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Esophageal cancer (EC) is categorized histologically to two common groups; adenocarcinomas and squamous cell carcinomas, 
with high incidence and mortality worldwide. Esophageal squamous cell carcinoma (ESCC) is the most prevalent (more than 
90%) form of all EC cases in Golestan province. Golestan province, as the high-risk province for ESCC, is located in the eastern 
part of the Caspian littoral area of Iran, although in the last decades, the occurrence rates have decreased in this area. Tobacco 
smoking, opium consumption, low oral hygiene, drinking hot liquids, insufficient intake of fresh fruits and vegetables, and poor 
socioeconomic status increase the risk of ESCC in Golestan, although exposure to infections and toxic chemical compounds are 
also reported. Here, we summarize the previous epidemiological studies from 1970 to 2019 that have investigated the risk factors 
involved in ESCC in this high-risk area. More prospective cohort studies are required to assess the risk factors, categorize high-
risk peoples, and evaluate early detection and involved mechanisms.
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INTRODUCTION 
Cancer is a challenging, multi-factorial disease 

and a major public health concern worldwide (1). 
In 2018, the incidence and mortality rates related to 
esophageal cancer (EC) were reported as 572,000 

new cases (seventh ranks) and 509,000 deaths (sixth 
ranks) worldwide, respectively (2). These statistics 
emphasize the necessity of more investigations on 
the risk factors and more effective treatments. The 
historical investigations on the risk factors related 
to EC go back to about one century ago. Based on 
preliminary clinical studies, the risk factors for EC were 
alcohol consumption, tobacco smoking, hot or mate 
drinks consumption, low socioeconomic status, and 
poor oral health (3,4). EC is histologically characterized 
to two principal types: squamous cell carcinoma 
(ESCC; frequently occurs in flat cells lining the upper 
esophagus) and adenocarcinoma (EAC; originates 
primarily from Barrett mucosa) (5). The types of EC 
diverge histologically based on the risk factors, ethnic 
pattern, incidence, and geographical regions. The risk 
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factors of EAC such as increased age, male sex, 
obesity, gastroesophageal reflux disease, cigarette 
smoking, and low vegetables and fruit intakes have 
been commonly documented; although for ESCC, 
cigarette smoking, alcohol use, caustic ingestion, low 
oral hygiene, and malnutrition are main risk factors 
(6,7). In the recent decades, a significant mysterious 
rise in the incidence and burden of EAC has been 
found in developed countries such as northern and 
western Europe, Northern America, and Oceania (46% 
of the total global EAC cases) (8), although ESCC is 
the main prevalent type of EC in less-developed or 
developing counties like Iran (8). Some regions in 
Asia, such as northern Iran, Turkey, Central Asia, and 
northern and central China, are known as the high-
risk areas for EC (“Asian ESCC Belt”) (9). The age-
standardized rate (ASR) rates between the incidence 
of ESCC in women and men in Iran were 7.2 and 8.2, 
respectively (9).

Recently, the altering epidemiology of ESCC and 
EAC has also been documented by the high incidence 
of ESCC in areas such as Iran. And EAC is now 
increasing, especially in female sex in the central Asian 
area (10). In developed areas, the most predominant 
risk factors of ESCC are tobacco smoking and 
alcohol drinking, although, in ESCC high-incidence 
regions, the factors may be different from those seen 
elsewhere, and several further risk factors are possibly 
considered as the risk factors of EC. In this study, due 
to the importance of investigations on the EC risk 
factors to prevent and reduce the burden of cancer, we 

summarized all the risk factors and protective factors 
that have already been suggested for EC in Golestan 
province as a high-risk area (Figure 1).

Geographical, Geological, and Demographical 
Setting in Golestan Province

Golestan province (36° 30′–38° 07′ N, 53° 51′–
56° 21′ E) with moderate, damp, and Mediterranean 
climate, which is located in the north-east of the 
country, south of the Caspian Sea (Figure 2), includes 
a region of 20,438.31 km2 and has a population of 
1,868,819 in 2016 (50.2% male; 48.2% female). The 
percentages of inhabitants who live in rural and urban 
areas were 45.14% and 54.75%, respectively. The 
north and south counties of Golestan province can 
be classified as high and low risk of EC, respectively 
(Figure 2). Turkmen, Fars, Sistani (Zaboli), Baluch, 
Tork, and Kurd are the most prevalent ethnic groups 
of Golestan province. 

EC Epidemiology in Golestan Province
Surprisingly, in a population-based study done on 

Caspian Cancer Registry between 1969 and 1971, 
Golestan province was the high-risk area for EC 
with ASR > 100 per 100000 person-years in men and 
women (> 165.5/100,000 in men and 195.3/100,000 
in women) (11). There is an extensive difference 
in the incidence of EC in several geographical 
areas as the results of population-based cancer 
registries conducted in Gilan, Ardabil, and Semnan 
provinces revealed that the incidence of EC in the 

Fig.1: The risk factors involved in Esophagus cancer in 
Golestan province as high-risk area

Fig.2: The distribution of esophageal cancer incidence 
in different regions of Golestan province based on the 
Golestan Cancer Registry database (14) and also the GCS 
database (data  not published).  
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western parts of the Caspian littoral, and center of 
Iran decreased to ~ 10, 15.4, and 7.9 per 100,000 
populations, respectively (12). Additionally, the 
significant sex difference (a striking discrepancy of 
3-fold) in men to women ratio of ASR was observed 
in Gilan province compared with Golestan, Ardabil, 
and Semnan provinces. In a retrospective study 
conducted over a period of 9 years (from March 
1994 to March 2003) in Eastern Azerbaijan (north-
west Caspian littoral), a low incidence rate of EC 
5.9 (4.6 for ESCC; 0.7 for EAC) per 105 persons-
years with an average incidence rate of 11.4 and 
14 per 105 person-years in men and women were 
reported, respectively (13). There is a marked high 
incidence of EC in the north of Golestan province, 
which mainly Turkmens reside, and is a plain called 
Turkmen Sahra. However, an association between 
Turkmen ethnic and the high incidence of EC has not 
been established yet. A report of prospective cancer 
surveillance in an ongoing population-based cancer 
registry in Golestan province, which was conducted 
for 4 years from 2004 to 2008, reported a clear drop in 
the incidence rate of ESCC (24.3/100,000 in men and 
19.1/100,000 in women) (14,15). Although, the ASRs 
of ESCC have remained high in males and females, 
especially in Kalaleh district (situated in the eastern 
region of the province). Although the reason for the 
striking decline trend in ESCC was mainly unknown, 
the overall improvement in socioeconomic status may 
be a factor. Thus, more accurate risk stratification and 
further larger-scale or other screening/surveillance 
modalities for EC control are required in this area. 
The risk factors of ESCC in Golestan province are 
shown in Figure 1. Previous investigations on risk 
factors of EC in Golestan province since the 1970s 
are presented in Table 1. 

Risk factors
Many risk factors of EC have been proposed, and 

according to two histological types of EC (ESCC & 
EAC), they may be slightly varied. Since Golestan 
province is a high-risk area for ESCC, the results 
reported in this review are mainly focused on ESCC.

 
Environmental risk factors
Habits—tobacco, opium, and alcohol use, 

consumption of hot tea and mate drinks 

Historically, the surgeon general's report in 1979 
stated that cigarette smoking is a significant cause 
of EC (16). International Agency for Research on 
Cancer (IARC) has characterized tobacco use as an 
active factor in EC. Tobacco smoking is a major risk 
factor for ESCC, demonstrating a dose- and time- 
dependence trend (17). The risk of ESCC among 
current smokers is 3-7 fold higher worldwide (18). 
Among 1057 participants in a cohort study, in which 
the populations were randomly selected from both 
rural and urban regions, 30% of rural men, 39% of 
urban men, 1% of rural women, and 3% of urban 
women had ever smoked cigarettes (19). Several other 
forms of tobacco use, with little information about 
them, such as using a water pipe (hookah also known 
as the qalyân) and nass (a combination of lime, ash, 
and tobacco), are mostly consumed in the Middle East 
that can also increase the risk of EC (20). In Golestan 
province and China (in the Taihang mountain area), 
which is a high-risk area for EC, there is a slight 
association between cigarette smoking and ESCC 
with a relative risk of approximately 1.5 (20,21). 
The cause of this association is unclear, but the 
only hypothesis is that there is another major cause 
in these areas, which is more critical than cigarette 
smoking (22).

Tobacco use
The IARC categorized cigarettes as a leading 

etiologic cause of ESCC (23). Cigarette smoking can 
be a cause for ESCC through several mechanisms. For 
example, carcinogens formed by smoked cigarettes 
could be responsible for altered p53 gene alterations 
and p53 overexpression may be a critical factor in 
carcinogenesis, as well as in EC development (24). 
Another example is polycyclic modules as one of 
the ingredients related to cigarette smoke, which 
may be associated with esophageal carcinogenesis (24). 
Compared with non-smokers, smokers have a 3-7 
fold rise in their risk of developing cancers (25). 
This factor increases the risk of ESCC in western 
countries to about 3-5 fold (20). However, the 
significance of this factor is different in various 
parts of the world. For example, in Linxian (China) 
where 10% of women and approximately 70% of 
men smoke, and it is one of the high-risk areas in 
the world, smoking does not have a substantial role 
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in ESCC (26). In Golestan province, there is a low to 
moderate association between cigarette smoking and 
ESCC (27). Around 1% of rural women and 39% of 
urban men are ever smoking in this province. A case-
control study (28) stated a nearly 2-fold risk of ESCC 
association with tobacco smoking. The relative 
risk for ever cigarette smoking is only 1.47, which 
confirms a weak association in Golestan province. A 
case-control study (20) reported a high risk of ESCC 
in those who used tobacco (cigarettes, qalyân, and 
nass chewing) (2.35, 1.50 – 3.67), thus more research 
are required to evaluate the exact role of tobacco use 
as an etiological factor for EC in this area. 

Alcohol Consumption
IARC characterized alcoholic beverages as 

group 1 carcinogens to humans (29). A series of 
epidemiological reports have established that alcohol 
drinking had a significant role in various cancers 
such as breast, colorectum, liver, esophagus, and 
oral cavity (30). As stated above, alcohol use is 
known as one of the major risk factors for EC (31-33). 
Although there are a few data about the correlation 
between alcohol and the risk of EC in Iran, it 
typically can increase the risk by 3-5 fold. Alcohol 
use is related to a dose-response rise in ESCC risk, 
and heavy intake raises the risk by 5-15 fold (29). 
Some mechanisms for alcohol carcinogenicity have 
been recommended, including having a number of 
carcinogenic compounds (ethanol, acetaldehyde, 
aflatoxins, and ethyl carbamate), reduced saliva flow, 
and specific nutritional deficiencies, particularly in 
folates and other vitamins (34). However, in Golestan 
province, alcohol is not considered as an essential 
factor because it is prohibited in Islam and it is rarely 
consumed in Iran; thus, it cannot impact on the high 
frequency of EC in Iran (20). 

Opium use
Opium consumption is frequent among rural 

men of Golestan province, and it has a critical role 
in ESCC (35). One important reason is that opium is 
traditionally used for the treatment of pain, diarrhea, 
and insomnia in this area (27). It is thought that maybe 
the remaining of opium is more effective in ESCC. 
Consuming opium in pure form has less mutagenicity 
and genotoxicity, but transformed products known as 

“shireh and sukhteh” are more effective because of 
their components such as pyrolysis and polycyclic 
aromatic hydrocarbons (PAHs) (20). Of course, the 
role of opium and its compounds have not been well 
defined (36,37). In the research studies conducted 
by the IARC in 1977s, the use of opium, and in 
specific of opium dross (“shireh and sukhteh”) has 
been supposed to be a significant etiological factor 
for ESCC in Golestan province (28). In the Golestan 
cohort study, crude and refined opium consumption 
were related to 1.6-fold and 3.4-fold rises in the risk 
of ESCC (36,37). In a study in Golestan province, 32% 
of men and 13% of women had consumed opium. 
This difference is conflicting with the insignificant 
dominance of ESCC incidence in men compared 
with women, which was shown in another study 
(20). Although still, the incidence rate of ESCC in 
Golestan province is high, different factors led to a 
decline in the last few decades, such as socioeconomic 
status, more availability to piped water, and more 
consumption of fresh vegetable and fruits due to the 
greater availability of refrigerators (35).

Consumption of hot tea and mate drinks 
Some studies showed that both black and green tea 

that consists of several compounds and antioxidants 
such as flavonoids, have cancer prevention 
properties in animal models, but several ways have 
been suggested for thermal injury and EC (38). 
Researchers have proposed that local hyperthermia 
and the chronic inflammatory process can cause 
chronic irritation of the oesophageal mucosa and 
formation of reactive nitrogen species (RNS), and 
consequently, N-nitroso complexes. Another way is 
the damage of esophageal epithelium and sensitivity 
to carcinogenic compounds such as polycyclic 
aromatic hydrocarbons (PAHs) that are shown in 
the food and opium dross of Golestan people (39). 
Consuming tea and other drink can cause the EC in 
two ways: First, the use of hot tea and other drinks 
can cause inflammation in the esophageal tract and 
cancer. Second, aromatic hydrocarbon in some drinks 
can cause EC, but some chemical compounds in the 
drinks have an anti-cancer effect. Strict detection of 
these is very hard and should be detected in cohort 
studies (4). In Golestan province, people similar to 
other areas in Iran, drink a large amount of tea every 

Risk Factors of Esophageal Cancer in Golestan Province 
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Table 1: Summary of previous studies on risk factors involved in EC in Golestan province, Iran

Risk factors Author/Year/ Type of 
study Methods Outcome Relation with 

EC

 Nutritional
deficiencies

Semnani et al/2010/ Cross 
Sectional (263)

135 soil samples investigated by 
FAAS from the high and low-

risk areas.

A considerable positive 
association between soils Se 

level and EC rates.
Possible

 Nutritional
deficiencies

Keshavarzi et al/2012/ 
Ecological (264)

663 samples (206 cultivated 
soils, 247 sediments, 45 loess 

deposits, and 165 grain) 
investigated by ICP/MS method 

in the 45 villages of high EC 
areas.

Increase total Se 
concentrations (0.18 to 3.1 
mg kg−1) in soil samples.
Much higher of Sb and Sr 
content in samples in high 

EC area.
Decrease total Zn content 

samples from the low to the 
high EC regions .

Probable

 Nutritional
deficiencies

Fazeltabar Malekshah et 
al./ 2010/ Cohort (265)

Food consumption information 
was collected from 30,463 

healthy participants Using an 
FFQ.

Decrease of Vitamin A and 
C intake in the majority of 

participants.
Higher insufficiency in 

vitamin use among women 
and rural inhabitants.

Probable

Ethnicity Marjani et al/2010/ 
Sectional (266)

A structured questionnaire used 
to investigate role environmental 
risk factors among 171 (57.0%) 
Turkmen and 129 (43.0%) non-

Turkmen ESCC cases.

No significant difference 
between Turkmen and non-
Turkmen ESCC cases in the 
prevalence of exposure to 

tobacco, nass, and opium use, 
hot and extremely hot tea 

consumption, and decreased 
levels of education.

None

Chemical carcinogens Kamangar et al/2005/ pilot (24)

Urine 1-OHPG in 99
inhabitants of Gonbad and its 

surrounding area measured using 
IC and SFP.

The median urine 1-OHPG was 
4.2 pmol/ml.

41 (41%) inhabitants were very 
high exposure (> 5 pmol/ml).

Possible

Consumption habits 
(tobacco, alcohol, 
opium, mate and hot 
drinks use)

Islami et al/2004/ cohort (70)

245 of ESCC patients
were interviewed by a physician 
using a structured questionnaire 

and underwent physical 
examination followed by

esophageal-gastro duodenal video 
endoscopy.

It also shows that smoking is 
not a major risk factor.

Tobacco, nass, alcohol and 
perhaps

opium use is not the main 
etiological factors for

ESCC.

Probable

Consumption habits (to-
bacco, alcohol, opium, 
mate and hot drinks use)

Pourshams et al/2005/cohort (19)

1349 rural and urban
inhabitants invited to undergo 
extensive lifestyle interviews. 

Fumonisin contamination testing 
performed on samples of rice, 

wheat, and sorghum.

A total of 1057 subjects 
(610 women and 447men) 

participated.
Tobacco smoking was linked 

with urinary cotinine.
No fumonisins were found in 

the samples..

Probable

Consumption habits (to-
bacco, alcohol, opium, 
mate and hot drinks use)

Nasrollahzadeh et al/ 2008/
Case-control (20)

A validated structured 
questionnaire administered to 

investigate role environmental risk 
factors in 300 ESCC cases and 571 

controls.

Higher risk of ESCC was in 
those who used tobacco only 
(OR, 95% CI: 1.70, 1.05 – 

2.73), in those who used opium 
only (2.12, 1.21 – 3.74), and in 
those who used both tobacco 

and opium (2.35, 1.50 – 3.67).

Probable

Consumption habits (to-
bacco, alcohol, opium, 
mate and hot drinks use)

Islami et al/ 2009/ case-
control (41)

Patterns of tea consumption and 
temperature at which tea was 

drunk were considered among 300 
EC cases and 571 controls.

An increased risk of EC with 
consumption hot tea (OR: 2.07, 
CI: 1.28 to 3.35) or very hot tea 

(8.16, 3.93 to 16.9).
A strong association was found 
between consumption of hot tea

with a higher risk of EC.

Possible

Roshandel et al.
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Risk factors Author/Year/ Type of 
study Methods Outcome Relation with 

EC

 Low socio-economic
status

Islami et al/ 2009/case–
control (267)

Conditional logistic regression 
used to compare 300 cases and 
571 controls for individual SES 

indicators.

Compared with no education, 
the adjusted odds ratios for 
primary education and high 
school or beyond were 0.52 

and 0.20, respectively.
A potent inverse correlation 

between SES and ESCC risk.

Strong

Chemical carcinogens Islami et al/2012/ cross-
sectional (106)

Investigated the patterns of 
111 randomly selected never-
smoking women (structured 
questionnaire), genotyping 

polymorphisms (SBE method), 
and measuring levels of 1-OHPG 

related to PAH metabolism in 
urine samples was made with 

SFS.

High exposure of the general 
population to PAHs.

Certain foods, cooking 
methods, and genetic 

polymorphisms increase 
exposure to PAHs.

Possible

Chemical carcinogens Hakami et al/2008/ case-
control (97)

Assessment of the daily 
consumption of food and water 

in 3 groups: 40 ESCC cases, 
40 healthy individuals from 

the same area, and 40 healthy 
individuals from a low-risk 

area in Southern Iran using a 
dietary questionnaire and BaP 

concentration measured by 
HPLC-FL.

The daily consumption of 
BaP was higher in controls 

from the high-risk region than 
in controls from the low-risk 

region (91.4
vs. 70.6 ng/day, p < 0.01).

PAHS could, along with other 
risk factors, contribute to the 

high risk of ESCC.

Possible

Water supply Keshavarzi et al/2012/ 
Ecological (52)

183 drinking water samples 
from 45 villages with EC 

mortality rates are collected 
and analyzed using portable 

measuring devices. Also, trace 
element concentrations were 
measurement using ICP/MS.

NO3-, SO42-, Sb, and Sr 
exceed the recommended 
MCL in drinking water.

A potential relation between 
EC occurrence and water 

quality.
Se deficiency does not act 
a main role in the etiology 

of EC.

Possible

 Nutritional
deficiencies Nouraie et al/2004/ (268)

Serum selenium measured in 
300 healthy adults from Ardabil 
(n = 100), Mazandaran (n = 50), 
Golestan (n = 100), and Kerman 
(n = 50), using ICP-DRC-MS.

A very different in 
median serum selenium 

concentrations in the four 
Provinces.

Selenium deficiency is not 
a significant contributor to 
the high incidence of EC in 

northeast ern Iran.

None

Genetic studies Zendehdel et al/ 2009/ (171)

Genetic polymorphisms of 
GSTP1Ile105Val, GSTM1, 

GSTT1 analyzed using 
pyrosequencing, and multiplex 

PCR in 96 EA and 79 SCC cases, 
126 cardia cancer cases, and 471 

controls.

An increased risk of 
ESCC (OR=1.7; 95% CI 

1.0–2.9) relation with Variant 
GSTP1Val105 allele.

GSTP1 polymorphism seems to 
be linked with the risk of ESCC 

(OR = 1.4; 95% CI 1.0–2.2).

Possible

Genetic studies Abedi-Ardekani et al/2012/ 
(269)

152 cases ESCC from Iran and
north India has been analyzed 
for EGFR mutation by direct 

sequencing.

A rare activating mutation 
(4/152 cases, 2.6%) but frequent 

EGFR
protein over-expression (65%).

Probable

 Nutritional
deficiencies

Hashemian et al/2015/ 
Cohort (46)

Consumptions of minerals were 
measured with a validated FFQ 

in 201 ESCC patients.

A important reverse link 
between calcium and zinc 

consumption and ESCC risk.
There was no association 

between dietary consumption 
of manganese and the risk of 

ESCC.

Probable

Risk Factors of Esophageal Cancer in Golestan Province 
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Risk factors Author/Year/ Type of 
study Methods Outcome Relation with 

EC

Fungus contamination Alizadeh et al/2012 (87)

The levels of FB1 were assessed 
by TL-PLC and HPLC in 66 

rice and 66 corn samples from 
22 geographical subdivisions of 

Golestan province.

FB1 contamination was 
discovered in 50% and 40.9% 

of corn and rice samples, 
respectively.

An important FB1 rate (43.8 
µg/g) was from a high EC-

risk region (p = 0.01).
An important positive link 

between FB1 contamination 
in rice and the risk of EC.

Possible

 Nutritional
deficiencies

Hashemian et al/2017/
case–control (270)

The concentration of selenium, 
zinc, chromium, mercury, and 

scandium using INAA in toenail 
samples collected from 222 

cases of ESCC and 222 controls.

Median nail selenium, zinc, 
chromium, and mercury 

levels were 1.01, 74.59, 0.77, 
and 0.018 μg/g in cases and 
1.02, 75.71, 0.71, and 0.023 

μg/g in controls, respectively.
No support of any link 
between selenium or 

chromium concentrations and 
risk of ESCC.

NONE

Genetic studies Keeley et al/2014/ case-
control (271)

A panel of inflammatory 
biomarkers in 159 individuals 
(81 controls, 36 EC cases, 28 
LC cases, and 14 HNC cases) 

measured using Luminex assay 
in serum samples collected at 
least 2 years prior to cancer 

development.

A significant increase of 
inflammatory biomarkers in 
future EC and LC patients 

compared to controls.
A significant association 
between IL-1Ra, IFN-a2, 

FGF-2, and IL-12p70 for the 
future development of EC.

Probable 

Genetic studies Aghcheli et al/2012 (200)

Assessment of serum hyaluronic 
acid and laminin levels using 

enzyme-linked immunosorbent 
assay in 20 GCC, 23 GNCC, and 
20 ESCC cases and 25 controls 

for potential tumor markers.

A higher mean serum 
hyaluronic acid and laminin 

in cancer cases compared 
with controls.

A significant correlations 
between hyaluronic acid 
levels and GNCC (Beta-

coefficient = 0.390; p = 0.01) 
and ESCC (Beta coefficient = 

0.332;p = 0.05)
in multivariate models.

Probable

 Nutritional
deficiencies

Hashemian et al/2018/ 
Cohort (272)

Assessment of intake of 
peanuts, walnuts, and mixed 
nuts (including seeds) using 
a validated food frequency 

questionnaire at baseline in a 
cohort study in 50,045 subjects 

between 2004 and 2008.

Important inverse relationship 
between nut use and the risk 

of ESCC compared with 
non-consumers (HR = 0.60, 
95% CI = 0.39–0.93, p-trend 

= 0.02, and HR=0.52, 95% CI 
= 0.32–0.84, p trend = 0.002, 

respectively).

Probable

Genetic studies Sahebi et al/2016 (273)

Determination of the expression
patterns of linc-ROR and its two 

novels spliced variants ESCC 
using qrt PCR assay in 30 tumor 
biopsy samples and 30 normal 

tissue biopsies.

A significant up-regulation of 
linc-ROR (p = 0.0098) and its 
variants 2 (p = 0.0250) and 4 

(p = 0.0002) in tumor samples 
of ESCC, compared with non-

tumor tissues.

Possible

Genetic studies Ghasemi et al./ 2018/(274)

Determination of the expression 
level of miR‑371–373 clusters 
analyzed in biopsies of tumor 
and tumor margin in 36 ESCC 

cases using qrt PCR.

Significant up-regulation 
of miR‑371, miR‑372, and 

miR‑373 in ESCC compared 
with their adj acent healthy 

cells (p < 0.05).

Probable  

Roshandel et al.
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Risk factors Author/Year/ Type of 
study Methods Outcome Relation with 

EC

Genetic studies Khazaei et al./ 2017 (275)

Evaluation of miR-451 
expression in serum (n;39) 

and tissue (39) samples from 
ESCC patients using qRT-

PCR.
Assessment of exosomal 

miR-451 secretion into the cell 
lines normal human fibroblasts 

(HFSF-PI3) and esophageal 
cancer cell line (KYSE-30).

Over-expression of miR-451 
in serum

samples of ESCC cases.
An important induction of 

miR-451
exosomal secretion into the 

conditioned medium and 
important induce.

miR-451-over-expressing 
fibroblasts considerably induced 
migration tendency in KYSE-

30 cell line.

Possible

 Nutritional
deficiencies

Joshaghani et al/ 2017/ 
ecological (276)

Measurement concentrations 
levels of zinc, copper, 

magnesium, and manganese in 
227 serum samples in the high-

risk and low-risk regions for 
EC using an atomic absorption 

spectrometer.

A significant decrease of the 
mean serum level of zinc in the 
high-risk area compared with 

the low-risk area.
No important divergence 
in serum levels of copper, 

magnesium, and manganese in 
the low-risk and high-risk areas.

Probable

 Low socio-economic
status

Islami et al/ 2013/ case-
control (277)

Conditional logistic regression 
form data of 297 ESCC cases 
(149 women) and 568 controls 
(290 women) calculated odds 

ratios (ORs) and corresponding 
95% confidence intervals 

(CIs).

An inverse correlation between 
the number of children in 
women and ESCC risk.
In contrast, a correlation 
between the number of 

miscarriages/stillbirths and 
ESCC risk.

The protective influence of 
female hormonal factors on 

ESCC risk.

Probable

 Nutritional
deficiencies

Golozar et al/ 2016/ case-
control (53)

Investigation on food 
preparation methods, sources 
of drinking water, and dietary 
habits from 300 cases and 571 

controls using a structured 
questionnaire and a semi-

quantitative FFQ.

A significant reduction and rise 
in ESCC odds with fish intake 

and red meat consumption, 
respectively (0.4, 0.8).

A 4-fold increase in the odds of 
ESCC with drinking unpiped 

water (2.2, 8.1).

Probable

 Nutritional
deficiencies

Rahimzadeh-Barzoki et 
al/2014/ ecological (278)

Investigation of Se 
concentrations in 69 

rice samples using the 
voltammetric method.

An important positive 
association between the levels 
of Se in rice and the incidence 
rate of EC from high EC rate 

regions (p = 0.03).

Probable

Genetic studies
Sepehr et al/2004/ 

ecological
(279)

Analysis of genetic 
polymorphisms in ten 

genes risk of EC (CYP1A1, 
CYP2A6, CYP2E1, GSTM1, 

GSTP1, GSTT1, ADH2, 
ADH3, ALDH2, and O6-

MGMT) among Turkomans, 
Turks, and Zoroastrian 
Persians using either 

Sequenom w
or APLP assays.

A high frequency of four alleles 
(CYP1A1 m1, CYP1A1 m2, 
CYP2A6*9, and ADH2*1) 

in Turkomans compared with 
Zoroastrians.

Probable

Fungus contamination Ghasemi-Kebria et al/ 
2013/ cross-sectional (91)

Measurement of aflatoxins 
levels in

wheat flour samples obtained 
from low and high-risk areas 

of EC using the HPLC method.

A significant increase levels of total 
AF (p = 0.03), AFG2 (p = 0.02), 
and AFB1 (p = 0.003) in high-

risk area.
The humidity of silos was the 

most significant determinant of 
AF contamination of WF.

Possible
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Risk factors Author/Year/ Type of 
study Methods Outcome Relation with EC

Chemical carcinogens Kamangar et al./ 2008 (280)

Measurement of the 
concentrations of PAHs was in 
dry leaves of eight commercial 

brands of yerba mate and in 
infusions made with hot

(80˚C) or cold (5˚C) water 
using GC/MC assay.

A high concentration of 
carcinogenic PAHs in yerba 
mate leaves and in hot and 

cold mate infusions.

Probable

Genetic studies Biramijamal et al/2001 (281)

Analysis of 34 ESCC patients 
for the presence of mutations 
in exons 5– 8 of the p53 gene 

by PCR
and the direct sequencing 

method.

62% (21/34) had one or more 
p53 gene point mutations.

Over one-third (38%) of the 
21 mutations, we identified 

were transitions at CpG sites

Possible

Genetic studies Taghavi et al/…/ case-
control (188)

Detection of the p21 
polymorphism in the 3’UTR 

and codon 31 of samples from 
126 ESCC cases and 100 

controls using the PCR-RFLP 
method.

Non-significant association of 
p21 genotypes with the risk 

of ESCC.
synergistic interaction 

between the presence of 
these polymorphisms and 

cigarette smoking in ESCC 
carcinogenesis (P = 0.02, 

OR=8.38; 95% CI:1.03-67.93)

Probable

 Physiologic
 or pathologic
 predisposing
conditions

Nasrollahzadeh et al/2012/ 
case-control (261)

Measurement of serum 
pepsinogen I (PGI) and 

pepsinogen II (PGII) among 
293 OSCC cases and 524 

controls using enzyme-linked 
immunosorbent assays

A two-fold increased risk of 
OSCC with gastric atrophy (PGI 

< 55 mg/dl -1)
(OR = 2.01, 95% CI: 1.18, 3.45).
Poor dental health and gastric 
atrophy increased the risk of 
OSCC (OR = 4.15, 95% CI: 

2.04, 8.42).

Possible

 Diet, low
 socioeconomic status,
chewing of nass

Cook Mozaffari et al/1979/ 
case-control (28)

Investigation on the use of 
sheep's milk and yogurt, 

sesame oil, chewing of nass, 
making of carpets, use of 

pregnancy diets, salting and 
sun-drying of meat, and use 

of wild spinach from 344 
cases and 181 controls using a 

questionnaire.

No association between 
the use of sheep's milk and 

yogurt, sesame oil, with EC.
The strong correlation 

between low socioeconomic 
status and low consumption 
of fresh fruit and vegetables 

with the risk of EC.

Possible

Infections Moradi et al/ 2006/ case-
control (63)

Examination presence of HPV 
in 85 patients with ESCC 

and 31 non-cancerous of the 
esophagus using PCR based-

sequenced.

Non-important divergence 
between the rate of HPV 
positive in cancerous and 

non-cancerous tissues.
HPV is a probable etiologic 

agent in EC.

Probable

Consumption habits 
(tobacco, alcohol, 
opium, mate and hot 
drinks use)

Ghadirlan et al/1985/case-
control (35)

Determination of morphine 
metabolites and AP-T I /2 
in 1590 urine and saliva 

samples in regions of 
the very high, high, and 

moderately low incidence of 
EC using a Gilford Stasor 

spectrophotometer and 
radioimmunoassay.

Much high morphine metabolites 
in regions of the high and very 
high incidence of EC than in 

low-incidence regions.
A high prevalence of positive 

urinary
morphine metabolite in 

members of households with 
a case of EC.

Opium use is one of the 
factors implicated in the 

etiology of EC.

Possible 
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Risk factors Author/Year/ Type of 
study Methods Outcome Relation with 

EC

Genetic studies Marjani et al/ 2010/ case-
control (282)

Determination of NQO1 
C609T genotypes in 93 

ESCC cases and 50 control 
subjects by PCR-based assay. 
Also, immunohistochemical 

techniques were used to 
identify PAH-DNA adducts in 
ESCC and normal esophageal 

tissues.

No important divergence in 
distributions of NQO1 genetic 
polymorphism between cases 

and the control group.
A significant increase of the 
level of PAH-DNA adducts 

in ESCC tissues of cases than 
in healthy tissues adjacent to 
tumor tissues and in normal 

esophageal tissues of healthy 
controls.

No important association 
between cigarette smoking and 

PAH-DNA
adducts.

Possible

infections Moradi et al/2002 (283)

 Molecular analysis of HPV 
(HPV L1 gene) in 85 SCC 
samples using PCR based-

sequencing.

HPV-16 is the most common 
(54.7%) type of HPV. Possible

 Physiologic
 or pathologic
 predisposing
conditions

Abnet et al/2008/case-
control (256)

Investigation on 
socioeconomic status, life-

long history of tobacco uses, 
tooth loss and oral hygiene, 
and dietary data from 283 

cases and 560 controls using 
a structured questionnaire and 

FFQ.

A significant association between 
ESCC and more decayed, 

missing, or filled teeth with a 
median (interquartile range) of 

31 (23-32) (P = 0.0045).
A significant association 

between
the larger number of decayed, 

missing, or filled teeth and lack 
of daily tooth brushing, and 

risk of ESCC.

Possible

 Nutritional
deficiencies

Islami et al/2009/ pilot 
cohort study (284)

Assessment of nutrient intake 
in 131 healthy participants in 

RDAs and LTIs. Also, compare 
the intake of 27 food groups 
and nutrients among several 
population subgroups, using 
mean values from the twelve 

recalls.

Rigorous inadequacy in vitamin 
consumption among women 

and rural dwellers and
clear changes in nutrient 

consumption between rural and 
urban inhabitants.

Possible

Genetic studies Abedi-Ardekani et al/ 
2011/ case-control (285)

TP53 mutation analysis by direct 
sequencing in 119 ESCC cases.

The highest rate (89.9%) of 
TP53 mutations ever reported 

in any cancer anywhere.
Possible

Consumption habits 
(tobacco, alcohol, 
opium, mate and hot 
drinks use)

Shakeri et al/2012/ Case-
Control (286)

Investigation on demographics, 
family history of cancer, 
history of tobacco, opium 

and alcohol use, drinking tea 
habits, oral health, and

socioeconomic variables from 
300 cases and 571 hospital/

neighborhood controls using a 
structured questionnaire.

No considerable divergences in 
exposure

data for tobacco-related 
variables such as cigarette 

smoking, chewing Nass, and 
hookah usage.

Neighborhood controls were 
higher to hospital controls in 
assessing the risk of ESCC 
related to opium exposure.

Possible

Genetic studies Taghavi et l/2010/ Case-
Control (178)

Investigation of expression of 
p53 and p21 proteins in tumor 
tissue from 80 ESCC patients 

and 60 paraffin-embedded 
blocks of adjacent healthy 
specimens from the cases, 

along with normal esophageal 
tissue from 80 healthy subjects 
using immunohistochemically.

An association between 
the over-expression of p53 
with cigarette smoking in 

ESCC carcinogenesis. p21 an 
association between over-

expression with poor prognosis.

Possible 
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day, and this is a common habit in this region. It has 
been shown in a meta-analysis that drinking hot tea 
is one of the significant etiological risk factors for 
ESCC in Golestan province (40). A research study 
in Golestan province showed that in high-risk areas 
of EC, people consume more tea and hot drinks. 
Another cohort study showed that consuming tea 
with high temperature increases the risk of EC for 
2-3 fold (19). However, the evidence is too sparse to 
analyze the preference for stronger or lighter tea or 
chemical components of tea. It seems that further 
investigations are needed about the heterogenicity 
of the chemical constituents of tea in this area. The 
probable link between hot tea consumption and EC in 
Golestan province have been  considered in previous 
case–control studies (28,41), but a drawback of both 
of these studies is their retrospective design and that 
they used only self-perceived reporting of tea drinking 
temperature. In a prospective cohort study in Japan, 
it was shown that drinking hot tea was linked with a 
1.5-fold intensified risk of EC death.  In the recent, 
large, prospective Golestan Cohort study, Islami 
and colleagues (42) have examined the correlation 
between measured tea drinking temperature, as well 
as subjective preference for hot tea drinking, time 
from pouring tea to drinking, and other tea-drinking 
habits, and risk of ESCC. A definite link was shown 
between the consumption of hot tea and a raised risk 
of ESCC. In addition, a high rate and high amounts 
of hot tea consumption could make the Golestan 
population significantly susceptible to ESCC. So, they 
recommend the community to postpone rinks to cool 

to < 60˚C before drinking. Additional investigation is 
required to find the correlations between mechanisms, 
amount of tea used, or consumption tea at more 
moderate temperatures and ESCC risk.

Nutritional Deficiencies

Vitamin and Micronutrient Deficiency
Insufficient intake of fruits and vegetables 

clearly increase the risk of ESCC (43). Regular use 
of vitamins A, C, E, riboflavin, zinc, selenium, and 
insufficient intake of fresh fruits and vegetables 
decreases the risk of EC. Dietary factors seem to 
be the leading cause of ESCC in Golestan province 
(43). A meta-study indicated fruits to be more useful 
than vegetables. Similar results were reported by 
the Japan Public Health Center-based Prospective 
Study Group (44). Tumor formation could prevent 
the antioxidant effects of some vitamins in people 
of several regions with extremely high-risk of EC; 
for example, people in Linxian (a high-risk region 
of EC in China), had acute insufficiencies in some 
vitamins and minerals (45). The consumption of 
vitamin C was under the suggested value in 41% 
of men and 64% of women in urban regions and 
97% of men and 100% of women in rural regions 
of Golestan province (46). These insufficiencies in 
nutrient use may impact on the higher risk of ESCC, 
primarily in rural areas (28). One of the significant 
risk factors of upper gastrointestinal tract cancers 
is selenium deficiency. It has been shown that high 
selenium status decreases the risk of EC in selenium-

Risk factors Author/Year/ Type of 
study Methods Outcome Relation with 

EC

Consumption habits 
(tobacco, alcohol, 
opium, mate and hot 
drinks use)

Islami et al/2019/ 
population-based 
prospective (42)

50,045 individuals aged 40–75 
years subjects were followed-

up for a median duration 
of 10.1 years (505,865 

person-years) to assessed tea 
consumption temperature 

using validated methods and 
collected data on several other 

tea consumption habits and 
potential confounders.

A definite link was shown 
between consumption hot tea 

with a risen risk of ESCC. 
Furthermore, High frequency 
and high amounts of hot tea 

consumption could make 
the Golestan population 

significantly susceptible to 
ESCC.

Strong

Abbreviations: Flame Atomic absorption spectrometry (FAAS), antimony (Sb), strontium (Sr), and zinc (Zn), EC, FFQ, polycyclic aromatic hydrocarbons (PAHs), 1-hydroxypyrene glucuronide 
(1-OHPG), Immunoaffinity chromatography (IC), Synchronous fluorescence spectroscopy (SFS), ESCC ..., †Alcohol consumption was not associated with ESCC risk., OSCC, PAHS …, single 
base extension (SBE), Benzo(a)pyrene BaP, high-performance liquid chromatography combined with fluorescence (HPLC-FL), inductively coupled plasma/mass spectrometry (ICP/MS), maximum 
concentration level (MCL), Esophageal adenocarcinoma (EA) and Squamous cell carcinoma (ESCC), Fumonisin B1 (FB1), thin layer and high pressure liquid chromatographies (HPLC/TLPLC), 
instrumental neutron activation analysis (INAA), lung cancer (LC), head and neck cancer (HNC), interleukin (IL), fibroblast growth factor (EGF), interferon (IFN), gastric cardia cancer (GCC), 
gastric noncardia cancer (GNCC) and 20 esophageal squamous cell carcinoma incident, quantitative real-time PCR (qRT-PCR), amplified product length polymorphism (APLP) cases, gas chroma-
tography/mass spectrometry (GC/MC), Salivary antipyrine half-life (AP-T I /2), Human Papillomavirus (HPV), Daily Allowances (RDAs) and Lowest Threshold Intakes (LTIs).
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inadequate people (28, 47, 48). Studies showed that in 
Golestan province, the blood level of selenium is in 
the recommended range; therefore, this risk factor 
may not be necessary for Golestan province (28,47,48). 
Some studies showed severe insufficiency in vitamin 
consumption among rural populations and women in 
Golestan and the highest insufficiency among rural 
women, but protein consumption in this region is 
upper than the recommended values (19,49). The data 
from the Golestan Cohort Study (50) conducted on 
505,865 person-years of follow-up, characterized 
multiple risk factors such as thermal injury (from hot 
drinks), exposure to PAHs (from opium and indoor air 
pollution), and nutrient-inadequate diets. Insufficient 
consumption of fruits (HR 1.48; 95% CI 1.07–2.05) 
and vegetables (HR 1.62; 95% CI 1.03–2.56), were 
considerably related to the increased risk of ESCC, in 
a dose-dependent manner. Thus, their results strongly 
suggested that ESCC in this area is a multifactorial 
problem, necessitating multiple risk factors for its 
development.

 
Water supply
A possible association between the source of 

drinking water and ESCC has been reported from 
Iran and China (51-53). The potential and possible 
risk factors may be associated with the occurrence of 
carcinogenic complexes, such as nitrates, phosphates, 
oil, and heavy metals, or lack of protective elements, 
such as specific trace elements, in the drinking 
water (54,55). In an ecological study conducted on 
45 villages in high-risk areas including a broad 
spectrum of EC mortality rates in Golestan province, 
it was observed that in comparison to low-risk areas, 
drinking water comprises extra nitrate, sulfate, 
antimony, and strontium concentrations in the high-
risk areas of Golestan (52) and also are above the 
maximum concentration level recommended by the 
environmental protection agency (EPA). An inverse 
association has also been suggested between piped 
drinking water with improved hydrogeochemical 
characteristics and the incidence and mortality rates 
of EC in Golestan province and Linxian in China (56). 
However, researchers suggested that the declared 
association cannot be only due to access to piped safe 
drinking water. 

Infections
Historically, based on histological surveys by 

Syrjänen and colleagues in 1982, a correlation 
between HPV infection and ESCC was observed 
(57). On the other hand, in a series of surveys through 
immunohistochemistry and molecular methods, 
a link between HPV and ESCC in low and high-
incidence areas has also been reported (43,58,59). In 
addition, in many case series from different parts 
of the world, including Africa, South America, 
Europe, and Asia, the frequency of HPV detection 
was between 0% to 54% (60,61). In a systematic 
review (62) including 61 studies on a variety of HPV-
associated cancers in Iranian populations, HPV 
occurrence in ESCC was 23.1%, and HPV16 was 
the most frequent (40.9%) HPV types involved in 
ESCC. Additionally, the pooled data of this analysis 
propose that HPV may have a main role in the 
development of ESCC. Some cross-sectional and 
case-control studies conducted in Golestan using 
polymerase chain reaction have been already found 
the high frequency (≥ 43.7%) of HPV in ESCC 
samples (63). Although, several reports have been 
declared no link between HPV and ESCC (64-66), the 
major reasons for these discrepancies, inconsistency, 
and incoherency in immunohistochemistry, and 
serological and molecular findings in ESCC may be 
due to geographic variation, type of study design, 
and absence of standardized testing methods (67,68). 
Because of these inconsistencies and conflicting 
results, the IARC suggested that more, continuous, and 
nationwide epidemiological surveillance investigations 
are highly required to prove the carcinogenicity of 
HPV in ESCC (69). Therefore, the exact association 
between HPV and ESCC carcinogenesis is unknown 
and remains controversial (70). Helicobacter pylori 
(H. pylori) is a gastrointestinal bacterial pathogen 
considered as the causative agent in infection-related 
cancers (71). This bacterium has frequently seemed to 
have a precancerous role in gastroesophageal cancers, 
most notably ESCC (71). Nevertheless, the results of the 
published studies have shown substantial heterogeneity 
(72,73), and mostly the exact role of H. pylori in 
ESCC carcinogenesis is not clear and controversial. 
Surprisingly, H. pylori has shown a diverse pattern of 
correlation with two histological types of EC (positive 
association with ESCC and protective association 
with EAC). A meta-analysis showed a protective 
relationship between H. pylori and EAC (OR = 0.41, 
95% CI: 0.28-0.62) and no correlation with ESCC (OR 
= 1.08, 95% CI: 0.76–1.53) (72). But some reports have 
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shown a significant role of H. pylori colonization in the 
stomach and ESCC (2-fold increased risk of ESCC) 
(74,75). A study conducted in China has revealed a 
link between bacterial microbiota of saliva and risk of 
ESCC in patients with ESCC (76). 

Mycotoxin contamination
Mycotoxins are secondary metabolites with low 

molecular weight produced by some filamentous 
fungi, including Aspergillus, Alternaria, Penicillium, 
Fusarium, etc., and may develop on various foods, 
causing severe risks to human and animal health 
(77-79). Human exposure to mycotoxins occurs via 
direct contact (consumption of plant-derived foods 
and animal products) and inhalation (exposure 
to air and dust containing toxins) (80). These 
mycotoxins are known to be either carcinogenic 
(e.g., aflatoxin B1, ochratoxin A, fumonisin B1), 
estrogenic (zearalenone), neurotoxic (fumonisin 
B1), nephrotoxic (ochratoxin), dermatotoxic 
(trichothecenes), or immunosuppressive (aflatoxin 
B1, ochratoxin A, and T-2 toxin) (81). Some studies 
have reviewed the health hazards of mycotoxicosis 
for humans or animals (78,82). Fumonisin B1 (FB1) 
is the most predominant member of the fumonisin 
family of mycotoxins, and previously published 
studies in the 90s in China and South Africa (the high 
risk of EC areas) have established its relation to the 
development of EC (83-86). The exact mechanisms 
for carcinogenesis remained controversial. A strong 
association between fumonisin contamination of 
foods and some environmental factors included 
humidity, drought stress, temperature, and rainfall 
has been documented in different geographical 
regions (87). Ecologic studies in Asia and Africa have 
shown higher exposure to fumonisins in high-risk 
areas of EC (88, 89). There is scarce data about the 
association between FB1 and the occurrence of EC in 
Golestan province. Consistent with other published 
epidemiological studies (83, 84, 90), Alizadeh and co-
workers (87) in a population-level ecological study 
have also shown a significant positive association 
between the use of FB1 contaminated foods and 
the risk of EC. In addition, a possible correlation 
between aflatoxin (AF) contamination level of wheat 
flour samples and the risk of EC in Golestan province 
reported in a cross-sectional study by Ghasemi-Kebria 
and others (91). Compared to low EC-risk area, the 
levels of AFB1 was considerably higher in samples 

obtained from high risk area in Golestan province 
(p = 0.003). They Also found that humidity of silos 
was the significant cause of AF contamination of 
wheat flour samples. However, a case-control study 
conducted in high-risk areas of EC (Linxian, China) 
observed no correlation between fumonisin exposure 
and risk of EC (92), although the indices of fumonisin 
exposure used were unclear, and the outcomes were 
not definite. More epidemiological studies are needed 
to ascertain or reject a link between fumonisins and EC. 

PAHs
PAHs contain three or more fused aromatic 

rings (for example to be human carcinogens: 
benzo-a-anthracene, benzo b-fluoranthene, benzo 
j- fluoranthene, benzo k- fluoranthene, benzo-a-
pyrene, dibenz-a,h-anthracene, indeno-1,2,3-c,d-
pyrene ) and are produced by carbonization (coal, 
crude oil, petroleum, gas, charcoal, and wood stove), 
incomplete combustion of organic matter, and metal 
production processing (aluminum, iron, and steel) (93). 
They are existed in soil due to deposition from 
sewage, particular wastes such as oil or gasoline 
spills, urban run-off, and atmospheric fallout. PAHs 
are proposed as the critical risk factor for developing 
EC (94). Contamination happens through inhalation, 
ingestion, or percutaneous penetration. Direct contact 
with the external environment happens in more 
than half of the cancers in the surface epithelium, 
such as the esophagus epithelium (95). Various 
risk factors, including the route of exposure, the 
chemical composition of the mixture, the presence 
of co-exposures, and genetic susceptibility might 
be conferring in the carcinogenicity of PAHs (95). 
There are epidemiological similarity features of 
ESCC in both Golestan province (Iran) and Linxian 
(China) (high-risk areas of ESCC). According to the 
previous epidemiological published data in Linxian 
and Golestan, the occurrence of high levels of PAHs 
or PAHs metabolite in ESCC cases, staple foods, 
urine, and esophageal tissue samples have been 
documented (24,94,96); nevertheless, the previous 
data from Golestan province showed low levels of 
PAHs in staple food samples (24,97). Remarkably, 
PAHs exposure pattern was shared in all subgroups 
of the study, including both sexes, both urban and 
rural areas, and in smokers and non-smokers (94). A 
case (ESCC carcinoma)-control study in Golestan 
province showed a higher level of PAH DNA-
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adducts in the case group than the healthy group 
(98). Extremely high concentrations of carcinogenic 
PAHs (benzo[a]pyrene) recovered from yerba mate 
leaves, and in hot and cold mate drinks, endorse 
the hypothesis that the carcinogenicity of mate may 
be associated with its PAHs content. Significant 
amounts of PAH existed in: smoked foods (such as 
charbroiled foods, pizza prepared in a wood-burning 
oven, and in barbecued meat), tobacco smoking, 
opium and nass consumption (high urinary level 
of 1-OHPG; a stable PAH metabolite), occupation 
(foundry workers, chimney sweeps, blast furnace, 
and coke-oven workers, vendors of broiled food, 
steel plant and waste incineration workers, and coke-
oven exposure), indoor air pollution (combustion 
of solid fuels), and environmental air pollution 
(car exhaust, industrial emissions, and smoke) (99-
103). Polymorphisms variations in genes encoding 
the enzymes in the metabolic pathways of PAHs, 
including cytochrome P450 such as CYP1A1/2&1B1 
and glutathione S-transferases such as GSTM1, 
GSTP1, and GSTT1 might affect the levels of PAHs 
metabolites (104,105). Islami and colleagues (106), in a 
cross-sectional study, considered the patterns of non-
smoking associated exposure to PAHs in Golestan 
province. They showed that mutations in some CYP 
genes were related to lower levels of 1-OHPG, 
although deletions in GSTM1 and GSTT1 were 
related to higher levels of 1-OHPG. Food processes 
such as whole grilled chicken, meat burgers, and 
grilled vegetables were significant dietary sources of 
PAHs. In Golestan province, the amount of PAHs is 
in the high level, because the use of smoked foods 
such as charbroiled foods and opium and nass 
consumption is in the high level in the people’s 
life style (95). It is suggested that in high-risk areas, 
decreasing the levels of PAHs might be an active 
policy for controlling ESCC. 

N-nitrous compounds (NNCs)
Mostly, NNCs, including nitrosamines and 

nitrosamides, are potent carcinogens in animals and 
cause various cancers, including cancers of nasal 
cavity, esophagus, and stomach (107). Nitrosamines 
commonly used in industries (pesticides and some 
cosmetics), most rubber products, latex products 
such as balloons, and various foods and other 
consumables (108). They naturally exist in many 
materials such as foods (protein resources: meat, fish, 

dried and pickled vegetables), water, and tobacco. 
The principal direction is exposure to nitrosamines 
through cigarette smoke (109). Bacteria in saliva 
convert nitrate to nitrite; thus, high concentrations of 
nitrite occur in the mouth and esophagus. Swallowing 
of saliva results in nitrite reaction to acidic gastric 
juice and conversion to nitrosating species (110). 
High temperatures that occurred during frying can 
also increase the formation of nitrosamines (111). An 
association between the amount of NNCs in gastric 
acid with dysplasia and neoplastic changes in the 
esophageal epithelium has been revealed (112). Nitrate 
(NO3) and nitrite (NO2) are frequently consumed 
as food additives in processed meats such as ham, 
bacon, sausages, and hot dogs to prevent microbial 
spoilage, and preserve meat products’ recognizable 
appearance and flavor. High use of processed meats 
is related to increased gastric cancer risk, and it 
seems that nitrates/nitrites are the leading cause for 
that (113). In Cixian, China, as a high-risk area, the 
presence of N-nitro compounds and precursors have 
been described in salted vegetables and preserved fish 
(114). In Golestan province, because of the high uses 
of smoked and salting methods for drying foods and 
also the use of pickles and black pepper, especially in 
fish foods, the nitrosamines level is higher than the 
maximum. Kamangar and colleagues (115) showed 
that the amount of nitrosamine in the saliva of Gonbad 
population (high risk area in Golestan province) was 
4 times more than Germany.

Acetaldehyde
The main route of exposure to acetaldehyde in 

humans is drinking alcohol (116). The other source 
of acetaldehyde exposure, include incomplete 
wood combustion in woodstoves and fireplaces, 
the roasting of coffee, tobacco burning, vehicle 
exhaust fumes, and coal and waste refining (117). 
Acetaldehyde is the first and more toxic metabolites 
derived from alcohol by oxidization from ethanol 
with mediate alcohol dehydrogenase enzyme 
(ALDH) (118,119). IARC characterized acetaldehyde 
in the group I carcinogenic substances for EC (120). 
Mutation in ALDH coding genes such as ADH1B 
and ALDH2 increases the incidence of ESCC (121). 
Maybe the consumption of alcohol increases the 
risk of cancers in upper aerodigestive tracts (oral 
cavity, throat, pharynx, larynx, and esophagus), 
liver, colon, rectum, and breast (29,122). Carcinogenic 
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acetaldehyde affects the esophagus epithelium via 
intrinsic (cellular metabolism such as inflammation, 
oxidative stress, and infections, as well as from 
chemicals derived from complex interaction with 
oral microbiome) and extrinsic (water contaminants, 
air pollutants, diet, and drugs) pathways (119,123). 
The In vitro effects of acetaldehyde including human 
lymphocyte mutations, mutagenic DNA-adducts, 
sister chromatin exchange, cellular proliferation 
exposure to reactive oxygen species (ROS), and 
prevention of DNA repair (124). In contrast with a 
case-control study in Spain (125), alcohol drinking 
was not considered to be related with ESCC in rural 
high-risk areas of China (56) and Golestan province 
(115). Low alcohol consumption in Golestan province 
led to this observation. 

Socioeconomic Status (SES)
It is a long time thought that EC is a disease of the 

poor and socially deprived. Although SES is not an 
exact biological risk factor, it can impact the health 
status via behavior and lifestyle, environmental 
exposure, and access to health care (107). Historically, 
the first possible correlation between low SES 
with EC risk was noted in 1939 by Watson (4). 
Currently, a series of epidemiological studies with 
diverse designs, diverse SES indices, and diverse 
geographical regions have established a positive 
correlation between low SES and EC risk (126-128). 
SES has been determined as an essential factor of 
the incidence of cancer, cancer stage at diagnosis 
as well as treatment choices in developed countries 
(129). SES factors, including sexual activity, living 
area, educational level, marriage, and wealth affect 
the incidence of EC (130). A significant association 
between low SES and higher risk of ESCC has been 
established (107,131-137). Although, the low relation 
SES with an increased risk of EAC is unknown 
(138). In a recent cross-sectional association study 
by Wong and co-workers (9) the incidence ratio 
between EAC and ESCC and its association with 
SES improvement (Gross Domestic Product [GPD] 
and Human Development Index [HDI]) across 41 
countries on a global basis was reported. Results 
of their study presented that countries with higher 
SES had higher EAC: ESCC ratio in association 
analyses, and mainly EAC was positively associated 
with SES development. These findings could be 
elucidated by the capacities and accessibility of 

healthcare services, which are fundamental for 
early diagnosis and management. Some studies 
conducted in Scotland (139), Swedish (138) displayed 
the significance of various SES factors and risk of 
EC. The risk of both EAC and ESCC significantly 
increased (> 2-fold) with low SES and a life without 
a partner for long periods of time. The higher use 
of tobacco or alcohol, opium, nass, and nutritional 
deficiencies probably involved in increasing EC (107). 
SES could be affected by the cancer stage diagnosis, 
longer health care delay, and varying receipt of 
treatment for EC (140). A population-based study (141) 
included 20,488 cancer patients diagnosed in 2002 
in Taiwan studied the link between SES (individual 
and neighborhood)  and mortality rates for primary 
cancers. They indicated that cancer patients with low 
individual SES have the highest risk of mortality, 
even under a universal health-care system. Wu and 
colleagues in recent population-based study (142) 
conducted of 4097 patients diagnosed with EC during 
2002 to 2006 in Taiwan investigated the correlation 
between SES and the survival of working-age 
patients with EC. Their results showed a notable 
decreased risk (39%) of mortality in working-age 
patients with high individual SES than patients with 
low individual SES (OR 0.61, 95% CI 0.48–0.77). 
A recent published data (129) conducted on patients 
diagnosed with primary EC in China showed a 
significant association between health-care delay 
> 2 months in patients with lower SES (OR 2.271; 
95% CI 1.069-4.853).  In addition, SES was found 
to be related to health-care delay, tumor stage and 
treatment modalities in EC. Only two case-control 
studies (110) conducted in Golestan province have 
surveyed the link between SES and ESCC, and they 
proposed an inverse relationship consistent across 
studies (25). In line with the results of a previous case-
control study conducted in Golestan, the findings of a 
population-based case-control study (110) conducted 
in Golestan province in 2009 showed a strong inverse 
link between ESCC and SES factors (education level, 
marriage status). Interestingly, residing in rural areas 
for a long time > 20 years showed the considerable 
increase (3-fold) risk of ESCC (OR = 2.79, 95% 
CI 0.97–8.03). Nevertheless, the exact association 
between educational level and risk of ESCC remains 
mainly controversial. The researchers suggested that 
public health, more health education, improved early 
detection, and disease resection, greater access to 
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medical resources, the institution of social welfare 
programs, and also national health insurance are 
highly necessary to efficiently improve the overall 
outcomes of EC in patients with low individual SES.

Families studies
Many studies demonstrated that having EC in a 

family may increase the risk of this disease up to 3 
fold, especially among first-degree relatives (FDRs) 
(143-147). In this regard, a positive correlation has 
been observed in high-risk areas like China and 
Iran. Several case-control studies during 1997-2007 
conducted in northern Iran has been described as a 
positive correlation between family history (FH) and 
EC among patients (odds ratios of 1.8 to 7.6) (145,148). 
On the other hand, a considerable increase > 2-fold 
in the EC risk among FDRs in the high-incidence 
population has been documented (145,148), which is 
in line with the previously published data in the other 
parts of the Asian EC belt (149,150). A cohort study 
in China showed that the EC-related mortality ratio 
was 2.36 among people with FH-FDR of this disease 
(143). Also, some previous epidemiological studies 
conducted in endemic areas of China have reported 
a higher risk of such cancer in people with an FH 
of EC. Frequently, family members have a common 
genetic background. Thus, an FH-FDR of cancer can 
be considered as a marker in the etiology of EC (151). 
When considering the genetic effects on the progress 
of cancer, the same risky habits may be seen within the 
same family members, indicating an exact association 
between FH and cancer occurrence (144,151). Some 
valid reasons have been reported to support this 
hypothesis that FH-FDR plays an important role in 
the incidence of EC. First of all, persistent familial 
risks have been seen among individuals who were not 
exposed to lifestyle risk factors; for example, those 
who never smoke and infrequently drink alcohol. 
Secondly, an apparent dose-response relationship has 
been reported with multiple affected relatives (152). 
In addition, the higher risk was declared in younger 
affected relatives, indicating the role of genetic 
background in EC rather than environmental effects 
(153). Finally, other environmental- and lifestyle-
related cancers such as stomach cancer (dietary 
factors-related), liver cancer (alcohol-related), and 
lung cancer (smoking-related) have no significant 
effects on the risk of EC occurrence in individuals 
with an FH-FDR. In Iran, it has been found a hazard 

ratio of 2.3 among individuals whose EC was 
attributed to FDR (145). In a study (149) conducted in 
the 1970s, 47% and 15% of 427 patients with EC of 
Turkmen ethnicity reported a positive family history 
of EC or of other cancers, respectively. In another 
study conducted in Golestan province (145), on 167 
ESCC cases and 200 controls of Turkmen race, the 
risks of FDR-EC of cases and controls were 34% 
and 14%, respectively (relative risk = 2.3). The risk 
of disease is monotonically increasing by a growing 
number of affected relatives, particularly if both 
parents were affected, which cause an 8-fold more 
risk of ESCC for their offspring. By the age of 75, it 
was approximately calculated that about %12 of the 
first-degree relatives of ESCC patients might progress 
towards the malignancy, while this number was %7 
for those relatives of the healthy control groups (154). 
The relation between FH-FDR and EC were less 
consistent in Western countries such as the United 
States (155) and Sweden (156), contrary to high-risk 
regions. This discrepancy in different regions might 
be due to differences in the frequency of esophageal 
susceptibility alleles and variation in major attributable 
lifestyle and environmental risk factors.

Genetic studies
The development and progression of EC is 

a multistage process that can be identified with 
genome-wide association studies (GWAS). It will 
occur because of some mutations, deletions or 
chromosomal abnormalities (157-159). Some of them 
are discussed in the following; GWAS is a tool for 
finding genetic markers for various diseases. The 
development of EC is a multifactor and multistage 
process involving the activation of oncogenes and 
dysfunction of tumor suppressor genes (160), such as 
mutations and deletions of Rb, p53, p16, APC, MCC, 
and DCC or chromosomal abnormalities such as 
amplification of C myc, Cyclin D, epidermal growth 
factor receptor gene, and int-2 gene (157-159). Single 
nucleotide polymorphisms (SNPs) associated with 
EC have been identified in the PLCE1 gene, TP53 
gene, and HLA class II genes (161,162). Phospholipase 
CE1 (PLCE1) is an isozyme of phospholipase 
C family regulating cell growth, differentiation, 
apoptosis, and angiogenesis (163). So, it is involved in 
the development and progression of EC (164). PLCE1 
gene polymorphism rs2274223, which is located in 
26th exons are one of the most studied loci, which is 
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a risk factor of carcinoma of the esophagus, is able to 
make PLCE1 mRNA and upregulate its expression 
in EC. The PLCE1 rs2274223 and rs11599672 SNPs 
were related to susceptibility to ESCC in northern 
China (165). 

SNPs (single nucleotide polymorphisms) 
The occurrence of SNPs in phospholipase CE1 

(PLCE1) and the gene loci rs2274223 that has a 
role in its upregulation will impact on apoptosis, 
and cell growth, which resulted in EC, has been 
reported (161,164). In a study in china rs2274223 and 
rs11599672 SNPs were reported as risk factors for 
EC (165). These SNPs have also been identified in 
TP53 and HLA class II genes that can be associated 
with the disease (161,162). The SNP alteration (A to G 
at position 313) the 105th amino acid from isoleucine 
to valine (Ile/Val 105; rs1695) of the GSTP1 gene has 
been linked with changed differential metabolism 
of various toxicants and increased risks of various 
cancers in epidemiological studies (166-168). The 
pooled results data extracted in a recent meta-
analysis (169) included 20 case-control studies (2,992 
cases and 4,758 controls), proposed that GSTP1 
Ile105Val polymorphism drastically increased the 
risk of developing EC in Caucasians populations 
nevertheless no significant association was observed 
in other (Asians, African) or mixed ethnicities and 
different histological types. The GSTP1Ile 105Val 
polymorphism in association with EC risk has been 
addressed (170). However, the results were very 
inconsistent with odds ratios ranging between 0.1 and 
4.6 (171). Glutathione S-transferase Pi 1 (GSTP1) can 
play as a marker of malignancy or anticancer drug 
resistance in some cancers. On the other hand, Ogino 
and colleagues reported that GSTP1 considerably 
related to malignant potential and maybe a novel 
predictor of drug resistance in ESCC patients (172).

Genetic polymorphisms of enzymes 
The glutathione S-transferases (GSTs), 

characterized into four main groups including GSTA 
(a), GSTM1 (l), GSTT1 (h), and GSTP1 (p) are 
concerned in the metabolic detoxification of many 
carcinogenic reactive electrophilic compounds 
including benzo(a)pyrene and other carcinogens in 
tobacco smoke, and alcohol dehydrogenases (AdHs)/
aldehyde dehydrogenases (ALds) (169). It has been 
investigated that genetic polymorphisms such as 

XRCC1, XRCC5, XRCC6, ALDH2, and CYP1A1 can 
be striking in the onset of EC (173-175). Polymorphism 
may take place in different situations and will play a 
role in pathogenesis. They may affect the enzymes 
and produce substances that can make people more 
or less exposed to cancer. The development of 
polymorphism in Interleukin-10 (IL-10), which is an 
immunoregulatory cytokine, is noticeable when the 
inflammation begins to appear in esophageal tissues 
(176). In a Chinese population three SNPs (-1082G/
A rs1800896, -819T/C rs1800871, and -592A/C 
rs1800872) that are related to its polymorphism 
had been identified (177). Also, a polymorphism 
in the aldehyde dehydrogenase-2 gene, which has 
roles on blood acetaldehyde concentration, the 
methylenetetrahydrofolate reductase gene, a central 
enzyme in folate metabolism, and the CYP1A1 gene 
can affect EC. In previously published data in Iran, 
there is a hypothesis that possibly 10 polymorphisms 
may cause EC (58). In an ecologic study (178), Sepehr 
and colleagues evaluated the frequency of genetic 
polymorphisms of enzymes in genomic DNA at high-
risk,  medium-risk, and low-risk groups included 
Turkomans, Turks, and Zoroastrian Persians, 
respectively. Turkomans had a higher occurrence of 
CYP1A1 m1, CYP1A1 m2, CYP2A6*9, and ADH2*1 
alleles that are hypothesized to favor carcinogenesis 
compared with Zoroastrians (p < 0.001). However, 
none of these four alleles had a high enough occurrence 
in Turkomans to explain the high rates of EC in this 
group. Compared to some Asian populations in 
lower-risks of EC, Turkomans had lower frequency of 
CYP1A1 m1, CYP1A1 m2, CYP2A6*9 alleles. Thus, 
it might be possible that these variants play a key role 
in the risk of EC among Turkomans in Iran. 

Tumor suppressor genes (P53, P21)
P53 and p21 are important proteins that are 

involved in EC in northeastern Iran (178). More than 
83% of people with EC have a mutation in TP53, 
which is revealed by whole-exome sequencing and 
array hybridization. The TP53 tumor suppressor 
gene is implicated in the control of cell growth, DNA 
replication, and DNA repair. Some environmental 
factors induce TP53 mutations (179). It was found that 
p53 overexpression was related to cigarette smoking 
habit in EC subjects among high-risk populations (178). 
Other studies focused on this issue that this mutation 
may be caused by cigarette smoking carcinogens 
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(180,181). One of these carcinogen components is 
PAH (polycyclic aromatic hydrocarbon), which has 
been shown in a study in Golestan province that 
people are exposed moderately to highly that can 
be due to their lifestyle. The presence of mutations 
in exons 5 to 8 of TP53 gene in EC cancer was 
investigated in Tehran and northern Iran (161,182). In 
both studies, more than half of the cases had at least 
one TP53 mutation. The incidence of p53 mutation 
in EC is about 50%, and the frequency of changes 
appears to be higher in high incidence regions. A 
study in Japan found that the prognosis of patients 
with p53 mutation was poorer than patients whose 
tumors had no p53 mutations. Although some results 
showed that patients with p53 changes were likely to 
have shorter survival, its relevance as a prognostic 
factor is still controversial (160,183). P21 protein is 
a cell cycle regulator that acts when DNA damage 
occurred and leads to DNA repair or apoptosis. It 
was suggested that p21 polymorphisms might have 
a role in susceptibility to cancer (184,185). Of these 
polymorphisms that may occur, two of the most 
important ones are in codon 31 (p21 C98A, dbSNP 
rs1801270), which affect the DNA-binding zinc 
finger motif and in the 3’UTR (p21 C70T, dbSNP 
rs1059234) that occurs in the 3'-UTR. 3'-UTR is a 
central site for cell differentiation, proliferation, and 
tumor suppression (184,186). It affects mRNA stability 
by inducing rapid message degradation, leading to an 
alteration in the protein expression level (184,187). 
In a study, the effect of both polymorphisms of p21 
gene in codon 31 and the 3’UTR on the risk of EC in 
northeastern Iran was investigated, and there was no 
association between these two polymorphisms and 
EC development. But it became clear that cigarette 
smoking not only is a risk factor for ESCC but also 
it interacts with p21 polymorphisms in susceptibility 
to EC (188). It was also observed that the evaluation 
of expression of p21 could support valuable data on 
the prognosis of the disease among the populations 
at risk (188).

BRCA2
Breast cancer type 2 susceptibility protein 

(BRCA2) has a significant role in the repair of 
DNA, especially in cases that the damage is caused 
by different carcinogenic factors. The presence of 
mutations in this gene cause chromosomal instability, 
and abnormal changes can lead to EC (189). It is 

also demonstrated that BRCA2 is strongly related 
to a genetic susceptibility to familial EC (190). Six 
mutations have been detected in the coding region 
of BRCA2 gene in Turkmen patients with EC in 
Golestan province (58).

Fanconi anemia genes (FANC) 
Fanconi anemia (FA) is an abnormality and an 

autosomal disorder caused by genomic instability 
and bone marrow failure (191). FA can occur because 
of mutations in regulators of the FA pathway (192).

Several mutations, such as FANCD2 and 
FANCD1, have been detected in patients with a 
familial history of EC (193). In Golestan province, 
several FANC predisposing genes are related to an 
increased risk of ESCC (194).

Hyaluronic acid and laminin 
Hyaluronic acid and laminin are components of 

the extracellular matrix, which play their role in some 
cellular activities such as cell adhesion, migration, 
and proliferation (195). There are some reports about 
the association between their high serum levels and 
the types of cancers (196). This increase in serum 
levels in addition to cancer also has been identified 
in various liver diseases (197,198). Very few studies 
have been conducted on their use as markers with 
both positive and negative outcomes (199). But 
eventually, these studies concluded that serum 
hyaluronic acid and laminin levels in EC are high. 
Hyaluronic acid and laminin levels may be useful 
in finding high-risk groups or closer follow-ups. In 
Golestan province, mean serum hyaluronic acid and 
laminin concentrations in incidental cancer cases 
were higher than in controls in crude analyses, and 
strong associations were shown between hyaluronic 
acid levels and ESCC (beta coefficient = 0.332, P = 
0.05) in multivariate models (200).

MicroRNAs (miRNA) 
MicroRNAs (miRNAs) are non-coding RNAs 

that play a role in regulating gene expression (201). 
They bind to 3UTR of target mRNAs and repress 
their translation (202). miRNAs have been stated 
in different cancers, including EC (203-205). Some of 
miRNAs, which were associated with poor prognosis of 
ESCC are miR-103/107, miR-21, and MiR-27a (203-205).
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Occupational Exposure
In general, EC is not occupational cancer (206). The 

relationship between silica and EC was first reported 
in 1968 among the population of South Africa's 
Transkei, where it was thought that contaminated diet 
by silica was partly responsible for the high EC rates 
(207). The carcinogenic action of silica was reviewed 
by IARC, and crystalline silica was classified as 
group 1 carcinogen in 1997 for lung cancer (208). 
Several findings suggested that silica particles might 
play a role in the etiology of EC. In reality, a different 
result is available about the statistically important 
association between EC and silica exposure, some of 
them are in line and assume that silica plays a vital 
role in EC etiology, and others disagree.

O’Neill and colleagues described that 
contamination with fibrous silica in the diet is high, 
and there is a relationship between silica fibers in the 
millet bran and esophageal tumors. Contamination 
of wheat with sand and weed and its low quality is 
considered as essential features. Golestan province, 
is of the northern provinces of Iran, is located on the 
hot spots of the EC. Turkmen Sahra, as an area in the 
northeast of Iran, is recognized to have the highest 
rates of EC and to be one of the highest regions 
worldwide (209-212). Although EC in northeast Iran 
has a high incidence, there were no considerable 
changes between silica and wheat flour of this region 
and standard unit of measurement. It appears that 
silica could not play a vital role in the etiology of 
EC or is a risk factor when we consume it. Probably 
orally inhaled absorption of silica can be important 
on carcinogenicity when this scientific theory 
becomes acceptable that we pay attention to the 
major component of the Earth's crust. Silica that is 
in contact with the skin is an abundant mineral that is 
found in soil, sand, and rocks, but it is not assumed 
as a predisposing or carcinogenic factor (212). A 
historical study in Hong Kong showed an increased 
risk of mortality of EC among people in contact 
with silica (213). That previous data suggested that a 
significant amount of silica in the flour produced in 
this region may contribute to EC (209). But Jabbari and 
colleagues reported that no high level of silica in the 
flour of Golestan province was found (212). Selikoff 
and others in 1964 and 1978 (214, 215), followed by 
Miller in 1978 (216), put forward the association 
between asbestos as occupational exposure and some 
digestive cancers. However, the connection between 

exposure to asbestos and EC remains a controversial 
topic. In fact, on the report of IARC (217), the 
association between them is uncertain. However, 
several studies have shown that occupational asbestos 
exposure could increase the risk of EC up to 16-
fold (218-226). Li and co-workers in a meta-analysis 
reported that high amounts of asbestos might lead to 
a high risk of mortality from EC, and demonstrated 
an increased risk in the pooled estimate for mortality 
of EC in correlation with asbestos (222). 

Physiologic or Pathologic Predisposing Conditions

Gastroesophageal acid reflux
Gastroesophageal acid reflux (GERD) is probably 

the most potent risk factor for EAC. It seems that 
the risk to be higher in people with more frequent 
symptoms (206,227). The risk of EAC in people 
with regurgitation, heartburn, or both at least once 
a week, was approximately eight times more than 
people without these symptoms (228). Lagergren and 
colleagues in Sweden reported a robust dose-response 
relationship of both duration and frequency of reflux 
with EA. Also, in this study, any reflux was related 
to almost 8-fold increased risk, but increased risk up 
to 20-fold in persons with frequent or constant reflux 
(228). In studies from the USA, a higher prevalence 
of GERD symptoms in patients with EA compared 
to control populations was reported (229, 230). Also, 
some studies reported the dose-response relationship 
between reflux and EA had been an approximately 
4-fold increase in total and 8-fold for individuals 
having the highest frequencies (231-234). GERD can 
also be the cause of Barrett’s esophagus. Patients 
with Barrett’s esophagus are at more risk than people 
without this state to develop EA (235). Unlike EA, 
ESCC is reported not to be associated with GERD.

Achalasia
Achalasia is a chronic esophageal motility 

disorder caused by impaired lower esophageal 
sphincter (LES) relaxation and generally peristalsis 
of the distal esophagus. People with untreated 
achalasia, frequently complain of reflux symptoms 
(heartburn and regurgitation), and this leads to food 
stasis and fermentation in the esophagus, which may 
increase the risk for inflammation and EC (236,237). 
The incidence of achalasia in EC is reported to range 
from 0.4% to 9.2% (238-242). The relationship between 
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achalasia and EC was first reported as long ago as 
1872. There have been some studies addressing them 
since then, with useful but limited information (243). 
In most cases, EC develops 10-15 years after the 
diagnosis of achalasia or 20-25 years after the start 
of the symptoms of achalasia. There is a significant 
discrepancy in the reported risk of EC in achalasia, 
and several authors have shown an increase in EC up 
to 50 times higher than in control people (244, 245). 
Meijssen and others evaluated the incidence of EC 
in patients with achalasia who were treated. The risk 
of EC was about 33 times more than in the control 
people (245). Tustumi and co-workers reported an 
incidence of EC of 312.4 per 100,000 patient-years at 
risk. The prevalence of EC in patients with achalasia 
was 26 in 1,000 with an absolute risk increase for EC 
of 308.1 per 100,000 patients per year (246).

Gastric Atrophy
Gastric atrophy has been linked to gastric cancer 

as a risk factor for a long time (247). However, 
detection of a relationship between gastric atrophy 
and EC is a relatively recent finding. For the first 
time, Ye in 2003 showed that patients with pernicious 
anemia had a three-fold higher risk of EC than the 
healthy population. Because gastric atrophy is 
an important feature of pernicious anemia, it was 
assumed that gastric atrophy might also cause EC 
(248). Gastric atrophy can be indicated either by 
measuring serum pepsinogen concentrations or by 
direct histologic analysis of the gastric biopsies. 
Low serum pepsinogen-I (PGI) or the ratio of low 
serum pepsinogen I/ pepsinogen II (PGI/II) detect 
atrophy (249,250). Ye and colleagues reported a 4-fold 
increased risk of EC in patients with a low serum 
PGI (251). In addition, Iijima and colleagues found 
that gastric atrophy increases the risk of superficial 
EC by over 4-fold (252). In gastric atrophy, the 
gastric glands vanish, and acid secretion is reduced, 
leading to bacterial proliferation in the stomach, and 
thereby gastric atrophy can increase the risk of EC. 
In turn, these bacteria may increase the production of 
carcinogenic nitrosamines and acetaldehyde, which 
may clarify the link between gastric atrophy and 
esophageal neoplasia (206).

Hiatal Hernia
A hiatal hernia can increase the risk of EC by 

increasing the gastroesophageal acid reflux (232). 

Several studies reported the link between hiatal 
hernia and EC, and all have found that the risks 
have increased with relative risks up to 6 folds 
(231,232,253,254). In addition, people with Barrett’s 
esophagus that have high hiatal hernia have an 
increased risk of EC. In comparison with esophageal 
adenocarcinoma (EA), the risk of esophageal 
squamous cell carcinoma (ESCC) by the presence of 
a hiatal hernia is not increased (206).

Poor oral hygiene and tooth loss
Research studies from 1970 led to the hypothesis 

that poor oral health or tooth loss could increase the 
risk of EC (255). The relationship between poor oral 
hygiene and EC have been described in studies from 
some high-risk regions including Iran (256), China 
(26,255), India (257), and other regions such as Japan 
(258) and Latin America (259). In addition, poor oral 
hygiene was reported as the risk factor for esophageal 
squamous dysplasia, and as a synergistic factor with 
other risk factors, such as gastric atrophy, to increase 
the risk of EC (260,261). The associations found 
between poor oral health or tooth loss with EC could 
be confounded by low socioeconomic status, alcohol 
drinking, smoking, or other factors. Abnet and others, 
in Golestan province, examined the links between 
oral hygiene and tooth loss and the risk of EC, and 
the results did not differ materially in persons who 
have never smoked tobacco or drank alcohol; also, 
they found important relationships between poor oral 
health and lack of brushing tooth daily and risk of EC 
in people at high-risk of EC where frequently occur 
in never-smokers (256). In another study by Abnet in 
Finland, no relationship was reported between tooth 
loss and risk of EC (262). Also, various factors such 
as low SES, salivary bacterial microbiota, and rapid 
swallowing or incomplete chewing of large pieces 
of food that might cause damage or inflammation to 
the squamous esophageal epithelium, may be related 
with poor oral health, and increase risk of EC (255). 
Often studies of the relationship between poor oral 
hygiene and the risk of EC have been done in regions 
that ESCC constitutes the vast majority of cases, and 
there have been no studies particularly evaluating a 
relationship between poor oral hygiene and EA.  

In conclusion, in the last decades, the Golestan 
Cohort Study stated an obvious reduction in the 
incidence rate of ESCC (24.3/100,000 in men and 
19.1/100,000 in women). However, the ASRs of 

Risk Factors of Esophageal Cancer in Golestan Province 

131



Govaresh/ Vol.25/ No.2/ Summer 2020

ESCC has remained still high in both sexes. The 
etiology of the striking decline trend in ESCC was 
mainly unidentified, but the overall development 
in SES may be considered for the decrease rates 
of ESCC. Thus, more accurate risk stratification, 
further larger-scale or other screening/surveillance 
modalities, and prospective cohort studies for EC 
control are required in this area.

CONFLICT OF INTEREST 
None of the authors declare any conflict of interest.

REFERENCES 
1.	 Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, 

Rebelo M, et al. Cancer incidence and mortality worldwide: 
sources, methods and major patterns in GLOBOCAN 2012. Int 
J Cancer 2015;136:359-86.

2.	 Ferlay J, Colombet M, Soerjomataram I, Mathers C, Parkin D, 
Piñeros M, et al. Estimating the global cancer incidence and 
mortality in 2018: GLOBOCAN sources and methods. Int J 
Cancer 2019;144:1941-53.

3.	 Craver LF. A clinical study of etiology of gastric and esophageal 
carcinoma. Am J Cancer 1932;16:68-102.

4.	 Watson W. Cancer of the esophagus: some etiological 
considerations. Am J Roentgenol 1939;41:420-4.

5.	 Fléjou J-F. Esophageal Cancer: Pathology and Genetics 2019: 32-46.

6.	 Pennathur A, Gibson MK, Jobe BA, Luketich JD. Oesophageal 
carcinoma. Lancet 2013;381:400-12.

7.	 Rustgi AK, El-Serag HB. Esophageal carcinoma. N Engl J 
Med 2014; 371:2499-509.

8.	 Arnold M, Soerjomataram I, Ferlay J, Forman D. Global 
incidence of oesophageal cancer by histological subtype in 
2012. Gut 2015;64:381-7.

9.	 Wong MC, Hamilton W, Whiteman DC, Jiang JY, Qiao Y, Fung 
FD, et al. Global incidence and mortality of oesophageal cancer 
and their correlation with socioeconomic indicators temporal 
patterns and trends in 41 countries. Sci Rep 2018;8:4522.

10.	 Ghasemi-Kebria F, Roshandel G, Semnani S, Shakeri R, 
Khoshnia M, Naeimi-Tabiei M, et al. Marked increase in the 
incidence rate of esophageal adenocarcinoma in a high-risk 
area for esophageal cancer. Arch Iran Med 2013;16:320-3.

11.	 Kmet J, Mahboubi E. Esophageal cancer in the Caspian littoral 
of Iran: initial studies. Science 1972;175:846-53.

12.	 Mahboubi E, Kmet J, Cook P, Day N, Ghadirian P, Salmasizadeh 
S. Oesophageal cancer studies in the Caspian Littoral of Iran: 
the Caspian cancer registry. Br J Cancer 1973;28:197.

13.	 Gholipour C, Shalchi R, Abbasi M. A histopathological study 
of esophageal cancer on the western side of the Caspian littoral 
from 1994 to 2003. Dis Esophagus 2008;21:322-7.

14.	 Roshandel G, Sadjadi A, Aarabi M, Keshtkar A, Sedaghat SM, 
Nouraie SM, et al. Cancer incidence in Golestan Province: 
report of an ongoing population-based cancer registry in Iran 
between 2004 and 2008. Arch Iran Med 2012;15:196-200.

15.	 Semnani S, Sadjadi A, Fahimi S, Nouraie M, Naeimi M, Kabir J, 

et al. Declining incidence of esophageal cancer in the Turkmen 
Plain, eastern part of the Caspian Littoral of Iran: a retrospective 
cancer surveillance. Cancer Detect Prev 2006;30:14-9.

16.	 General S. Smoking and health: Washington, DC; 1979.

17.	 Alsamah W, Romia Y. Modification of natural killer cells to 
target tumors. Int J Pharm Clin Res 2014; 6:97-100.

18.	 Mehrotra R, Yadav S. Oral squamous cell carcinoma: etiology, 
pathogenesis and prognostic value of genomic alterations. 
Indian J cancer 2006; 43:60.

19.	 Pourshams A, Saadatian-Elahi M, Nouraie M, Malekshah 
A, Rakhshani N, Salahi R, et al. Golestan cohort study of 
oesophageal cancer: feasibility and first results. Br J Cancer 
2005; 92:176-81.

20.	 Nasrollahzadeh D, Kamangar F, Aghcheli K, Sotoudeh M, 
Islami F, Abnet C, et al. Opium, tobacco, and alcohol use in 
relation to oesophageal squamous cell carcinoma in a high-risk 
area of Iran. Br J cancer 2008;98:1857-63.

21.	 Lin Y, Totsuka Y, He Y, Kikuchi S, Qiao Y, Ueda J, et al. 
Epidemiology of esophageal cancer in Japan and China. J 
Epidemiol 2013:12:233-42.

22.	 Kamangar F, Malekzadeh R, Dawsey SM, Saeidi F. Esophageal 
cancer in Northeastern Iran: a review. Arch Iranian Med 
2007;10:70-82.

23.	 Liang H, Fan J-H, Qiao Y-L. Epidemiology, etiology, and 
prevention of esophageal squamous cell carcinoma in China. 
Cancer Biol Med 2017;14:33.

24.	 Kamangar F, Strickland PT, Pourshams A, Malekzadeh R, 
Boffetta P, Roth MJ, et al. High exposure to polycyclic aromatic 
hydrocarbons may contribute to high risk of esophageal cancer 
in northeastern Iran. Anticancer Res 2005;25:425-8.

25.	 Schottenfeld D, Fraumeni Jr JF. Cancer epidemiology and 
prevention: Oxford University Press; 2006.

26.	 Abnet CC, Qiao Y-L, Mark SD, Dong Z-W, Taylor PR, Dawsey 
SM. Prospective study of tooth loss and incident esophageal 
and gastric cancers in China. Cancer Causes Control 2001; 
12:847-54.

27.	 Group JI-IAfRoCS. Esophageal cancer studies in the Caspian 
littoral of Iran: results of population studies—a prodrome. J 
Natl Cancer Inst 1977;59:1127-38.

28.	 Cook-Mozaffari P, Azordegan F, Day N, Ressicaud A, Sabai 
C, Aramesh B. Oesophageal cancer studies in the Caspian 
Littoral of Iran: results of a case-control study. Br j Cancer 
1979; 39:293-309.

29.	 Baan R, Straif K, Grosse Y, Secretan B, El Ghissassi F, Bouvard 
V, et al. Carcinogenicity of alcoholic beverages. Lancet Oncol 
2007;8:292-3.

30.	 Boffetta P, Hashibe M. Alcohol and cancer. Lancet Oncol 
2006;7:149-56.

31.	 Tuyns A. Cancer of the oesophagus: further evidence of the 
relation to drinking habits in France. Int J Cancer 1970;5:152-6.

32.	 Audigier J, Tuyns A, Lambert R. Epidemiology of oesophageal 
cancer in France. Digestion 1975;13:209-19.

33.	 Tuyns A, Péquignot G, Abbatucci JS. Oesophageal cancer and 
alcohol consumption; importance of type of beverage. Int J 
Cancer 1979;23:443-7.

34.	 Nelson DE, Jarman DW, Rehm J, Greenfield TK, Rey G, 

Roshandel et al.

132



Govaresh/ Vol.25/ No.2/ Summer 2020

Kerr WC, et al. Alcohol-attributable cancer deaths and years 
of potential life lost in the United States. Am J Public Health 
2013;103:641-8.

35.	 Ghadirian P, Stein G, Gorodetzky C, Roberfroid M, Mahon G, 
Bartsch H, et al. Oesophageal cancer studies in the Caspian 
littoral of Iran: some residual results, including opium use as a 
risk factor. Int J Cancer 1985;35:593-7.

36.	 Hewer T, Rose E, Ghadirian P, Castegnaro M, Malaveille C, 
Bartsch H, et al. Ingested mutagens from opium and tobacco 
pyrolysis products and cancer of the oesophagus. Lancet 
1978;312:494-6.

37.	 Malaveille C, Friesen M, Camus A-M, Garren L, Hautefeuille 
A, Bereziat J-C, et al. Mutagens produced by the pyrolysis 
of opium and its alkaloids as possible risk factors in cancer 
of the bladder and oesophagus. Carcinogenesis 1982;3:577-
85.

38.	 Brewer M. Natural antioxidants: sources, compounds, 
mechanisms of action, and potential applications. Comprehensive 
reviews in food science and food safety 2011;10:221-47.

39.	 Boffetta P, Møller H, Saidi F, Dawsey SM, Malekzadeh R, 
Vahedi H, et al. Tea drinking habits and oesophageal cancer in. 
BMJ 2009; 338:b929.

40.	 Andrici J, Eslick GD. Hot food and beverage consumption and 
the risk of esophageal cancer: a meta-analysis. Am J Prev Med 
2015;49:952-60.

41.	 Islami F, Pourshams A, Nasrollahzadeh D, Kamangar F, 
Fahimi S, Shakeri R, et al. Tea drinking habits and oesophageal 
cancer in a high risk area in northern Iran: population based 
case-control study. BMJ 2009;338:b929.

42.	 Islami F, Poustchi H, Pourshams A, Khoshnia M, Gharavi 
A, Kamangar F, et al. A prospective study of tea drinking 
temperature and risk of esophageal squamous cell carcinoma. 
Int J Cancer 2019;146:18-25.

43.	 Mao W-M, Zheng W-H, Ling Z-Q. Epidemiologic risk factors 
for esophageal cancer development. Asian Pac J Cancer Prev 
2011;12:2461-6.

44.	 World Cancer Research Fund / American Institute for Cancer 
Research.Food, Nutrition, Physical Activity, and the Prevention 
of Cancer: a Global Perspective.Washington DC: AICR, 2007.

45.	 Greenwald P, Anderson D, Nelson SA, Taylor PR. Clinical trials 
of vitamin and mineral supplements for cancer prevention. Am 
J Clin Nutr 2007;85:314S-7S.

46.	 Hashemian M, Poustchi H, Abnet CC, Boffetta P, Dawsey 
SM, Brennan PJ, et al. Dietary intake of minerals and risk of 
esophageal squamous cell carcinoma: results from the Golestan 
Cohort Study. Am J Clin Nutr 2015;102:102-8.

47.	 Knekt P, Aromaa A, Maatela J, Alfthan G, Aaran R-K, 
Hakama M, et al. Serum selenium and subsequent risk of 
cancer among Finnish men and women. J Natl Cancer Inst 
1990;82:864-8.

48.	 Limburg PJ, Wei W, Ahnen DJ, Qiao Y, Hawk ET, Wang G, 
et al. Randomized, placebo-controlled, esophageal squamous 
cell cancer chemoprevention trial of selenomethionine and 
celecoxib. Gastroenterology 2005;129:863-73.

49.	 Jessri M, Rashidkhani B, Hajizadeh B, Jessri M, Gotay C. 
Macronutrients, vitamins and minerals intake and risk of 
esophageal squamous cell carcinoma: a case-control study in 
Iran. Nutr J 2011;10:137.

50.	 Sheikh M, Poustchi H, Pourshams A, Etemadi A, Islami F, Khoshnia 
M, et al. Individual and combined effects of environmental risk 
factors for esophageal cancer based on results from the Golestan 
Cohort Study. Gastroenterology 2019;156:1416-27.

51.	 Ediger L, Hwang L, editors. Water quality and environmental 
Health in southern China. BSR forum 2009;15:1-14.

52.	 Keshavarzi B, Moore F, Najmeddin A, Rahmani F, Malekzadeh 
A. Quality of drinking water and high incidence rate of 
esophageal cancer in Golestan province of Iran: a probable 
link. Environ Geochem Health 2012;34:15-26.

53.	 Golozar A, Etemadi A, Kamangar F, Malekshah AF, Islami F, 
Nasrollahzadeh D, et al. Food Preparation Methods, Drinking Water 
Source and Esophageal Squamous Cell Carcinoma in the High Risk 
Area of Golestan, Northeast Iran. Eur J Cancer Prev 2016;25:123-9.

54.	 Yang CY, Chiu HF, Tsai SS, Wu TN, Chang C-C. Magnesium 
and calcium in drinking water and the risk of death from 
esophageal cancer. Magnes Res 2002;15:215-22.

55.	 Yokokawa Y, Ohta S, Hou J, Zhang XL, Li SS, Ping YM, et al. 
Ecological study on the risks of esophageal cancer in Ci-xian, 
China: the importance of nutritional status and the use of well 
water. Int J Cancer 1999;83:620-4.

56.	 Tran GD, Sun XD, Abnet CC, Fan JH, Dawsey SM, Dong 
ZW, et al. Prospective study of risk factors for esophageal and 
gastric cancers in the Linxian general population trial cohort in 
China. Int J Cancer 2005;113:456-63.

57.	 Syrjänen K, Pyrhönen S, Aukee S, Koskela E. Squamous cell 
papilloma of the esophagus: a tumour probably caused by human 
papilloma virus (HPV). Diagn Histopathol 1982; 5:291-6.

58.	 Gholipour M, Islami F, Roshandel G, Khoshnia M, Badakhshan 
A, Moradi A, et al. Esophageal cancer in Golestan Province, 
Iran: a review of genetic susceptibility and environmental risk 
factors. Middle East J Dig Dis 2016;8:249.

59.	 Herrera-Goepfert R, Lizano M, Akiba S, Carrillo-García A, Becker-
D’Acosta M. Human papilloma virus and esophageal carcinoma in 
a Latin-American region. World J Gastroenterol 2009;15:3142-7.

60.	 Clifford G, Gallus S, Herrero R, Munoz N, Snijders P, Vaccarella 
S, et al. Worldwide distribution of human papillomavirus types 
in cytologically normal women in the International Agency 
for Research on Cancer HPV prevalence surveys: a pooled 
analysis. Lancet 2005;366:991-8.

61.	 Guo L, Liu S, Zhang S, Chen Q, Zhang M, Quan P, et al. 
Human papillomavirus-related esophageal cancer survival: A 
systematic review and meta-analysis. Medicine 2016;95:e5318.

62.	 Jalilvand S, Shoja Z, Hamkar R. Human papillomavirus burden 
in different cancers in Iran: a systematic assessment. Asian Pac 
J Cancer Prev 2014;15:7029-35.

63.	 Moradi A, Mokhtari-Azad T. Detection of HPV in cancerous 
and non-cancerous esophageal tissues from Turkmen-Sahra, 
Iran. Int J Cancer Res 2006;2:113-8.

64.	 Talamini G, Capelli P, Zamboni G, Mastromauro M, Pasetto 
M, Castagnini A, et al. Alcohol, smoking and papillomavirus 
infection as risk factors for esophageal squamous-cell 
papilloma and esophageal squamous-cell carcinoma in Italy. 
Int J Cancer 2000;86:874-8.

65.	 Koh J, Lee S-S, Baek H, Kim Y. No association of high-
risk human papillomavirus with esophageal squamous cell 
carcinomas among Koreans, as determined by polymerase 
chain reaction. Dis Esophagus 2008;21:114-7.

Risk Factors of Esophageal Cancer in Golestan Province 

133



Govaresh/ Vol.25/ No.2/ Summer 2020

66.	 Yao P-F, Li G-C, Li J, Xia H-S, Yang X-L, Huang H-Y, et al. 
Evidence of human papilloma virus infection and its epidemiology 
in esophageal squamous cell carcinoma. World J Gastroenterol 
2006;12:1352-5.

67.	 Franceschi S, Plummer M, Clifford G, de Sanjose S, Bosch 
X, Herrero R, et al. International Agency for Research on 
Cancer Human Papillomavirus Prevalence Surveys Study 
Group. Differences in the risk of cervical cancer and human 
papillomavirus infection by education level. Br J Cancer 
2009;101:865-70.

68.	 Syrjänen K. HPV infections and oesophageal cancer. J Clin 
Pathol 2002;55:721-8.

69.	 IARC Working Group on the Evaluation of Carcinogenic Risks 
to Humans. 2002;82, Lyon, France.

70.	 Islami F, Kamangar F, Aghcheli K, Fahimi S, Semnani 
S, Taghavi N, et al. Epidemiologic features of upper 
gastrointestinal tract cancers in Northeastern Iran. Br J Cancer 
2004;90:1402-6.

71.	 Polk DB, Peek Jr RM. Helicobacter pylori: gastric cancer and 
beyond. Nat Rev Cancer 2010;10:403.

72.	 Islami F, Kamangar F. Helicobacter pylori and esophageal 
cancer risk: a meta-analysis. Cancer Prev Res (Phila) 
2008;1:329-38.

73.	 Rokkas T, Pistiolas D, Sechopoulos P, Robotis I, Margantinis 
G. Relationship between Helicobacter pylori infection and 
esophageal neoplasia: a meta-analysis. Clin Gastroenterol 
Hepatol 2007; 5:1413-7. 

74.	 El-Omar EM, Rabkin CS, Gammon MD, Vaughan TL, 
Risch HA, Schoenberg JB, et al. Increased risk of noncardia 
gastric cancer associated with proinflammatory cytokine gene 
polymorphisms. Gastroenterology 2003;124:1193-201.

75.	 Wang Z, Tang L, Sun G, Tang Y, Xie Y, Wang S, et al. 
Etiological study of esophageal squamous cell carcinoma in 
an endemic region: a population-based case control study in 
Huaian, China. BMC Cancer 2006;6:287.

76.	 Chen X, Winckler B, Lu M, Cheng H, Yuan Z, Yang Y, et al. Oral 
microbiota and risk for esophageal squamous cell carcinoma in 
a high-risk area of China. PloS One 2015;10:e0143603.

77.	 Didwania N, Trivedi P. Mycotoxins: A review of toxicity, 
metabolism and biological approaches to counteract the 
production in food. MR Int J Res Eng Technol 2018;6:38-42.

78.	 Zain ME. Impact of mycotoxins on humans and animals. J 
Saudi Chem Soc 2011;15:129-44.

79.	 Becker-Algeri TA, Castagnaro D, de Bortoli K, de Souza C, 
Drunkler DA, Badiale-Furlong E. Mycotoxins in bovine milk 
and dairy products: a review. J Food Sci 2016;81:544-52.

80.	 Jarvis BB. Chemistry and toxicology of molds isolated from 
water-damaged buildings. Mycotoxins and Food Safety: 
Springer 2002;504:43-52.

81.	 Khatun S, Chakraborty M, Islam A, Cakilcioglu U, Chatterjee 
NC. Mycotoxins as health hazard. Biodivers. Conserv 
2012;5:123-33.

82.	 Trucksess M, Scott P. Mycotoxins in botanicals and dried 
fruits: a review. Food Addit Contam Part A Chem Anal Control 
Expo Risk Assess 2008;25:181-92.

83.	 Rheeder JP, Marasas WFO, Thiel PG, Sydenham EW, Shephard 
GS, Van Schalkwyk DJ. Fusarium moniliforme and fumonisins 

in corn in relation to human esophageal cancer in Transkei. 
Phytopath 1992:82:353-7.

84.	 Yoshizawa T, Yamashita A, Luo Y. Fumonisin occurrence 
in corn from high-and low-risk areas for human esophageal 
cancer in China. Appl Environ Microbiol 1994;60:1626-9.

85.	 Chu FS, Li GY. Simultaneous occurrence of fumonisin B1 
and other mycotoxins in moldy corn collected from the 
People's Republic of China in regions with high incidences of 
esophageal cancer. Appl Environ Microbiol 1994;60:847-52.

86.	 Sydenham EW, Thiel PG, Marasas WF, Shephard GS, Van 
Schalkwyk DJ, Koch KR. Natural occurrence of some 
Fusarium mycotoxins in corn from low and high esophageal 
cancer prevalence areas of the Transkei, Southern Africa. J 
Agric Food Chem 1990;38:1900-3.

87.	 Alizadeh AM, Roshandel G, Roudbarmohammadi S, Roudbary 
M, Sohanaki H, Ghiasian SA, et al. Fumonisin B1 contamination 
of cereals and risk of esophageal cancer in a high risk area in 
northeastern Iran. Asian Pac J Cancer Prev 2012;13:2625-8.

88.	 Shephard GS, Marasas WF, Leggott NL, Yazdanpanah H, 
Rahimian H, Safavi N. Natural occurrence of fumonisins in 
corn from Iran. J Agric Food Chem 2000;48:1860-4.

89.	 Marasas WF, Van Rensburg SJ, Mirocha CJ. Incidence of 
Fusarium species and the mycotoxins, deoxynivalenol and 
zearalenone, in corn produced in esophageal cancer areas in 
Transkei. J Agric Food Chem 1979;27:1108-12.

90.	 Wang H, Wei H, Ma J, Luo X. The fumonisin B1 content in 
corn from North China, a high-risk area of esophageal cancer. 
J Environ Pathol Toxicol Oncol 2000;19:139-41.

91.	 Ghasemi-Kebria F, Joshaghani H, Taheri NS, Semnani S, 
Aarabi M, Salamat F, et al. Aflatoxin contamination of wheat 
flour and the risk of esophageal cancer in a high risk area in 
Iran. Cancer Epidemiol 2013;37:290-3.

92.	 Abnet CC, Borkowf CB, Qiao Y-L, Albert PS, Wang E, Merrill 
AH, et al. Sphingolipids as biomarkers of fumonisin exposure 
and risk of esophageal squamous cell carcinoma in china. 
Cancer Causes Control 2001;12:821-8.

93.	 Haritash A, Kaushik C. Biodegradation aspects of polycyclic 
aromatic hydrocarbons (PAHs): a review. J Hazard Mater 
2009;169:1-15.

94.	 Abedi-Ardekani B, Kamangar F, Hewitt SM, Hainaut 
P, Sotoudeh M, Abnet CC, et al. Polycyclic aromatic 
hydrocarbon exposure in oesophageal tissue and risk of 
oesophageal squamous cell carcinoma in north-eastern Iran. 
Gut 2010;59:1178-83.

95.	 Roshandel G, Semnani S, Malekzadeh R, Dawsey SM. 
Polycyclic aromatic hydrocarbons and esophageal squamous 
cell carcinoma. Arch Iran Med 2012;15:713-22.

96.	 Chang K-F, Fang G-C, Chen J-C, Wu Y-S. Atmospheric 
polycyclic aromatic hydrocarbons (PAHs) in Asia: a review 
from 1999 to 2004. Environ Pollut 2006;142:388-96.

97.	 Hakami R, Mohtadinia J, Etemadi A, Kamangar F, Nemati M, 
Pourshams A, et al. Dietary intake of benzo (a) pyrene and risk of 
esophageal cancer in north of Iran. Nutr Cancer 2008;60:216-21.

98.	 Marjani HA, Biramijamal F, Rakhshani N, Hossein-Nezhad A, 
Malekzadeh R. Investigation of NQO1 genetic polymorphism, 
NQO1 gene expression and PAH-DNA adducts in ESCC. A 
case-control study from Iran. Genet Mol Res 2010;9:239-49.

Roshandel et al.

134



Govaresh/ Vol.25/ No.2/ Summer 2020

99.	 Gomaa EA, Gray JI, Rabie S, Lopez-Bote C, Booren AM. Polycyclic 
aromatic hydrocarbons in smoked food products and commercial 
liquid smoke flavourings. Food Addit Contam 1993;10:503-21.

100.	 Santodonato J, Howard P, Basu D. Health and ecological 
assessment of polynuclear aromatic hydrocarbons. J Environ 
Pathol Toxicol 1981;5:1-364.

101.	 Rothman N, Poirier MC, Haas RA, Correa-Villasenor A, Ford P, 
Hansen JA, et al. Association of PAH-DNA adducts in peripheral 
white blood cells with dietary exposure to polyaromatic 
hydrocarbons. Environ Health Perspect 1993; 99:265-7.

102.	 Lodovici M, Dolara P, Casalini C, Ciappellano S, Testolin G. 
Polycyclic aromatic hydrocarbon contamination in the Italian 
diet. Food Addit Contam 1995;12:703-13.

103.	 Gunier RB, Reynolds P, Hurley SE, Yerabati S, Hertz A, 
Strickland P, et al. Estimating exposure to polycyclic aromatic 
hydrocarbons: a comparison of survey, biological monitoring, 
and geographic information system-based methods. Cancer 
Epidemiol Biomarkers Prev 2006;15:1376-81.

104.	 Garte S, Taioli E, Raimondi S, Paracchini V, Binkova B, Sram 
RJ, et al. Effects of metabolic genotypes on intermediary 
biomarkers in subjects exposed to PAHS: results from the 
EXPAH study. Mutat Res 2007;620:7-15.

105.	 Straif K, Baan R, Grosse Y, Secretan B, El Ghissassi F, Cogliano 
V. Carcinogenicity of polycyclic aromatic hydrocarbons. 
Lancet Oncol 2005;6:931-2.

106.	 Islami F, Boffetta P, Van Schooten FJ, Strickland P, Phillips 
DH, Pourshams A, et al. Exposure to polycyclic aromatic 
hydrocarbons among never smokers in Golestan Province, 
Iran, an area of high incidence of esophageal cancer–a cross-
sectional study with repeated measurement of urinary 1-OHPG 
in two seasons. Front Oncol 2012;2:14.

107.	 Kamangar F, Chow WH, Abnet CC, Dawsey SM. 
Environmental causes of esophageal cancer. Gastroenterol 
Clin North Am 2009; 38:27-57.

108.	 Altkofer W, Braune S, Ellendt K, Kettl-Gromminger M, 
Steiner G. Migration of nitrosamines from rubber products--
are balloons and condoms harmful to the human health? Mol 
Nutr Food Res 2005;49:235-8.

109.	 Moguel-Gloria A, Vanegas-Farfano D. Diet and cancer: The 
case of red and processed meat. Médica Sur 2017;23:68-73.

110.	 Islami F, Kamangar F, Nasrollahzadeh D, Moller H, 
Boffetta P, Malekzadeh R. Oesophageal cancer in Golestan 
Province, a high-incidence area in northern Iran - a review. 
Eur J Cancer 2009;45:3156-65.

111.	 Okaru AO, Rullmann A, Farah A, Gonzalez de Mejia E, Stern 
MC, Lachenmeier DW. Comparative oesophageal cancer risk 
assessment of hot beverage consumption (coffee, mate and 
tea): the margin of exposure of PAH vs very hot temperatures. 
BMC Cancer 2018;18:236.

112.	 Lu SH, Yang WX, Guo LP, Li FM, Wang GJ, Zhang JS, et al. 
Determination of N-nitrosamines in gastric juice and urine and 
a comparison of endogenous formation of N-nitrosoproline 
and its inhibition in subjects from high- and low-risk areas for 
oesophageal cancer. IARC Sci Publ 1987:538-43.

113.	 Larsson SC, Orsini N, Wolk A. Processed meat consumption 
and stomach cancer risk: a meta-analysis. J Natl Cancer Inst 
2006;98:1078-87.

114.	 Morita M, Kumashiro R, Kubo N, Nakashima Y, Yoshida R, 

Yoshinaga K, et al. Alcohol drinking, cigarette smoking, and 
the development of squamous cell carcinoma of the esophagus: 
epidemiology, clinical findings, and prevention. Int J Clin 
Oncol 2010;15:126-34.

115.	 Kamangar F, Malekzadeh R, Dawsey SM, Saidi F. Esophageal 
cancer in Northeastern Iran: a review. Arch Iran Med 
2007;10:70-82.

116.	 Salaspuro MP. Acetaldehyde, microbes, and cancer of the 
digestive tract. Crit Rev Clin Lab Sci 2003;40:183-208.

117.	 Salaspuro M. Interrelationship between alcohol, 
smoking, acetaldehyde and cancer. Novartis Found Symp 
2007;285:80-199.

118.	 Okata H, Hatta W, Iijima K, Asanuma K, Tsuruya A, Asano 
N, et al. Detection of Acetaldehyde in the Esophageal 
Tissue among Healthy Male Subjects after Ethanol Drinking 
and Subsequent L-Cysteine Intake. Tohoku J Exp Med 
2018;244:317-25.

119.	 Stornetta A, Guidolin V, Balbo S. Alcohol-derived acetaldehyde 
exposure in the oral cavity. Cancers 2018;10:20.

120.	 Secretan B, Straif K, Baan R, Grosse Y, El Ghissassi F, 
Bouvard V, et al. A review of human carcinogens--Part E: 
tobacco, areca nut, alcohol, coal smoke, and salted fish. Lancet 
Oncol 2009;10:1033-4.

121.	 Tanaka F, Yamamoto K, Suzuki S, Inoue H, Tsurumaru M, 
Kajiyama Y, et al. Strong interaction between the effects of 
alcohol consumption and smoking on oesophageal squamous 
cell carcinoma among individuals with ADH1B and/or ALDH2 
risk alleles. Gut 2010;59:1457-64.

122.	 Secretan B, Straif K, Baan R, Grosse Y, El Ghissassi F, 
Bouvard V, et al. A review of human carcinogens--Part E: 
tobacco, areca nut, alcohol, coal smoke, and salted fish. Lancet 
Oncol 2009;10:1033-4.

123.	 Ohashi S, Miyamoto S, Kikuchi O, Goto T, Amanuma Y, 
Muto M. Recent Advances From Basic and Clinical Studies 
of Esophageal Squamous Cell Carcinoma. Gastroenterology 
2015;149:1700-15.

124.	 Chetwood JD, Garg P, Finch P, Gordon M. Systematic review: the 
etiology of esophageal squamous cell carcinoma in low-income 
settings. Expert Rev Gastroenterol Hepatol 2019; 13:71-88.

125.	 Vioque J, Barber X, Bolumar F, Porta M, Santibáñez M, de 
la Hera MG, et al. Esophageal cancer risk by type of alcohol 
drinking and smoking: a case-control study in Spain. BMC 
cancer 2008;8:221.

126.	 Monteiro CA, Moura EC, Conde WL, Popkin BM. Socioeconomic 
status and obesity in adult populations of developing countries: a 
review. Bull World Health Organ 2004;82:940-6.

127.	 Bosetti C, Franceschi S, Negri E, Talamini R, Tomei F, Vecchia 
CL. Changing socioeconomic correlates for cancers of the 
upper digestive tract. Ann Oncol 2001;12:327-30.

128.	 Nagel G, Linseisen J, Boshuizen HC, Pera G, Del Giudice 
G, Westert GP, et al. Socioeconomic position and the risk of 
gastric and oesophageal cancer in the European Prospective 
Investigation into Cancer and Nutrition (EPIC-EURGAST). 
Int J Epidemiol 2007;36:66-76.

129.	 Wang N, Cao F, Liu F, Jia Y, Wang J, Bao C, et al. The effect 
of socioeconomic status on health-care delay and treatment of 
esophageal cancer. J Transl Med 2015;13:241.

Risk Factors of Esophageal Cancer in Golestan Province 

135



Govaresh/ Vol.25/ No.2/ Summer 2020

130.	 Gholipour M, Islami F, Roshandel G, Khoshnia M, Badakhshan 
A, Moradi A, et al. Esophageal Cancer in Golestan Province, 
Iran: A Review of Genetic Susceptibility and Environmental 
Risk Factors. Middle East J Dig Dis 2016;8:249-66.

131.	 Dar NA, Shah IA, Bhat GA, Makhdoomi MA, Iqbal B, Rafiq 
R, et al. Socioeconomic status and esophageal squamous cell 
carcinoma risk in Kashmir, India. Cancer Sci 2013;104:1231-6.

132.	 Tran GD, Sun XD, Abnet CC, Fan JH, Dawsey SM, Dong 
ZW, et al. Prospective study of risk factors for esophageal and 
gastric cancers in the Linxian general population trial cohort in 
China. Int J Cancer 2005;113:456-63.

133.	 Cook-Mozaffari PJ, Azordegan F, Day NE, Ressicaud A, Sabai C, 
Aramesh B. Oesophageal cancer studies in the Caspian Littoral of 
Iran: results of a case-control study. Br J Cancer 1979;39:293-309.

134.	 Brown LM, Silverman DT, Pottern LM, Schoenberg JB, 
Greenberg RS, Swanson GM, et al. Adenocarcinoma of the 
esophagus and esophagogastric junction in white men in the 
United States: alcohol, tobacco, and socioeconomic factors. 
Cancer Causes Control 1994;5:333-40.

135.	 Brown LM, Hoover R, Silverman D, Baris D, Hayes R, 
Swanson GM, et al. Excess incidence of squamous cell 
esophageal cancer among US Black men: role of social class 
and other risk factors. Am J Epidemiol 2001;153:114-22.

136.	 Wei WQ, Abnet CC, Lu N, Roth MJ, Wang GQ, Dye BA, et 
al. Risk factors for oesophageal squamous dysplasia in adult 
inhabitants of a high risk region of China. Gut 2005;54:759-63.

137.	 Weiderpass E, Pukkala E. Time trends in socioeconomic 
differences in incidence rates of cancers of gastro-intestinal 
tract in Finland. BMC Gastroenterol 2006;6:41.

138.	 Jansson C, Johansson AL, Nyren O, Lagergren J. Socioeconomic 
factors and risk of esophageal adenocarcinoma: a nationwide 
Swedish case-control study. Cancer Epidemiol Biomarkers Prev 
2005;14:1754-61.

139.	 Brewster D, Fraser L, McKinney P, Black R. Socioeconomic 
status and risk of adenocarcinoma of the oesophagus and cancer 
of the gastric cardia in Scotland. Br J Cancer 2000; 83:38790-.

140.	 Thein HH, Anyiwe K, Jembere N, Yu B, De P, Earle CC. Effects 
of socioeconomic status on esophageal adenocarcinoma stage 
at diagnosis, receipt of treatment, and survival: A population-
based cohort study. PLoS One 2017;12:e0186350.

141.	 Chang C-M, Su Y-C, Lai N-S, Huang K-Y, Chien S-H, Chang 
Y-H, et al. The combined effect of individual and neighborhood 
socioeconomic status on cancer survival rates. PloS One 2012; 
7:e44325.

142.	 Wu C-C, Chang C-M, Hsu T-W, Lee C-H, Chen J-H, Huang C-Y, 
et al. The effect of individual and neighborhood socioeconomic 
status on esophageal cancer survival in working-age patients in 
Taiwan. Medicine 2016;95: e4140.

143.	 Chang-Claude J, Becher H, Blettner M, Qiu S, Yang G, 
Wahrendorf J. Familial aggregation of oesophageal cancer in a 
high incidence area in China. Int J Epidemiol 1997;26:1159-65.

144.	 Gao Y, Hu N, Han X, Giffen C, Ding T, Goldstein A, et al. 
Family history of cancer and risk for esophageal and gastric 
cancer in Shanxi, China. BMC Cancer 2009; 9:269.

145.	 Akbari MR, Malekzadeh R, Nasrollahzadeh D, Amanian 
D, Sun P, Islami F, et al. Familial risks of esophageal cancer 
among the Turkmen population of the Caspian littoral of Iran. 
Int J Cancer 2006;119:1047-51.

146.	 Ji J, Hemminki K. Familial risk for esophageal cancer: an 
updated epidemiologic study from Sweden. Clin Gastroenterol 
Hepatol 2006;4:840-5.

147.	 Turati F, Edefonti V, Bosetti C, Ferraroni M, Malvezzi M, 
Franceschi S, et al. Family history of cancer and the risk 
of cancer: a network of case–control studies. Ann Oncol 
2013;24:2651-6.

148.	 Mosavi-Jarrahi A, Mohagheghi MA. Epidemiology of 
esophageal cancer in the high-risk population of Iran. Asian 
Pac J Cancer Prev 2006;7:375.

149.	 Ghadirian P. Familial history of esophageal cancer. Cancer 
1985;56:2112-6.

150.	 Wang Y-P, Han X-Y, Su W, Wang Y-L, Zhu Y-W, Sasaba T, et 
al. Esophageal cancer in Shanxi Province, People's Republic 
of China: a case-control study in high and moderate risk areas. 
Cancer Causes Control 1992;3:107-13.

151.	 Kato I, Tominaga S, Suzuki T. Correspondence in cancer history 
between husbands and wives. Jpn J Cancer Res 1990;81:584-9.

152.	 Hiyama T, Yoshihara M, Tanaka S, Chayama K. Genetic 
polymorphisms and esophageal cancer risk. Int J Cancer 
2007;121:1643-58.

153.	 Cassidy A, Myles J, Duffy S, Liloglou T, Field J. Family 
history and risk of lung cancer: age-at-diagnosis in cases and 
first-degree relatives. Br J Cancer 2006; 95:128890-.

154.	 Chen T, Cheng H, Chen X, Yuan Z, Yang X, Zhuang M, et al. 
Family history of esophageal cancer increases the risk of 
esophageal squamous cell carcinoma. Sci Rep 2015; 5:16038.

155.	 Dhillon PK, Farrow DC, Vaughan TL, Chow WH, Risch 
HA, Gammon MD, et al. Family history of cancer and risk 
of esophageal and gastric cancers in the United States. Int J 
Cancer 2001;93:148-52.

156.	 Lagergren J, Ye W, Lindgren A, Nyrén O. Heredity and risk of 
cancer of the esophagus and gastric cardia. Cancer Epidemiol 
Biomarkers Prev 2000;9:757-60.

157.	 Kim SG, Hong SJ, Kwon KW, Jung SW, Kim WY, Jung IS, 
et al. The expression of p53, p16, cyclin D1 in esophageal 
squamous cell carcinoma and esophageal dysplasia. Korean J 
Gastroenterol 2006;48:269-76.

158.	 Hu YC, Lam KY, Law S, Wong J, Srivastava G. Identification 
of differentially expressed genes in esophageal squamous cell 
carcinoma (ESCC) by cDNA expression array: overexpression 
of Fra-1, Neogenin, Id-1, and CDC25B genes in ESCC. Clin 
Cancer Res 2001;7:2213-21.

159.	 Zhang X, Lin P, Zhu Z-H, Long H, Wen J, Yang H, et al. 
Expression profiles of early esophageal squamous cell 
carcinoma by cDNA microarray. Cancer Genet Cytogenet 
2009;194:23-9.

160.	 Lam AKY. Molecular biology of esophageal squamous cell 
carcinoma. Crit Rev Oncol Hematol 2000;33:71-90.

161.	 Abnet CC, Freedman ND, Hu N, Wang Z, Yu K, Shu X-O, et 
al. A shared susceptibility locus in PLCE1 at 10q23 for gastric 
adenocarcinoma and esophageal squamous cell carcinoma. Nat 
Genet 2010; 42:7647-.

162.	 Wang L-D, Zhou F-Y, Li X-M, Sun L-D, Song X, Jin Y, et al. 
Genome-wide association study of esophageal squamous cell 
carcinoma in Chinese subjects identifies a susceptibility locus 
at PLCE1. Nat Genet 2010;42:759-63.

Roshandel et al.

136



Govaresh/ Vol.25/ No.2/ Summer 2020

163.	 Citro S, Malik S, Oestreich EA, Radeff-Huang J, Kelley GG, 
Smrcka AV, et al. Phospholipase Cε is a nexus for Rho and 
Rap-mediated G protein-coupled receptor-induced astrocyte 
proliferation. Proc Natl Acad Sci U S A 2007;104:15543-8.

164.	 Hu H, Yang J, Sun Y, Yang Y, Qian J, Jin L, et al. Putatively 
functional PLCE1 variants and susceptibility to esophageal 
squamous cell carcinoma (ESCC): a case–control study in 
eastern Chinese populations. Ann Surg Oncol 2012;19:2403-10.

165.	 Zhou R-m, Li Y, Wang N, Liu B-c, Chen Z-f, Zuo L-f. 
PLC-ε1 gene polymorphisms significantly enhance the risk 
of esophageal squamous cell carcinoma in individuals with a 
family history of upper gastrointestinal cancers. Arch Med Res 
2012;43:578-84.

166.	 Cote M, Kardia S, Wenzlaff A, Land S, Schwartz A. 
Combinations of glutathione S-transferase genotypes and risk of 
early-onset lung cancer in Caucasians and African Americans: a 
population-based study. Carcinogenesis 2005;26:811-9.

167.	 Strange RC, Jones PW, Fryer AA. Glutathione S-transferase: 
genetics and role in toxicology. Toxicol Lett 2000;112:357-63.

168.	 Ishimoto TM, Ali-Osman F. Allelic variants of the human 
glutathione S-transferase P1 gene confer differential 
cytoprotection against anticancer agents in Escherichia coli. 
Pharmacogenetics 2002;12:543-53.

169.	 Tan X, Chen M. Association between glutathione S-transferases 
P1 Ile105Val polymorphism and susceptibility to esophageal 
cancer: evidence from 20 case–control studies. Mol Biol Rep 
2015;42:399-408.

170.	 Sweeney C, McClure GY, Fares MY, Stone A, Coles BF, 
Thompson PA, et al. Association between survival after 
treatment for breast cancer and glutathione S-transferase P1 
Ile105Val polymorphism. Cancer Res 2000;60:5621-4.

171.	 Zendehdel K, Bahmanyar S, McCarthy S, Nyren O, Andersson 
B, Ye W. Genetic polymorphisms of glutathione S-transferase 
genes GSTP1, GSTM1, and GSTT1 and risk of esophageal and 
gastric cardia cancers. Cancer Causes Control 2009;20:2031.

172.	 Ogino S, Konishi H, Ichikawa D, Matsubara D, Shoda K, 
Arita T, et al. Glutathione S-transferase Pi 1 is a valuable 
predictor for cancer drug resistance in esophageal squamous 
cell carcinoma. Cancer Sci 2019;110:795.

173.	 Zheng H, Zhao Y. Association of CYP1A1 MspI polymorphism 
in the esophageal cancer risk: a meta-analysis in the Chinese 
population. Eur J Med Res 2015; 20:46.

174.	 Yun Y-X, Dai L-P, Wang P, Wang K-J, Zhang J-Y, Xie 
W. Association of polymorphisms in X-ray repair cross 
complementing 1 gene and risk of esophageal squamous cell 
carcinoma in a Chinese population. Biomed Res Int 2015;2015.

175.	 Li K, Yin X, Yang H, Yang J, Zhao J, Xu C, et al. Association of the 
genetic polymorphisms in XRCC6 and XRCC5 with the risk of ESCC 
in a high-incidence region of North China. Tumori 2015;101:24-9.

176.	 Savage SA, Abnet CC, Mark SD, Qiao Y-L, Dong Z-W, Dawsey 
SM, et al. Variants of the IL8 and IL8RB genes and risk for gastric 
cardia adenocarcinoma and esophageal squamous cell carcinoma. 
Cancer Epidemiol Biomarkers Prev 2004;13:2251-7.

177.	 Yang Y, Fa X. Role of IL-10 gene polymorphisms on the 
susceptibility for esophageal cancer and its association with 
environmental factors. Int J Clin Exp Pathol 2015; 8:9580-95.

178.	 Taghavi N, Biramijamal F, Sotoudeh M, Moaven O, Khademi 
H, Abbaszadegan MR, et al. Association of p53/p21 expression 

with cigarette smoking and prognosis in esophageal squamous 
cell carcinoma patients. World J Gastroenterol 2010;16:4958-67.

179.	 Hainaut P, Hollstein M. p53 and human cancer: the first ten 
thousand mutations. Adv Cancer Res 1999. p. 81-137.

180.	 Mizobuchi S, Furihata M, Sonobe H, Ohtsuki Y, Ishikawa T, 
Murakami H, et al. Association between p53 immunostaining and 
cigarette smoking in squamous cell carcinoma of the esophagus. 
Japan J Clin Oncol 2000; 30:423-428.

181.	 Habuchi T, Takahashi R, Yamada H, Ogawa O, Kakehi Y, Ogura 
K, et al. Influence of cigarette smoking and schistosomiasis 
on p53 gene mutation in urothelial cancer. Cancer Res 1993; 
53:3795-3799.

182.	 Cui X-B, Chen Y-Z, Pang X-l, Liu W, Hu J-M, Li S-G, et al. 
Multiple polymorphisms within the PLCE1 are associated 
with esophageal cancer via promoting the gene expression in a 
Chinese Kazakh population. Gene 2013; 530:315-322.

183.	 Mandard AM, Hainaut P, Hollstein M. Genetic steps in the 
development of squamous cell carcinoma of the esophagus. 
Mutal Res 2000; 462:335-342.

184.	 Li G, Liu Z, Sturgis EM, Shi Q, Chamberlain RM, Spitz MR, 
et al. Genetic polymorphisms of p21 are associated with risk of 
squamous cell carcinoma of the head and neck. Carcinogenesis 
2005; 26:1596-1602.

185.	 Roninson IB. Oncogenic functions of tumour suppressor 
p21Waf1/Cip1/Sdi1: association with cell senescence and 
tumour-promoting activities of stromal fibroblasts. Cancer 
letters 2002; 179:1-14.

186.	 Fan H, Villegas C, Huang A, Wright JA. Suppression of 
malignancy by the 3′ untranslated regions of ribonucleotide 
reductase R1 and R2 messenger RNAs. Cancer Res 
1996;56:4366-9.

187.	 Wu M-T, Wu D-C, Hsu H-K, Kao E-L, Yang C-H, Lee J-M. 
Association between p21 codon 31 polymorphism and 
esophageal cancer risk in a Taiwanese population. Cancer lett 
2003;201:175-80.

188.	 Taghavi N, Biramijamal F, Abbaszadegan MR, Khademi 
H, Sotoudeh M, Khoshbakht S. P21 (waf1/cip1) gene 
polymorphisms and possible interaction with cigarette smoking 
in esophageal squamous cell carcinoma in northeastern Iran: a 
preliminary study. Arch Iran Med 2010;13:235-42.

189.	 Hu N, Wang C, Han X-Y, He L-J, Tang Z-Z, Giffen C, et al. 
Evaluation of BRCA2 in the genetic susceptibility of familial 
esophageal cancer. Oncogene 2004;23:852-8.

190.	 Goode EL, Ulrich CM, Potter JD. Polymorphisms in DNA 
repair genes and associations with cancer risk. Cancer 
Epidemiol Biomarkers Prev 2002;11:1513-30.

191.	 Lindor NM, McMaster ML, Lindor CJ, Greene MH. Concise 
handbook of familial cancer susceptibility syndromes. J Natl 
Cancer Inst Monogr 2008;2008:3-93.

192.	 Moldovan G-L, D'Andrea AD. How the fanconi anemia 
pathway guards the genome. Annu Rev Genet 2009;43:223-49.

193.	 Langevin F, Crossan GP, Rosado IV, Arends MJ, Patel KJ. 
Fancd2 counteracts the toxic effects of naturally produced 
aldehydes in mice. Nature 2011;475:53.

194.	 Akbari MR, Malekzadeh R, Lepage P, Roquis D, Sadjadi AR, 
Aghcheli K, et al. Mutations in Fanconi anemia genes and the 
risk of esophageal cancer. Hum Genet 2011;129:573-82.

Risk Factors of Esophageal Cancer in Golestan Province 

137



Govaresh/ Vol.25/ No.2/ Summer 2020

195.	 Genasetti A, Vigetti D, Viola M, Karousou E, Moretto P, Rizzi 
M, et al. Hyaluronan and human endothelial cell behavior. 
Connect Tissue Res 2008;49:120-3.

196.	 Rosa H, Parise ER. Is there a place for serum laminin 
determination in patients with liver disease and cancer? World 
J Gastroenterol 2008;14:3628.

197.	 Parsian H, Nouri M, Soumi MH, Rahimipour A, Qujeq D, 
Estakhri R, et al. Attenuation of serum laminin concentrations 
upon treatment of chronic hepatitis. New Zealand J Med Lab 
Sci 2009;63:12-7.

198.	 Parsian H, Rahimipour A, Nouri M, Somi MH, Qujeq D. 
Assessment of liver fibrosis development in chronic hepatitis 
B patients by serum hyaluronic acid and laminin levels. Acta 
Clin Croat 2010;49:257-65.

199.	 Frebourg T, Lerebours G, Delpech B, Benhamou D, Bertrand 
P, Maingonnat C, et al. Serum hyaluronate in malignant pleural 
mesothelioma. Cancer 1987;59:2104-7.

200.	 Aghcheli K, Parsian H, Qujeq D, Talebi M, Mosapour A, 
Khalilipour E, et al. Serum hyaluronic acid and laminin as 
potential tumor markers for upper gastrointestinal cancers. Eur 
J Intern Med 2012;23:58-64.

201.	 Bartel DP. MicroRNAs: genomics, biogenesis, mechanism, 
and function. Cell 2004;116:281-97.

202.	 Farh KK-H, Grimson A, Jan C, Lewis BP, Johnston WK, Lim 
LP, et al. The widespread impact of mammalian MicroRNAs on 
mRNA repression and evolution. Science 2005;310:1817-21.

203.	 Olive V, Jiang I, He L. mir-17-92, a cluster of miRNAs 
in the midst of the cancer network. Int J Biochem Cell Biol 
2010;42:1348-54.

204.	 Zhang J, Huang X, Xiao J, Yang Y, Zhou Y, Wang X, et 
al. Pri-miR-124 rs531564 and pri-miR-34b/c rs4938723 
polymorphisms are associated with decreased risk of 
esophageal squamous cell carcinoma in Chinese populations. 
PloS One 2014; 9:e100055.

205.	 Croce CM. Causes and consequences of microRNA 
dysregulation in cancer. Nat Rev Genet 2009;10:704-14.

206.	 Kamangar F, Chow W-H, Abnet CC, Dawsey SM. 
Environmental causes of esophageal cancer. Gastroenterol 
Clin North Am 2009;38:27-57.

207.	 Rose E. Carcinogenesis and oesophageal insults. S Afr Med J 
1968;42:334-6.

208.	 IARC Working Group on the Evaluation of Carcinogenic Risks 
to Humans. 1997; Lyon, France.

209.	 O'neill C, Hodges G, Riddle P, Jordan P, Newman R, Flood 
R, et al. A fine fibrous silica contaminant of flour in the high 
oesophageal cancer area of North-East Iran. Int J Cancer 
1980;26:617-28.

210.	 O'Neill C, Clarke G, Hodges G, Jordan P, Newman R, Pan Q-Q, 
et al. Silica fragments from millet bran in mucosa surrounding 
oesophageal tumours in patients in northern China. Lancet 
1982;319:1202-6.

211.	 Semnani S, Besharat S, Abdolahi N, Kalavi K, Fazeli S, 
Davarian A, et al. Esophageal cancer in northeastern Iran. 
Indian J Gastroenterol 2005;24:224.

212.	 Jabbari A, Besharat S, Semnani S. Role of silis in esophageal 
cancer. World J Gastroenterol 2008; 14:3106-7.

213.	 Yu ITS, Tse LA, Wong TW, Leung CC, Tam CM, Chan AC. 
Further evidence for a link between silica dust and esophageal 
cancer. Int J Cancer 2005;114:479-83.

214.	 Selikoff IJ, Churg J, Hammond EC. Asbestos exposure and 
neoplasia. JAMA 1964;188:22-6.

215.	 Selikoff IJ, Hammond EC. Asbestos-associated disease in 
United States shipyards. CA Cancer J Clin 1978; 28:87-99.

216.	 Miller A. Asbestos fibre dust and gastro-intestinal malignancies. 
Review of literature with regard to a cause/effect relationship. 
J Chronic Dis 1978;31:23-33.

217.	 Cancer IAfRo. Working Group on the Evaluation of Carcinogenic 
Risks to Humans. Chemical agents and related occupations. 
IARC Monogr Eval Carcinog Risks Hum 2012;100:9-562.

218.	 Fitzgerald RC, Rhodes JM. Ingested asbestos in filtered beer, 
in addition to occupational exposure, as a causative factor in 
oesophageal adenocarcinoma. Br J Cancer 2019:1:1099-104.

219.	 Gustavsson P, Evanoff B, Hogstedt C. Increased risk of 
esophageal cancer among workers exposed to combustion 
products. Arch Environ Health 1993;48:243-5.

220.	 Hein MJ, Stayner LT, Lehman E, Dement JM. Follow-up study 
of chrysotile textile workers: cohort mortality and exposure-
response. Occup Environ Med 2007;64:616-25.

221.	 Jansson C, Johansson AL, Bergdahl IA, Dickman PW, Plato N, 
Adami J, et al. Occupational exposures and risk of esophageal 
and gastric cardia cancers among male Swedish construction 
workers. Cancer Causes Control 2005;16:755-64.

222.	 Li B, Tang S, Wang K. Esophagus cancer and occupational 
exposure to asbestos: results from a meta-analysis of 
epidemiology studies. Dis Esophagus 2016;29:421-8.

223.	 Offermans NS, Vermeulen R, Burdorf A, Goldbohm RA, Keszei 
AP, Peters S, et al. Occupational asbestos exposure and risk 
of esophageal, gastric and colorectal cancer in the prospective 
Netherlands Cohort Study. Int J Cancer 2014;135:1970-7.

224.	 Santibañez M, Vioque J, Alguacil J, Barber X, de la Hera 
MG, Kauppinen T, et al. Occupational exposures and risk of 
oesophageal cancer by histological type: a case–control study 
in eastern Spain. Occup Environ Med 2008;65:774-81.

225.	 Wernli KJ, Fitzgibbons ED, Ray RM, Gao DL, Li W, Seixas 
NS, et al. Occupational risk factors for esophageal and stomach 
cancers among female textile workers in Shanghai, China. Am 
J Epidemiol 2006;163:717-25.

226.	 Clin B, Thaon I, Boulanger M, Brochard P, Chamming's 
S, Gislard A, et al. Cancer of the esophagus and asbestos 
exposure. Am J Ind Med 2017;60:968-75.

227.	 Argyrou A, Legaki E, Koutserimpas C, Gazouli M, 
Papaconstantinou I, Gkiokas G, et al. Risk factors for 
gastroesophageal reflux disease and analysis of genetic 
contributors. World J Clin Cases 2018; 6:176-82.

228.	 Lagergren J, Bergström R, Lindgren A, Nyrén O. Symptomatic 
gastroesophageal reflux as a risk factor for esophageal 
adenocarcinoma. N Engl J Med 1999;340:825-31.

229.	 Velanovich V, Hollingsworth J, Suresh P, Ben-Menachem 
T. Relationship of gastroesophageal reflux disease with 
adenocarcinoma of the distal esophagus and cardia. Dig Surg 
2002;19:349-53.

230.	 230.Chak A, Faulx A, Eng C, Grady W, Kinnard M, Ochs-
Balcom H, et al. Gastroesophageal reflux symptoms in patients 

Roshandel et al.

138



Govaresh/ Vol.25/ No.2/ Summer 2020

with adenocarcinoma of the esophagus or cardia. Cancer 
2006;107:2160-6.

231.	 Farrow DC, Vaughan TL, Sweeney C, Gammon MD, Chow 
W-H, Risch HA, et al. Gastroesophageal reflux disease, use 
of H2 receptor antagonists, and risk of esophageal and gastric 
cancer. Cancer Causes Control 2000;11:231-8.

232.	 Wu AH, Tseng CC, Bernstein L. Hiatal hernia, reflux symptoms, 
body size, and risk of esophageal and gastric adenocarcinoma. 
Cancer 2003;98:940-8.

233.	 Whiteman DC, Sadeghi S, Pandeya N, Smithers BM, Gotley 
DC, Bain CJ, et al. Combined effects of obesity, acid reflux and 
smoking on the risk of adenocarcinomas of the oesophagus. 
Gut 2008;57:173-80.

234.	 Anderson LA, Watson RP, Murphy SJ, Johnston BT, 
Comber H, Mc Guigan J, et al. Risk factors for Barrett’s 
oesophagus and oesophageal adenocarcinoma: results 
from the FINBAR study. World J Gastroenterol 2007; 
13:1585-94.

235.	 Bornschein J, Bird-Lieberman EL, Malfertheiner P. The 
Rationale and Efficacy of Primary and Secondary Prevention 
in Adenocarcinomas of the Upper Gastrointestinal Tract. Dig 
Dis 2019;37:381-93.

236.	 Jeon HH, Kim J-H, Youn YH, Park H, Conklin JL. Clinical 
characteristics of patients with untreated Achalasia. J 
Neurogastroenterol Motil 2017; 23:378-84.

237.	 Leeuwenburgh I, Haringsma J, Van Dekken H, Scholten P, 
Siersema PD, Kuipers EJ. Long-term risk of oesophagitis, 
Barrett's oesophagus and oesophageal cancer in achalasia 
patients. Scand J Gastroenterol Suppl 2006;41:7-10.

238.	 Zendehdel K, Nyrén O, Edberg A, Ye W. Risk of esophageal 
adenocarcinoma in achalasia patients, a retrospective cohort 
study in Sweden. Am J Gastroenterol 2011;106:57-61.

239.	 Leeuwenburgh I, Scholten P, Alderliesten J, Tilanus H, 
Looman C, Steijerberg E, et al. Long-term esophageal cancer 
risk in patients with primary achalasia: a prospective study. Am 
J Gastroenterol 2010;105:2144-9.

240.	 Ribeiro Jr U, Posner M, Safatle-Ribeiro A, Reynolds J. Risk 
factors for squamous cell carcinoma of the oesophagus. Br J 
Surg 1996;83:1174-85.

241.	 Brücher BLDM, Stein HJ, Bartels H, Feussner H, Siewert JR. 
Achalasia and esophageal cancer: incidence, prevalence, and 
prognosis. World J Surg 2001;25:745-9.

242.	 O’Neill OM, Johnston BT, Coleman HG. Achalasia: a review 
of clinical diagnosis, epidemiology, treatment and outcomes. 
World J Gastroenterol 2013; 19:5806-12.

243.	 Gillies CL, Farrukh A, Abrams KR, Mayberry JF. Risk of 
esophageal cancer in achalasia cardia: A meta-analysis. JGH 
Open 2019; 3:196-200.

244.	 Torres-Aguilera M, Troche JMR. Achalasia and 
esophageal cancer: risks and links. Clin Exp Gastroenterol 
2018;11:309-16.

245.	 Meijssen M, Tilanus H, Van Blankenstein M, Hop W, 
Ong G. Achalasia complicated by oesophageal squamous 
cell carcinoma: a prospective study in 195 patients. Gut 
1992;33:155-8.

246.	 Tustumi F, Bernardo W, da Rocha J, Szachnowicz S, Seguro 
F, Bianchi E, et al. Esophageal achalasia: a risk factor for 

carcinoma. A systematic review and meta-analysis. Dis 
Esophagus 2017;30:1-8.

247.	 Cheung DY. Atrophic gastritis increases the risk of gastric cancer 
in asymptomatic population in Korea. Gut liver 2017; 11:575-6.

248.	 Ye W, Nyren O. Risk of cancers of the oesophagus and stomach 
by histology or subsite in patients hospitalised for pernicious 
anaemia. Gut 2003;52:938-41.

249.	 Ley C, Mohar A, Guarner J, Herrera-Goepfert R, Figueroa 
LS, Halperin D, et al. Screening markers for chronic atrophic 
gastritis in Chiapas, Mexico. Cancer Epidemiol Biomarkers 
Prev 2001;10:107-12.

250.	 Samloff IM, Varis K, Ihamaki T, Siurala M, Rotter JI. 
Relationships among serum pepsinogen I, serum pepsinogen 
II, and gastric mucosal histology: a study in relatives of patients 
with pernicious anemia. Gastroenterology 1982;83:204-9.

251.	 Ye W, Held M, Lagergren J, Engstrand L, Blot WJ, McLaughlin 
JK, et al. Helicobacter pylori infection and gastric atrophy: 
risk of adenocarcinoma and squamous-cell carcinoma of the 
esophagus and adenocarcinoma of the gastric cardia. J Natl 
Cancer Inst 2004;96:388-96.

252.	 Iijima K, Koike T, Abe Y, Inomata Y, Sekine H, Imatani A, 
et al. Extensive gastric atrophy: an increased risk factor for 
superficial esophageal squamous cell carcinoma in Japan. Am 
J Gastroenterol 2007;102:1603-9.

253.	 Chow W-H, Finkle WD, McLaughlin JK, Frankl H, Ziel HK, 
Fraumeni JF. The relation of gastroesophageal reflux disease 
and its treatment to adenocarcinomas of the esophagus and 
gastric cardia. JAMA 1995;274:474-7.

254.	 Rodriguez LG, Lagergren J, Lindblad M. Gastric acid suppression 
and risk of oesophageal and gastric adenocarcinoma: a nested 
case control study in the UK. Gut 2006;55:1538-44.

255.	 Chen X, Yuan Z, Lu M, Zhang Y, Jin L, Ye W. Poor oral health 
is associated with an increased risk of esophageal squamous 
cell carcinoma-a population-based case-control study in China. 
Int J Cancer 2017;140:626-35.

256.	 Abnet CC, Kamangar F, Islami F, Nasrollahzadeh D, Brennan 
P, Aghcheli K, et al. Tooth loss and lack of regular oral hygiene 
are associated with higher risk of esophageal squamous cell 
carcinoma. Cancer Epidemiol Biomarkers Prev 2008; 17:3062-8.

257.	 Dar N, Islami F, Bhat G, Shah I, Makhdoomi M, Iqbal B, et 
al. Poor oral hygiene and risk of esophageal squamous cell 
carcinoma in Kashmir. Br J Cancer 2013;109:1367-72.

258.	 Sato F, Oze I, Kawakita D, Yamamoto N, Ito H, Hosono S, 
et al. Inverse association between toothbrushing and upper 
aerodigestive tract cancer risk in a Japanese population. Head 
Neck 2011;33:1628-37.

259.	 Guha N, Boffetta P, Wünsch Filho V, Eluf Neto J, Shangina O, 
Zaridze D, et al. Oral health and risk of squamous cell carcinoma 
of the head and neck and esophagus: results of two multicentric 
case-control studies. Am J Epidemiol 2007;166:1159-73.

260.	 SEPEHR A, KAMANGAR F, FAHIMI S, SAIDI F, ABNET 
CC, DAWSEY SM. Poor oral health as a risk factor for 
esophageal squamous dysplasia in northeastern Iran. 
Anticancer Res 2005;25:543-6.

261.	 Nasrollahzadeh D, Malekzadeh R, Aghcheli K, Sotoudeh 
M, Merat S, Islami F, et al. Gastric atrophy and oesophageal 
squamous cell carcinoma: possible interaction with dental 
health and oral hygiene habit. Br J Cancer 2012;107:888-94.

Risk Factors of Esophageal Cancer in Golestan Province 

139



Govaresh/ Vol.25/ No.2/ Summer 2020

262.	 Abnet CC, Kamangar F, Dawsey SM, Stolzenberg-Solomon 
RZ, Albanes D, Pietinen P, et al. Tooth loss is associated with 
increased risk of gastric non-cardia adenocarcinoma in a cohort 
of Finnish smokers. Scand J Gastroenterol 2005;40:681-7.

263.	 Semnani S, Roshandel G, Zendehbad A, Keshtkar A, 
Rahimzadeh H, Abdolahi N, et al. Soils selenium level and 
esophageal cancer: An ecological study in a high risk area for 
esophageal cancer. J Trace Elem Med Biol 2010;24:174-7.

264.	 Keshavarzi B, Moore F, Najmeddin A, Rahmani F. The role 
of selenium and selected trace elements in the etiology of 
esophageal cancer in high risk Golestan province of Iran. Sci 
Total Environ 2012;433:89-97.

265.	 Kimiagar M, Pourshams A, Majd SK, Goglani G, Jaafari E, Semnani 
S, et al. Vitamin deficiency in Golestan Province, northern Iran: a 
high-risk area for esophageal cancer. Arch Iran Med 2010;13:391-4.

266.	 Marjani HA, Biramijamal F, Hossein-Nezhad A, Islami F, 
Pourshmas A, Semnani S. Prevalence of esophageal cancer 
risk factors among Turkmen and non-Turkmen ethnic groups 
in a high incidence area in Iran. Arch Iran Med 2010;13:111-5.

267.	 Islami F, Kamangar F, Nasrollahzadeh D, Aghcheli K, 
Sotoudeh M, Abedi-Ardekani B, et al. Socio-economic status 
and oesophageal cancer: results from a population-based case–
control study in a high-risk area. Int J Epidemiol 2009;38:978-88.

268.	 Nouraie M, Pourshams A, Kamangar F, Sotoudeh M, 
Derakhshan MH, Akbari MR, et al. Ecologic study of serum 
selenium and upper gastrointestinal cancers in Iran. World J 
Gastroenterol 2004;10:2544-6.

269.	 Abedi-Ardekani B, Dar NA, Mir MM, Zargar SA, Lone MM, 
Martel-Planche G, et al. Epidermal growth factor receptor 
(EGFR) mutations and expression in squamous cell carcinoma 
of the esophagus in central Asia. BMC cancer 2012;12:602.

270.	 Hashemian M, Murphy G, Etemadi A, Poustchi H, Brockman 
JD, Kamangar F, et al. Toenail mineral concentration and 
risk of esophageal squamous cell carcinoma, results from the 
Golestan Cohort Study. Cancer Med 2017;6:3052-9.

271.	 Keeley BR, Islami F, Pourshams A, Poustchi H, Pak JS, 
Brennan P, et al. Prediagnostic serum levels of inflammatory 
biomarkers are correlated with future development of lung and 
esophageal cancer. Cancer Sci 2014;105:1205-11.

272.	 Hashemian M, Murphy G, Etemadi A, Poustchi H, Sharafkhah 
M, Kamangar F, et al. Nut consumption and the risk of 
oesophageal squamous cell carcinoma in the Golestan Cohort 
Study. Br J Cancer 2018;119:176-81.

273.	 Sahebi R, Malakootian M, Balalaee B, Shahryari A, Khoshnia 
M, Abbaszadegan MR, et al. Linc-ROR and its spliced variants 
2 and 4 are significantly up-regulated in esophageal squamous 
cell carcinoma. Iran J Basic Med Sci 2016;19:1131-5.

274.	 Ghasemi M, Samaei NM, Mowla SJ, Shafiee M, Vasei M, 
Ghasemian N. Upregulation of miR-371-373 cluster, a human 
embryonic stem cell specific microRNA cluster, in esophageal 
squamous cell carcinoma. J Cancer Res Ther 2018;14:132-7.

275.	 Khazaei S, Nouraee N, Moradi A, Mowla S. A novel signaling 
role for miR-451 in esophageal tumor microenvironment 
and its contribution to tumor progression. Clin Transl Oncol 
2017;19:633-40.

276.	 Joshaghani H, Mirkarimi H-s, Besharat S, Roshandel G, 
Sanaei O, Nejabat M. Comparison of the serum levels of trace 
elements in areas with high or low rate of esophageal cancer. 
Middle East J Dig Dis 2017; 9:81-5.

277.	 Islami F, Cao Y, Kamangar F, Nasrollahzadeh D, Marjani H-A, 
Shakeri R, et al. Reproductive factors and risk of esophageal 
squamous cell carcinoma in northern Iran-A case-control study 
in a high risk area and literature review. Eur J Cancer Prev 
2013;22:461-6.

278.	 Rahimzadeh-Barzoki H, Joshaghani H, Beirami S, Mansurian 
M, Semnani S, Roshandel G. Selenium levels in rice samples 
from high and low risk areas for esophageal cancer. Saudi Med 
J 2014;35:617-20.

279.	 Sepehr A, Kamangar F, Abnet CC, Fahimi S, Pourshams A, 
Poustchi H, et al. Genetic polymorphisms in three Iranian 
populations with different risks of esophageal cancer, an 
ecologic comparison. Cancer Lett 2004;213:195-202.

280.	 Kamangar F, Schantz MM, Abnet CC, Fagundes RB, 
Dawsey SM. High levels of carcinogenic polycyclic aromatic 
hydrocarbons in mate drinks. Cancer Epidemiol Biomarkers 
Prev 2008;17:1262-8.

281.	 Biramijamal F, Allameh A, Mirbod P, Groene H-J, Koomagi 
R, Hollstein M. Unusual profile and high prevalence of p53 
mutations in esophageal squamous cell carcinomas from 
northern Iran. Cancer Res 2001;61:3119-23.

282.	 Marjani H, Biramijamal F, Rakhshani N, Hossein-
Nezhad A, Malekzadeh R. Investigation of NQO1 genetic 
polymorphism, NQO1 gene expression and PAH-DNA 
adducts in ESCC. A case-control study from Iran. Genet Mol 
Res 2010;9:239-49.

283.	 Moradi A, Villiers E-Md, Mokhtari-Azad T, Mahmoudi 
M, Hazrati B, Ghaemi E-E, et al. Detection of human 
papillomavirus DNA by PCR in esophageal squamous cell 
carcinoma from Turkmen Sahra, north-east of Iran. Iran 
Biomed J 2002;6:19-23.

284.	 Islami F, Malekshah AF, Kimiagar M, Pourshams A, Wakefield 
J, Goglani G, et al. Patterns of food and nutrient consumption 
in northern Iran, a high-risk area for esophageal cancer. Nutr 
Cancer 2009;61:475-83.

285.	 Abedi-Ardekani B, Kamangar F, Sotoudeh M, Villar S, Islami 
F, Aghcheli K, et al. Extremely high Tp53 mutation load in 
esophageal squamous cell carcinoma in Golestan Province, 
Iran. PLoS One 2011; 6:e29488.

286.	 Shakeri R, Kamangar F, Nasrollahzadeh D, Nouraie M, 
Khademi H, Etemadi A, et al. Is opium a real risk factor for 
esophageal cancer or just a methodological artifact? Hospital 
and neighborhood controls in case-control studies. PloS One 
2012;7:e32711.

Roshandel et al.

140


