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Abstract Iran has variations in the incidence of cancer
in its different provinces. Moreover, it is one of the
countries with a high incidence of gastrointestinal can-
cers in the world. The aim of this study was to investi-
gate the relation between the incidence of esophageal,
stomach, and colon cancers with ultraviolet radiation.
This is an ecological study. The age-standardized inci-
dence of cancer from 2004 to 2008 was obtained from
the National Cancer Registry of Iran for all provinces.
UV index data was taken from the world weather site.
The altitude and latitude of cities were obtained from the
National Topography Organization. Demographic vari-
ables were taken from the STEPS report of the Ministry
of Health. In this study, lung cancer were used as the
index of the effects of smoking. Data were analyzed
using the SPSS22 software and through linear regres-
sion. UV emission levels showed a strong negative
correlation with the incidence of esophageal and gastric

cancers, in both genders, in all years. However, this
correlation was stronger in men. UV radiation showed
a significant correlation with colon cancer among both
genders as well. There was no relation between altitude
and incidence of cancer. Linear regression results
showed that with a unit increase in UV, the incidence
of gastric and esophagus cancers in males decreases by
β = −4.99 and β = − 3.16 significant coefficients, re-
spectively. Cities with higher levels of UV index have
a relatively lower incidence of gastrointestinal cancers.
Ultraviolet radiation may act as a protective factor
against these cancers.
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Introduction

Cancer is a major public health problem all over the
world and is rapidly increasing (Siegel et al. 2015a, b). It
is the second leading cause of death in developed coun-
tries and the third in developing countries (Jemal et al.
2011). According to global estimates, the number of
new cases of cancer will rise to more than 24 million
by 2035(Siegel et al. 2014).

Gastrointestinal cancers, including stomach, intes-
tine, and esophagus cancers, are among the most com-
mon malignancies around the world. Gastric cancer is
the second leading cause of cancer death (Movahedi
et al. 2009), colon cancer is ranked third (Siegel et al.
2014), and esophageal cancer is the sixth leading cause
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worldwide. More than 80% of the incidence and mor-
tality of these cancers occur in developing countries
(Lagiou et al. 2009). Estimates suggest that more than
93,000 new cases of gastric cancer occur every year, and
at least 700,000 people die because of this disease.
Although gastric cancer has declined globally in the
recent years (Pourfarzi et al. 2009), it is still the leading
cause of death from cancer in both sexes in Iran (Almasi
et al. 2016). Iran has a high incidence rate and is on the
esophageal cancer belt (Kamangar et al. 2007). In some
cities of Iran, the incidence of esophageal cancer is very
high, e.g., the city of Gonbad-e-Kavus has one of the
highest incidence rates in the world and in the country
(Alireza et al. 2010). Individual factors such as age and
gender, environmental factors, nutritional factors, and
alcohol consumption are risk factors for the occurrence
of various types of cancers, including gastrointestinal
cancers, which have been widely studied (Doll and Peto
1981; Danaei et al. 2005).

Recently, the relation between some cancers, includ-
ing gastric, esophagus, intestine, chest, colon, and skin
cancers and several other types of cancer, and sun light
has been of interest to researchers. Some studies have
shown that with increased ultraviolet (UV) radiation, the
incidence and mortality of cancers decreases; in other
words, the geographical location of cities and exposure
to sunlight may be a protective factor against these
cancers (Holick 2008; Mohr et al. 2011; Zamoiski
et al. 2017). This finding was obtained in Grant’s study
using multiple regression and showed that UV radiation
had a reverse and strong association with 15 types of
cancers (Grant 2012a). In addition to ecological studies,
these results have also been shown in stronger studies
(Garland and Gorham 2017).

There are many variations in the occurrence of these
three types of cancer in different geographical regions of
the world. The highest incidence of gastric cancer is
reported from East Asian countries, such as Korea,
Japan, and China, and the lowest incidence is reported
from North America and most parts of Africa with the
exception of Mali and Western Sahara (Kamangar et al.
2006). Central Asia, northern Iran, parts of China and
Japan, and some European countries such as France,
Italy, and some South American and East African coun-
tries have a high incidence of esophageal cancer (Umar
and Fleischer 2008).

Observing more cancer deaths at high latitudes has
led to the hypothesis that sunlight may prevent some
cancers (Grant 2012a, b, 2006). This connection may be

justified by vitamin D. Several studies have shown that
vitamin D prevents heart disease, malignancy, inflam-
matory bowel disease, and multiple sclerosis (Holick
2004a, b). Also, the results of Grant and Garland were
well supported by the hypothesis of getting vitamin D
and reducing the risk of cancer (Grant and Garland
2019).

In Iran, there is also a large variation in the incidence
of gastric and intestinal cancers in different geographical
locations. According to published reports, the highest
incidence of gastric and esophageal cancers happens in
the northern and northwest provinces and the least inci-
dence happens in the southern-eastern provinces
(Alireza et al. 2010; Jafari et al. 2015).

Iran is one of the large world countries (Malakotian
2003), with varying environmental variables such as
sunlight, altitude, and latitudes among cities. With an
overview of the cancer incidence report, it can be seen
that there are many differences in the incidence of
gastrointestinal cancers in different cities of the country
(Kamangar et al. 2007; Jafari et al. 2015; Almasi and
Salehiniya 2015). This study examines the relation be-
tween ultraviolet radiation and the incidence of gastro-
intestinal cancers in Iran.

Materials and methods

This is an ecological study aimed at investigating the
association between the incidence of common gastroin-
testinal cancers (esophagus, stomach, and colon) with
solar ultraviolet radiation, latitude, and altitude adjusted
for some demographic variables from the STEPs report
(low physical activity). For this purpose, age-standardized
cancer data from the National Report on Cancer, from
2004 to 2008, were used. Incidence rates in this report are
calculated as the number of cases per 100,000 people.
This data is recorded separately for each province.

Eight-year ultraviolet data were extracted from the
world weather site (from June 2009 to December 30,
2017). The UV scale was calculated for 12 months.
Then the annual average was calculated as there was
little variance between the studied years. The altitudes
and latitudes of cities were taken from the National
Topography Organization site.

In this study, lung cancer standardized incidence rate
was used as the index of the effects of smoking. The
percentage of people with low physical activity less than
600 met-min/week) were inquired from the STEPs data,
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conducted by theMinistry of Health. These data were only
available for 2007 and 2008. The linear regression analysis
for these 2 years was adjusted for these two variables.

All variables were examined for normality and if the
data were not normal, then they were normalized by
taking the logarithm or the exponential. In order to inves-
tigate the relation between the dependent variable (inci-
dence of cancer) and the independent variables, Pearson
correlation coefficients and linear regression were used.

In order to use linear regression, first the relation
between variables and then the variance instability and
the existence of outliners were examined. In this study, all
variables, except for fixed variables that are the same for
both genders, were examined separately. In this study,
SPSS software version 22 was used to analyze the data.

Results and discussion

The results show that the standardized incidence of
gastric cancer had a strong reverse correlation with
UV. As it is shown in Table 1, most of this relation
existed among both women and men in 2007 (women:
r = −0.669, p = 0.001; men: r = − 0.724, p = 0.001). In
all the years studied, except for 2004, this relation was
stronger in men than women.

The findings also showed that there was a strong and
significant relation between latitude and gastric cancer
incidence in all years and in both genders. The higher
the latitude, the higher the incidence of gastric cancer.
Pearson correlation coefficients were stronger in men in
all years, except in 2004.

There was no relation between altitude, with the
incidence of gastric cancer, neither in men nor in women
in any year.

There was a correlation between gastric cancer inci-
dence and lung cancer in both men and women in 2008
and 2006 (in 2008—women: r = 0.42, p = 0.01; men:
r = 0.60, p = 0.001—and in 2006—women: r = 0.39,
p = 0.03; men: r = 0.35, p = 0.04). Also, in 2007, there
was a meaningful relation between the incidence of
gastric cancer in men and lung cancer (men: r = 0.39,
p = 0.04), but no such relationship was observed in
women.

Findings indicated that there was a significant inverse
relation between the percentage of people with physical
activity and the incidence of gastric cancer in both men
and women in 2008 and 2007. Table 1 shows the Pear-
son correlation coefficients and the significance values.

In the adjusted linear regression model, latitude was
not included in the model either, because of its high
correlation with the UV radiation levels(r = − 0.80, p
value = 0.001) (Fig. 1). Data from 2008 after adjusting
for lung cancer and physical activity showed that as
ultraviolet radiation increased by one unit, the incidence
of gastric cancer decreased by a correlation coefficient
of β = − 2.25, in women (p = 0.003). Also, the linear
regression results in 2008 for men showed that with
one unit increase in ultraviolet radiation, the incidence
of gastric cancer decreased by a correlation coefficient
of β = − 4.77, (p = 0.001).

The linear regression results were significant in 2007
in both genders (women: β = − 2.15, p = 0.001; men:
β = − 4.55, p = 0.001). Again, it seems like ultraviolet
radiation acts as a protective factor for gastric cancer.

The findings show that there is a significant reverse
correlation between the ultraviolet radiation index and
the incidence of esophageal cancer in both men and
women in all of the studied years (Table 2). There is
also a positive correlation between the incidence of this
cancer and the latitude of the provinces, which suggests
lower incidence of esophageal cancer in lower latitudes.
There was no significant relation between altitude, low
physical activity, and lung cancer with esophagus
cancer.

The findings indicate that with one unit increase in UV
radiation, the incidence of esophageal cancer in women
decreased by β = − 3.34, p = 0.002 and β = − 2.55, p =
0.002 in 2008 and 2007 respectively. This decrease was
lower in males (In 2008, β = − 2.92, p = 0.001).

This study showed that there was a significant nega-
tive correlation between the incidence of colon cancer
andUVinwomen only in 2004 (r = − 0.39 p = 0.03). The
incidence of colon cancer in men showed a significant
negative correlation (r = − 0.38, p = 0.03) only in 2007.

As shown in Table 3, there was a significant and
positive relation between latitude and colon cancer in
both genders, in most years. The percentage of people
with physical activity less than 60 min per week and the
altitude did not have any significant relation with colon
cancer but there was a correlation between colon cancer
incidence and lung cancer in both men and women in
2008 and 2005 (in 2008—women: r = 0.49, p = 0.005;
men: r = 0.55, p = 0.002—and in 2005—women: r =
0.42, p = 0.01; men: r = 0.36, p = 0.04).

Linear regression showed that in 2004 with increas-
ing UV, the risk of colon cancer in women (β = − 0.62,
p = 0.10) decreased. But this decrease is not significant.
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The results of this study showed that esophageal,
stomach, and colon cancers occur more in areas that
are far from the equator (such as the northern cities of

Iran) where ultraviolet radiation is low. Ultraviolet radi-
ation may have a protective effect against gastric, esoph-
agus, and colon cancers.

Table 1 Pearson correlation and adjusted linear regression analysis results for gastric cancer incidence

Females Males

Independent
variables

Pearson
coefficient

p value Regression
coefficient

p value Pearson
coefficient

p value Regression
coefficient

p value

2008 UV ray − 0.54 0.002 − 2.25 0.003 − 0.66 0.001 − 4.77 0.001

Physical
activity

− 0.32 0.08 − 0.09 0.49 − 0.38 0.03 − 0.15 0.16

Lung cancer 0.42 0.01 1.28 0.001 0.60 0.001 1.33 0.001

Latitude 0.50 0.004 0.63 0.001

Altitude 0.14 0.43 − 0.001 0.31 0.13 0.47 − 0.006 0.96
2007 UV ray − 0.66 0.001 − 2.15 0.001 − 0.72 0.001 − 4.55 0.001

Physical
activity

− 0.36 0.04 − 0.04 0.38 − 0.40 0.03 − 0.09 0.50

Lung cancer 0.02 0.91 0.27 0.16 0.36 0.04 0.54 0.14

Latitude 0.65 0.001 0.67 0.001
Altitude 0.04 0.81 − 0.04 0.38 0.16 0.37 − 0.001 0.69

2006 UV ray − 0.61 0.001 − 2.07 0.001 − 0.64 0.001 − 4.41 0.001

Lung cancer 0.39 0.03 0.18 0.15 0.35 0.04 0.97 0.02
Latitude 0.62 0.001 0.65 0.001

Altitude 0.01 0.94 − 0.001 0.08 0.07 0.69 − 0.002 0.101

2005 UV ray − 0.56 0.001 − 1.95 0.001 − 0.56 0.002 − 4.99 0.001

Lung cancer 0.18 0.32 0.85 0.30 0.22 0.23 0.71 0.11
Latitude 0.57 0.001 0.61 0.001

Altitude − 0.06 0.71 − 0.002 0.05 − 0.13 0.48 − 004 0.02

2004 UV ray − 0.50 0.004 − 2.10 0.007 − 0.47 0.01 − 4.24 0.01
Lung cancer 0.23 0.24 0.68 0.46 0.22 0.27 0.39 0.46

Latitude 0.56 0.002 0.52 0.005

Altitude 0.09 0.64 − 0.001 0.50 − 0.06 0.74 − 0.003 0.17

Fig. 1 Scatter plot of ultraviolet
radiation vs latitude
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A study by Boscoe and Schymura (2006) on solar
ultraviolet emission and the incidence and mortality of
cancer in the USA showed that there was a consistent
significant and inverse relation between prostate, breast,
colon, and rectal cancers with ultraviolet radiation in all
years under investigation. Their study also showed that
uterine, bladder, kidney, esophagus, lung, pancreas, stom-
ach, and gallbladder cancers and several other types of
cancer are inversely related to UV rays in some years
(Boscoe and Schymura 2006). Another study was done
by Grant in 2012 in the USA, with similar findings, and
suggested a strong and inverse relation between UVB rays
and gastric, esophagus, colon, and lung cancers and 11
other cancers (Grant 2012a). Chen et al., in a study
conducted in China, showed that with increasing UVB,
the incidence of gastric esophagus, colorectal, and uterine
cancers decreases. But the incidence of nasopharynx,
liver, lung, breast, and bladder cancers and leukemia
increases. Also, this finding (inverse association between

ambient solar UVR at residential locations and risk esoph-
ageal cancer) was repeated in others study (Tran et al.
2012; Zgaga et al. 2016). In this study, the percentage of
smokers and gender was adjusted (Chen et al. 2014).

Our findings showed that there was a consistent strong
and positive relation between latitude and gastric and
esophagus cancers in both genders. There was also a
positive correlation between colon cancer and latitude
in some cases. The reason might be vitamin D deficiency
in the northern parts of the country, which has less
sunlight exposure (Lotfi et al. 2014). The ecological
study conducted by Grant et al. in 2010 on the incidence
andmortality of cancer in France showed that there was a
direct and significant relationship between latitude and
esophagus, stomach, and colon cancers and several other
cancers (Grant 2010). Borisenkov (2011) conducted a
study aimed at investigating the impact of latitude and
duration of residence on cancer incidence and mortality
in Russia. They showed that the geographical location of

Table 2 Pearson correlation and adjusted linear regression results for esophageal cancer

Females Males

Independent
variables

Pearson
coefficient

p value Regression
coefficient

p value Pearson
coefficient

p value Regression
coefficient

p value

2008 UV ray − 0.55 0.001 − 0.3.34 0.002 − 0.56 0.001 − 2.92 0.001

Physical
activity

− 0.24 0.18 − 0.02 0.69 − 0.23 0.20 − 0.05 0.50

Lung cancer 0.07 0.68 0.42 0.39 0.05 0.78 − 0.06 0.74

Latitude 0.66 0.001 0.72 0.001

Altitude 0.004 0.98 − 0.002 0.16 − 0.16 0.37 − .003 0.03

2007 UV ray − 0.56 0.001 − 2.55 0.002 − 0.57 0.001 − 3.16 0.001

Physical
activity

− 0.24 0.19 0.006 0.92 − 0.06 0.74 0.10 0.24

Lung cancer 0.07 0.70 − 0.01 0.97 0.12 0.50 − 0.03 0.88

Latitude 0.66 0.001 0.70 0.001

Altitude − 0.01 0.95 − 0.001 0.22 − 0.16 0.38 − .003 0.007

2006 UV ray − 0.48 0.008 − 1.89 0.01 − 0.48 0.006 − 1.78 0.006

Lung cancer 0.37 0.06 0.530 0.03 0.35 0.07 0.45 0.10

Latitude − 0.63 0.001 − 0.67 0.001

Altitude 0.01 0.95 0.001 0.26 − 0.08 0.66 − 0.002 0.06

2005 UV ray − 0.43 0.01 − 2.45 0.004 − 0.45 0.01 − 2.20 0.001

Lung cancer 0.09 0.62 − 0.58 0.50 − 0.17 0.35 − .003 0.01

Latitude 0.59 0.001 − 0.23 0.21

Altitude − 0.12 0.50 − 0.002 0.10 0.63 0.001 − .003 0.01

2004 UV ray − 0.55 0.003 − 2.42 0.001 − 0.60 0.001 − 2.05 0.001

Lung cancer 0.04 0.83 − 0.17 0.83 0.31 0.12 0.22 0.25

Latitude 0.67 0.001 0.71 0.001

Altitude − 0.08 0.69 − 0.002 0.11 − 0.009 0.96 − 0.001 0.15
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the cities was the best predictor for stomach cancer
incidence andmortality, as well as breast cancer mortality
(Borisenkov 2011). Holick has mentioned vitamin D as a
protective factor against cancer and has stated that taking
vitamin D is associated with a 30–50% reduction in the
risk of colorectal, breast, and prostate cancers (Holick
2008). Vloque et al. showed that by adjusting for income
and altitude, latitude had a positive and significant corre-
lation with gastric cancer mortality in Spain (Vioque et al.
1995). Also, Ren et al. found that deficiency of vitamin D
in the body could be associated with a risk of gastric
cancer (Ren et al. 2012).

In this study, altitude did not show any association
with the incidence of cancer. This finding was not
consistent with the results of the study by Amini et al.
In their study, which was conducted in one province of
Iran (Ardabil) using GIS, there was a significant in-
crease in gastric cancer in areas with higher altitudes
(Amani et al. 2015). Studies have stated that at higher

altitudes, the filter for UV radiation is thinner, and with
each 1000 m increase in altitude, the UV level increases
by 10 to 12% (WHO 2017). Therefore, Amini et al.’s
results are in contrary with studies that have reported
lower cancer rates in places with higher UV exposure.
Amini et al. have suggested that the reason for higher
gastric rates in higher altitude may be related to higher
arsenic and less selenium in the soil of these regions.

Crocetti conducted a study on the incidence, mortal-
ity, and survival of melanoma adjusted for several de-
mographic, phenotypic, and behavioral variables and
showed that for each degree increase in latitude, the
incidence of melanoma increased by 17% (Crocetti
et al. 2012). Latitude is probably not only a protective
factor against gastrointestinal cancers but also may have
an effect on other types of cancers as well.

One of the limitations of this study is the population
data used and the fact that we do not know how much
people who had cancer were exposed to ultraviolet

Table 3 Pearson correlation and linear regression results in relation to colon cancer

Females Males

Independent
variables

Pearson
coefficient

p value Regression
coefficient

p value Pearson
coefficient

p value Regression
coefficient

p value

2008 UV ray − 0.26 0.16 − 0.95 0.23 − 0.28 0.12 − 0.64 0.46

Physical
activity

0.10 0.58 − 0.05 0.33 0.07 0.27 0.009 0.91

Lung cancer 0.49 0.005 1.28 0.004 0.55 0.002 0.67 0.003

Latitude 0.36 0.04 0.34 0.05

Altitude 0.13 0.48 0.001 0.69 0.22 0.24 0.01 0.31

2007 UV ray − 0.30 0.10 − 1.32 0.08 − 0.38 0.03 − 1.54 0.07

Physical
activity

.030 0.87 0.05 0.43 − 0.03 0.84 0.07 0.47

Lung cancer 0.19 0.30 0.51 0.31 0.25 0.17 0.19 0.45

Latitude 0.30 0.10 0.35 0.05

Altitude 0.13 0.46 0.001 0.72 0.11 0.53 0.001 0.68

2006 UV ray − 0.28 0.13 − 0.94 0.09 − 0.25 0.17 − 0.73 0.19

Lung cancer 0.21 0.28 0.16 0.37 0.29 0.11 0.26 0.27

Latitude 0.34 0.05 0.32 0.08

Altitude 0.05 0.76 0.001 0.09 0.11 0.53 0.002 0.92

2005 UV ray − 0.25 0.17 − 0.78 0.15 − 0.07 0.68 − 0.41 0.40

Lung cancer 0.42 0.01 1.46 0.02 0.36 0.04 0.39 0.04

Latitude 0.24 0.19 0.12 0.49

Altitude 0.01 0.92 − 0.001 0.34 − 0.18 0.34 − .001 0.18

2004 UV ray − 0.39 0.03 − 0.62 0.10 − 0.29 0.13 − 0.68 0.10

Lung cancer 0.21 0.27 0.27 0.57 0.07 0.69 0.10 − 0.46
Latitude 0.50 0.008 0.36 0.05

Altitude 0.23 0.22 0.001 0.63 0.01 0.92 0.001 0.70
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radiation. Data about people’s exposure levels is not
available to make more certain conclusions. Another
limitation is that in this study provincial scale was used,
which is not accurate. However, in this study, the au-
thors did not have the separate cancer rates for all cities
of the country.

Conclusion

People in cities with lower levels of solar UV radiation
are more likely to develop esophagus, stomach, and
colon cancers than those in other areas. Solar ultraviolet
radiationmay be a protective factor for the occurrence of
certain cancers, including digestive cancers.
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