort design. Details of the NHI claim data and the methods of selection used for patients with diabetes and control subjects were described in our previous report [15]. Briefly, we considered a patient to be diabetic if she or he was diagnosed as having diabetes (ICD-9-CM: 250 or A-code: 181) in 2000 and again within the subsequent 12 months (n=715,734). To avoid accidental inclusion of miscoded patients, we selected only patients with first and last outpatient visits at least 30 days apart (n=639,804). 
The accurately estimated the incidence rate of ovarian cancer, we excluded patients who were admitted to the hospital for any malignant neoplasm (ICD-9-CM: 140-208) between 1997 and the date of initial ambulatory care visit (i.e., the indexed date) for diabetes treatment in 2000. Because major illness/injury certificates are issued to all patients with malignant neoplasms in Taiwan, we excluded only cancer patients with a major illness/injury certificates prior to the index date (n=24,272) in order to avoid incorrect exclusion of cancer patients. For the specific purpose of this study, we selected only female diabetes and excluded male diabetes (n=289,915). Females aged 20 years or less (n=5,592) were also excluded to ensure that the patients had Type 2 DM. We further excluded women who had bilateral oophorectomy (n=715). Thus, the final cohort consisted of 319,310 female 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 patients with claims for ambulatory care for diabetes or hospitalized for any type of malignancy (ICD-9-CM: 140-208) along with patients with issued major illness/injury certificates issued between 1997 and 1999. We selected age-matched and sex-matched control subjects by using the frequency matching procedure. Given that information on the age or sex of 661 patients with diabetes is missing, we selected only 614,871 control subjects. We again limited our control subjects to females (n = 319,308). The index date for subjects in the control group was the date of their enrollment to NHI. If their date of enrollment was before January 1, 2000, the index date was set to January 1, 2000, which was the starting point for the follow-up of controls. 

End-points and covariates

We used the unique personal identification number (PIN) of each insurer in both groups. We then linked the PIN of each insurer to the inpatient claims of 2000 to 2008 to identify the primary or secondary diagnoses of ovarian cancer (ICD-9-CM: 183), which was the end point in this study. To avoid incorrect assessment of malignant neoplasm, we included only patients who possessed major illness/injury certificates for admissions. The day of hospitalization of the patients was considered the date when 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 as north, central, south, or east or according to the level of urbanization (i.e., urban or rural), as per the National Statistics of Regional Standard Classification [16]. Information on a study subject's underlying illness was retrieved from the inpatient and outpatient claims from the first day of 1997 to the index date of 2000. Recorded illnesses included endometriosis (ICD-9-CM: 617.9), cardiovascular disease (ICD-9-CM: 410-414), pelvic inflammatory disease (ICD-9-CM: 614-616), chronic liver disease (ICD-9-CM: 571-572), and rheumatic disease (ICD-9-CM: 714) [17]. In the analysis of ovarian neoplasm in relation to diabetes, we calculated the Charlson's score to indicate 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 [18, 19]. Patients with diabetes are more likely to frequently seek medical care compared with their control counterparts, leading to a spuriously elevated risk of ovarian neoplasm in diabetes. Therefore, we also adjusted for the frequency of outpatient visits for each study subject to avoid disease surveillance bias.
Statistical analysis

The age-specific incidence density rate was first calculated with person–year 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–year in the current study) of the at-risk population. To assess the independent effects of diabetes on the risks of ovarian cancer, we used Cox proportional hazard regression models and adjusted the data for age, geographic area, urbanization status, Charlson's score, and selected underlying illnesses. Taking into account both geographic area and urbanization status, adjustments for possible geographic variations in cancer incidence and mortality in Taiwan were made [20]. The study participants who encountered in-hospital mortality for causes other than ovarian neoplasm or those who underwent bilateral oophorectomy were considered censored from the survival analysis. The date of censoring was the date of patient deaths or surgeries. 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 study termination (i.e., December 31, 2008). All statistical analyses were performed using the Statistical Analysis Software (version 9.3; SAS Institute, Cary, NC). A P value of < 0.05 was considered statistically significant in two-tailed tests.

Results

Diabetic and control groups were similar with respect to age, geographic area, and urbanization status. The prevalence rates of selected comorbidities, except endometriosis, prevailed in patients with diabetes. The mean Charlson's score was much greater in diabetics than in the control group (0.33 vs. 0.07). The mean number of ambulatory care visits in 2000 was also higher in the diabetic group than in control groups (34.17 vs. 20.76) (Table 1).


Over a nine-year follow-up period, 458 patients with diabetes and 477 controls developed ovarian cancer, representing an incidence density of 1.87 and 1.79 per 10,000 person–year, respectively. The overall covariate-adjusted HR of ovarian cancer in relation to diabetes was estimated at 1.06 (95% confidence interval (CI) 0.92–1.22). Similarly, no significantly elevated age-specific adjusted HR was noted in women with diabetes from all age stratifications (Table 2). The interaction of diabetes with age was also non-significant, with an interactive coefficient of 0.09214, P value = 0.3097. 


Table 3 shows the disease duration-specific incidence densities and relative hazards of ovarian cancer in the diabetes groups. The adjusted HRs of ovarian cancer were all compared with null for patients with diabetes, regardless of disease duration (Table 3). 
Discussion

With a large and nationally representative sample of patients with diabetes, our cohort study provided little evidence on the putative link between diabetes and the risk of ovarian cancer, regardless of age and duration of diabetes. 
A recent study [21] that systematically reviewed 7 case-control studies and 11 cohort studies revealed a modestly elevated summarized relative risk (RR) estimate of ovarian cancer at 1.17 (95% CI = 1.02–1.33) and 1.16 (95% CI = 1.01–1.33). Only one case-control study [6] and one cohort study [7] revealed a significantly positive association between diabetes and ovarian cancer, with a relative risk estimate of 2.13 and 2.39, respectively. Furthermore, individuals with diabetes did not have a statistically significant increased risk of ovarian cancer compared with those without diabetes (RR: 1.15; 95% CI = 0.84–1.59) in case-control studies. Moreover, minimally increased risks among cohort studies (RR: 1.16; 95% CI = 1.01–1.33) in the above meta-analysis was observed [21]. Additionally, very few cohort studies [9, 22, 23] covered a follow-up period of 10 or more years, except one prior study from Taiwan [24] that employed more than 455,000 diabetic patients in their analysis. Most studies are limited in their study sample and thus suffer from inadequate statistical power. Although the sample size in the study by Lo et al. was large [24], the median follow-up duration was only 3.5 years, and this particular study did not adjust for any clinical risk factors for ovarian cancer in the analysis. Our findings were consistent with the results from most previous studies, suggesting that no significant association existed between Type 2 DM and risk of ovarian cancer. 
Type 2 DM, compensatory hyperinsulinemia [25], subsequent increase in IGF-1 bioavailability [26], and associated chronic inflammation [25] may affect ovarian tumorigenesis. However, given the fact that incessant ovulation is a known risk factor for ovarian cancer, insulin resistance and chronic anovulation associated with Type 2 DM may also be a factor that can reduce the risk of ovarian cancer in diabetic patients [27]. Further studies are needed to document the association between diabetes and ovarian neoplastic transformation. 
Our study had several methodological strengths. First, both diabetes and control groups were collected from the NHI database, which is population-based. A nationwide insurance coverage also minimizes the potential for selection bias due to the loss of samples during follow-up. Additionally, minimal likelihood of recall and information bias exists because all cancer patients were confirmed to have major illness/injury certificates, which required pathological confirmation of cancer. Second, insurance claim records provided access to the longitudinal records for demographically dispersed patients. Such a large number of study subjects also made it possible for us to make detailed and age-stratified analyses in young patients. Third, we excluded patients with any type of malignancies that was diagnosed three years before the index date, thus enabling us to obtain accurate estimates of incidence and relative risk for ovarian cancer. Fourth, adjustment of geographical area and urbanization status might have reduced area-related confounding factors. The potential confounding factors brought about by prior illnesses and co-morbidities were also controlled in our study. 

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% [28], we used at least two diabetes-related diagnosis with the first and last visits at > 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 ovarian 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 than overestimate the true relative risks [29]. Second, some control subjects might develop diabetes during the follow-up period, which could entails certain degrees of exposure misclassification bias in our study. To address this potential problem, we conducted a sensitivity analysis by including only those control subjects free from diabetes during the study period. The size of control group thus reduced from 319,308 persons to 237,596 persons. We re-analyzed the data and found that the re-analytical results were essentially the same as the original results.
Third, as we described previously, our inability to differentiate between Type 1 and Type 2 diabetes in our study limited the interpretation of the results. However, an earlier survey in 2001 reported that Type 2 DM constitutes 98.2% of all diabetes in Taiwan [30]. A recent national study indicated that Type 1 DM was present in less than 1% of the diabetic population in Taiwan [10], suggesting that the majority of the patients with diabetes in our study were likely to have Type 2 DM. Fourth, we could not determine the BMI, duration and treatment regimens of diabetes, and other socioeconomic characteristics in our study population from the limited information presented in Taiwan's NHI claim data. Certain risk factors for ovarian cancer, including familial cancer history and reproductive variables, are also not included in the claim data. Failure to control for potential confounders might have biased the results. Fifth, screening or surveillance bias might be a concern in our study because diabetic patients are likely to make frequent contacts with physicians. To address the potential problem of over-ascertainment of ovarian cancer in diabetes, we have adjusted the number of ambulatory care visits made by each study subject in 2000. Last, a recent systematic review of 12 randomized controlled trials (21,595 patients) and 41 observational studies (1,029,389 patients) found that in observational studies there was a significant association of exposure to metformin with the risk of cancer death (odds ratio (OR):0.65, 95% CI: 0.53-0.80), all malignancies (OR:0.73, 95% CI: 0.61-0.88), liver (OR:0.34; 95% CI: 0.19-0.60), colorectal (OR:0.83, 95% CI: 0.74-0.92), pancreas (OR:0.56, 95% CI: 0.36-0.86), stomach (OR:0.83, 95% CI: 0.76-0.91), and esophagus cancer (OR:0.90, 95% CI: 0.83-0.98). No significant difference of risk was observed in randomized trials. Additionally, metformin was not associated with the risks of: breast cancer, lung cancer, ovarian cancer, uterus cancer, prostate cancer, bladder cancer, kidney cancer, and melanoma (31). Because our study was not designed initially to assess the effects of medications on risk of cancer, we did not apply for data of medical orders from the BNHI. Thus, we are unable to assess whether metformin or other medications may modify the risk of ovarian cancer in patients diabetes. 
In conclusion, over a nine-year follow-up period and after adjusting for confounding factors, women with diabetes in Taiwan did not have significantly elevated risk of developing ovarian cancer.
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Table 1


Characteristics and comorbidity of the study subjects
	Characteristics a
	Control Group (n= 319,308)
	
	Diabetes Group (n= 319,310)

	
	N
	%
	
	n
	%

	
	
	
	
	
	

	Age (years)
	
	
	
	
	

	<20
	1605
	0.50
	
	1604
	0.50

	20-49
	53997
	16.91
	
	53997
	16.91

	50-64
	128389
	40.21
	
	128389
	40.21

	≥65
	135317
	42.38
	
	135318
	42.38

	Mean (±SD)
	60.95
	(±12.49)
	
	61.06
	(±12.35)

	Geographic area
	　
	
	
	
	

	Northern
	138308
	43.31
	
	137620
	43.10

	Central
	88554
	27.73
	
	92314
	28.91

	Southern
	79969
	25.04
	
	76101
	23.83

	Eastern
	8942
	2.80
	
	9511
	2.98

	Urbanization status
	
	
	
	
	

	Urban area
	208851
	65.41
	
	209184
	65.51

	Rural area
	107879
	33.79
	
	107103
	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 (±SD)
	0.07
	(±0.57)
	
	0.33
	(±1.21)

	Endometriosis (617.9)
	1695
	0.53
	
	1614
	0.51

	Cardiovascular disease (410-414)
	127682
	39.99
	
	187267
	58.65

	Pelvic inflammatory disease (614-616)
	124709
	39.06
	
	145696
	45.63

	Chronic liver disease (571-572)
	100259
	31.40
	
	150507
	47.14

	Rheumatic disease (714)
	29171
	9.14
	
	32595
	10.21

	Mean number of ambulatory visit in 2000 (SD)
	20.76
	(±18.08)
	
	34.17
	(±20.84)


a Inconsistency between total population and population summed for individual variables was due to missing information.

Table 2

Overall and age-specific incidence densities and relative hazards of ovarian cancer (ICD-9: 183) in the diabetes and control groups

	
	Control Group
	
	Diabetes Group
	Crude HR (95%CI) in association with diabetes group
	Adjusted HRb (95%CI) in association with diabetes group

	
	No. of subjects
	No. of person-years
	No. of events
	IDa(per 10,000 patient-years) (95% CI)
	
	No. of subjects
	No. of person-years
	No. of events
	IDa(per 10,000 patient-years) (95% CI)
	
	

	Age (years)
	
	
	
	
	
	
	
	
	
	
	

	<50
	55602
	490780
	85
	1.73 (1.38-2.14)
	
	55601
	471282
	82
	1.74(1.38-2.16)
	1.01(0.74-1.36)
	1.17(0.82-1.65)

	50-64
	128389
	1123806
	212
	1.89 (1.64-2.16)
	
	128389
	1048789
	185
	1.76(1.52-2.04)
	0.94(0.77-1.14)
	0.97(0.78-1.20)

	≥65
	135317
	1056897
	180
	1.70 (1.46-1.97)
	
	135318
	930764
	191
	2.05 (1.77-2.37)
	1.20(0.98-1.48)
	1.14(0.92-1.42)

	Total
	319308
	2671483
	477
	1.79 (1.63-1.95)
	
	319310
	2450855
	458
	1.87(1.70-2.05)
	1.05(0.92-1.19)
	1.06(0.92-1.22)


ID, incidence density; CI, confidence interval; HR, hazard ratio; AHR, adjusted hazard ratio.

a Based on Poisson assumption.

b Based on Cox proportional hazard regression with adjustment for age, geographic area, urbanization status, Charlson's score, history of endometriosis, cardiovascular disease, pelvic inflammatory disease, chronic liver disease, rheumatic disease, and frequency of medical visit.

Table 3 

Overall and duration-specific incidence densities and relative hazards of ovarian cancer (ICD-9: 183) in the diabetes and control groups

	
	No. of subjects
	No. of person-years
	No. of events
	IDa(per 10,000 patient-years) (95% CI)
	
	Crude HR (95%CI) in association with diabetes group
	Adjusted HRb (95%CI) in association with diabetes group

	Controls
	319308
	2671483
	477
	1.79 (1.63-1.95)
	
	1.00
	1.00

	Diabetes 
	
	
	
	
	
	
	

	Disease duration
	
	
	
	
	
	
	

	<1 yr
	43426
	340244
	57
	1.68 (1.27-2.17)
	
	0.94 (0.71-1.24)
	0.89 (0.67-1.18)

	1-2 yr
	73736
	587891
	113
	1.92 (1.58-2.31)
	
	1.07 (0.88-1.32)
	1.00 (0.81-1.25)

	>=3 yr
	202148
	1522720
	288
	1.89 (1.68-2.12)
	
	1.06 (0.92-1.23)
	1.07 (0.91-1.25)

	Overall
	319310
	2450855
	458
	1.87(1.70-2.05)
	
	1.05 (0.92-1.19)
	1.06 (0.92-1.22)


ID, incidence density; CI, confidence interval; HR, hazard ratio; AHR, adjusted hazard ratio.

a Based on Poisson assumption.

b Based on Cox proportional hazard regression with adjustment for age, geographic area, urbanization status, Charlson's score, history of endometriosis, cardiovascular disease, pelvic inflammatory disease, chronic liver disease, rheumatic disease, and frequency of medical visit.
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