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Background: Esophageal cancer is the eighth most common cancer and the sixth cause of cancer death worldwide. Among the major risk
factors for this disease lack of certain vitamins and minerals including antioxidant vitamins are considered.

Objectives: This study examined the relationship between antioxidant vitamins including vitamins A, E and C and risk of squamous cell
carcinoma in Kurdistan.

Patients and Methods: This case-control study was based on dietary patterns of 143 patients including 47 cases and 96 controls. Data were
collected by food frequency questionnaire and nutritional value of dietary patterns intake was determined in the two groups by using N4
(nutritionist IV) software. Statistical data analysis was performed using SPSS16 and using independent t-test, x> and logistic regression.
Results: The result of logistic regression analysis showed an inverse relation between intake of vitamin E and risk of squamous cell
carcinoma (P=0.01). Also the risk of esophageal cancer in people who received mean of 141 mg/day of vitamin C compared with those with
average intake of 125 mg/day had a 98% decrease (P = 0.01). There was no association between intake of vitamin A, beta carotene and alpha-
tocopherol with risk of squamous cell carcinoma.

Conclusions: Results suggest that antioxidant vitamins can possibly play a protective role in preventing risk of squamous cell carcinoma.
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1. Background

Cancer is one of the major causes of deaths in devel-
oping countries and its prevalence is rising by chang-
ing their lifestyle toward the westernized [1]. Esopha-
geal squamous cell carcinoma (ESCC) is the eighth
common cancer (among the ten common cancers in
the world) and the sixth cause of cancer death in the
worldwide. Despite the recent increased detection of
disease, the mortality rate is still at a high level. Accord-
ing to statistical data of 2008, approximately 400,000
people had died due to esophageal cancer all over the
world, which 80% of the mortality happened in devel-
oping countries [2]. Iran is one of the high risk areas of
esophageal cancer prevalence, so that in some regions
such as Golestan province, the incidence of this disease
is higher than the global average. Esophageal cancer
has estimated the seventh common cancer between
men (7.4 cases per 100,000 persons) and the forth com-
mon cancer between women (6.3 cases per 100,000
persons) in our country.

The major risk factors of ESCC are: age, inheritance,
job, smoking and alcohol, obesity, refluxes, achalasia,

human papillomavirus (HPV) and helicobacter pylori,
hot drinks intake, consumption of foods that consist
of nitrosamines and aromatic hydrocarbon, low intake
of fruit and fresh vegetables and lack of some vitamins
and minerals such as C, A and E vitamins [3]. Although,
recently the researchers paid more attention to the role
of diet in the appearance of cancer and considered the
various aspects of diet in relation to that, but there was
a little attention to the role and relationship of micro-
nutrients in the prevalence of different cancers. Also,
there have been a very limited number of studies on
this field in Iran and only a small number of studies
have investigated the relationship between micronutri-
ents intake and esophageal cancer [4-6]. Furthermore,
there is no study in this field in Kurdistan province.

2. Objectives

The aim of the present case-control study is therefore, to
evaluate the relation of antioxidant vitamins intake such
as C,A and E and cancer of ESCC in Kurdistan province.
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3. Patients and Methods

In this case-control study, the samples were selected
among people who referred to the major hospitals of
Kurdistan province by systematic sampling method.
First of all newly diagnosed patients with ESCC in Kurdis-
tan province were identified during the study and those
who had entrance criteria, were enrolled. Controls were
frequency-matched with cases according to sex and age
(5 year’s groups). Cases were patients age 40 - 75 years,
who visited major general hospitals and had incident
histologically-confirmed ESCC. Cases did not have history
of carcinoma of other sites and were interviewed within
6 months after their ESCC was diagnosed. Controls were
chosen from individuals admitted to the same hospitals
as the cases for neurosurgery, corrective surgery and ap-
pendix surgery or orthopedic, ears and throat and nose
problems. Controls had no history of each type of can-
cer and they did not follow a special diet. Generally, 50
patients with ESCC and 100 hospital controls were inter-
viewed face to face by professionally trained interviewers
using questionnaires which evaluated socio-demograph-
ic characteristics (age, sex, education, and smoking). Ad-
ditionally, weight and height of the participants were
measured. Also, the usual dietary intakes of each person
during the last year (for cases, 1 year before diagnosis
of the disease and for the controls, 1 year before inter-
view) were collected by a validated semi-quantitive food
frequency questionnaire (FFQ) through the interview.
Participants were asked to report their consumption fre-
quency on daily, weekly, monthly basis [7]. The FFQ were
consisted of 125 Iranian food items. Relative reliability
and validity of the questionnaires were evaluated in Teh-
ran province before and the results of previous studies
showed a good relative reliability and validity (between
39.6% and 68.3% in men and between 39.6% and 54.1% in
women) for evaluation of food intakes [8, 9].

Then by using the collected data through FFQ, the nu-
tritional value of dietary patterns intake was determined
in the two groups. In this way, consumption value was
calculated for each reported time. Since the consump-
tion value was reported based on serving size or scale of
household consumption, first, grams of per serving was
determined using the book (scale of household) and then
was multiplied in frequency of consumption. In the pres-
ent study, the consumption frequency on daily basis was
considered as the compare unit and the consumption
frequency based on week, month and year was converted
to day. The consumption gram for each food item was
entered into Excel program. N4 (nutritionist IV) software
was used to determine the nutritional value of dietary
patterns intake. Each food item was coded and entered
to N4. So the nutritional value of dietary patterns intake
was calculated for every individual.

The Statistical data analysis was performed using
SPSS-16. The mean and standard deviation were used to
describe the quantitative variables. Also, Klomogrov-

Smirnov test was used to assess the normalization of the
quantitative data and independent t-test was used to con-
sider the relationship between quantitative and qualita-
tive variables. Also ¥? and Fisher tests were used to com-
pare the distribution of qualitative variables between the
groups. The logistic regression was used to find the rela-
tionship between nutrient intakes and risk of esophageal
cancer after controlling disturbing factors of cooking
method, reflux signs, family background, eating speed,
food preference, job, and BMI. Finally, the odds ratio (OR)
and 95% confidence intervals (CI) for the risk of ESCC were
estimated in relation with nutrient intakes. Also residual
method was used to consider the effect of energy.

4.Results

The distribution of the cases and controls by socio-de-
mographics and selected risk factors are shown in Table 1.
By design, age and sex distributions were similar among
cases and controls. The mean age was 58 years and the to-
tal number of samples was 143 (87 females and 56 males).
The male to female ratio was obtained 6/1.

The results showed that, there was a significant rela-
tionship between job, reflux, family back ground, cook-
ing method, eating speed, food preference, BMI and pep-
per consumption variables and risk of ESCC. Also, the
controls had a higher BMI and 34% of cases and 9% of con-
trols had reflux signs and only 9% of cases had history of
esophageal cancer in their family.

The mean of antioxidant vitamins intake in cases and
controls is shown in Table 2. Cases consumed lower level
of vitamin A, B-carotene, vitamin E (consist of all isomers)
and vitamin C compared to the controls. However, the
average intake of a-tocopherol (the most active isomer of
vitamin E), were similar in the two groups.

The regression analysis was done separately between
esophageal cancer as a dependent variable and every
single nutriment as independent variables and then the
nutriments were analyzed simultaneously in a model
along with disturbing factors. Table 3 shows the results
indicates that, in relation to vitamin A, the risk of ESCC
in the third tertile (mean intake of 1.36 pgRE) compared
to the first tertile (mean intake of 1.12 ugRE) was signifi-
cantly reduced in base model (P = 0.02), which was not
significant in the fully-adjusted model.

There was no relation between o-tocopherol and risk of
ESCC, but a significant inverse relationship between ESCC
risk and higher intakes of vitamin E observed in both base
and fully-adjusted models (base P = 0.01 and fully-adjusted
P = 0.005). Also being in the highest tertile of p-carotene
(8.01 ugRE) reduced the risk of ESCC by 37% in the base
model (P = 0.01). Although no significant association was
observe in the fully-adjusted model. In addition to that,
the mean intake of 1.41 mg vitamin C in comparison with
the mean intake of 1.25 mg reduced the risk of ESCC in both
base and fully-adjusted models (base P = 0.01 and fully-ad-
justed P=0.01).
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Table 1. Distribution of the Cases and Controls by Demographics and Selected Risk Factors

Variable Case (n=47)° Control (n=96)? P Value
Sex 0.89P
Female 29 (62) 58 (60)
Male 18 (38) 38(40)
Age,y ¢ 58 +10.1 58+10.4 0.974
BMI, kg/m? € 20.5+3.2 253+4.2 0.009
Physical activity © 37.4+71 352+7.8 0104
Education 034b
Hliterate 42(89) 80 (83)
Literate 5 (11) 16 (17)
Job 0.02P
Housewife 19 (41) 5(52)
Unemployed 1(2) 12(13)
Employed 27(57) 34 (35)
Reflux 0.01P
Yes 16 (34) 9(9)
No 31(66) 87(91)
Familiar cancer history 0.01¢
Yes 4(9) 0(0)
No 43(91) 96 (100)
Eating speed 0.002P
Slow 24 (51) 74 (77)
Fast 23 (49) 22(23)
Food and beverage tempera- 0.01P
ture
Hot 32(68) 15 (16)
Cold 15(32) 81(84)
Cooking method 0.01P
Fried 13(27) 6(6)
Boiled 18 (39) 70 (73)
Both 16 (34) 20(21)
Consumption of salty foods 0.10°¢
Salty and spicy 3(6) 1(1)
Non salty and spicy 44 (94) 95(99)
Pepper consumption 0.04b
Yes 22(47) 28(29)
No 25 (53) 68 (71)
Alcohol consumption 1.00¢€
Yes 1(2) 4(4)
No 46(98) 92(96)
Smoking 026"
Never 28 (60) 69 (71)
Before 11(23) 13 (14)
Current 8(17) 14 (15)
Exposed to chemical gasses 1.00 ¢
Yes 3(6) 7(7)
No 44(94) 89(93)
Body position during work 0.41P
Standing 20 (43) 34 (35)
Non standing 27(57) 62(65)

2 The values are presented as No. (%).
xz test was used.

€ The values are presented as mean # SD.
Independent t-test was used.

€ Fisher test was used.
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Table 2. The mean of Antioxidant Vitamins Intake in Cases and Controls &

Micronutrients Case (n=47) Control (n=96) pValue P
Vitamin A, pgRE|day 1124 +598 1339 £ 741 0.09
B-carotene, mg/day 697+ 480 836 +562 0.15
Vitamin E, mg/day 616 1+9 0.00
a-tocopherol, mg/day 8+4 8+4 0.80
Vitamin C, mg/day 109 £ 63 142+79 0.01

@ The values are presented as mean = SD.
Independent t-test was used.

Table 3. Relationship Between Antioxidant Vitamins Intake and Risk of Esophageal Squamous Cell Carcinoma in Case and Control

Groups
Variable Number of Case Control Mean £ SD Model 10R (95%CI) @ Model 2 OR (95%CI1) P
Vitamin A, pgRE/day
Tertile 1 23.25 576 £ 1123 1.00 1.00
Tertile 2 1236 698 £1327 036 (0.15-0.68) 041(0.10 -1.67)
Tertile 3 12.35 809 +1357 0.37(0.16 - 0.89) 0.65(0.14-2.97)
P-trend 0.02 0.47
B-carotene, mg/day
Tertile 1 24.23 586 +739 1.00 1.00
Tertile 2 10.39 475+829 0.25(0.01-0.60) 0.38(0.09-1.58)
Tertile 3 13.34 559 + 801 0.37(0.16- 0.86) 0.69(0.16-3.08)
P-trend 0.01 0.52
Vitamin E, mg/day
Tertile 1 27.20 718 1.00 1.00
Tertile 2 16.33 7+8 0.36(0.16- 0.83) 0.25(0.06-1.04)
Tertile 3 4.43 9+1 0.07(0.02-0.22) 0.11(0.02-0.59)
P-trend 0.01 0.00
a-tocopherol, mg/day
Tertile 1 14.33 4+8 1.00 1.00
Tertile 2 15.34 449 1.04 (0.44 -2.49) 0.42(0.09 -1.89)
Tertile 3 18.29 3+8 1.46 (0.62-3.45) 0.85(0.20-3.65)
P-trend 038 0.80
Vitamin C, mg/day
Tertile 1 29.18 80 £125 1.00 1.00
Tertile 2 11.38 69 £128 0.18(0.07- 0.44) 0.02(0.002-0.17)
Tertile 3 7.40 77 +141 0.11(0.04-0.29) 0.02(0.002-0.30)

P-trend

0.01

0.00

4 Base model, adjusted for age (years) and sex (male/female).

Fully-adjusted model, adjusted for cooking method, reflux signs, eating speed, food preference, job, and BMI.
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5. Discussion

The results of this study showed reduced risk of ESCC
according to high intake of antioxidant vitamins. Since
these nutrients reflect the general dietary pattern and
can be linked together and depend largely, so judgment
in protective effects of a special food or a combination of
them is a little difficult

By using multifactorial analysis, we could determine
that vitamin E and C have a strong relation with the risk
of ESCC, while no relation was founded between vitamin
A, B-carotene, a-tocopherol and the risk of ESCC.

It is known that diets rich in vegetables, fruits, vitamins
and antioxidants are generally protective against devel-
opment of digestive tract cancers [10]. These food groups
supply micro nutrients such as vitamin A, C, E carot-
enoids, antioxidants and fiber which prevent cancer [11].
A recent research in Sudan evaluated the relationship of
antioxidants (vitamin C, vitamin E and p-carotene) intake
and esophageal cancer, which reported these nutriments
have an inverse relation to the risk of both types of ESCC
and EAC (esophageal adenocarcinoma) [10]. Franceschi
et al. [12] examined the effect of vitamins and minerals
on risk of ESCC and found an inverse relation between
B-carotene, vitamin C, E and the risk of this cancer. Other
observational studies also report that these antioxidant
nutrients are inversely associated with the risk of esopha-
geal cancer [13]. The results of a prospective study suggest
that vitamin E may have different effects on different
subtypes of esophageal cancer. Dietary o-tocopherol had
a significant inverse association with ESCC and GCA (Gas-
tric cardia adenocarcinoma) risk in age and sex adjusted
model but this was substantially attenuated in fully ad-
justed model [13]. Also, the results of our study showed
no relation between dietary a-tocopherol and the risk
of ESCC. Results of case-control and prospective studies
confirmed the different effect of oa-tocopherol against
esophageal cancer [14]. It seems that the major function
of vitamin E is prevention of lipid peroxidation in cell
membrane, lipoproteins and fat stores [15]. In Wolfgarten
et al. [16] research, vitamin E significantly reduced the
risk of esophageal cancer. In our study higher intake of
vitamin E was associated with reduction in risk of ESCC.

A case-control study showed that receiving more than 13 mg|
day vitamin E and more than 100 mg/day vitamin C reduce
the risk of ESCC [17]. The German Nutritional Society’s recom-
mended daily allowance of vitamin E is 12 mg and higher dos-
es are recommended to avoid peroxide formation [15].

In our study, the daily intake was less than recommended
values in both groups and this deficiency was higher in the
case group. Other studies in very high incidence areas of
EC (Esophageal cancer), such as north of Iran, Linxian, Chi-
na, north and east of Siberria and Hungary showed that di-
etary intake of vitamin C through fruits and vegetables in-
versely associated with EC [18]. A significant risk reduction
was reported between monthly consumption of vitamin C
and esophageal cancer among white men in NewYork [19].
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Five times reduction in risk has been shown in the highest
tertile intake of fruits and vegetables too [20].

In our study, vitamin C was inversely associated with
risk of ESCC. Most researchers believe that vitamin C has
a preventive role in cancer cells development. The opinion
that there are mechanisms by which the vitamin C may
act by protecting against carcinogenesis is controversial,
and several hypotheses are raised. The main mechanism
and action of vitamin C in the prevention of cancerous
cells formation can be due to the capacity of this nutrient
in decreasing nitrous acid and preventing the formation
of nitrosamines in stomach [21]. Based on measures of the
ascorbic acid in the gastric juice and gastric pH, Schorah
et al. [22], observed that the nitrosation depends on the
gastric acid secretion, of the pH and the bacterial synthe-
sis at high pH. They demonstrated that the 300 mol/L is
the ideal concentration of ascorbic acid to inhibit nitrosa-
tion, which occurs in humans with a daily oral ingestion
of 200 mg of vitamin C. The Committee on Diet, Nutrition,
and Cancer of the National Academy of Sciences showed
in 1982, that the vitamin C inhibits the formation of some
carcinogens and also the consumption of foods rich in vi-
tamin C would be associated with low risk of esophageal
carcinoma [15]. There are many soundings about recom-
mended allowable values of vitamin C. Authors, such as
Levine et al. [23] suggest a daily ingestion of 100 - 120 mg|/
day, through the daily consumption 5 portions of fruits
and vegetables, and a maximum of 1 g/day, as a safe mea-
sure to avoid adverse effects of excessive Ingestion [24]. In
our study, the mean intake of vitamin C was 109 mg/day
for the cases and 142 mg/day for the controls which is more
than RDA (Recommended Dietary Allowances). Free radi-
cals can react in carcinogenesis, causing DNA oxidative
lesions or cell wall damage, facilitating the entrance and
action of carcinogens, such as the nitrosamines, which are
very important in the formation of tumors and consider-
ing that vitamin C is an antioxidant, it would act by sup-
plying electrons for neutralization of the free radicals |25,
26]. Alarge intervention trial in China, however, has failed
thus far to see a reduction in the incidence of esophageal
or gastric cancer in persons given supplemental vitamin C
(120 mg/day) along with molybdenum (30 mg/day) for 5.25
years, which suggests that the protective effect of vitamin
C, if real, occurs early in the carcinogenic process [27].

In comparison with vitamin C, a weaker inverse but clear
relationship was observed with the intake of vitamin A
[20]. Most of researches showed a protective effect of vita-
min A [28-31]. Subsequently, a lot of studies showed an ob-
vious relation between p-carotene intake and risk of ESCC
[28,30,31]. However,a number of studies did not reportany
relation between f-carotene intake and risk reduction [32-
34].In our study, p-carotene reduced the risk of ESCC to 37%,
only in base model. Even though, no information is avail-
able as the daily requirements of B-carotene in Germany, 2
-4 mg of B-carotene are recommended as the daily dose for
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adults. The German Nutritional Society recommends 1 pgE
daily intake of vitamin A for adults [15]. Which in our study
the daily intake in both case and control groups was more
than this value. Although, we could control the effect of
many disturbing variables relating to the life style in this
study, but we cannot ignore the possible effect of the rest
disturbing factors (residual confounding), also there is the
probability of recall bias due to the type of study too. So it
is better to perform studies with more samples to increase
the power of the study. Also the nutrients association with
esophageal cancer should consider in prospective studies
to evaluate and prove a powerful causal relation. Gener-
ally, the results of this study suggest that antioxidant vita-
mins can possibly play a protective role in preventing risk
of squamous cell carcinoma.
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