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A B S T R A C T

Introduction: Cancer is amajor health problemworldwide. Gastrointestinal tract malignancy is one of the
most common forms of cancer around the world. Occupational exposure to the heavy metals including
cadmium was defined as one of the most important environmental risk factors involved in initiation of
cancer. Cadmium, a toxic and non-essential heavy metal, was classified as group 1 carcinogen.
Aim: The aim of this study was to investigate the association between blood cadmium levels and the risk
of gastrointestinal cancer in cancer patients.
Material and methods: This descriptive study was carried out on 111 [42_TD$DIFF]gastrointestinal cancer patients as
cases and 111 healthy people as controls from January to October 2013 in Tabriz, northwest of Iran. The
protocol of this study is approved by the Ethics Committee in Tabriz University of Medical Science.
Considering inclusion criteria, participants were selected randomly and a written informed consent was
filled out for each patient. Demographic datawere obtained by questionnaire. Blood samples (5mL)were
collected from each patient in fasting status and analyzed by graphite furnace atomic absorption
spectrophotometer (GFAAS).
Results and discussion: Blood cadmium levels were significantly higher in cancer patients compared to
healthy individuals (P =0.037). The results of multivariate regression model did not show significant
association between the concentrations of blood cadmium and the risk of gastrointestinal cancer:
P =0.137, OR =1.15 (95% CI; 0.96–1.38).
Conclusion: Our data suggest that finding individuals with high blood cadmium level and then lowering
this amount can be considered as important strategy to prevent gastrointestinal cancer.

ã 2016 Warmi�nsko-Mazurska Izba Lekarska w Olsztynie. Published by Elsevier Sp. z o.o. All rights
reserved.

1. Introduction

Nowadays, the main reason for humanmorbidity and mortality
have been changed from infectious to non-communicable dis-
eases.1 Cancer, uncontrolled growth and spread of abnormal cells,
has been known as one of the leading causes of death in both
developed and developing countries.2,3 About [43_TD$DIFF]14.0 million new
cases of cancer and 8.2million deaths were occurred worldwide in
2012.4 Among all kinds of malignancies, gastrointestinal tract (GI)

cancer is one of the most common malignancies in both genders
worldwide.5 GI cancer is responsible for 20% of estimated new
cancer cases and 15% of estimated deaths in the world.6

Cancer incidence is due to both genetic and environmental
factors.2 It was suggested that environmental factors accounts for
80% of cancer causes.7 Themost serious environmental risk factors
which involved in carcinogenesis, are unhealthy lifestyle habits
like smoking, consumption of alcohol, physical inactivity, un-
healthy dietary habits and occupational factors.6 Recently, it was
shown that some trace elements havemain roles in carcinogenesis.
These chemical elements present in minute quantities and find
naturally in environment.8 Trace elements such as arsenic (As),
cadmium (Cd), nickel (Ni), selenium (Se), and zinc (Zn), are
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associated with human health by various routes.8 Many studies
confirmed that cadmium could involve inmostmalignancies in the
body. Cadmium, a toxic and non-essential heavy metal with half-
life 10–30 years, has been classified as group 1 carcinogen.
Carcinogenicity of cadmium in many organs such as kidney, lung,
breast, liver, prostate, bladder and pancreas was manifested in
many animals and human studies.6 It was shown that cadmium
develops cancer via genotoxic effects,9 inhibition of apoptosis, DNA
repair9–11 and activation proto-oncogenes.12,13 Human exposure to
cadmium occurs through air pollution and contaminated water
and food.14 One of the most important risk factors for cancer
development is the accumulation of cadmium in circulation.15

After exposure, blood level of cadmium increases rapidly until it
reaches a concentration that manifested the intensity of expo-
sure.16 However, when cadmium exposure stops, its levels in the
blood never return to the pre-exposure [44_TD$DIFF]concentration.15

We proposed that gastrointestinal cancer patients have higher
levels of blood cadmium in comparison to healthy individuals.
Considering the lack of study in this field in Iran, the present study
was conducted to investigate blood cadmium levels in gastroin-
testinal cancer patients in Tabriz, Iran.

2. Aim

The aim of this studywas to investigate the association between
blood cadmium levels and the risk of gastrointestinal cancer in
cancer patients.

3. Material and methods

This comparative studywas carried out from January to October
2013 inTabriz, northwest of Iran. The sample sizewas calculated by
using G-Power software, setting a-error probability at 0.05, power
(1-b-error probability) at 0.95% according to the similar study.17

Finally, 111 gastrointestinal (esophagus, gastric, colon, rectum)
cancer patients as a case group and 111 healthy people as a control
group were allocated.

All participants were recruited from Imam Reza [45_TD$DIFF]Hospital, the
largest hospital in northwest of Iran. The protocol of this studywas
approved in the Ethics Committee in Tabriz University of Medical
Sciences (No 5/4/2787). The patients for this study were aged
between 30 and 70 with confirmed GI cancer.

Individuals with kidney diseases, anemia, pregnant women,
historical gastric surgery and consumption of zinc, iron, calcium
and selenium supplements were not included in the study.

After explanation the nature of the study, participants
completed a written consent form. Demographic data including
age, gender, type of cancer, smoking and anthropometricmeasure-
ments were collected by questionnaire. Weight was measured
using a Seca scale (Seca, Hamburg, Germany) in kilograms with
precision of 0.1 kg with light clothes. Height was measured using a
stationmaster (Seca) in meters with precision of 1.0mm without
shoes and BMI was calculated, as weight (in kilograms) divided by
the square of height (in meters). Blood samples (5mL) were
collected after 12h fasting state and frozen in�70 �C until analysis.

We applied dry ashing digestion method to prepare samples for
measuring cadmium. Samples were ashed in electric furnace at
550 �C (Excition, Tehran, Iran) and then residues digested in HCl.18 A
Varian 240 AAFF graphite furnace atomic absorption spectropho-
tometer (GFAAS) was used for measuring of blood cadmium
concentration. Cadmium was measured in 228.8nm wavelength.
TheGFAASstandard curvewasobtainedbystandard soluble (5mg/L,
15mg/L and 30mg/L) and the concentration of cadmium was
adjusted for bloodcreatinine level.

3.1. Statistical analysis

The data were analyzed by SPSS software (v. 16:0, Shikagho,[46_TD$DIFF] IL,
USA). Quantitative data were reported as mean� standard
deviation (SD) and qualitative data presented as frequency
(percentage). Normality of data was assessed using Kolmogorov-
–Smirnov test. Independent-sample t-test was applied to compare
difference between the study groups. Analysis of variance (ANOVA)
test was used for comparison of differences in blood cadmium and
type of cancer. Chi-square test was used to examine differences in
qualitative variables in both groups. Univariate and multiple
regression models were conducted to determine odds ratio (OR) of
blood cadmium risk and GI cancer. Confounding factors defined as
age, gender and smoking status. Statistical significance was
considered as P<0.05.

4. Results

Mean ages of participants were 58.67�9.93years in cancer
patients and 52.03�12.16 in healthy individuals (P<0.001). In
total, 55% of patients were males; however, about 40% of healthy
people were males. About 27% of cases and 18% and controls
patients were smoking cigarettes. There were no significant
difference in the smoking status (P > 0.05). About 36.9% of patients
had stomach cancer and 11.7% of them had esophagus cancer.
Demographic characteristics of participants are shown in Table 1.

The results showed that blood cadmium levels in cancer
patients were significantly higher than in healthy individuals
(P = 0.037). Table 2 depicts the concentration of blood cadmium in
both case and control groups, separately.

Blood cadmium concentration in females was higher than in
males with exception on gastric cancer, however, there was no
significant differences between two groups (P > 0.05). The mean
concentration of blood cadmium in smokers was higher than in
non-smokers; however this difference was not significant
(2.67�1.84 vs 2.25�1.62, respectively). Fig. 1 depicts the blood
cadmium differences in both genders.

Based on the results of simple logistic regression (unadjusted
OR’s), blood cadmium concentration, sex and age were signifi-
cantly related to cancer incidence (P<0.05); males had the odds of
cancer incidence 76% more than females. With an increase in age
and blood cadmium concentration in one year and 1mg/L the odds
of cancer incidence increased 5% and 18%, respectively.

Considering that smoking is one of the major sources of
cadmium, this factor entered to simple logistic regression and the
results showed that smokers had the odds of cancer incidence 67%

Table 1
Demographic characteristics of participants (n =222).

Variables Cases (n =111) Controls (n =111) P

Age, year 58.67�9.93 52.03�12.16 0.001*

Gender, n (%)
Male 61 (55.0) 45 (40.9) 0.044**

Female 51 (45.0) 65 (59.1)

Type of cancer, n (%)
Esophagus 13 (11.7)
Stomach 41 (36.9) –

Colon 39 (35.2)
Rectum 18 (16.2)

Smoking statue, n (%)
Yes 30 (27.0) 21 (18.2) 0.116**
No 81 (73.0) 90 (81.8)

Weight, kg 66.42�9.2 69.80�8.8 0.054*
BMI, kg/m2 25.18�2.7 25.69�3.3 0.190*

*Independent Student’s t-test; **x2 test; bold indicates significant results (P<0.05).
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more than non-smokers. However it was not a significant
association.

Therefore, age, sex, blood cadmium and smoking status were
candidates to enter in the multivariate analysis.

After adjusting (age, gender, smoking status, blood cadmium)
the results showed that with an increase in blood cadmium levels
in 1mg/L the odds of cancer incidence increased 15% but it was not
significant association (Table 3).

5. Discussion

Cancer is a serious public health issue worldwide.19 Cadmium
as a ubiquitous metal has not any biological role in human body.6

Based on experimental and epidemiological studies, cadmium has
been defined as a carcinogenic factor for human.20 It is better to
note that human activities result in cadmium accumulation in the
body is 3–10 times more than natural.21

In this study, blood cadmium concentration in gastrointestinal
cancer patients was significantly higher than in controls. Many
epidemiological and clinical studies were reported high level of

cadmium in cancer patients.22 Kellen et al. reported that cadmium
concentration of bladder cancer patients (n =172) were signifi-
cantly higher than controls (n =359) (P<0.001). Individuals with
bladder malignancy were at risk of cancer 5.7 times more than
controls (OR=5.7; 95%CI = 3.3–9.9).22 In another study, Strumylaite
et al. showed a positively significant association between the
concentrations of blood cadmium in breast cancer patients
(n =57).23 Kriegel et al. showed that serum cadmium concentration
in pancreatic cancer patients was significantly higher than in
controls (11.1�7.7ng/mL vs 7.1�5.0 ng/mL, respectively;
P = 0.012).16 In Nagata et al. investigation, OR of breast cancer in
newly diagnosed woman with breast cancer (n =153) according to
the tertile of the creatinine-adjusted urinary cadmium levels were
in higher levels than controls (OR=6.05; 95%CI = 2.90–12.62;
P<0.01).24 Gallagher et al. manifested a significant increasing
trend in the risk of breast cancer by elevating urinary cadmium
levels in cases compared controls (100 patients with breast cancer,
98 without breast cancer and 92 with breast cancer, 2884 without
breast cancer, respectively) living on Long Island and US
population (P = 0.023, P = 0.039, respectively).25 Lee et al. demon-
strated that urinary cadmium levels in 113 newly diagnosed
prostate cancer patients were significantly higher than controls. It
had been stated that cadmium beside sexually transmitted
diseases could increase the risk of prostate cancer (OR=9.75;
95%CI = 1.28–74.05).26 Luckett et al. showed a significantly positive
association between urinary cadmium concentration and the risk
of pancreatic cancer was illustrated (P<0.001).27 These results
also were consistant with another study by Schwartz et al.28

Regarding cadmium carcinogenicity, many molecular and
cellular mechanisms have been proven. Cadmium through
induction of DNA damage, genetic instability and suppression of
DNA repair system, results in mutation and cancer occurrence.29

Induction of oxidative stress through production of reactive
oxygen species,30 aberrant DNA methylation,21,31 interaction with
anti-oxidative enzymes32 are the other mechanisms which are
involved in carcinogenicity of cadmium.

In this study, there was no association between age and gender
variables with blood cadmium concentration. In agreement of our

Table 2
Cadmium levels in blood samples of participants (n =222).

Variables Cases (n =111) Controls (n =111) P Meandiff (range)

Blood cadmium (mg) 2.57�1.70 2.10�1.83 0.037* 0.46 (0.02–1.91)

Data presented as mean� SD; *Independent-sample t-test; bold indicates significant results (P<0.05).

[(Fig._1)TD$FIG]

1.97 2.55 2.97 1.812.9 1.95 3.15 2.33
0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

esophagous gastric colon rectom

bl
oo

d 
ca

dm
iu

m
 (

µg
/L

)

Male

Female

Fig. 1. Differences of blood cadmium levels in males and females.

Table 3
Odds ratio and confidence interval of blood cadmium in gastrointestinal cancer
patients.

Variables Unadjusted Adjusted*

OR (95% CI) P OR (95% CI) P

Blood cadmium, mg/L 1.18 (1.10–1.40) 0.037 1.15 (0.96–1.38) 0.138
Age, year 1.05 (1.02–1.08) <0.001 1.05 (1.02–1.08) 0.051

Sex
Female 1
Male 1.76 (1.03–3.00) 0.037 1.23 (0.66–2.28) 0.508

Smoking
No 1
Yes 1.66 (0.87–3.16) 0.118 1.24 (0.60–2.56) 0.561

Adjusted for age, gender, smoking status, blood cadmium; * P for logistic regression;
bold indicates significant results (P<0.05).
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study, Kellen et al. showed that the concentration of blood
cadmium in bladder cancer patients (n =172) vs controls (n =359)
did not increase by age.17 In another study, Nordberg et al. reported
that in elderly people (n =804) with mean age of 87 years, there
was no association between blood cadmium levels and age in both
genders.33 González-Estecha et al. showed that in 951 participated
subjects (231 men and 720 women), there was a positively
significant correlation between females but not males and blood
cadmium levels. However, no significant association between
blood cadmium levels and agewas reported (r =0.063; P = 0.071).34

In contrast of our study, dell’Omo et al. demonstrated that in
434 people (208 females and 226 males) residents of Umbria, a
population in [47_TD$DIFF]central Italy, there was a significant correlation in
non-smokers but not in smokers (r= 0.15, P = 0.014; r= 0.07,
P =0.35, respectively) between blood cadmium levels and age.35

Olsson et al. showed that blood cadmium levels of 105 southern
Sweden people increased with age in males comparing with
females.36

The association between blood cadmium, age and gender has
been showed controversial results. It was stated that blood
cadmium mainly serves as a recent exposure index; however, it
acts as a reliable reflector of cadmium in body.17 Many studieswere
manifested that females had significantly more cadmium levels
than males due to more absorption of dietary cadmium especially
when iron deficiency appears. During iron deficiency, transporter
of cadmium is up regulated, thus more amounts of cadmium will
be absorbed.37

Smoking is another source of cadmium exposure.17 Cadmium
content in one cigarette is estimated to be 0–6.67mg.38 Plants such
as cereal grains, potatoes and tobacco absorb cadmium through
soils. Cadmium in tobacco plant specially accumulates in leaves.38

However, cadmium content of tobacco differs depending on type of
soil and its composition.39 However, in our study the level of blood
cadmium in smokers was higher than non-smokers, but between
blood cadmium levels and smoking there was not significant
correlation. In agreement of our study, dell’Omo et al. manifested
that the blood cadmium levels of 434 individuals (94 smokers,
177 non-smokers) resident in Umbria, a population in Central Italy,
in smokers were higher than non-smokers.35 Olsson et al. also
showed that the blood cadmium levels of 105 southern Sweden
people (26 smokers, 79 non-smokers) in smokerswere higher than
non-smokers.36

Due to low number of smoking subjects participated in this
study, there were some difficulties in interpretation of cadmium
level and smoking correlation.

Our study had some limitations. The first was impossibility of
measuring other trace elements such as zinc and iron that can
affect absorption and accumulation of cadmium in the body. We
also did not examine cadmium level in foods and soil. Small sample
size for each type of cancer is another limitation for our study.

6. Conclusions

In this study, we showed that the concentration of cadmium in
blood samples of gastrointestinal patients were in high levels than
controls. Considering many adverse effects of cadmium as a toxic
and pollutant metal in the nature, it needs more attention to find
the major sources of cadmium exposure in northwest of Iranian
population. Future studies are needed to investigate other
mechanisms related to the cadmium carcinogenicity and other
factors that affect cadmium levels in gastrointestinal cancer
incidence.
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