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Abstract

Background: This study aimed to decompose the age and cause inequality in life expectancy between two Iranian
provinces with the highest and the lowest life expectancy using the Arriaga method.

Methods: The required data was extracted from the death registration system (DRS) and statistical center of Iran.
First, we calculated life expectancy at birth for 31 provinces of Iran using life tables, and subsequently, two provinces
with the highest and the lowest life expectancy were determined. To decompose the age and cause share in the life
expectancy gap between the two provinces, we used Arriaga’s method.

Results: Tehran with 80.09 years and Sistan and Baluchistan with 72.9 years had the highest and the lowest life
expectancy among Iranian Provinces respectively. As a result, the life expectancy gap between Tehran and Sistan
and Baluchistan was 7.19 years. Results of age decomposition showed that the highest share in the life expectancy
gap attributed to the age group under one year (1.25 years). In terms of the cause of death, the highest percentage
belonged to hypertensive diseases with a share of 1.77 years.

Conclusions: There is a wide gap between two provinces with the highest and the lowest life expectancy. Age less
than one year and hypertensive diseases were major factors in this inequality. Therefore, policy-makers should con-
centrate on improvement of survival in children and the reduction of hypertensive diseases to promote life expec-

tancy in Sistan and Baluchistan.
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Background

Life expectancy (LE) at birth indicates the mortality pat-
tern in all age groups, which estimates the average num-
ber of years that a newborn is expected to live, provided
that the current pattern of mortality does not change [1].
Globally, this indicator is frequently used as a tool for
measuring the progress and backwardness of countries.
To such an extent that, any change in the life expec-
tancy of population reflect improvements or reductions
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in mortality and living conditions [2—4]. However, LE
in the different countries and regions is not identi-
cal and there is a disparity between and within regions.
In the world, gap in LEbetween Highest and the lowest
is approximately 34 years. Regarding the latest statistics
disseminated by WHO, Japan with 84.3 years and Central
African Republic with 50.7 years have the highest and the
lowest LE in the world [5]. Moreover, this report shows
that LE for Iran has been increased from 72.6 years in
2000 to 77.3 years in 2019. However, LE for all provinces
of Iran is not identical, and like many regions, there is the
disparity within county. Therefore, to reduce such dispar-
ity, exploring and identifying the factors affecting such
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disparity is required [6]. Many factors including socio-
economic, racial, ethnical and geographical factors have
role in inequality of LE [7-9]. The age and cause of death
have the key role in making inequalities between com-
munities that should be examined. Therefore, decom-
posing the age and cause of death factors contributing to
inequality between communities may assist improving
LEin communities with low LE [10-12]. To date, no study
has examined the role of age and cause factors in inequal-
ity of LE between Iranian provinces, and our knowledge
is limited. Therefore, in this study, we aimed to decom-
pose the age and cause share in inequality of LE between
Iranian provinces using Arriaga’s method [13].

Methods
Data sources
In this study, we used two data sources; death registration
and census. We obtained mortality data by age and cause
for 31 provinces of Iran for 2017 from the Death Regis-
tration System (DRS) administered by the Iranian Min-
istry of Health and Medical Education (MOHME). This
system collects the required data such as age, sex, resi-
dence, and cause of death for the deceased person. The
death data occur in hospitals, health houses and health
centers, forensic medicine bureau, authorized cemeter-
ies, civil registration bureau and other probable sources
are reported to MOHME. Subsequently, the staff of
National Organization for Civil Registration (NOCR) of
Iran classifies the leading cause of death by International
Classification of Diseases (ICD) codes [14, 15].

Moreover, we extracted the number of the population
from census data gathered by the Statistics Center of
Iran.

Adjusting death and population data

Prior to calculating LE for provinces, we calculated com-
pleteness of death registry using Synthetic Extinct Genera-
tion (SEG) method. This method yields percentage of death
registration for DRS.

To overcome misclassification of cause of death, we re-
distributed proportionally ill-defined codes of registered
deaths based on ICD chapters. In this step, we obtained
the proportions based on the distribution of the target
ICD codes by age-groups, sex and province. Then, the ill-
defined causes of death were split proportionally over all
causes of deaths registered based on ICD.

For evaluating the quality of population data, whipple’s
index is used to measure age-heaping of census. Based
on Whipple’s index, score of quality was 104.2, indicating
high precision in age registration. Moreover, the studies
confirmed that there is no under-registration or over-
registration of population in census data, and therefore,
coverage of census in Iran is not a concern [16].
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Constriction of LE

At first, we calculated LE at birth for 31 provinces of Iran
using life tables [13]. Subsequently, regarding the retrieved
results, we determined two provinces with the highest and
the lowest life expectancy.

Decomposing the LE gap

After identifying two provinces with the highest and the
lowest life expectancy, we divided the absolute gap in LE
between them into age and cause components using the
Arriaga’s method [2, 13, 17]. Arriaga distinguishes three
different effects of mortality changes on life expectancy:
a direct effect (DE), an indirect effect (IE), and an interac-
tion effect (I). The direct effect is the change in the num-
ber of person-years lived within a particular age group (iLx)
due to a mortality change in that age group. The indirect
effect is the number of years added to (or removed from) a
given LE because a mortality change within a specific age
group produces a difference in the number of survivors at
the end of that age interval. In the presence of unchanged
mortality rates at older ages than the age group under
consideration, the increase (or decrease) in the number of
survivors at the end of the age interval results in increased
(or decrease) in the number of years lived. Both the direct
and indirect effects take into account mortality change in
a specific age group, independent of the changes in other
ages. Since mortality changes coincide in all ages, a small
part of the change in LE is because the additional (or fewer)
survivors (those responsible for the indirect effect) do not
experience unchanged mortality at older ages. The impact
resulting from combining the changed number of survivors
at the end of the age interval and the lower (or higher) mor-
tality rates at older ages is termed the interaction effect (I).
Adding the direct, indirect, and interaction effect gives the
total contribution of each age group to the change in life
expectancy, or in other words, the decomposition of a dif-
ference in LE by age. In the second step, the contribution
of each age group is further decomposed by cause of death,
assuming that within each age- group, the contribution
that a cause of death makes to the change in LE between
time t and t+n is proportional to the contribution that this
cause makes to the difference in the central mortality rate
in that age group. The mathematical formulas describing
this method are described below [13, 18].

Decomposing by age

The total contribution of an age group to the LE gap (in
years) is the sum of two mathematical terms, the first
corresponding to a direct effect and the second to indi-
rect and interaction effects, as follows:
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where nCx is the total contribution between
ages x and x+n, Ix is the number of individuals left
alive at age x in a fictitious cohort, 10 is the cohort size
at the start (commonly 100,000 in a life table), nLx is the
number of person-years lived between ages x and x+n,
and Tx+n is the total number of person-years lived
above age x+n. The first term of Eq. 1 represents
the direct effect of age, which consists of the number
of years an age group adds to a LE differential, due
to higher mortality in that specific age group in one
population. To illustrate, if mortality between Sistan
and Baluchistan and Tehran is equal at all ages except
is higher in Sistan and Baluchistan for the age interval
40-44 years, LE in this province would be lowered by
a direct effect of mortality of that age group, thereby
widening the gap. However, there is also an indirect
effect of the 40—44 years age group because the higher
mortality in Sistan and Baluchistan leaves fewer survi-
vors at age 45 years, affecting all later age groups in the
life table [13, 18]. The second term of Eq. 1 represents
this indirect effect. Furthermore, if mortality between
Sistan and Baluchistan and Tehran differs at many ages,
interaction effects are introduced, reflecting the con-
tinuously changing number of survivors and mortality
rates of later age groups. The second term of Eq. 1 also
captures these interaction effects. The last age group,
however, has only a direct effect, because there is no
later age group on which indirect or interaction effects
can act [13, 18]. The next step is to sum the direct, indi-
rect, and interaction effects to obtain the total contri-
bution of an age group. The sum of contributions from
all age groups should equal the total LE gap in years. It
is also possible to calculate the ratio of the number of
years contributed by an age group to the total gap, to
estimate inequality on the relative scale [13, 17, 18].

Decomposition by cause of death within an age group

The second step is to compute the contribution of causes
of death to the LE gap. To do so, the total contribution of
a given age group is further partitioned into the number
of years contributed by each cause, as follows:

X mz"ehmn

nm;"ehmn X nmgistun
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kR — uRY X iy

i
an =,Cy X

where nRxi is the proportion of deaths between
ages x and x+n due to cause i, and nmx is the all-cause
mortality rate between ages x and x+n. The total con-
tribution of any given cause to the LE gap is obtained by
summing cause-specific contributions across age groups.
Similar to age, the sum of contributions from all causes
should equal the total LE gap [13].
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Ethics Committee of Hamadan University of Medical Sci-
ences endorses the study (IR.UMSHA.REC.1398.828).

Results

Results for completeness of death registration in Iranian
provinces is presented in Table 1. This table shows that
the highest completeness belongs to Yazd, Qazvin and
Isfahan with 99%, while the lowest completeness belongs
to Golestan with 72%. Additionally, the table provides LE
for 31 provinces. Tehran with 80.09 and Sistan and Bal-
uchistan with 72.9 years had the highest and the lowest
LE among the provinces of Iran. consequently, the gap
in LE between Tehran and Sistan and Baluchistan was

Table 1 Completeness of death registry and life expectancy for
Iranian provinces

Province Completeness of Life
death registry (%) Expectancy
(year)

Azerbaijan, East 85 73.1
Azerbaijan, West 80 726
Ardabil 75 73
Isfahan 99 783
Alborz 95 786
llam 9N 76.6
Bushehr 95 74.8
Tehran 98 80.09
Chahar Mahaal and Bakhtiari 82 77
Khorasan, Sauth 88 738
Khorasan, Razavi 92 753
Khorasan, North 88 749
Zanjan 91 76
Semnan 96 764
Sistan and Baluchistan 80 729
Fars 97 76.8
Qazvin 99 758
Qom 98 755
Kurdistan 90 74.2
Kerman 93 764
Kermanshah 98 751
Kohgiluyeh and Boyer-Ahmad 76 76.1
Golestan 72 74
Gilan 82 733
Lorestan 90 76.9
Mazandaran 90 764
Markazi 93 772
Hormozgan 86 756
Hamadan 94 75
Yazd 99 785
Khuzestan 97 743
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7.19 years. Figure 1 demonstrates spatial situation of Ira-
nian provinces along with LE for each province. Table 2
presents life table along with its values for Tehran prov-
ince. Table 3 demonstrates life table along with its values
for Sistan and Baluchistan province.

Figure 2 presents the result of age decomposition in LE
between Tehran and Sistan and Baluchistan. The table
shows that the highest share in the LE gap belongs to
the age under one year (1.25), and the lowest percentage
belongs to the age- group over 90 years (-0.47).

Figure 3 demonstrates the decomposition of LE by
cause of death. The result shows that the highest share
belongs to hypertensive diseases with 1.77 years and
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the lowest share belongs to Diabetes mellitus with
-0.60 years.

Discussion

This is the first study that explores inequality in LE by age
and causes of disease between Iranian provinces. This
study found that there is a disparity in LE between prov-
inces of Iran. However, Examining the characteristics of
the provinces show that LE in the provinces significantly
associated with socio-economic, demographic, medi-
cal and health factors. In general, Overall, the provinces
with low LE have the common attributes. They have least
income and literacy level, and rate of urbanization and
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Table 2 Life table with mortality rates for Tehran
Person-
, Probability | Probabilityof | Number Number y Person- Life
Observed Observed |Age specific S - z P years lived =
Age ) ofdyingin | survivingin | leftaliveat |dyinginthe ) years lived | expectancy
deaths population | death rate A ) ) inthe
the interval | the interval agex interval ) aboveagex| atagex
interval
Years Years Years Years
X 2D, aPx am, -9 Ps I -4, oL T e,
0 1,939 202,922  0.009555 0.009555 0.990445 100,000 956 99,140 8,008,765
1 356 966,973  0.000368 0.001471 0.998529 99,044 146 395,887 @ 7,909,625 79.86
5 163 893,362 0.000182 0.000912 0.999088 98,899 90 494,269 7,513,738 75.97
10 181 822,216  0.000220 0.001100 0.998900 98,809 109 493,771 7,019,469 71.04
15 424 820,890 0.000517 0.002579 0.997421 98,700 255 492,863 6,525,698 66.12
20 639 960,390 0.000665 0.003321 0.996679 98,445 327 491,409 6,032,835 61.28
25 761 1,336,757 0.000569 0.002842 0.997158 98,118 279 489,895 5,541,425 56.48
30 874 1,542,539 0.000631 0.003152 0.996848 97,840 308 488,427 5,051,530 51.63
35 1,102 1,279,840 0.000861 0.004296 0.995704 97,531 419 486,608 4,563,104 46.79
40 1,163 976,519  0.001191 0.005937 0.994063 97,112 577 484,119 4,076,456 4198
45 1,635 892,545  0.001832 0.009117 0.990883 96,536 880 480,477 3,592,377 37.21
50 2,337 758,043  0.003083 0.015297 0.984703 95,655 1,463 474,619 3,111,899 32.53
55 3,195 632,018 0.005055 0.024961 0.975039 94,192 2,351 465,083 2,637,280 28.00
60 3,814 483,202 0.007893 0.038702 0.961298 91,841 3,554 450,319 2,172,197 23.65
65 4,101 331,103 0.012386 0.060069 0.939931 88,287 5,303 428,175 1,721,878 19.50
70 4,908 232,389  0.021120 0.100303 0.899697 82,983 8,323 394,108 1,293,703 15.59
75 5,971 160,318 0.037245 0.170361 0.829639 74,660 12,719 341,501 899,595 12.05
80 7,142 106,898 0.066811 0.286246 0.713754 61,941 17,730 265,378 558,094 9.01
8s 5,927 49,927 0.118713  0.457722 0.542278 44210 20,236 170,462 292,716 6.62
90 4,257 21,708 0.196103 = 1.000000 0.000000 23,974 23,974 122,254 122,254 5.10
Table 3 Life table with mortality rates for Sistan and Baluchistan
- . Person- -
= Probability | Probabilityof | Number Number 5 Person- Life
Observed | Observed |Age specific . S . . years lived |
Age ) ofdyingin | survivingin | leftaliveat |dyinginthe ; years lived | expectancy
deaths population | death rate A ) . inthe
the interval | the interval agex interval . aboveagex| atagex
interval
Years Years Years Years
X D, Ax »m, +Q. #Px Iz KA alx e e,
o 2,427 96,905 0.025047 0.025047 0.974953 100,000 2,505 97,746 7,289,713
1 529 418,709 0.001262 0.005037 0.994963 97,495 431 388,999 7,191,967 73.77
5 210 354,325 0.000592 0.002957 0.997043 97,004 287 484,304 6,802,968 70.13
10 147 290,755 @ 0.000505 @ 0.002523 0.997477 96,717 244 482,977 6,318,664 65.33
15 344 264,615 0.001302 0.006487 0.993513 96,473 626 480,802 5,835,687 60.49
20 404 261,149  0.001546 0.007700 0.992300 95,848 738 477,393 5,354,885 55.87
25 531 262,306  0.002024 0.010068 0.989932 95,110 958 473,154 4,877,492 51.28
30 537 238,897 0.002248 0.011177 0.988823 94,152 1,052 468,129 4,404,338 46.78
35 432 187,217 0.002308 0.011474 0.988526 93,100 1,068 462,827 3,936,210 42.28
40 363 128,408  0.002827 0.014034 0.985966 92,031 1,292 456,928 3,473,382 37.74
45 417 100,426  0.004155 0.020562 0.979438 90,740 1,866 449,035 3,016,454 33.24
50 427 71,457 0.005978 0.029449 0.970551 88,874 2,617 437,827 2,567,420 28.89
55 604 61,169 0.009869  0.048159 0.951841 86,257 4,154 420,899 2,129,593 24.69
60 723 46,383 0.015597 0.075060 0.824%40 82,103 6,163 395,107 1,708,694 20.81
65 765 32,422 0.023608 0.111463 0.888537 75,940 8,465 358,539 1,313,587 17.30
70 762 20,697 0.036804 0.168514 0.831486 67,476 11,371 308,951 955,048 14.15
75 788 13,167 0.059820 0.260190 0.739810 56,105 14,598 244030 646,097 11.52
80 1,043 11,845 0.088072 0.360897 0.639103 41,507 14,980 170,086 402,068 9.69
85 667 6,468 0.103072 0.409769 0.590231 26,527 10,870 105,461 231,982 8.75
90 569 4,593 0.123752 = 1.000000 0.000000 15,657 15,657 126,521 126,521 8.08
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Contribution of age-groups to inequality
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Fig. 3 Contributions of cause of death to the life expectancy gap
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access to medical and health services is low compared
with the provinces with high LE [19-21]. Moreover,
prevalence of malnutrition, child mortality in these prov-
inces is high [22, 23]. Furthermore, the ethnic minori-
ties comprise the dominant residents of the provinces
[24]. Moreover, in this study, we found that The lowest
LE belong to Sistan and Baluchistan and the highest LE
belong to Tehran. Overall, this study demonstrated that
the provinces with low LE have some common attrib-
utes. These provinces possess the low economic status,
low literacy level, low nutritional level, ethnic and reli-
gious minorities. Sistan and Baluchistan province which
has the lowest LE is a province located in south-eastern
Iran bordering Afghanistan and Pakistan. Approximately,
4% of Iran reside in this province and Baluch is ethnic
majority of people is Sistan and Baluchistan, which are
of Sunni Muslims. On the other hand, Tehran is capi-
tal of Iran located in central Iran. Tehran Province with
18% of Iranian population, economically is the richest
and most industrialized province of Iran, which produces
approximately 29% of the GDP. Regarding census 2016,
the least rate of literacy belongs to Sistan and Baluchistan
with 76%, while Tehran with 92.9% has the highest rate
of literacy. In terms of income, Tehran with 443,603 mil-
lion Rials (national currency) and Sistan and Baluchistan
with 233,729 million Rials had the highest and the lowest
income respectively among the provinces. Furthermore,
studies show that distribution of clinicians with diverse
specialties and access to healthcare services is not homog-
enous around Iran. Central provinces, including Tehran,
have most clinicians, while borderline provinces including
Sistan and Baluchistan have least clinicians [19, 25].
Moreover, the decomposition results showed that age
under one year had the highest contribution to the LE
gap. In terms of the cause of death, decomposition analy-
sis revealed that, hypertensive diseases were the domi-
nant factor in inequality between Tehran and Sistan and
Baluchistan. Therefore, to reduce this gap, policy-makers
should focus on children’s health through vaccination,
nutrition promotion via Micronutrient supplements,
such as vitamin A and zinc, improvement of integrated
community case management (ICCM) of childhood ill-
ness, family planning, and maternal health. Furthermore,
prevention of hypertensive diseases through keeping a
healthy lifestyle may reduce the gap in life expectancy.
Several studies decomposed the age and cause inequality
in LE between communities. After completing a decompo-
sition analysis on the varying pattern of change in the sex
differential in survival in the G7 (The Group of Seven) coun-
tries, which is an inter-governmental political forum include
Canada, France, Germany, Italy, Japan, the United Kingdom,
and the United States, it was found that the contributions of
age- and cause-specific mortality to changes in LE vary from
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one country to another country. Cancer mortality, for exam-
ple, reduce the LE disparity between males and females in
Canada, the United States, England and Wales, and France,
whereas it increases disparity in Germany, Italy, and Japan.
In Japan, cause-specific mortality from accidents, violence,
and suicide has widened the gap in LE between men and
women [26]. Furthermore, a study published by Vesper et al.
aimed at decomposing age- and cause-specific adult mortal-
ity contributions to the gender gap in LE from census and
survey data in Zambia found that age- and cause-specific
adult mortality positively contributed to the gender gap in
LE at birth 50 percent of the time. The infectious and par-
asitic diseases, as well as accidents and injuries, were sub-
stantial cause-specific mortality positive contributors to
the gender disparity in LE in the 15-59 age group. The age
group 20-49, which is dominated by males had the major
contribution to the gender LE disparity [27].

The LE discrepancy between Quebec and Canada with
the same LE was found to be relatively small (0.1 years)
when examining mortality disparities. Furthermore, gap
analysis revealed that higher lung cancer mortality in
Quebec was offset by the rest of Canada’s higher cardio-
vascular mortality, and therefore, resulting in the same
LE in both groups. Lung cancer was more effective in
Quebec at a younger age, whereas cardiovascular mortal-
ity was more successful in older Canada [13].

Peters decompose LE for age and cause of death
between residents of Inuit Nunangat and residents of the
rest of Canada. He found that, in men, the major factor in
LE gap between Inuit Nunangat and the rest of Canada
was injury, particularly self-inflicted injury at ages 15 to
24. Moreover, he reported that, in women, the dominant
contributor were malignant neoplasm and respiratory
disease at ages 65 to 79 [28].

In this study, we used the Arriaga method to decom-
pose inequality between Iranian provinces. This
method has some advantages. Unlike directly stand-
ardized mortality rates, a standard population is not
required. In addition, comparison of rate-based mortal-
ity studies is limited by the use of different standards.
Besides, decomposition analysis uses only the data
observed, accurately reducing the importance of all age
groups and causes of death. Finally, these methods facil-
itate the identification of public health problems in the
population by determining which specific age groups or
causes of death have a significant impact on life expec-
tancy [13]. the Results of this study may assist Iranian
health policy-makers in declining inequality between
the provinces. The policy-makers should improve the
survival of children under five in Sistan and Baluchistan
via escalation of childhood vaccination programs, con-
trol of malaria, improvement of nutrition, reduction
of risk factors for hypertension diseases, and taking
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screening programs. In this study, we examine inequal-
ity between provinces, it is recommended exploring LE
inequality between cities, between men and women in
the future.

We had two limitations in this study. The data used in
this study suffering two major problems; under-regis-
tration and misclassification of death. However, we cal-
culated completeness of death registry using Synthetic
Extinct Generation (SEG), and then the corrected num-
ber of death was used to calculate LE. This method
assumes that all cases of death are under-registered
homogeneously, the assumption which may not be cor-
rect. Moreover, the existence of ill-defined and garbage
codes in the registered death may mislead the results.
To overcome this problem, we proportionally re-dis-
tributed ill-defined and garbage records on all-causes
or specific causes.

Conclusion

This study provides the valuable information for Iranian
Policy-makers to decline inequality in LE and improve
the longevity of Iranian people. Age under one year and
mortality from hypertensive diseases are the significant
determinants of inequality in LE between Tehran and
Sistan and Baluchistan. To reduce this gap, policy-mak-
ers should focus on children’s health and prevention of
hypertensive diseases.
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