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Abstract

Background: In this study, we seek to evaluate the population health improvements during the previous four decades in Iran. We
have estimated the levels and trends of child and adult mortality in addition to life expectancy from 1979 to 2019 at national and
sub-national levels using all the available data.

Methods: In this study, we used data from National and Sub-National Burden of Diseases study and employed Bayesian Averaging
Model (BAM) to predict mortality rates and life expectancy from 1979 to 2019. By including all available data sources of death
information of Iran, including national level data from the Institute for Health Metrics and Evaluation (IHME), national censuses,
Demographic and Health Survey (DHS), and Death Registration System (DRS) and using Spatio-Temporal and Gaussian Process
Regression (ST-GPR) models, we estimated mortality rates and life expectancy from 1990 to 2015. We also used a BAM to project
our desired indices until 2019.

Results: Both child and adult mortality rates decreased dramatically over the period. At the national level in Iran, in 2019, child
mortality rate (deaths per 1000 livebirths), was 16.0 (95%Ul: 13.0-19.6), adult mortality rates [probability of death (%)] for
females and males were 6.1 (5.4-6.8) and 11.5 (10.3-12.8), respectively. Also, life expectancy values for females and males were
81.6 (80.7-82.2) and 76.1 (75.3-76.6), respectively. The results were consistent for both sexes. Despite the total narrowing gaps
among provinces, a difference can still be observed particularly for the border provinces regarding child mortality rates. However,
the difference in the other measures are inconsiderable. From 1979 to 2019, the overall change percent in child mortality rate,
adult mortality rate for females and males and life expectancy for females and males were -86.3% (-89.0%—-83.1%), -52.5%
(-60.9%—-42.9%), -48.7% (-56.9%—-39.6%), 25.3% (20.8%—31.5%), and 31.3% (25.5%—41.3%), respectively.

Conclusion: This study provides an overview of the previous 40 years of mortality rates (child and adult) and life expectancy.
The provided framework of national and sub-national evaluation can be used by researchers to continue the path of providing
information for prioritization and evaluation of programs and also performing cost-effectiveness analysis for proposing efficient
strategies to policy makers.
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Introduction

The Iranian health system has gone through considerable
changes during the past four decades. Improvements were
made through implementing a set of policies and plans
aimedatimprovinghealthcareaccessand quality. Prominent
examples of these changes include the establishment of
the primary health care system, integration of medical
education and health care systems, implementation of
family physician and referral system, and, more recently,
the Health System Transformation Plan.'? Other factors
impacting health such as increased literacy, especially
among females, safer and more accessible transportation,
in addition to overall sociopolitical changes and economic
development, as well as global advances in life sciences can
also not be ignored.*

However, health sector, as the most important factor
contributing to mortality and life expectancy, should
be evaluated and considered.” Child mortality, adult
mortality, and life expectancy are the indicators that could
together show the impact of these changes on health care
quality and efficiency improvements.®'® In general, since
1990, child mortality and adult mortality rates have been
decreasing in the North Africa and Middle East countries.
However, adult mortality has gone through fluctuations
in the recent years and increased from 158.61 deaths
per 100000 in 2010 to 165 in 2017. The pattern of
life-expectancy also followed equivalent changes and it
increased in these years in this region. The patterns were the
same for countries similar to Iran in Socio-Demographic
Index, income, and region, particularly for child mortality.

*Corresponding Author: Farshad Farzadfar, MD, MPH, MHS, DSc; Non-Communicable Diseases Research Center, Endocrinology and Metabolism Population
Sciences Institute, Tehran University of Medical Sciences, Tehran, Iran. Second Floor, No.10, Jalal Al-e-Ahmad Highway, Tehran 1411713137, Iran. Tel: +98-21-
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Adult mortality, despite the general decrease, differed in
details and fluctuations in this period of time.!!

This paper seeks to evaluate the population health
improvements during the previous four decades in Iran.
‘We have estimated the levels and trends of child and adult
mortality in addition to life expectancy from 1979 to 2019
at national and sub-national levels using all the available
data. The systematic description of levels and trends
of death and life expectancy provides a basis for further
evaluation of the effects of implemented intervention
plans and policies.

Materials and Methods

In the present study, we have reported the all-cause
mortality rate of adults and children under-5 and at-
birth life expectancy at the national and provincial levels
stratified by sex and year combinations.

Child mortality is the number of deaths in under-5 age
group per 1000 live births. Adult mortality represents the
probability of number of deaths in ages 15 to 60 years.
Life expectancy at birth is the average number of years that
a newborn is expected to live if current mortality rates
continue to apply.

We identified all available data sources of death
information in Iran, appraised their quality and validity.
We consequently used the national censuses of 1986, 1996,
2006, and 2011, Demographic and Health Survey (DHS)
of the year 2000, and Death Registration System (DRS).
The DRS has death records at national and sub-national
levels from 1995 to 2010. Population data was gathered
from the Statistical Center of Iran (SCI). In the present
study, we used estimated data extracted from National and
Sub-National Burden of Diseases and Injuries (NASBOD)
conducted in Iran." This project estimated the level and
trends of mortality rates considering the incompleteness of
DRS using demographic and statistical methods, including
Spatio-Temporal and Gaussian Process Regression (ST-
GPR) models from 1990 to 2015."* GPR is a Bayesian
method that utilizes the mortality rates as input and in
result, defines a flexible model with hierarchical priors
for its parameters. In the Gaussian process regression, the
mean and covariance are defined as the spatiotemporal
model and the Matérn function, respectively. We used the
Spatio-Temporal model to impute the missing values of

the time trend and also the central tendency of the final
results based on the correlations of age, space, and time
and also the information from other socio-economic status
covariates of the model. The model improves mortality
estimate compared to other available methods because it
takes into account the information of neighboring age
groups, provinces and nearby time points. Additionally, by
considering the incompleteness of DRS in the estimates
specific mortality rates and the corresponding 95%
uncertainty intervals (Uls) at both national and provincial
levels, the quality of estimations improves. To predict
mortality rates and life expectancy beyond this time span,
we used a Bayesian Averaging Model (BAM) to project
our desired indices until 2019.* This model used the
number of deaths and population of previous years by sex,
age group and location, and projected mortality rates and
life expectancy by 2019. BAM combines 21 models for
predicting mortality rates and synthesizes them based on
each model performance.

Since the NASBOD study aimed at predicting death
for 1990 onwards, we obtained the required data for the
years 1979 to 1990 at national level from the Institute for
Health Metrics and Evaluation (IHME) and used them as
an extra data source for adult and life expectancy indices.

Results

Child Mortality Rate

At the national level, child mortality rate (deaths per
1000 livebirths) decreased by more than 7-folds from
117.2 (95% UI: 116.2-118.5) in 1979, to 16.0 (13.0—
19.6) in 2019. In terms of percentage change, an 86.3%
(-89.0 — -83.1) decrease was observed in child mortality
rate at the national level in this period (Table 1). At the
provincial level, child mortality ranged from 6.7 (5.0-9.3)
in Mazandaran to 41.7 (30.8-64.1) in South Khorasan in
2019 (Figure 1, Table 2).

Adult Mortality Rate

The probability of death (%) of individuals aged between
15 and 60 years, was halved for both females [from 12.8
(11.9-13.8) to 6.1 (5.4—6.8)] and males [from 22.5 (21.2—
23.9) to 11.5 (10.3-12.8)] between 1979 and 2019. Adult
mortality rates for females and males decreased by 52.5%

(-60.9—--42.9) and 48.7% (-56.9—-39.6), respectively

Table 1. Rate of Child and Adult Mortality as well as Life Expectancy at Birth of Iranian Population by Decade and their Percent Change from 1979 to 2019

Year
Measure Sex A% 1979 to 2019
1979 1989 1999 2009 2019+

Child mortality rate (per /. 4175 (116.2-118.5) 67.1 (66.5-67.6) 40.6 (40.3-40.9) 25.9 (25.3-26.4) 16.0 (13.0-19.6) -86.3 (-89.0—-83.1)
1000 live births)
Adult mortality Male 225(21.2-23.9)  18.6(17.7-19.6) 15.5 (14.7-16.4) 13.4(12.5-14.4) 11.5(10.3=12.8) -48.7 (-56.9--39.6)
(probability of death %)  Female 12.8(11.9-13.8)  10.9(10.3-11.4) 8.9 (8.4-9.4) 7.3 (6.8-7.7) 6.1 (5.4-6.8)  -52.5(-60.9—42.9)

Male 58.0 (54.2-60.0)  63.2 (63.0-63.2) 68.1(68.0-68.1) 72.6(72.6-72.7) 76.1(753-76.6) 31.3 (25.5-41.3)
Life expectancy at birth

Female  65.2 (62.5-66.8)  66.5 (66.3-66.5) 72.0 (72.0-72.1) 77.6 (77.5-77.64) 81.6 (80.7-82.2)  25.3 (20.8-31.5)

Data in parenthesis are 95% Ul.

*The values in 2019 are predicted.
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Figure 1. Provincial Distribution of Under-5 Mortality Rates in 2019.

(Table 1). Generally, in 2019, central provinces had a
lower adult mortality for both females and males (Figure
2).In 2019, the difference between the highest and lowest
adult mortality across provinces was 4.0 for females and

7.1 for males, respectively (Table 3).

At-Birth Life Expectancy
The results show that throughout the studied period, life

expectancy has increased for both females [from 65.2
(62.5-66.8) to 81.6 years (80.7-82.2)] and males [from
58.0 (54.2-60.0) to 76.1 years (75.3-76.6)]. The change
in life expectancy in males is 2 years more than females.
In terms of percent change, life expectancy has increased
by 25.3% (20.8-31.5) and 31.3% (25.5-41.3) for females
and males, respectively (Table 1). The greatest difference
of life expectancies at birth between provinces in 2019 was
9.3 years for females and 11.0 years for males (Figure 3,
Table 4).

Additionally, we calculated the three measures including
child mortality, adult mortality, and life expectancy in
years 1990 and 2019 to assess the probable differences
and inequities among border and non-border provinces
(Table 5). There are 16 border provinces out of 31 and we
calculated the corresponding measure in those provinces
using proportion of the population.

Discussion

This study aimed to evaluate the population health
improvements in the past 40 years in Iran via estimating
the levels and trends of child and adult mortality rates and

Table 2. Provincial Distribution of Under-5 Mortality Rates in 1990 and 2019 with Percent Change

. Year
Province A% 1990 to 2019
1990 2019*
Markazi 63.9 (62.3-65.7 13.7 (10.3-18.0) -78.6 (-84.3--71.1
Gilan 47.8 (47.0-48.7 12.6 (9.1-17.7) -73.6 (-81.3--62.3
Mazandaran 48.7 (47.6-49.8 6.7 (5.0-9.3) -86.2 (-90.0--80.5

Azerbaijan, East
Azerbaijan, West
Kermanshah
Khuzestan

Fars

Kerman

Khorasan, Razavi
Isfahan

Sistan and Baluchistan
Kurdistan

Hamadan

Chahar Mahaal and Bakhtiari
Lorestan

Ilam

Kohgiluyeh and Boyer-Ahmad
Bushehr

Zanjan

Semnan

Yazd

Hormozgan

Tehran

Ardabil

Qom

Qazvin

Golestan

Khorasan, North
Khorasan, South
Alborz

)
)
)
74.6 (73.2-76.5)
88.3 (85.7-92.3)
63.3 (62.3-64.5)
59.0 (57.8-60.2)
53.8 (52.1-55.8)
64.5 (63.2-65.9)
87.1(84.1-88.8)
54.2 (52.8-55.4)
100.5 (99.3-101.8)
112.2 (110.7-113.4)
63.9 (62.3-65.6)
62.6 (61.5-64.3)
71.0 (69.9-72.3)
67.5 (65.5-69.6)
65.2 (57.3-83.5)
64.0 (62.1-65.4)
95.6 (94.0-96.7)
67.3 (66.5-68.1)
)

)

)

)

)

)

)

13.4(10.4-17.2)
21.3 (16.1-29.5)
19.5 (15.2-24.9)
15.6 (11.6-21.1)
23.8(17.8-32.5)
16.9 (12.6-23.1)
19.8 (15.8-25.3)
16.8 (13.5-23.2)
21.7 (16.4-29.4)
24.9 (18.8-34.5)
16.3 (12.0-22.3)
13.5(9.4-19.7)
12.4(9.2-17.1)
14.8 (10.4-21.2)
16.6 (11.8-23.8)
14.5(10.2-20.2)
16.6 (12.0-24.4)

(

(

(

)
)
)
-82.0 (-86.4--76.5)
-75.9 (-82.6--65.6)
-69.2 (-76.4--60.0)
-73.6 (-80.7--63.5)
-55.8 (-68.1--37.6)
-73.8 (-80.9--63.4)
-77.3 (-82.2--69.9)
-69.0 (-75.6—-56.1)
-78.4 (-83.9--70.4)
-77.8 (-83.4--68.8)
-74.5 (-81.7--64.2)
-78.4 (-85.4--68.0)
-82.5 (-87.3--75.5)
-78.1 (-85.1--67.6)
-74.5 (-85.9--58.5)
-77.3 (-84.4--67.5)
-82.6 (-87.6—--74.0)
)
)
)
)
)
)
)
)
)
)
)

15.5(10.7-22.4) -77.0 (-84.3--66.3

52.7 (50.9-54.2 18.1 (12.5-26.7) -65.7 (-76.9--47.5
71.9(70.2-73.7 19.5 (14.1-26.3) -72.9 (-80.9--62.5
56.8 (54.7-57.7 12.0 (8.8-14.7) -78.9 (-84.7--73.1
82.9 (80.9-84.4 14.2 (10.5-19.9) -82.9 (-87.6--75.4
56.3 (54.9-57.6 9.4 (6.7-13.5) -83.3 (-88.4—--75.4
66.8 (65.3-68.6 11.8 (8.8-16.3) -82.3 (-87.2--75.0
73.4(72.4-76.2 13.2(10.2-18.4) -82.0 (-86.6—-74.6
103.0 (100.6-106.1) 26.3 (19.6-39.9) -74.5 (-81.5--60.3
113.3 (106.9-116.0) 41.7 (30.8-64.1) -63.2 (-73.4--40.0
57.2 (55.7-58.6) 9.5 (7.0-12.1) -83.4 (-88.1--78.3

Data are presented as rate per 1000 livebirths (95% Ul).
*The values in 2019 are predicted.
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Table 3. Provincial Distribution of Adult Mortality Rates by Sex in 1990 and 2019 with Percent Change

Year

Province Sex A% 1990 to 2019
1990 2019*
Markazi Male 21.4(19.5-23.4) 11.4(9.4-13.8) -46.7 (-59.8 —-29.2)
arkazi
Female 15.8 (14.1-17.6) 6.5 (5.3-7.8) -58.9 (-69.9 — -44.7)
Gil Male 19.5(17.8-21.3) 10.4 (8.6-12.6) -46.7 (-59.6 —-29.2)
ilan
Female 13.9 (12.6-15.3) 5.9 (4.9-7.1) -57.6 (-68.0 — -43.7)
Male 18.9 (17.3-20.7) 10.8 (8.9-13.0) -42.9 (-57.0 — -24.9)
Mazandaran
Female 15.3 (13.4-17.5) 6.1 (5.0-7.4) -60.1 (-71.4 — -44.8)
. Male 19.8 (18.9-20.7) 10.7 (8.8-13.1) -46.0 (-57.5 --30.7)
Azerbaijan, East
Female 14.7 (13.7-15.9) 6.1 (5.0-7.4) -58.5 (-68.6 — -46.0)
. Male 19.8 (18.4-21.4) 11.2 (9.2-13.7) -43.4 (-57.0 — -25.5)
Azerbaijan, West
Female 15.7 (14.6-16.9) 6.3 (5.2-7.7) -59.9 (-69.2 — -47.3)
Male 23.7 (20.0-28.1) 13.6 (11.2-16.5) -42.6 (-60.1 —-17.5)
Kermanshah
Female 18.2 (15.7-21.1) 7.7 (6.3-9.3) -57.7 (-70.1 — -40.8)
Male 20.4 (19.0-21.9) 11.2 (9.2-13.6) -45.1 (-58.0 —-28.4)
Khuzestan
Female 16.1 (15.5-16.7) 6.4 (5.2-7.7) -60.2 (-68.9 —-50.3)
E Male 21.4(19.7-23.3) 11.1 (9.1-13.5) -48.1 (-60.9 — -31.5)
ars
Female 14.2 (13.1-15.4) 6.3 (5.2-7.6) -55.6 (-66.2 —-42.0)
o Male 249 (23.0-26.9) 12.5(10.3-15.1) -49.8 (-61.7 —-34.3)
erman
Female 15.7 (14.3-17.2) 7.1 (5.9-8.6) -54.8 (-65.7 —-39.9)
i Male 24.9 (20.3-30.6) 12.9 (10.6-15.7) -48.2 (-65.4 —-22.7)
Khorasan, Razavi
Female 16.7 (13.8-20.2) 7.3 (6.0-8.9) -56.3 (-70.3 —-35.5)
sfah Male 17.7 (15.6-20.1) 9.5 (7.9-11.6) -46.3 (-60.7 — -25.6)
sfahan
Female 13.5 (11.9-15.3) 5.4 (4.4-6.5) -60.0 (-71.2 —-45.4)
R i Male 25.7 (22.9-28.8) 14.1 (11.5-17) -45.1 (-60.1 —-25.8)
Sistan and Baluchistan
Female 17.4 (15.3-19.8) 8.0 (6.5-9.7) -54.0 (-67.2 - -36.6)
Kurdistan Male 20.7 (19.0-22.6) 12.2 (10.0-14.7) -41.1 (-55.8 —-22.6)
Female 19.0 (17.5-20.6) 6.9 (5.7-8.4) -63.7 (-72.3 = -52.0)
Male 23.4(20.7-26.3) 11.5(9.5-14.0) -50.9 (-63.9 —-32.4)
Hamadan
Female 13.4 (11.9-15.1) 6.5 (5.3-7.9) -51.5(-64.9 - -33.6)
Mal 17.2 (15.4-19.3 9.3 (7.6-11.3 -45.9 (-60.6 — -26.6
Chahar Mahaal and Bakhtiari e { : { ) { )
Female 13.2 (11.4-15.3) 5.2 (4.3-6.3) -60.6 (-71.9 —-44.7)
Male 21.9 (19.5-24.6) 11.5(9.5-14.0) -47.5 (-61.4 - -28.2)
Lorestan
Female 16.6 (15.4-17.8) 6.5 (5.4-7.9) -60.8 (-69.7 — -48.7)
I Male 17.8 (16.0-19.8) 11.0 (9.0-13.3) -38.2 (-54.5 --16.9)
am
Female 18.6 (16.2-21.3) 6.2 (5.1-7.5) -66.7 (-76.1 —-53.7)
Male 16.1 (14.4-17.9 9.8 (8.1-11.9 -39.1 (-54.7 --17.4
Kohgiluyeh and Boyer-Ahmad 8 ( : ( ) ( )
Female 16.0 (13.6-18.7) 5.5 (4.5-6.7) -65.6 (-75.9 —-50.7)
. Male 17.6 (16.4-18.9) 9.9 (8.2-12.0) -43.8 (-56.6 —-26.8)
ushehr
Female 14.3 (12.9-15.7) 5.6 (4.6-6.8) -60.8 (-70.7 —-47.3)
Zani Male 21.7 (20.0-23.4) 11.0 (9.0-13.4) -49.3 (-61.5 --33.0)
anjan
y Female 13.5(12.3-14.9) 6.2 (5.1-7.5) -54.1 (-65.8 — -39.0)
S Male 18.4 (16.7-20.4) 10.2 (8.4-12.4) -44.6 (-58.8 — -25.7)
emnan
Female 14.5 (12.5-16.9) 5.8 (4.7-7.0) -60.0 (-72.2 — -44.0)
Vazd Male 18.4 (16.4-20.6) 9.9 (8.1-12.0) -46.2 (-60.7 —-26.8)
az
Female 14.3 (12.8-16.1) 5.6 (4.6-6.8) -60.8 (-71.4 — -46.9)
Male 24.1 (22.1-26.1) 12.2 (10.1-14.8) -49.4 (-61.3 —-33.0)
Hormozgan
Female 14.6 (13.2-16.2) 6.9 (5.7-8.4) -52.7 (-64.8 — -36.4)
Teh Male 20.2 (19.0-21.5) 10.3 (8.4-12.5) -49.0 (-60.9 —-34.2)
ehran
Female 12.0(11.3-12.8) 5.8 (4.8-7.1) -51.7 (-62.5 - -37.2)
Ardabil Male 18.9 (16.7-21.3) 10.3 (8.4-12.5) -45.5 (-60.6 — -25.1)
rdabi
Female 14.8 (13.2-16.6) 5.8 (4.8-7.1) -60.8 (-71.1 —-46.2)
Q Male 14.5 (14.1-14.9) 8.6 (7.1-10.4) -40.7 (-52.3 - -26.2)
om
Female 12.1(11.1-13.2) 4.8 (4.0-5.8) -60.3 (-69.7 — -47.7)
Qazvi Male 24.2 (21.2-27.8) 11.6 (9.5-14.1) -52.1 (-65.8 —-33.5)
azvin
Female 14.9 (13.5-16.5) 6.6 (5.4-8.0) -55.7 (-67.3 —-40.7)
Male 24.5(22.7-26.5) 13.5(11.0-16.3) -44.9 (-58.5 - -28.2)
Golestan
Female 16.8 (15.4-18.4) 7.6 (6.3-9.2) -54.8 (-65.8 —-40.3)
Male 22.8 (20.2-25.8) 12.6 (10.5-15.3) -44.7 (-59.3 —-24.3)
Khorasan, North
Female 15.9 (14.0-18.1) 7.1 (5.9-8.7) -55.3 (-67.4 —-37.9)
Male 17.5 (15.1-20.2) 10.2 (8.4-12.4) -41.7 (-58.4 - -17.9)
Khorasan, South
Female 12.8 (10.8-15.1) 5.8 (4.7-7.0) -54.7 (-68.9 — -35.2)
Alb Male 11.6 (7.5-17.8) 7.0 (5.7-8.4) -39.7 (-68.0 - 12.0)
orz
Female 10.1 (8.2-12.5) 4.0 (3.3-4.8) -60.4 (-73.6 —-41.5)

Data are presented as probability of death (%) (95% Ul).
*The values in 2019 are predicted.
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Figure 2. Provincial Distribution of Adult Mortality (Probability of Death)
by Sex in 2019.

at-birth life expectancy from 1979 to 2019, nationally
and sub-nationally. All three measure show significant
improvements for both sexes. Child mortality rate
has decreased by 86.3% and adult mortality rates for
females and males have decreased by 52.5% and 48.7%
respectively. In addition, life expectancy at birth has
increased by 25.3% and 31.3% for females and males,
with a slightly higher increase in males.

One of the most prominent findings was the sharpest
decline that has occurred in under-5 mortality compared
to other age groups (Figure 4). This is significant since
this indicator is a direct reflection of health quality of a
country.”!® The findings of the current study, regarding
child mortality, are in line with previous studies, suggesting
that all the provinces in Iran have achieved the fourth goal
of the Millennium Development Goals (MDGs) and
most of the provinces have realized the third goal of the
Sustainable Development Goals (SDGs)."” This decline
in child mortality is owing to various reasons such as
providing more areas with access to fundamental service
packages for children and expanding healthcare networks
in the 1980s by hiring low-paid primary health workers
(Behvarz)."**' In addition, urbanization, improvement
in socioeconomic status, and education quality are also
associated with this decreasing trend in child mortality
rate.'”? It should, however, be noted that although child
mortality has decreased significantly in all the provinces
over the past four decades, some border provinces still have
relatively high child mortality rates (Figure 1). To illustrate,
in the year 1990, we observed a statistically significant
difference in child mortality comparing border and non-
border provinces, whereas this difference has decreased
appreciably as there is no significant difference in child
mortality between these two categories. In other words,
this measure could be a proxy of inequity and the observed
inequity among border and non-border provinces has
decreased in child mortality rate (Table 5).

Regarding adult mortality, we observed a descending
trend for both female and male subjects throughout the

Predicted life expectancy at birth in 2019
70.5-75.2

T52-773
77.3-794
T9.4-815
815862

| Jepspsy )

Figure 3. Provincial Distribution of Life Expectancy at Birth by Sex in 2019.

studied period. This is probably caused by improvements
in socioeconomic status of the country as well as increased
level of awareness and education and, consequently, better
risk management.’®?° One of the greatest contributing
factors to the improved health of the Iranian population
is the more equitable distribution of healthcare centers
as the range of the mortality decreased between different
provinces. Like child mortality, adult mortality rate was
higher in border provinces (Figure 2). Yet, the difference
is not statistically significant when we compare border and
non-border provinces (Table 5).

Generally, males had a higher mortality rate than
females in all years and the inter-gender gap stayed the
same over the period (Figure 5). The higher mortality rate
in males can be attributed to behavioral risk factors and
lower healthcare seeking in addition to biological factors
and transient shocks such as the Iran-Iraq war.**

Despite overall reduction in child and adult mortality
rates and increase in life expectancy in Iran over the past
four decades, our main concern has been inequality in these
three indices across Iranian provinces. These inequalities
might be due to social, environmental or economic factors
including maternal education level, cost of healthcare,
the extent of access to health services, and income per
2631

capita. For adult mortality, global studies suggest
that improvement in education and life-long learning,
job creation and fair employment, ensuring a minimum
income for a basic standard of living, and applying a
social determinants approach to prevention can decrease
these health inequalities.** In addition, in terms of child
mortality, improving maternal education and access to
health care services in antenatal and postnatal periods can
be effective in achieving equality in child health.'”3
Like the previous studies investigating death and its
related estimations, we encountered a few limitations: First
of all, the death registration system in Iran has incomplete
death records.” To overcome this problem, we used all the
other available information of any existing source on death
and estimated mortality rates, and eventually after using
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Table 4. Provincial Distribution of Life Expectancy at Birth by Sex in 1990 and 2019 with Percent Change

. Year
Province Sex A% 1990 to 2019
1990 2019*
Markazi Male 67.1 (66.7-67.6) 74.7 (73.6-75.6) 11.3 (8.9-13.3)
arkazi
Female 71.3 (70.8-71.8) 80.1 (79.0-81.5) 12.3 (10.0-15.1)
Gil Male 64.3 (64.0-64.8) 74.2 (73.2-75.5) 15.4 (13.0-18.0)
ilan
Female 68.6 (68.3-69.2) 80.9 (79.5-82.1) 17.9 (14.9-20.2)
Male 64.8 (64.5-65.3) 78.6 (77.1-79.8) 21.3 (18.1-23.7)
Mazandaran
Female 66.7 (66.4-67.2) 82.8 (81.7-84.5) 24.1 (21.6-27.3)
.. Male 63.9 (63.5-64.1) 76.1 (74.8-76.9) 19.1 (16.7-21.1)
Azerbaijan, East
Female 66.7 (66.3-66.9) 82.4 (81.1-83.6) 23.5(21.2-26.1)
. Male 62.2 (61.8-62.6) 77.3 (75.9-78.5) 24.3 (21.2-27.0)
Azerbaijan, West
Female 64.9 (64.5-65.2) 86.2 (84.2-87.9) 32.8 (29.1-36.3)
Male 62.6 (62.0-62.9) 71.6 (70.9-72.4) 14.4 (12.7-16.8)
Kermanshah
Female 67.7 (67.1-68.0) 78.7 (77.7-79.8) 16.2 (14.3-18.9)
Male 67.7 (67.2-67.9) 73.7 (72.3-74.6) 8.9 (6.5-11.0)
Khuzestan
Female 71.9 (71.5-72.3) 78.5 (77.4-79.4) 9.2 (7.1-11.0)
E Male 65.7 (65.4-66.0) 73.5(72.3-74.2) 11.9 (9.5-13.5)
ars
Female 69.9 (69.5-70.1) 79.7 (78.6-80.6) 14.0 (12.1-16.0)
— Male 62.6 (62.2-63.0) 77.0 (75.8-78.0) 23.0 (20.3-25.4)
erman
Female 67.7 (67.4-68.1) 83.4 (82.1-84.7) 23.2 (20.6-25.7)
X Male 61.1(60.7-61.4) 76.7 (75.8-77.3) 25.5(23.5-27.3)
Khorasan, Razavi
Female 61.1 (60.6-61.8) 84.5 (83.1-86.3) 38.3 (34.5-42.4)
sfahan Male 69.2 (68.8-69.4) 74.0 (73.4-74.7) 6.9 (5.8-8.6)
Female 71.5(71.1-71.8) 78.2 (77.6-78.9) 9.4 (8.1-11.0)
R i Male 61.0 (60.6-61.7) 75.4 (74.1-76.5) 23.6 (20.1-26.2)
Sistan and Baluchistan
Female 62.2 (61.7-62.7) 84.3 (82.7-86.5) 35.5(31.9-40.2)
Kurdist Male 60.9 (60.5-61.4) 76.3 (75.5-77.3) 25.3 (23.0-27.8)
urdistan
Female 64.2 (63.8-64.7) 81.9 (81.1-83.4) 27.6 (25.3-30.7)
Male 65.8 (65.4-66.2) 72.9 (71.6-73.9) 10.8 (8.2-13.0)
Hamadan
Female 70.2 (69.9-70.6) 81.5(80.3-82.6) 16.1(13.7-18.2)
Mal 65.2 (64.5-66.0 75.6 (74.0-77.0 16.0 (12.1-19.4
Chahar Mahaal and Bakhtiari e ¢ ) { ) { )
Female 67.5 (66.9-68.4) 81.4 (79.5-83.3) 20.6 (16.2-24.5)
L ) Male 59.7 (59.3-60.2) 79.0 (77.8-80.3) 32.3(29.2-35.4)
orestan
Female 66.1 (65.7-66.6) 84.7 (83.4-86.7) 28.1(25.2-32.0)
I Male 66.2 (65.4-67.0) 75.2 (73.7-76.6) 13.6 (10.0-17.1)
am
Female 68.2 (67.3-69.2) 78.8 (77.7-80.3) 15.5(12.3-19.3)
Mal 65.8 (65.2-66.6 77.4 (76.0-79.0 17.6 (14.1-21.2
Kohgiluyeh and Boyer-Ahmad e ( ) ( ) ( )
Female 67.1 (66.4-68.0) 83.2 (81.7-85.5) 24.0 (20.1-28.8)
. Male 66.8 (66.0-67.3) 73.3 (71.9-74.3) 9.7 (6.8-12.6)
ushehr
Female 71.0 (70.3-71.5) 77.6 (76.4-78.8) 9.3 (6.9-12.1)
Zani Male 56.6 (56.2-57.4) 79.6 (77.9-82.1) 40.6 (35.7-46.1)
anjan
4 Female 59.5 (58.8-60.2) 86.0 (84.2-88.8) 44.5 (39.9-51.0)
Semnan Male 67.0 (66.2-67.6) 74.6 (73.2-75.8) 11.3 (8.3-14.5)
Female 67.4 (66.6-68.0) 80.0 (78.7-81.4) 18.7 (15.7-22.2)
Yazd Male 66.5 (65.8-67.1) 76.3 (74.6-77.6) 14.7 (11.2-17.9)
az
Female 71.0 (70.5-71.6) 80.7 (79.4-82.1) 13.7 (10.9-16.5)
Male 69.5 (69.0-70.0) 70.9 (69.2-71.7) 2.0 (-1.1-3.9)
Hormozgan
Female 74.9 (74.3-75.6) 79.0 (77.0-80.3) 5.5(1.9-8.1)
Teh Male 57.6 (57.2-57.9) 81.5 (80.0-83.2) 41.5 (38.2-45.5)
ehran
Female 62.8 (62.4-63.7) 86.0 (84.0-87.4) 36.9 (31.9-40.1)
Ardabil Male 63.3 (62.8-63.9) 75.0 (73.8-75.9) 18.5 (15.5-20.9)
rdabi
Female 65.7 (65.3-66.4) 80.1 (78.8-81.4) 21.9 (18.7-24.7)
Q Male 64.4 (63.8-64.9) 79.1 (77.6-80.5) 22.8(19.6-26.2)
om
Female 71.2 (70.7-71.7) 80.3 (79.5-81.9) 12.8 (10.9-15.8)
Qazvi Male 61.8 (61.1-62.3) 77.5 (76.5-78.9) 25.4 (22.8-29.1)
azvin
Female 65.6 (64.9-66.1) 81.6 (80.6-83.3) 24.4 (21.9-28.4)
Male 64.5 (64.0-64.9) 70.5(69.7-71.2) 9.3 (7.4-11.3)
Golestan
Female 66.8 (66.2-67.2) 76.9 (76.0-77.8) 15.1 (13.1-17.5)
Male 61.4 (60.9-61.9) 76.0 (74.9-77.2) 23.8 (21.0-26.8)
Khorasan, North
Female 64.6 (64.2-65.1) 81.4 (80.1-82.8) 26.0 (23.0-29.0)
Male 64.6 (64.0-65.0) 75.2 (73.9-76.2) 16.4 (13.7-19.1)
Khorasan, South
Female 68.5 (67.9-69.0) 80.7 (79.1-81.9) 17.8 (14.6-20.6)
Alborz Male 71.0 (70.6-71.4) 75.5 (74.7-76.3) 6.3 (4.6-8.1)
Female 75.0 (74.5-75.4) 77.9 (77.2-78.6) 39(2.4-5.5)

Data are presented as life expectancy at birth (95% Ul).
*The values in 2019 are predicted.
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Mortality rates and Life Expectancy in Iran from 1979 to 2019

Table 5. Rate of Child and Adult Mortality as well as Life Expectancy at Birth of Iranian Population by Decade, Category of Border and Non-border Provinces

and their Percent Change from 1979 to 2019

i Year
Measure Sex Borderline A% 1990 to 2019
Provinces 1990 2019*
Child mortality rate (per Borh Yes 76.1 (74.3-77.9) 18.2 (13.8-24.7) -76.1 (-82.2—66.8)
. . ot
1000 live births) No 60.6 (58.8-62.4) 15.0 (11.1-20.2) -75.3 (-82.2—65.7)
vl Yes 21.3(19.1-23.9) 11.8 (9.7-14.3) -44.6 (-59.4—-25.1)
ale
Adult mortality (probability No 20.0 (18.2-22.1) 10.3 (8.5-12.5) -48.5 (-61.5--31.3)
of death %) Yes 15.9 (14.2-17.8) 6.7 (5.5-8.1) -57.9 (-69.1—-43.0)
Female
No 13.4 (12.2-14.8) 5.8 (4.8-7.1) -56.7 (-67.6—41.8)
vl Yes 64.1 (63.6-64.5) 74.8 (73.5-75.7) 16.7 (14.0-19.0)
ale
No 64.4 (63.9-64.9) 76.5 (75.3-77.8) 18.8 (16.0-21.8)
Life expectancy at birth
Femal Yes 67.1 (66.6-67.6) 80.9 (79.6-82.3) 20.6 (17.8-23.6)
emale
No 68.3 (67.7-68.8) 81.6 (80.4-83.2) 19.5 (16.9-22.9)

Data in parenthesis are 95% Ul.
* The values in 2019 are predicted.

the ST-GPR method, which applies very well to missing
values, we met the incompleteness of the death registration
system in our analysis. However, the projections and
extrapolations are subject to error. Secondly, we obtained
adult mortality information from the IHME for the years
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Figure 4. Time Trend of Under-5 Mortality Rates at National Level from
1979 to 2019.
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Figure 5. Time Trend of Adult Mortality (Probability of Death) by Sex at
National Level from 1979 to 2019.

1979-1989 due to lack of death registration system data
by sex and age before 1990. This information was only
available at the national level. Despite improvements in
death registration in recent years, the large incompleteness
of death registration in starting years imposed bias on
observed trends in early time intervals. Finally, the
smoothed models over time, space, sex, and age groups,
despite their high accuracy in estimating mortality rates,
might have smoothed peaks and shocks.

In conclusion, taken together, this study provided
a novel insight into the previous 40 years of Iranian
population’s health and the outcome of the implemented
health programs and policies. Both child and adult
mortality rates decreased dramatically over the period. The
at-birth life expectancy improved significantly. The results
were consistent for both sexes. Despite the total narrowing
gaps among provinces, a considerable difference can still
be observed particularly for the border provinces regarding
child mortality rates. However, the differences in other
measures are inconsiderable. Moreover, the provided
information identifies the populations that need extra
attention while providing evidence for effective advocacy
at legislative and policy making level. The provided
framework of national and sub-national evaluation can
be used by researchers to continue the path of providing
information for prioritization and evaluation of programs
and also performing cost-effectiveness analysis for
proposing efficient strategies to policy makers.'
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