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Purpose: Lung cancer is considered as a common cause of cancer mortality. The disease
represents the second and third causes of deaths from cancer among Iranian women and men,
respectively. The present study aimed to evaluate the spatial variations in relative risk of lung
cancer mortality in Iran and its relation to common risk factors between men and women and
specific risk factors among women.

Methods: In this ecological study, the lung cancer mortality data were analyzed in Iran
during 2011-2014. Besag, York, and Mollie’s (BYM) model and shared component model
(SCM) were used to compare the spatial variations of the relative risk of lung cancer
mortality by applying OpenBUGS version 3.2.3 and R version 3.6.1.

Results: The median age for death due to lung cancer in Iran is 74 years. During 2011-2014, the
age-standardized lung cancer mortality rates among men and women were 12 and 5 per 100,000
individuals, respectively. In addition, almost similar spatial patterns were observed for both men
and women. Further, risk factors, which are shared between men and women, were considered as
the main cause of variation of lung cancer mortality relative risk in the regions under study for
both men and women. The highest impact of the women-specific risk factors was estimated in
northeastern and southwestern of the country while the lowest was related to Gilan province in
northern part of Iran.

Conclusion: Based on the spatial pattern, lung cancer risk factors are at relatively high
levels in most parts of Iran, especially in the northwest of the country. Regarding the women,
the high-risk regions were considerably extended. Further, the highest concentration of the
specific risk factors among women was observed in the eastern, central, and southwestern
parts. The smoking effect, and the second-smoking effect and environmental pollutions could
play more significant roles for men and women, respectively.

Keywords: ecological study, age-standardized mortality rate, BYM model, shared

component model

Introduction
Lung cancer is regarded as a common cause of cancer mortality,’ and its rates of
incidence and mortality are very close to one another by considering its very low
survival rate.” The lung cancer is the second reason for cancer mortality following
the gastric cancer in Iran. According to the reports by Iranian Ministry of Health
and Medical Education, the lung cancer represents the second and third cause of
cancer mortality among Iranian men and women, respectively.’

The lung cancer incidence and mortality rates are different around the world,
among different countries, and even within the same country.* The main reason
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behind such variations is related to the difference in the
prevalence of cigarette smoking.>>® Smoking has been
reported as the most significant risk factor of the lung
cancer, being responsible for about 80% of the lung cancer
incidence cases.” In addition, genetic factors and environ-
mental pollutions (eg air pollution, radon, and asbestos)
have been referred to as other risk factors contributing to
the lung cancer.>

In many regions around the world, the rate of lung
cancer mortality among men is higher than that of women,
mainly due to the wider extension of smoking among men
rather than women.>’ However, the lung cancer has been
served as the second largest cause of cancer mortality
among women in the world, with about half of the lung
cancer incidence being caused by smoking.°

Although the number of male smokers is about six
times as large as the number of female smokers in Iran,®
the age-adjusted rate of lung cancer mortality among
Iranian men in 2012 has been only about 2 times as large
as that of Iranian women,” among whom only one out of
each seven women fatalities from lung cancer is smoker.’
In general, the rate of lung cancer incidence among non-
smoking women is higher than that of non-smoking
men.>'® In other words, women are engaged with special
risk factors tending to increase lung cancer mortality.”

Generally speaking, spatial variations in lung cancer
mortality should be considered as a necessary step toward
attenuating the lung cancer incidence rate for both genders
in order to identify high-risk areas and determine the prio-
rities for research activities and the required policy
settings.'' Besag, York, and Mollie’s (BYM)'? model is
regarded as one of the most widely used models for map-
ping and identifying high-risk areas in which the correlation
of the data among neighboring and geographical close areas
is considered. On the other hand, based on the above-
mentioned issues, Iranian men and women may suffer
from different risk factors contributing to the lung cancer.
Therefore, it seems necessary to identify those regions of
Iran where men and women are engaged with common risk
factors and identify the regions where women are exposed
to excessive risk of the disease. Special disease mapping
models can be used to identify the pattern of spatial varia-
tions in common and specific risk factors among men and
women, among which Bayesian shared component model-
ing (SCM) can be emphasized.'*'* Several studies used this
model to evaluate the common spatial variations of the

15-17

multi-diseases or a single disease based on different

variables such as gender'? or race.'®

Common and specific risk factors among men and
women in terms of latent variables are evaluated by using
the SCM model in order to observe their spatial variations
separately for different genders. In this model, the shared
component represents the risk factors contributing to higher
risk of mortality in both genders. On the other hand, the
specific component represents the risk factors which just
increase the risk of mortality in a specific gender.13

Although lung cancer is considered as one of the can-
cers with high mortality rates in Iran, no study, to the best
of our knowledge, addressed the differences in spatial
pattern of lung cancer mortality in both men and women
in Iran. Thus, the present study aimed to evaluate the
spatial variations in relative risk of lung cancer mortality
in Iran and its relation to common risk factors between
men and women and specific risk factors among women.
To this aim, the BYM model was used to assess the spatial
variations in the relative risk of lung cancer mortality. In
addition, the Bayesian SCM was used to study the spatial
pattern of common risk factors between men and women,
as well as specific risk factors among women.

Materials and Methods

Data

In this ecological study, the lung cancer (topography code
C33-C34) mortality data were analyzed among the Iranian
men and women in Iran during 2011-2014. The data were
collected by Network Management Center of Iranian
Ministry of Health.'"”' The region under study included
30 provinces from the total 31 provinces of Iran excluding
Tehran. The data included the count of deaths from lung
cancer in different years and were classified based on
province, gender, and age. This study was confirmed by
the Ethical Committee of Isfahan University of Medical
Sciences (IR.MUIL.REC.1395.3.687).

First, the yearly age-standardized rates of lung cancer
mortality were calculated for each gender. Then, the rates
were adjusted based on the standard global population as
per the World Health organization (WHO).?* Subsequently,
the data corresponding to different years from 2011 to 2014
were pooled and gender-specific deaths were computed
from lung cancer among the 20 or older individuals in
each province.

Statistical Analysis
Let yji indicate the number of observed deaths from lung
cancer among 20 or older residents of the i-t4 province
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(i=1,2,...,30) and k-th gender (k = 1 for men, 2 for
women) with a Poisson’s probability distribution function
(PDF) with the parameter (E;; 0;) where 0, represents the
relative risk in i-th province, and k-th gender and Ej
indicate the expected cases.

Ziyik
i ik

where n;; and nj, are the populations of men and women

(M

Eix = ny

who are at risk in the i-th region, respectively.

BYM Model

In this stage, the model proposed by Besag, York and
Mollie (BYM)'? was used to fit models for each gender.
In this model, it is assumed that 6, is a random variable.
Thus, we have:

log (0 ) =ax+uix+Vik 2

where oy is a gender-specific intercept. In both genders, u;
indicates the random effect representing the correlation
between the neighbouring provinces and v; shows the random
effect included in the model to represent the unstructured
heterogeneity in the relative risk of lung cancer mortality
among the provinces.

It is assumed that the heterogeneity terms v;; are inde-
pendent and each v;, follows normal distribution (0, 4,;),
while the terms u;;, follow some conditional autoregressive
(CAR) normal distribution (W, 4,;) to include the spatial
correlation of the data, where W is the matrix representation
of the spatial correlation and is obtained in relation to the
adjacent provinces of the considered province. The adja-
cency is herein defined as having at least one common
border. In addition, the parameters 4, and 4, are precision
parameters indicating the levels of non-structured and struc-

tured spatial variations, respectively.

Shared Component Model (SCM)

When the BYM was adopted for each of the genders, the
shared component modeling (SCM) was utilized to evalu-
ate the variations in the lung cancer mortality in both
males and females. Originally developed by Knorr-Held
and Best,14 the SCM was used to introduce a shared ran-
dom effect at province level to consider the relationships
between the mortality rate among men and women.
Further, an independent random effect was introduced for
women to evaluate the gender-specific variations. The
women-specific component reflects the inter-provincial

variations in lung cancer mortality in women, ie variations
beyond the common variations in men and women.

Like the previous case, it is assumed that the observa-
tions follow the Poisson’s distribution function is as
follows:

Vi~ Poisson(Ey0y.) 3)
Regarding the second level, it is assumed that

log(eﬂ) =a + uié =+ Vi (4)

log(62) = az + Hifs+ p; + vio (5)

where y; represents the common risk factors among men
and women, among which smoking is the most important
one, and f; represents the women-specific risk factors
which are the root cause of the difference between the
corresponding spatial pattern and that of men. Both of
these variables have spatial structures and it is assumed
that those follow CAR Normal (W, 4,) and CAR Normal
(W, 4p), respectively, where the /1, and /4 are considered as
precision parameters. Furthermore, the parameters a,, a,,
v;1, and v, are defined similarly to those in the BYM
model.

Unfortunately, most of the dataset in the Iranian
Ministry of Health and Medical Education like the one
used in the present study is not available to researchers. In
this case, using random variables as hidden variables in the
model is considered as one of the ways to consider some
of these variables which play the role of common or non-
common risk factors between two or more diseases or
between men and women such as smoking status, BMI,
characteristics of the environment in which the individual
lives and the like. In fact, the random variables u; and f;
used in the model are successors for known or unknown
risk factors. In this equation, ¢ is the scaling factor and its
logarithm is assumed to follow normal distribution. In
both models, the precision parameters are supposed to
follow the Gamma (0.5, 0.0005) distribution function
and both of o parameters are assumed to follow flat non-
informative distribution.

Version 3.2.3 of OpenBUGS (The GNU General Public
License) software and Markov chain Monte Carlo
(MCMC) methods were used to obtain posterior probabil-
ity distributions and approximation of the considered para-
meters. Based on this approach, the first 200,000 iterations
were dropped, and a total of 2800 samples of the subse-
quent 224,000 iterations were stored at the spacing of
80 iterations. The convergence of the algorithm was
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verified and confirmed by Gelman-Robin test.>* In addi-
tion, the model fit was calculated by using deviance infor-
mation criterion (DIC), which is appropriate for use with
Bayesian hierarchical models. The lower DIC value indi-
cates better model fit.>> The DIC value of the SCM was
compared to the sum of the DIC values from the two
individual BYM models. Finally, the version 3.6.1 of
R software was used to plot the maps and diagrams.

Results

During the considered period, a total of 16,528 deaths
from lung cancer were recorded across the considered
regions, among whom 70% were men with 74 as the
median age of death. Further, 12% were younger than
60, 53% ranged between 60 and 79, and 35% were older
than 79. In 2014, the maximum age-specific rate of death
from lung cancer among Iranian men and women was 136
and 69 cases per 100,000 individuals in the age range of
80-84, respectively (Figure 1). As shown in Figure 1, the
slope of the diagram related to standardized lung cancer
mortality rate in the population of Iran increases rapidly
after the age of 50. Additionally, lung cancer mortality rate
in the age range of 70-74 and 80-84 is 5 and 11 times
more compared to that of 50-54, respectively. In all of the
age groups beyond 40, the rate of lung cancer mortality
was considerably higher among men rather than women
and the average mortality rate for age-standardized lung

cancer among men and women was 12 and 5 per 100,000
individuals, respectively (Table 1).

The results of the BYM model indicated almost similar
spatial patterns for men and women, especially in north-
western and southeastern regions of the country.
Accordingly, the relative risk of death from lung cancer
in men varied from 0.34 in Sistan and Baluchestan (south-
eastern Iran) to 1.79 in West Azerbaijan (northwestern
Iran). Furthermore, regarding women, the lowest rate
related to the risk of lung cancer mortality (0.41) belonged
to Sistan and Baluchestan, while the women in East
Azerbaijan (northwestern Iran) were at the highest relative
risk (1.68) of lung cancer mortality. Figure 2 and Table 1
indicate the results obtained from the BYM. As shown,
there is correlation and spatial patterns among neighboring
and geographical close areas in both males and females. In
addition, the maps plotted for men and women (Figure 2)
indicate a common spatial pattern suggesting high mortal-
ity rates in northwestern areas of Iran and very low mor-
tality rates in southeastern part of the country. Also, in
Table 2 identified high and low risk Iranian provinces for
both men and women.

Finally, Figure 3 displays the results of the SCM.
Based on this mothed, 90.4% of the spatial variations in
lung cancer mortality among men can be explained by the
shared components, while the corresponding percentage to

the women is 78.5%. The remaining portion of variations
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Figure | Age-specific mortality rate based on gender in Iran during 2014.
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Table | Age-Standardized Mortality Rate of Lung Cancer by Gender in Iran During 201 [-2014

AMSR(95% Confidence Interval)
2011 2012 2013 2014
All age Men 1.6 1.7 12.1 12.2
(r.2-12.1) (r.2-12.1) (1'1.7-12.5) (11.8-12.6)
Women 4.8 5.0 5.3 5.3
(4.5-5.1) (4.7-5.2) (5.0-5.5) (5.0-5.6)
Total 82 83 8.7 8.7
(7.9-84) (8.0-8.5) (8.4-8.9) (8.5-9.0)
20 years and older Men 17.7 17.8 18.4 18.6
(17.1-18.4) (17.1-18.4) (17.8-19.1) (17.9-19.2)
Women 7.3 7.5 8.0 8.1
(6.9-7.7) (7.1-8.0) (7.6-8.4) (7.7-8.5)
Total 12.5 12.6 13.2 133
(12.1-12.9) (12.2-13.0) (12.8-13.6) (12.9-13.7)

Abbreviation: ASMR, age-standardized mortality rate per 100,000 persons in one year.

in women is related to the gender-specific component,
among which 13.6% and 7.9% are related to specific
unstructured and structured spatial variations, respectively.
The largest portion of spatial variations in both males and
females is explained by the shared component, the effect
of which is the largest in the northwestern part of the
country. In other words, in both genders, common risk
factors of men and women are the main cause of variation
in lung cancer mortality relative risk in the regions under
study, while a small portion is related to uncommon risk

factors. The posterior mean of the scaling parameter 0 was
estimated at 1.02 (95% confidence interval: 0.83, 1.16).
Therefore, the effect of common risk factors on lung
cancer mortality in men is slightly greater than that of
women. Given the pattern of spatial variations in the
women-specific risk factors, the highest intensity of this
factor was observed in South Khorasan (northwestern
Iran) and Bushehr (southern Iran) Provinces, while the
lowest was estimated in Gilan Province (northern Iran).
In addition, the gender-specific factor could be used to

Less than 0.8
0.8t0 1.0
1.0t0 1.2

1.2 or more
Not available

Less than 0.8
0.8t0 1.0
1.0t0 1.2

1.2 or more
Not available

Figure 2 Map of the estimated relative risk in the BYM Model for lung cancer mortality in men (A) and women (B) in Iran during 2011-2014.Abbreviations: BYM Model,

Besag, York, and Mollie’s model.
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Table 2 Relative Risk of Lung Cancer Mortality in Iranian Provinces

Province Men Women Total
High Some Low High Some Low High Some Low
Risk Risk Risk Risk Risk Risk Risk Risk Risk
Alborz * * *
Ardabil * * *
Bushehr * * *
Chaharmahal Bakhtiari * * *
East Azerbaijan * * *
Fars * * *
Gilan * * *
Golestan * * *
Hamadan * * *
Hormozgan * * *
llam * * *
Isfahan * * *
Kerman * * *
Kermanshah * * *
Khorasan Razavi * * *
Khorasan North * * *
Khorasan South * * *
Kohgiluyeh * * *
Buyerahmad
Khuzestan * * *
Kurdistan * * *
Lorestan * * *
Mazandaran * * *
Markazi * N *
Qom * * *
Qazvin * * *
Semnan * * *
Sistan Baluchestan * * *
West Azerbaijan * * *
Yazd * * *
Zanjan * * *

Note: *The identifier level of relative risk for each combination of province and gender.

classify the country into low-risk and high-risk regions.
The sum of the DIC values from the two BYM models and
the DIC value from the SCM are 527 and 487.1, respec-
tively, indicating the superiority of the SCM over their
modeling individually.

Discussion

The highest percentage of lung cancer mortality was
observed among the 60-79-aged individuals. In addi-
tion, an increasing trend of age-specific lung cancer
mortality rate was observed among both men and
women during 2011-2014, while the rate of this increas-
ing trend was slightly higher among men rather than
women. In 2014, age-standardized lung cancer mortality

rates among men and women were 12.2 and 5.3 per
100,000 individuals, which are 1.6 times and 2.5 times
higher than in 2002, respectively. Based on the
obtained information, the gender ratio of the lung cancer
mortality in Iran is lower than some special Asian
countries such as Turkey and Kuwait, while it is still
higher than many other Asian states such as China,
Japan, Thailand, and India.? The ratio (2.4) was slightly
less than the global estimated value (2.72).%

Regarding the age-standardized rates of the 20 or older
Iranian men and women, a significant percentage of deaths
from lung cancer occurred in the age group of 20 years
and above, and they were considered as the main at-risk

populations.
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Figure 3 Shared risk in lung cancer mortality among men and women (A) and specific risk for women (B) from SCM in Iran during 201 1-2014.Abbreviation: SCM, shared

component model.

The present study assessed the relative risk of lung
cancer mortality among the 20 or older men and women
residing in different Iranian provinces. Relatively strong
spatial patterns were observed in both genders. Regarding
men, the highest relative risk of the disease was related to
the northwestern region of the country, with extensions
toward the north and west. Further, high levels of risk
were observed in the eastern area of the country toward
the central Iran. Regarding women, the high-risk regions
such as northwestern, western, central, and parts of eastern
areas of Iran (RR>1.2) were extended more. Furthermore,
high levels of relative risk were observed in Bushehr
province (southwestern Iran). Given the plotted maps,
a common spatial pattern was evident, while high mortal-
ity rates were anticipated in northwest of Iran and very low
rates were observed in southeastern part of the country
(Figure 2).

In the next step, the relationship between the mortality
rates in men and women was evaluated by identifying the
spatial pattern of common risk factors, among which cigar-
ette smoking is considered as the most significant one.
Further, given the findings of the previous studies confirm-
ing the presence of women-specific risk factors and the
larger contribution of environmental pollution into lung
cancer mortality among women rather than men, a specific
component was used to recognize the spatial pattern of
women-specific risk factors. Subsequently, a major portion
of spatial variations in the relative risk of lung cancer

among men and women could be explained by the shared
component by fitting the model into the data. The impact of
the shared component of lung cancer mortality among men
and women was maximized in the northwest of Iran, with
the extensions toward west, and central and eastern parts of
the country at lower intensities. However, the highest con-
centration of the women-specific risk factors was observed
in the eastern, central, and southwestern parts, with the
extensions toward southeast. Additionally, as shown in
Figure 3, the effect of this risk factor is relatively high in
other parts of Iran.

It is worth noting that the prevalence of cigarette
smoking among men is six times more than that of
women in Iran,®® and the lung cancer mortality ratio
among men and women is expected to be very large
since the smoking is considered among the major factors
contributing to the lung cancer. However, the ratio is just
above 2. On the other hand, a large portion of variations in
lung cancer mortality among women can be explained by
the shared component, which can be related to one of the
following reasons:

1. Iranian women tend to conceal their cigarette smok-
ing habit due to cultural constraints in the Iranian
society, upon which the cigarette smoking is an
extremely unfavorable act for women, which may
lead to the underestimation of the prevalence of

cigarette smoking among women.®

Cancer Management and Research 2020:12
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2. The number of women smoking water pipe is almost
7 times as large as the number of those smoking
cigarettes.”” On the other hand, in some parts of the
country, smoking water pipe by a woman is consid-
ered as a culturally accepted act.”’ For instance,
Bushehr Province, located in southwest of Iran, suf-
fers from the higher risk of lung cancer mortality
among women, compared to the adjacent provinces,
possibly due to the spread of smoking water pipe
among the women in this province, compared to
other provinces in Iran.*°

3. In those areas where more prevalence of cigarette
smoking is common among men, the rate of lung
cancer mortality among women is higher due to the
so-called second-smoking effect.

4. The areas of higher shared risk are likely to suffer
from higher levels of environmental pollution,
which may boost the rate of lung cancer mortality
in these areas in two ways. First, tobacco smoking
and environmental pollution have interaction effects

331 which means that the

on lung cancer mortality,
presence of one of them can increase the negative
impact of the other one. Second, the environmental
pollutions contribute to the rate of lung cancer mor-
tality among non-smoking individuals, especially

women.7’32

There are some differences between the population in Iran
and that of the developed countries regarding some issues
such as the epidemiology of molecular alterations in the
genes involved in cancer immunosurveillance, xenobiotic
metabolism, and DNA repair.>® These differences are
related to unique environmental exposures and population
genetics of the Iranian populace.®* Also, the unique envir-
onmental exposures in the different areas of Iran and
genetic diversity and difference in different Iranian ethnic
groups can be considered as one of the important reasons
for the expansion and variations observed in the RR of
lung cancer mortality in these areas. Studying these issues
can abundantly help to prevent lung cancer, develop tar-
geted therapeutic approaches, and improve patients’
survival.>® However, a few studies were conducted in
this area in Iran.*?

Based on the results, the highest rates of lung cancer
mortality among men and women were observed in the
age groups of 80-84 (Figure 1). In addition, the smoking
age among Iranian men was considerably younger than
that their Iranian counterparts. Further, the maximum

prevalence of cigarette smoking among the men occurred
in the age group of 3544, while it was 55—65 for the same
range among the women.® The incidence of lung cancer
because of cigarette smoking usually occurs after several
decades of smoking, which can be served as a preferential
factor contributing to the increased rate of lung cancer
mortality among older men.* However, the second-
smoking effect and environmental pollutions may play
more significant roles in Iranian women. Additionally,
the reduction in the rate of lung cancer mortality in older
ages can be related to competitive risks in both males and
females.*

During the last few decades, the mortality of lung can-
cer, especially non-small cell lung cancer, which is the most
common type of this cancer,”® has increased among the
elderly,>” while few studies were conducted among this
group of individuals.*® Although there are potential thera-
pies and approaches of decreasing the rate of lung cancer
progression for elderly patients,*” to the best of our knowl-
edge, there is no study in this area in Iran.

Mahaki et al*’ used lung cancer data in 2007, irrespec-
tive of gender factor. Like the data used in the present
study, they focused on north western regions as the areas
with the highest risk while the south eastern regions indi-
cated the lowest risk. A significant difference was
observed in the pattern of the present model, which
could be attributed to various factors, among which the
change in risk factors during 2007-2014 was highlighted.
It is worth noting that the extent of high-risk areas in the
present study is higher than that of Mahaki et al’s study.

In another study, Khazaei et al*'

evaluated the geo-
graphic distribution for age-standardized incidence rate
(ASR) of lung cancer in Iran, the results of which are
inconsistent with those in the present study. The reasons
for this difference can be summarized as follows. First,
they used data from the incidence of lung cancer in Iran in
2008 and presented their results without using a model and
considering the spatial correlation between the provinces.
Second, all ages were included in their study, while only
the data related to the age group above 20 years, who were
at higher risk, were considered for analysis in this study.

The main advantage of the present study can be found
in a separate use of common component model for men
and women. Separate analysis can determine the spatial
pattern of risk factors better. Further, the application of
more recent data and consideration of adults above
20 years old, as the main people exposed to risk factors,
can present more accurate estimations.
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Lack of access to the required information in Tehran
Province is considered as the main limitation in the present
study. Thus, the data were analyzed for other Iranian
provinces without considering the adjacency of Tehran to
the other provinces.

Conclusion

In general, the rate of lung cancer mortality has almost
doubled in n Iran during 2002-2014.%® The increase can be
represented as an alarm indicating boosted impact of the risk
factors, especially among women. The smoking effect
among men and the second-smoking effect and environmen-
tal pollutions among women can play significant roles in this
regard. Failure to identify and control such risk factors may
end up with increasing trends in not only the rate of lung
cancer mortality, but also the rate deaths from other cancers,
which have common risk factors with lung cancer.

Based on the spatial pattern obtained in this study, the
lung cancer risk factors are at relatively high levels in most
parts of Iran, particularly in northwestern areas. In the
present study, those areas in which lung cancer mortality
risk factors have a high prevalence were considered.
Identifying these areas can be helpful in setting health
policies, as well as focusing on high-risk areas or in
examining the underlying causes of a lower risk of lung
cancer death in one region or among male or female.
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