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Abstract
Background—It is important to understand the adverse health sequelae that may result from the
rising incidence of diabetes. Diabetics may have an increased risk for urothelial cancer but the
evidence from prospective studies and ethnically diverse populations is sparse.

Method—We examined this association in the Multiethnic Cohort (MEC) that was conducted in
Hawaii and Los Angeles with nearly 186,000 participants in five ethnic groups. Over a median
10.7 years of follow-up, 918 incident cases of urothelial cancer (89% bladder and 11% other
urinary tract sites) were identified through tumor registry linkages.

Results—A self-reported diagnosis of diabetes was associated with an increased risk of
urothelial cancer (relative risk = 1.25; 95% confidence interval: 1.04–1.50). The association was
not explained by body mass index, physical activity, or smoking. There was some suggestion that
the risk was higher in women, Whites and African Americans, and past smokers. The risk
associated with diabetes for in situ and localized cancer was similar to that for regional and distant
cancer.

Conclusion—This study demonstrates that the increased urothelial cancer risk with diabetes in
this multiethnic population is very similar to that observed in mostly White or Asian populations.
Whether or not the elevated risk is moderated by the degree of control of the hyperglycemia
associated with diabetes will need to be determined in future studies.
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1. Introduction
Bladder cancer is the fifth most common cancer in the United States [1]. Known risk factors
include age, sex (male), ethnicity/race (White), smoking, and several occupations,
particularly those involving exposure to aromatic amines [2]. Evidence is accumulating that
diabetes may be related to the risk of several cancers including a reduced risk for prostate
cancer[3] and increased risks for cancers of the pancreas, liver, colon, and breast [4,5], but
the evidence is not as clear for bladder cancer. A meta-analysis published in 2006 estimated
that diabetics had a slightly elevated risk of bladder cancer relative to nondiabetics [6].
Significant heterogeneity by study design was observed; over the seven case-control and the
three prospective cohort studies, increased risks were observed but not in the six
retrospective cohorts of diabetic patients. Furthermore, a significant association was not
observed in a prospective cohort study published after this meta-analysis [7]. Of the four
prospective cohort studies reported to date, three were based on largely White populations
[4,7,8] and the other was completed among a Korean population [5]. It is important to
understand the adverse health sequelae that may result from the rising incidence of diabetes
but the evidence regarding its impact on bladder cancer risk from prospective studies and
ethnically diverse populations is sparse and unclear. Because the incidence of both diabetes
[9,10] and bladder cancer [2] varies by ethnic group, we thought it important to examine
their association in the Multiethnic Cohort (MEC) with representation from five main ethnic
groups: Japanese American, White, Latino, African American, and Native Hawaiian.

2. Materials and Methods
2.1. The Multiethnic Cohort Study

Details about the MEC have been published previously.[11] The study was approved by the
institutional review boards at the University of Hawaii and the University of Southern
California. Over 215,000 people from Hawaii and Los Angeles aged 45 to 75 completed a
self-administered questionnaire and returned it by mail between 1993 and 1996. Information
was collected about demographic factors, weight and height, smoking, diet, physical
activity, work history, and medical conditions. Physical activity was represented by the sum
of the time spent doing moderate activities, vigorous work, and strenuous sports in an
average week over the past year. Participants were defined as having diabetes at baseline if
in response to the question, “Has your doctor ever told you that you had any of the
following?” they checked “diabetes (high blood sugar).” People reporting mixed ancestry
were assigned to a single group based on the priority ranking: African American, Native
Hawaiian, Latino, Japanese American, and White. Excluded were 13,991 people who did
not belong to one of the five targeted ethnic groups, 6,654 people with prevalent self-
reported or cancer registry-detected diagnoses of urothelial cancers at baseline, 8,264 people
who had implausible dietary responses, and 7,135 people with missing smoking information.

2.2. Identification of urothelial cancer cases
For this analysis, follow-up was accrued until a diagnosis of urothelial cancer, death, or 31
December 2004. Incident cancer diagnoses, with information about histology and stage,
were identified by linkage with population-based cancer Surveillance, Epidemiology and
End Results (SEER) Program registries: the Hawaii Tumor Registry, the Los Angeles
County Cancer Surveillance Program, and the State of California Cancer Registry. Deaths
were identified by linkage with the databases of the Hawaii and California vital statistics
offices and the National Death Index. Included as cancer cases were 918 people diagnosed
with transitional cell carcinomas (ICDO2 histology codes 8050, 8120, 8121, 8122, 8123,
8124, 8130, or 8131) of the urinary tract, including the bladder (ICDO2 site 67.0–67.9; N =
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818), renal pelvis (ICDO2 site 65.9; N = 57), ureter (ICDO2 site 66.9; N = 34), and other
urinary organs (ICDO2 site 68.9; N = 9).

2.3. Statistical analysis
The association between diabetes status and urothelial cancer risk was assessed by
estimating relative risks (RR) in Cox proportional hazards models using age as the time
metric. Note that in survival analysis, the association of interest is assumed to be the same in
participants censored due to death or the end of followup as in participants not censored.
Adjustment was made for known bladder cancer risk factors: the models used ethnicity and
sex as strata variables and included smoking status (never, past, current), smoking intensity
(continuous), smoking duration (continuous), and employment in a high risk industry (no,
yes). Smoking duration was treated as a time-dependent covariate such that the duration of
smoking for smokers at baseline was reduced by a proportion according to the estimated
cessation rates. Smoking cessation rates by sex and ethnic group were estimated from 5,090
participants for whom information was available at the time of this analysis from a
comprehensive follow-up questionnaire that was completed starting in 2003 [12]. Other
covariates, including education, family history of urothelial cancer in a first degree relative,
coffee intake, and alcohol intake, did not affect the estimates of the association between
diabetes and urothelial cancer risk by more than 5%, and thus were not deemed to be
confounders in this population. Finally, adjustment was made for body mass index (BMI)
and physical activity and the percent change in the parameter estimates associated with
diabetes was calculated. Subgroup analyses were done by sex, ethnicity, smoking status, and
stage. Subgroups with fewer than 20 diabetic cases were excluded. The two stage subgroups
were: 1) SEER stage 0 (in situ) and 1 (localized), and 2) SEER stage 2, 3, 4, 5 (regional),
and 7 (distant). Analyses were done using SAS 9.2 (SAS Institute Inc., Cary, NC).

3. Results
Included in this study were 185,816 MEC participants with a median follow-up time of 10.7
years, during which 918 cases of urothelial cancer were diagnosed. At baseline, the mean
(SD) age of the cohort participants was 60.4 (8.9) years (Table 1). Of the participants, 29%
were Japanese American, 25% were White, 22% were Latino, 17% were African American
and 7% were Native Hawaiian. Relative to participants without diabetes, diabetics were less
likely to be White and more likely to be African American, Native Hawaiian, or Latino.
Diabetics also had higher BMI and smoking, and lower physical activity, coffee intake and
alcohol intake.

In multivariable-adjusted analyses, participants who reported diabetes had a 25% (95% CI:
4–50%) higher risk of urothelial cancer relative to participants who did not report diabetes
(Table 2). The risk for bladder cancer only (89% of the urothelial cancers) was slightly
higher (RR = 1.30, 95% CI: 1.07–1.57). The number of cases of regional and distant
urothelial cancers among diabetics was low, but the risk associated with diabetes was very
similar to that for in situ and localized urothelial cancers (RR = 1.25 versus 1.23,
respectively). Although no significant effect modification by sex, ethnicity, or smoking
status was observed (p for heterogeneity = 0.19, 0.47, 0.64, respectively), there was some
indication that the risk was higher in some subgroups (women, Whites and African
Americans, past smokers). Adjustment for smoking, BMI and physical activity, known risk
factors for diabetes had little effect on the estimated risks. Exclusion of smoking from the
multivariable-adjusted models shown in Table 2 increased the estimated RR for the
association between diabetes and urothelial cancer by 10%. Inclusion of BMI or physical
activity changed the RR by 2–3%. Note that BMI and physical activity were not associated
with urothelial cancer risk (p = 0.73 and 0.19, respectively).
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4. Discussion
In this analysis of nearly 186,000 persons representing five ethnic groups, with 918 cases of
urothelial cancer diagnosed over a median 10.7 years of follow-up, a self-reported diagnosis
of diabetes was associated with a statistically significant 25% increased risk of urothelial
cancer. This result is very close to that observed in a meta-analysis (RR = 1.24, 95% CI:
1.08–1.42; ref. [6]) and not inconsistent with that observed in a more recent prospective
cohort (RR = 1.16, 95% CI: 0.81–1.64; ref. [7]). In the current study, there was some
suggestion that the risk associated with diabetes was higher in Whites and African
Americans, past smokers, and women. Likewise, the risk estimated from a cohort of women
[8] was higher than in a cohort of men [7], and the association between blood glucose levels
and bladder cancer was stronger in women than in men in a very large cohort [13]. Other
studies that examined the association with bladder cancer mortality, however, found it to be
either slightly stronger in men than women [4], or similar in men and women [14]. We did
not find evidence for an association within Japanese Americans, in contrast to other studies
among Asian populations, including Korean men [5] and Taiwanese men and women [14].
Ours is the first study to suggest that the association may also be apparent among African
Americans.

The association between diabetes and bladder cancer persists after adjustment for several
factors. Although BMI and physical activity are strong risk factors for diabetes [15], they are
not strongly associated with bladder cancer risk [7,16,17]. Smoking, an important risk factor
for bladder cancer [2], is also moderately associated with diabetes risk [18] but this
concordance is not sufficient to explain the association between diabetes and bladder cancer
risk. Other factors inconsistently associated with an increased risk of bladder cancer, such as
the consumption of coffee and alcohol [2], are protective against the risk of diabetes [15].
Therefore, the association between diabetes and urothelial cancer is not likely to be due to
these shared risk factors although other factors not considered here may explain the
association.

The elevation of insulin and insulin-like growth factor-1 and their role as mitogens is the
mechanism cited most often to explain the association between diabetes and cancer risk. A
single case-control study has found higher circulating levels of these factors in bladder
cancer cases than in controls [19]. Diabetes is also associated with changes in urine
composition and bladder function that could increase the concentration of or duration of
exposure to carcinogens in the urine. Increased urinary tract infections and bladder
dysfunction [20] may increase bladder cancer risk via inflammation and reduced urination
frequency [21,22]. The reduced urinary pH occurring in diabetes [23] may render aromatic
amines in the urine actively carcinogenic [24]. In one study, net acid excretion estimated
from diet and BMI was related to a nonsignificantly elevated risk of bladder cancer in long-
term smokers [25]; smoking is a main source of aromatic amines. In the current study,
however, the association between diabetes and bladder cancer was nonsignificantly higher in
past smokers than in current or never smokers. Lower urine pH is also conducive to the
formation of urinary tract stones, causing urothelial inflammation and possibly leading to
bladder cancer [22].

A limitation of the current study is the assessment of diabetes. The risk we have estimated
based on self-reported diabetes may be an attenuation of the true risk. Of people who do not
report a diabetes diagnosis, 2–8% have it based on fasting glucose or glucose tolerance tests
and 74–80% of people who report a diagnosis of diabetes have it based on medication
inventories or fasting glucose levels [10,26,27]. Our cohort members reported diabetes
before more inclusive diagnostic criteria were introduced in 1997 [28]. If we assume a
slightly lower risk of bladder cancer among diabetics with lower fasting glucose levels than
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among diabetics with higher fasting glucose levels [5,13], the RR in our analysis would have
been slightly lower if we had included these additional cases. Details about the diagnosis
were not available to examine if the observed association was different for Type 1 versus
Type 2 diabetes or was moderated by duration of diabetes or effective treatment. A
difference in the detection of urothelial cancer by diabetes status is unlikely to explain our
findings: Our results are similar for different stages of urothelial cancer, and retrospective
cohorts of diabetics who were identified by virtue of their contact with the medical system
have not observed an association (reviewed in ref. [6]). We were able to control for the
confounding effect of several factors known to influence the risk of diabetes or bladder
cancer in the general population, but unmeasured confounders have the potential to bias the
observed association. Finally, our sample size was not sufficient to have much power to
detect associations in subgroups.

In conclusion, an elevation in urothelial cancer risk may be associated with diabetes. Future
work could be done to help to determine if detection bias or confounding explain the
observed association, which biological mechanisms are most plausible, and whether or not
this risk is moderated by the degree of control of the hyperglycemia associated with
diabetes.
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Table 1

Characteristics of the Multiethnic Cohort Study participants at baseline by diabetes status.

Characteristic Diabetes No diabetes

N (%) N (%)

Total 21838 (100.0) 163978 (100.0)

Ethnicity/race

 Japanese American 5638 (25.8) 47919 (29.2)

 White 2734 (12.5) 43564 (26.6)

 Latino 6428 (29.4) 34442 (21.0)

 African American 5022 (23.0) 26568 (16.2)

 Native Hawaiian 2016 (9.2) 11485 (7.0)

Education ≤ 12th grade 12072 (55.6) 68914 (42.2)

Male 10501 (48.1) 73140 (44.6)

Ever smoker 12782 (58.5) 89354 (54.5)

Current smoker 3056 (14.0) 26772 (16.3)

High risk industrya 375 (1.7) 2082 (1.3)

Family history of urothelial cancer 117 (0.5) 1082 (0.7)

Mean (SD) Mean (SD)

Age at cohort entry (years) 62.9 (8.1) 60.1 (8.9)

Body mass index (kg/m2) 28.7 (5.5) 26.2 (4.7)

Physical activity (hours/week) 6.8 (8.9) 8.6 (9.7)

Amount smoked (cigarettes/day) 8.7 (9.8) 8.0 (9.5)

Duration smoked (years) 13.6 (15.0) 12.2 (14.5)

Coffee intake (cups/day) 0.95 (1.13) 1.10 (1.19)

Alcohol intake (servings/day) 0.36 (1.46) 0.69 (1.90)

a
Employed ≥ 10 years in rubber or tire manufacturing, plastic production or processing, or pesticide production.
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Table 2

Risk of urothelial cancer in diabetics relative to nondiabetics overall, and by sex, ethnicity, smoking status and
stage.

Number of cases

Diabetes No diabetes RRa (95% CI)

Overall 135 783 1.25 (1.04–1.50)

By sex

 Men 101 599 1.18 (0.96–1.47)

 Women 34 184 1.48 (1.02–2.14)

By ethnicity

 Japanese American 38 239 1.07 (0.76–1.51)

 White 30 286 1.38 (0.95–2.01)

 Latino 22 106 1.03 (0.65–1.63)

 African American 32 117 1.40 (0.94–2.07)

By smoking

 Never 26 181 1.13 (0.74–1.71)

 Former smokers 86 412 1.31 (1.04–1.66)

 Current smokers 23 190 1.15 (0.74–1.79)

By stage

 In situ and localized 105 632 1.23 (0.99–1.51)

 Regional/distant 21 114 1.25 (0.78–2.00)

a
Relative risk and 95% confidence interval [RR (95% CI)] for urothelial cancer associated with diabetes controlling for ethnicity and sex as strata

variables and adjusting for smoking status, intensity and duration, and employment in a high risk industry, when not stratified by these variables.
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