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Abstract

Background: Bladder cancer is the second most common cancer of the genitourinary system and the eighth cause of cancer death.
In addition to known risk factors such as smoking and urinary stones, trace elements are also effective in causing bladder cancer
and other cancers.
Objectives: This study was conducted to determine the association between bladder cancer and the carcinogens cadmium and
arsenic.
Methods: This case-control study was conducted on 40 patients with bladder cancer admitted to Shahid Bahonar Hospital and a
control group of 40 healthy individuals in Kerman, Iran, in 2018. The serum levels of arsenic and cadmium were measured by atomic
absorptiometry. The paired t-test and chi-square tests were employed to assess the difference between cases and controls groups.
An unadjusted and 2 multivariable conditional regression models were separately adjusted on sex, family cancer history, residence,
occupation, and smoking and were used to estimate odds ratios (OR) and 95% confidence intervals (95% CI) to assess the association
between arsenic and cadmium levels and bladder cancer. The statistical software SPSS version 26 and R software version 3.6.3 were
used to perform the statistical analyses.
Results: The mean cadmium level was 2.99 ± 1.45 and 2.59 ± 0.46 in the case and control groups, respectively, with no statistically
significant difference between the groups (P = 0.100). The mean arsenic level was 2.12 ± 1.04 and 1.43 ± 0.73 in the case and control
groups, respectively, demonstrating a statistically significant difference between the groups (P = 0.001). Unadjusted and adjusted
conditional logistic regression models indicated significant association between arsenic levels and bladder cancer (unadjusted:
odds ratio (OR) (95% CI): 0.66 (0.46 - 0.94), P-value = 0.022; adjusted: OR (95% CI): 0.64 (0.44 - 0.92), P-value = 0.018).
Conclusions: Overall, cadmium and arsenic levels are higher in patients with bladder cancer, with a statistically significant differ-
ence for arsenic. However, these elements are not interrelated and are not related to other factors.
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1. Background

Bladder cancer is globally the fourth and tenth most
common cancer among men and women, respectively,
with a recurrence rate of 2.3% (1, 2). Urinary tract symp-
toms, anemia, and weight loss are predominant presenta-
tions of bladder cancer (3, 4). There are a variety of genetic
and environmental risk factors for this cancer (5, 6). Reac-
tive oxygen species are among molecular risk factors (7, 8),
causing DNA alterations and cell damage (9, 10). The de-
ficiencies in rare elements such as iron, copper, and zinc

are essential causes of malignancies in bladder cancer (11-
16). Cadmium and arsenic are 2 critical factors that af-
fect the transcription process in gene-related actions, glu-
tathione inhibition, antioxidant defense mechanisms, and
the amount of free radicals (17, 18).

Cadmium and arsenic can be found in tobacco, and cer-
tain foods and are highly distributed in the human body.
Their fecal and urinary excretion rate is equal, and both
have a long half-life (19-21). Lung, prostate, pancreas, and
kidney cancers are associated with cadmium and arsenic
(22). Besides, some evidence of their association with uri-
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nary tract cancer has also been reported (23, 24).

In Iran, located in southwest Asia, an epidemiological
shift from infectious diseases to non-infectious diseases is
in progress (24, 25). As the third common cause of mortal-
ity, cancer poses a serious threat to health in Iran (26). The
risk of developing bladder cancer among men and women
is on average 3.9:1 (27-29). Due to the burden of disease,
the various confirmed and unknown risk factors, the fact
that very few studies in the world and virtually no stud-
ies in Iran have achieved definitive results in this respect,
the social and economic pressures caused by it, and the im-
portance of prevention as the best policy for cancer con-
trol, knowledge on the association between carcinogenic
factors such as arsenic and cadmium may yield promising
results for decreasing the prevalence of cancer in the coun-
try.

2. Objectives

Given the importance of this issue, this study was con-
ducted to investigate the association between cadmium
and arsenic levels and bladder cancer.

3. Methods

This case-control study with a control group was con-
ducted by convenience non-random sampling method on
40 patients with bladder cancer diagnoses admitted to the
urology department of Shahid Bahonar Hospital in Ker-
man, Iran, and 40 healthy individuals as the control group,
starting from April 2018, for one year.

The researcher explained the objectives and the study
method, and those who provided informed consent were
included, and those who did not, were excluded. The con-
trol group matched the study group in terms of age, sex,
and place of residence. The data were gathered using a
checklist of demographic information such as age, gender,
smoking, and opium use. Then, a blood sample was col-
lected without using anticoagulants, and the arsenic and
cadmium levels were measured using atomic absorptiom-
etry. The dilution fluid Triton x-100 0.2% and Antiform-B
0.2% solution were added to blood samples; the samples
were mixed for 30 seconds and then centrifuged.

The samples were then stored at -80°C in an ice bag un-
til the test procedure. The standards had dilutions of 0,
0.1, 0.5, and 1 µg/L for cadmium and 0, 2, 5, and 10 µg/L
for arsenic. The injection of samples and standards to the
main container was carried out directly using Hamilton sy-
ringes up to 10 µL. This study was assessed and approved

by the Ethics Committee of the Kerman University of Med-
ical Science under ethics codes IR.KMU.REC.1395.954 and
IR.KMU.REC.1395.952.

Continuous variables were presented as mean and
standard deviation (SD). Based on the results of the
Shapiro-Wilk test for normality, a two-sample independent
t-test for continuous variables was employed for compari-
son between case and control groups. The chi-square test
was also used for the categorical variables for comparisons
between groups. The conditional logistic regression (CLR)
model was used to estimate odds ratios (RR), and a 95%
confidence interval (95% CI) was calculated for the asso-
ciation between arsenic and cadmium levels and bladder
cancer. Associations were first assessed through a univari-
able model and then using 2 multivariable models. Model
1 was adjusted for the arsenic levels, and potential con-
founders including sex, family cancer history, residence,
occupation, and smoking; model 2 was adjusted for the
cadmium levels and the same potential confounders as
those of model 1. All statistical analyses were conducted us-
ing SPSS version 26 and R software version 3.6.3; P-value <
0.05 was considered statistically significant.

4. Results

A total of 40 patients and 40 healthy individuals were
enrolled in this study. The mean age of participants in the
case and control groups was 60.2± 14.2 and 59.6± 13.4, re-
spectively. In the case and control groups there were 32 and
29 males, respectively. The 2 groups were matched regard-
ing their family history, occupation, living place, opium
use, and smoking (P > 0.05). The mean cadmium level in
the case and control groups was 2.99± 1.45 and 2.59±0.46
(ng/mL), respectively with no statistically significant differ-
ence between the groups (P = 0.100). The reference value
for the cadmium level was 0.5 - 2.0 ng/mL (30). Cadmium
levels were associated with none of the variables in either
group or with the pathological grade of bladder cancer ac-
cording to the World Health Organization (WHO) classifi-
cation (P > 0.05) (Table 1).

Table 1. Serum Levels of Cadmium in Patients and Pathological Grade of Bladder
Cancer

Pathology Mean ± SD P-Value

Low grade 2.71 ± 1.37 0.325

High grade 2.86 ± 1.51 0.231

The mean arsenic level was 2.12 ± 1.04 and 1.43 ± 0.73
in the case and control groups, respectively, with a statisti-
cally significant difference between the groups (P = 0.001).
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The reference value for serum arsenic levels was 9.87 µg/L
(30). Unlike cadmium, arsenic levels had a statistically sig-
nificant difference with the pathological grade (P < 0.05)
(Table 2). There was no significant correlation between ar-
senic and cadmium levels (P > 0.05).

Table 2. Serum Levels of Arsenic in Patients and Pathological Grade of Bladder Can-
cer

Pathology Mean ± SD P-Value

Low grade 1.02 ± 0.134 0.045

High grade 1.23 ± 0.256 0.031

As is shown in Table 3, we did not observe any signifi-
cant association between cadmium level and bladder can-
cer in unadjusted and adjusted models (P > 0.05). How-
ever, a significant association was found in both the uni-
variate CLR model (OR (95%CI): 0.66 (0.46 - 0.94), P-value =
0.022) or multivariate CLR model (OR (95%CI): 0.64 (0.44 -
0.92), P-value = 0.018) between arsenic levels and bladder
cancer (Table 3).

5. Discussion

Dealing with cadmium and arsenic levels is among the
most significant concerns in public health, primarily due
to their confirmed carcinogenicity. Numerous epidemi-
ologic, toxicologic, pharmacologic, and laboratory stud-
ies have focused on the dose-response of arsenic and cad-
mium on cancer and other health-related issues (23, 31-33).
A recent study has shown that, according to evidence, there
is a dose-response relationship between arsenic and cad-
mium and cancer, in which non-toxic processes progress
towards oncogenesis when exposed to the adequate dose
of arsenic and cadmium for the proper length of time (34).

The water and soil levels of arsenic in Kerman province
have been reported to be 0.12 mg/kg and 0.0 mg/kg, respec-
tively, which are within the standard range (lower than 4.5
g/kg) in soil but is higher than the permissible level (0.01
mg/L) in water (35). Abbaszadeh et al. (36) showed higher
water arsenic levels in the southern and western parts of
Kerman Province, not only because of industry and agricul-
ture in this region but most likely due to geogenic origins.
The cadmium exposure rate was 6 µg/L in water and 5 - 25
mg/kg in soil. The world standards for cadmium are 1 - 3
µg/L for water and 0.2 - 11 mg/kg for soil (26). Although it
has been shown that low-level exposure to cadmium has
no irreversible effect on the urinary tract (27), long-term,
high-level exposure affects bone density (28), and results in
a higher risk of developing lung cancer (22) and DNA alter-
ation in urothelial cells (29). The cadmium level was simi-
lar in the 2 groups and was not related to other variables.

The study carried out by Kellen et al. (23) showed
higher cadmium levels in patients with bladder cancer.
However, we found no significant difference in cadmium
levels between the 2 groups, which may be due to the small
sample size and different measurement methods in the 2
studies. Feki-Tounsi et al. (31) reported significantly higher
cadmium levels associated with smoking in patients with
bladder cancer. However, in our study, smoking had no sig-
nificant effect on cadmium levels. Inconsistency in results
despite similar methods may be due to the small sample
size of our study. Feki-Tounsi and Hamza-Chaffai (32) also
argued in a review article that cadmium is toxic to urothe-
lial cells and acts as a carcinogenic agent.

Sens et al. (24) demonstrated that in vitro exposure
of urothelial cells to cadmium and arsenic results in ma-
lignant transformation. Talaat et al. (25) also reported a
higher expression rate of the kindlin-2 gene in exposure to
arsenic and cadmium. A higher tissue level of cadmium in
patients with bladder cancer was also reported by Abdel-
Gawad et al. (34). Nawrot et al. (22) reported the significant
effect of high exposure to cadmium on bladder cancer de-
velopment in a cohort study.

In contrast to previous studies, which measured the
water and soil levels of arsenic, we measured the serum
level as a marker of chronic exposure. We found a sig-
nificant association between arsenic and bladder cancer
with unadjusted and adjusted conditional logistic regres-
sion models. Feki-Tounsi et al. (31) reported similar re-
sults as they observed 3 fold amounts of arsenic in the case
group compared to the controls. Similarly, in their study,
the stage and grade were not associated with arsenic lev-
els. They reported that occupation and smoking are asso-
ciated with arsenic levels, which is not in agreement with
our study. The inconsistency in results may be due to the
smaller sample size in our study. The role of kindlin-2 was
again reported to be related to the effect of both arsenic
and cadmium (25). In Sens et al.’s study, immunodeficient
mice were assessed using 3 methods: real-time polymerase
chain reaction, Western analysis, and immunohistochem-
istry assessment for the kindlin-2 gene demonstrating an
increase in the risk of developing cancer in the case group
(24).

5.1. Conclusions

Overall, our study shows cadmium and arsenic levels
are higher in patients with bladder cancer, with a statisti-
cally significant difference in the case of arsenic. However,
these elements are not interrelated and are not related to
other factors such as gender, smoking, opium use, and liv-
ing in urban areas. Further studies with a large sample are
recommended to achieve better results.
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Table 3. Association Between Bladder Cancer and Arsenic and Cadmium Levels with and Without the Presence of Covariates Using the Conditional Logistic Regression Modela

Variables
Unadjusted Adjusted (Model 1b) Adjusted (Model 2b)

OR (95% CI) P-Value OR (95% CI) P-Value OR (95% CI) P-Value

Arsenic levels, ng/mL 0.66 (0.46 - 0.94) 0.022 - - 0.64 (0.44,0.92) 0.018

Cadmium levels, ng/mL 1.13 (0.92 - 1.38) 0.242 1.17 (0.95 - 1.45) 0.134 - -

Sex (female) 0.80 (0.37 - 1.74) 0.578 0.83 (0.38 - 1.81) 0.634 0.63 (0.28 - 1.41) 0.259

Family cancer history (no) 0.75 (0.33 - 1.70) 0.492 0.60 (0.25 - 1.48) 0.271 0.78 (0.33 - 1.86) 0.573

Residence 1.17 (0.62 - 2.21) 0.622 1.23 (0.64 - 2.35) 0.54 1.09 (0.58 - 2.06) 0.795

Occupation 1.02 (0.85 - 1.22) 0.856 1.05 (0.86 - 1.27) 0.642 1.06 (0.88 - 1.27) 0.536

Smoking (yes) 1.16 (0.62 - 2.16) 0.635 1.37 (0.70 - 2.68) 0.362 1.11 (0.58 - 2.14) 0.746

Abbreviations: OR, odds ratios and 95% confidence intervals (OR [95% CI]) for estimation using conditional logistic regression.
aNote: arsenic levels and cadmium levels were used as continuous variables in conditional logistic regression models.
bModel 1, adjusted on arsenic levels, sex, family cancer history, residence, occupation, and smoking; model 2, adjusted on cadmium levels, sex, family cancer history,
residence, occupation, and smoking.
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