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Abstract Chronic exposure to heavy metals has long been
recognized as being capable of increasing head and neck
cancer (HNC) incidence, such as laryngeal (LC) and nasopha-
ryngeal (NPC), among exposed human populations. The aim
of the present study was to evaluate the concentrations of
arsenic (As) and cadmium (Cd) in the blood of 145 patients
(LC and NPC) and 351 controls in order to establish a poten-
tial relationship between these factors and the occurrence of
LC and NPC. Mean blood levels of As and Cd in patients
(5.67 and 3.51 μg/L, respectively) were significantly higher
than those of controls (1.57 and 0.74 μg/L, respectively). The
blood levels of As and Cd were mostly significantly higher
than those of controls (p <0.05) after controlling the other risk
factors of HNC including tobacco smoking and chewing, and
alcohol drinking. Cd levels in blood increase significantly
with the number of occupational exposure years for patients
(p <0.05). However, seafood was not found to be contributing
as an exposure source. Among these risk factors, smoking

(>30 pack years) and occupational exposure (>20 years)
presented the most significant association with HNC
(OR=10.22 and 10.38, respectively, p <0.001). Cd level in
blood sample of cases that are occupationally exposed/tobacco
users (smokers and chewers) were higher than that of non-
occupationally exposed/nontobacco users (p <0.001). The
logistic regressionmodel illustrated that HNC (LC+NPC)was
significantly associated with blood levels of As (OR=2.41,
p <0.001) and Cd (OR=4.95, p <0.001).

Keywords Arsenic . Cadmium . Laryngeal and
nasopharyngeal cancer . Tobacco . Occupational exposure

Abbreviations

As Arsenic
Cd Cadmium
CRM Certified reference materials
CY Consumption years
FI-HGAAS Flow injection atomic absorption spectrometric

technique
HNC Head and neck cancers
LC Laryngeal cancer
NPC Nasopharyngeal cancer
OR Odd ratio
PY Pack years

Introduction

Head and neck cancers (HNC) represent a group of malignan-
cies, such as laryngeal and nasopharyngeal cancer. They
belong to the most common types of cancer worldwide, taking
the sixth position in the world (Khandekar et al. 2006). Two
thirds of these cases are occurring in developing countries
(Ferlay et al. 2004). Each year, there are approximately

Responsible editor: Philippe Garrigues

This study suggests the potential role of As and Cd in the mechanism of
HNC development.

R. Khlifi (*) :M. Feki-Tounsi :A. Hamza-Chaffai
Unit of Marine and Environmental Toxicology, UR 09-03,
Sfax University, IPEIS, BP 1172, 3018 Sfax, Tunisia
e-mail: rimkhlifi@yahoo.fr

R. Khlifi :M. Feki-Tounsi :A. Rebai
Bioinformatics Unit, Centre of Biotechnology of Sfax,
BP 1177, 3018 Sfax, Tunisia

P. Olmedo : F. Gil
Department of Legal Medicine and Toxicology,
University of Granada, Granada, Spain

B. Hammami
Department of Otorhinolaryngology, Habib Borguiba Hospital,
Sfax, Tunisia

Environ Sci Pollut Res (2014) 21:2032–2042
DOI 10.1007/s11356-013-2105-z

Author's personal copy



560,000 new cases and 300,000 deaths due to HNC (Boyle
and Levine 2008). In the case of Tunisia, the incidence of
HNC was 18.3/100,000/year (Ben Abdallah et al. 2003) in
the north and 20.6/100,000/year in the south (Sellami
et al. 2007).

The etiology of HNC is multifactorial; the most important
etiological factors are tobacco smoking and chewing and
chronic alcohol consumption (Szyfter et al. 1999; Rodu and
Jansson 2004; Jensen et al. 2007; Gangane et al. 2007; Rastam
et al. 2010; Polesel et al. 2011). On the other hand, these
behavioral risk factors could not explain the exceptionally
high incidence of HNC suggesting that other unknown risk
factors might be involved. Previous epidemiological studies
have demonstrated that occupational exposures may also
increase the risk of HNC (Ulenbelt et al. 1990; Muscat et al.
1996; Purdue et al. 2006; Brown et al. 2012).

Smoking and occupational exposure could increase the
blood levels of heavy metals (Gil et al. 2011; Afridi et al.
2011a). Although cigarettes are a substantial source of chemi-
cal hazards, the smoking habit causes oral intake of contami-
nants at work (Chuang et al. 1999; Watanabe et al. 2004).
Tobacco smoke has toxic (Chiba and Masironi 1992) and
carcinogenic properties (Eyre et al. 2004). There are several
carcinogens compounds in tobacco smoke, such as heavy
metals (Bernhard et al. 2005). Metals were toxicant elements
of great environmental and occupational concern and its expo-
sure are associated with different type of cancers in humans
(Tandon et al. 2000; Armstrong et al. 2000; Kim et al. 2003;
Sorahan and Esmen 2004; Shangina et al. 2006; Marsh et al.
2007; Kazi et al. 2008, 2010; Wadhwa et al. 2011; Yuan et al.
2011).

Arsenic (As) and cadmium (Cd) are common environmental
pollutants. These toxic elements have no beneficial effects in
humans, and there is no known homeostasis mechanism for
them (Llobet et al. 2003). The general population is exposed to
toxic elements such as Cd and As through both naturally
occurring sources (through intake of contaminated food and
water or contact with contaminated soil or air) and sources
resulting from human industrial and cultural activities (Meeker
et al. 2008). Elevated concentrations of heavy metals in the
Tunisian environment can originate from a variety of industrial
processes including, among others, metal plating, fertilizer
production, mining, metallurgy, battery manufacturing, and
textile dyeing (Barhoumi et al. 2009; Messaoudi et al. 2009;
Eloussaief and Benzina 2010). Arsenic and cadmium pose a
great health risk to humans because our body has limited
capacity to respond to toxic elements exposure as the metal
cannot undergo metabolic degradation to less toxic species and
is poorly excreted (Waalkes 2003).

Previous study of our group research represented the first
biomonitoring of arsenic and cadmium exposure in Tunisia
(Feki-Tounsi et al. 2013a, b). Therefore, the present study
represents the second biomonitoring of arsenic and cadmium

exposure in Tunisia and focused on a possible association with
HNC risk. The purpose of the present study was to evaluate
the relationships between the exposure of these two metals
and laryngeal and nasopharyngeal cancer in the south of
Tunisia (Sfax and outside Sfax area) by conducting a hospital-
based case–control study to compare the blood As and Cd
levels in patients with those in controls.

Patients and methods

Studied subjects

In this case–control study, a stratified random sampling method
was used to select 496 participants to be interviewed after being
informed about the research. Of the patients, 145 (97 laryngeal
cancer “LC” and 48 nasopharyngeal cancer “NPC”) with
histologically confirmed HNC were consecutively recruited
between January 2007 and December 2009 at the Department
of Head and Neck Surgery and Otolaryngology, Habib
Bourguiba Teaching Hospital. The histological type of cancer
in all cases was a differentiated epidermoid carcinoma for LC
and an undifferentiated carcinoma for NPC (UCNT: undiffer-
entiated carcinoma of the nasopharyngeal type). Oral and
oropharyngeal cases were excluded from the study because
of its very small number (10 % among cases). All cases were
newly diagnosed and previously untreated. Clinical character-
istics including basic medical data were obtained frommedical
records. Patients were residents of Sfax and the surrounding
regions. Three hundred fifty-one controls (cancer free) were
recruited simultaneously from residents living in similar geo-
graphic area (Sfax and South Tunisia). Controls were selected
among people consulting in the same hospital for ordinary
diseases with no history of individual or familial cancer or
chronic disease. Age distribution for the controls was compa-
rable to that of the cases. Cases and controls were, primarily,
matched by frequency of geographic and social origin and,
secondly, age distribution. Patients and controls have similar
lifestyle and levels of education. They mostly belong to low-
income classes.

Questionnaire administration

After signing the informed consents, subjects were interviewed
to collect detailed information on their demographics (age,
gender, and residential history), lifestyle (regular diet, including
fish consumption), and alcohol drinking. Lifetime consumption
of tobacco smoking and chewing and occupational exposure
were also collected. The average number of cigarettes
smoked per day and the total number of years of smoking
were used to calculate cumulative smoking dose as “pack-
years” (PY=[cigarettes per day/20]×years smoked). Likewise,
tobacco chewing consumption (dry snuff called neffa) dose
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was estimated as “consumption year” (CY=frequency of neffa
consumed−kept/day×duration of year).

The occupational history included all jobs held for more
than 1 year over the lifetime, recording the times of starting
and stopping, job title, and company for each job. Work tasks,
materials used, etc. for jobs of special relevance were specified
for the exposures under study. The following occupational
exposures were assessed (the number of cases/controls ever
exposed are given in parentheses): cement dust (31/24), painter
(15/17), farmer (19/18), textile dust (2/3), phosphogypsum (8/8),
wood fumes (9/6), welding fumes (2/1), polycyclic aromatic
hydrocarbons (4/5), workers of shoe (3/2), wood dust (0/2),
workers in café (2/1), quarry dust (2/1), and others (9/1). To
account for employment duration (duration addresses latency
only if subject is currently employed and has been employed
without interruption), analyses were performed according to the
duration of employment into two classes (<20 and ≥20 years).

Collection and analysis of blood samples

Blood samples of patients were collected at the moment of
their diagnosis. For all studied subjects (patients and controls),
3 ml venous blood samples were drawn by nurses, stored into
BD Vacutainer® tubes with ethylenediaminetetraacetic acid
anticoagulant, and then stored at 4 °C in a refrigerator for
further analysis. Two metals were measured in these blood
samples: As and Cd. To analyze these two metals, blood
samples were first digested with 66 % HNO3 (Sigma-Aldrich,
Germany) at 80 °C with subsequent heating to a soft boil for
8 h. After mineralization, the solution was diluted with double-
distilled water to a final volume of 5 ml.

The analytical method was controlled by using external
certified reference materials (CRM). Reference samples (three
different levels of metals concentrations in blood, refs.
201505, 201605, and 201705) were supplied by Seronorm
(Billingstad, Norway). Percent difference between targeted
and found value for CRM for Cd blood was 0.45 (Gil et al.
2006; Olmedo et al. 2010).

Levels metal ions were determined by a Perkin-Elmer
Analyst 800 Atomic Absorption Spectrometer (Perkin Elmer,
Norwalk, USA) equipped with Zeeman background correction
and an AS-800 auto sampler by graphite furnace and
graphite tubes with integrated L’vov platform (Perkin Elmer).
Appropriate matrix modifiers were used for the selected heavy
metal studied and prepared in 0.2 % (v /v ) nitric acid and 0.1 %
Triton X-100. The limit of detection (LOD) was 0.03 μg/L for
Cd. Calibration graphs were linear up to 7, 30, and 15 μg/L
(for more details, see Olmedo et al. 2010). For arsenic, a direct
flow injection hydride generation atomic absorption spectro-
metric technique (FI-HGAAS) was used to measure levels
of total arsenic. The arsenic contained in standard solutions
(calibration curve, 0, 0.5, 1.5, and 2.5 μg/L) or blood samples
were reduced to As3+ prior to analysis with a mixture of

potassium iodide and ascorbic acid. To 1 mL of sample or
reference solution, 1 mL of concentrated HCl and 1mL of 5%
(w /v ) potassium iodide–ascorbic acid was added. After
45 min at room temperature, the mixture was diluted to
10 mL with water. The reducing agent was an aqueous solu-
tion of 0.2 % (w /v ) NaBH4 in a 0.05 % (w /v ) NaOH solution
freshly prepared and filtered. Standard addition was required.
The parameters for As determination with FI-HGAAS were
wavelength, 193.7 nm; integration time, 15 s; smoothing, 19
points or 0.5 s; and temperature cell, 900 °C. An electrodeless
discharge lamp was used. The LOD for this metalloid was
0.03 μg/L and calibration graphs were linear up to 5 μg/L
(for more details, see Gil et al. 2006).

Statistical analysis

Descriptive analysis was conducted comparing participants
with LC and NPC to the control group in terms of socio-
demographic and lifestyle characteristics and established and
suspected risk factors of HNC. To compare the case and
control groups, a Student’s t test was used for continuous
variables (such as blood metal levels) and a chi-square test
was conducted for discrete variables (such as gender and
residence location). In addition, the Pearson’s correlation
analysis was used to describe the correlations among tobacco
smoking and chewing (neffa ), alcohol drinking, and occupa-
tional exposure and blood metal levels. The blood Cd and As
means, SD, quartiles, and medians for both groups were
calculated. Differences in mean levels of metal compounds
as well as the potential influence of classical confounders on
these levels were assessed by using the Mann–Whitney test.
Statistical comparisons between groups were carried out by
one-way analysis of variance. To determine the effects of toxic
elements levels, demographic data, and other risk factors on
the development of HNC, a conditional binary logistic regres-
sion model was conducted. In this model, we adjusted for age,
gender, seafood consumption, tobacco habit, occupational
exposure, and alcohol drinking). In addition, the cutoffs of
high–low Cd or As blood that was set at 75th percentiles of the
specified metal among the controls were used to calculate the
adjusted odds ratio (OR) for HNC below and above the 75th
percentiles value of metals blood concentration. Statistical
analysis was done using SPSS 13.0 for Windows. All tests
were two-sided with a significant level of p value<0.05.

Results

Table 1 shows some demographic characteristics of LC and
NPC (HNC) patients and controls. Among 145 patients, 82.8%
were male. Cases were slightly older (mean age=57.3 years,
SD=15.2) than the controls (mean age=53.7 years, SD=16.8).
Regarding residence locations, studied cases were dispersed
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throughout Tunisia: 51.7 % of cases and 55.5 % of controls
were from Sfax while about half of cases and controls located
outside Sfax area. A chi-square test showed that residence
locations were similar between case and control groups.
Seventy-four percent of HNC patients were current smokers.
Almost half of them (46.2 %) consumed more than 30 packs

per year (PY) compared with 11.4 % among controls. For cases
and controls, 24.8 and 13.7 %, respectively, were currently
neffa consumers (chewers). Most of the controls (90.6 %) were
non-alcohol drinker compared to 59.3 % of the cases. About
one quarter of the controls was occupationally exposed; how-
ever, three quarters of the cases were occupationally exposed
and 44.1 % of the cases were exposed more than 20 years. A
chi-square test showed that risk factors (smoking, chewing,
drinking, and occupational exposure) were statistically signifi-
cant between case and control groups (Table 1).

The distribution ofAs levels in the whole blood of our study
population is shown in Table 2. The medians and ranges are
presented in addition to the mean and standard deviation. The
quartiles for the total sample are also presented. The arsenic
mean level in the blood samples of the patients (5.7 μg/L) was
3.5 times higher than that of controls (1.6 μg/L), and the
cadmium mean level in the blood samples of the cases
(3.5 μg/L) was 4.7 times higher than that of controls (0.7 μg/L;
p<0.001). Moreover, depending on the type of cancer, our study
shows that As and Cd levels in the blood samples of laryngeal
and nasopharyngeal were significantly higher than those of
the controls (p<0.001).

The Pearson correlation coefficient matrix of selected heavy
metal blood levels in this case–control study is given in Table 3.
Positive correlations (p <0.01) in blood samples for cases and
controls were noted between cadmium and arsenic (r =0.2 and
0.1, respectively). There were strong correlations (all p <0.01)
for tobacco smoking and chewing, alcohol drinking, and occu-
pational exposure. For correlations among tobacco smoking
and chewing and blood metal levels, only blood Cd level in
the cases was found to be strongly correlated with these two
factors (r =0.3 and 0.3, respectively; p <0.01). No correlation
(p >0.05) was found between alcohol drinking and blood

Table 1 Comparison of demographic and lifestyle characteristics
between HNC (laryngeal and nasopharyngeal) patients and controls

Characteristics Controls, no. (%) Patients, no. (%) pa

Sample size n=351 n=145

Tumor location

Larynx – 97 (66.9)

Cavum – 48 (33.1)

Age (year)

Mean±SD 53.7±16.8 57.3±15.2 NS
Min 17 13

Max 95 88

Age groups

≤55 194 (55.3) 63 (43.5) 0.018
>55 158 (44.7) 82 (56.5)

Gender

Male 258 (73.5) 124 (85.5) 0.003
Female 93 (26.5) 21 (14.5)

Residence

Sfax 195 (55.5) 75 (51.7) NS
Outside 156 (44.5) 70 (48.3)

Smoking (PY)b

0 233 (66.4) 37 (25.5) <0.001
≤30 78 (22.2) 41 (28.3)

>30 40 (11.4) 67 (46.2)

Chewing (CY)c

0 303 (86.3) 109(75.2) <0.001
≤15 35 (10.0) 11 (7.6)

>15 13 (3.7) 25 (17.2)

Alcohol drinking

Nondrinker 318 (90.6) 86 (59.3) <0.001
Drinker 33 (9.4) 59 (40.7)

Occupational exposure

No 262 (74.4) 39 (26.9) <0.001
Yes 89 (25.6) 106 (73.1)

Exposure (year)

≤20 31 (34.8) 42 (39.6) NS
>20 58 (65.2) 64 (60.4)

Fish consumption

No 2 (0.6) 6 (4.1) <0.0012
Yes 1/month 97 (27.6) 60 (41.4)

1/week 172 (49.0) 55 (37.9)

>1/week 80 (22.8) 24 (16.6)

a Two-sided chi-square test
b Pack year, smoking index expressed as the number of packs of 20
tobacco cigarettes per day for 1 year
c Consumption year=frequency of tobacco chewed-kept/day×duration
of year

Table 2 Mean blood levels (μg/l±SD) of As and Cd for controls and
cases

N Mean±SD 25–75th
percentiles

Range Median p

As

LC 97 5.50±7.89 0.79–6.00 0.14–35.00 2.20 <0.001

NPC 48 6.03±9.63 0.31–7.84 0.15–42.00 2.00 <0.001

LC+NPC 145 5.67±8.47 0.62–5.70 0.15–42.00 2.00 <0.001

Controls 351 1.57±2.50 0.13–2.32 0.13–18.15 0.18

Total 496 2.78±5.36 0.13–3.01 0.13–42.00 0.83

Cd

LC 97 3.78±4.71 1.00–3.53 0.10–20.92 1.78 <0.001

NPC 48 2.95±4.93 0.32–2.60 0.09–21.24 1.38 <0.001

LC+NPC 145 3.51±4.78 0.92–2.88 0.09–21.24 1.58 <0.001

Controls 351 0.74±1.15 0.04–1.20 0.04–12.40 0.39

Total 496 1.55±3.03 0.04–1.76 0.04–21.24 0.74

LC laryngeal cancer, NPC nasopharyngeal cancer
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metals among controls and cases. Blood As level were found to
be weakly correlated only with smoking and occupational
exposure among controls (r =0.2 and 0.1, respectively).
However, no significant correlation was found between occu-
pational exposure and blood metals among cases.

Table 4 presents data for comparing means analyses among
As and Cd concentrations in blood as well as the major
potential confounders in the study population. In the cases,
blood levels of Cd and As were significantly higher than those
of the controls (p <0.05) after controlling the risk factors of
HNC, including tobacco smoking and chewing. A significant
difference in blood Cd level between consumers and noncon-
sumers (of tobacco smoking and chewing) among cases has
been noted. However, there was no difference in As blood
concentrations between consumers and nonconsumers of
these two tobacco habits among cases. Both lifetime of
tobacco smoking (PY) and chewing (CY) are significantly
associated (p =0.005 and p <0.001, respectively) with Cd
levels increasing with the number of PYand CYamong cases.
The occupationally exposed group was further divided into
non-exposed and exposed (1–20 years or more). A significant
difference in Cd and As concentrations was found between
cases and controls (p <0.05). Cd blood levels increase signifi-
cantly with the number of occupational exposure years among
the cases (p <0.05; Table 4). The distribution of blood levels of
these two elements in relation to age groups was also studied.
As and Cd levels in the blood samples of cases were signifi-
cantly higher than those of the controls for the two age groups
(p <0.001). Cd levels in controls increase significantly with age

(p =0.001). No significant associations were found between
seafood consumption and blood metal levels (data not show).

The blood levels of As and Cd associated with HNC and
tobacco habits (smoking and chewing) among occupationally
exposed workers was also studied (Table 4). Cd level in blood
sample of cases that are occupationally exposed/tobacco

Table 3 Spearman correlation analysis of As and Cd concentrations in
blood samples of controls and cases

As Cd Smoking Drinking Chewing

Case group

As

Cd 0.215**

Smokinga 0.084 0.334**

Drinking 0.091 0.130 0.338**

Chewinga 0.074 0.363** −0.208* −0.172*

Occupational
exposurea

−0.37 0.075 0.051 −0.123 0.190*

Control group

As

Cd 0.141**

Smokinga 0.205** 0.310**

Drinking 0.034 0.052 0.230**

Chewinga 0.054 0.078 0.000 0.008

Occupational
exposurea

0.113* 0.065 0.165** 0.149** 0.063

a Life time: smoking (PY), chewing (CY) and occupational exposure
(years)

*p <0.05; **p <0.01

Table 4 Blood As and Cd concentrations (mean values) by potential
confounders (tobacco habits and occupational exposure)

Risk factors Blood As, μg/l Blood Cd, μg/l

Control Case Control Case

Age

≤55 1.38±2.44 6.54±9.75*** 0.57±0.97 2.88±4.20***

>55 1.88±2.63 4.91±7.32*** 0.98±1.37 a 3.95±5.15***

Tobacco smoking (PY)

0 1.42±2.48b 5.33±8.18*** 0.59±1.03 1.30±2.10c

1–30 1.54±2.40 6.11±9.30*** 1.02±0.99 3.94±4.68***

>30 2.77±2.88 5.46±8.47* 1.20±1.98 4.64±5.96***

Tobacco chewing (CY)

0 1.59±2.53 5.62±9.02*** 0.74±1.20 2.60±3.94**d

1–15 1.77±2.61 3.69±4.81* 0.67±0.75 5.77±5.70**

>15 0.59±0.78 6.44±7.23** 0.97±0.83 7.06±6.90***

Occupational exposure (Y)

0 1.53±2.52 5.36±9.93*** 0.69±0.98 2.05±2.77***e

1–20 1.49±1.99 4.21±5.98* 1.03±1.12 3.47±4.69**

>20 1.83±2.66 6.72±8.56*** 0.81±1.73 4.89±6.07***

Occupational exposure/ tobacco habit (n , case/control)

−/− (14/106) 1.11±1.68 3.19±5.64** 0.68±1.21 0.63±0.599

+/− (14/50) 1.12±2.26 4.88±8.90** 0.32±0.61 0.61±0.64

−/+ (10/0) 5.75±6.57f 7.07±6.88f

+/+ (8/0) 3.21±2.10 12.69±6.76g

All metal levels are present as mean±SD

*p <0.05, significantly different compared with the controls in the same
stratum of risk factor group

**p <0.01, significantly different compared with the controls in the same
stratum of risk factor group

***p <0.001, significantly different compared with the controls in the
same stratum of risk factor group
a The blood Cd level in controls increases significantly with age (p=0.001)
b The blood As level increases significantly with PY number of tobacco
smoking among controls (p =0.01)
c The blood Cd level increases significantly with PY number of tobacco
smoking among cases and controls (p =0.005 and 0.007, respectively)
d The blood Cd level increases significantly with CY number of tobacco
chewing among cases, p <0.001
e The blood Cd level increases significantly with year number of occupa-
tional exposure among cases, p =0.042
f As and Cd levels in blood sample of cases who are non-occupationally
exposed/tobacco users were higher than that of non-occupationally
exposed/nontobacco users (p <0.05 and p <0.001, respectively)
g Cd levels in blood sample of cases who are occupationally exposed/
tobacco users were higher than that of non-occupationally exposed/
nontobacco users (p <0.001)
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consumers (+/+; 12.69 μg/L) was 20 times higher than
that of non-occupationally exposed/nontobacco consumers
(−/−; 0.63 μg/L, p <0.001). However, it is about 1.8-fold
higher than that of non-occupationally exposed/tobacco
consumers (−/+; 7.07 μg/L, p <0.001). The blood As level
among cases who are non-occupationally exposed/tobacco
consumers (−/+; 5.75 μg/L) was also 1.8 times (p <0.001)
higher than that of non-occupationally exposed/nontobacco
consumers (−/−; 3.19 μg/L).

The variables that showed significant mean differences
between cases and controls were included in the conditional
logistic regression analysis to identify the adjusted OR and
confidence interval as seen in Table 5. After adjusting for age,
gender, sea food consumption, tobacco habits, occupational
exposure, and alcohol drinking, the results were significant
for As and Cd blood levels for LC (p =0.004 and 0.007,
respectively) and NPC (p =0.001 and 0.008, respectively).

In the multivariate logistic regression model, the habits of
smoking, chewing, and alcohol drinking were characterized
with significantly elevated OR for HNC (Table 6). Among
these three risk factors, tobacco smoking (more than 30 PY)
and chewing (more than 15 CY) presented the most signifi-
cant associations with HNC (OR=10.22, p <0.001 and 5.97,
p =0.005; respectively). Meanwhile, the impact of the dura-
tion period was examined by calculating the odds ratio for
HNC using each of the two risk dichotomies implied by the
latency periods. Subjects who were occupationally exposed
(more than 20 years) had a significantly increased odd ratio for
HNC (OR=10.83, p <0.001).

The 75th percentiles of the controls’ blood As and Cd
levels were used (as the cutoffs to assign the study subjects
into either the low- or high-level group) in order to estimate
the odds ratios for the different types of HNC (LC and NPC;
Table 6). HighAs blood levels demonstrated a strong association
with HNC (OR=2.41, p<0.001) as did high Cd blood levels
(OR=4.59, p<0.001; Table 6). Moreover, high blood levels of

cadmium and arsenic demonstrated a strong association with
LC (OR=5.74 and 2.63, respectively; p<0.001) and NPC
(OR=3.04, p<0.001; OR=2.18, p=0.061, respectively).

Discussion

Chronic exposure to heavy metals has long been known to
increase cancer incidence among affected individuals. Recent
studies have illustrated that the incidence of oral cancer was
positively correlated with heavy metal exposure (Su et al.
2010a, b; Chiang et al. 2010). These findings implied that
environmental factors might also cause the unusually high rate
of HNC. In the present study, we provided further direct
evidence of the possible association between As/Cd exposure
and HNC by examining human blood metal levels.

In the present study, HNC patients’ blood levels with
arsenic and cadmium were significantly higher than those of
controls (Table 2). Furthermore, results of the logistic regres-
sion analyses indicated that As and Cd levels in the blood
samples had stronger associations with HNC (Table 6). High
Cd and As blood levels presented also a strong association
with LC and NPC. Contrary to our findings, a recent case–
control study in central Taiwan revealed the absence of sig-
nificant association between Cd and As blood levels and oral
cancer (Yuan et al. 2011). However, previous studies found
positive associations between these two metals and risk of
various types of cancer (Kazi et al. 2010; Su et al. 2010a;
Wadhwa et al. 2010; 2011; Feki-Tounsi et al. 2013a, b).

Adverse health effects of habitual cigarette smoking alco-
hol drinking are well-known and widely reported (Menvielle
et al. 2004; Bernhard et al. 2005; Arranz et al. 2012). Previous
studies have illustrated that cigarette smoking and alcohol
drinking are risk factors for laryngeal and nasopharyngeal
cancer (Szyfter ett al. 1999; Bosetti et al. 2002; Menvielle
et al. 2004; Lee et al. 2005; Hashibe et al. 2007; Feng et al.

Table 5 Conditional logistic regression for HNC (LC and NPC) risk and potential confounding variables

LC+NPC LC NPC

OR (95 % CI) p OR (95 % CI) p OR (95 % CI) p

As 1.16 (1.08–1.26) <0.001 1.14 (1.05–1.42) 0.004 1.16 (106–1.28) 0.001

Cd 1.37 (1.13–1.66) 0.001 1.29 (1.04–1.78) 0.007 1.31 (1.07–1.61) 0.008

Age 0.97 (0.95–1.00) 0.005 1.01 (0.98–1.04) NS 0.94 (0.91–0.97) <0.001

Tobacco smokinga 1.04 (1.03–1.06) <0.001 1.05 (1.04–1.07) <0.001 1.02 (1.00–1.08) 0.045

Tobacco chewinga 1.06 (1.03–1.11) 0.002 1.07 (1.03–1.11) 0.002 1.04 (0.98–1.09) NS

Occupational exposurea 1.08 (1.03–1.11) <0.001 1.06 (1.03–1.11) <0.001 1.09 (1.06–1.13) <0.001

Alcohol drinking 4.76 (2.38–10.00) <0.001 7.96 (3.03–16.66) <0.001 1.61 (0.91–5.00) NS

OR odds ratio, adjusted odds ratio for age, gender, sea food consumption, tobacco habit, occupational exposure and alcohol drinking (for gender and
seafood consumption, p>0.05); CI confidence interval; LC laryngeal cancer; NPC nasopharyngeal cancer; NS nonsignificant (p >0.05)
a Life time: tobacco smoking (PY), tobacco chewing (CY), occupational exposure (Y) and sea food consumption (/month)
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2009; Polesel et al. 2011). In our case–control study, the habits
of alcohol drinking and tobacco smoking and chewing were
characterized with significantly elevated OR for HNC among
drinkers and heavy smokers and chewers (OR=4.97, 10.22,
and 5.97, respectively; Table 6).

In addition, we found that As and Cd blood levels of cases
were alsomostly significantly higher than those of controls for
tobacco smoking and chewing risk factors of HNC (Table 4).
Cigarette smoke can cause cancer of the upper aerodigestive
tract when an appropriate critical mass of carcinogenic ele-
ments, mainly Cd and As, is accumulated. Until now, the
exposure to arsenic and cadmium via smoking has been
estimated based on the measurements of their concentrations
in the blood of smokers compared to nonsmokers (Afridi et al.
2010; Gil et al. 2011; Feki-Tounsi et al. 2013b). Tobacco
smoking and chewing are the major source of both As and
Cd exposure from the plant’s absorption of these metals from
the soil and/or from fertilizers (Wu et al. 2001). Recently,
several studies have confirmed that tobacco leaves contain
high As and Cd concentrations (Lugon-Moulin et al. 2008;
Pappas et al. 2008; Zakiullah et al. 2011; Al-Rmalli et al.
2011; Borgerding et al. 2012). Therefore, we can explain that
increasing blood As and Cd levels with the lifetime of tobacco
smoking (PY) and chewing (CY) in our study population may
be due to the high concentrations of As and Cd in tobacco
leaves. Therefore, our results reflect that tobacco smoking and
chewing could be major exposure sources to these elements in
our population and may in part explain the high variability in
the blood As and Cd levels. However, this well-known expo-
sure source could not explain the high levels of metals in the
blood samples of HNC patients due to exposure via tobacco
smoking, suggesting that some other unknown exposure
sources might be involved.

Epidemiology studies that have evaluated cancer risks in
relation to occupation or job type have found increased risks
for laryngeal cancer among metal manufacturing workers
(Goldberg et al. 1997; Kogevinas et al. 1998; Boffetta et al.
2003; Shangina et al. 2006) and nasopharyngeal cancer among
machinists and primary metal workers (Huebner et al. 1992;
Armstrong et al. 2000;Marsh et al. 2007), and hammer smiths,
welders, flame cutters, metal grinders, polishers, tool sharp-
eners, and machine tool operators (Zheng et al. 1992). In the
present study, most of the cases (73.1 %) were occupationally
exposed. The results according to the period of occupational
exposure (Table 6) showed a significant high risk for the long
period (≥20 years), among workers occupationally exposed.
OR was highly increased when the latency period was more
than 20 years (OR=10.83, 95 % CI=5.48–21.40; p <0.001).
Recent study reported that emergence of neoplasia (of HNC)
requires an exposure period of 15–20 years, in extreme cases
up to 50 years (Daneş 2012).

In the current study, a significant difference in Cd and
As concentrations was found between cases and controls
exposed (p <0.05). Moreover, blood Cd level increased
significantly with the number of years of occupational
exposure among cases (Table 4). In previous studies, elevated
As and Cd levels in human blood have been reported, which
might be attributed to the occupational exposure source

Table 6 Logistic regression of metals exposure for LC and NPC risk and
potential confounding variables

Characteristics Controls/patients OR (95 % CI) p

LC and NPC

Smoking (PY)

0 233/37 1.00 (Reference)

1–30 78/41 4.26 (2.07–8.76) <0.001

>30 40/67 10.22 (4.26–24.51) <0.001

Chewing(CY)

0 303/109 1.00 (Reference)

1–15 35/11 5.87 (2.16–15.92) <0.001

>15 13/26 5.97 (1.71–20.82) 0.005

Alcohol drinking

No 318/86 1.00 (Reference)

Yes 33/59 4.97 (2.42–9.47) <0.001

Occupational exposure (Y)

0 261/39 1.00 (Reference)

1–20 31/42 1.91 (0.91–4.02) 0.085

>20 58/64 10.83 (5.48–21.40) <0.001

LC and NPC

Blood As (μg/l)a

Low (≤2.32) 263/76 1.00 (Reference)

High (>2.32) 88/69 2.41 (1.56–3.71) <0.001

Blood Cd (μg/l)a

Low (≤1.20) 264/55 1.00 (Reference)

High (>1.20) 87/69 4.59 (3.01–6.99) <0.001

LC

Blood As (μg/l)a

Low (≤2.32) 263/49 1.00 (Reference)

High (>2.32) 88/48 2.63 (1.50–4.34) <0.001

Blood Cd (μg/l)a

Low (≤1.20) 264/32 1.00 (Reference)

High (>1.20) 87/65 5.74 (3.49–9.43) <0.001

NPC

Blood As (μg/l)a

Low (≤2.32) 263/27 1.00 (Reference)

High (>2.32) 88/21 2.18 (1.15–4.12) 0.016

Blood Cd (μg/l)a

Low (≤1.20) 264/22 1.00 (Reference)

High (>1.20) 87/26 3.04 (1.82–6.34) <0.001

OR odds ratio, adjusted for age and gender; CI confidence interval;
LC laryngeal cancer; NPC nasopharyngeal cancer
a The 75th percentiles of the controls’ blood metal levels were used as the
cutoffs to assign the study subjects into either the low-level group or the
high-level group
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(Gil et al. 2011; Afridi et al. 2011a; Feki-Tounsi et al. 2012).
Since single doses of Cd and As are rapidly and extensively
cleared from the blood via the kidney, blood Cd and As con-
centrations have been considered to reflect only recent exposure
(Pomroy et al. 1980; Waalkes et al. 1992). Nevertheless, in the
case of occupational exposures and provided the cumulative
properties of heavy metals, high blood As and Cd levels are
frequently associated with long-term effects even though they
are not the strictly proper biomarkers for long-term effects.
Accordingly, and although they are not long-term exposure
predictors, high blood levels are usually related to long-term
effects in exposedworkers. Therefore, it is reasonable to assume
that the blood Cd and As levels of the study subjects were
relatively consistent over a long period of time and have the
potential to serve as biomarkers of past exposure (Morton 1994;
Pillière and Conso 2007). Hence, the elevated blood metal
levels, among investigated HNC patients in our population,
could be ascribed to occupational exposure.

It should be noted that proportionality between the years of
exposure and Cd (and As) levels, taking into account that the
cumulative character and assuming in general terms the same
employ in the same kind of job. However, this affirmation, that
would be initially logical, is not always true in toxicology and
even less in the particular case of carcinogen toxic substances.
It is well known that in occupational toxicology, we should not
consider population averages because there are many factors
that could modify the toxicity among individuals, circum-
stance that supports the insertion of the biomonitorization in
the occupational exposure vs. the environmental surveillance
(for example, threshold limit values). In this respect, we could
highlight toxicokinetic factors (absorption and excretion,
essentially related to functional respiratory alterations and
renal pathologies, occasionally subclinic), factors related to
the metabolism (the presence of specific detoxification
mechanisms codified genetically which determine the different
responses against the exposition to chemical agents such as the
different isoenzymes cytochrome P450), differences in DNA
repair mechanisms, and, in the particular case of cancer devel-
opment, its possible association with the aberrant expression of
genes that encode proteins involved in cellular growth should be
mentioned, as well as in toxicodynamic factors (higher or lower
presence of targets for the toxic) (Gil and Hernández 2009).
Additionally, it should be considered that the possibility of the
laryngeal and nasopharyngeal pathology could be a consequence
of a possible interaction between toxic compounds or what is the
same, “the damages derived of the exposure to multiple toxic
compounds”, being the most important PAHs, other metals,
reactive chemical agents, etc. Furthermore, the possibility that
increased bloodAs and Cd levels might be caused by the Zn/Mg
imbalance should be considered (Kraus et al. 1988; Piatek et al.
2008; Cobanoglu et al. 2010; Afridi et al. 2011b).

Chronic exposure to heavymetals via tobacco smoking and
occupational exposure may increase the risk of HNC (Khlifi

and Hamza-Chaffai 2010; Khlifi et al. 2013). Smoking, an
unhygienic behavior, has long been considered for workers as
a modifier of hazardous chemical absorption (Ulenbelt et al.
1990). Although cigarette is a substantial source of chemical
hazards, smoking habit causes oral intake of contaminants at
work (Chuang et al. 1999; Watanabe et al. 2004). In Tunisia,
smoking is a high prevalence habit in general workers
(Fakhfakh et al. 2002; Harrabi et al. 2010). In the present
study, As and Cd levels in blood samples of cases that are not
occupationally exposed/tobacco consumer (−/+) were signif-
icantly higher than that of occupationally exposed/nontobacco
consumer (+/−; Table 4). This result reflects that smoking
could be a major exposure source to cadmium and arsenic in
our HNC patients. Non-occupational exposure is mainly from
cigarette smoke, which contains relatively high concentrations
of these elements; for nonsmokers who are not occupationally
exposed, diet is the main route of exposure to cadmium
(Watenabe et al. 2000; Satarug et al. 2003). Furthermore, we
observed that patients who are occupationally exposed and
tobacco consumers (+/+) had the highest blood Cd level
(12.69 μg/L). This is a reasonable finding in view of this
metal being well-known to be the most toxic element with
many increasing evidence pointing to negative health effects
from cumulative lower level exposure (Hu 2002). Therefore,
the elevated cadmium and arsenic levels in the blood samples
of LC and NPC patients could be ascribed to both tobacco
consumption (smoking and chewing) and occupational expo-
sure. However, the imperfect correlations between blood
metals and the suspected exposure sources may be due to
the presence of other environmental source not covered by
the present study. Inhabitants living in the central govern-
ments in Tunisia for years might be constantly exposed to
and affected by such environmental metal pollution such as
As and Cd (Feki-Tounsi et al. 2013a, b). Therefore, it is
reasonable to assume that blood Cd and blood As levels of
the study subjects were relatively consistent over a long period
of time and could be reflected by the current metal levels in
blood samples.

Conclusion

In summary, blood levels of As and Cd in HNC cases were
respectively 3.5 and 4.7 times higher than those of controls.
For HNC odds ratio, patients with high As blood concentra-
tions have 2.4-fold greater odds of having HNC than those
with low As blood levels. Similarly, individuals with high Cd
blood levels have 4.6-fold greater odds than those with lowCd
blood concentrations. The arsenic and cadmium concentra-
tions were significantly higher among both tobacco con-
sumers (smokers and chewers) and workers occupationally
exposed. Since the roles of these two toxic elements in the
mechanism of cancer development are still unclear, further
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detailed and comprehensive investigations are needed for risk
assessment and policy development to protect general health,
particularly in lower income countries where attention to these
issues has been limited.
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