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Abstract:

A hospital-based analytical observational case-control study of 88 oesophageal cancer cases and 200 controls was conducted in the
University Hospital Olomouc. A standardized questionnaire was used. The adjusted odds ratio (OR) are calculated by logistic regres-
sion. The adjusted odds ratios for tobacco smoking were 6.20 (95% Cl 2.78-13.83), 10.64 (95% Cl 3.46-32.72) and 3.53 (95% Cl
1.26-9.88) for oesophageal cancer, for oesophageal squamous cell carcinoma, and oesophageal adenocarcinoma, respectively. An
inverse association with overweight and obesity was found in both histological types. In adenocarcinoma, there was a relatively strong
positive association with a statistically significant result for alcohol consumption only in a group consuming more than 300 g of alcohol
weekly; the OR was 5.81 (95% Cl 1.17-28.84). The strong, statistically significant association was found in alcohol consumption
regardless of histological type: the OR was 4.41 (95% Cl 1.09-17.84). In a group with 20 or more X-ray exposures, there was a very
strong statistically significant positive association. In vegetable consumption, an inverse association was found that was statistically

significant only if more than 8 portions of vegetables were eaten weekly, ORs were 0.02-0.11.
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1. Introduction

Oesophageal cancer mortality rates in the Czech
Republic have increased and are expected to con-
tinue to rise. According to current data, the inci-
dence of oesophageal cancer increases by 6.6%
per year [1]. In 1977, the crude incidence rates were
3.13/100,000 in males and 0.4/100,000 in females.
Thirty-one years later, the rates were 8.1/100,000
and 1.9/100,000, respectively [2]. In 2009, the stan-
dardized incidence rates for malignant oesophageal
cancer were 5.88/100,000 in males and 0.92/100,000
in females [2]. There was also a steady increase in
relative incidence with age, from 35 years in males
and 45 years in females [3].

While squamous cell carcinoma remains the pre-
dominant histological type of oesophageal cancer in the
Czech Republic, the incidence of oesophageal adeno-
carcinoma is still increasing [4]. Squamous cell carcino-
ma and oesophageal adenocarcinoma have distinct risk
factors. The increase in oesophageal adenocarcinoma
rates is thought to be linked to increasing prevalence
of obesity and overweight. These conditions are associ-
ated with a higher prevalence of gastro-oesophageal re-
flux disease, which is considered as the primary causal
factor for oesophageal adenocarcinoma [5-9]. Gastro-
oesophageal reflux is the predominant risk factor for
Barrett's oesophagus, which is a precursor of oesopha-
geal adenocarcinoma [10]. Male gender is a well rec-
ognized risk factor for oesophageal adenocarcinoma,

* E-mail: mitroslo@eunet.rs



H. Kollarova et al.

which is approximately six- to eight-fold more frequent
in males than in females [11].

It is assumed that diabetes mellitus is a risk factor
for oesophageal cancer; however, metabolic altera-
tions correlated with diabetes (hyperglycaemia, hyper-
insulinemia), as well as systemic inflammation second-
ary to abdominal obesity, may be responsible for the
risk increase [12]. By contrast, oesophageal squamous
cell carcinoma is, in many cases, considered to be in-
duced in the mucosa by chronic exposure to irritants
such as tobacco smoke and alcohol (mainly concen-
trated) [13,14]. Consuming hot beverages and using
high-temperature cooking methods, including barbe-
cuing and frying, might increase the risk of chronic ir-
ritation and susceptibility to carcinogenesis [15]. HPV
infection may also play an important role in the carcino-
genesis and development of oesophageal squamous
cell carcinoma [16,17].

Based on histological reports, smoking at the same
time as consuming excessive ammounts of alcohol is
the major risk factor for oesophageal squamous cell
carcinoma. Associations between alcohol and tobacco
smoking and oesophageal adenocarcinoma are less
consistent but generally indicate that tobacco smok-
ing is a moderate risk factor and alcohol has no as-
sociation [18]. Many of the known risk factors for oe-
sophageal cancer, such as male sex or advanced age,
are difficult or impossible to modify, whereas others,
including tobacco smoking, alcohol consumption, obe-
sity and possibly decreased intakes of fruit and veg-
etables, are more amenable to intervention. An inverse
association has been found between aspirin or NSAIDs
(non-steroidal anti-inflammatory drugs) and risk of oe-
sophageal adenocarcinoma [10,19].

The selected cytokines [20], portal hyperten-
sion [21] and estrogen expression [22] belong among
the suspected risk factors that have a weak associa-
tion with oesophageal cancer. Dietary patterns have
been thought to account for about 30% of cancers in
Western countries [23], making a poor diet a prevent-
able cause of cancer [24]. lonizing radiation exposure
is a risk factor for the development of oesophageal
squamous cell carcinoma [25-27]. Nutrition provides
both protective and harmful factors and a possible link
between oesophageal cancer and diet has been sug-
gested based on a number of studies [28-32]. How-
ever, epidemiological evidence remains limited. In the
presented study, the protective effect of vegetable and
fruit consumption was studied.

Given the increasing incidence of oesophageal can-
cer in the Czech Republic, a knowledge of both risk and
protective factors is essential for implementing preven-
tive measures. Therefore, this study investigated se-

lected risk factors for oesophageal cancer such as age,
sex, nutrition, alcohol consumption, tobacco smoking,
X-ray exposure, and BMI in two major histological types
of oesophageal cancer—squamous cell carcinoma and
adenocarcinoma. The unique approach of the present
work lies in the analysis of risk factors in relation to dif-
ferent histological types of the oesophageal cancer.

2. Materials and methods
2.1 Subjects

A hospital-based case-control study was conducted in
the University Hospital, Olomouc, between March 2000
and November 2002. Initially, 90 patients were identified
as eligible for participation; the response rate was 98%.
The case group comprised 88 newly diagnosed oesoph-
ageal cancer cases (76 males and 12 females). To cap-
ture the studied factors in the control group, its size was
set at 200 (123 males, 77 females). Of the 88 incident
oesophageal cancer cases ascertained (ICD-O-2 C15),
48 cases represented oesophageal squamous cell car-
cinoma and 34 cases were classified as oesophageal
adenocarcinoma. Six cases were excluded from the
analysis because the histological type either was miss-
ing, was in situ carcinoma, or was not squamous cell
carcinoma.

Each case had at least one matched control. Eligible
controls (n =200) were patients admitted to the same
hospital as cases for conditions unrelated to smok-
ing and alcohol. The controls were recruited within 3
months from the diagnosis made in oesophageal can-
cer patients. The inclusion criteria for the control group
was health status, with the further conditions that the
subjects had no malignancies, were hospitalized for rea-
sons unrelated to the studied disease and had no other
life-threatening diseases. Controls were selected from
the following hospital departments: Department of Der-
matology and Venereology (psoriasis, atopic dermatitis),
Otolaryngology (hypoacusis, inflammatory diseases),
Orthopedics (states after injuries), Neurology (vertebral
syndrome), and the Department of Rehabilitation and
Sport Medicine. A control with congruent age (a possible
deviation of 3 years) and gender was assigned for each
case. Despite that analyses were carried out regardless
of gender and were not pair selections, the proportion of
females in controls was not identical with the ratio in the
group of cases. For assessment of ratio of oesophageal
cancer cases between males and females, only the as-
pect of ratio in oesophageal cancer group is important.
The mean ages were 59 years (range 34-81) for cases
and 60 years (range 27-79) for controls. The study was
approved by the Research Ethics Committee of the Uni-
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versity Hospital and Palacky University Olomouc and in-
formed consent was obtained from all participants prior
to their enrolment.

2.2 Exposure assesment

Each case or control was interviewed by a trained inter-
viewer using a standardized questionnaire to obtain in-
formation about the patient's demographic characteris-
tics, dietary habits, smoking status, alcohol consumption
and number of X-ray examinations; the BMI at two years
before oesophageal cancer development was calculat-
ed. Standard BMI categories were used for the analysis
(normal weight = 18.5 kg/m?, overweight 25-30 kg/m?,
obesity > 30 kg/m?). A non-smoker was defined as a
person who had never smoked or had stopped smoking
20 or more years earlier. An ex-smoker was a person
who had ceased smoking 5 to 19 years earlier, whereas
a current smoker was someone who smoked or had
stopped fewer than 5 years before the study.

Alcohol consumption was assessed by asking
whether the person drank alcohol; if yes, he/she was
regarded as a consumer. In the present study, the type
of alcoholic drink was asked (wine, beer, spirits); how-
ever, for comparability of exposure, the measure of con-
sumption was transferred to number of grams of spirit
per week. Consumption was calculated as the average
number of doses per week, with one dose of alcohol be-

ing equal to 20 g of ethanol, corresponding to 500 ml of
beer, 200 ml of wine or 50 ml of spirit. Alcohol consump-
tion was categorized into four groups (0-3) according
to grams of pure alcohol per week (0=0 g, 1=1-99 g,
2=100-299 g, 3= =300 g).

The study aimed to determine whether exposure to
X-ray radiation increases the risk of oesophageal can-
cer, so exposure to ionizing radiation for occupational
reasons was ascertained. The subjects answered the
question whether they underwent a X-ray investigations
as part of their occupation, and if yes, how many times
it occurred. The subjects were classified into groups
based on the number of X-ray examinations they had
undergone: 1-9, 10-19, and 20 or more, as reported by
the subjects. Most frequently, the patients had under-
gone lung X-rays.

The questionaire also investigated the characteris-
tics of health status and whether participants (both cases
and controls) underwent X-ray examination because of
their heath conditions; CT scans were notincluded. X-ray
examinations carried out in the practice of the subject's
occupation were included in the analysis. Also included
were X-ray examinations during regular preventive ex-
aminations within health state monitoring, performed by
physicians who provided company health care. Study
participants were selected from the same region to avoid
any influence of difference in radioactive backgrounds.

Table 1. Distribution of socio-demographic characteristics and other exposure variables among case and control subjects.
Oesophageal
Cases total squamous cell 0es0phagea| Undefined Controls
- : adenocarcinoma
Characteristics  Category carcinoma
n=88 n=438 n=34 n=6 n=200
number % number % number % number % number %
<49 10 1.4 7 14.6 2 5.9 1 16.7 23 1.5
50-64 53 60.2 28 58.3 21 61.8 4 66.7 102 51.0
Age group
65-74 21 23.9 12 25.0 8 235 1 16.7 57 285
>75 4 4.5 1 2.1 3 8.8 0 0 18 9.0
S Males 76 86.4 M 85.4 30 88.2 5 83.3 123 61.5
ex
Females 12 13.6 7 14.6 4 11.8 1 16.7 77 385
Non-smokers 17 19.3 7 14.6 9 26.5 1 16.7 117 58,5
Smoking Ex-smokers 10 1.4 3 6.2 6 17.6 1 16.7 23 11,5
Smokers 61 69.3 38 79.2 19 55.9 4 66.7 60 30
Abstainers 2 2.3 1 2.1 1 2.9 0 0 45 225
Alcohol
Consumers 86 97.7 47 97.9 33 97.1 6 100 155 77.5
<25 48 545 28 58.3 16 471 4 66.7 57 28.5
BMI 25-30 31 352 15 31.3 14 1.2 2 33.3 94 47
>30 9 10.2 5 10.4 4 11.8 0 0 49 245
0 40 455 18 37.5 18 53.9 4 66.7 147 73.5
1-9 7 8.0 4 8.3 3 8.8 0 0 15 7.5
X-ray
10-19 23 26.1 16 33.3 7 20.6 0 0 25 125
>20 18 20.4 10 20.8 6 17.7 2 33.3 13 6.5
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Because adequate fruit and vegetable consumption
is considered a protective factor, the study ascertained
how frequently fresh fruit and vegetables were eaten.
The subjects were divided into groups according to their
weekly consumption of fresh fruit and vegetables as fol-
lows: low (1-5 portions/week), moderate (6—7) and high
(8 or more).

2.3 Statistical methods and experimental procedures
Odds ratios (ORs) and 95% confidence intervals (95%
Cls) were calculated and adjusted for potential con-
founders, including age, sex, alcohol consumption, to-
bacco smoking, fruit and vegetable consumption, BMI,
and X-ray exposure, using multivariate logistic regres-
sion. Tests for trends in the ORs across exposure strata
were calculated for ordinal variables by using logis-
tic models. Statistical significance was set at 0.05. All
reported P values are from two-sided tests. Statistical

analyses were performed using the Stata software (ver-
sion 10). Multivariate logistic regression was used to
calculate ORs and 95% Cls.

3. Results

Selected characteristics of case and control subjects are
presented in Table 1. Table 2 shows the influence that age,
tobacco smoking, BMI, alcohol consumption, X-ray expo-
sure, and vegetable and fruit consumption have on the
risk of oesophageal cancer by adjusted odds ratio (logistic
regression). When analyzing the risk for the development
of oesophageal cancer depending on age, no statistically
significant difference was found. However, the study sug-
gested the highest risk for in the age group 65-74.

In ex-smokers, there was a significant positive as-
sociation for those with oesophageal adenocarcinoma,

Table 2. Effects of age, tobacco smoking, BMI, alcohol consumption, X-ray exposure, vegetable and fruit on the risk of oesophageal cancer by

adjusted odds ratio (logistic regression).

Oesophageal squamous cell carcinoma

Oesophageal adenocarcinoma Oesophageal carcinoma

Alskfactors  Gatogory OR 95% CI OR 95% I OR 95% CI
<49 1* 1* 1*

50-64 1.05 0.28-3.90 2.26 0.43-11.78 1.34 0.47-3.78

Age 65-74 2.22 0.47-10.46 2.15 0.35-13.26 1.53 0.45-5.17
>75 0.16 0.01-3.98 2.44 0.28-21.51 0.84 0.14-4.85
Non-smokers 1* 1* 1*

Smoking** Ex-smokers 1.52 0.24-9.71 3.77 0.99-14.45 2.63 0.83-8.40
Smokers 10.64 3.46-32.72 3.53 1.26-9.88 6.20 2.78-13.83
18-24 1* 1* 1*

BMI 25-30 0.31 0.12-0.82 0.44 0.17-1.14 0.32 0.15-0.68
>30 0.09 0.02-0.37 0.16 0.04-0.66 0.13 0.05-0.39
Abstainers 1* 1* 1*

Alcohol 1-99 g/week 3.30 0.59-18.50 4.31 0.99-18.72 3.09 0.99-9.69
100-299 g/week 3.76 0.75-18.91 2.24 0.51-9.85 1.92 0.59-6.28
>300 g/week 5.34 0.81-35.24 5.81 1.17-28.85 4.41 1.09-17.84
0 1* 1* 1*

1-9 7.50 1.60-35.22 1.97 0.37-10.53 3.72 1.12-12.33
xrey 10-19 4.06 1.38-11.92 2.37 0.75-7.43 2.28 0.95-5.49

>20 9.08 2.33-35.35 4.93 1.27-19.04 5.74 1.98-16.61

No consumption 1* 1* 1*

Low consumption 0.37 0.11-1.25 0.50 0.14-1.75 0.32 0.12-0.86

Vegetable
Moderate consumption 0.70 0.18-2.78 0.68 0.20-2.29 0.45 0.15-1.30
High consumption 0.08 0.02-0.36 0.1 0.03-0.43 0.07 0.02-0.22
No consumption 1* 1* 1*

Fruit Moderate consumption + + 2.68 1.01-7.12
High consumption 1.00 0.89-1.13 0.91 0.85-0.97 1.34 0.42-4.24

1* Basic category, + analysis not performed due to small numbers.

** A non-smoker - a person who has never smoked or stopped smoking 20 or more years earlier, an ex-smoker - a person who ceased smoking 5 to 19
years ago, current smoker - person who smokes or stopped less than 5 years before the study.
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but the result was of borderline statistical significance.
For oesophageal squamous cell carcinoma, no asso-
ciation was found. Tobacco smoking was a significant
risk factor for current smokers with both types of can-
cer, also regardless of histological type. In squamous
cell carcinoma, the OR was 10.64 (95% CI 3.46-32.72),
suggesting a very strong positive association. The OR
for adenocarcinoma was 3.53 (95% CI 1.26-9.88), con-
firming that smoking was a significant risk factor for this
type of cancer as well. Regardless of histological type,
the OR was 6.20 (95% CI 2.78-13.83).

When analyzing whether overweight and obesity are
related to oesophageal squamous cell carcinoma and
adenocarcinoma, an inverse association was revealed
for both histological types, and regardless of histological
type, the effect of overweight was statistically insignifi-
cant for adenocarcinoma.

A strong and statistically significant association was
found for alcohol consumption regardless of histological
type: OR 4.41 (95% CI 1.09—17.84). The study suggest-
ed a positive but statistically insignificant association
between alcohol consumption and the development of
oesophageal squamous cell carcinoma. Data suggest-
ed a dose-response relationship for frequency of cumu-
lative consumption of alcohol in the case of oesopha-
geal squamous cell carcinoma. In adenocarcinoma,
there was a relatively strong positive association, with a
statistically significant result only in a group consuming
300 or more grams of alcohol weekly: the OR was 5.81
(95% Cl 1.17-28.84).

The analyses also ascertained the numbers of X-
ray examinations undergone for occupational reasons.
Excessive exposure was defined as 20 or more X-ray
examinations. Such numbers were reported by 16 pa-
tients with oesophageal adenocarcinoma and 13 among
the controls. A strong positive association was found re-
gardless of histological type. Persons in the group with
the highest X-ray exposure, both those with squamous
cell carcinoma and those with adenocarcinoma, were
found to have a very strong statistically significant posi-
tive association as compared with those who had not
undergone X-ray examinations. Particularly in squa-
mous cell carcinoma, the number of X-ray examinations
appears to be a significant risk factor, despite the fact
that the association may be masked by smoking as a
stronger factor. The association remained strong even
after adjusting for other risk factors.

The risk for developing squamous cell carcinoma
for persons who had undergone X-ray examinations in
carrying out their occupation was statistically significant.
The analysis suggested a potential relationship between
higher X-ray exposure and an increased risk for the de-
velopment of squamous cell carcinoma when compared

with persons who had not undergone X-ray examina-
tions. In the case of oesophageal adenocarcinoma, the
association was statistically significant only for the most
exposed individuals.

Data analysis showed no protective effect of fruit
consumption against either of the two oesophageal
cancer types. There was an inverse association for veg-
etable consumption, but statistically significant only if
more than 8 portions of vegetables were eaten weekly,
both for squamous cell carcinoma and adenocarcinoma.
The protective effect of vegetable consumption was also
found in the analysis regardless of histological type: OR
0.07 (95% CI 0.02-0.22) was found for consumption of
8 or more servings per week. The protective effect was
not found in consumption of fruit.

Because smoking and alcohol consumption are
among the factors with the strongest association, all
studied factors were analyzed using logistic regression
supplemented by multivariable analysis focused only
on smoking, alcohol consumption, and the interaction
of smoking and alcohol consumption. Due to the extent
of a sample this analysis was made regardless of his-
tological types. The results of this analysis are shown
in Table 3.
Table 3.

Effects of tobacco smoking and alcohol consumption
on the risk of oesophageal cancer by crude odds ratio

(multivariable analysis).

Oesophageal carcinoma
Risk factors Category

OR 95% CI
Non-smokers 1*
Smoking
Smokers 5.84 2.93-11.66
Abstainers 1*
Alcohol
Consumers 3.14 1.85-5.35
Non-smokers, abstainers 1*
Smoking Non-smokers, alcohol consumer 2.78 0.77-10.02
and alconol g oiers, abstainers 5.23 1.98-13.87
Smokers, alcohol consumer 10.69 4.30-26.58

1* Basic category.

4. Discussion

Oesophageal cancer is an advanced-age malignancy
characterized by a rapid course and high fatality rates.
Worldwide, the peak is between 50 and 70 years of
age [33,34]. This trend was confirmed by the presented
study. The highest incidence was in the 50- to 64-year
age group, followed by that in the 65- to 74-year age
group; these results are consistent with data reported by
Coleman et al. and Ferlay et al. [33,34]. Oesophageal
cancer is also more frequently observed in males. The
reported male:female ratio for oesophageal adenocar-
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cinoma is 6:1 to 8:1 [11]. The present study showed a
similar ratio of 5.8:1. For oesophageal squamous cell
carcinoma, the ratio was calculated to be 7.5:1; and
6.3:1 for both types of oesophageal cancer.

According to Hashibe et al., the risk of oesophageal
squamous cell carcinoma may be increased by approxi-
mately 7-fold for current smokers as compared with non-
smokers in Central and Eastern Europe, with smoking
being the most significant risk factor for the development
of oesophageal squamous cell carcinoma. This pres-
ent study showed that the effect of tobacco smoking is
much more pronounced in squamous cell carcinoma
than in adenocarcinoma. The OR was 10, confirming
results from other studies [15,35]. Lee et al. agrees that
five to ten years after smoking cessation, the risk for oe-
sophageal cancer decreases quite rapidly [36,37], which
is consistent with findings in this study. In the present
analysis, the non-smoker group included individuals who
had not smoked for more than 20 years. Those who had
stopped smoking 5 to 19 years earlier were at a signifi-
cantly lower risk of squamous cell carcinoma than those
who remained smokers. In current smokers, the OR
reached 10.64, suggesting an extremely high risk.

Although smokers have a less significant increase
in the risk of developing oesophageal adenocarcinoma
when compared with that for squamous cell carcinoma,
the study showed a 3.5-fold higher risk. Earlier studies
reported a 2-fold increase in the risk for oesophageal
carcinoma on average [6,15,38-40] as well as an in-
creasing risk associated with increasing intensity and
duration of smoking [40]. Such a dose-response trend
was not confirmed in the group analyzed in this study.
Jankowski et al. stated that, unlike in squamous cell
carcinoma, the risk of adenocarcinoma decreases only
about 30 years after smoking cessation [37]; that trend
can be observed in the present study as well.

Individuals with oesophageal squamous cell carcino-
ma tend to have lower BMI [41,42]; this inverse association
was also confirmed by the present study. Lower values for
BMI in the study were not associated with cachexia, which
is often present in the underlying disease [43], because
the values for the BMI calculation were considered on
the basis as the BMI 2 years before the onset of disease.
Rather, it could be related to higher prevalence of smoking
and alcohol consumption in the population.

The increase in obesity in Western countries is
accompanied by a higher incidence of oesophageal
adenocarcinoma. Two meta-analyses confirmed the
relationship between overweight (BMI 25-30 kg/m?),
obesity (BMI > 30 kg/m?) and a higher incidence of oe-
sophageal adenocarcinoma [9,44]. In such individuals,
the risk is 2- to 3-fold higher and continues to rise with
increasing BMI [44]. This positive association between

higher BMI and oesophageal adenocarcinoma was not
found in the present study: we found an inverse associa-
tion between obesity and adenocarcinoma. An inverse
association was also suggested in overweight persons,
but the result was not statistically significant. However,
this may be due to the high proportion of overweight
(n=94, 47%) and obese (n=49, 24.5%) controls in the
study. The number of participants with overweight and
obesity in oesophageal cancer case group was 45.4%,
while in the control group that was 71.5%. The high BMI
in the control group may be due to the high prevalence
of people with excess weight in the population (around
52%) or to the design of the study: overweight and obe-
sity may be more frequent reasons for hospitalization.
Therefore, the association in the present study may be
underestimated [45,46].

According to the International Agency for Research
on Cancer (IARC), alcohol is a risk factor for the devel-
opment of oesophageal squamous cell carcinoma [47].
The risk increases with a rise in daily alcohol consump-
tion. Excess alcohol consumption (more than 39 g of
alcohol per day) led to a 3- to 5-fold higher risk [15,29].
This trend was apparent in the present study as well.
Higher alcohol consumption was associated with an in-
creased risk for the development of oesophageal carci-
noma. Similarly, alcohol consumption was found to in-
crease the risk for oesophageal adenocarcinoma. There
was a statistically significant positive association in the
group consuming 300 or more grams of pure alcohol per
week; the results were not statistically significant if less
alcohol was consumed. Nevertheless, for squamous
cell carcinoma, the results were below the level of statis-
tical significance. The relative risk is increased if alcohol
is consumed together with smoking because of a syn-
ergistic effect of the two factors [36,48,49]. There was a
significant association between oesophageal squamous
cell carcinoma and smoking. However, the association
with alcohol was only suggested. By contrast, adeno-
carcinoma was found to be significantly associated with
both high alcohol consumption and heavy smoking.

Tables 2 and 3 show the multivariable analysis
wherein the individual risk factors are analyzed taking
other factors into account. To distinguish separately the
relationship between smoking, alcohol consumption,
and their interaction is difficult because most smokers
also consumed alcohol, and taking into consideration
the extent of a studied sample, there is a problem with
small numbers for subsequent analysis. However, the
results in Table 3 show that smoking and alcohol con-
sumption are among the strongest risk factors, and also
that there was a statistically significant difference be-
tween smokers and drinkers in the group with oesopha-
geal cancer compared with the control group.
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lonizing radiation is reported to be a risk factor for
the development of cancer in general. People may be
exposed to both naturally occurring radionuclides (natu-
ral background radiation) and artificial sources of radia-
tion. The average annual per capita dose from natural
sources is approximately 2.4 mSyv; the average dose
from artificial sources of ionizing radiation is estimated
at approximately 0.6 mSv/year [25]. Background radia-
tion is not understood to be a factor causing a signifi-
cant risk for the development of cancer in a particular
individual. Oesophageal cancer is a rare secondary
malignancy developing after exposure to ionizing radia-
tion [50]. Cases due to irradiation account for less than
1% of all oesophageal cancer cases [51].

To date, no epidemiological study has provided di-
rect evidence that a carcinoma developed in association
with the use of radiological methods in medicine [26].
Santibafiez et al. found a statistically significant in-
crease in the risk of oesophageal squamous cell car-
cinoma for ionizing radiation (p=0.05) [52]. The present
study analyzed exposure to X-ray examinations. In 20 or
more X-ray examinations, there was a very strong sta-
tistically significant positive association for both squa-
mous cell cancer and adenocarcinoma. In the case of
squamous cell carcinoma, all levels of exposure were
associated with statistically significant results. However,
adenocarcinoma was only statistically significantly as-
sociated with exposure to 20 or more X-ray examina-
tions. Risk factors such as tobacco smoking, alcohol
and chronic inflammatory diseases are likely to have a
much stronger effect than medical X-ray exposure. In
the present study, only information self-reported by the
subjects could be analyzed. Therefore, specific doses
of irradiation and background radiation were not consid-
ered. When interviewed to fill in the questionnaires, the
subjects confirmed that they were mostly exposed dur-
ing regular check-ups with chest radiographs. Given the
inclusion criteria demanding that cancer patients and
controls were from identical places, the effect of radia-
tion background was assumed to be the same in both
groups and did not influence the results.

Inadequate intake of fruit and vegetables is gener-
ally associated with a higher risk for the development
of oesophageal cancer [53,54]. WCRF-AICR (World
Cancer Research Fund / American Institute for Can-
cer Research Joint Committee) [55] as well as COMA
(Committee on Medical Aspects of Food and Nutrition
Policy) [56] have concluded that fruit and vegetable
consumption clearly has a protective effect on the de-
velopment of oesophageal cancer. Hajizadeh et al.
found a protective effect of fruit (but not vegetable)
consumption on the incidence of oesophageal squa-
mous cell carcinoma [57]. The present study analyzed

potential protective effects of fresh fruit and vegetable
consumption. While logistic regression revealed no pro-
tective effect of fruit, there was a statistically significant
inverse association with both squamous cell carcinoma
and adenocarcinoma if 8 or more portions of vegetables
were eaten each week, despite the fact that daily con-
sumption did not reach the recommended number of
portions. According to Brown et al., lifestyle modifica-
tions, especially a lower intake of alcoholic beverages,
would markedly decrease the incidence of oesophageal
squamous cell carcinoma incidence [29]. The findings
in the present study, which suggested that increased
vegetable intake was associated with a lower incidence
of oesophageal cancer, are consistent with a recently
published report by Anderson et al. [58].

The effects of individual factors on the incidence of
both oesophageal cancer types vary. There are mul-
tiple factors; however, in the present analysis, we are
focused on the main risk and protective factors. Since
the development of cancers is a multifactorial process,
it may be assumed that individual effects are clustered
and modified in oesophageal cancer as well. Knowing
such effects and their interaction may be useful for pre-
vention of oesophageal cancer.

The analysis was limited by the use of a question-
naire, that is, information self-reported by subjects en-
rolled in the study, and is thereby potentially biased.
The bias was minimized by using same type of ques-
tionnaire for both oesophageal cancer patients and
control subjects and that it was filled in by a trained
interviewer. In spite of certain limitations, the analysis
provided findings consistent with earlier studies and
thus suggests potential associations.

The aim of epidemiological studies is comparison
with the general population and therefore controls, al-
though the hospitalized persons, should have less se-
vere disease to approach that of the general population.

In the past, squamous cell carcinoma accounted
for 90% of all oesophageal cancer cases. Although the
incidence of oesophageal squamous cell carcinoma
has decreased in developed countries, it remains the
predominant type of oesophageal cancer in develop-
ing countries. Over the last three decades, there has
been a significant rise in the incidence of oesophageal
adenocarcinoma, currently accounting for up to 60%
of all cases of oesophageal cancer in Western coun-
tries. This type is more prevalent in Caucasian males,
in whom it is mainly associated with obesity. Although
obesity was not found to be a risk factor for oesopha-
geal adenocarcinoma in the present study, there was a
clearly significant increase in its incidence. The study
comprised 39% of individuals with oesophageal ad-
enocarcinoma and 55% of those with squamous cell
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carcinoma (6% of cases were not histologically clas-
sified). That is why research into risk and protective
factors for oesophageal cancer is currently a priority in
preventive medicine.

To date, the evaluation of selected risk factors in re-
lation to different histological types in the Czech popu-
lation has not been performed. Therefore, our results
were compared with data from the countries other than
the Czech Republic. However, even elsewhere there
are only few studies on risk factors in relation to different
histological types, and the results are very limited. In
this context, our study is exceptional. The study evalu-
ated not only risk factors for oesophageal squamous cell
carcinoma and oesophageal adenocarcinoma but also
assessed protective factors for both forms of oesopha-
geal cancer. Increased consumption of vegetables (8 or
more portions of vegetables per week), as determined
in our study, confirmed their significant protective role
against cancer development. Even though 8 portions of
vegetables per week is only a fraction of dose recom-
mended by WHO (500 g of vegetables and fruit daily),
vegetables in general, were shown to be protective
against both types of oesophageal cancer. Our findings
were strengthened by a logistic regression model ad-
justed for possible confounders with regard to age, sex,
alcohol consumption, tobacco smoking, fruit and veg-
etable consumption, BMI and X-ray exposure.

In conclusion, the study found that tobacco smok-
ing, high BMI, alcohol consumption, X-ray exposure and
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