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Abstract \
Background: Epidemiologic studies have reported inconsistent results regarding the relationship between diabetes mellitus (DM) |
and the incidence of bladder cancer. This comprehensive systematic review and meta-analysis explored and evaluated this
relationship in participants with different characteristics.

Methods: Studies indexed in the PubMed, Embase, and the Cochrane Library databases that compared bladder cancer incidence
mortality between DM and non-DM participants were included in the present study. The relative risks (RRs) of a random-effects
model were used to assess these associations.

Results: The final analysis included 21 cohort studies, involving a total of 13,505,643 participants. Overall, DM was associated with
an increased risk of bladder cancer or cancer mortality when compared with non-DM participants (RR: 1.23; 95% confidence interval
[Cl: 1.12-1.35; P <.001). Furthermore, DM had a harmful impact on subsequent bladder cancer risk in men compared with those
without DM (RR: 1.23; 95% Cl: 1.06-1.42; P=.005), whereas no significant relationship was observed between DM and bladder
cancer in women (RR: 1.24; 95% Cl: 0.95-1.61; P=.119). There was no significant gender difference for this relationship (ratio of RR:
0.99; 95% CI: 0.73-1.34; P=.958). In addition, cancer incidence (RR: 1.21; 95% Cl: 1.09-1.35; P <.001) and cancer mortality (RR:
1.25; 1.17-1.35; P<.001) both increased in DM patients. Finally, smoking status and follow-up duration might also affect this
relationship in men and women.

Conclusions: The findings of this study indicated that DM was associated with elevated bladder cancer or cancer mortality risk,
especially in men. This relationship in women requires further exploration.

Abbreviations: BM| = body mass index, Cl = confidence interval, DM = diabetes mellitus, HR = hazard ratio, NOS = Newcastle—

Ottawa Scale, OR = odds ratio, RR = relative risk.
Keywords: bladder cancer, diabetes mellitus, meta-analysis

1. Introduction

Bladder cancer is the 10th most common cancer worldwide and
remains a major public health problem, with approximately
73,510 cases and 14,880 deaths in 2012.1"! The established
causal risk factors for bladder cancer include gender, age,
smoking, early menopause, and occupational exposure.[>~!
Diabetes mellitus (DM) is associated with elevated risks of
cancer at different sites, including biliary tract,””! lung,®

hepatocellular,’”?  colorectal,'®  ovarian, prostate,?!
breast,'*?! renal,l'*! esophalgeal,mJ gastric,“él non-Hodgkin
lymphoma, leukemia, and myeloma,"”! pancreatic,"® and
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endometria cancers. Further, although numerous meta-
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analyses have evaluated the association of DM with the risk of
bladder cancer,'2°2*! inconsistent results have been reported and
require further verification.

Fang et al'*®! reported the positive association between DM
and risk of bladder cancer, which was significant only in women.
The study conducted by Zhu et al*!! indicated that men with DM
have a modestly increased risk of bladder cancer, while women
with DM did not. Yang et al'*?! also reported DM to be a risk
factor for bladder cancer, with no gender differences in this
relationship. Xu et al**! performed a meta-analysis of 15 cohort
studies and observed a positive association between DM and the
risk of bladder cancer but did not report a gender difference. Zhu
et al suggested that DM patients have an increased bladder cancer
incidence and mortality. Furthermore, the incidence of bladder
cancer was significantly increased only in men, while bladder
cancer mortality was significantly increased in both men and
women.?*! Finally, Larsson et al'*! concluded that DM patients
may have a modestly increased risk of bladder cancer in their
assessment of case—control or cohort studies. However, whether
the association between DM and the risk of bladder cancer differs
according to different patient characteristics remains unclear.
This meta-analysis further examined whether diabetes is a risk
factor for bladder cancer in specific subpopulations.

2. Methods

2.1. Data sources, search strategy, and selection criteria

This review was conducted and reported according to the 2009
Preferred Reporting Items for Systematic Reviews and Meta-
Analysis Statement (Checklist $1).1*¢! Ethics approval was not
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necessary for this study, as only deidentified pooled data from
individual studies were analyzed. Cohort studies that explored
the relationship between DM and bladder cancer were eligible for
inclusion in the present study, with no restrictions on the
language and publication status. Electronic databases including
PubMed, Embase, and the Cochrane Library were systematically
searched using the following text word or Medical Subject
Heading terms: (“diabetes mellitus” OR “diabetes” OR “DM”
OR “impaired glucose”) AND (“bladder” OR “urothelium” OR
“transitional cell” OR “urothelial”) AND (“neoplasm” OR
“tumor” OR “cancer” OR “carcinoma” OR “malignant”) AND
(“cohort” OR “epidemiologic”) through October 10, 2017. The
details of search strategies are presented in Supplementary
Material 1, http://links.lww.com/MD/B947. In order to identify
unpublished studies or updated information that could provide
useful data, we contacted corresponding authors to obtain
potential relevant data. The reference lists of the included studies
or relevant reviews were also manually screened in order to
identify additional relevant studies.

The inclusion criteria of this study are as follows: cohort
design; comparison of the incidence or mortality of bladder
cancer in DM and non-DM individuals; and reported odds ratios
(ORs), hazard ratios (HRs), or relative risks (RRs) with
corresponding confidence intervals (Cls). The exclusion criteria
included case—control, cross-sectional, or cohort studies of
diabetic patients that provided data as standard incidence ratios;
patients with previous with bladder cancer; and unavailable data,
whether through lack of calculations or translation. The search
strategies and study selection were conducted independently by 2
authors; any inconsistencies were settled by the corresponding
author, who made a final decision by referring to the original
articles.

2.2. Data collection and quality assessment

Two authors independently extracted the baseline characteristics
and data of the included studies, including the first author or
study group name, country, sample size, mean age, number of
men and women separately, diabetes assessment, mean body
mass index (BMI), percentage of current smokers, percentage of
alcohol users, follow-up duration, reported outcomes, adjusted
factors, and effect estimate of the relationship between DM and
bladder cancer. If direct reports of the effect estimate and
corresponding 95% CI were not available, the estimated value
was derived indirectly from other data. The Newcastle-Ottawa
Scale (NOS) was used to evaluate the quality of the included
studies based on selection (4 items), comparability (1 item), and
outcome (3 items).””! A “star system” (range, 0-9) was
developed for assessment (Table 1).

2.3. Statistical analysis

The RRs with 95% CIs were defined as the effect estimates for the
relationship between DM and the risk of bladder cancer. The HR
was considered equivalent to the RR in cohort studies and OR
was assumed to be an accurate estimate of RR due to the low
incidence of bladder cancer in DM patients. The maximum
adjusted RR was used to avoid bias caused by adjusted factors. A
fixed-effects model was used for pooled RR and 95% Cl in single
studies if the effect estimates were reported separately according
to different characteristics.*®! The pooled RRs and 95% Cls for
the DM versus non-DM and the risk of bladder cancer were
calculated by using a random-effects model.””! Heterogeneity
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was assessed by the I* and Q statistics, with P < .10 indicative of
significant heterogeneity.[3%>!! Subgroup analysis was performed
to evaluate the effects of country (Western vs. Eastern), mean age
(>60 vs. <60 years), follow-up duration (>10.0 vs. <10.0 years),
reported outcomes (cancer incidence vs. cancer mortality),
adjusted BMI (yes vs. no), and adjusted smoking (yes vs. no).
Sensitivity analyses were performed by removing each individual
study from the overall analysis to assess the influence of a single
study in the meta-analysis.?”! We assessed publication bias
visually with funnel plots and statistically using Begg and Egger
tests.|333* All P values were 2-sided, with a significant level of
.05. Statistical analyses were performed using STATA (version
10.0; Stata Corporation, College Station, TX).

3. Results
3.1. Study selection

We identified 406 records in the initial search; after discarding
325 duplicates and irrelevant studies, 81 full-text records were
assessed. We further excluded studies that enrolled single-arm
DM patients, patients with a history of bladder cancer, or studies
which focused on antidiabetic drugs (n=22). A total of 59 studies
were included in the qualitative analysis. We removed 34 studies
with duplicate cohorts and 4 studies that did not report an effect
estimate. Finally, 21 studies were included in the meta-
analysis.®>=°1 A manual search of the reference lists of these
studies did not yield any new eligible studies. The study selection
process is shown in Fig. 1.

3.2. Characteristics of the included studies

Table 1 summarizes the baseline characteristics of the included
studies. The sample size ranged from 28,731 to 4,501,578
individuals, for a total of 13,505,643 participants. Seven studies
were conducted in the United States, 7 in Europe, 5 in Asia, and 2
were international multicenter studies. The follow-up duration
ranged from 2.0 to 16.0 years. Sixteen studies reported the
relationship between DM and the incidence of bladder cancer,
while 7 studies reported the relationship between DM and the
risk of bladder cancer mortality. Study quality was evaluated by
using the NOS and studies with scores >7 were considered to be
high quality. Three studies had a score of 9, 7 studies had a score
of 8, 8 studies had a score of 7, and 3 studies had a score of 6.

3.3. Bladder cancer or cancer mortality in the total cohort

A total of 21 studies reported an association between DM and the
risk of bladder cancer or cancer mortality. The pooled RR
showed that DM was associated with an increased risk of bladder
cancer or cancer mortality when compared with participants
without DM (RR: 1.23; 95% CI: 1.12-1.35; P<.001; Fig. 2).
Furthermore, significant heterogeneity was detected across the
included studies (I*=82.0%; P <.001). A sensitivity analysis was
performed, in which the result was not affected (Table 2).

3.4. Bladder cancer or cancer mortality in men and
women

The breakdown of the number of studies available for bladder
cancer or cancer mortality included 10 and 6 studies in men and
women, respectively. The pooled analysis results for men
indicated that the comparison of DM versus non-DM individuals
showed a harmful effect (RR: 1.23; 95% CI: 1.06-1.42; P=.005;
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Medicine

Potential articles from PubMed,
EmBase, and Cochrane (n=406)

Excluded due to duplicate or irrelevant
during first screening (n=325)

Articles reviewed in details (n=81)

Articles excluded (n=60)
Affilicate study (n=34)
No desirable outcomes (n=4)
Diabetic patients, bladder cancer
history and anti-diabetic drug (n=22)

21 cohort studies included

Figure 1. Flowchart of the study selection process.

Fig. 3), whereas there was no significant difference in women
(RR: 1.24; 95% CI: 0.95-1.61; P=.119; Fig. 4). Heterogeneity
was observed in the magnitude of the relationship across the
included studies for both men (I*=77.7%; P <.001) and women
(’=53.5%; P=.057). Sensitivity analyses for men and women
separately did not alter the conclusions (Table 3). Furthermore,
there was no significant gender difference in this relationship
(ratio of RR: 0.99; 95% CI: 0.73-1.34; P=.958).

3.5. Subgroup analysis of the total cohorts of men and
women

Substantial heterogeneity was detected in the total cohort of men and
women. Therefore, we performed subgroup analyses of the
association between DM with the risk of bladder cancer in the
total cohort and men and women in order to minimize heterogeneity
and evaluate this relationship in specific subpopulations. The results
are presented in Table 4. First, stratified analysis in the total cohort
was consistent with the overall analysis except if the study did not
adjust for smoking and there were no significant differences between
subgroups in total cohorts based on predefined factors; second, DM
was not associated with bladder cancer in men if the mean age was
>60.0 years, the study did not adjust for smoking, and neglected to
include the follow-up duration. Furthermore, there was a significant
difference between subgroups based on adjusting for smoking (ratio
of RR: 1.32; 95% CI: 1.17-1.49; P <.001), whereas there were no
significant differences based on other factors. Third, DM was
associated with increased risk of bladder cancer in women >60.0
years, a follow-up duration >10.0 years, and in studies that did not
adjust for BMI. Furthermore, there was a significant difference
between subgroups based on follow-up duration (ratio of RR: 1.56;
95% CL: 1.09-2.24; P=.015). No significant differences were
observed in the other stratified analyses.

3.6. Publication bias

Review of the funnel plot could not rule out potential publication
bias for the relationship between DM and bladder cancer risk in
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Study (95% Cl) % Weight
NHIC —- 1.32 (1.10, 1.57) 6.2
BRFSS — 1.33( 1.05, 1.69) 5.3
ORLS —;— 0.79 (0.64, 0.97) 5.8
NHI — 1.36 (1.10, 1.68) 57
MEC —.— 1.25 (1.04, 1.50) 6.2
IWHS ' = 2.46 (1.32, 4.59) 1.8
JPHC = 1.50 (0.84, 2.69) 2.0
HIC —.—— 0.70 ( 0.40, 1.21) 2.2
COSM — 1.16 (0.81, 1.64) 38
CPS I + 1.40 (1.14,1.71) 5.9
JACC - 1.03 (0.41, 2.60) 1.0
APCSC L. 1.42 (0.70, 2.86) 15
ERFC — 1.40 (1.01, 1.96) 41
USVA [ | : 0.96 (0.92, 1.01) 7.8
Currie 1.16 (1.02, 1.32) 7.0
SHDR ﬁ 1.33 (1.18, 1.49) 7.1
Marianne ! —— 2.35(1.76, 3.15) 4.6
Chung - 1.22(0.27, 5.61) 0.4
NIH-AARP Diet and Health E 3 1.18 (1.06, 1.32) 7.2
CPRD E M 1.09 (0.97, 1.21) 7.2
BCLHD ' 1.13 (1.00, 1.26) 7.1

Overal < 1.23 (1.12, 1.35); P<0.001100.0

I T 0 (I-square: 82.0%; P<0.001)
3 5 1 2

Figure 2. Association between diabetes mellitus and the risk of bladder cancer or cancer mortality.

the total cohort (Fig. 5). Furthermore, although the Begg test
results showed no evidence of publication bias (P=.928), and the
Egger test showed significant publication bias (P=.009). After
adjusting for publication bias using the trim and fill method, we
noted that DM was associated with greater risk of bladder cancer
or cancer mortality (RR: 1.16; 95% CI: 1.06-1.28; P=.002).15¢!

4. Discussion

This meta-analysis used data from cohort studies to explore the
correlations between DM and the risk of bladder cancer. This large

quantitative study included 13,505,643 individuals from 21 cohort
studies with a broad range of baseline characteristics. The findings
from this study indicated that DM patients had an increased risk of
bladder cancer or cancer mortality. Although DM play a harmful
effect on bladder cancer in men but not in women, but the gender
difference for the relationship between DM and bladder cancer was
not associated with statistically significant. Subgroup analysis
revealed a positive relationship in both cancer incidence and cancer
mortality. Furthermore, adjustment for smoking status played an
important role in this relationship in men, whereas follow-up
duration may affect this relationship in women.

Sensitivity analysis for total cohort.

Excluding study RR and 95% ClI P Heterogeneity, % P value for heterogeneity
NHIC 1.22 (1.11-1.3H) <.001 82.2 <.001
BRFSS 1.22 (1.11-1.35) <.001 82.5 <.001
ORLS 1.26 (1.15-1.39) <.001 81.3 <.001
NHI 1.22 (1.11-1.35) <.001 82.2 <.001
MEC 1.23 (1.11-1.36) <.001 82.6 <.001
IWHS 1.21 (1.10-1.33) <.001 819 <.001
JPHC 1.22 (1.11-1.35) <.001 82.7 <.001
HIC 1.24 (1.13-1.37) <.001 82.5 <.001
COSM 1.23 (1.12-1.36) <.001 82.9 <.001
CPSII 1.22 (1.10-1.35) <.001 82.0 <.001
JACC 1.23 (1.12-1.36) <.001 82.9 <.001
APCSC 1.22 (1.11-1.35) <.001 82.8 <.001
ERFC 1.22 (1.11-1.35) <.001 82.6 <.001
USVA 1.25 (1.14-1.36) <.001 67.9 <.001
Currie 1.24 (1.12-1.37) <.001 82.8 <.001
SHDR 1.22 (1.11-1.35) <.001 80.9 <.001
Marianne 1.19 (1.09-1.30) <.001 77.4 <.001
Chung 1.23 (1.12-1.35) <.001 829 <.001
NIH-AARP Diet and Health 1.24 (1.11-1.37) <.001 82.6 <.001
CPRD 1.24 (1.12-1.38) <.001 829 <.001
BCLHD 1.24 (1.12-1.38) <.001 82.9 <.001

Cl = confidence interval, RR = relative risk.
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3 5 1 2 3 5 1 2
RR RR

Figure 3. Association between diabetes mellitus and the risk of bladder cancer
or cancer mortality in men.

Figure 4. Association between diabetes mellitus and the risk of bladder cancer
or cancer mortality in women.

The methodological assessment of the included studies was
based on the representativeness of the exposed cohort, selection
of the nonexposed cohort, ascertainment of exposure, demon-
stration that the outcomes were not present at the start of the
study, comparability on the basis of the design or analysis,
assessment of outcome, adequate follow-up duration, and
adequate follow-up rate. Although most of the studies included
in this meta-analysis provided clear information on these items,
ascertainment of exposure, follow-up duration, and different
adjusted factors might have contributed to the heterogeneity
among the included studies. Furthermore, the number of studies
on this relationship in specific populations might have affected
the pooled outcomes. Therefore, the relationship between DM
and bladder cancer in specific subpopulations should be
interpreted with caution.

Previous meta-analyses combined case—control and cohort
studies in order to evaluate the association of DM and the risk of
bladder cancer?°*?%I; although stratified analyses were con-
ducted based on several important confounders, the results of the
subgroup analyses might unreliable due to different study designs
across the stratified analysis. Furthermore, the included cohort
studies of diabetic patients used the total population as the

control, which might have affected the accuracy of the selection
of the nonexposed cohort.?1?3231In addition, the relationship in
men and women was not performed, and the ratio of RR between
subgroups remains unknown. Finally, the effect estimates of
bladder cancer and cancer mortality were summarized separately
due to the lower number of cases of cancer mortality, which
might have biased the final conclusion. The important strengths
of our study include the comprehensive inclusion of cohort
studies with large sample sizes; most of the cohorts were
prospective designs, population-based, and with long follow-up
durations. In addition, the heterogeneity was evaluated in
multiple ways and detailed stratified analyses were also
conducted.

Previous studies have illustrated the burden of DM as an
important cause of premature illness and death due to cancer.””
251 This study showed that DM was associated with an increased
risk of bladder cancer or cancer mortality. However, significant
heterogeneity was detected across the included studies; to
minimize the consequences of heterogeneity, we conducted a
sequential exclusion of each study from the pooled analysis. The
findings remained stable after each individual study was
sequentially excluded, which supported the relationship between
DM and bladder cancer.

Sensitivity analysis for men and women.

Population Excluding study RR and 95% ClI P Heterogeneity, % P value for heterogeneity

Men NHIC 1.21 (1.04-1.41) 014 75.1 <.001
BRFSS 1.18 (1.03-1.35) 019 72.8 <.001
MEC 1.24 (1.05-1.46) .009 79.3 <.001
JPHC 1.21 (1.05-1.40) .010 79.0 <.001
COSM 1.24 (1.06-1.44) .007 79.9 <.001
CPS Il 1.20 (1.03-1.39) .016 749 <.001
JACC 1.23 (1.06-1.43) .005 80.1 <.001
USVA 1.27 (1.14-1.40) <.001 24.5 226
Chung 1.23 (1.06-1.42) .006 80.1 <.001
CPRD 1.26 (1.05-1.52) 013 79.2 <.001

Women BRFSS 1.34 (0.99-1.83) .060 539 .070
MEC 1.18 (0.87-1.62) 291 54.4 .067
IWHS 1.11 (0.92-1.35) .268 17.2 305
JPHC 1.25 (0.95-1.66) 110 61.5 .034
CPS I 1.23 (0.89-1.72) 213 61.7 .033
CPRD 1.34 (0.95-1.88) .093 52.7 .076

Cl = confidence interval, RR = relative risk.
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Funnel plot with pseudo 95% confidence limits
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Figure 5. Funnel plot.

Several potential mechanisms may explain the increased
bladder cancer burden in DM patients. First, hyperglycemia in
these patients might lead to the dysregulation of energy balance,
which affects intracellular metabolism and impair the immune
system. These phenomena are associated with increased risks of
cancer at different sites.”*”! Second, insulin in commonly used by
DM patients, which results in increased levels of insulin-like
growth factor. These increased levels might stimulate cell
proliferation and inhibit apoptosis.’”*°! Finally, DM is
associated with a higher incidence of urinary tract infections,'®"!
which might affect the risk of bladder cancer.>%6%!

In the present study, DM was associated with the increased risk
of bladder cancer only in men. One possible reason for this
observation could be that the number of studies that included
women was smaller than expected. Furthermore, the incidence of
bladder cancer in women was lower than that in men,"! which led
to lower statistical power and broad Cls. In addition, adjustment
for smoking status played an important role in this relationship in
men but not in women. The reason could be the higher
proportion of male smokers in which smoking had a significant
effect on the risk of bladder cancer,”®’ whereas this impact in
women was small due to the relatively lower proportion of
smokers in this population. Finally, follow-up duration affected
the association of DM with bladder cancer in women. Most of the
included studies that reported on women were conducted in the
United States; the criteria for DM in the United States became
more sensitive at a later period, which led to the increased
inclusion of the earlier stages of DM. Finally, the symptoms of
bladder cancer may be hidden and diagnosis might be delayed in
women due to other gynecological diseases.

This meta-analysis has several limitations: different DM
assessment approaches to indicate the severity of DM might
bias this relationship; antihyperglycemic drugs may be associated
with the risk of bladder cancer, but mostly were not adjusted for
in most of the included studies;>®* the inherent bias included
recall and selection in retrospective cohort studies, which could
affect the incidence of bladder cancer; the ascertainment of the
incidence of bladder cancer in different countries may be liable to
bias; different adjusted factors across the included studies might
affect the progression of bladder cancer; and the publication bias
could be due to our searching strategy, missing the studies with
negative results. As a result, the risk of bladder cancer in diabetes
could be overestimated in our study.

Medicine

In conclusion, our study indicated that DM has a harmful effect
on the risk of bladder cancer or cancer mortality. The composite
outcomes of bladder cancer incidence and cancer mortality were
significantly increased in men but not in women. Smoking and
follow-up duration might affect this relationship. Future large-
scale cohort studies should explore this relationship in women.
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