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Commented Summary from Current Medical Literature

Summary: Golestan Province in northern Iran is known to be a 
high-risk area for esophageal cancer (EC). Of a long list of mul-
tiple risk factors, this study focuses on a possible link between the 
epidemiologic patterns of EC and the anomalous concentration of 
some ions and elements in the drinking water sources. A total of 
183 samples from 45 villages covering a wide range of EC mortal-
ity rates are collected and analyzed. The results demonstrate that 
NO3–, SO42–, Sb, and Sr exceed the recommended maximum con-
centration level (MCL) in drinking water. This is more prominent 
in the villages with high esophageal cancer mortality rate, suggest-
ing a possible link between EC incidence and water quality. Se 
concentration in drinking water increases from low to the high EC 
areas, a �nding contrary to the expected trend. It is concluded that 
Se de�ciency does not play a major role in the etiology of EC in 
the Golestan Province. The statistical results obtained from Mann-
Whitney and Kruskal-Wallis tests along with cluster analysis are 
consistent with the observed trend of EC mortality rate in Golestan 
Province.
Source: Keshavarzi B, Moore F, Najmeddin A, Rahmani F, 

Malekzadeh A. Environ Geochem Health. 2011 March 19 [Epub 
ahead of print]

Comment: The study by Keshavarzi and colleagues1 provides 
indirect evidence for lack of implication of selenium de�ciency 
in unusually high rates of esophageal cancer in Golestan. Due to 
high nitrate content and as some ions/trace elements exceed the 
recommended maximum concentration level in drinking water, the 
authors suggest that high incidence of EC in the region may have 
an association with poor-quality drinking water. 

In areas with low to moderate incidence of esophageal squamous 
cell carcinoma (ESCC), tobacco and heavy alcohol use are major 
risk factors for the disease.2 ESCC is usually much more common 
in men than in women in those population because tobacco and 
alcohol use are more common among men.2 On the other hand, the 
incidence rates in high-risk areas for ESCC, including Golestan 
Province in northern Iran and Linxian in China, tobacco and alco-
hol use are not as strong risk factors for ESCC as in low-incidence 
areas.2 In Golestan, alcohol use is rare and tobacco use is not a 
common habit, particularly among women,3 so some other factors 
should be responsible for the high incidence of ESCC. Further-
more, incidence rates of ESCC in high-incidence areas are similar 
in both sexes, suggesting that some common factors affecting both 
sexes equally may be involved in the carcinogenesis of ESCC in 
those areas.4–6 The incidence of esophageal cancer in Golestan has 
been nearly halved during the past 3 – 4 decades,7 a �nding that 
suggests environmental exposures are the major factors that lead 
to development of ESCC in the region. Exposure to carcinogens 
through drinking water may be one of those factors. 

Role of drinking water quality in EC incidence or mortality have 
been reported in several ecological, case-control, and retrospec-
tive cohort studies from high incidence areas, mainly from Linx-
ian.8–15 Drinking of ground water was associated with an increased 
risk of EC in several of those studies.13–15 Such an association has 

been reported in a prospective study on preneoplstic lesions of the 
esophagus.16 A prospective study in Linxian has also reported an 
inverse association between drinking water piped into the home, 
compared to other sources, and EC.17 The association between 
quality of drinking water and risk of EC has been attributed to 
several factors, including impurities with potential carcinogenic 
effects, such as nitrosamines10 and petroleum oils,8 and very low 
or high levels of some minerals/trace elements with possible pro-
tective or carcinogenic effects, respectively.8,11 However, EC is 
usually associated with poor socioeconomic status,2 and in some 
regions people from low socioeconomic groups may have more 
limited access to safe drinking water than those with higher socio-
economic status. Therefore, the observed associations may be, at 
least partly, confounded by other risk factors related to poor socio-
economic status and may not be related to quality of drinking water 
itself. On the other hand, the fairly consistent association reported 
in studies from high-incidence areas, including studies with ad-
justments for some indicators of socioeconomic status, argues for 
a possible association between drinking water quality and risk of 
ESCC. Considering the similar incidence rates of ESCC in men 
and women in high-risk regions, such an association seems to be 
plausible. The recent decline in the incidence of EC in Golestan, 
which coincides with overall improvements in socioeconomic sta-
tus in the region, among which is better access to safe water,4 may 
also support the above argument. Further studies on this associa-
tion and its biological relevance are strongly warranted, because if 
such an association exists, measures for reducing the exposure to 
relevant carcinogenic factors in drinking water can be bene�cial in 
lowering the incidence of ESCC at the population level. 

An association between selenium de�ciency and EC incidence 
and mortality has been reported in experimental and observational 
studies.2 More importantly, an inverse association between sele-
nium supplementation and eventual mortality from EC has been 
reported in a clinical trial with a long-term follow-up in Linxian.18 
Within the same study, signi�cant inverse associations between 
baseline serum selenium and death from ESCC were also reported. 
The relative risk (95% con�dence interval) for the highest quartile 
(>1.06 �mol/L) of serum selenium compared to the lowest quartile 
(�0.77 �mol/L) was 0.35 (0.16 – 0.81).19 On the other hand, an ear-
lier study in Golestan study did not �nd any difference in selenium 
levels in hair samples from esophageal cancer patients, their unaf-
fected family members, and members of families with no history 
of cancer.20 In another study, the median selenium levels in 100 
randomly selected healthy inhabitants of Golestan was higher than 
the levels in 200 healthy inhabitants of three low-incidence prov-
inces of Iran and above the level needed to saturate serum sele-
noproteins.21 These �ndings suggest that a major contribution of 
selenium de�ciency to development of EC in Golestan is unlikely. 
Results of Keshavarzi and colleagues and earlier studies indicate 
that selenium in drinking water can be one of the major sources of 
selenium intake in Golestan and may provide suf�cient amounts of 
selenium to the inhabitants. The different observations in Golestan 
and Linxian with regard to selenium indicate that some of the risk 
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factors for EC may be dissimilar in those two high-risk regions, 
although the epidemiologic features and known risk factors in both 
regions have shown many similarities. Nevertheless, the role of 
selenium in development of EC in Golestan needs to be examined 
in prospective studies. 

In summary, results of Keshavarzi and colleagues’ study provide 
further evidence for excluding selenium de�ciency as a major risk 
factor for ESCC in Golestan and indicate the need for further stud-
ies on the association between drinking water quality and risk of 
ESCC in the region. 
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