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Bayesian rates were between 20 to 30 percent higher 
than corresponding Frequentist rates (Table l). It means 
that there are 20 - 30 percent underreported deaths in 
mortality records due to BC (Figure 1 and Figure 2). The 
age standardized mortality rate due to BC also increased 
dramatically during these years, though it seems that the 
rate would be leveled off from 2002 to 2004. Moreover 
the mortality increased as age increased (Table 2).

3. Materials and Methods
The mortality data were extracted from national death 

Statistic, which reported or published by the Ministry of 
Flealth and Medical Education (MOH&ME), from 1995 to 
2004. These death statistics were registered for Iranian 
population by the Information Technology and Statistic 
Management Center from 1995 to 2000 and for other 
years (2001 to 2004) published by the Ministry of Health 
and Medical Education (8). The data were stratified in age 
group and cause of death. The coding was according to 
the 9th revision of the International Classification of Dis
eases [ICD-10].

The annual breast cancer death rate [ICD-10; C50] were 
expressed per 100000 population in age groups (< 15,15- 
49 and > 50 years of age). Also, age standardized rate 
(ASR) calculated in this study (12). To correct the mis- 
classification effect, a Bayesian approach was used with 
Poisson count regression and beta prior. The Iranian 
population sizes, between years of 1995-2004, were ex
tracted from the national census from 1996 (conducted 
by Statistics Centre of Iran) and also the estimations 
according to population growth rate (which estimated 
by the Statistics Center for the years before and after na
tional census) (13).

The Bayesian model which considered here was de
rived from an approach proposed by Stamey et al. to 
re-estimate and correct the misclassification effects in 
a Poisson regression model (7). This technique was ex
tended to overcome the problem of misclassification 
in cancer mortality data (10, ll) Also Pourhoseingholi et 
al. developed this technique to estimate mortality rate 
of colorectal cancer (14) liver cancer (15) and pancreatic 
cancer (16). In this study, to correct the misclassifica
tion effect, the Bayesian approach proposed by Stamey 
et al. and developed by Pourhoseingholi et al. was used 
with Poisson count regression and a beta prior (7, 14). 
In this Poisson regression the dependent variable was 
the number of death due to BC and the independent 
variables were Sex and Age. The Bayesian correction was 
taken into account and all analysis carried out, using a 
macro, written is S-Plus.

Table l. Age Standardized Rate and Age Specific Rate (Per 
100,000) for Breast Cancer Mortality After Adjusting for Misclas
sification by Bayesian Model

ASRCrud RateYear
BRaFRa BRFR

1.721.400.96 1.181995
2.341.65 1.931.361996
2.452.231.54 1.851997
2.391.69 1.991.411998
3.242.26 2.741.911999
3.783.182.482.122000

3.793.112.902.382001
3.69 4.873.302.752002

3.69 4.323.182.722003
4.263.523.072.582004

a Abbreviations: BR, bayesian rate; FR, frequentist rate.

Table 2. Mortality Rate in Different Age Groups (Per 100,000) for 
Brest Cancer After Adjusting for Misclassification by Bayesian 
Model

Age G roup, yYear
£5015-49<15

FRa BRa FR BRFRBR
4

4.63 5.671995 0.0 0 0.0 0 0.74 0.91
6.24 7.801.321996 0.03 0.04 1.08

8.817.471.251997 0.02 0.02 1.14
1998 0.02 0.02 1.20 1.56 6.24 8.11

4. Results
All mortality records for women due to Breast Cancer 

(from 1995 to 2004) were included in this analysis. Mortal
ity rate due to BC (classified in age groups) which gener
ated from the original database (called Frequentist Rate) 
and their corresponding projections which produced by 
Bayesian model (called Bayesian Rate) appeared in Table 
1 and Table 2. Based on the results of Bayesian model, the

8.93 11.612.011999 0.05 0.06 1.49
1.96 10.58 12.912000 0.06 0.07 1.65

12.049.882.220.01 1.822001 0.01
11.80 14.992.822002 0.00 0.00 2.14

2.67 11.90 15.112003 0.00 0.00 2.10

2.62 11.16 14.842004 0.00 0.00 2.08

a Abbreviations: BR, bayesian rate; FR, frequentist rate.
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in developing counties. In Iran, mortality data for differ
ent causes of death are collected from various sources 
and have been assessed to be about 80% complete (20). 
In spite of this, there are still about 20% undefined mor
tality records that are categorized in wrong categories of 
causes of death as the misclassification.

Recently, the Bayesian approach was more employed 
for resolve the problem of misclassification. Whittemore 
and Gong used this model to estimate mortality rate of 
cervical cancer which subjected to misclassification (10). 
Stamey et al. employed this technique in data consist
ing the number of deaths due to cancer and non-cancer 
which happened in residents of Hiroshima and Nagasaki, 
who experienced or be affected the atomic bombings in 
August of 1945 (7) and Pourhoseingholi et al. studied this 
technique to estimate mortality rate in colorectal cancer 
(14), liver cancer (15) and pancreatic cancer (16) according 
to Iranian death statistics.

In conclusion, this study provides a Bayesian compre
hensive projection of death due to BC, based on the na
tional Iranian death registry, indicating that the trend of 
BC mortality has dramatically increased in the recent de
cade. In addition, there is still a substantial undercount 
of BC mortality according to the Bayesian model. There
fore, policy makers in health scope should notice to this 
unreported data to make a reliable estimation for the in
dicators of the burden of disease.

Figure X. Trends of Breast Cancer Mortality During the Period 1995 - 2004
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Age standardized rate per 100,000; FR, frequentist rate; BR, bayesian rale.

Figure 2. Trends of Breast Cancer Mortality During the Period 1995 - 2004
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5. Discussion
The results of this study indicated that between 20% - 

30% of mortality due to BC was underestimated. So there 
is a substantial under reported mortality due to BC in the 
population of Iranian women. Also there is an increasing 
trend for BC mortality in Iran in recent decade, although 
its mortality is still relatively low compared with Western 
industrialized countries. Iran is located in the western 
part of Asia which in this region, breast cancer in women 
is number one (17). In a vulnerable household women's 
health assessment study which covered ll provincial cen
ters in Iran, 6.6% of participants reported the family his
tory of breast cancer (18).

According to WHO mortality database, the ASRs for 
Breast cancer in three Asian countries (including Hong 
Kong, Korea and Japan) were lower, compared to the ASRs 
in Western countries with increasing trend (except for 
Hong Kong), between 1990 and 2006 (19). Iranian data 
suggested a similar decreasing trend, compare to other 
Asian countries. Although mortality data is a well index 
for measuring burden of diseases, the misclassification 
of registered data for mortality records is still a problem
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