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Abstract

Background: To study overall and province-specific trends of bladder cancer incidence in Iran during 2004-2008 and to evaluate
the association between bladder cancer incidence and some factors.
Methods: Data on 17792 bladder cancer patients and risk factors available at province level were used in Bayesian ecological setting.
First, the overall and province-specific trends of risk were estimated. Then the effects of cigarette smoking, being overweight, fruits
and vegetables consumption, and low levels of physical activity on trend were examined. The province-specific effects of significant
factors were also assessed. The data were analyzed using R-INLA package.
Results: The risk of developing bladder cancer was decreasing in Iran, 2004 - 2008 (RR = 0.95). Guilan and Semnan had the highest
5-year incidence (RR > 1.5). However, the risk increase compared to country Risk was the highest in East Azerbaijan and Tehran (DT >
0.1). Also direct and reverse association between smoking and fruit consumption and bladder cancer risk were established. Guilan,
Semnan, Sistan and Baluchestan, and Ilam were the provinces affected the most by these factors.
Conclusions: This study confirms previous findings and provides further evidence on protective effects of fruit consumption in
bladder cancer. The results would be of value for governors to prioritize the province-specific demands on research, education, and
improvements with respect to the identified risk factors.
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1. Introduction

Bladder cancer (BlCa) is the sixth most common cancer
and ninth cause of death due to cancer worldwide. Lung
and bladder cancers in males are most frequent cancers
in the Eastern Mediterranean Region, and sixth most com-
mon cancer in Iran with estimated age-standardized inci-
dence rate (1) of 8.4 per 100,000 population and ranks the
second cancer site among Iranian males (2). It also is the
major genitourinary cancer with ASR increasing from 2.12
in 2003 to 3.28 in 2009 (3). BlCa is important with regard
to the high medical costs and its impact on the patients’
quality of life (4). Although its treatment costs exceed all
other types of cancer, these treatments extend the time to
recurrence, not the survival (5). These highlight the merits
of studies aiming for BlCa prevention.

Smoking is recognized as the most prominent risk fac-
tor for BlCa for about 50% of cases in developed countries
(6).

Vegetable and fruit intake are amongst the disputable
factors to possess protective roles in BlCa incidence (7). In
a study conducted across European countries, no clear re-
lation between a varied fruit and vegetable consumption
and BlCa risk was reported (8).

Excessive body mass index (BMI) and low level of activ-
ity are other controversial risk factors with reported effect
of little to none in relation to BlCa (9).

Standardized incidence/mortality rates (SMR) summa-
rize the spatial information on a map and help policy mak-
ers to detect areas with high and low risks (10). However,
they usually violate the theoretical assumptions and do
not take the spatial correlations into count and therefore,
may be misleading (10-18).

Here we used a method in a hierarchical Bayesian
framework to overcome these problems and obtain bet-
ter and less dispersed estimates of relative risk (RR) (19).
The potential correlation among neighboring areas is in-
troduced to the model by using a conditional autoregres-
sive (CAR) Normal distribution. Adding the explanatory
variables to the model not only gives the adjusted RR in ar-
eas, but also enables evaluating the impact of each covari-
ate on RR of developing BlCa.

Despite being subject to bias, ecological studies have
several merits such as being inexpensive and convenient,
producing better estimates of less dispersed variables by
covering much wider area, and alleviating measurement
error problems (20). And under certain conditions, their
results are likely to emerge in individual levels (21).
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BlCa is one of major cancers in Iran, especially among
men. However, previous studies about BlCa incidence
trends in Iran are at province level (22). Also studies with
the focus on risk factors are case-control (23). There is
no study on BlCa and its risk factors in Iran with a focus
on both incidence trends and risk factors using spatio-
temporal models. The aim of present study was to study
trends and spatial patterns of BlCa incidence in Iran, 2004
- 2008, as well as to investigate some factors potentially as-
sociated with the incidence.

2. Methods

We used the data for bladder cancer (ICD10 code C67)
for 2004 - 2008, made available by The Iranian ministry
of health and medical education. The existing risk fac-
tors at province level that we evaluated are as follows. BMI
> 25: population percentage with body mass index > 25;
cigarette: Average number of cigarette smoking per day;
Fruit: portions of fruit consumption per day; vegetables:
units of vegetable consumption per day; Low activity: pop-
ulation proportion with low levels of activity defined as ac-
tivity with < 600 metabolic equivalent tasks-minute (MET-
minute) per week. Since these data were available for 2006
- 2008, we assessed the trends by fitting the model without
covariates from 2004 to 2008, and examined the risk fac-
tors by using data for 2006 - 2008.

The used model has two key features. First, in addition
to assuming an uncorrelated structure which is inherent
in each area due to variations in individuals, it estimates RR
by using CAR distribution for neighboring areas. Second,
it has additional parameters to capture the overall time ef-
fect and assess province-time interaction. The model in-
cluding covariates will estimate the covariate effects and
will give an adjusted estimate of risks in each region. For-
mally, this model is defined as follows. Let i denote ith area,
or the province in our study, and t be the year indicator. As-
sume a Poisson distribution for observed number of events
in province i and year t, Oit. Then the corresponding rela-
tive risk in log scale, i.e. log (RRit), can be modeled via the
linear predictor below.

(1)Oit ∼ Poisson (Eit ×RRit)

log (RRit) = α+ui + vi +
∑J

j=1
βj ×xijt +β× t+ δi × t

(2)

Where Eit is the expected number of cancer cases for
province “I” in year t, α is overall relative risk, and ui and
vi introduce the uncorrelated and correlated heterogene-
ity, respectively. Parameter “β” allows for overall time ef-
fect and δi imply province-specific effect of time, so-called

differential trend (DT). A Normal prior distribution is as-
sumed for ui. Also, vi and δi are assumed to follow CAR-
Normal distributions. xijt indicates the jth covariate value
for year t in province i with corresponding coefficient βj, j
= 1, …, J.

Cumulative risk during the period under investigation
was obtained by fitting BYM model (24). The BYM model
has no parameter to capture the main or interaction effect
of time and gives cumulative RR by treating the whole pe-
riod as a single time point. To fit this model, we used to-
tally observed and expected new cases over 5 years. We also
used varying slope model to estimate province-specific co-
efficients for covariates of the final model by using a CAR-
Normal distribution (25).

R-INLA package, available at www.r-inla.org, was used
to fit all models (26). This package uses Laplace approxima-
tions to produce the posteriors of the parameters. Model
adequacy statistics are provided as well. Since R-INLA does
not use Markov chain Monte Carlo (MCMC) methods, it is
fast and the model convergence is not an issue (27). Here,
mean deviance (Mean Dev.), deviance information criteria
(DIC), effective number of parameters (pD), and the loga-
rithmic score (LS) were used to choose the best model (27).
Smaller values for these criteria are desirable and a model
with a better trade-off between model fit and complexity
will be considered as the best one possble. In significance
tests, the null hypothesis is rejected if 95% Bayesian Credi-
ble interval (CrI) does not include the null value.

3. Results

There has been a total of 17792 new bladder cancer
cases registered during 2004-2008, with the maximum in
Tehran (P28: Province with the number 28 on the maps)
with 1352 cases in 2008. The results for spatiotemporal
model for 2004 - 2008 and 2006 - 2008 are given in Table
1. The trend of incidence significantly decreased for both
periods, especially for 2006 - 2008.

Table 1. Results for Spatiotemporal Model, 2004 - 2008 and 2006 - 2008, Described
as Estimate (95% CrI)

2004 - 2008 2006 - 2008

Intercept -0.121 (-0.253, 0.009) -0.133 (-0.268, -0.0013)a

Time -0.022 (-0.036, -0.007)a -0.087 (-0.118, -0.056)a

Mean Dev. 1699.50 922.58

DIC 1751.41 975.82

pD 51.91 53.23

LS 6.98 7.13

aSignificant at 95% level.
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RRs estimated from BYM model for 2004 - 2008 (Figure
1A) suggest that the 5-year RR is the highest for Guilan (P9,
RR = 1.675), Semnan (P26, RR = 1.623), Isfahan (P6, RR = 1.488),
Fars (P7, RR = 1.407), Kerman (P29, RR = 1.328), Hamadan (P11,
RR = 1.285).

Positive/negative value of DT (Figure 1B) implies that
the corresponding province has a trend steeper/less steep
than the country average trend in 2004 - 2008. The high-
est temporal trend (TT) estimated for East Azerbaijan (P3),
Tehran (P28), and Khuzestan (P19) (Figure 1C).

These results are evident from Figure 2, where the esti-
mated RR is plotted for each year. This figure provides more
details on RR and its trend for each province. The gradual
lighting of the maps implies the decreasing pattern of BlCa
incidence.

Table 2 presents a summary of the measured risk fac-
tors in all provinces for each year.

Crude effects of single covariates are shown in Table
3. Smoking and low levels of activity significantly increase
the RR, whereas fruit and vegetable consumption have pro-
tective effects. The trend is significantly decreasing for all
models.

The model including all covariates indicates decreas-
ing pattern for 2006 - 2008, and introduces smoking and
fruit as risk and protective factors in developing BlCa, re-
spectively (Table 4).

In a search for the best model, we explored various set-
tings of covariates and reported the results for the model
with best trade-off between the model fit (DIC = 949.70)
and complexity (pD = 55.94, and LS = 6.89) under the col-
umn entitled ‘Best model’. The trend is again significantly
decreasing for this model. The effect of the covariates in
this model is almost the same as the ‘Full model’.

According to the results (not fully shown here) of vary-
ing slope model for the covariates in the ‘Best model’, the
following provinces are affected the most, in a decreasing
order, from smoking with estimated slopes in parentheses:
Guilan (P9, 0.053), Semnan (P26, 0.053), Yazd (P29, 0.041),
Isfahan (P6, 0.039), and Fars (P7, 0.033). This order for fruit
consumption is as follows: Sistan-and-Baluchestan (P27, -
1.213), Ilam (P13, -0.924), Hormozgan (P12, -0.566), North
Khorasan (P18, -0.542), Zanjan (P30, -0.430), Qom (P25, -
0.413), and Kohgiluyeh and Boyer Ahmad (P20, -0.365).
These results were the same after adjusting each factor for
the other.

4. Discussion

In this study, we estimated RRs value for each province
and also risk factors of bladder cancer where RR shows risk
for an individual of specific province compared to risk of
total population of country. Results based on RRs indicated

spatial variation in pattern of cancer incidence rate. There
was a significant decreasing pattern for the risk of BlCa
in Iran during 2004 - 2008. The RRs for 47% of province
were higher than country risk. Also the ecological regres-
sion analysis showd that fruit consumption and cigarette
smoking were found to be a protective and a risk factor in
developing BlCa, respectively. Estimated incidence pattern
of bladder cancer is similar to that of developed countries.

The role of smoking in BlCa has been known for
decades (28). Reported strength of association is different
in studies, with larger estimates from case-control ones (7).
It has been reported that cigarette smoking is associated
with the risk of BlCa in both sexes (29). Significantly ele-
vated risk of BlCa has been reported in current smokers
compared to never smokers with OR = 2.87 (95% CI: 1.61 - 5.11)
(30). In a study on a large population from European coun-
tries, this association was found to be stronger with OR =
3.96 (95% CI: 3.07 - 5.09) for current smokers compared to
never-smokers (31). A high proportion (66%) of male BlCa
cases has been attributed to smoking (6). According to the
comparisons made between the results from a large sam-
ple study from 1995 to 2006 and the estimates from cohorts
between 1963 and 1987, the elevated risk of smoking was re-
ported to be higher in the more recent cohorts, with pop-
ulation attributable risks for women comparable to those
for men (32). The significant relation between cigarette
smoking and BlCa has been also confirmed in Iranian pop-
ulation (33). Shared component analysis showed a signifi-
cant shared effect of smoking on BlCa and other cancers in
Iran (15).

We found almost strong association between smoking
and risk of BlCa, where increase of size 1 in the average
number of cigarettes per day increases the risk by 2 per-
cent. This association was stronger in Guilan (P9) and Sem-
nan (P26) with an increase of almost 5% per each increase
in the number of daily smoked cigarettes. The results can
be stated as an average reduction of 5 cigarettes per day
is associated with a reduction of almost 10% in the risk of
BlCa.

The protective effect of fruit consumption on BlCa is
not clear. Like smoking, the evidence from prospective
studies for the protective effect of fruit consumption is
weaker than those from case-controls (34). Some studies
conclude that fruit and vegetable intakes are not likely to
be associated with BlCa risk (35). However, there is a siz-
able body of literature that claims a protective effect for
fruits. In a meta-analysis, BlCa relative risk was estimated
to be 0.8 (95% CI: 0.7 - 1.0) for high levels of fruit consump-
tion (36). In a cohort of atomic bomb survivors in Japan, RR
was found to be 0.50 (95% CI: 0.30 - 0.81) for those consum-
ing fruit 2 - 4 times per week compared to those consum-
ing once a week or less (37). It has been suggested that fruit
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Figure 1. Posterior Estimates of A, RR from BYM for 2004 - 2008; B, DT for Spatiotemporal Model 2004 - 2008; C, TT for Spatiotemporal Model 2004 - 2008

Note: Numbers in parentheses are the count of provinces in the corresponding category.

Table 2. Summary of Risk Factors Described as Mean (SD; Min, Max) for 2006 - 2008a

Year BMI > 25 Cigarette Fruit Vegetables Low activity

2006 43.28 (6.65; 29.46, 54.98) 11.94 (1.92; 7.53, 15.08) 1.13 (0.24; 0.65, 1.64) 1.25 (0.38; 0.71, 2.51) 30.67 (7.46; 18.13, 44.81)

2007 44.59 (6.18; 28.20, 55.35) 12.75 (1.74; 10.20, 15.50) 1.32 (0.27; 0.80, 1.95) 1.38 (0.42; 0.60, 2.65) 34.88 (8.38; 16.65,51.20)

2008 42.99 (4.93; 29.77, 53.85) 11.64 (1.94; 8.89, 16.68) 1.42 (0.40; 0.91, 2.52) 1.41 (0.44; 0.78, 2.85) 38.30 (8.15; 21.57, 53.75)

aBMI > 25: population proportion with body mass index > 25; cigarette: number of cigarettes per day; fruit: units of fruit consumption per day; vegetables: units of
vegetable consumption per day; low activity: population proportion with low levels of activity.

consumption may decrease the risk of BlCa in smokers (38).
To test this assumption, we included an interaction term
to the model and found no significant interaction. Uni-
covariate model supports the protective role of vegetable
intake as in the population based study in Mazandaran
(P24) (39). But this association seems to be dominated by
fruit consumption.

Our results indicate that 1-unit increase in average

daily fruit consumption is associated with a reduction of
the risk by almost 20%. In provincial level, one could in-
fer that 25% increase in current daily fruit consumption
would decrease BlCa risk by 30% in Sistan and Baluchestan
(P27), 20% in Ilam (P13), and 15% in Hormozgan (P12) and
North Khorasan (P18).

We also found no significant association between BMI
and physical activity levels and BlCa risk as several studies
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Figure 2. RR for 2004 - 2008 Estimated from Spatiotemporal Model

Table 3. Results for Uni-Covariate Spatiotemporal Models, 2006 - 2008 Described as Estimate (95% CrI)a

BMI > 25 Cigarette Fruit Vegetables Low Activity

Intercept 0.056 (-0.227, 0.342) -0.389b (-0.634, -0.145) 0.133 (-0.043, 0.309) -0.010 (-0.163, 0.140) -0.352b (-0.555, -0.152)

β -0.004 (-0.010, 0.001) 0.021b (0.004, 0.037) -0.207b (-0.300, -0.115) -0.091b (-0.147, -0.035) 0.006b (0.002, 0.010)

Time -0.089b (-0.120, -0.058) -0.083b (-0.115, -0.052) -0.060b (-0.094, -0.027) -0.082b (-0.113, -0.051) -0.111b (-0.146, -0.077)

Mean Dev. 919.79 915.74 900.35 912.29 916.88

DIC 974.17 970.12 955.29 966.76 970.70

pD 54.37 54.37 54.94 54.47 53.81

LS 7.21 7.07 6.94 7.07 7.11

aBMI > 25: population proportion with body mass index > 25; cigarette: number of cigarettes per day; fruit: units of fruit consumption per day; vegetables: units of
vegetable consumption per day; low activity: population proportion with low levels of activity, β, coefficient of the corresponding variable.
bSignificant at 95% level.

claim against this association (40).

However, there are some limitations to our study. Sep-
arate data for Alborz, a newly established province, was
not available and it was studied as a part of Tehran (P28).
The availability and estimates on risk factors are based on
rather small sample sizes from each province. Hence the
results may not be fully trusted. We neither assessed nor
adjusted our results for some dietary and environmental
factors such as water intake and source, coffee and alco-
hol consumption, fat intake, urinary tract diseases, and in-
dustrial or occupational chemicals. Conducting a similar
study at national level would result in smoother maps and
estimates in smaller regions. Adding information from

more recent years, not available now, will give a more up-
to-date picture of the disease in Iran.

As an ecological study, the results may depend on the
selection of spatial unit, a phenomenon known as ecolog-
ical fallacy. That is, the relations found in this study may
not exactly be the same at individual level, and caution has
to be taken when drawing conclusions. However, ecologi-
cal fallacy should not be an issue if, as in our study, differ-
ent levels of exposure are expected to be present in all ar-
eas (21). Hence, the results could be basically generalized
to individual level. Furthermore, this study provides use-
ful information, on areas and factors requiring more atten-
tion, for governors and policy makers to improve commu-
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Table 4. Results for Multi-Covariate Spatiotemporal Models, 2006 - 2008 Described
as Estimate (95% CrI)a

Full Model Best Model

Intercept -0.210 (-0.605, 0.185) -0.126 (-0.397, 0.143)b

Time -0.063 (-0.106, -0.019)b -0.056 (-0.090, -0.023)b

BMI > 25 0.000 (-0.007, 0.008)

Cigarette 0.020 (0.002, 0.038)b 0.021 (0.004, 0.038)b

Fruit -0.223 (-0.394, -0.052)b -0.208 (-0.301, -0.116)b

Vegetables 0.022 (-0.071, 0.116)

Low activity 0.001 (-0.002, 0.006)

Mean Dev. 896.53 893.75

DIC 955.10 949.70

pD 58.57 55.94

LS 7.04 6.89

aBMI > 25: population proportion with body mass index > 25; cigarette: num-
ber of cigarettes per day; fruit: units of fruit consumption per day; vegetables:
units of vegetable consumption per day; low activity: population proportion
with low levels of activity.
bSignificant at 95% level.

nity health.
In conclusion, this ecological study confirms previous

findings about the role of smoking in increasing the risk
of BlCa. This association was present after adjustments for
the other major factors. Whilst the effect of other factors
were not confirmed, the results provide further evidence
on the effect of fruit consumption as a protective factor in
developing BlCa. However, the results show that the risk of
BlCa has been decreasing in Iran during 2004 - 2008, yet
64% of province have increasing risk, 47% of which have a
trend steeper than country average trend. More attention
needs to be drawn to Tehran, East Azarbayjan, Semnan and
Ghilan provinces.
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