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The objective of this study was to examine the association between diabetes and both

urinary bladder cancer (UBC) risk and mortality.

Methods

We conducted a retrospective cohort study using data from the UK Clinical Practice
Research Datalink (CPRD) linked to the Office of National Statistics (ONS). Patients
diagnosed with diabetes mellitus type 1 or 2 or using anti-diabetic drugs (ADD) were
compared to matched non-diabetic controls. Cox proportional hazards models were
used to estimate the risk and mortality of UBC. We adjusted for age, sex, smoking

status and BMI.

Results

The cohort included 329,168 patients using ADD and 307,315 controls with 1,295
and 1,071 patients, respectively, diagnosed as having UBC during follow-up. The
adjusted hazard ratios (HR) of UBC were 0.77 (95% CI 0.57-1.05) and 1.04 (95% CI
0.96-1.14) for type 1 and 2 diabetes, respectively. These results were similar if we
restricted our analysis to an inception cohort. We noticed a small increased risk
during the first year after diagnosis (HR = 1.26 (95% CI 1.05-1.52)), which could be
explained by detection bias. There was no influence of the severity of diabetes as
measured by the HbA 1c. Mortality of UBC was not increased for patients with either
type 1 (HR =0.95 (95% CI 0.39-2.34)) or type 2 diabetes (HR = 1.16 (95% CI1 0.91-

1.46)).

Conclusion

Neither the risk of UBC, nor the mortality from UBC, was increased in type 1 and

patients with type 2 diabetesin the CPRD data.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

e The CPRD is a large population-based cohort representative of the total UK
population.

e Detailed longitudinal information on drug prescription is available within the
CPRD and 95 % and 80 %, of patients with type 1 and 2 diabetes, respectively
had received a formal diabetes diagnosis.

e Smoking status was available for all patients in our analysis.

e Detailed information about the cause of death is available for 44 % of the
patients by linking the patients to the ONS data.

o The effect of different anti-diabetic drug medications is not considered in our

analyses and this is a major limitation.

MAIN TEXT
BACKGROUND

The global 2013 estimate of diabetes mellitus prevalence among adults (aged 20-79
years) was 8,3 %, affecting 382 million adults in the world and 6,6 % in the United
Kingdom (1). Between 2010 and 2030, the number of adults with diabetes in
developing countries is expected to increase by 69% and by 20% developed countries
(2, 3). In 2012, more than 400,000 cases of urinary bladder cancer (UBC) occurred
worldwide, making it the 7™ most common type of cancer (4). It is more frequent in
men than in women and age is now widely accepted as the greatest single risk factor

for developing UBC. Cigarette smoking, specific occupational exposures, such as
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carcinogenic dyes for painters and some genetic polymorphisms, are main known
other causes of UBC (5). Previous meta-analyses from cohort and case-control studies
have shown an increased risk of UBC associated with type 2 diabetes with relative
risks (RR) ranging from 1.11 (95% CI 1.00-1.23) to 1.32 (95% CI 1.18-1.49) (6-9).
There is also evidence for a positive association between type 2 diabetes and mortality
from UBC (RR = 1.33 (95% CI 1.14-1.55) (7). However, misclassification of type 1
and 2 diabetes was not excluded in these studies because diagnostic codes were
lacking and details about the diabetic history (duration, metabolic control) were not

considered.

Two studies on type 1 diabetes reported an increased overall cancer incidence by

20 % while the mechanisms remain unclear (10, 11). The observed number of bladder
cancer cases in these studies is very small ranging from 4 to 27 cases (10-12). The
objective of this study was to examine the association between diabetes mellitus and
both UBC risk and mortality taking into account diabetes duration, metabolic control

as expressed by haemoglobin Alc (HbAlc) and type of diabetes.

METHODS

Data sources

We conducted a retrospective cohort study using data from the UK Clinical Practice
Research Datalink (CPRD) (January 1987-October 2013) linked to the Office of
National Statistics (ONS) (January 1998 — January 2012). The CPRD comprises
prospectively collected computerized medical records of over 10 million patients

under the care of more than 600 general practitioners (GPs) in the United Kingdom
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(UK). The Read classification is used to enter medical diagnoses and procedures, and
prescriptions are recorded based on the UK Prescription Pricing Authority Dictionary.
The recorded information on diagnoses and drug use was validated and proved to be
of high quality (13). The ONS provided data for the cause(s) of death and the exact
date of death as recorded on death certificates by a registered medical practitioner

attending to the patient during their last period.

Study population

All patients with at least one prescription of anti-diabetic drugs (ADD) (oral anti-
diabetic drugs (NIAD) and/or insulin) and aged above 18 years during the period of
valid CPRD data collection were included. Each ADD user was matched to one non-
diabetic control by year of birth, sex and practice. The date of the first ADD
prescription defined the index date and controls were assigned the same index date as
their matched ADD user. All subjects with missing data for smoking status, a history
of any cancer prior to the index date, except non-melanoma skin cancer, or a
diagnosis of gestational diabetes or secondary diabetes ever during follow-up were
excluded. All control patients who used diabetes treatment or had ever been
diagnosed with type 1 or 2 diabetes ever during follow-up were excluded. All ADD
users with diagnoses of both type 1 and 2 diabetes were excluded as well, as were
patients aged 30 years and older without a diagnosis of diabetes, who used insulin
only at baseline. All study participants were followed up from the index date to either
the end of data collection, the date of transfer of the patient out of the practice area, or

the patient's death.

Exposure
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Patients with type 1 diabetes were defined as those patients with a formal diagnosis of
type 1 diabetes (as recorded in CPRD) or younger than 30 years and using insulin
only at index date. Patients with type 2 diabetes were all patients with a formal
diagnosis of type 2 diabetes (as recorded in CPRD) or using an oral ADD at index
date. The total period of follow-up for each patient (patients with diabetes and
unexposed controls) was divided into fixed time periods of 90 days. Age was
determined at the start of each interval. The classification of type 1 and 2 diabetes, as
well as sex, smoking status and BMI was determined at baseline. Diabetes duration
was assessed in a time-dependent manner by estimating the time since the date of the
first ADD prescription (the index date). Diabetes control was assessed in a time-
dependent manner using the most recent HbAl¢ record before the start of each time

interval and within the previous year.

Outcomes

The primary outcome was UBC, as defined by Read codes, and was assessed in the
complete CPRD study population. The secondary outcome was bladder cancer
related mortality as recorded on death certificates (International Classification of
Diseases (ICD-10) categories C65, C67) and was assessed in the population eligible
for linkage between CPRD and ONS data (44% of the subjects). The period of
follow-up was restricted to the time that ONS data were available (January 1998 —

January 2012).

Risk factors

The major covariates of interest included age, sex, smoking status and BMI. Smoking

status was characterized at baseline as current, former, or lifelong nonsmoker.
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Statistical analysis

Analyses were conducted using Cox proportional hazards models with various sub-
analyses. The first analysis compared the risk of UBC in ADD users with that in
control patients to yield an estimate of the relative risk [as a hazard ratio (HR)] of
UBC associated with ADD use. The calculations were adjusted for age, sex, smoking
status and BMI. Results were stratified to type 1 and type 2 diabetes. In a secondary
analysis, risks were estimated for an inception cohort of ADD users using a 1-year
lead-in time. The risk of UBC for patients with incident type 2 diabetic was further
stratified by disease duration, sex and HbAlc. The risk of UBC mortality in ADD
users compared with that of controls was assessed by Cox models as well and results
were stratified by type of diabetes. All data management and statistical analyses were

conducted using SAS® 9.1/9.2 software.

This study was approved by the Medicines and Healthcare products Authorities’

Independent Scientific Advisory Committee, protocol number 13 050R.

RESULTS

After exclusion of all patients with a diagnosis of gestational diabetes (1,983 and 154
for ADD users and controls respectively), or secondary diabetes (485 and 70 for ADD
users and controls respectively), or cancer prior to index date (34,955 and 34,384 for
ADD users and controls respectively) or missing data for smoking status during
follow up (13,416 and 27,558 for ADD users and controls respectively), the study
population consisted of 329,168 patients with diabetes of whom 30,823 (9.4 %) and
298,345 (90.6 %) with type 1 and 2 diabetes, respectively and 307,315 controls.
Patients diagnosed with type 1 and 2 diabetes at baseline (7614) and patients without
diagnosis, using insulin only at baseline and 30 years or older (10178) were not

included in our analysis.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml 8

Page 8 of 22

yBuAdoo Aq paroalold 1senb Ag 202 ‘6 dy uo /wod* (g uadolwg//:dny woij papeojumoq "STOZ aunt T Uo 0/¥/00-7T0Z-uadolwa/oeTT 0T Se paysiand isiy :uado rINg


http://bmjopen.bmj.com/

Page 9 of 22

©CoO~NOUITA,WNPE

BMJ Open

Table 1 shows baseline characteristics. The mean age at index date was 58 years.
Forty-six percent of the patients with diabetes had a BMI of 30 or above in contrast

with 30 % of the control subjects.

During nearly six years of follow-up 1,071 patients of the control group and 1,295 of
the ADD users were diagnosed with bladder cancer. Patients with type 1 diabetes had
no significantly lower risk of UBC (HR = 0.77 (95% CI 0.57-1.05)) than patients with
type 2 diabetes (HR = 1.04 (95% CI 0.96-1.14)) based on a Wald test (p=0,054). The

results for incident ADD users were similar. (Table 2)

For patients with incident type 2 diabetes, we noticed an increased risk of UBC (HR =
1.26 (95 % CI 1.05-1.52)) during the first year after the first ADD prescription,
compared to controls, disappearing in subsequent years (Table 3). There was no
difference in UBC risk between males and females patients with type 2 diabetes (HR
=1.11 (95 % CI 0.98-1.25) and 1.01 (95 % CI 0.79-1.29), respectively). In patients
with type 2 diabetes, there was no influence of HbAlc as an indicator of diabetes
severity on UBC risk (Table 4). UBC related mortality was neither increased in
patients with type 1 diabetes (HR =0.79 (95 % CI 0.32-1.94)) nor in patients with

type 2 diabetes compared to controls (HR = 1.05 (95 % CI1 0.83-1.33)) (Table 5).

DISCUSSION

We could not detect a significantly increased risk of UBC nor of increased mortality
due to UBC in patients with type 1 and 2 diabetes patients compared to controls even
if we reduced our cohort to incident ADD users. However, we noticed an increased
risk of UBC in patients with type 2 diabetes during the first year after diagnosis.

Diabetes control, as expressed by HbA Ic, had no influence on the UBC risk in
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patients with type 2 diabetes.

Previous meta-analyses reported an increased risk (6-9). Even when these meta-
analyses (6-8) were restricted to studies that adjusted for smoking, there was still an
increased RR ranging from 1.32 (95% CI 1.18-1.49) to 1.48 (95% CI 1.25-1.77),
comparable to our RR for type 2 diabetes.

On the other hand, in several studies diabetes ascertainment was based on self-
reporting (8). Those studies had an RR of 1.34 (95 % CI 1.11-1.62). The increased
risk of UBC in patients with diabetes decreased and significance disappeared when
diabetes was asserted by other methods (RR = 1.11 (95 % CI 0.95-1.31)).
Furthermore, not all studies distinguished between diabetes type 1 and 2. Most of the
studies excluded type 1 diabetes as a diagnosis of diabetes before 30 years of age (7,
8). Subgroup analysis of studies restricted to Europe did not show an increased risk of
UBC in patients with type 2 diabetes (6-8). Hence, our result is in line with those of
European studies (12, 14-21). It is not clear why there is a difference between
European and other regions.

We did not find an increased risk of bladder cancer in diabetes type 1, which is in line

with the results found in Sweden (10, 11), and in the UK (12).

An increased risk of UBC during the first year after diabetes diagnosis was found in
several other studies (20, 22-24). Likewise, for colorectal, lung, breast, liver, cervical,
endometrial, ovarian, pancreatic and prostate cancers a significantly increased risk
was found within the months following diabetes onset (10, 25, 26). This most likely
indicates the presence of a detection bias, in the sense that the diagnosis of diabetes
leads to increased medical attention, and thus to earlier detection of any present but

undiagnosed cancer. This phenomenon has also been observed immediately after the
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diagnosis of prostate cancer. The incidence of UBC was 18 times higher in patients
with prostate cancer due to diagnostic bias (27, 28). On the other hand, in contrast
with some other studies we could not confirm the hypothesis that fewer physician
visits in the year before diabetes diagnosis increases the risk of bladder cancer

diagnosis in contrast with some other studies (24, 26).

Our finding of no association between HbA 1c and cancer risk is consistent with the

results of a recent meta-analysis of major randomized controlled trials (29).

The strength of this study was that the CPRD is a large population-based cohort
representative of the total UK population. Type 2 diabetes accounts for 85 % to 95 %
of all diabetes in high-income countries (30). In the UK, 10 % of the people with

diabetes have type 1 (31), which was confirmed in our analysis (9,4 %).

We had detailed longitudinal information on drug prescription and 95 % and 80 % of
the patients with type 1 and 2 diabetes, respectively, had received a formal diabetes
diagnosis. Patients with type 1 and 2 diabetes at baseline and patients without
diagnosis, using insulin only at baseline and 30 years or older were excluded from our

analysis.

Given that smoking is one of the major risk factors for bladder cancer, we had

information on the smoking status of all patients that were included in our analysis (5).

The link with the ONS data allowed us to have detailed information about the cause

of death for 44 % of patients.

The fact that the effect of different anti-diabetic drug medications was not considered
in our analyses is a major limitation. We are aware of the fact that metformin can

have a protective effect on cancer (3, 32) and that pioglitazone could be associated
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with an increased risk of bladder cancer (33-37). This was, however, beyond the

scope of this study.

With this study, and against the background of all previous research, the likelihood of
a clinically relevant association between diabetes and UBC risk has become very
limited. The influence of anti-diabetic treatment on bladder cancer risk, however, is

still contradictable and requires further study in the future.

CONCLUSION

Neither the risk of UBC, nor the mortality from UBC, was observed to be increased in
patients with type 1 or type 2 diabetes in the CPRD data. Our results are in line with

those of previous European studies.

List of abbreviations

UBC = urinary bladder cancer

CPRD = Clinical Practice Research Datalink

ONS = Office of National Statistics

ADD = anti-diabetic drugs

HR = hazard ratio

RR = relative risk

GP = general practitioner

NIAD = oral anti-diabetic drugs (non-insulin anti-diabetic drug)
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TABLE 1

Table 1: Baseline characteristics of anti-diabetic drugs (ADD) users and non-diabetic
controls

ADD users Controls
Characteristics N = 329,168 (%) 307,315 (%)
Follow-up time (years; 5.91 5.66
mean)
Sex
Female 152 683 (46,4) 148 791 (48,4)
Male 176 485 (53,6) 158 524 (51,6)
Age at index date (years; 58,6 (60.0) 58.2 (60.0)
mean, median)
18-29 19716 (6.0) 19 184 (6.2)
30-39 26 236 (8.0) 28 065 (9.1)
40-49 43 659 (13.3) 41 539 (13.5)
50-59 68 564 (20.8) 62 400 (20.3)
60-69 80 562 (24.5) 71975 (23.4)
70-79 62 064 (18.9) 56 632 (18.4)
80 + 28 367 (8.6) 27 520 (9.0)
Smoking status
Never smoker 168 832 (51.3) 166 190 (54.1)
Current smoker 66 903 (20.3) 70 765 (23.0)
Former smoker 93433 (28.4) 70 360 (22.9)
Body mass index
< 20.0 kg/m2 6 587 (2.0) 16 769 (5.5)
20.0 — 24.9 kg/m2 54 212 (16.5) 96 636 (31.4)
25.0 — 29.9 kg/m2 105 547 (32.1) 103 315 (33.6)
> 30.0 kg/m2 150 152 (45.6) 55 827 (18.2)
Unknown 12 670 (3.8) 34768 (11.3)
ADD users
Formal diabetes diagnosis
Type 1 28 964 (8.8)
Type 2 239 021 (72.6)
No diabetes diagnosis
Insulin only at index 1859 (0.6)
date and <30 years
Others 59 324 (18.0)
Diabetes patients
Type 1 diabetes * 30 823 (9.4)
Type 2 diabetes ** 298 345 (90.6)

(*) Defined as either formal diagnosis of type 1 diabetes or insulin only at index date and
younger than 30 years
(**) Defined as either formal diagnosis of type 2 diabetes or ADD use at index date
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TABLE 2

Table 2: Risk of bladder cancer in anti-diabetic drugs (ADD) users compared with controls, by type of diabetes and in incident ADD users

ADD users (N = 329,168) versus Incident ADD users (N = 179,598)
controls (N = 307,315) versus controls (N = 233,505)
Bladder Age-sex adj HR Fully adj HR (a) Bladder Age-sex adj HR Fully adj HR (a)
Exposure category cancer (95 % CI) (95 % CI) cancer (95 % CI) (95 % ClI)
N (%) N (%)
Controls 1,071 (0.3) 1 1 732(0.3) 1 1
ADD users 1,295 (0.4) 1.09 (1.00-1.18) 1.03 (0.95-1.12) 746 (0.4) 1.15(1.04-1.27) 1.08 (0.97-1.20)
Type 1 diabetes (b) 44 (0.0) 0.76 (0.56-1.02)*  0.77 (0.57-1.05) 5(0.0) 0.65(0.27-1.58) 0.65 (0.27-1.57)
Type 2 diabetes (c) 1,251 (0.4) 1.10(1.02-1.20) 1.04 (0.96-1.14) 741 (0.4) 1.15(1.04-1.28) 1.09 (0.97-1.21)

(a) Incident = all index patients are included after one year lead-in time without anti-diabetic drugs (ADD) prescription; HR = hazard ratio; Cl = confidence
interval; fully adjusted for age, sex, smoking and body mass index

(b) Defined as either formal diagnosis of type 1 diabetes or insulin only at index date and younger than 30 years

(c) Defined as either formal diagnosis of type 2 diabetes or ADD use at index date

(*) Significant difference between type 1 DM and type 2 DM, based on Wald test

18
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1
2
3
4
5
6
7 TABLE 3
8
9
10 Table 3: Risk of bladder cancer in incident patients with type 2 diabetes mellitus compared with controls, by duration of disease and sex
g Type 2 diabetes (N = 175,083) versus controls (N = 233,505)
13 Bladder cancer  Age-sex adj HR Fully adj HR (a)
Exposure category N (%) (95 % CI) (95 % CI)
14 Controls 732 (0.3) 1 1
15 Type 2 diabetes 741 (0.4) 1.15 (1.04-1.28) 1.09 (0.97-1.21)
16 Duration of disease (b)
17 <1 year 149 (0.1) 1.34 (1.12-1.61) 1.26 (1.05-1.52)
18 1to < 2 years 95 (0.1) 1.17 (0.95-1.45) 1.10 (0.88-1.37)
19 2to <5 years 201 (0.1) 1.02 (0.87-1.19) 0.95(0.81-1.12)
20 5to < 10 years 224 (0.1) 1.22 (1.05-1.41) 1.14 (0.98-1.33)
21 10 to < 15 years 67 (0.0) 1.19 (0.93-1.54) 1.14 (0.88-1.47)
22 > 15 years 5(0.0) 0.43 (0.18-1.04) 0.42 (0.18-1.02)
23 Sex
24 Male (c) 604 (0.3) 1.19 (1.06-1.33) 1.11 (0.98-1.25)
25 Female (d) 137 (0.1) 1.03 (0.82-1.29) 1.01 (0.79-1.29)
26 (a) Incident = all index patients are included after one year lead-in time without anti-diabetic drugs (ADD) prescription; HR = hazard ratio; Cl = confidence
27 interval; fully adjusted for age, sex, smoking and body mass index
o8 (b) As measured from first prescription
(c) Male patients with type 2 diabetes versus male controls
ég (d) Female patients with type 2 diabetes versus female controls
31
32
33
34
35
36
37
38
39
40
41
42
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Table 4: Risk of urinary bladder cancer in patients with type 2 diabetes mellitus by Hemoglobin A1c level at most recent measurement

Patients with type 2 diabetes(N = 298,345)

Bladder cancer

Age-sex adj HR

Fully adj HR (a)

Exposure category N (%) (95 % CI) (95 % CI)

Type 2 diabetes 1,251 (0.4)

Hb A1C level*
HbA1c < 6% 57 (0.0) 1 1
6 <HbA1c < 7.0% 278 (0.1) 1.18 (0.89-1.57) 1.19 (0.90-1.58)
7 <HbA1c < 8.0% 248 (0.1) 1.16 (0.87-1.55) 1.18 (0.89-1.58)
8 <HbA1c < 9.0% 110 (0.0) 1.09 (0.79-1.50) 1.10 (0.80-1.52)
HbA1c > 9.0% 106 (0.0) 1.17 (0.85-1.62) 1.17 (0.85-1.62)
missing 452 (0.2) 0.91 (0.68-1.20) 0.92 (0.69-1.21)

(a) HR = hazard ratio; Cl = confidence interval; fully adjusted for age, sex, smoking and body mass index
*6% = 42 mmol/mol, 7% = 53 mmol/mol, 8% = 64 mmol/mol, 9% = 75 mmol/mol

TABLE 5

Table 5: Risk of urinary bladder cancer (UBC) mortality in anti-diabetic drugs (ADD) users compared with controls, by type of diabetes mellitus

ADD user (N = 143,566) versus controls (N = 114,994)

Bladder cancer Age-sex adj HR Fully adj HR (a)
mortality (95 % ClI) (95 % CI)
Exposure category N (%)
Controls 145 (0.1) 1 1
ADD users 179 (0.1) 1.04 (0.83-1.29) 1.04 (0.83-1.31)
Type 1 diabetes 5(0.0) 0.73 (0.30-1.79) 0.79 (0.32-1.94)
Type 2 diabetes 174 (0.1) 1.05 (0.84-1.31) 1.05 (0.83-1.33)

(a) HR = hazard ratio; CI = confidence interval; fully adjusted for age, sex, smoking and body mass index

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

20

y6uAdoo Aq paraslold 1senb Ag £20z ‘6 1dy uo /wod*fwg uadolwg//:dny woiy papeojumoq "STOZ 8unr T uo 0/y/00-7T0zZ-uadolwa/9eTT 0T sk paysignd 1s1y :uadoO rINg


http://bmjopen.bmj.com/

Page 21 of 22 BMJ Open

1

2

3

4 STROBE 2007 (v4) checklist of items to be included in reports of observational studies in epidemiology*

2 Checklist for cohort, case-control, and cross-sectional studies (combined)

7 Section/Topic Item # | Recommendation Reported on page #
8 Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract

20 (b) Provide in the abstract an informative and balanced summary of what was done and what was found

11 Introduction

ig Background/rationale 2 Explain the scientific background and rationale for the investigation being reported

14 Objectives 3 State specific objectives, including any pre-specified hypotheses

15

16 Methods

17 Study design 4 Present key elements of study design early in the paper

18 Setting Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data
19 collection

20 Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of participants. Describe
21 methods of follow-up

22 Case-control study—Give the eligibility criteria, and the sources and methods of case ascertainment and control
23 selection. Give the rationale for the choice of cases and controls

24 Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of participants

25 (b) Cohort study—For matched studies, give matching criteria and number of exposed and unexposed

26 Case-control study—For matched studies, give matching criteria and the number of controls per case

27 Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic
28 criteria, if applicable

29

30 Data sources/ measurement 8* For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe
31 comparability of assessment methods if there is more than one group

32 Bias 9 Describe any efforts to address potential sources of bias

33 Study size 10 Explain how the study size was arrived at

34 Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen
35 and why

36 Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding

37

38 (b) Describe any methods used to examine subgroups and interactions

39 (c) Explain how missing data were addressed

40 (d) Cohort study—If applicable, explain how loss to follow-up was addressed

41 Case-control study—If applicable, explain how matching of cases and controls was addressed
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Cross-sectional study—If applicable, describe analytical methods taking account of sampling strategy

(e) Describe any sensitivity analyses

Results

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility,
confirmed eligible, included in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and
potential confounders
(b) Indicate number of participants with missing data for each variable of interest
(c) Cohort study—Summarise follow-up time (eg, average and total amount)

Outcome data 15* Cohort study—Report numbers of outcome events or summary measures over time
Case-control study—Report numbers in each exposure category, or summary measures of exposure
Cross-sectional study—Report numbers of outcome events or summary measures

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95%
confidence interval). Make clear which confounders were adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses

Discussion

Key results 18 Summarise key results with reference to study objectives

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction
and magnitude of any potential bias

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results
from similar studies, and other relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results

Other information

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on

which the present article is based

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE

checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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The objective of this study was to examine the association between diabetes and both

urinary bladder cancer (UBC) risk and mortality.

Methods

We conducted a retrospective cohort study using data from the UK Clinical Practice
Research Datalink (CPRD) linked to the Office of National Statistics (ONS). Patients
diagnosed with diabetes mellitus type 1 or 2 or using anti-diabetic drugs (ADD) were
compared to matched non-diabetic controls. Cox proportional hazards models were
used to estimate the risk and mortality of UBC. We adjusted for age, sex, smoking

status and BMI.

Results

The cohort included 329,168 patients using ADD and 307,315 controls with 1,295
and 1,071 patients, respectively, diagnosed as having UBC during follow-up. The
adjusted hazard ratios (HR) of UBC were 0.77 (95% CI 0.57-1.05) and 1.04 (95% CI
0.96-1.14) for type 1 and 2 diabetes, respectively. These results were similar if we
restricted our analysis to an inception cohort. We noticed a small increased risk
during the first year after diagnosis (HR = 1.26 (95% CI 1.05-1.52)), which could be
explained by detection bias. There was no influence of the severity of diabetes as
measured by the HbA 1c. Mortality of UBC was not increased for patients with either
type 1 (HR =0.95 (95% CI 0.39-2.34)) or type 2 diabetes (HR = 1.16 (95% CI1 0.91-

1.46)).

Conclusion

Neither the risk of UBC, nor the mortality from UBC, was increased in type 1 and

patients with type 2 diabetes in the CPRD data.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

e The CPRD is a large population-based cohort representative of the total UK
population.

e Detailed longitudinal information on drug prescription is available within the
CPRD and 95 % and 80 %, of patients with type 1 and 2 diabetes, respectively
had received a formal diabetes diagnosis.

e Smoking status was available for all patients in our analysis.

e Detailed information about the cause of death is available for 44 % of the
patients by linking the patients to the ONS data.

e The effect of different anti-diabetic drug medications is not considered in our

analyses and this is a major limitation.

MAIN TEXT
BACKGROUND

The global 2013 estimate of diabetes mellitus prevalence among adults (aged 20-79
years) was 8,3 %, affecting 382 million adults in the world and 6,6 % in the United
Kingdom (1). Between 2010 and 2030, the number of adults with diabetes in
developing countries is expected to increase by 69% and by 20% developed countries
(2, 3). In 2012, more than 400,000 cases of urinary bladder cancer (UBC) occurred
worldwide, making it the 7™ most common type of cancer (4). It is more frequent in
men than in women and age is now widely accepted as the greatest single risk factor

for developing UBC. Cigarette smoking, specific occupational exposures, such as
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carcinogenic dyes for painters and some genetic polymorphisms, are main known
other causes of UBC (5). Previous meta-analyses from cohort and case-control studies
have shown an increased risk of UBC associated with type 2 diabetes with relative
risks (RR) ranging from 1.11 (95% CI 1.00-1.23) to 1.32 (95% CI 1.18-1.49) (6-9).
There is also evidence for a positive association between type 2 diabetes and mortality
from UBC (RR = 1.33 (95% CI 1.14-1.55) (7). However, misclassification of type 1
and 2 diabetes was not excluded in these studies because diagnostic codes were
lacking and details about the diabetic history (duration, metabolic control) were not

considered.

Two studies on type 1 diabetes reported an increased overall cancer incidence by

20 % while the mechanisms remain unclear (10, 11). The observed number of bladder
cancer cases in these studies is very small ranging from 4 to 27 cases (10-12). The
objective of this study was to examine the association between diabetes mellitus and
both UBC risk and mortality taking into account diabetes duration, metabolic control

as expressed by haemoglobin Alc (HbAlc) and type of diabetes.

METHODS

Data sources

We conducted a retrospective cohort study using data from the UK Clinical Practice
Research Datalink (CPRD) (January 1987-October 2013) linked to the Office of
National Statistics (ONS) (January 1998 — January 2012). The CPRD comprises
prospectively collected computerized medical records of over 10 million patients

under the care of more than 600 general practitioners (GPs) in the United Kingdom
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(UK). The Read classification is used to enter medical diagnoses and procedures, and

prescriptions are recorded based on the UK Prescription Pricing Authority Dictionary.

The recorded information on diagnoses and drug use was validated and proved to be
of high quality (13). The ONS provided data for the cause(s) of death and the exact
date of death as recorded on death certificates by a registered medical practitioner

attending to the patient during their last period.

Study population

All patients with at least one prescription of anti-diabetic drugs (ADD) (oral anti-
diabetic drugs (NIAD) and/or insulin) and aged above 18 years during the period of
valid CPRD data collection were included. Each ADD user was matched to one
control patient by year of birth, sex and practice. Controls could have any disease as
long as they were non-diabetic patients at baseline and during follow-up. The date of
the first ADD prescription defined the index date and controls were assigned the same
index date as their matched ADD user. All subjects with missing data for smoking
status, a history of any cancer prior to the index date, except non-melanoma skin
cancer, or a diagnosis of gestational diabetes or secondary diabetes ever during
follow-up were excluded. All control patients who used diabetes treatment or had ever
been diagnosed with type 1 or 2 diabetes ever during follow-up were excluded. All
ADD users with diagnoses of both type 1 and 2 diabetes were excluded as well, as
were patients aged 30 years and older without a diagnosis of diabetes, who used
insulin only at baseline. All study participants were followed up from the index date
to either the end of data collection, the date of transfer of the patient out of the

practice area, or the patient's death.

Exposure
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Patients with type 1 diabetes were defined as those patients with a formal diagnosis of
type 1 diabetes (as recorded in CPRD) or younger than 30 years and using insulin
only at index date. Patients with type 2 diabetes were all patients with a formal
diagnosis of type 2 diabetes (as recorded in CPRD) or using an oral ADD at index
date. The total period of follow-up for each patient (patients with diabetes and
unexposed controls) was divided into fixed time periods of 90 days. Age was
determined at the start of each interval. The classification of type 1 and 2 diabetes, as
well as sex, smoking status and BMI was determined at baseline. Diabetes duration
was assessed in a time-dependent manner by estimating the time since the date of the
first ADD prescription (the index date). Diabetes control was assessed in a time-
dependent manner using the most recent HbA1¢ record before the start of each time

interval and within the previous year.

Outcomes

The primary outcome was UBC, as defined by Read codes, and was assessed in the
complete CPRD study population (January 1987-October 2013). The secondary
outcome was bladder cancer related mortality as recorded on death certificates
(International Classification of Diseases (ICD-10) categories C65, C67) and was
assessed in the population eligible for linkage between CPRD and ONS data (44% of
the subjects). The period of follow-up was restricted to the time that ONS data were

available (January 1998 — January 2012).

Risk factors

The major covariates of interest included age, sex, smoking status and BMI. Smoking

status was characterized at baseline as current, former, or lifelong nonsmoker.
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Statistical analysis

Analyses were conducted using Cox proportional hazards models with various sub-
analyses. As time scale we used time since first ADD use. We tested the proportional
hazard assumption by comparing diabetes patients to non-diabetes controls. The
assumption was not violated. The first analysis compared the risk of UBC in ADD
users with that in control patients to yield an estimate of the relative risk [as a hazard
ratio (HR)] of UBC associated with ADD use. The calculations were adjusted for age,
sex, smoking status and BMI. Results were stratified to type 1 and type 2 diabetes. A
sensitivity analysis was performed excluding women with polycystic ovarian
syndrome (PCOS). In a secondary analysis, risks were estimated for an inception
cohort of ADD users using a 1-year lead-in time. The risk of UBC for patients with
incident type 2 diabetic was further stratified by disease duration, sex and HbA lc.
The risk of UBC mortality in ADD users compared with that of controls was assessed
by Cox models as well and results were stratified by type of diabetes. All data

management and statistical analyses were conducted using SAS® 9.1/9.2 software.

This study was approved by the Medicines and Healthcare products Authorities’

Independent Scientific Advisory Committee, protocol number 13 050R.

RESULTS

After exclusion of all patients with a diagnosis of gestational diabetes (1,983 and 154
for ADD users and controls respectively), or secondary diabetes (485 and 70 for ADD
users and controls respectively), or cancer prior to index date (34,955 and 34,384 for
ADD users and controls respectively) or missing data for smoking status during
follow up (13,416 and 27,558 for ADD users and controls respectively), the study
population consisted of 329,168 patients with diabetes of whom 30,823 (9.4 %) and
298,345 (90.6 %) with type 1 and 2 diabetes, respectively and 307,315 controls.
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Patients diagnosed with type 1 and 2 diabetes at baseline (7,614) and patients without
diagnosis, using insulin only at baseline and 30 years or older (10,178) were not
included in our analysis.

Table 1 shows baseline characteristics. The mean age at index date was 58 years.
Forty-six percent of the patients with diabetes had a BMI of 30 or above in contrast

with 30 % of the control subjects.

During nearly six years of follow-up 1,071 patients of the control group and 1,295 of
the ADD users were diagnosed with bladder cancer. Patients with type 1 diabetes had
no significantly lower risk of UBC (HR = 0.77 (95% CI 0.57-1.05)) than patients with
type 2 diabetes (HR = 1.04 (95% CI 0.96-1.14)) based on a Wald test (p=0.054). The

results for incident ADD users were similar. (Table 2)

For patients with incident type 2 diabetes, we noticed an increased risk of UBC (HR =
1.26 (95 % CI 1.05-1.52)) during the first year after the first ADD prescription,
compared to controls, disappearing in subsequent years (Table 3). Sixty per cent of
the bladder cancers developed during the first five years after diabetes onset. There
was no difference in UBC risk between males and females patients with type 2
diabetes (HR =1.11 (95 % CI 0.98-1.25) and 1.01 (95 % CI 0.79-1.29), respectively).
In patients with type 2 diabetes, there was no influence of HbAlc as an indicator of
diabetes severity on UBC risk (Table 4). UBC related mortality was neither increased
in patients with type 1 diabetes (HR = 0.79 (95 % CI 0.32-1.94)) nor in patients with

type 2 diabetes compared to controls (HR = 1.05 (95 % CI 0.83-1.33)) (Table 5).

DISCUSSION

We could not detect a significantly increased risk of UBC nor of increased mortality
due to UBC in patients with type 1 and 2 diabetes patients compared to controls even

if we reduced our cohort to incident ADD users. However, we noticed an increased
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risk of UBC in patients with type 2 diabetes during the first year after diagnosis.
Diabetes control, as expressed by HbA Ic, had no influence on the UBC risk in

patients with type 2 diabetes.

Previous meta-analyses reported an increased risk (6-9). Even when these meta-
analyses (6-8) were restricted to studies that adjusted for smoking, there was still an
increased RR ranging from 1.32 (95% CI 1.18-1.49) to 1.48 (95% CI 1.25-1.77),
comparable to our RR for type 2 diabetes. On the other hand, in several studies
diabetes ascertainment was based on self-reporting (8). Those studies had an RR of
1.34 (95 % CI 1.11-1.62). The increased risk of UBC in patients with diabetes
decreased and significance disappeared when diabetes was asserted by other methods
(RR = 1.11 (95 % CI 0.95-1.31)). Furthermore, not all studies distinguished between
diabetes type 1 and 2. Most of the studies excluded type 1 diabetes as a diagnosis of
diabetes before 30 years of age (7, 8). Subgroup analysis of studies restricted to
Europe did not show an increased risk of UBC in patients with type 2 diabetes (6-8).
Hence, our result is in line with those of European studies (12, 14-21). It is not clear
why there is a difference between European and other regions.

We did not find an increased risk of bladder cancer in diabetes type 1, which is in line

with the results found in Sweden (10, 11), and in the UK (12).

An increased risk of UBC during the first year after diabetes diagnosis was found in
several other studies (20, 22-24). Likewise, for colorectal, lung, breast, liver, cervical,
endometrial, ovarian, pancreatic and prostate cancers a significantly increased risk
was found within the months following diabetes onset (10, 25, 26). This most likely
indicates the presence of a detection bias, in the sense that the diagnosis of diabetes

leads to increased medical attention, and thus to earlier detection of any present but
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undiagnosed cancer. This phenomenon has also been observed immediately after the
diagnosis of prostate cancer. The incidence of UBC was 18 times higher in patients
with prostate cancer due to diagnostic bias (27, 28). On the other hand, in contrast
with some other studies we could not confirm the hypothesis that fewer physician
visits in the year before diabetes diagnosis increases the risk of bladder cancer
diagnosis in contrast with some other studies (24, 26). Apart from the increased risk
of UBC during the first year of diabetes diagnosis possibly due to detection bias, we
did not find an association between diabetes duration and developing bladder cancer.
Seen that nearly 50 % of the patients had a follow-up of more than five years and only
40 % of the bladder cancers were diagnosed after these five years, while only 10 %
was diagnosed after 10 years, we can conclude that having diabetes for more than five

years did not alter the risk of UBC.

Our finding of no association between HbA ¢ and cancer risk is consistent with the

results of a recent meta-analysis of major randomized controlled trials (29).

The strength of this study was that the CPRD is a large population-based cohort
representative of the total UK population. Type 2 diabetes accounts for 85 % to 95 %
of all diabetes in high-income countries (30). In the UK, 10 % of the people with
diabetes have type 1 (31), which was confirmed in our analysis (9,4 %). We had
detailed longitudinal information on drug prescription and 95 % and 80 % of the
patients with type 1 and 2 diabetes, respectively, had received a formal diabetes
diagnosis. Patients with type 1 and 2 diabetes at baseline and patients without
diagnosis, using insulin only at baseline and 30 years or older were excluded from our
analysis. Consulting rates for diabetes in the CPRD have been compared with

equivalent data from the 4th National Morbidity Survey in General Practice
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confirming the validity of the morbidity data in the CPRD (32). Furthermore, since
2004, GPs are stimulated to provide “quality care” by the Quality and Outcomes
Framework (QOF). The UK has a National Service Framework for Diabetes (NSF)
(33). Guidelines to be followed by the GPs are outlined in the guideline for type 1
(34) and 2 diabetes (35) of the National Institute for Health and Care Excellence
(NICE). For diagnosis the NICE guideline refers to the International Diabetes
Federation (IDF) Diabetes Atlas (30). Diagnosis of diabetes is directly linked with
prescription of ADD whereas Impaired Glucose Tolerance (IGT) is referred to as
people whose blood glucose levels are high but not as high as those in people with
diabetes. Our cohort was restricted to those patients receiving ADD. Furthermore, we
had HbA1c values for 1,251 of the 1,295 bladder cancer patients. So, 96 % of the

patients have additional prove to be diabetic.

Metformin can also be used to treat obesity or PCOS. We have no means to test the
possible effect of Metformin prescribed for obesity although the clinical impression
exist that such treatments tend to be relatively short. In our cohort, 12,841 women
were diagnosed with PCOS. None of them developed UBC. A sensitivity analysis,
excluding those PCOS women showed exactly the same HRs. Additionally, we have
information on the smoking status of all patients that were included in our analysis,
which is essential given that smoking is one of the major risk factors for bladder
cancer (5). The link with the ONS data allowed us to have detailed information about

the cause of death for 44 % of patients.

The fact that the effect of different anti-diabetic drug medications was not considered
in our analyses is a major limitation. We are aware of the fact that metformin can

have a protective effect on cancer (3, 36) and that pioglitazone could be associated
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with an increased risk of bladder cancer (37-41). This was, however, beyond the

scope of this study.

With this study, and against the background of all previous research, the likelihood of
a clinically relevant association between diabetes and UBC risk has become very
limited. The influence of anti-diabetic treatment on bladder cancer risk, however, is

still contradictable and requires further study in the future.

CONCLUSION

Neither the risk of UBC, nor the mortality from UBC, was observed to be increased in
patients with type 1 or type 2 diabetes in the CPRD data. Our results are in line with

those of previous European studies.

List of abbreviations

UBC = urinary bladder cancer

CPRD = Clinical Practice Research Datalink

ONS = Office of National Statistics

ADD = anti-diabetic drugs

HR = hazard ratio

RR = relative risk

GP = general practitioner

NIAD = oral anti-diabetic drugs (non-insulin anti-diabetic drug)
PCOS = Polycystic Ovarian Syndrome

QOF = Quality and Outcomes Framework

NSF = National Service Framework for Diabetes

NICE = National Institute for Health and Care Excellence

IDF = International Diabetes Federation
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IGT = Impaired Glucose Tolerance
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TABLE 1

Table 1: Baseline characteristics of anti-diabetic drugs (ADD) users and non-diabetic
controls

ADD users Controls
Characteristics N = 329,168 (%) 307,315 (%)
Follow-up time (years; 5.91 5.66
mean)
Sex
Female 152 683 (46,4) 148 791 (48,4)
Male 176 485 (53,6) 158 524 (51,6)
Age at index date (years; 58,6 (60.0) 58.2 (60.0)
mean, median)
18-29 19716 (6.0) 19 184 (6.2)
30-39 26 236 (8.0) 28 065 (9.1)
40-49 43 659 (13.3) 41 539 (13.5)
50-59 68 564 (20.8) 62 400 (20.3)
60-69 80 562 (24.5) 71975 (23.4)
70-79 62 064 (18.9) 56 632 (18.4)
80 + 28 367 (8.6) 27 520 (9.0)
Smoking status
Never smoker 168 832 (51.3) 166 190 (54.1)
Current smoker 66 903 (20.3) 70 765 (23.0)
Former smoker 93433 (28.4) 70 360 (22.9)
Body mass index
< 20.0 kg/m2 6 587 (2.0) 16 769 (5.5)
20.0 — 24.9 kg/m2 54 212 (16.5) 96 636 (31.4)
25.0 — 29.9 kg/m2 105 547 (32.1) 103 315 (33.6)
> 30.0 kg/m2 150 152 (45.6) 55 827 (18.2)
Unknown 12 670 (3.8) 34768 (11.3)
ADD users
Formal diabetes diagnosis
Type 1 28 964 (8.8)
Type 2 239 021 (72.6)
No diabetes diagnosis
Insulin only at index 1859 (0.6)
date and <30 years
Others 59 324 (18.0)
Diabetes patients
Type 1 diabetes * 30 823 (9.4)
Type 2 diabetes ** 298 345 (90.6)

(*) Defined as either formal diagnosis of type 1 diabetes or insulin only at index date and
younger than 30 years
(**) Defined as either formal diagnosis of type 2 diabetes or ADD use at index date
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10 Table 2: Risk of bladder cancer in anti-diabetic drugs (ADD) users compared with controls, by type of diabetes and in incident ADD users

ADD users (N = 329,168) versus Incident ADD users (N = 179,598)

controls (N = 307,315) versus controls (N = 233,505)

Bladder Age-sex adj HR Fully adj HR (a) Bladder Age-sex adj HR Fully adj HR (a)
14 Exposure category cancer (95 % CI) (95 % CI) cancer (95 % CI) (95 % ClI)

15 N (%) N (%)

16 Controls 1,071 (0.3) 1 1 732 (0.3) 1 1

17 ADD users 1,295 (0.4) 1.09(1.00-1.18) 1.03 (0.95-1.12) 746 (0.4) 1.15(1.04-1.27) 1.08 (0.97-1.20)
18 Type 1 diabetes (b) 44 (0.0) 0.76 (0.56-1.02)*  0.77 (0.57-1.05) 5(0.0) 0.65(0.27-1.58) 0.65 (0.27-1.57)
19 Type 2 diabetes (c) 1,251 (0.4) 1.10(1.02-1.20) 1.04 (0.96-1.14) 741 (0.4) 1.15(1.04-1.28) 1.09 (0.97-1.21)
20 (a) Incident = all index patients are included after one year lead-in time without anti-diabetic drugs (ADD) prescription; HR = hazard ratio; Cl = confidence
21 interval; fully adjusted for age, sex, smoking and body mass index

22 (b) Defined as either formal diagnosis of type 1 diabetes or insulin only at index date and younger than 30 years

23 (c) Defined as either formal diagnosis of type 2 diabetes or ADD use at index date

24 (*) Significant difference between type 1 DM and type 2 DM, based on Wald test
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Table 3: Risk of bladder cancer in incident patients with type 2 diabetes mellitus compared with controls, by duration of disease and sex

Type 2 diabetes (N = 175,083) versus controls (N = 233,505)

Bladder cancer

Age-sex adj HR

Fully adj HR (a)

Exposure category N (%) (95 % CI) (95 % CI)
Controls 732 (0.3) 1 1
Type 2 diabetes 741 (0.4) 1.15 (1.04-1.28) 1.09 (0.97-1.21)
Duration of disease (b)
<1 year 149 (0.1) 1.34 (1.12-1.61) 1.26 (1.05-1.52)
1to < 2 years 95 (0.1) 1.17 (0.95-1.45) 1.10 (0.88-1.37)
2to <5 years 201 (0.1) 1.02 (0.87-1.19) 0.95(0.81-1.12)
5to < 10 years 224 (0.1) 1.22 (1.05-1.41) 1.14 (0.98-1.33)
10 to < 15 years 67 (0.0) 1.19 (0.93-1.54) 1.14 (0.88-1.47)
> 15 years 5(0.0) 0.43 (0.18-1.04) 0.42 (0.18-1.02)
Sex
Male (c) 604 (0.3) 1.19 (1.06-1.33) 1.11 (0.98-1.25)
Female (d) 137 (0.1) 1.03 (0.82-1.29) 1.01 (0.79-1.29)

(a) Incident = all index patients are included after one year lead-in time without anti-diabetic drugs (ADD) prescription; HR = hazard ratio; Cl = confidence

interval; fully adjusted for age, sex, smoking and body mass index
(b) As measured from first prescription
c) Male patients with type 2 diabetes versus male controls

(
(d) Female patients with type 2 diabetes versus female controls
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2
3
4
5
6
7 TABLE 4
8
9
10 Table 4: Risk of urinary bladder cancer in patients with type 2 diabetes mellitus by Hemoglobin A1c level at most recent measurement
g Patients with type 2 diabetes(N = 298,345)
13 Bladder cancer Age-sex adj HR Fully adj HR (a)

Exposure category N (%) (95 % CI) (95 % CI)
14 Type 2 diabetes 1,251 (0.4)
15 Hb A1C level*
16 HbA1c < 6% 57 (0.0) 1 1
17 6 < HbA1c < 7.0% 278 (0.1) 1.18 (0.89-1.57) 1.19 (0.90-1.58)
18 7 < HbA1c < 8.0% 248 (0.1) 1.16 (0.87-1.55) 1.18 (0.89-1.58)
19 8 < HbA1c < 9.0% 110 (0.0) 1.09 (0.79-1.50) 1.10 (0.80-1.52)
20 HbA1c > 9.0% 106 (0.0) 1.17 (0.85-1.62) 1.17 (0.85-1.62)
21 missing 452 (0.2) 0.91 (0.68-1.20) 0.92 (0.69-1.21)
22 (a) HR = hazard ratio; Cl = confidence interval; fully adjusted for age, sex, smoking and body mass index
23 *6% = 42 mmol/mol, 7% = 53 mmol/mol, 8% = 64 mmol/mol, 9% = 75 mmol/mol
24
25 TABLE 5
26
27
28 Table 5: Risk of urinary bladder cancer (UBC) mortality in anti-diabetic drugs (ADD) users compared with controls, by type of diabetes mellitus
29
30 ADD user (N = 143,566) versus controls (N = 114,994)
31 Bladder cancer Age-sex adj HR Fully adj HR (a)
32 mortality (95 % ClI) (95 % ClI)
33 Exposure category N (%)
34 Controls 145 (0.1) 1 1
35 ADD users 179 (0.1) 1.04 (0.83-1.29) 1.04 (0.83-1.31)
36 Type 1 diabetes 5(0.0) 0.73 (0.30-1.79) 0.79 (0.32-1.94)

Type 2 diabetes 174 (0.1) 1.05 (0.84-1.31) 1.05 (0.83-1.33)

g; (a) HR = hazard ratio; CI = confidence interval; fully adjusted for age, sex, smoking and body mass index
39
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Section/Topic #em Recommendation Reported on page #

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 3
(b) Provide in the abstract an informative and balanced summary of what was done and what was found 3

Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 4-5

Objectives 3 State specific objectives, including any prespecified hypotheses 5

Methods

Study design Present key elements of study design early in the paper

Setting Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 6-7
collection

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants. Describe methods of follow-up 6
(b) For matched studies, give matching criteria and number of exposed and unexposed

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if 7
applicable

Data sources/ 8* For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 7

measurement comparability of assessment methods if there is more than one group

Bias 9 Describe any efforts to address potential sources of bias

Study size 10 Explain how the study size was arrived at

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and
why

Statistical methods 12 | (a) Describe all statistical methods, including those used to control for confounding 8
(b) Describe any methods used to examine subgroups and interactions 8
(c) Explain how missing data were addressed 8
(d) If applicable, explain how loss to follow-up was addressed 8
(e) Describe any sensitivity analyses 8

Results
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1

2

3

4 Participants 13* | (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, confirmed | 8-9

5 eligible, included in the study, completing follow-up, and analysed

? (b) Give reasons for non-participation at each stage

8 (c) Consider use of a flow diagram

9 Descriptive data 14* | (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential 9

10 confounders

i% (b) Indicate number of participants with missing data for each variable of interest

13 (c) Summarise follow-up time (eg, average and total amount)

14 Outcome data 15* | Report numbers of outcome events or summary measures over time

15 Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence

i? interval). Make clear which confounders were adjusted for and why they were included

18 (b) Report category boundaries when continuous variables were categorized

19 (c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period

32 Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses 12
22 Discussion

23 Key results 18 | Summarise key results with reference to study objectives 10
24 Limitations

gg Interpretation 20 | Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from 10-11
27 similar studies, and other relevant evidence

28 Generalisability 21 Discuss the generalisability (external validity) of the study results 11
gg Other information

31 Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 15
32 which the present article is based

33

gg *Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.
36

37 Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE
38 checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at
ig http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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