
ARTICLE

© 2001 W. B. Saunders & Company Ltd on behalf of the Arányi Lajos Foundation 1219-4956/01/010056+04 $ 12.00/0

PATHOLOGY ONCOLOGY RESEARCH Vol 7, No 1, 2001

10.1053.paor.2001.0292 available online at http://www.idealibrary.com on

Increased Incidence of Diabetes Mellitus in the Patients 
with Transitional Cell Carcinoma of Urinary Bladder

Sergey KRAVCHICK,1 Rivka GAL,2 Shmuel CYTRON,1 Ronit PELED,3 Yona WEISSMAN,2 Eliahu MUKAMEL,4

Rumelia KOREN2

1Department of Urology, Barzilay Medical Center, Askelon; 2Department of Pathology, Hasharon Hospital, 
Petah Tikva; 3Epidemiology Unit, Barzilay Medical Center, Askelon; 4Department of Urology, Hasharon Hospital,

Petah Tikva, Israel

Introduction

Approximately 95% of neoplasm of the bladder is of
urothelial origin. The epithelial tumors, most of that are
malignant, are of interest for many reasons. These are
rather common tumors: there are some 38.000 new cases
of bladder cancer each year in the United States, and
10.000 deaths from the disease. There is now substantial
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The progression of bladder cancer to invasive dis-
ease is highly dependent on its ability to penetrate
basement membrane of urothelium. Studies on dia-
betic nephropathy have shown a reduction in pro-
teoglycan content of the glomerular basement mem-
brane. Based on the well-known fact that proteogly-
cans are one of the main components of basement
membrane and extracellular matrix we assessed the
relationship between diabetes mellitus, bladder can-
cer incidence and its behavior. These studies include
252 patients with microscopically confirmed transi-
tional cell carcinoma of bladder, and 549 patients
with other urological disorders who served as con-
trols. The prevalence of diabetes mellitus in each
group was assessed. The group of patients suffering
from transitional cell carcinoma was divided accord-
ing to etiological risk factors such as cigarette smok-
ing, diabetes and patients that were non-smokers
and did not suffer from diabetes mellitus. We
assessed the features of bladder cancer behavior in

each group. Logistic regression model estimation for
statistical analysis was used, with transitional cell
carcinoma as a dependent binary variable and age,
sexes smoking and diabetes as independent vari-
ables. Statistical significance was considered at two
levels: p ≤≤ 0.001 and p ≤≤ 0.05. Odds ratio (OR) adjust-
ed to age, sex, cigarette smoking, diabetes mellitus
and 95% Confidence Interval (CI) were calculated
for TCC. In the TCC group 22.2% of the patients suf-
fered from diabetes mellitus. In the control group
10.38% suffered from diabetes mellitus. Logistic
regression analysis, OR and 95% CI showed a statis-
tically significant relationship between diabetes and
TCC. These data are comparable only with smoking
(OR – 2.3; 95% CI – 1.6 – 3.5 and OR– 1.58; 95% CI –
1.08 – 2.4 correspondingly). Based on these data we
suggest that diabetes mellitus may be considered an
etiological risk factor for bladder cancer develop-
ment. (Pathology Oncology Research Vol 7, No 1,
56–59, 2001)
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evidence that a long prodrome of widely dispersed mucos-
al epithelial hyperplasia and progressive atypia antedates
the appearance of these neoplasms.1

A number of environmental factors increase risk of
bladder cancer, such as: cigarette smoking,2 occupational
exposure to beta-naphthylamine, 4-aminobiphenyl, 4-nit-
robiphenyl, and 4,4-diaminobiphenyl.3 Bladder cancers
occur among workers after a mean exposure of approxi-
mately 20 years, accounting for up to a 50-fold increased
incidence in those exposed. As mentioned, there is
increased incidence of bladder cancer in patients harbor-
ing Schistosoma haematobium in their bladders.4 Certain
metabolites of tryptophan-kynurenine, and cyclophos-
phamide, increase the risk of bladder cancer.5,6



Transitional cell carcinoma of urinary bladder is one of
the commonest urologic malignancies. This statement
challenged the urologists to seek the potential etiological
factors promoting the onset of urothelial tumors. The omi-
nous features of bladder cancer are dependent on the
tumor’s ability to destroy basement membrane and
progress to invasion. What determines the activation and
deployment of these biochemical activities are unclear.7

Proteoglycan degradation with consecutive release of
cytokines and growth factors is one of the events involved
in this process.8,9 Degradation of Heparan Sulphate Pro-
teoglycan (HSPG), one of the main components of base-
ment membranes and extracellular matrix, is closely cor-
related with tumor development and metastasis at other
sites, such as mouse lymphoma and melanoma.10,11

5-hexyl-2-deoxyuridine (HudR) was shown to inhibit
the conversion of glucosamine to UDP-sugars. Conse-
quently various glycoconjugates were affected; especially
the synthesis of heparan sulfate was reduced. It is note-
worthy that HudR inhibited the synthesis of glycosamino-
glycans in tumor cells with high metastatic capacity.12 Sig-
nificant reduction of glomerular basement membrane’s
HSPG was noted in the patients with diabetic nephropa-
thy. This is probably caused by such metabolic factors as
glucose and insulin – like growth factor.13

We explored in a retrospective manner the prevalence of
diabetes mellitus among patients with transitional cell car-
cinoma (TCC) of urinary bladder and compared these data
with those obtained in the control group. We also tried to
reveal predictive features of tumor behavior in diabetic
patients in order to evaluate the possible etiological role of
diabetes mellitus in bladder cancer development.

Material and Methods

The study group included 252 patients with microscopi-
cally confirmed TCC of urinary bladder, who were treated
in our departments. There were 202 men and 50 women.
For men, the mean age at diagnosis was 71.5 years and for
women the mean age at diagnosis was 73 years. The con-
trol group comprised 549 patients with similar age and sex
distribution, treated for other urological problems, not
connected with malignancies.

All subjects were interviewed personally if they ever
were diagnosed with diabetes mellitus (either insulin-
dependent or non-insulin dependent). To assess the possi-
ble impact of diabetes mellitus on TCC cancer incidence
and behavior, the study group was divided into 3 groups:
diabetics, smokers and non-diabetics/non-smokers. We did
not enroll in the study patients with diabetes mellitus that
also smoked cigarettes (because of statistical insignificant
number, – 5 patients). None of the patients were involved
in industrial works connected with exposure to known car-
cinogens. In order to reveal special features of cancer

behavior in the different subgroups we compared the data
according to: tumor grade and stage on the first medical
presentation, and recurrent disease. 

A logistic regression model was used for statistical
analysis, with bladder cancer as a dependent binary vari-
able and age, sex, smoking and diabetes mellitus as inde-
pendent variables. Statistical significance was consid-
ered at two levels: p ≤ 0.001 and p ≤ 0.05. Odds ratio
(adjusted to age, sex, cigarette smoking, diabetes melli-
tus) and 95 % Confident Interval were calculated for
cancer of bladder. 

Results

Of the 252 consecutive patients with TCC 56 (22,2 %)
suffered from diabetes mellitus, 51 (20,24 %) were ciga-
rette smokers and 145 (57,56 %) patients never smoked
cigarettes and had no history of diabetes. Table 1 summa-
rizes the staging of disease on the first medical presenta-
tion. In the control group of 549 patients without TCC
only in 57 (10,38 %) the diagnosis of diabetes mellitus was
confirmed. So, the incidence of diabetes mellitus in the
study group was twice that of the control group.

Table 2 summarizes the age distribution of the patients
in the study group: diabetic group was the oldest, (n = 47;
83,9 % of patients over 65 years old), the age prevalence
was almost equal in the cigarette smokers group. 

Recurrent disease was noted in 16 (28.6%) of diabetic
group patients, 25 (49 %) in the group of smokers, and 35
(24 %) in the patients that are non-smokers and without
diabetes mellitus (Table 3). Diabetic patients had less omi-
nous tendency for BCG treatment failure then cigarette
smokers (n 12 / 56; 21.4 % vs. n16 / 51; 31.4 %), but more
resistant to BCG treatment disease than patients without
history of cigarette smoking (n23 / 145; 15.9%). 
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Table 1. Staging of bladder TCC on the first medical
presentation 

Stage and Grade Diabetics Smokers 
Non-diabetics/
Non-smokers

Ta 24 25 81 
T1 21 17 32 
T2 11 9 32 

Total number 56 (22.2%) 51 (20.24%) 145 (57.56%)

Table 2. Age distribution in the different groups of pati-
ents with TCC

Age Diabetics (n56) Smokers(n51) 
Non-diabetics/non- 

smokers (n145)

41–65 9 (16.1%) 22 (43.1%) 38 (26.2%)
66–90 47 (83.9%) 29 (56.9%) 107 (73.8%)



Logistic regression analysis reported statistically signif-
icant association of diabetes mellitus with bladder cancer
(p – 0.0001 vs. p – 0.000 for age and p – 0.0127 for smok-
ing). Odds ratio (OR) and 95 % Confidence Interval (95%
CI) also emphasized statistically significant relationship
between diabetes mellitus and bladder cancer: OR – 2.34;
95 % CI – 1.6 – 3.5. These data are comparable only with
smoking: OR – 1.58; 95 % CI – 1.08 – 2.4 (Table 4).

Discussion

As it was shown in the previous studies glycosamino-
glycans and proteoglycans play a major role in protecting
bladder epithelial cells from harmful urinary constituents,
carcinogens, tumor cellis adherence and implantation.14,15,16

One of them, HSPG, is the main component of basement
membrane (including glomerular basement membrane)
and extracellular matrix (ECM). Its heparan sulphate
chains bind growth factors and cytokines, protecting them
from degradation in the ECM. Degradation, of these
chains caused by heparanase activity, induces growth fac-
tor release and elicits wound repair, inflammation, and
assists tumor development and metastasis as mouse lym-
phoma and melanoma.10,11 The same events of proteogly-
cans degradation with consecutive release of epidermal
growth factor have been shown to take place in bladder
cancer .7,18,19

Studies dedicated to the mechanisms involved in diabet-
ic nephropathy pathophysiology demonstrated a decreased
staining of HS in the glomerular basement membrane. It
was proposed that metabolic factors such as glucose and
insulin – like growth factor (IGF-1) lead to decreased HS
production and increased degradation. These processes

were observed in patients either with insulin dependent
diabetes mellitus or non-insulin dependent diabetes melli-
tus.13 The process of glycosaminoglycan degradation may
take place in bladder urothelium, predisposing it to car-
cinogen exposure, tumor cell adherence and implantation.
Some studies, dedicated to the mechanisms of bladder
cancer development, revealed that hyaluronidase, an endo-
glycosidase, degrades glycosaminoglycans and promotes
bladder cancer progression and metastasis.20

Increased IGF-1 in the diabetic patients stimulates cellu-
lar proliferation and inhibits apoptosis.21 The administra-
tion of IGF-1 resulted in a shortened latency period and
more rapid growth of the tumors. These effects were par-
ticularly noticeable in tumors resulting from those cells
that expressed higher levels of the IGF-1 receptors.22

In this study we observed significantly increased inci-
dence of diabetes mellitus in the group of patients with
TCC. It was twice that of the control group and common
incidence in the world.23,24 An a alternative explanation for
this observation is age-related prevalence of both: diabetes
mellitus and bladder TCC. The diabetic group was the old-
est in our study. However, several lines of evidence argue
against this explanation. First, we found that statistical
analysis reported a statistically significant association of
diabetes mellitus and bladder cancer. Second, as we have
emphasized previously, smokers who suffered from dia-
betes mellitus were excluded from the study. Consequent-
ly, we could exclude a possible impact of smoking on this
group of patients. Nevertheless, the relationship between
diabetes mellitus and cancer incidence in this group is
comparable with the generally accepted etiology of TCC,
including cigarette smoking. And lastly, the tendency to
the ominous and progressive disease in the diabetic group
was higher when compared to the group of non-smokers
without diabetes mellitus.

In conclusion, our data provide support for the hypothe-
sis that diabetes mellitus is associated with increased inci-
dence of transitional cell carcinoma of bladder. These
findings provide evidence for the hypothesis that endogly-
cosidases may promote tumor progression. However, it
remains unclear whether diabetes is an independent causal
factor of bladder TCC.
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Table 3. Recurrence of bladder TCC disease 

Stage Diabetics Smokers Non-diabetics/non-
of disease (n16) (n25) smokers (n35)
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(C. I.) for TCC

O.R. C.I.

Age 1.06 1.04–1.07
Sex 1.15 0.8–1.7
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