National and Subnational Patterns of Cause of Death

Original Article

National and Subnational Patterns of Cause of Death in Iran
1990–2015: Applied Methods
Ali Sheidaei MSc1,2, Kimiya Gohari MSC2,1, Amir Kasaeian PhD3,1, Nazila Rezaei MD1,4, Anita Mansouri MSc1,
Ardeshir Khosravi PhD5, Mahboubeh Parsaeian PhD6,1, Younes Mohammadi PhD7,1, Parinaz Mehdipour MSc1,4,
Shadi Rahimzadeh MSc PhD Candidate8,1)DUVKDG6KDUL¿0'03+9, Mehdi Varmaghani PhD Candidate10,1,
Maryam Chegini MSc MPH4,1, Shohreh Naderimagham MPH PhD1,4, Hamid Reza Jamshidi PharmD PhD11,
Farshad Farzadfar MD MPH DScƔ

Abstract
Background:&DXVHVRIGHDWKVWDWLVWLFVSURYLGHFUXFLDOKHDOWKLQWHOOLJHQFHLQQDWLRQDODQGLQWHUQDWLRQDOFRPPXQLWLHV$QHI¿FLHQWGHDWK
registration system provides reliable information for health policy system. In many developing countries, death registration systems face
D GHJUHH RI PLVFODVVL¿FDWLRQ DQG LQFRPSOHWHQHVV 7KHUH DUH PDQ\ LPSHGLPHQWV WR SXWWLQJ DQ HVWLPDWH RI FDXVHVSHFL¿F GHDWK UDWHV
Addressing those challenges could prevent misleading results.
Methods: 2XU GDWD ZDV FROOHFWHG E\ 0LQLVWU\ RI +HDOWK DQG 0HGLFDO (GXFDWLRQ7HKUDQ DQG ,VIDKDQ FHPHWHULHV IURP  WR 
$IWHUFRQYHUWLQJ,&'FRGHVRI,UDQ¶VGHDWKUHJLVWUDWLRQLQWR*%'FRGHVXQGHUO\LQJFDXVHVRIGHDWKVZHUHUHFRJQL]HGLQWKHDYDLODEOH
GDWD$ZLGHUDQJHRIPHWKRGVZHUHDSSOLHGIRUSUHSDULQJWKHGDWD:HXVHGVHYHUDOVWDWLVWLFDOPRGHOVWRHVWLPDWHPRUWDOLW\UDWHVLQDJH
VH[SURYLQFHJURXSVIRUDOOFDXVHVRIGHDWKV7KHFRQVLGHUDEOHQXPEHURIFRPELQDWLRQVIRUDJHVH[FDXVHRIGHDWK\HDUDQGSURYLQFH
variables made further complicated model selection and evaluation of the results.
Results:7RWDOO\RIGHDWKVZHUHUHODWHGWRPDOHV7KHPDMRULW\RIFDVHVRIGHDWKZHUHFODVVL¿HGDV1&'V  DQGLQMXULHV
  :H H[WUDSRODWHG  DQG  RI FDXVHV RI GHDWK E\ PL[HG HIIHFW PRGHO VSOLQH PRGHO ZLWK SDUDPHWHU  DQG 
respectively.
Conclusion: A comprehensive and unique registration system is able to solve many DRS issues. It is necessary to assess the quality and
YDOLGLW\RIFDXVHRIGHDWKGDWD6FLHQWL¿FPHWKRGVOLNHDQDO\]LQJPRUWDOLW\OHYHODQGFDXVHRIGHDWKGDWDDUHXVHGWRSURYLGHDQRYHUYLHZ
for better decisions.
Keywords:&DXVHRIGHDWKLQWHUQDWLRQDOFODVVL¿FDWLRQRIGLVHDVHV,UDQPLVFODVVL¿FDWLRQYLWDOVWDWLVWLFV
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Introduction
ivil Registration and Vital Statistics (CRVS) are valuable
sources for public health monitoring. Among vital
statistics, causes of death statistics provide crucial health
intelligence and are used as a snapshot of health status in national
and international communities.1,2 Moreover, they constitute an
important indicator for developing policies. For instance, the
Global Monitoring Framework for Non-Communicable Diseases
(NCDs) targets 25% relative reduction in risk of premature
mortality from cardiovascular disease (CVDs), cancer, diabetes,
and chronic respiratory diseases.3
.QRZOHGJHDERXWFDXVHVSHFL¿FGHDWKUDWHVDQGWKHLUGLVWULEXWLRQ
in age and sex groups is the main input to policy debates, resource
allocation, and planning intervention in health systems.4,5 In
DGGLWLRQ WKH WUHQGV RI FDXVHVSHFL¿F PRUWDOLW\ UDWHV SURYLGH DQ
opportunity to study the pattern of risk factors and health outcomes
in society over time.6 On the other hand, cause of death statistics
not only indicate major leading causes of death and risk factors in
the public health arena,1 but are also an essential component for
estimating the burden of disease in developed societies.7
$QHI¿FLHQWGHDWKUHJLVWUDWLRQV\VWHPSURYLGHVUHOLDEOHDQGXS
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to-date information, which is used to make better health and social
development decisions.8,9 However, Death Registration Systems
(DRSs) in many developing countries are imperfect or do not
exist at all.10 In Iran, occurring deaths are legally registered by
GHDWKFHUWL¿FDWHVWKRXJKWKHGDWDKDYHEHHQVXEMHFWWRDGHJUHHRI
PLVFODVVL¿FDWLRQDQGLQFRPSOHWHQHVVVLQFHZKHQWKHV\VWHP
was established.11,12
The cause of death registration data in Iran is collected by Ministry
of Health and Medical Education (MOHME). The Deputy for
Research and Technology from 1995 to 2001 and the Deputy
for Public Health from 2001 onwards have been responsible
for collecting this data in MOHME.11 This inconsistency in
administration of data during the last 15 years is perhaps one of
WKHUHDVRQVIRULQVXI¿FLHQF\RI'56LQ,UDQ
The National and Sub-national Burden of Diseases, Injuries
and Risk Factors (NASBOD) is an ongoing project that aims
to estimate levels and trends of burden of disease from 1990 to
2015 in Iran.13–15 Death statistics, as the main component of the
burden of diseases, include levels and trends of mortality and
FDXVHVSHFL¿FGHDWKUDWHV/HYHODQGWUHQGVRIPRUWDOLW\DQGDOVR
incompleteness of death registration system were addressed by
another study.14 This study is conducted to explain cause of death
HVWLPDWLRQV PHWKRGV WKDW IDFH PLVFODVVL¿FDWLRQ SUREOHPV 'XH
to the broad range of subjects that should be discussed in this
topic, we only explore the methods that were applied to handle
data issues and methodological approaches to estimates causeVSHFL¿FGHDWKUDWHV2WKHUWRSLFVLQWKLV¿HOGDQGWKHUHVXOWVZLOO
be published in other papers.

1) DRS data from 1995 to 2001, which were collected by the
Deputy for Research and Technology at provincial level (Data set
1995 – 2001)
2) DRS data from 1995 to 2001, which were collected by the
Deputy for Public Health at provincial level (Data set 2001 –
2004)
3) DRS data from 2006 to 2010, which were collected by the
Deputy for Public Health at provincial and district levels (Data
set 2006 – 2010)
4) Behesht-e-Zahra cemetery data from 1995 to 2010 (Tehran data)
5) Bagh-e-Rezvan cemetery data from 2007 to 2010 (Isfahan data)
Finally, 3,645,608 individual records of death formed the
primary data set.
&DOFXODWLQJ WKH FDXVHVSHFL¿F GHDWK UDWHV QHHGV SRSXODWLRQ DW
risk by sex and age groups in each province. We have extracted
such data from the national censuses of 1996, 2006 and 2011. For
other years, the following growth model was used to estimate
population data:16

P=P0ert

*URZWKUDWH U ZDVFDOFXODWHGE\FRQVLGHULQJWKH¿UVWFHQVXV
as initial population (P0 DQGWKHVHFRQGDV¿QDOSRSXODWLRQ P).
Then, population between these censuses were obtained by
applying annual growth rate to the above formula. This process
was conducted in each sex and age group and all provinces.
Censuses, Household Expenditure, and Income Survey (1985
– 2013) provide useful information about distribution of socioeconomic and cultural variables across the country. Among them,
we created and applied covariates such as wealth index, years of
Materials and Methods
schooling and urbanization in the statistical modeling. These are
variables which affect cause of death and were available to be
Study setting (design)
:H DLP WR HVWLPDWH FDXVHVSHFL¿F GHDWK UDWHV DPRQJ ,UDQLDQ included in our study.17
residents from 1990 to 2015 at national and sub-national levels.
Data issues and Data preparation
Target population is divided into 19 age groups consisting of
Although DRS has become an ongoing process in the recent
children under one year of age, one to four years of age, and then
5-year age groups up to 85 years of age. All individuals above 85 \HDUVLWLV\HWQRWDSSURSULDWHWRXVHLWIRUVFLHQWL¿FSXUSRVHV7KH
\HDUVRIDJHZHUHFODVVL¿HGLQJURXS$OOSURFHVVHVZHUHGRQH following issues are those that should be solved before conducting
any analysis
for separately males and females.
Causes of death were registered based on the tenth International
Inconsistency in DRS administration
&ODVVL¿FDWLRQ RI 'LVHDVH ,&'  FRGHV EXW ZH FRQYHUWHG WKH
There have been several institutions which have administered
ICD 10 into Global Burden of Disease (GBD) study codes.
Exploration of GBD codes shows that 165 of Iran’s ICD 10 codes DRS in the last 20 years. The Deputy of Research and Technology
are eligible to be considered GBD causes of death for the Iranian in MOHME established DRS and administered data for seven
years since 1995. In 2001, the Deputy of Public Health in
population.
The study included all deaths related to Iranian residents MOHME took responsibility for administering DRS. Tehran and
living in Iran. Moreover, records related to cases of mutilation Isfahan cemeteries administer their deaths data independently,
(buried limbs), cases of abortion (those results in neonatal death) as well. Coding systems, diseases categories, age groups, and
or stillbirth, foreigners (who were not residents of Iran), and coverage of DRS vary from one institution to another. In order to
aggregate data sets, all variables which are essential in cause of
duplicates were all eliminated.
death study were selected. Then, other information in each data
set was used to improve the validity of these variables. Finally,
Data source
Death Registration System (DRS) data from 1995 to 2010 the variables were recorded based on the same codebook and the
was used in this study. Furthermore, we added data from Tehran main data set was formed by combining identical data sets.
and Isfahan cemeteries (Behesht-e-Zahra and Bagh-e-Rezvan,
Duplicates
respectively) to the DRS data set. The information of other
There are several kinds of duplicates in Iran DRS Data sets. The
cemeteries all around the country were also registered in national
DRS. Therefore, we used the most comprehensive data set. In ¿UVW W\SH RFFXUV ZKHQ DQ LQGLYLGXDO GHDWK LV UHJLVWHUHG VHYHUDO
times. It usually happens when a person who is resident of city
IDFWWKLVGDWDVHWLQFOXGHGWKH¿YHVXEGDWDVHWVEHORZ
A travels to city B in order to receive medical treatment and dies
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there. In this situation, one record will be usually recorded as
two separate death events in both cities. On the other hand, it is
usual to bury limbs with its owner characteristics; mutilation is,
therefore, another reason for registering a case more than once.
The other type is duplication among data sets. For instance, a
high percentage of Tehran and Isfahan cemeteries records are
found in MOHME data sets, as well. It is sometimes possible to
recognize duplicates and remove them from data set, especially
for individual records. For the latter type of duplicates, we had to
select more reliable data set.

Step 1: Key variables of this study, including age, sex, cause of
death, residency area, and nationality were extracted from all data
sets. Sex and nationality variables were recoded to unique values.
Unusual values were registered for age in all data sets because
of insensitive data entry process. That is why we recoded ages
above 115 into missing values. The threshold 115 years of age
was chosen as longevity above that is unlikely among the Iranian
population.18
We reformed new provinces based on the administrative division
of 2011 for each data set:

Misalignment
Administrative divisions of Iran’s provinces and districts have
been reformed several times in the last 25 years; that is, some
adjacent districts have become independent from one province
and formed a new province, or merged with an existing province.
Therefore, we chose administrative division in 2011 (31 provinces)
as the reference, and restructured data sets of other years to have
all 31 provinces for all years.

1) In data set 1995 – 2001, which was based on coverage areas
of each Medical University, it was assigned to existing provinces
in 2011.
2) In data set 2001 – 2004 provinces were reformed to the same
as data set 1995 – 2001 and there was no case of mismatch.
3) In data set 2006 – 2010, we used district variable to reshape
provinces based on administrative division in 2011. Province of
residency or Medical University that registered death were used
UHVSHFWLYHO\WR¿OOPLVVLQJGLVWULFW
4) In Tehran data set, we assumed that all records were related
to Tehran or adjacent cities so we considered them attributable to
residents of Tehran province.
5) In Isfahan data set, we assumed that all records were related
to Isfahan or adjacent cities so we considered them attributable to
residents of Isfahan province.

0LVFODVVL¿FDWLRQ
'56 LQ ,UDQ HQFRXQWHUV KLJK UDWHV RI PLVFODVVL¿FDWLRQ RI
GLIIHUHQWW\SHVWKHPRVWLPSRUWDQWRIZKLFKLVPLVFODVVL¿FDWLRQRI
cause of death. Age-sex restriction (mismatch between registered
DJHVH[DQGFDXVH JDUEDJHDQGLOOGH¿QHGFRGHVDUHRWKHUNLQGV
RI PLVFODVVL¿FDWLRQ *HRJUDSKLFDO PLVFODVVL¿FDWLRQ SURYLQFHV 
is fairly related to misalignment. Using prior information is a
FRPPRQ DQG UHFRPPHQGHG DSSURDFK WR VROYH PLVFODVVL¿FDWLRQ
problem.11
Missing values
Dealing with missing values is critical to the future analysis.
We should explore the nature of missing values, including their
pattern, type, and cause.
Incompleteness
Incompleteness is the main issue, not only in DRS but also in
all registration systems. Even the best DRS cannot capture all
deaths; thus, incompleteness is an important criterion in validity
assessment of DRSs. Mohamadi, et al. are conducting a parallel
study on level and trend of mortality in Iran from 1990 to 2015;
we used their outputs to adjust our results, especially applying rate
of incompleteness.14
Lost space-time data points
In addition to the foregoing issues, there are space and time
points without any valid registered data. For instance, national
DRS data set is not available for 2005. Moreover, there are several
provinces whose DRS has not registered death records in some
years. Furthermore, the present registration system did not collect
data for all periods of study (from 1990 to 1994), thus forcing us
to estimate results for these lost space-time data points.
Due to issues in DRS data, studying cause of death is a critical
and time-consuming process. Firstly, a wide range of methods
was applied for preparing data for future analysis. Secondly, we
used several statistical models to estimate mortality rates by agesex-province groups for all causes of death. Knowledge about
all steps of these processes is useful in similar experiments, and
is presented in detail. A graphical illustration of these steps is
provided in Figure 1.
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Finally, there was no missing value in province variable.
An expert physician in ICD10 explored causes of death.
Seventeen chapters of ICD10 were eligible to be considered in
studying cause of death including chapters 1 – 19 except chapter
7 (diseases of eye and adnexa) and chapter 18 (Symptoms, signs
DQG DEQRUPDO FOLQLFDO DQG ODERUDWRU\ ¿QGLQJV QRW HOVHZKHUH
FODVVL¿HG 19 :URQJ FRGHV OLNH ³LW ZLOO EH VSHFL¿HG ODWHU´ RU
“YYY” and garbage codes in chapter 18 of ICD10 were recoded
into missing value. In Tehran, causes of death were registered
according to physician’s diagnosis, not ICD10. A team of
physicians assigned ICD10 codes to diagnosis and several
possible codes in unclear cases.
In many cases, garbage codes, or aggregation of several codes
were registered as underlying cause. Possible ICD10 codes were
considered in these situations. We provided a frame of age and sex
restriction for all causes. It was assumed that registration of wrong
cause of death is more likely than wrong age or sex. Based on this
frame, we recoded impossible causes of death into missing values.
We made an exception in data set 2006 – 2010 to deal with sex
UHVWULFWLRQE\FKHFNLQJ¿UVWQDPHLIQHFHVVDU\
Lastly, we reached the three following kinds of causes of death:
  6SHFL¿HG XQGHUO\LQJ FDXVHV ZLWK ,&' FRGHV   0LVVLQJ
values (when there was no information about underlying cause)
and 3) Several possible ICD10 codes according to incomplete
information.
Step 2: In step 1, all data sets were combined to form the main
data set. In the present step, we aimed to impute all missing
values. We used a multiple imputation approach using Amelia
package20 in R statistical software for age and sex variables
which did not exceed 5% of missing values in these variables. In
addition, a multinomial imputation was performed using STATA
11 software21 for causes of death.
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Figure1. Overview of applied methodological approaches on causes of death in Iran.

Amelia performs multiple imputations, a general-purpose
approach to deal with missing values. Multiple imputations
FDQ UHGXFH ELDV DQG LQFUHDVH HI¿FLHQF\ FRPSDUHG ZLWK RWKHU
methods.22 Amelia also uses a bootstrap and EM algorithm to
impute missing values from a data set.20 This approach produces
multiple output data sets for analysis. We introduced the main data
set to Amelia as a time series data. Year was considered as time
variable and province as cross section variable. Imputation was
performed in the presence of age, sex, and dummy variables of
ICD10 chapters as covariates. The value of 115 was considered
as maximum level of age variable and number of imputation was

VHWWR¿YH
After each imputation, we checked age and sex restrictions.
Imputed values of age or sex were recorded into missing value
if there were any restriction. Amelia imputed missing values
of rechecked data set again. This process was repeated until no
missing value and age-sex restriction existed in the data set. At
the end of this stage, we combined outputs to achieve age and sex
imputed versions of the primary data set.
We applied a multinomial imputation, a two-stage approach to
LPSXWHFDXVHRIGHDWKYDULDEOH$W¿UVWVWDJHZHDVVLJQHG,&'
chapters into cause of death variable; then, missing ICD-chapters
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were imputed using the following multinomial logistic model:


     




   



   

  
 


   




Where Zi is the vector of predictors for observation i and El is
UHJUHVVLRQ FRHI¿FLHQW IRU RXWFRPHl=2,...,K. Here we used age,
sex and year as covariates. At the second stage, the related causes
were imputed in each ICD chapter. To avoid imputing unacceptable
cause, a process of checking age-sex restriction was done after
second stage. Causes of death detected in this process were
recoded into missing value. We repeated this approach to the
extent that there was no missing value in cause of death.
Step 3: As mentioned above, there were three situations for
FDXVHRIGHDWKYDULDEOHDIWHUVWHS¿UVWFDXVHRIGHDWKPDWFKHG
WR VSHFL¿F XQGHUO\LQJ FDXVH DQG ,&' FRGH VHFRQG PLVVLQJ
YDOXHVLQFDXVHRIGHDWK WKDWZHUHLPSXWHGLQVWHS DQG¿QDOO\
uncertainty in cause of death according to garbage codes. In this
step, we aimed to redistribute deaths of the latter situation to other
VSHFL¿HGFDXVHRIGHDWK)LUVWZHFDOFXODWHGQXPEHURIGHDWKVE\
age, sex, province, cause, and year. Then, we redistributed deaths
of garbage codes on deaths of probable cause using proportionality
approach in related age, sex, and cause combination in each
year. There were situations where proportion of death could not
be calculated in some age and sex combinations; we, therefore,
eliminated age effect on death distribution.

was available for some years in the GBD study. For other years,
we predicted number of deaths using the following Poisson
regression model with logarithm link function. In this model,
years of schooling (YOS), wealth index (WI) and urbanization
ratio were considered as covariates. In addition, logarithm of
population was added to model as offset to adjust results:
 
        
              

Step 5: Mohamadi, et al. have conducted a parallel study on the
same data sets in order to predict levels and trends of child and
adult mortality rates in the Islamic Republic of Iran from 1990
to 2015. They applied a Spatio-temporal model and Gaussian
process regression to predict rates of death for all provinces of
Iran.14 We used their results to deal with incompleteness of DRS.
According to their results, we just had all-causes mortality rates in
31 provinces for males and females. Therefore, we had to assume
that incompleteness of all causes was equal and the rates of death
by the same scale parameter for all causes of death were changed.
$OOFDXVHVSHFL¿FPRUWDOLW\UDWHVZHUHUHVFDOHGE\WKHDERYH
mentioned approach except for rates of death in Alborz province,
which has separated only recently from Tehran in 2010. Therefore,
many cases of death related to this province were registered in
7HKUDQ ([SORULQJ WUHQG RI LQFRPSOHWHQHVV LQ $OERU] FRQ¿UPV
WKLVLVVXH8QIRUWXQDWHO\WKHKLJKUDWHRIPLVFODVVL¿FDWLRQLQPRVW
periods of study caused sparse or empty cells in the Alborz data
set. In this situation, scale up was unable to solve this problem. We
used cause distribution of Tehran and Alborz in each age and sex
groups and applied predicted rate of death for Alborz to identify
death distribution in this province. A necessary assumption in
this approach was equality of death distribution according to age,
sex, and cause in both provinces. We hope that this assumption is
MXVWL¿HGGXHWRWKHDGMDFHQF\RIWKHWZRSURYLQFHVDQGVLPLODULW\
of death covariates.

Step 4: Obtaining comparable results requires standard
FODVVL¿FDWLRQFRGHVIRUFDXVHVRIGHDWK$OWKRXJK,&'LVWKH
PRVW SRSXODU FODVVL¿FDWLRQ GLVHDVH DSSURDFK *%' FRGHV ZHUH
preferable as they enable us to compare results with the GBD
VWXG\$QH[SHUWSK\VLFLDQIDPLOLDUZLWKGH¿QLWLRQRIGLVHDVHVDQG
FDXVHVRIGHDWKH[SORUHGWKHGH¿QLWLRQVRIDOOFRGHVLQ*%'DQG
ICD10. As a result, a map was created to identify relations between
FRGHVLQWKHWZRFODVVL¿FDWLRQV\VWHPV)LQDOO\FRPSDULQJ*%'
Step 6:$IWHU WKH DERYH ¿YH VWHSV ZH KDG D XQLTXH GDWD VHW
and ICD10 showed three kinds of relations between codes in these Death rates by age, sex, province and cause were determined
systems:
based on locations and years which DRS captured data points.
For estimating lost location-time data points, two-stage modeling
 ,&'LQ,UDQLDQ'56FODVVL¿HGFDXVHRIGHDWKLQPRUHGHWDLO approach was applied consisting of a random intercept mixed
than did GBD. In this case, we had several codes in ICD10, which effect model and a spatial temporal model. This approach was
corresponded to one code in GBD. We called them many to one applied and advised by Foreman, et al. in order to model cause
(MTO) codes. Dealing with MTO codes was easily achieved by of death.23
aggregating deaths related to many codes in ICD10 into one code
in GBD.
Random effect
 ,&'LQ,UDQLDQ'56DQG*%'KDGWKHVDPHGH¿QLWLRQIRU
For all combinations of age, sex, province and year, we modeled
a cause of death and allocated one code for that. We called these cause fraction of death using the following mixed effect model:
codes one to one (OTO) codes. We simply recoded these codes.

 *%'FODVVL¿HGFDXVHRIGHDWKLQPRUHGHWDLOWKDQGLG,&'
 
in Iranian DRS. The main issue in recoding causes of death into
           
GBD codes was related to this situation. Thus, we had an ICD10
code (OTM codes) that had to be assigned to several GBD codes
           
proportionally.
         


A proportional redistribution approach was considered to deal
with OTM codes. This approach needed the prior distribution of
GBD cause of death in each age, sex, and year. This information
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Where Hij is the residual for province i and year j and bi is the
random effect related to province i. By using the random effects
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part in this model, we were able to explore the effect of each
province separately. Then, the predicted values and residuals were
estimated with standard deviations.
Spatio-temporal model
The effects of covariates on dependent variable were explored
and considered by mixed effect model. Spatial temporal model
was utilized to take into account how the dependent variable
varies further across time, space, and age. The model assumes
that residuals contain valuable information that is not directly
observed, but varies systematically across space, time, and age
group nonetheless.
In order to implement the spatio-temporal model, we assumed
that each observation affected all other observations. These
UHODWLRQVDQGLQÀXHQFHVZHUHFDOFXODWHGE\DZHLJKWLQJV\VWHP
As mentioned above, three levels were considered and a weight
PDWUL[ZDVGH¿QHGIRUHDFKGLPHQVLRQ
7KH ¿UVW GLPHQVLRQ FDOFXODWHG ZHLJKWV RI DJH JURXSV XVLQJ D
simple decay function:

 


   

Where Z controls the smoothing level over age. It could be
decreased to have more degree of smoothness.
Using a weighting scheme similar to the Tricubic weights used
in LOESS local regression, we weighted all observation in time:

    

  
   



  

Where OZDVGH¿QHGDVDSDUDPHWHURIVPRRWKLQJDFURVVWLPH
We used O of 2 in order to avoid issues of compositional bias and
sparse data.
Step 7: After modeling cause fractions in all combination,
it is necessary to calculate mortality rates in these subgroups.
Therefore, predicted cause fractions applied to total mortality
rates are derived from Mohamadi, et al. study.14
All estimations should be reported with a value of uncertainty.
Variance of mixed effect predictions were calculated using
common likelihood methods. To expand these variations for results,
a simulation approach was conducted. For each combination, we
generated 1000 random normal values from distribution of mixed
effect model predictions. Spatio-temporal model was applied on
these values and the 2.5th and 97.5th percentiles of results formed
the lower and upper bounds of uncertainty interval, respectively.

Results

to males and females, respectively. Most cases of death were
FODVVL¿HG DV 1&'V   DQG LQMXULHV   ([SORULQJ
number of deaths showed that 56.53% of CDs, 56.05% of NCDs
and 75.12% of injuries pertained to males according to DRS. In
DGGLWLRQWKHSURSRUWLRQRIXQGHU¿YH\HDUGHDWKVZDVRI
all deaths.
Percentages of missing values in age and sex are depicted in
Figure 2. Although missing patterns within data sets are the same,
there are several differences between data sets. It appears that all
systems had achievements to control missing errors according
to the decreasing trend observed in these plots. For instance, in
the Isfahan cemetery, 0.51% of missing values were decreased to
0.1% from 2007 to 2010, and in the same period, missing values
in age were reduced from 2.39% to 0.84%. Moreover, national
data registry had a lower percentage of missing values compared
with cemetery registration. Tehran cemetery registration had the
highest missing values in sex in comparison with national values
in all years. On the other hand, the range of missing proportion
was different among deputies of MOHME. For instance, the
percentage of missing values in sex varied from 0.06% to 0.51%
in the deputy for public health compared with 0.43% to 3.78% in
the deputy for research and technology.
Figure 3 shows CDRs for males, females, and both sexes in
 ¿UVW GHDWK UHJLVWUDWLRQ \HDU DGPLQLVWHUHG E\ WKH GHSXW\
IRUUHVHDUFKDQGWHFKQRORJ\  ¿UVWGHDWKUHJLVWUDWLRQ\HDU
administered by the deputy for public health), 2004 (reform in
'56  DQG  ¿QDO \HDU ZLWK DYDLODEOH GDWD  7KH QDWLRQDO
registered CDR per 1000 population increased from 2.87 in 1995
WR  LQ  8QGHU¿YH YDOXHV IRU &'5 DUH FRQVLGHUHG DV
incompleteness of DRS.19 Therefore, the majority of provinces
were subject to incompleteness in DRS. Despite this issue, we
could observe a progressive trend over the years of the study.
The minimum values of CDR pertained to Golestan (1.04)
and Kohgiluyeh and Boyer-Ahmad (2.89) in 1995 and 2010,
respectively. The maximum values in these years are 4.99 in 1995
(Sistan and Baluchestan) and 6.08 in 2010 (Isfahan).
Quality of registering cause of death is crucial in this study.
Therefore, we present the national and sub-national distribution
of cause of death in Figures 4 and 5. According to Figure 4,
communicable, maternal, neonatal, and nutritional diseases are
responsible for 7.98% of deaths with valid causes of death in
2010. The majority of deaths pertained to the category of noncommunicable diseases with 78.42%, and 13.60% of deaths were
attributed to injuries in this year. Although the proportion of all
three main categories have increased as a result of the decreasing
proportion of garbage and missing codes, NCDs spread on a larger
scale due to global changes in cause of death. The percentage of
missing values in cause of death variable decreased from 63.83%
in 1995 to 13.28% in 2010. Tehran was notably different from
other provinces with the highest proportion of garbage and
missing codes with 38.29% in 2010.
We explored 567 ICD codes including underlying cause of
death and garbage codes in the primary data set. Mapping ICD to
GBD resulted in 165 possible causes of death according to GBD
FODVVL¿FDWLRQRIGLVHDVHV

In this study, we explored model assessments and data issues.
2WKHUWRSLFVLQFOXGLQJUHSRUWVRIFDXVHVSHFL¿FPRUWDOLW\UDWHVZLOO
be presented in other articles. Percentage of missing values, crude
death rates (CDR), distribution of garbage codes, and proportion
of three major cause of death types including communicable
Discussion
disease (CD), non-communicable disease (NCD) and injuries
Developing global assessments for causes of death commenced
were reported to show data attributes.
In the DRS data set, 58.91% and 41.09% of deaths pertained in 1980 with some studies on several causes. The comprehensive,
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Figure 2. 'LVWULEXWLRQRIPLVVLQJYDOXHVLQDJHDQGVH[LQ'56IURPWR

Figure 3.3URYLQFLDOGLVWULEXWLRQRIFUXGHGHDWKUDWHVIRUPDOHVIHPDOHVDQGERWKVH[HVLQDQG
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Figure 4.7UHQGRISURSRUWLRQDOGHDWKE\PDMRUFODVVRIFDXVHVRIGHDWK

Figure 5.3URYLQFLDOSURSRUWLRQDOGHDWKE\PDMRUFODVVRIFDXVHVRIGHDWKLQDQG
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independent and evidence-based approach to public health policy
was utilized in the GBD study in 1990.17 GBD is a global effort
to quantify the magnitude of loss of health and the contributing
key causes.24 In addition, during the last decade, some studies
ZHUH FRQGXFWHG RQ VSHFL¿F GLVHDVHV25–33 However, there is no
comprehensive and sub-national study on burden of diseases
except in a few developed countries.
7KHEXUGHQRIGLVHDVHVWXG\LQ,UDQZDV¿UVWFRQGXFWHGLQ
It is important to mention that this study was at national level
and six provinces without any estimates for attributed burden to
risk factors and any trend analysis over time.34 The necessity of
assessing the burden of diseases and their distribution motivated
WKH0LQLVWU\RI+HDOWKWRFRQGXFWDQHZPRGL¿HGVWXG\RQWKLV
topic called NASBOD in order to enhance the burden of disease
studies.13 This study, as the main component of NASBOD, is a
pioneering effort to report causes of death at sub-national level
among West Asian countries.
We attempted to use all available facilities to increase the
validity of results. Tehran and Isfahan cemetery data sets
were added to yield adequate and comprehensive information
coverage. There is no similar study that has used this amount of
GDWD$OOPLVVLQJYDOXHVDQGJDUEDJHFRGHVZHUHH[DFWO\GH¿QHG
and appropriate methods were applied to deal with them. Since
age and sex restrictions were checked in all steps, no information
ZDVORVWRUDVVLJQHGWRLQYDOLGJURXSV&DXVHVSHFL¿FGHDWKUDWHV
seem to be more reliable because of rescaling them according to
incompleteness. Moreover, uncertainty intervals were measured.
In addition to the above-mentioned features of this study, there
are still certain limitations, as follows: Because of computational
constraints, our modeling was conducted by causes and provinces.
An extended approach which considers correlation between these
variables may improve the results. Furthermore, several sources of
uncertainty, including redistributing and cleaning, were ignored,
due to computational constraints. We only applied available
covariates. It is suggested that a combination of covariates may
be gathered and then a subset of them extracted using a covariate
selection algorithm.
The usefulness of cause of death statistics depends on the
DFFXUDF\ RI '56 6HYHUDO IDFWRUV LQÀXHQFH WKLV DFFXUDF\
ignoring which may result in incorrect inferences. Among them,
altering the coding technique, physician’s abilities to state the
underlying causes of death and inconstancy in death registration
system are critical.1,35 Unfortunately, there are inconsistencies,
discontinuities, and under-reporting in Iran’s DRS, which should
EHPRGL¿HG+RZHYHUWKH:+2KDVDGYLVHGFRXQWULHVWRUHJLVWHU
WKHXQGHUO\LQJFDXVHRIGHDWKLQGHDWKFHUWL¿FDWHVEDVHGRQ,&'
codes;1 DRS in Iran did not follow this rule but fortunately many
progressive reform are being conducted now. A high percentage
of garbage codes is observed in data sets and Tehran death registry
does not register ICD codes at all.
Comparing Tehran with national death registry revealed
WKDW UHJLVWHULQJ GHDWK RXW RI DFFHSWHG DQG GH¿QHG IUDPHZRUN
decreases the validity of results. Thus, a comprehensive and
unique registration system is able to solve many presented issues.
In addition, it is necessary to assess the quality and validity of
FDXVH RI GHDWK GDWD LQ ,UDQ 6FLHQWL¿F PHWKRGV OLNH DQDO\]LQJ
mortality level and cause-of-death data could be used to provide
an overview for better decisions.
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