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a B S t r a c t

Background: Diverse relationships have been proposed between esophageal cancer 
(EC) and vitamin D serum levels. We aimed to assess serum levels of vitamin D in 
high and low-risk populations for EC in Northern Iran.

Methods: This ecological study was conducted in Golestan province, Northern Iran. 
Based on the incidence rates of EC, the province was divided into high-risk and 
low-risk populations. A stratified cluster sampling method was used. Serum vitamin 
D levels were assessed using the ELISA method. The proportions of vitamin D defi-
ciency were compared between the two populations.

Results: A total of 246 persons were studied, with a mean age of 50.7 years. 96 sub-
jects were male (39%) and 146 subjects were female (61%). 119 subjects (48.8%) 
were from high-risk and 127 (51.6%) were from low-risk populations. Thirty-two 
of 244 (13.1%) persons had vitamin D deficiency. The proportions of vitamin D 
deficiency were 7.9% and 18.3% in high- and low-risk populations, respectively 

(p=0.02).

Conclusion: We found that significantly larger numbers of people suffered from 
vitamin D deficiency in populations at low-risk of EC compared to high-risk popu-
lations. Regarding the ecological design of this study, causal inference could not be 
made from our results. Therefore, we recommend further investigation of this issue 
in future individual-level studies in this area, and in other high-risk populations.
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INTRODUCTION:

Esophageal cancer is the eighth most common 
cancer in the world, and the sixth cause of can-
cer death, killing more than 400,000 people in 

20081,2. Eighty percent of esophageal cancer cases oc-
cur in developing countries. The incidence of esopha-
geal cancer varies in different countries and in different 
parts of each country. Two high risk areas for esopha-
geal cancer have been identified. One of these, is the 
area between the Caspian Sea in the north of Iran and 
the northern part of China. The second one is located in 
Southeast Africa. The age-standardized incidence rates 
of  esophageal  cancer  in  high-risk  areas  were  ap-
proximately  50  to  100  per  100,000 persons/year, with 
this number being less than 10 in the rest of the world. 
Even though many advances in diagnosis and treatment 
have recently been made, the 5-year survival rate for 
patients diagnosed with esophageal cancer ranges from 
15% to 20%3. Iran is located in the western part of the 
Asian belt of esophageal cancer. The highest incidence 
of esophageal  cancer  in  Iran  has  been  reported  in the 
Golestan  province,  located  in  Northeast Iran4-5.
 Numerous studies  in  this  region have shown a sig-
nificant  relationship  between  esophageal cancer  and  
risk  factors  such as  opium  consumption,  smoking,  
alcohol6,  poor oral hygiene7,  consumption of  hot  tea8,  
low socioeconomic  status9  and  exposure  to polycyclic  
aromatic  hydrocarbons  (PAH)10.  A possible associa-
tion was also proposed between serum vitamin D level 
and esophageal cancer. 
Based on  previous  reports,  there  has been controversy  
regarding  the  relationship between  serum vitamin D 
and  the  risk of esophageal cancer11-15.
This topic was recently discussed in a review article by 
Grant.  In this article, based on present evidence it was 
concluded that vitamin D reduces the incidence of many 
cancers including that of esophageal cancer16.  

Recent reports from Golestan province indicated dif-
ferent incidence rates for esophageal cancer in different 
parts of the province. The results suggested a high inci-
dence of esophageal cancer in the east and a low inci-
dence in the west of Golestan17. Given such disparity in 
the incidence rate of esophageal cancer in this region, 
as well as the proposed relationship between vitamin D 
and this cancer, we aimed to assess and compare serum 
levels of vitamin D between residents of the eastern and 
western parts of the Golestan province of Iran.

METHODS:
This ecological study was conducted in Golestan prov-
ince, Northern Iran. Based on  the  incidence  rates  of 
esophageal cancer in Golestan province17, two popula-
tions were identified, namely a high-risk population  in  
the east and a  low-risk population  in  the west of  the 
province. We aimed to recruit 120 subjects from each 
population. Sampling was performed using a stratified 
cluster sampling method. Golestan cities were consid-
ered as clusters, with one of these clusters being ran-
domly selected. Stratified sampling was carried out 
within the cluster. Place of residence (rural/urban) was 
considered as strata. After obtaining informed consent, 
a 5ml sample of fasting blood was collected.  Samples 
were stored at -80 ° C prior to testing. Serum vitamin D 
level was assessed using the ELISA method with IDS 
kit, England. Vitamin D deficiency was defined based 
on cutoffs indicated in the manufacturer’s instructions.  
The  proportions  of  vitamin  D  deficiency  were  iden-
tified  in  high-  and  low-risk populations, as well as  in  
subgroups of other variables. Chi-square test was used 
to assess the distribution of vitamin D deficiency in sub-
groups of other variables. Univariate and Multivariable 
regression analysis were used to assess the relationships 
between vitamin D deficiency and other variables. A 
P-value of less than 0.05 was considered significant. 
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This  work  was  approved  by  the ethical  committee  
of  Golestan  University  of Medical  Sciences. (Project 
code: 127692050624).

RESULTS:
Table 1 shows the distribution of subjects in the high-
risk and low-risk population by gender, age and place 
of residence. A total of 246 persons were studied. The 
mean age of participants was 50.7 (standard devia-
tion; 13.8).  There were missing data for some varia-
bles. For example, in 4 subjects, the place of residence 
and gender were missing. Therefore, for each vari-
able, subjects with missing data were removed from 
the analysis. Ninety six of 242 participants were male 
(39%). One hundred and nineteen of investigated sub-
jects (48.8%) were from the high-risk population and 
127 (51.6%) were from the low-risk population. From 
among 242 participants, 117 (48.3%) were from urban 
and 125 (51.7%) were from rural areas. Table 1 shows 
the distribution of subjects in high-risk and low-risk 
populations by gender, age and place of residence. Due 
to small serum sample size, vitamin D levels could not 
be measured in two subjects. In the remaining 244 sub-
jects, vitamin D level was successfully measured. 

The mean serum vitamin D level and standard devia-
tion in participants were 35.9 and 30.4, respectively. 
Thirty-two of 244 (13.1%) subjects had vitamin D de-
ficiency.  
Table 1 shows the distribution of subjects in high-risk 
and low-risk populations by gender, age and place of 
residence.
Table 2  shows  the  relationship  between  different  
variables  and   frequency  of  vitamin  D deficiency.
Our results show that the frequency of vitamin D de-
ficiency was higher among women (OR= 6.29; 95% 
CI: 2.09-18.93), urban residents (OR=2.09; 95% CI: 
0.92-4.76) and in low-risk areas (OR=2.66; 95% CI: 
1.13-6.26).

DISCUSSION:
In this study we investigated serum vitamin D levels 
in the eastern and western areas of Golestan province.  
We found that in the eastern area the rate of vitamin 
D deficiency was lower. Our results suggested signif-
icantly higher rates of vitamin D deficiency among 
women and in populations at low risk of esophageal 
cancer.
This difference may be due to environmental charac-

Table 1. The distribution of subjects in high- and low-risk populations by 
gender, age and place of residence.

High-risk Low-risk
p value

Number Percent Number Percent

Gender Male 42 43.8 54 56.2
0.34Female 73 50 73 50

Place of Residence City 43 36.8 74 63.2
0.001Rural 72 57.6 53 42.4

Age Group <50 57 48.7 60 51.3
0.72

≥50 58 46.4 67 53.6
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teristics, lifestyle, nutritional habits, genetics and job 
conditions, which altogether may partly explain the 
lower rate. Further studies are warranted to clarify this 
issue in the Golestan area as well as in other similar 
populations. 
The remarkable point of our findings is that the east-
ern part of Golestan province, with a lower rate  of  
vitamin D  deficiency,  has  been  known  as  a  high-
risk  area  for  esophageal  cancer17. Reports from stud-
ies conducted on the relationship between vitamin D 
and esophageal cancer suggested conflicting results11. 
Some  studies  have  found  that  vitamin D  levels  have  
been  directly  associated with  esophageal cancer12,13. 
However, other studies suggested that vitamin D was a 
protective factor against esophageal  cancer,  and  that 
the  incidence  rate  of  esophageal  cancer was higher  
in  people with vitamin D deficiency11-15.
Therefore,  investigation of this issue  in  future  indi-
vidual-level  studies  in  this  area  and  other  high-risk 
populations is recommended. Regarding  gender,  there  
was  a significant  relationship  between  serum  vita-
min  D  level  and gender.  The mean serum vitamin D 

level in women was lower than men. McCullough et al 
(2010) found that men had higher 25(OH) D concen-
trations than women18. 
One major reason that could clarify the higher vitamin 
D deficiency in women compared to men could be the 
difference between men and women in terms of expo-
sure to sunlight. This issue may be due to different fac-
tors. The majority of women are housewives, and are 
less likely to work outside, resulting in less exposure to 
sunlight. Another difference between men and women 
is in clothing that makes women less likely to be ex-
posed to sunlight19,20. Therefore, women are at greater 
risk of vitamin D deficiency, and preventative actions 
such as increased physical activity are recommended. 
Also, a higher dietary intake of vitamin D should be 
considered for women. Our results showed that vita-
min D deficiency was higher in urban compared to ru-
ral areas, although the difference was not significant. 
This may be due to different factors such as smog, 
dust, air pollution, cloudy air and use of sunscreens. 
These factors may act as a barrier preventing sunlight  
reaching the skin,  resulting  in  vitamin D deficiency. 

Table 2. The relationship between different variables with frequency of vitamin D deficien-
cy in Golestan province of Iran.

Univariate Multivariate

Number(Percent)
Vit D deficiency OR 95%

CI Pvalue OR 95% Pvalue

Gender Male 4(4.2%) - - - - - -
Female 28(19.4%) 5.55 1.88-16.39 0.002 6.29 2.09-18.93 0.001

Age Group <50 17(14.5%) 1.22 0.58-2.58 0.59 1.22 0.55-2.68 0.622
>50 15(12.2%) - - - - - -

Place of residence Urban 21(18.1%) 2.27 1.04-4.95 0.04 2.09 0.92-4.76 0.077
Rural 11(8.9%) - - - - - -

Incidence of
esophageal cancer

High-risk 9(7.9%) - - - - - -
Low-risk 23(18.3%) 2.60 1.15-5.90 0.02 2.66 1.13-6.26 0.024
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Another factor affecting the difference between serum 
vitamin D levels in urban and rural areas may be nu-
tritional differences. The nutritional status of rural res-
idents could provide their vitamin D requirements, for 
example their high consumption of dairy products21,22. 
Another reason could be the fact that  most villagers 
work in an  open environment, their houses have court-
yards  and are more exposed to sunlight. Living in 
apartments and working in closed environments such 
as offices in urban areas makes people less likely to be 
exposed to sunlight. 
Our findings also showed that the mean serum vitamin 
D levels in age groups younger than 50-years was low-
er than age groups older than 50 years, but this differ-
ence was not statistically significant. Several studies 
have reported different results for vitamin D deficiency 
among different age groups, however, this deficiency 
was found to be more common among older people 
(23-26). Researchers found that older people due to 
multiple risk factors such as decreased food intake, re-
duced thickness of skin, reduced exposure to sunlight, 
diminished intestinal absorption and deteriorated hy-
droxylation in the kidneys and  liver are more prone  to 
vitamin D deficiency27,28. A periodic monitoring and 
vitamin D supplement to eliminate the need for vita-
min D is recommended for elderly people. Low sam-
ple size and ecological design were the most important 
limitations of this study. It is recommended to consider 
this point in future studies. 

CONCLUSION:
Our results showed that factors such as geographic  
area  (east or west), gender, and place of residence  (ur-
ban or rural) were related to serum vitamin D deficien-
cy. The remarkable point of our finding is that there 
was a lower rate of vitamin D deficiency in the eastern 
area of Golestan province, which has been known as a 
high-risk area for esophageal cancer. Therefore, inves-

tigation of this issue in future  individual-level  studies  
in this  area  and  other high-risk populations is recom-
mended. 

ACKNOWLEDGMENTS:
This project was sponsored by the Deputy of Research 
and Technology, Golestan University of Medical 
Sciences, Iran. 

REFERENCES:

Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin 
DM. Estimates of worldwide burden of cancer in 2008: 
GLOBOCAN. International Journal of Cancer. 2010; 
127(12): 2893–917. doi: 10.1002/ijc.25516.

Napier KJ, Scheerer M, Misra S. Esophageal cancer: A Re-
view of epidemiology, pathogenesis, staging workup and 
treatment modalities. World J Gastrointest Oncol. 2014; 
6(5): 112-120. doi:  10.4251/wjgo.v6.i5.112. 

Pennathur A, Gibson MK, Jobe BA, Luketich JD. Oesoph-
ageal carcinoma. Lancet. 2013; 381: 400-412. doi: 10.1016/
S0140-6736(12)60643-6.

Bird-Lieberman EL, Fitzqerald RC. Early diagnosis of 
oesophageal cancer. Br J Cancer. 2009; 101(1): 1-6. doi:  
10.1038/sj.bjc.6605126.

Mahboubi  E, Kmet  J,  Cook  PJ, Day  NE,  Ghadirian  P,  
Salmasizadeh  S. esophageal cancer studies in the Caspian 
Littoral of Iran: the Caspian cancer registry. Br J Cancer. 
1973; 28(3): 197-214. 

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(11): 1857-63. doi: 
10.1038/sj.bjc.6604369. Epub 2008 May 13.

Sepehr A, Kamanqar 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(1B): 543-6. 

Islami  F,  Pourshams  A., Nasrollahzadeh D, Kamangar  F,  
Fahimi  S,  Shakeri  R,  et  al. Tea drinking  habits  and  oe-
sophageal  cancer  in  a  high  risk  area  in  northern  Iran: 
population  based case-control study. BMJ. 2009; 338: b929. 
doi:10.1136/bmj.b929.

Islami F, Kamangar F, Nasrollahzadeh D, Aghcheli K, So-
toudeh M, Abedi-Ardekani B, et al. Socio-economic status 
and oesophageal cancer:  results from a population-based 

1. 

2.

3.

4.

5.

6.

7.

8.

9. 



Basic & Clinical Cancer Research, 2018; 10(4): 26-31  www.bccrjournal.com

31

Vitamin D Deficiency in High and Low Risk  ...

case control study in a high-risk area. Int J Epidemiol. 2009; 
38(4): 978-88. doi: 10.1093/ije/dyp195. 

Abedi-Ardekani  B,  Kamanqar  F,  Hewitt  SM,  Hainaut  
P,  Sotoudeh  M,  Abnet  C,  et  al. Polycyclic  aromatic  
hydrocarbon  exposure  in  oesophageal  tissue  and  risk  of  
oesophageal squamous cell carcinoma in north-eastern Iran. 
Gut. 2010; 59(9): 1178-83. doi: 10.1136/gut.2010.210609.

Giovannucci E, Liu Y, Rimm EB, Hollis BW, Fuchs CS, 
Stampfer MJ, et al. Prospective study of predictors of vi-
tamin D status and cancer incidence and mortality in men. 
J Natl Cancer Inst. 2006; 98(7): 451–9. Doi: 10.1093/jnci/
djj101.  

Abnet CC, Qiao YL, Dawsey SM, Buckman DW, Yang CS, 
Blot WJ, et al. Prospective study of serum  retinol, β-caro-
tene, β-cryptoxanthin, and  lutein/zeaxanthin and esophageal 
and gastric cancers in China. Cancer Causes Control. 2003; 
14(7): 645–55. 

Chen W, Dawsey SM, Qiao Y-L, Mark SD, Dong Z-W, 
Taylor PR, et al. Prospective study of  serum 25(OH)-vi-
tamin D concentration and  risk of esophageal  and gastric 
cancers. British Journal of Cancer. 2007; 97(1): 123-8. DOI: 
10.1038/sj.bjc.6603834.

Boscoe, FP, Schymura MJ. Solar ultraviolet-B exposure and 
cancer incidence and mortality in the United States, 1993–
2002. BMC Cancer. 2006; 6: 264. doi:  10.1186/1471-2407-
6-264.

Grant, WB. An estimate of premature cancer mortality in the 
U.S. due to inadequate doses of solar ultraviolet-B radiation. 
Cancer. 2002; 94(6): 1867-75. 

Grant, WB.  Does Solar Ultraviolet Irradiation affect Cancer 
Mortality Rates in China?. Asian Pac J Cancer Pre. 2007; 
8(2): 236-42. 

Roshandel G, Sadjadi A, Aarabi M, Keshtkar A, Sedaghat 
SM, Nouraie SM, et  al. Cancer Incidence in Golestan Prov-
ince: Report of an Ongoing Population-based Cancer Reg-
istry in Iran between 2004 and 2008. Arch Iran Med. 2012; 
15(4): 196-200. doi: 012154/AIM.004.

McCullough ML, Weinstein SJ, Freedman DM, Helzl-
souer K, Flanders WD, Koenig K. Correlates of Circulating 
25-Hydroxyvitamin D Cohort Consortium Vitamin D Pool-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

ing Project of Rarer Cancers. Am J Epidemiol. 2010; 172(1): 
21–35. doi: 10.1093/aje/kwq113.

Alagol F, Shhadeh Y, Boztepe H, Tanakol R, Yarman S, 
Azizlerli H, et al. Sunlight exposure and vitaminD  deficien-
cy in Turkish women. J Endocrinol Innvest. 2000; 23(3): 
173-7. doi:10.1007/BF03343702.

Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM, 
Hanley DA, Heaney RP, et al. Evaluation, Treatment, and 
Prevention of Vitamin D Deficiency: an Endocrine Society 
Clinical Practice Guideline. J Clin Endocrinol Metab. 2011; 
96(7): 1911–1930. doi: 10.1210/jc.2011 0385. 

Looker AC, Pfeiffer CM, Lacher DA, Schleicher RL, Pic-
ciano MF, Yetley EA. Serum 25- hydroxyvitamin D  status  
of  the US  population:  1988-  1994  compared with  2000-
2004. Am J Clin Nutr. 2008; 88(6): 1519-27. doi: 10.3945/
ajcn.2008.26182.

Holick MF. Sunlight and vitamin D for bone health and pre-
vention of autoimmune diseases, cancers, and cardiovascu-
lar disease. Am J Clin Nutr. 2004; 80(6 Suppl): 1678– 88. 

Chapuy MC,  Preziosi  P, Maamer M, Arnaud  S, GalanP, 
Hercberg  S,  et  al. Prevalence of vitamin D insufficiency 
in an adult normal population. Osteoporos Int. 1997; 7(5): 
439-43.

Burnard  B,  Sloutskis  D,  Gianoli  F,  Cornuz  J,  Rick-
enbach  M,  Paccaud  F,  et  al. Serum hydroxy vitamin D: 
distribution and determinants in the Swiss population. Am J 
Clin Nutr. 1992, 56(3): 537-42. 

Gloth FM 3rd, Gundberg CM, Hollis BW, Haddad JG JR, 
Tobin JD. Vitamin D deficiencyin homebound elderly per-
sons. JAMA. 1995; 274(21): 1683–6. 

Janssen H, Samson MM, Verhaar HJ. Vitamin D deficiency, 
muscle function, and falls in elderly people. Am J Clin Nutr. 
2002; 75:611–5.

Omdahl JL, Garry PJ, Hunsaker LA, Hunt WC, Goodwin JS. 
Nutritional status in a healthy elderly population: vitamin D. 
Am J Clin Nutr. 1982; 36:1225–33 

Holick MF. Environmental factors that influence the cuta-
neous production of vitamin D. Am J Clin Nutr. 1995; 61(3 
Suppl): 638–45. 


