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Abstract.
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OBJECTIVE: The objective is to exploratively study the association between diabetes medication use, as proxy for diabetes,
and cancer characteristics of urothelial carcinoma at diagnosis. Furthermore, differences in associations between specific types
of diabetes medication are studied.
METHODS: The association between use of diabetes medication and urothelial carcinoma (UC) characteristics at diagnosis
is studied. A retrospective registry-based study among UC patients in the Netherlands was performed for which two large
linked registries from PHARMO and IKNL were used. Patients diagnosed with UC between 2000 and 2016 and no previous
cancer were included in this study. In this study, 1,168 UC patients who were diabetes medication users were included as
well as 3,609 non-users. Conditional logistic regression analysis was performed to determine odds ratios comparing cancer
characteristics between different types of diabetes medication users to non-users.
RESULTS: Noninsulin antidiabetic drugs (NIAD) use was associated with a muscle-invasive type of UC compared to
non-users (OR = 1.31, 95%CI: 1.10–1.55 for T2+ versus Ta) as well as a poorly differentiated tumour (OR = 1.31, 95%CI:
1.07–1.59 for poorly versus well differentiated tumours).
CONCLUSION: Users of diabetes medication are potentially more likely to be diagnosed with a more aggressive tumour
than non-users; however, lifestyle factors could not be adjusted for.
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INTRODUCTION

Bladder cancer is the eleventh most prevalent can-
cer type worldwide [1], with about 75% of cases being
men [2]. GLOBOCAN estimated globally 573,000
new bladder cancer cases and 213,000 bladder cancer
deaths in 2020 [3]. The most important risk fac-
tors for bladder cancer are smoking and historically
occupational exposure to several chemicals [4]. Fur-
thermore, lifestyle factors such as physical activity,
diet and BMI can potentially influence bladder cancer
risk [5] and perhaps subsequently, people diagnosed
with diabetes mellitus are at higher risk of bladder
cancer (RR = 1.35, 95% CI 1.17–1.56, I2 = 94.7) in a
meta-analysis performed by Zhu and colleagues [6].
Moreover, a higher bladder cancer risk for patients
diagnosed with diabetes mellitus less than 5 years ago
has been estimated (RR = 1.52, 95%CI:1.05–2.21)
compared to people having diabetes mellitus for 5
years or longer [6]. However, pooling results is per-
haps not warranted because of heterogeneity on e.g.
diabetes measurements, between studies on diabetes
medication and bladder cancer risk and therefore
results should not be taken at face value [7].

Potential mechanisms to explain the possible asso-
ciation between diabetes mellitus and bladder cancer
development and progression can be found in either
shared risk factors or in metabolic explanations.
The most frequently proposed metabolic mechanisms
associated with cancer development in literature are
related to insulin and insulin-like growth factors
(IGF) [8, 9]. Zhao and colleagues [10] indicated
higher levels of IGF-1 in plasma and lower levels of

IGF binding protein-3 in patients with bladder cancer
compared to controls. However, Lin and colleagues
[11] studied this association prospectively and found
no association between IGF-1 plasma concentrations
and bladder cancer risk as well as Eich and colleagues
who did not observe an association between IGF-1
receptor expression and tumor progression (HR = 1.6,
CI = 0.8–3.1) [12]. In a study on urothelial carcinoma
(UC) specimens, the IGF-1 receptor was upregu-
lated in 74% of the samples [13]. Moreover, IGF-1
receptor expression in muscle-invasive tumours com-
pared to non-muscle-invasive tumours appeared to be
higher in one study [14], while another study indi-
cated opposite results [15]. Therefore, a potential
indirect influence of diabetes on IGF-1 levels could
result in development of invasive tumours, but studies
are still conflicting.

In addition to potentially increasing bladder cancer
risk, an observational study by Hwang and colleagues
[16] among 251 patients showed that patients with
poor glycaemic control (HbA1c> = 7) had high-grade
tumours more often and a higher tumour multiplicity
in a sample of non-muscle invasive UC. Also, dia-
betes mellitus was associated with an increased risk of
recurrence (OR = 2.11, 95%CI:1.4–3.2) and progres-
sion (OR = 9.35, 95%CI:3.1–28.6). Nevertheless, a
Dutch cohort study showed no associations between
BMI and diabetes mellitus and bladder cancer recur-
rence and progression [17].

The aim of this study is to exploratively determine
in a large registry study whether there is an associa-
tion between diabetes medication use, as an indicator
for diabetes, and aggressiveness of UC tumours in
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the bladder at diagnosis. Additionally, using different
types of diabetes medication, as a proxy for dis-
tributed glucose metabolism, and the association with
UC aggressiveness will be determined. It is hypothe-
sized that in patients using any diabetes medication a
higher tumour stage is observed. Also, diabetes med-
ication use is possibly associated with multifocality
and poor differentiation grade at diagnosis of UC in
the bladder.

METHODS

Data sources

Data was obtained from registries of the Out-
patient Pharmacy Database of the PHARMO
Database Network on medication usage. The
PHARMO Database Network contains data from
primary and secondary health care institutes in
the Netherlands [18]. The Out-patient Pharmacy
Database contains drug dispensings from both the
general practitioner as well as the medical specialist.
Drug dispensing was recorded with dates, name of
product, quantities and with corresponding Anatom-
ical Therapeutic Chemical (ATC) codes according to
the World Health Organization.

The Netherlands Comprehensive Cancer Organi-
zation (IKNL) provided data on cancer diagnosis
and treatment which were recorded in the Nether-
lands Cancer Registry (NCR). The NCR contains
information on cancer type, stage, site, and mor-
phology. T stage was determined according to the
TNM classification (4th edition from 1999–2002,
5th edition from 2003–2009 and 6th edition from
2010–2016) [19]. Differentiation grade was deter-
mined as either 1 (well differentiated), 2 (moderately
differentiated) or 3 (poorly differentiated) based on
the pathologist report as recorded in different hospi-
tals, according to the 1973 classification. A primary
tumour was categorised as multifocal when pathol-
ogy reports indicated evidence of multiple tumour
locations within the bladder. This study has been
approved by the PHARMO Institute for Drug Out-
comes Research and the privacy review board of the
NCR (project number K19.210).

Study population

The source population included patients living in
the Netherlands diagnosed with UC in the blad-
der between 2000 and 2016 who were registered in
the NCR and present in the Out-patient Pharmacy

Database from the PHARMO Database Network
(n = 5,666), which covers predominantly the southern
part of the Netherlands. Patients who used diabetes
medication, had to be continuously enrolled in the
PHARMO Database Network for at least 2 years prior
to date of UC diagnosis to be included. When data
was not available, it could not be assessed whether
diabetes medication use started recently or whether
medication was used for a longer period before being
enrolled in the PHARMO Database Network. Partic-
ipants who already had cancer (excluding basal cell
carcinoma) before diagnosis of UC were excluded
from analyses (n = 560). Also, remaining patients
with unkown TNM stage were excluded (n = 28).
Finally, patients with only past insulin use were not
further analysed because of too low numbers (n = 14).

Study variables

The main independent variable was the cate-
gory of diabetes medication use. Firstly, patients
were defined as insulin users when they received
insulin from their pharmacy at least two times in six
months before UC diagnosis. Similar rules applied for
non-insulin anti-diabetes medication (NIAD). Fur-
thermore, a group was defined as using a combination
of insulin and NIAD, for which it is likely that
they started with NIAD medication after which they
required insulin.

Clinical characteristics such as age, sex and comor-
bidities of UC patients were collected at diagnosis.
In addition, the chronic disease score (CDS) was pro-
vided through the PHARMO Database Network. This
score represents the burden of chronic diseases based
on medication use. The CDS was categorized into
either having a low score (lower than 7) or high (equal
or higher than 7). Patients with a high CDS have
higher risk on hospitalization and mortality compared
to patients with no chronic diseases [20].

Statistical analysis

Patient characteristics were expressed as
mean ± standard deviation for continuous vari-
ables or frequencies and percentages for categorical
variables. To compare differences in baseline char-
acteristics between users of diabetes medication and
controls, who never used diabetes medication, Chi
square tests were performed for categorical variables
and ANOVA/t-tests were performed for continuous
variables. Comparisons were made between NIAD
users, the combination of insulin and NIAD users,
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and non-users. Conditional logistic regression analy-
sis was performed to estimate odds ratios comparing
UC characteristics between diabetes medication
users and non-users using dummy variables for
endpoints stage (Tis, T1 and T2 compared to Ta)
and differentiation grade (poor, moderate versus
well) which are not dichotomous variables. In the
analyses, adjustments were made for age, sex and
CDS (continous). CDS was included as confounder,
because multimorbidity [21, 22] can also influence
tumour growth.

Moreover, conditional logistic regression was per-
formed to study specific types of NIADs. UC
characteristics were compared between metformin
only, sulfonylurea (SU) only, mixed NIAD users and
non-medication users, with adjustment for age, sex
and CDS. Analyses were performed in SAS version
14.

RESULTS

Among the total population of 5,078 patients
with UC, 23% (n = 1,182) used any type of dia-
betes medication regularly with dispensing patterns
of at least two in six months before cancer diag-
nosis. The mean age was 72 ± 9 years and 80%
was male. 932 UC patients used NIADs only, while
the combination of insulin and NIAD was used by
236 patients, for a period of at least 2 years. Com-
pared to non-users, the proportion of patients with a
CDS score ≥ 7, a T2+ stage and a poorly differenti-
ated tumour was significantly higher in NIAD users
(Table 1).

NIAD users were more likely to be diagnosed with
a muscle-invasive tumour at diagnosis (stage T2+ ver-
sus Ta) and a poorly differentiated tumour compared
to non-users (OR = 1.31, 95%CI: 1.10–1.55 and 1.31,
95%CI: 1.07–1.59, respectively; Fig. 1). No asso-
ciations between Tis or T1 versus Ta, moderately
versus well differentiated or regarding multifocal-
ity were observed. The data give little indication
of an association between the combined use of
insulin and NIAD and risk on T2+ stage, a poorly
differentiated tumour and multifocality (OR = 1.09
(95%CI:0.68–1.73), OR = 0.90, 95%CI:0.65–1.25,
OR = 1.11, 95%CI:0.81–1.52).

After stratification for CDS, within the analysis
on the combined use of NIAD and insulin, no dif-
ferences in probability of the cancer characteristics
could be observed between patients with a high and
low CDS. When comparing cancer characteristics

between NIAD users and non-users, results for the
high CDS group are similar to the overall analy-
sis while the low CDS group show similar ORs
with wider 95% confidence intervals (Fig. 1). Fur-
thermore, those with a relatively high number of
comorbidities are at a higher risk of a T2+ tumour
compared to a Ta if they used NIADs compared
to non-users (OR = 1.44 95%CI:1.16–1.79). Also, a
higher odds ratio on multifocality of the UC tumour
was observed for people with a relatively low num-
ber of comorbities when using both NIAD and insulin
anti-diabetes medication, albeit not statistically sig-
nificant (OR = 1.49, 95%CI:0.99–2.02).

Separate analyses for specific NIAD groups
showed that mainly metformin (n = 263), sulfony-
lureas (SU) (n = 145), or a combination of the
two (n = 520) were used (Table 2). Patients who
used the combination of metformin and SU were
more likely to be diagnosed with a T2+ tumour
(OR = 1.52, 95%CI: 1.13–2.04, p for trend < 0.001)
and with a poorly differentiated tumour (OR = 1.37,
95% CI: 1.07–1.76) compared to non-users. No sig-
nificant association could be determined for odds
ratios on multifocality. For metformin users only
and sulfonylureas users only no significant associ-
ations could be observed for the different cancer
characteristics.

DISCUSSION

Analyses of this historic cohort of UC patients
diagnosed between 2000–2016 show that UC patients
having diabetes, based on diabetes medication use,
had a higher risk on a muscle-invasive UC compared
to UC patients not having diabetes. More specifically,
we observed that UC patients using a combination of
NIADs (both metformin and SU) had a worse differ-
entiation grade and were more likely to be diagnosed
with a muscle invasive UC compared to patients who
did not use diabetes medication. In patients with a
high CDS, a stronger association between NIAD use
and cancer aggressiveness was observed compared to
patients with a low CDS.

The results of this study are in line with conclu-
sions from studies in other types of cancer. In a study
with colorectal cancer patients, T2DM was associ-
ated with a more advanced stage at diagnosis [23].
[24]. The study by Overbeek and colleagues [25] indi-
cated that women with type 2 diabetes, as defined
by medication use, generally have a higher tumour
stage (OR = 1.28, 95%CI:1.13–1.44) at breast cancer
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Table 1
Urothelial carcinoma (UC) patient and cancer characteristics by use of diabetes medication

Total No medication Medication
NIAD > 2
years

Insulin and
NIAD > 2 years

P-value any diabetes
medication versus no
medication

P-value insulin
and NIAD versus
NIAD

n 5078 3609 932 236
Patient characteristics
Sex (n, % men) 4079, 80% 2887, 80% 754, 81% 187, 81% p = 0.671 p = 0.564
Age (� ± sd) 72.3 +–9.2 72.0 +9.2 73.7 +9.1 73.0 +–8.7 p = <0.001 p = 0.274
Chronic disease score (n, %)
<7 2224, 44% 1630, 45% 380, 41% 75, 32%
≥7 2854, 56% 1979, 55% 552, 59% 161, 68% p = <0.001 p = 0.011
Cancer characteristics
TNM stage at diagnosis 0.005 0.462
T0A 2705, 53% 1981, 55% 459, 49% 117, 50%
T0IS 185, 4.0% 134, 4% 29, 3% 13, 6%
T1 1088, 21% 759, 21% 214, 23% 50, 21%
T2+ 1100, 22% 735, 21% 230, 25% 56, 24%
Differentiation grade (n, %)
well differentiated 1111, 23% 812, 24% 178, 20% 62, 28%
moderately differentiated 1547, 33% 1128, 33% 268, 31% 62, 28%
poorly differentiated 2100, 44% 1434, 43% 432, 49% 100, 45%
Frequency unkown = 320 P = 0.004 p = 0.057
Multifocality (n, %yes) 1164, 27% 807, 27% 228, 28% 60, 29%
Frequency unkown = 830 p = 0.383 p = 0.827
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Fig. 1. Odds ratios displayed separately for NIAD users and for users of both insulin and NIADs, compared to UC patients not using diabetes
medication (reference group) after adjustment for age, sex and CDS category.
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diagnosis which is in line with this study. Never-
theless, direct comparison of results can be difficult
because of different ways of defining diabetes and the
inclusion of different covariates.

23% of UC patients in this study used any type
of diabetes medication which is relatively high com-
pared to the general Dutch population in which the
prevalence of diabetes is about 15% for the age group
65 and older (Statline, 2021). This indicates that
diabetes might occur more often when other comor-
bidities, such as cancer, are also present.

A potential explanation of the observed results is
through poor glycaemic control in patients before
they used diabetes medication. The study by Chang
et al. indicated a worse breast cancer survival for
women with a bad glycaemic control (HR = 3.55,
95%CI:1.37–9.30). In further specific analyses on
types of non-insulin medication, the associations
observed for T-stage and tumour grade remained in
the group of patients using both metformin and SU
medication, while no significant associations were
observed in the metformin and SU only users. The
type and number of medication used could be an indi-
cation for aggressivenes of diabetes phenotype and
duration of having diabetes [26], as beta cell function-
ing decreases over time. People using multiple types
of diabetes medication could potentially have worse
glycaemic control compared to people only requiring
one type of medication. However, the reason for the
use of specific types of medication is unknown and
could not be retrieved due to the use of registry data
in this study. Also, it is not possible to define some-
one’s glycaemic control based on medication use and
therefore studies including data on glycaemic control
are required to be able to explain the results found in
this study on UC patients. It should also be noted
that people receiving diabetes medication may have
relatively good glycaemic control compared to peo-
ple with diabetes not receiving medication. Moreover,
diabetes medication could potentially have an effect
on cancer development as previous studies indicate
[27–31]. Nonetheless, it is difficult to determine this
effect independently from correlated health status in
observational studies. Furthermore, the group of peo-
ple who used diabetes medication might be different
to the group of people who did not use any diabetes
medication because of multiple other factors, such as
lifestyle factors.

To our knowledge, very few studies have been
performed in such a large sample size on the associa-
tion between diabetes medication and bladder cancer
characteristics. This study covers a large proportion
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of the population of bladder cancer patients within the
Netherlands. The combination of using two national
registries and thereby being able to link detailed infor-
mation on medication use to cancer diagnosis data is
a strength of this study.

A limitation of this registry study is that impor-
tant potential confounding variables could not be
included as this information was not available; mainly
BMI, smoking and other lifestyle factors are potential
causal factors in determining tumour aggressive-
ness that are also associated with T2DM [32]. It
is expected that if smoking or BMI could have
been included as a confounders, results would be
attenuated, as smoking and BMI are both poten-
tially associated with higher prevalence of T2DM
and higher aggressiveness of bladder cancer [32–34].
Patients with a higher CDS score are expected to have
a less healthy lifestyle overall and perhaps are more
likely to be smokers and have a higher BMI. Notwith-
standing, no relevant effect modification by CDS
score was observed. Therefore, we cannot exclude
residual confounding due to BMI, smoking or other
lifestyle factors. Furthermore, the risk estimates for
grade 2 (moderately differentiated) tumours are likely
to be heterogenous as different classification sys-
tems were used by different pathologists throughout
the country. Low grade and high grade tumours
were always classified as such, however within the
grade 2 category, potentially some poorly and well-
differentiated tumours were also included.

Reversed causality could not have been excluded as
no dose-response relationship could be determined.
No information on medication duration was avail-
able retrospectively from the accessed registry from
before 1998. Therefore, no information on age of dia-
betes diagnosis and medication initation and duration
was available. This could potentially have influenced
the results as a higher bladder cancer incidence was
associated with a longer duration of diabetes, with
a peak at 8 years [35, 36]. As a proxy for diabetes
status, we included patients based on the prescribed
T2DM medication but this has its limitations. Patients
with uncontrolled diabetes are grouped as people not
using any diabetes medication and therefore it is not
an optimal proxy for diabetes status. It is expected
that this may have attenuated the results as people
with diabetes could be in the control group if they
do not use any diabetes medication and therefore the
observed association is lower than the expected true
association. Also, no information on glycaemic con-
trol and medication compliance was available, which
would have been better indicators for diabetes.

CONCLUSION

In this large explorative registry study, diabetes
medication users appeared more likely to be diag-
nosed with a T2+ stage compared to patients who
did not use any diabetes medication. NIAD users
could potentially have a more aggressive/invasive
type of UC. Nevertheless, no conclusions can be
drawn as residual confounding due to smoking or
other lifestyle related factors cannot be disregarded.
Therefore, future studies require information on gly-
caemic control and lifestyle factors such as smoking
to be able to substantiate the observed associations.
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