
Abstract
Cervical cancer in women is one of the most common cancers

and breast cancer has grown dramatically in recent years. The pur-
pose of this study was to map the incidence of breast and cervix
uteri cancer among Iranian women over a 6-year period (2004-
2009) searching for trend changes and risk factors. Cancer inci-
dence data were extracted from the annual reports of the National
Cancer Registry in Iran. Hierarchical Bayesian models, including
random spatial and temporal effects was utilized together with
bivariate, spatio-temporal shared component modelling. The
provinces Tehran, Isfahan, Mazandaran and Gilan were found to
have the highest relative risk (RR) of breast cancer, while the
highest RR of cervix uteri cancer was observed in Tehran,
Golestan, Khuzestan and Khorasan Razavi. Shared risk factors
(smoking component) between the two cancers were seen to have
the highest influence in Tehran, Khorasan Razavi, Yazd, Isfahan,
Golestan, Khuzestan, Fars and Mazandaran, while the least were
observed in Kohgiluyeh Boyerahmad. Apparent differences and

distinctions between high-risk and low-risk provinces reveal a pat-
tern of obvious dispersion for these cancers in Iran that should be
considered when allocating healthcare resources and services in
different areas.

Introduction
Cancer is the third leading cause of mortality in Iran after car-

diovascular disease and accidents (Mousavi et al., 2009). It is also
considered one of the most important health problems in industri-
alized and developing countries (Mehrabani et al., 2008). While
lung cancer is the most common cancer worldwide in both sexes,
breast cancer is the most common malignancy in women (Cancer
Facts & Figures, 2016) and a major concern for general health in
Iran (Montazeri et al., 2016). It accounts for about one third of all
cancers in Iranian women and is the most common cause of death
from cancer (Asgarian et al., 2016). While cancer of the cervix
uteri has always been one of the most common cancers, breast
cancer has grown dramatically during recent years (Poudel et al.,
2016; Elidrissi Errahhali et al., 2017; Mathew et al., 2017).
Although the prevalence of breast cancer in Iran is lower com-
pared to many other Asian countries, the incidence among Iranian
women has also increased (Mousavi et al., 2007; Taheri et al.,
2012) so that the incidence per 100,000 women increased from 24
cases in 2006 to 28 in 2009. In addition, the average age when
breast cancer is detected in Iran is 10 years younger than in other
countries with a similar level of economic development
(Pirouzpanah et al., 2014).

Gynaecologic cancers (cervical, ovarian, uterine, vaginal and
vulvar) have profound effects on the various physical functions of
women (Hasanzadeh Mofrad et al., 2015). Most of new cases of
cervical cancer are diagnosed in middle-aged women with early
stages of cancer (Le Borgne et al., 2013; Ramondetta, 2013), and
metastases to the female genital tract from breast cancer are com-
mon (Manci et al., 2008). Different case studies have reported
spread of breast cancer to the cervix (Ogino et al., 2003; Green et
al., 2004) showing a prevalence ranging from 0.8% to 1.7%
(Manci et al., 2008). Risk factors for breast cancer include stress,
abortion, lack of lactation, positive family history, hormone thera-
py, low menstrual age, lack of delivery, alcohol intake, smoking
and lack of physical activity (Toleutay et al., 2013; Jafarinia et al.,
2016).

Cervical cancer is the second most common malignant neo-
plasm in women after breast cancer (Maree and Wright, 2011;
Torre et al., 2015). Based on studies conducted in Iran, it is one of
the five most common cancers among women with an incidence
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around 2.1 per 100,000 women per year (Farajzadegan et al., 2012;
Chaichian et al., 2018). Cervix cancer is the third most common
cancer among women in the United States (US), and the first or
second among the cancers of the female genital system in many
areas of Africa, India, Latin America, South and Southeast Asia
(Vaisy et al., 2012). About 80% of women with this cancer live in
the developing countries and its mortality rate is much higher in
developing countries than in the industrialized part of the world
(Morice and Castaigne, 2005). Smoking, having multiple sexual
partners and use of contraceptive pills are potential risk factor for
cervical cancer (Vaisy et al., 2012).

Increasing life expectancy has led to growth of the population
aging index in Iran and it is expected that the incidence of various
cancers in the coming years will increase accordingly (Asgarian et
al., 2016). On the other hand, cancer distributions are subject to
regional conditions, nutritional habits and genetic factors resulting
in changes in the cancer incidence trends in different regions of
Iran (Mahaki et al., 2011). For this reason it is essential to identify
areas with low or high relative risk (RR) of cancer incidence,
which can be served by obtaining accurate estimates of the inci-
dence, prevalence and mortality rates of various forms of cancer
from different parts of the country. Cancer mapping is far from
uncommon in Iran (Mahaki et al., 2011; Asmarian et al., 2013;
Jafari-Koshki et al., 2014; Chamanpara et al., 2015; Haddad-
Khoshkar et al., 2015; Khoshkar et al., 2015; Rastaghi et al.,
2015), but spatiotemporal mapping of two or more cancers has not
been attempted. It occurred to us that it would be of interest to
apply spatio-temporal analysis of the variation of disease risk and
carry out joint analysis of two cancer forms that share common
environmental risk factors. Working on lung cancer, Richardson et
al. (2006) used a Bayesian hierarchical model that splits the risk of
disease into two spatio-temporal components, a shared and a spe-
cific component that calibrates the differential between the two
diseases. In line with this thinking we applied a bivariate spatio-
temporal shared component (SC) mapping of the incidence of two
common cancers, those affecting breast and cervix uteri, and three
risk factors associated with these cancers among Iranian women in
the 30 provinces of Iran during a 6-year period (2004 to 2009). We
aimed to study the dispersion of the RR of these two cancers using
bivariate joint modelling, which has the ability to integrate corre-
lations between geographically close regions and provide the
opportunity to examine shared and specific patterns of the RR as
well as temporal changes.

Materials and Methods

Data
We used information on two common cancers in women: that

of the breast (topography code C50) and that of cervix uteri (C53)
in women in the 30 provinces of Iran during 2004-2009. The data
were collected from the annual reports of the National Cancer
Registry in Iran, published by the Center for Disease Control of the
Ministry of Health and Medical Education.

Modelling
Considering the bivariate spatial SC modelling method

(Mahaki et al., 2011), the added temporal dimension to this model
made it possible to study the temporal changes of the two cancers

(breast and cervix cancer), including surrogate risk factors for the
cancers (smoking, physical activity and use of contraceptive pills)
were examined during a 6-year period from 2004 to 2009 using
hierarchical Bayesian models, including random effects in place
and time dimensions, using the equation:

Eq. 1

where Oijk and Eijk are the numbers of observed and expected cases,
respectively, of the kth cancer occurrence in the ith area and in jth
time period. Eijk was obtained by multiplying the national incidence
of the kth occurrence in the population of the ith province in the jth
year (Nij). Spatio-temporal bivariate SC modelling was performed
based on a hierarchical Bayesian modelling framework. Assuming
that Oijk follows a Poisson distribution, i.e. Oijk ~ Poisson (ϴijk Eijk)
where ϴijk is the unknown RR of the k cancer in the ith area and in
jth time period, the hidden factors (shared components) were intro-
duced and the dispersion of the observed values modelled on ϴijk.

The simplest model is the one that only includes the cancer-
specific intercept and shared spatio-temporal components (without
heterogeneity and space-time interaction terms) along with the cor-
responding scale parameters written as:

log (θij1) = α1 + λ1i∙δ +λ2i + t1j∙ψ + t2j Eq. 2
log (θij2) = α2 + λ1i / δ +λ3i + t1j / ψ + t3j

where θij1 and θij2 are the RR of the first and second cancer, respec-
tively, in the ith province in the jth time period, while represents the
disease-specific intercept of the kth cancer; λ1i, λ2i, λ3i and t1j, t2j, t3j

are the spatial and temporal effects of the shared smoking compo-
nent common to breast and cervix cancers, physical activity factors
for breast cancer and use of contraceptive pills for cancer of the
cervix uteri, respectively.

Spatial and temporal scale parameters (δ > 0, ψ > 0) indicate
the weight of each shared component on the spatial and temporal
changes of the cancers and can be different for each related cancer.

In total, there are four main models (A-D) that can be obtained
by adding each space-time interaction effect (ξij) and heterogeneity
effects (εij1) to the original model. The models differ according to
the inclusion or not of a heterogeneity term. In this way, a set of
spatio-temporal models for bivariate mapping of diseases were
introduced. The first model (A) was a simple additive decomposi-
tion of the shared part without heterogeneity and space-time inter-
action terms (Eq. 2). In the second model (B) we included εij1 to
capture possible variations not explained by the terms included in
model A. In model C we added space-time interaction terms com-
mon to all diseases (ξij) to model A. Finally we built model D by
combining models B and C.

Assigning prior distributions
In this study, similar to the studies by Richardson et al. (2006)

and Oleson et al. (2008), conditional autoregressive (CAR) prior
distribution were used for spatial random effects (λ1). In this distri-
bution, a unit weight is considered for neighbouring areas, and the
neighbourhood matrix for this distribution is defined based on the
conditions in adjacent areas. For time trends (tj), first order ran-
dom-walk priors (Richardson et al., 2006; Oleson et al., 2008)
were employed. In the present study, a simple interchangeable
hierarchical structure was considered for ξij (Knorr-Held and
Besag, 1998). For heterogeneous expressions (εij1, εij1)T, multivari-
ate normal distribution with zero mean, and the covariance matrix
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Σ-1 was used in order to consider the correlation between the two
diseases in each spatio-temporal unit.

For each αk, a flat non-informative prior was allocated and for
spatial and temporal scales logarithms (log δ and log ψ), it was
assumed that they followed multivariate normal distributions. For
precision parameters of spatial and temporal priors of the CAR
model:

Eq. 3

we acted according to the suggestions by Wakefield et al. (2001),
which meant that both parameters were separately assigned the
weekly informative gamma hyperprior distributions. For the preci-
sion matrix of the diseases-specific heterogeneity effects (Σ-1), the
Wishart prior distribution (Q,2) was employed where Q is the 2-
dimensional identity matrix. (Downing et al., 2008) 

The suitability of all SC models to the data were assessed
through Bayesian estimation software, WinBUGS 3.2.2 (Lunn et
al., 2000). All maps were produced with ArcGIS 10.4.1 software
(http://www.esri.com/software/arcgis). Posterior distribution esti-
mations for model parameters were obtained by Monte Carlo
Markov Chain simulation methods (Brooks, 1998). For each
model, the Markov chain was executed with 100,000 iterations.
The burn-in period was performed with 20,000 repetitions and
results reported on the basis of the 80,000 remaining posterior
samples with thin 10 to reduce the temporal autocorrelation
(Spiegelhalter et al., 2002). Also, comparison of different spa-
tiotemporal models was performed using the Deviance
Information Criterion (DIC).

Results
The incidence of breast cancer in the 2004-2009 period was

3,803, 4,621, 5,378, 6,181, 8,145 and 7,840, respectively. The inci-
dence of cervix cancer during these 6 years was 394, 358, 436,
533, 630, and 572, respectively. Based on these results, despite
slight fluctuations, the incidence of both cancers in the whole
country showed an increasing trend.

Based on the occurrence or absence of spatio-temporal interac-
tion effects and disease-specific heterogeneity effects, four main
forms of the bivariate spatiotemporal SC model were investigated.
Since the DIC index (used to compare the fitting of the four main
models and selecting the optimal one) was only applied when the
model with disease-specific heterogeneity effects without spatio-
temporal interaction effects was preferable to other models
(DIC=2241), only the results of this model is presented.

Figures 1 and 2 show the RR estimation maps based on the
bivariate spatiotemporal SC model. According to the results with
respect to breast cancer, the provinces Tehran, Isfahan,
Mazandaran, Gilan, Khorasan Razavi and Yazd had the highest
RR. However, the provinces Fars, Qazvin, Markazi, Qom,
Semnan, Golestan, Kerman, Kermanshah and Bushehr provinces
must also be considered high-risk areas but less so than the previ-
ous provinces mentioned. The provinces Tehran, Isfahan,
Mazandaran and Gilan had the highest RR in each year investigat-
ed, while the provinces North Khorasan, Zanjan, Chaharmahal
Bakhtiari, Sistan Baluchestan, and Kohgiluyeh Boyerahmad had
the lowest (Table 1). 

In the case of cancer of the cervix uteri, the provinces Tehran,

                   Article

Figure 1. Distribution of the estimated relative risk due to breast cancer in Iran according to bivariate spatiotemporal shared compo-
nent model in the period 2004-2009.
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Figure 2. Distribution of the estimated relative risk due to cervix uteri cancer in Iran according to bivariate spatiotemporal shared com-
ponent model in the period 2004-2009.

Table 1. Relative risk of breast cancer in Iranian provinces.

Province                  High risk Some risk Low risk
                                                All years               Some years              All years                Some years              All years             Some years

Ardabil                                                                                                                                                                                                                                x                                      
Bushehr                                                                                                                                          x                                                                                                                          
Chaharmahal Bakhtiari                                                                                                                                                                                                   x                                      
East Azerbaijan                                                                                                                                                                        x                                                                               
Fars                                                                                                                                                 x                                                                                                                          
Gilan                                                              x                                                                                                                                                                                                            
Golestan                                                                                                                                         x                                                                                                                          
Hamadan                                                                                                                                        x                                                                                                                          
Hormozgan                                                                                                                                    x                                                                                                                          
Ilam                                                                                                                                                                                                                                                                            x
Isfahan                                                         x                                                                                                                                                                                                            
Kerman                                                                                                                                          x                                                                                                                          
Kermanshah                                                                                                                                  x                                                                                                                          
Khorasan Razavi                                                                                    x                                                                                                                                                                  
Khorasan North                                                                                                                                                                                                                x                                      
Khorasan South                                                                                                                                                                                                                                                        
Kohgiluyeh Buyerahmad                                                                                                                                                                                                 x                                      
Khuzestan                                                                                              x                                                                                                                                                                  
Kurdistan                                                                                                                                       x                                                                                                                          
Lorestan                                                                                                                                                                                    x                                                                               
Mazandaran                                                 x                                                                                                                                                                                                            
Markazi                                                                                                                                           x                                                                                                                          
Qom                                                                                                                                                x                                                                                                                          
Qazvin                                                                                                                                             x                                                                                                                          
Semnan                                                                                                                                          x                                                                                                                          
Sistan Baluchestan                                                                                                                                                                                                          x                                      
Tehran                                                           x                                                                                                                                                                                                            
West Azerbaijan                                                                                                                            x                                                                                                                          
Yazd                                                                                                         x                                                                                                                                                                  
Zanjan                                                                                                                                                                                                                                                                        x
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Golestan, Khorasan Razavi, North Khorasan, Khuzestan and
Kurdistan showed the higher RR level followed by the provinces
Yazd, Hormozgan, Qom, Qazvin, Isfahan, and Kerman, which
were also deemed to be at a higher risk than other provinces. The
provinces Tehran, Golestan, khuzestan and Khorasan Razavi had
the highest RR level in all six time periods, while the Zanjan,
Chaharmahal Bakhtiari, Sistan Baluchestan, and Kohgiluyeh
Boyerahmad provinces had the lowest (Table 2). 

The estimated effects of the three shared spatial components
(λi) can be seen in Figure 3. The component representing the effect
of smoking on cancers of the breast and cervix uteri, had a higher
effect in Tehran, Khorasan Razavi, Yazd, Isfahan, Golestan,
Khuzestan, Fars and Mazandaran, respectively.

The use of contraceptive pills, considered to represent a specif-
ic risk for cervix uteri cancer, was fairly steady, but no pattern of
association could be traced among the effects of this component
across the provinces. 

The pattern noticed regarding the component of low physical
activity which was considered a specific risk with respect to breast
cancer, on the other hand, was somewhat different. Although, this

specific component had the highest effect in Gilan Province and
the least in North Khorasan, there was no specific pattern of asso-
ciation between the effects of this component. In order to evaluate
the temporal trend of changes in the effects of shared and specific
component surrogate risk factors, the RR of these effects through-
out the country was estimated and their results presented (Table 3).
All RRs in each time period were near 1 and none was statistically
significant. The RR weights of spatial and temporal effects were
estimated to compare the role and importance of the surrogate
components of risk factors in the spatial and temporal changes of
the cancers studied. According to the results of spatial effects, the
weight ratio of surrogates for shared risk factors of breast cancer to
the weight of this component for cervix uteri cancer was 1.21
(95%CI: 0.82-1.68). Therefore, the role of the surrogate for a
shared risk factor in the geographical distribution of breast cancer
incidence is greater than that of cervix uteri cancer, but this differ-
ence was not statistically significant. For temporal effects, the rel-
ative weight ratio was 0.95 (95%CI: 0.48-2.1), which indicates that
the effect of shared risk factors with respect to RR changes in
breast and cervix cancers over time was not strongly different.

                   Article

Table 2. Relative risk of cervix uteri cancer in Iranian provinces.

Province                    High risk Some risk Low risk
                                                  All years             Some years              All years                Some years              All years             Some years

Ardabil                                                                                                                                                                                                                                                                       x
Bushehr                                                                                                                                                                                                                                                                      
Chaharmahal Bakhtiari                                                                                                                                                                                                   x                                      
East Azerbaijan                                                                                                                                                                        x                                                                               
Fars                                                                                                         x                                                                                                                                                                  
Gilan                                                                                                                                                                                           x                                                                               
Golestan                                                          x                                                                                                                                                                                                         
Hamadan                                                                                                                                                                                   x                                                                               
Hormozgan                                                                                            x                                                                                                                                                                  
Ilam                                                                                                                                                                                            x                                                                               
Isfahan                                                                                                                                           x                                                                                                                          
Kerman                                                                                                  x                                                                                                                                                                  
Kermanshah                                                                                                                                                                             x                                                                               
Khorasan Razavi                                            x                                                                                                                                                                                                         
Khorasan North                                                                                                                            x                                                                                                                          
Khorasan South                                                                                                                                                                                                                                                       x
Kohgiluyeh Buyerahmad                                                                                                                                                                                                 x                                      
Khuzestan                                                       x                                                                                                                                                                                                         
Kurdistan                                                                                                                                       x                                                                                                                          
Lorestan                                                                                                                                         x                                                                                                                          
Mazandaran                                                                                                                                   x                                                                                                                          
Markazi                                                                                                                                                                                                                                                                      x
Qom                                                                                                                                                x                                                                                                                          
Qazvin                                                                                                                                                                                        x                                                                               
Semnan                                                                                                                                          x                                                                                                                          
Sistan Baluchestan                                                                                                                                                                                                          x                                      
Tehran                                                             x                                                                                                                                                                                                         
West Azerbaijan                                                                                                                            x                                                                                                                          
Yazd                                                                                                         x                                                                                                                                                                  
Zanjan                                                                                                                                                                                                                                 x                                      
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Discussion
This study aimed to determine the RR distribution of breast

and cervix cancer in Iranian provinces as well as verifying the role
of shared and specific risk factors for these cancers over time and
place. The advantage of implementing the bivariate spatiotemporal
SC model with latent variables (surrogates of risk factor) was that
we could estimate the effect of shared and specific components of
these factors without having the actual information on the risk fac-
tors themselves.

The number of provinces with some levels of RR for the inci-
dence of these cancers was high. Therefore, we could detect a clear
pattern of dispersion for them that can be used to reduce the
imposed limits and costs by carefully planning of screening, early
detection and treatment of these afflictions. Since the epidemiolo-
gy of cancer in each region depends on various parameters, such as
race, age, gender, cultural and social customs, nutritional status
and individual living patterns (Alberg et al., 2005), it is necessary
to examine the incidence patterns in the different regions.

The distribution of the RR of breast cancer in Iran during
2004-2009 provided in this research is corroborated by other stud-
ies (Norouzi Nejad et al., 2009; Mahaki et al., 2011; Lotfi et al.,
2014). According to Iran’s national cancer registry, breast cancer
ranks first among cancers in Iranian women. Although the average
age when breast cancer is detected is about ten years lower in Iran
than in some other countries (Gohari et al., 2014), the high inci-
dence level of breast cancer in Iran is not consistent with its decline

in many other countries (Ferlay et al., 2010). New Western-style
dietary habits, environmental pollution, increased smoking rate
and population aging are indicated as some of the main reasons for
the increase of cancer in the Iranian society (Fateh and Amini,
2008). Given the change in the pattern of risk factors and demo-
graphics, breast cancer is expected to increase dramatically in the
coming years (Lotfi et al., 2014).

In this study, we found that the provinces Tehran, Golestan and
Khorasan Razavi had the highest RR with regard to the incidence
of cervix uteri cancer in all 6 years, which is consistent with the
results of Baeradeh et al. (2015) and our results in other provinces
were not unexpected.

The geographical pattern of breast and cervical cancers was
also largely similar with the provinces Sistan Baluchestan,
Kohgiluyeh Boyerahmad, Zanjan and Chaharmahal Bakhtiari at
the least risk, and Tehran, Khuzestan, and Khorasan Razavi at the
highest risk for both cancers. It is known that environmental and
climatic conditions can be conducive to the incidence of cancer
and its distribution. With the existing considerable geographical
differences in Iran and the association of higher levels of cervical
cancer with certain regions, it is more than probable that the risk of
these cancers are largely determined by environmental factors. For
example, vitamin D levels has a direct relation with the absorption
of sunlight via the skin and is much more likely to occur in the
southern areas (Heshmat et al., 2008). Indeed, factors such as liv-
ing at northern latitudes, vitamin D deficiency and low sun expo-
sure has been mentioned as conducive factors for the incidence of
certain cancers in women, especially breast cancer (Grant, 2010;

                                                                                                                                Article

Table 3. The estimated relative risk of temporal effects of shared and specific components.

Type of component                                                                 Posterior median (%95 confidence interval) per year
                                                                  2004                    2005                       2006                  2007                      2008                   2009

Shared component                                                    1.01                             1.00                                 0.99                           0.99                                0.98                            0.99
                                                                                (0.96-1.08)                (0.96-1.05)                    (0.95-1.03)               (0.95-1.03)                   (0.93-1.02)               (0.94-1.05)
Specific components for breast cancer               1.01                             1.00                                 1.00                           0.99                                0.98                            0.99
                                                                                (0.95-1.07)                (0.95-1.05)                    (0.96-1.04)               (0.96-1.04)                   (0.93-1.03)               (0.93-1.05)
Specific components for cervix cancer                1.01                             1.00                                 0.99                           0.99                                0.99                            0.99
                                                                                (0.94-1.10)                (0.94-1.07)                    (0.93-1.04)               (0.93-1.04)                   (0.93-1.05)               (0.92-1.07)

                                                                              [Geospatial Health 2018; 13:645]                                                           [page 169]

Figure 3. Map of the estimated relativa risk in Iran considering the spatial effect of shared and specific components based on the bivari-
ate spatio-temporal shared component model.
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Walentowicz-Sadłecka et al., 2013; Lotfi et al., 2014). 
The spatial map of surrogates for shared risk factors of the two

cancers found is, however, uneven, with very little difference
between the effects of breast cancer-specific surrogates. Also, the
spatial map of surrogates for specific risk factors of cervix cancer
was fairly smooth, and all provinces had moderate RRs. This com-
ponent showed the least changes compared to other risk factors.
The differences in the incidence of cancer in the different geo-
graphical areas are likely to vary due to the dominant risk factors.
For example, diet and nutritional status, as well as the existence of
different ethnic groups, can be considered as shared or specific fac-
tors for these cancers in northern Iran (Grumet and Bruner, 2000;
Rafiei et al., 2012).

The temporal effects of the risk factor surrogates were almost
constant and did not show any significant difference. This is pre-
dictable due to the relatively short duration of the study period and
reveals the necessity of studies covering longer time periods.

Conclusions
The results of this study can guide Iranian health planners and

policymakers in preventing the disease based on specific geo-
graphical, cultural and social characteristics of the country. We
hope that the results of mapping the RR of breast and cancer of the
cervix uteri using new spatio-temporal models to be considered by
Iranian health planners and authorities when allocating resources
and services to the health sector, taking geographical differences
into account. Also, since most cancer patients do not have medical
care insurance coverage, better access to cancer care should be a
top priority for health policies in Iran.
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