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Abstract

Purpose—Studies have indicated that diabetes is a risk factor for bladder cancer; however, many
failed to adjust for confounding variables. An earlier publication from the lowa Women's Health
Study reported a positive association of baseline diabetes with bladder cancer risk between 1986
and 1998, although the number of cases was small (n=112). We re-examined the diabetes—bladder
cancer risk association by accounting for 12 more years of follow-up and assessed whether the
association varied by diabetes duration, body mass index or waist-to-hip ratio (WHR).

Methods—Proportional hazards regression was used to estimate the hazard ratio (HR) of bladder
cancer (n=277) in relation to diabetes (before enrollment and during follow-up) and diabetes
duration using a time-dependent approach.

Results—In a multivariate time-dependent analysis, the HR for bladder cancer was 1.69 (95%
Cl, 1.40-2.41) in relation to diabetes among 37,327 postmenopausal women initially free of
cancer. There was an interaction between diabetes and WHR (p =0.01). Bladder cancer HR in
diabetic women with WHR>0.9 was 2.5 times higher than expected. There was no dose-response
relation of bladder cancer risk with diabetes duration. Compared to no diabetes, HR were 1.77.
2.03, and 1.55 for diabetes durations of <5, 6-10, and >10 years, respectively.

Conclusions—We confirmed a positive association between diabetes and bladder cancer risk
among white post-menopausal women. We also observed a synergistic interaction between
diabetes and high WHR in bladder cancer development that might be explained by increased
insulin resistance and inflammation related to abdominal obesity.
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Introduction

Methods

In the United States, 73,510 bladder cancer cases are expected to occur in 2012 and about
14,880 will die from this disease [1]. The established causal risk factors for bladder cancer —
age, smoking, occupational exposure to aromatic amines, and infections with
schistosomiasis [2-4] do not fully explain bladder cancer incidence. Other risk factors
include being male, arsenic in drinking water, and, potentially, diabetes [4, 5]. This study is
an effort to further examine whether or not diabetes is a risk factor for bladder cancer.

Several epidemiological studies investigated associations between diabetes and bladder
cancer risk, but the results are inconsistent. A meta-analysis of 16 studies reported a relative
risk of bladder cancer of 1.24 in adults with diabetes [5]. However, there was a mixture of
studies of incident and fatal bladder cancers; many of those studies were small, they did not
examine duration of diabetes and did not adjust for important confounding factors such as
smoking and obesity that are associated with diabetes and bladder cancer risk.

An earlier analysis in the lowa Women's Health Study (IWHS) examining risk factors for
bladder cancer (1986-1998) reported a hazard ratio HR= 2.5 (95% confidence interval (Cl),
1.3-4.5) associated with baseline diabetes [6], but there were only 112 incident bladder
cancer cases.

Our main aim for this study was to extend the earlier analysis of bladder cancer risk and
diabetes reported at baseline to include new bladder cancer cases ascertained over an
additional 12-year follow-up and account for new diabetes cases reported during follow-up.
Our other aims were to examine whether or not the association was related to diabetes
duration or modified by obesity measures — body mass index (BMI) and waist-to-hip ratio
(WHR).

Study design

The design of the IWHS cohort has been described in detail [6-8]. In brief, in 1986, 41,836
women aged 55-69 years completed a baseline questionnaire about socio-demographic
factors, lifestyle behaviors, anthropometric characteristics, and medical history. Prevalent
diabetes at baseline was identified from the question, “Have you ever been told by a doctor
that you have sugar diabetes (diabetes mellitus)?” or by indicating current use of “insulin” or
“pills for sugar diabetes (or to lower blood sugar)”. At baseline, participants also reported
age at onset of diabetes. For this study, women with diabetes onset before age 30 years
(presumably, type 1 diabetes) were excluded. Diabetes diagnosed after baseline was
ascertained at each of the follow-up surveys in 1987, 1989, 1992, 1997, and 2004 (response
rates were: 91%, 90%, 83%, 79%, and 69%, respectively) with a question asking
participants if they had diabetes diagnosed by a physician since their last survey. No blood
testing was performed. For this analysis, 37,327 post-menopausal women, initially free of
cancer, were followed from baseline until bladder cancer diagnosis, loss to follow-up, death,
or end of follow-up in December 31, 2010. Women with missing covariates were not
excluded from the analytical cohort: there were 590 women with missing data on smoking
status, no missing values for BMI, and 181 women with missing WHR.

Incident transitional cell bladder cancer cases (n=277) were identified in 1986-2010 through
annual linkage to the lowa Cancer Registry — part of the Surveillance, Epidemiology, and
End Results (SEER) Program. We included ICD-0O-3 (the International Classification of
Diseases of Oncology) topography codes — C670-679 and a transitional cell (urothelial)
morphology codes 8120, 8122, 8123, or 8130) [9]. Data from follow-up surveys indicate

Cancer Causes Control. Author manuscript; available in PMC 2014 March 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Prizment et al.

Page 3

that the migration rate from lowa for this cohort is <1% annually, allowing nearly complete
cancer follow-up [8]. The IWHS was conducted under a protocol approved for human
subjects research by the University of Minnesota Institutional Review Board. The return of
baseline and follow-up questionnaires were considered to indicate consent to participate.

Statistical analysis

Results

Age-adjusted cancer incidence rates for bladder cancer were calculated using Poisson
regression. Cox proportional hazards regression was used to estimate hazard ratio (HR) of
bladder cancer and 95% ClI in relation to diabetes (yes, no) before enrollment. The
proportional hazards assumption was tested as an interaction of baseline diabetes with time
(p=0.22). An extended Cox model accounted for diabetes (yes, no) during follow-up with
diabetes as a time-dependent variable. Potential confounders were included if they were
associated with bladder cancer and/or diabetes in this or previous IWHS studies [6, 10, 11].
The final model was adjusted for age, BMI, WHR (all — continuous), education (less than
high school, high school, and more than high school), smoking status (never, former,
current), pack years of smoking (continuous), occupation (never workers or homemakers;
those involved in farming or trades/crafts; and professionals or clerical workers), marital
status (married, unmarried), physical activity (low, medium, high), and alcohol use (yes, no).

In addition, we adjusted for a three-level categorical variable for diabetes treatment at
baseline (no diabetes, diabetes without any treatment, and diabetes treated with either oral
medication or insulin) using STRATA statement in PROC PHREG model [12]. Since the
results were practically identical to those without adjustment, we did not include this
variable in the model. We did not have information about diabetes treatment during follow-

up.

Furthermore, we examined potential effect modification of the diabetes—bladder cancer
association by age (continuous), smoking status and pack-years (continuous), and BMI and
WHR (continuous and categorical). Multiplicative interactions were assessed by including
cross-product terms in the models and using the Wald test. An interaction was considered
statistically significant when the p-value was <0.05.

Finally, we examined the association of bladder cancer incidence with the duration of
diabetes. Diabetes duration was defined as the difference between the end of follow-up and
the year of self-reported onset of diabetes diagnosis. The year of onset for diabetes reported
at baseline was computed as the sum of birth year and age at diabetes onset, whereas the
year of diabetes diagnosis after baseline was calculated as the midpoint of the period
between the survey at which a diagnosis of diabetes was first self-reported and the preceding
survey. We examined diabetes duration as a time-dependent variable with 3 categories: <5,
6-10, and >10 years.

All analyses were performed using SAS 9.2; all p-tests were two-sided.

The study sample for the person-time analysis included 37,327 women with mean age at
baseline of 61.7 years. Prevalent diabetes was reported by 2,274 women (6.1%) at baseline;
among them 2,011 (94.6 %) women had valid information about treatment, and 1,436 (71.4
%) of those diabetic women reported currently taking oral diabetes medication or insulin.
An additional 3,295 women self-reported being diagnosed with diabetes after baseline.

Women with diabetes at baseline were slightly older, heavier, less well-educated and were
less likely to be married, be current smokers or alcohol users than those without a history of
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diabetes (Table 1). Bladder cancer cases tended to smoke more, had a higher mean WHR
and lower BMI than did non-cases. HRs for bladder cancer were 0.97 (95%Cl, 0.95-1.00)
per 1 kg/m2 of BMI and 1.11 (95%Cl, 1.00-1.24) per 1 SD of WHR.

Age-adjusted incidence rates of bladder cancer were higher in women reporting diabetes at
baseline or during follow-up than in those without diabetes (Table 2). In the time-dependent
analysis, accounting for incident diabetes during follow-up, the HR for bladder cancer was
1.69 (95% Cl, 1.40-2.41) for diabetes compared to no diabetes. The HRs associated with
diabetes were similar for women diagnosed with in situ (number of cases N=132), local
(N=56), and combined (regional and distant, N=26) stages of bladder cancer: HR=1.88
(95%Cl, 1.09-3.23), 1.59 (95%Cl, 0.72-3.55), and 2.17 (95%Cl, 0.80-5.86), respectively.
There was no interaction of diabetes with smoking, age, or BMI, but there was a statistically
significant interaction with continuous WHR (p=0.006) and categorical WHR with cut-off
>0.9 for abdominal adiposity in older women [13] (p=0.01). The HR for bladder cancer
occurrence of 3.01 for high WHR and diabetes jointly was 2.5 times higher than the HR
expected from the product of the individual HRs for high WHR (HR=1.13) and diabetes
(HR=1.06) (Table 2).

There was no dose-response relation between duration of diabetes and bladder cancer
incidence: HRs were 1.77 (95% ClI, 0.93-3.39), 2.03 (95% Cl, 1.12-3.68), and 1.55 (95% ClI,
0.96-2.52) for diabetes duration <5, 6-10, and >10 years, respectively (Figure 1).

In addition, we extended the earlier IWHS analysis using baseline diabetes alone. For
women with, versus without, diabetes, the HR was 1.65 (95% ClI, 1.01-2.70) for bladder
cancer through 2010, which was similar to the HR estimated using the time-dependent
approach.

Finally, diabetic medications such as thiazolidinediones, linked to a modest increased
bladder cancer risk in several studies (meta-analysis reported RR~1.2 [15-18]) and
metformin, associated with decreased risks of some cancers [19] may have affected the
diabetes—bladder cancer association. To test for a potential effect of these medications that
came to the US market in the middle to late 1990s, we truncated the follow-up at 1995, and
observed increased HRs associated with overall diabetes 2.40 (95% Cl, 1.19-4.84) .

Discussion

We have confirmed a statistically significant positive association between diabetes and
bladder cancer risk among white post-menopausal women in the IWHS followed through
2010. Using a time-dependent analysis, the HR was significantly increased by 69% for
diabetes versus no diabetes, but there was no dose-response relation with diabetes duration.
Importantly, the increased bladder cancer risk by 55% was observed even when the diabetes
onset preceded bladder cancer diagnosis by >10 years. This supports a hypothesis of
diabetes associated with subsequent development of bladder cancer. Furthermore, this study
demonstrated a statistically significant synergistic interaction between diabetes and WHR on
the bladder cancer development.

In the earlier IWHS analysis (1986-1998), the HR was 2.5 (95% Cl, 1.3-4.5) for those with
baseline diabetes versus no disease [6]. In the current study, we also conducted a separate
analysis for the second half of follow-up using diabetes reported at any visits up to 1998 and
follow-up for bladder cancer during 1998-2010: HR=1.3 (95%Cl, 0.7-2.5). Several
explanations might account for different estimates between these two periods of follow-up.
Over the course of follow-up, the criteria for diabetes used in the U.S. became more
sensitive. The improved sensitivity for diabetes diagnosis and potentially better diabetes
control during the later period could have led to inclusion of less severe diabetes in the later

Cancer Causes Control. Author manuscript; available in PMC 2014 March 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Prizment et al.

Page 5

period, and thereby attenuated the HR. In addition, competing risk of death from
cardiovascular disease could have selectively removed over time diabetic women with more
severe diabetes or who smoked. Furthermore, the baseline diabetes variable may have
become increasingly misclassified over the lengthy follow-up (1986-2010), which would
tend to attenuate HRs using baseline diabetes only. We do not have enough evidence to
conclude which of these (or some other) factors explain the decreased hazard ratios in later
follow-up.

The finding of a positive association between diabetes and bladder cancer risk in the IWHS
is in agreement with the meta-analysis of 7 case-control (OR=1.37; 95%CI, 1.04-1.80) and 3
cohort studies (RR=1.43; 95%Cl, 1.18-1.74) [5]. The findings from studies published after
the meta-analysis were mixed: four studies did not find any associations [20-23], whereas
one case-control and two cohort studies reported positive associations between diabetes and
bladder cancer risk with relative risks ranging from 1.2 to 2.2 [24-26]. The latter findings are
in line with our results. The different findings in the studies might be explained by different
populations as well as differences in diabetes treatment regimens and levels of control for
confounding factors such as smoking and obesity.

In our study, there was no dose-response relation between diabetes duration and bladder
cancer risk. Four other studies that examined this association reported inconsistent results.
The risk of bladder cancer increased with longer diabetes duration in a US case-control
study [24], while in the large Cancer Prevention Study Il Nutrition Cohort the risk of
invasive bladder cancer was increased only for those with diabetes =15 years versus those
without diabetes [23]. Two other large cohorts (from the United States [20] and Taiwan
[25]) found no trend related to diabetes duration, which is in agreement with our findings.

The positive association between diabetes and bladder cancer could be explained by the
mitogenic properties of insulin. Elevated insulin production may lead to increased levels of
insulin-like growth factor (IGF)-I, which can stimulate cell proliferation and inhibit
apoptosis [27, 28]. Animal and human studies support a role of IGF-1 in bladder
carcinogenesis [29, 30]. It was also suggested that the diabetes may be associated with
bladder cancer risk through urinary tract infections [24, 25], to which diabetic people are
more prone [4]. However, the association between urinary tract infections and bladder
cancer risk is inconsistent among women [31].

A modifying effect of WHR on the association between diabetes and bladder cancer risk
might be explained by the fact that abdominal adiposity increases production of
inflammatory mediators, such as tumor necrosis factor-alpha and interleukin-6 [27, 28].
Compared to non-obese diabetic patients, obese diabetic patients have been shown to have
higher levels of inflammatory factors, reactive oxygen species and insulin resistance and
consequent hyperinsulinemia [14, 32, 33]. It has been suggested that obesity and diabetes act
synergistically, exacerbating inflammation, oxidative stress, hyperinsulinemia, and insulin
resistance [18, 27], thus contributing to the development of bladder cancer.

Our study has several strengths and limitations. The strength of this large cohort study is its
prospective design, almost complete cancer follow-up, and detailed information about
potential confounders (smoking status and pack years, BMI, WHR, occupation, physical
activity, and alcohol use). A limitation is the reliance on self-reported diabetes, which could
lead to misclassification bias. In general, self-reported diabetes is reasonably accurate [34];
however, a small IWHS validation study of 44 self-reported diabetes cases at baseline
suggested some over-reporting of diabetes since only 28 (64%) cases were confirmed by
physician [35]. On the other hand, misclassification could result from the underdiagnosis of
diabetes in the entire population [36]. Bias also might arise from more thorough medical
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surveillance of women with diabetes. If this bias occurred in this study, one might expect a
higher proportion of bladder cancer cases to be diagnosed at earlier stages among women
with diabetes than women without diabetes. However, we observed a slightly lower
proportion of early stage (in-situ + local) bladder cancer cases in women with, versus
without diabetes (82% vs 89%, respectively). Other drawbacks of our study are limited
power for subgroup analyses and lack of information about diabetes treatment during
follow-up. The later precluded a detailed analysis of the role of anti-diabetic medications in
the diabetes—bladder cancer risk association. However, the robustness of the diabetes—
bladder cancer association with different times of follow-up suggests that diabetic
medications alone are unlikely to explain this association.

In summary, the findings of this study support an increased risk of bladder cancer in relation
to diabetes. The increased risk was observed even when the diabetes onset preceded bladder
cancer diagnosis by >10 years. A possible interaction between abdominal obesity and
diabetes on the bladder cancer risk suggests a role of increased insulin resistance and/or
inflammation related to abdominal adiposity in bladder carcinogenesis. Since our cohort
included only white post-menopausal women our results may be not generalizable to other
populations and should be tested in pooled prospective studies.
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Hazard ratio

0--5 5--10 >10 years

Fig. 1.

Hazard ratio of bladder cancer associated with diabetes duration, IWHS, 1986-2010.
Reference group is “no diabetes”. Number of cases were 232, 11, 13, and 21 for “no
diabetes” and for diabetes durations of <5, 6-10, and >10 years. Associations were adjusted
for baseline age, BMI, WHR, education, smoking status, pack years of smoking, occupation,
marital status, physical activity, and alcohol use
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Prevalence of baseline characteristics according to self-reported diabetes status at baseline, IWHS, 1986

Table 1

Baseline characteristics

Diabetes at basdline

No N= 35,053 (93.9%)

YesN= 2,274 (6.1%)

Mean age at baseline (y) (SD)
Race, White, %
Body mass index (SD) (kg/m?)
Waist-to-hip ratio (SD)
Education more than high school (%)
Married (yes) (%)
Occupation (%)
Homemaker/never worked
Professional/clerical
Farmer/crafts
Current smoking (%)
240 pack-years of smoking (%)
Alcohol intake (yes) (%)
High or moderate physical activity (yes) (%)

Cancer Causes Control. Author manuscript; available in PMC 2014 March 01.

61.7 (4.2)
99.2
26.8 (4.9)
0.83 (0.08)
39.3
76.9

38.0
40.8
21.3
15.1
8.7
44.9
53.1

62.6 (4.2)
98.4
30.5 (6.3)
0.90 (0.10)
30.4
73.0

37.0
34.6
28.8
121
105
21.3
4438
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