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Objective: Iran has made remarkable progress in reducing child mortality over the past few
decades. However, this promising profile is mainly average driven, and inequalities are not
counted in judgments about the progress. In the present study, we used an achievement
index approach to combine average and inequalities to provide a better picture of Iran's
achievement in under-five mortality over the last two decades.

Study design: The study had a cross-sectional design.

Methods: Data gathered in the two recent national demographic health surveys (DHSs) in
2000 and 2010 were used to conduct the analyses. Accordingly, 45,646 live births covered by
DHS 2000 and 10,604 live births covered by DHS 2010 were investigated. An achievement
index was constructed by incorporating some extensions to the concentration index,
namely by incorporation of the average into the index.

Results: The standard concentration index showed that under-five mortality was unequally
distributed, hurting the poor, across all provinces and Iran overall in 2000 (concentration
index = —0.1311 [standard error {SE} = 0.0139]) and 2010 (-0.1367 [SE = 0.0381]). The
achievement index revealed that Iran has had achievements in under-five mortality
(relative change in the mean has decreased from 29.5% to 25.8%), but the achievement was
mostly due to reductions in the average mortality and not in its unequal distribution. The
same result applied to a considerable number of provinces, and only a few have made
achievements in both inequality and average.
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Conclusions: Considering the lack of progress in the reduction of inequalities in under-five

mortality over the past decades, equity-oriented policies should be of prime importance
for Iran's healthcare system.
© 2018 The Royal Society for Public Health. Published by Elsevier Ltd. All rights reserved.

Introduction

Childhood mortality rates are among the most important
health indices, representing the performance of societal
health systems.' Globally, the under-five mortality rate has
dropped from 93 deaths per 1000 live births in 1990 to 41 in
2016;” 5.6 million children died in 2016 before reaching their
fifth birthday, 15,000 every day.? The under-five mortality rate
is a key indicator of children's well-being, including the health
and nutrition status.” It is also a key indicator of the extent of
socio-economic development interventions that must be
implemented for children's overall well-being.”

Since the 1980s, there has been a growing global call for
nations to address health inequities.®’” Studies have shown
that the pervasiveness of socio-economic inequalities in
health both between and within countries at any stage of
development significantly retards the progress toward the
achievement of the Millennium Development Goals (MDGs).?
Health inequalities refer to systematic and unjust differences
in health (or the social determinants of health) between
different social groups in societies. They are systematic as they
systematically put some social groups, the disadvantaged
ones, at further disadvantage by their poorer health. They are
unjust as they can be reduced and eliminated by our current
level of knowledge and technology. Therefore, the presence of
health inequalities impose a normative and ethical challenge
on healthcare systems and is required to be addressed and
tackled by all means.” Different theoretical explanations are
proposed in literature to explain the health inequalities. Ma-
terial explanations resort to differences in distribution of ma-
terial factors (e.g. food, shelter, pollution, and physical
environment) between socio-economic groups and their ef-
fects on health to explain the inequalities in health. Psycho-
social explanations point to negative health effects of feelings
of discrimination, stress, low social support, and other psy-
chological reactions to (negative) social experiences as the root
causes of health inequalities. Behavioral explanations refer to
differences in health behaviors (such as eating habits, smok-
ing, and screening) between social groups to account for the
unjust differences in health. And finally, biomedical explana-
tions take the biological risk factors (e.g. specific genes) and
their social pattering as contributors of health inequalities.’

Socio-economic inequalities in childhood mortality are a
major public health problem in developing countries.'
Childhood mortality is systematically and considerably
higher among lower socio-economic groups within coun-
tries."* The reduction of regional and socio-economic in-
equalities in mortality within countries is a major objective of
national governments and international organizations.’** To
achieve this goal, determinants of high mortality among

disadvantaged people, communities, and regions need to be
identified.™*

The concentration index (CI) has proven to be a useful tool
for measuring inequalities in the health sector.”> *° However,
the use of CI presents some important measurement prob-
lems. First, it is not clear from the index which socio-
economic groups might benefit most from reductions in
health inequalities.”* Second, it is limited to the measurement
of inequality and tells us nothing about the overall health
averages.”’ From a health policy point of view, not only
average of health in a society is an important matter but also
inequality in its distribution matters. Nevertheless, policy-
makers are likely to be willing to trade-off the equity and
average, favoring the improvements in average. To prevent
from this trade-off, Adam Wagstaff extends the CI and rec-
ommends the use of an ‘achievement index’ (AI) that simul-
taneously captures the average level of the health status and
the socio-economic inequality in its distribution. Wagstaff, for
the first time, implemented the Al approach to evaluate the
status of 44 developing countries concerning three health
variables for the under-five mortality levels, child malnutri-
tion levels, and total fertility rates.?’ Since then, this approach
has been applied in several studies, including Paul's study of
self-perceived health in the Russian Federation,”® Mezmur's
study of maternal healthcare services in Ethiopia,”* Biswas'
study of chronic non-communicable diseases in Bangladesh,”
Salvucci's study of child malnutrition in Mozambique,”® and
Morasae et al.’s study on mental health in Iran.””

However, we still lack such an approach to health in many
countries, including Iran. Therefore, considering the impor-
tance of under-five children's mortality from socio-economic
perspectives, we aimed to conduct the present study and
investigate Iran's achievement over the past decades
regarding children's health. To be exact, this study aimed to
put the under-five mortality inequality and average together
(by making some extensions to CI) to build an Al and then to
reveal the provinces status in terms of their achievements. To
the best of our knowledge, this report is one of the few studies
on under-five mortality in the world using the Al approach.
Specifically, it is of high importance for Iran where the
achievements in under-five mortality are exclusively based on
its averages.”’

Methods
Data and measures
The required data were taken from Iran's demographic and

health survey (DHS) conducted in 2000°® and Iranian multiple
indicators demographic and health survey (IrMIDHS)


https://doi.org/10.1016/j.puhe.2018.10.004
https://doi.org/10.1016/j.puhe.2018.10.004

130 PUBLIC HEALTH 166 (2019) 128—-139

conducted in 2010.%° Stratified single-stage (equal size) cluster
sampling (with unequal sampling probabilities) was used in
DHS 2000. The sample included 2000 urban and 2000 rural
households in each of the 28 provinces in the country plus
2000 households in Tehran. Overall, 113,957 households were
sampled in the survey. Stratified multistage (equal size) clus-
ter sampling (in which a minimum sample size was estimated
to be 400 households in each province) was used in IrMIDHS.
The sample included 31,300 households.*°

The following questionnaires were used in both surveys:
household information questionnaire, women's question-
naire, and under-five children's questionnaire. Questions
related to women and children's questionnaires had very
same items in DHS 2000 and IrMIDHS 2010. These two same
questionnaires were used in the present study. However, the
household information questionnaire had some differences in
two surveys. Namely, in addition to the list of assets in 2000,
some new assets (based on living standards in 2010) were
added into the IrMIDHS 2010 asset list. Nonetheless, the
comparability of the used data was checked by examining the
discrepancies in questions and response options and
removing duplicates and observations with wrong birth and
death age records. Moreover, to make data sets comparable
and have accurate estimates, three features of the sampling
design, cluster sampling, and stratification (unequal selection
probabilities) were considered in all the subsequent analyses.

Response rates for household questionnaires in 2000 and
2010 were 99.34% and 94.59%, respectively.’! The sample size
at provincial levels in both years (2000 and 2010) was shown to
be adequate for robust (high power) statistical analyses on
health indicators.*®*°

Definition of variables

Under-five mortality (whether each of the live-born under-five
children [under 4 years, 11 months, and 29 days] of the women
interviewed were still alive or not) was our binary outcome
variable. Owing to the relative scarcity of neonatal mortality, 1-
year estimates were not adequately accurate®” and could not
ensure enough births to control for sampling error.'>?
Therefore, the survival status of children was investigated
during a 5-year observation period before the surveys in 2000
and 2010. Accordingly, 45,646 live births from 1995 to 2000
covered by DHS 2000 and 10,604 live births from 2005 to 2010
covered by MIDHS 2010 were investigated.

The household economic status was constructed using
principal component analysis (PCA).?>** PCA constructs a
wealth index and related quintiles from information on
household's durable assets.®® PCA is in fact a dimension-
reduction method that reduces a large set of factors (asset
variables) to a smaller set (wealth variable) that still contains
most of the information in the larger set. The PCA comprised
the four following steps in the present study. (1) Selection of
the following assets to determine the economic status of
households in 2000: the number of rooms per capita, access to
piped drinking water, use of natural gas for heating and
cooking, access to a heating system, and possession of bath-
room, refrigerator, television, telephone, car, motorcycle, and
bicycle. The assets selected for 2010 were as follows: the
number of rooms per capita, access to piped drinking water,

access to Internet, use of natural gas for cooking, access to a
heating and cooling system, type of house ownership, and
possession of bathroom, refrigerator, freezer, refrigerator
freezer, color TV, LCD/LED/Plasma TV, landline, microwave,
vacuum cleaner, personal computer/laptop, radio, cell phone,
car, motorcycle, bicycle, and wrist watch. (2) Use of PCA com-
mand in STATA and retrieval of principal components that can
explain a higher variance of the economic status (wealth sta-
tus). The amount of variance explained by the first component
in 2000 and 2010 was 29% and 22%, respectively. Therefore, the
first principal component was adopted as the measure of the
economic status in this study. (3) Estimation of factor (asset)
scores in the components, especially in the first component.
Factor scores show the importance of each asset in a given
component. The higher score of a factor in a component points
to its high importance for that component. It is expected to
have only a few numbers of factors with high factor scores in
each component, namely the first component. These few fac-
tors (assets) with high scores in the first component can then
be used to construct the economic status index for each
household, conditional to the presence of the assets for each
given household. (4) Classification of households into five
economic quintiles (poorest quintile, second poorest, middle,
second richest, and richest) based on their economic status
index that can then be used in the subsequent inequality
measurements. More detail about construction of the eco-
nomic status using PCA can be found elsewhere.**

Analysis

The following steps were consecutively followed to assess
Iran's achievements in under-five mortality over the past two
decades: construction of the economic status by PCA, calcu-
lation of standard CI, extension of the CI to make its implicit
features explicit, and finally, calculation of Al These steps
were separately taken for each province and Iran as a whole in
2000 and 2010.

Concentration index

To measure inequalities in under-five mortality, the CI
approach was used.’®*” The standard CI is equal to

2

c="2
n.pu

L yRi—1 (1)

where nis the samplesize, y; is the health indicator for personi,
nis the mean level of health, and R; is the fractional rank of the
wealth distribution of the ith person. The CIranges between —1
and + 1, and it is negative when the health variable is dispro-
portionately concentrated among the poor and vice versa.”” To
make better sense of the index, we can rewrite Eq. (1):

2 n

C=1- ﬁ i:lyi(l — Rl) (2)

2 n
C=1- n*_u;}’i(lfRi)

where the quantity (%) is the share of health variable enjoyed
(or suffered) by person i, which is weighted in the summation
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by twice the complement of the person's fractional rank, that
is, 2(1 - Ry). As this shows, the Cl is simply 1 minus the sum of
these weighted health shares. The weights decline in a step-
wise fashion, meaning that the poorest person's share of
health is weighted by a number which is close to two and the
richest person's health by a number which is close to zero.
Clearly, the CI has an implicit view of the importance of
different households in the distribution of health.?!

In the first extension of the CI, different views regarding
the importance of different households in the health distri-
bution can be brought to the surface by accommodation of an
inequality aversion parameter (v):

Cu)=1--=

na Lyl -R)VY u>1 (3)

Where the attached weight to the health share of i th per-
son (4) equals v(1—R;)""? rather than 2(1- R;). When (v) =
2, the weight is the same as in the standard CI. In contrast,
when (v) = 1, the health of each subject is weighted equally.
This is where the researcher is indifferent to inequality and
the CI = 0 however unequal the distribution of health is across
the wealth distribution. The weights, indeed, differ according
to the degree of inequality aversion. As the value of (v) in-
creases above 1, the weight attached to the health of the poor
households (lower wealth quintiles) increases and the weight
attached to the health of the better-off households (higher
wealth quintiles) decreases.”>?* In higher values of (v), for
example (v) =6 or 7, the weight attached to the health of
households in the top half of the wealth distribution may
equal zero.

The result of this extension to the CI would be valuable
information about where in the wealth distribution (from
poorest household to richest one or across the wealth quin-
tiles) reductions in health inequality matter most. For
example, suppose that our health outcome is a health disad-
vantage (e.g. under-five mortality) and is more concentrated
among the poor households (negative standard CI). Also,
suppose that we extend the CI and the extended CI c(v) shows
remarkable increases when the degree of the inequality
aversion parameter increases. This result implies that the
health of the poorest wealth quintile is much worse than that
of the rest of the population and that improving the health of
this group will make a significant difference in terms of
reducing health (under-five mortality) inequality.

Achievement index

In the next extension of the CI, an Al is constructed that re-
flects both inequality and average. In the context of the
extended CI, the Al can be imagined as the weighted average
level of health in a given society in which greater weights are
given to poorer people:**

I(v) = %Z?:lyiu(l —R)"Y vu>1 @)
This index can also be written as

I(v) = n(1-C(v)) ©)

Once again, in a health disadvantage case (e.g. under-five
mortality) that might be highly concentrated among the

poor, the attached weight (1 — C(v)) will help to increase I(v)
beyond the mean, making achievement worse than it would
appear if one were to look at the mean alone.”>??

Results

Tables 1 and 2 illustrate the mean and extended CIs (different
degrees of inequality aversion) for under-five mortality across
provinces of Iran in 2000 and 2010, respectively. The last col-
umn of the tables shows the difference between CI (2) and CI
(5), an increase in the difference indicates higher rates of
under-five mortality in the poorest quintile. As Table 1 shows,
Isfahan and Kermanshah provinces had the highest and
lowest differences between CI (2) and CI (5) in 2000, respec-
tively. In contrast and according to Table 2, Zanjan and Mar-
kazi provinces had the highest and lowest differences
between CI (2) and CI (5) in 2010. This matter shows that there
have been some dynamics (progresses or regresses) in terms
of the under-five mortality distribution across the provinces
over the decades. Owing to space constraints, such dynamics
of under-five mortality cannot be presented for every single
province here. As a result, dynamics of the aforementioned
provinces will be presented in the following as examples that
can be applied for other provinces as well. Let us first take
Isfahan and Zanjan, the places where there was a huge dif-
ference between CI (5) and CI (2), and the poorest people
(quintile) had the worst profile in terms of under-five mortality
compared with the richest economic quintiles in these prov-
inces. Despite such a negative profile in 2000, the inequality
decreased from —0.29 to —0.029 in the Isfahan province over
the next decade, more than 90% decrease. More importantly,
the difference between the richest and the poorest quintile (CI
(5)—CI (2)) shrunk over the decade, and there was no such a
huge difference between these two quintiles in 2010. The
mean of mortality has also improved in this city, reaching
from 0.026% in 2000 to 0.017% in 2010. In contrast, the
inequality in Zanjan increased from —0.082 to —0.12 over the
decade, around 30% increase. More importantly, the differ-
ence between the poorest and the richest quintiles (CI (5)—CI
(2)) increased quite remarkably over the decade, indicating the
deterioration of under-five child health in Zanjan over the
decade. Quite surprisingly, the mean of under-five mortality
decreased in this province in that decade (from 0.041 to 0.013),
showing that the improvement was mostly enjoyed by the
better-off people in Zanjan. In contrast to Zanjan and Isfahan,
however, there was a little difference in under-five mortality
between the poorest and the richest quintiles (CI (5)—CI (2)) in
Kermanshah and Markazi provinces in 2000 and 2010,
respectively. According to the findings, the inequality has
increased in Kermanshah (from —0.069 to —0.273) over the
decade, but the difference between the richest and the poorest
quintiles was still less than most of other provinces in 2010.
The case for Markazi is, however, very informing and inter-
esting. This province has the least difference between the
poorest and the richest quintiles in 2010 but has the highest
inequality in that year among all the provinces (CI = —0.48).
This matter is interesting as it shows that the under-five
mortalities are mostly concentrated among the middle quin-
tiles in this province, and the poorest quintile is in a better


https://doi.org/10.1016/j.puhe.2018.10.004
https://doi.org/10.1016/j.puhe.2018.10.004

132

PUBLIC HEALTH 166 (2019) 128—-139

Table 1 — The mean and extended concentration index (CI) values for under-five children mortality across provinces in Iran

in 2000 (n = 45,646; no. of province = 28).

Extended concentration index (SE)
I

CI(3) CI (4) CI (5) R CI (5)-CI (2

Provinces Mean (SD) R®
CI* (2)
East Azerbaijan 0.0389(0.1933) 21  —0.1192(0.0728)
West Azerbaijan 0.0368(0.1883) 19  —0.0230(0.1328)
Ardabil 0.0430(0.2029) 26  —0.0370(0.0969)
Isfahan 0.0260(0.1592) 4 —0.2988(0.0895)
llam 0.0340(0.1812) 16  —0.1451(0.0743)
Bushehr 0.0299(0.1703) 8 —0.0773(0.1784)
Tehran 0.0271(0.1625) 5  —0.2222(0.0747)
Chaharmahal and 0.0190(0.1366) 2  —0.1774(0.1015)
Bakhtiari

Khorasan 0.0336(0.1801) 14 —0.0116(0.0754)
Khuzestan 0.0401(0.1962) 22  —0.1912(0.0569)
Zanjan 0.0413(0.0050) 24 —0.0826(0.1577)
Semnan 0.0287(0.1670) 7  —0.1586(0.0928)
Sistan and Baluchestan  0.0548(0.2276) 28 —0.0950(0.0472)
Fars 0.0346(0.1828) 17 —0.1107(0.0789)
Qazvin 0.0306(0.1724) 9  —0.0710(0.0868)
Qom 0.0368(0.1614) 18  —0.0446(0.0900)
Kurdistan 0.0409(0.1980) 23  —0.1370(0.0696)
Kerman 0.0319(0.1756) 12  —0.2110(0.0818)
Kermanshah 0.0414(0.1993) 25 —0.0696(0.0788)
Kohkilooyeh and 0.0338(0.1807) 15 —0.0778(0.0766)

Boyer-Ahmad

Golestan 0.0371(0.1889) 20  —0.1204(0.0695)
Gilan 0.0251(0.1565) 3  —0.0148(0.2425)
Lorestan 0.0324(0.1770) 13 —0.1412(0.0758)
Mazandaran 0.0170(01294) 1 —0.0210(0.1259)
Markazi 0.0277(0.1642) 6 —0.0262(0.2225)
Hormozgan 0.0309(0.1731) 11  —0.1336(0.0695)
Hamadan 0.0434(0.2039) 27  —0.1482(0.0700)
Yazd 0.0309(0.1730) 10  —0.0036(0.1807)

Total (Iran) 0.0342(0.1817) —  —0.1311(0.0139)

—0.1731(0.1120
—0.0237(0.1553

—0.2207(0.1414;
—0.0726(0.1057

—0.2667(0.1658
—0.0951(0.0693

19 —0.1475
7 -0.0721

=

( ) ( ( )
( ) ( ) ( )
—0.0450(0.1579)  —0.0580(0.2068) —0.0750(0.2488) 3 —0.0380
—0.4992(0.1400) —0.6507(0.1784) —0.7717(0.2105) 28 —0.4729
—0.2044(0.1158) —0.2065(0.1474) —0.2171(0.1737) 16 —0.0720
—0.0785(0.1512) —0.0885(0.1187) —0.0915(0.0760) 5 —0.0142
—0.3671(0.1240) —0.4660(0.1647) —0.5329(0.2000) 26 —0.3107
—0.2748(0.1559) —0.3423(0.1967) —0.3852(0.2305) 23 —0.2078
—0.0594(0.1185) —0.0842(0.1516) —0.0923(0.1794) 6 —0.0807
—0.3043(0.0914) —0.3846(0.1182) —0.4462(0.1408) 25 —0.2550
—0.1065(0.1343) —0.1219(0.0686) —0.1254(0.1061) 11 —0.0428
—0.2598(0.1484) —0.3194(0.1918) —0.3526(0.2283) 22 —0.1940
—0.1285(0.0726) —0.1535(0.0917) —0.1795(0.1076) 13 —0.0845
—0.1282(0.1900) —0.1583(0.1602) —0.1610(0.1247) 12 —0.0503
—0.1591(0.1340)  —0.2419(0.1695) —0.3176(0.1989) 21 —0.2466
—0.0803(0.1523) —0.0963(0.2492) —0.0964(0.2041) 8 —0.0518
—0.1848(0.1087) —0.1916(0.1631) —0.1973(0.1383) 15 —0.0603
—0.3779(0.1271)  —0.4886(0.1615) —0.5620(0.1907) 27 —0.3510
—0.0728(0.2187) —0.0792(0.1803) —0.0813(0.1351) 4 —0.0117
—0.1497(0.1158)  —0.2011(0.1447) —0.2397(0.1687) 17 —0.1619
—0.2302(0.1082) —0.3224(0.1375) —0.3969(0.1620) 24 —0.2765
—00315(0.2069) —0.0426(0.1066) —0.0590(0.1640) 2 —0.0442
—0.1818(0.1193) —0.1931(0.1802) —0.1940(0.1524) 14 —0.0528
—0.0874(0.1931) —0.1180(0.2435) —0.1199(0.2853) 10 —0.0989
—0.0728(0.1886)  —0.0825(0.0948) —0.1005(0.1481) 9 —0.0743
—0.1972(0.1068) —0.2321(0.1348) —0.2537(0.1581) 18 —0.1201
—0.2158(0.1084)  —0.2527(0.1374) —0.2733(0.1615) 20 —0.1251
—0.0218(0.2132) —0.0314(0.1418) —0.0503(0.0905) 1 —0.0467
—0.2121(0.0225)  —0.2629(0.0292) —0.2954(0.0348) —0.1643

SD, standard deviation; SE, standard error.

& Concentration index. The numbers in brackets are the degrees of inequality aversion parameter.

b R stands for the rank of the provinces.

¢ The larger the difference between CI (5) and CI (2), the higher the death rate in the poorest quintile.

situation. This finding is very interesting as it shows the value
of extension to CI because this extension is able to reveal some
details that standard CI fails to reveal.

However, such dynamics can also be better investigated
and understood using the Al approach that combines the
average with inequality. Tables 3 and 4 illustrate the value of
Al for different degrees of inequality aversion across prov-
inces in 2000 and 2010, respectively. The first column of the
tables equals the mean of under-five mortality rate in each
province. As under-five mortality is more concentrated among
the poor, when the aversion degree rises above 1, the Al in-
creases to values beyond the mean of mortality, making the
achievement look more unacceptable in comparison to the
only mean-focused achievements. To better illustrate such a
matter, the penultimate column in these two tables shows the
difference in ranking when (v) = 1 (mean) and when (v) = 5.
The difference in ranking shows that the mean values cannot
be our only tools for judgment and decision-making about
under-five mortality achievements. Take the case of Isfahan
in Table 3 and Zanjan in Table 4 as examples. Isfahan occupies
rank 4 in terms of its achievement in low mean value for the

under-five mortality. Zanjan stands in the 10th rank in this
regard. But, by considering the inequality, aversion degree of
5, Isfahan's rank drops 14 steps and hits the 18th. Zanjan is
even worse and drops 17 steps and reaches a very low rank of
27th. This matter clearly shows how misleading average
values can be in judgments about achievements. As a result,
the relative change in the mean, the last column in Tables 3
and 4, is devised to emphasize the significance of inequality
in each province. The higher values of relative change show
that inequality is of salience in the province and needs due
attention. Let us take the case of Zanjan for example. This
province had the highest difference between the poorest and
the richest quintiles in terms of under-five mortality in 2010.
When the extended CIs were multiplied by mortality mean in
this province, the Al values considerably increased, going far
beyond the mean (around 300% bigger) so that the province
had the highest value in the relative change ({[AI (5) - AI (1)]/AI
(1)}*100 = 311.36) among all the provinces. This matter shows
the importance of attention to the inequality and to the
poorest quintile in this province to improve the profile of
under-five mortality. Interestingly, this was not the case for
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Table 2 — The means and extended concentration index (CI) values for under-five children mortality across provinces in

Iran in 2010 (n = 10,604; no. of province = 30).

Provinces Mean (SD) RP Extended concentration index (SE)
CI® (2) CI (3) CI (4) CI (5) R CI(5)-CI (2)°
East Azerbaijan 0.0268(0.1617) 21 —0.054(0.1530) —0.1490(0.2367) —0.2477 (0.2995) —0.3366(0.3516) 15 —0.2826
West Azerbaijan 0.0348(0.1835) 25 —0.0774(0.1382) —0.0909(0.2137) —0.1410(0.2705) —0.2090(0.3177) 19 -0.1316
Ardabil 0.0111(0.1075) 6 —0.1489(0.4093) —0.1862(0.6306) —02311(0.7965) —0.4384(0.8329) 21 —0.2895
Isfahan 0.0178(0.1326) 14 —0.0299(0.1661) —0.1554(0.2598) —0.2954(0.3318) —0.4373(0.3923) 27 —0.4074
Ilam 0.0132(01147) 10 -0.6057(0.4072) —0.6114(0.5283) —0.6189(0.4172) —0.6233(0.5673) 9 —0.0176
Bushehr 0.0172(0.1305) 13 —0.0215(0.3354) —0.1686(0.5168) —0.3713(0.6530) —0.5416(0.3685) 30 —0.5201
Tehran 0.0169(0.1292) 12 —0.1280(0.1119) —0.1829(0.1737) —0.2227(0.2205) —0.2549(02594) 4 —0.1269
Chaharmahal and Bakhtiari 0.0241(0.1453) 19 -—0.321(0.3338) —0.3652(0.5119) —0.5752(0.5441) -—0.6991(0.6425) 8 —0.3781
South Khorasan 0.0359(0.1866) 26 —0.4344(0.2297) —0.6494(0.3534) —0.7857(0.4462) —0.8937(0.5231) 14 —0.4593
Razavi Khorasan 0.0113(0.0023) 7 —0.0991(0.1816) —0.1458(0.2825) —0.1945(0.3590) —0.2488(0.4226) 10 —0.1497
North khorasan 0.0597(0.2377) 30 —0.0314(0.1707) —0.0326(0.2630) —0.0423(0.3319) —0.0519(0.3885) 16 —0.0205
Khuzestan 0.0271(0.1626) 23 —0.0367(0.1306) —0.0371(0.2023) —0.0587(0.2563) —0.1252(0.3011) 26 —0.0885
Zanjan 0.0131(0.1143) 9 —0.1278(0.4046) —0.4560(0.6198) —0.7182(0.7777) —0.9042(0.8123) 29 —0.7764
Semnan 0.0178(0.1330) 15 —0.2359(0.4094) —0.3175(0.6293) —0.4862(0.7932) —0.7809(0.8293) 11 —0.5450
Sistan and Baluchestan 0.0247(0.1553) 20 —0.1495(0.1524) —0.2160(0.2364) —0.2529(0.3000) —0.2808(0.3528) 5 —0.1313
Fars 0.0205(0.1419) 16 —0.0185(0.1587) —0.0387(0.2463) —0.0798(0.3126) —0.1182(0.3678) 3 —0.0997
Qazvin 0.0066(0.0811) 4 —0.5214(0.5825) —0.6369(0.7001) —0.6595(0.8135) —0.6897(0.8176) 17 —0.1683
Qom 0.0062(0.0061) 3 —0.0601(0.1350) —0.1478(0.3256) —0.2386(0.3297) —0.2875(0.3620) 18 —0.2274
Kurdistan 0.0268(0.1621) 22 —0.1557(0.2569) —0.1675(0.3972) —0.2210(0.5032) —0.2281(0.5912) 6 —0.0724
Kerman 0.0138(0.1167) 11 —0.0181(0.2364) —0.0695(0.3638) —0.1144(0.4596) —0.1300(0.5390) 1 —0.1119
Kermanshah 0.0209(0.1434) 17 —0.2734(0.2570) -0.3012(0.2837) —0.3206(0.2875) —0.3505(0.3981) 24 —0.0771
Kohkilooyeh and 0.0388(0.1936) 28 —0.0189(0.2021) —0.0704(0.3121) —0.0850(0.3946) —0.1618(0.4627) 2 —0.1429
Boyer-Ahmad

Golestan 0.0285(0.1666) 24 —0.2730(0.2011) —0.5019(0.3099) —0.6371(0.3919) —0.7198(0.4600) 28 —0.4468
Gilan 0.0374(0.1901) 27 —0.4604(0.1993) —0.6768(0.3098) —0.7864(0.3938) —0.8547(0.4637) 20 —0.3943
Lorestan 0.0123(0.1104) 8 —0.2457(0.3359) —0.4012(0.5192) —0.4077(0.6573) —0.4859(0.7718) 25 —0.2402
Mazandaran 0.0053(0.0030) 2 —0.1432(0.3993) —0.2184(0.6151) —0.2922(0.7763) —0.3458(0.7090) 7 —0.2026
Markazi 0.0047(0.0683) 1 —0.4868(0.5827) —0.6261(0.5973) —0.6491(0.5034) —0.5040(0.6748) 13 —0.0172
Hormozgan 0.0465(0.2109) 29 —0.0037(0.1639) —0.0423(0.2526) —0.0718(0.3192) -0.0765(0.3742) 23 —0.0728
Hamadan 0.0088(0.0934) 5 —0.0578(0.4072) —0.3162(0.4325) —0.4769(0.7917) —0.6479(0.8110) 22 —0.5901
Yazd 0.0240(0.1533) 18 —0.0508(0.2881) —0.1028(0.4448) —0.2509(0.5622) —0.4331(0.6592) 12 —0.3823
Total (Iran) 0.0209(0.1431) —0.1367(0.0381) —0.2055(0.0593) —0.2409(0.0754) —0.2582(0.0888) —0.1215

SD, standard deviation; SE, standard error.
# Concentration index. The numbers in brackets are the degree of inequality aversion parameter.
b R stands for the rank of provinces.

¢ The larger the difference between CI (5) and CI (2), the higher the death rate in the poorest quintile.

this province in 2000 as the difference between CI (5) and CI (2)
was relatively low, indicating less difference between the
poorest and the richest in terms of under-five mortality.
Therefore, when extended ClIs were multiplied by the mean,
the AI values were not so higher than the mean, and the
relative change was relatively small. The case for Isfahan was
completely opposite of the Zanjan. As Isfahan had the highest
difference between the poorest and richest quintiles in 2000 in
terms of under-five mortality (CI (5)—CI (2)), the multiplication
of the extended CIs with the mean of under-five mortality led
to higher relative change so that Isfahan had the highest
relative change value in 2000 (relative change = 77.31). But, as
Isfahan saw improvements in the under-five mortality rate
over the decade, the Al values for Isfahan in 2010 was rela-
tively small, and the relative change was not high, compara-
tively (relative change = 43.58, one can compare it with 311 in
Zanjan in the same year).

Fig. 1 also provides a clearer picture of the dynamics in
achievements in under-five mortality rates across provinces
over time (from 1995 to 2010). This figure shows the changes in

the relative change from the mean for each province. Prov-
inces in green have seen improvements in their relative
change, i.e. had better achievements in under-five mortality
rates considering both average and inequality. In contrast, the
provinces in red have failed to see tangible achievements in
their under-five mortality rate in the last decades.

However, taking all of Iran into account, the mean of
under-five mortality has decreased over the period in the
country (from 0.0342 [standard deviation {SD} = 0.1817] in 2000
to 0.0209 [SD = 0.1431] in 2010). But, the inequality has
increased over the period (from —0.1311 [SD = 0.0139] in 2000
to —0.1367 [SD = 0.0381] in 2010).

Discussion

The present article aimed to use the Al approach to investigate
the under-five mortality status across Iran's provinces over
the past two decades. Al combines the average with inequality
to prevent policymakers from trading off the inequality with
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Table 3 — Achievement index values for different degrees of inequality aversion across provinces in Iran in 2000.

Provinces Achievement index Rank difference, Relative
Vo1 V2 V3 V_a V_s R5—-R1 change® (%)
(mean)
(1) Rl I1(2 R2 I(3) R3 I1(4 R4 I(5 RS
East Azerbaijan 0.0389 21 0.0435 22 0.0456 21 0.0475 22 0.0492 22 1 26.48
West Azerbaijan 0.0368 19 0.0370 15 0.0377 13  0.0395 13 0.0403 13 —6 9.51
Ardabil 0.0430 26 0.0434 21 0.0465 24 0.0496 25 0.0505 24 -2 17.44
Isfahan 0.0260 4 0.0338 11 0.0390 16 0.0430 18 0.0461 18 14 77.31
Ilam 0.0340 17 0.0409 19 0.0410 18 0.0411 17 0.0414 15 -2 21.76
Bushehr 0.0299 9 0.0322 7 0.0322 7 0.0325 7 0.0326 7 —2 9.03
Tehran 0.0271 6 0.0332 9 0.0371 12 0.0398 14  0.0416 16 10 53.51
Chaharmahal and Bakhtiari  0.0190 2 0.0224 2 0.0243 2 0.0255 1 0.0264 1 -1 38.95
Khorasan 0.0336 15 0.0340 12 0.0356 9 0.0364 8 0.0367 -7 9.23
Khuzestan 0.0401 22 0.0478 26 0.0523 26 0.0556 27 0.0580 27 5 44 64
Zanjan 0.0413 24 0.0447 24 0.0457 23 0.0463 20 0.0465 19 -5 12.59
Semnan 0.0287 8 0.0333 10 0.0362 10 0.0379 9 0.0388 10 2 35.19
Sistan and Baluchestan 0.0548 28 0.0600 28 0.0619 28 0.0632 28 0.0646 28 0 17.88
Fars 0.0346 18 0.0384 17 0.0390 17  0.0401 15  0.0402 12 —6 16.18
Qazvin 0.0306 10 0.0328 8 0.0355 8 0.0381 10 0.0404 14 4 32.03
Qom 0.0268 5 0.0280 4 0.0289 4 0.0293 4  0.0293 3 -2 9.33
Kurdistan 0.0409 23 0.0465 25 0.0484 25 0.0487 23 0.0489 21 -2 19.56
Kerman 0.0319 13 0.0386 18 0.0439 19 0.0474 21 0.0474 20 7 48.59
Kermanshah 0.0414 25 0.0443 23 0.0447 20 0.0448 19 0.0500 23 -2 20.77
Kohkilooyeh and 0.0338 16 0.0364 14 0.0388 15  0.0406 16  0.0419 17 1 23.96
Boyer-Ahmad
Golestan 0.0371 20 0.0415 20 0.0456 22 0.0490 24 0.0518 25 5 39.62
Gilan 0.0251 3  0.0259 3  0.0262 3  0.0266 2 0.0271 2 -1 7.97
Lorestan 0.0324 14 0.0370 16 0.0383 14 0.0386 12  0.0387 9 -5 19.44
Mazandaran 0.0170 1 0.0174 1 0.019 1 0.0289 3 0.0301 4 3 77.06
Markazi 0.0277 7  0.0285 5 0.0298 5 0.0301 5 0.0305 5 -2 10.11
Hormozgan 0.0309 11  0.0351 13  0.0370 11 0.0381 11  0.0388 11 0 25.57
Hamadan 0.0434 27 0.0499 27 0.0528 27 0.0544 26 0.0553 26 -1 27.42
Yazd 0.0309 12 0.0302 6 0.0310 6 0.0318 6 0.0324 6 —6 4.85
Total (Iran) 0.0342 — 0.0387 — 0.0415 — 0.0432 — 0.0443 — — 29.53

& Inequality aversion. The numbers in brackets are the degree of the inequality aversion parameter.

b Relative change from mean = {[I (5) - I (1)]/I (1)}*100.

the average. As a result, more to-the-point and precise policies
regarding under-five mortality can be undertaken.

According to the findings, under-five mortality was un-
equally distributed, hurting the poor, in all provinces of Iran
over the past decades. This finding is in line with a plethora of
national and international studies.'®?%*¥~*3 Interestingly,
when provinces' status in under-five mortality was separately
investigated by average and inequality (provinces' rankings in
Tables 1 and 3), a different picture was seen. For example, the
rank of provinces in terms of average and inequality (CI (5))
was totally different, even sometimes contrasting with each
other both in 2000 and 2010. In fact, there were some prov-
inces (e.g. Isfahan, Tehran, Chaharmahal, and Semnan in
2000; Ardabil, Qazvin, Qom, and Hamedan in 2012) that were
doing well in terms of average but were strangely lacking in
terms of inequalities reduction. Moreover, in almost all the
provinces, the poorest quintile was the victim of inequalities
(moving from CI (2) to CI (5)), although they differed in terms of
the degree of being such a victim. The Al, more interestingly,
provided some new and helpful insights. Unfortunately, most
of the Iranian provinces (18 of 30) did not experience
remarkable achievements in under-five mortality over the
past decades (Fig. 1). However, generally speaking, the entire

country has experienced some achievements in under-five
mortality as the value for relative change in mean has
decreased from 1995 (relative change = 29.53%) to 2010 (rela-
tive change = 25.83%). This decline is mainly due to a decrease
in the mean of the under-five mortality rate over the period.
The reasons behind such progresses and regresses at the na-
tional and provincial level in terms of under-five mortality can
be a topic for future investigations.

Nevertheless, one can use the current knowledge about
socio-economic development at provincial level to explain the
observed achievements. There have been several studies in
Iran to examine and rank the provinces in terms of their socio-
economic development (e.g. human development index)
levels and access to social and health facilities. According to
these studies, some of the provinces such as Tehran, Isfahan,
East Azerbaijan, Semnan, Golestan, and Mazandaran are
among the provinces with the high human development
index and have the high access to facilities. In contrast,
provinces such as Sistan, Lorestan, Ilam, and West Azerbaijan
are at the bottom of the list of development indices and do
suffer from deprivations. Other provinces such as Zanjan,
Markazi, Kermanshah, and Khorasan are somewhere between

those two extremes and are mediocre provinces.***
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Table 4 — Achievement index values for different degrees of inequality aversion across provinces in Iran in 2010.

Provinces Achievement index Rank difference, Relative
Vo1 V2 V_3 V_a V_s R5—-R1 change® (%)
(mean)
(1) Rl 1(2 R2 I(3 R3 1(4 R4 I(5 RS
East Azerbaijan 0.0268 21 0.0270 20 0.0272 17 0.0258 15 0.0287 15 —6 7.09
West Azerbaijan 0.0348 25 0.0352 25 0.0361 24 0.0376 23 0.0399 22 -3 14.66
Ardabil 0.0116 7 0.0181 10 0.0202 11 0.0208 10 0.0310 17 10 167.24
Isfahan 0.0179 14 0.0184 11 0.0207 12 0.0232 13 0.0257 12 —2 43.58
Ilam 0.0132 9 0.0213 14 0.0267 15 0.0309 18 0.0346 21 12 162.12
Bushehr 0.0172 13 0.0176 9 0.0179 8 0.0193 8 0.0243 11 -2 41.28
Tehran 0.0169 12 0.0191 12 0.0201 10 0.0208 11 0.0213 8 —4 26.04
Chaharmahal and Bakhtiari 0.0214 18 0.0283 21 0.0364 25 0.0441 25 0.0507 26 8 136.92
South Khorasan 0.0359 26 0.0515 28 0.0593 28 0.0642 28 0.0680 28 2 89.42
Razavi Khorasan 0.0114 6 0.0125 6 0.0130 5 0.0136 4 0.0142 4 -2 24.56
North khorasan 0.0598 30 0.0617 30 0.0619 29 0.0678 30 0.0742 30 30 24.08
Khuzestan 0.0271 23 0.0261 17 0.0270 16 0.0287 17 0.0305 16 —7 12.55
Zanjan 0.0132 10 0.0251 16 0.0358 23 0.0455 26 0.0543 27 17 311.36
Semnan 0.0179 15 0.0265 18 0.0318 22 0.0360 22 0.0399 23 8 122.91
Sistan and Baluchestan 0.0247 20 0.0284 22 0.0300 19 0.0309 19 0.0316 18 -2 27.94
Fars 0.0205 16 0.0209 13 0.0211 13 0.0222 12 0.0230 10 -6 12.20
Qazvin 0.0066 4 0.0068 3 0.0098 4 0.0154 6 0.0175 6 2 165.15
Qom 0.0062 3 0.0066 2 0.0077 3 0.0080 3 0.0088 3 0 41.94
Kurdistan 0.0269 22 0.0311 24 0.0314 20 0.0328 20 0.0330 19 -3 22.68
Kerman 0.0138 11 0.0122 5 0.0135 6 0.0148 5 0.0156 5 -6 13.04
Kermanshah 0.0209 17 0.0266 19 0.0276 18 0.0276 16 0.0283 14 -3 35.41
Kohgilooyeh and Boyer-Ahmad 0.0388 28 0.0389 26 0.0400 26 0.0406 24 0.0416 24 -4 7.22
Golestan 0.0285 24 0.0291 23 0.0316 21 0.0334 21 0.0336 20 —4 17.89
Gilan 0.0374 27 0.0546 29 0.0627 30 0.0668 29 0.0693 29 2 85.29
Lorestan 0.0123 8 0.0153 8 0.0172 7 0.0173 7 0.0183 7 -1 48.78
Mazandaran 0.0053 0.0061 1 0.0065 1 0.0069 1 0.0072 1 -1 35.85
Markazi 0.0047 1 0.0069 4 0.0070 2 0.0076 2 0.0077 2 1 63.83
Hormozgan 0.0465 29 0.0463 27 0.0485 27 0.0499 27 0.0501 25 25 7.74
Hamadan 0.0088 5 0.0145 7 0.0181 9 0.0203 9 0.0217 9 4 146.59
Yazd 0.0240 19 0.0242 15 0.0246 14 0.0253 14 0.0264 13 -6 10.00
Total (Iran) 0.0209 — 0.0238 — 0.0252 — 0.0260 — 0.0263 = = 25.83

2 Inequality aversion. The numbers in brackets are the degree of the inequality aversion parameter.

P Relative change from mean = {[I (5) - I (1)]/I (1)}*100.

Interestingly, the outline of provinces in terms of their under-
five mortality achievements, shown in Fig. 1, does relatively
correspond to the province's status in terms of development
indices. In fact, the provinces with high development indices
are doing well in terms of under-five child mortality
achievements as well. However, against some studies that,
using mean-based indices, report high under-five mortality
achievements among mediocre provinces,”” the present study
showed that the mediocre provinces are not different from
underdeveloped provinces when it comes to inequality in
under-five mortality. More importantly, Iran's marked
achievement to MDG 4 (to reduce child mortality by two-thirds
from 1990 to 2015)%’ should be reassessed in terms of in-
equalities as well because such a mean-driven picture can be
misleading and may prolong the unfavorable overlook of in-
equalities in decisions about child health in future.

To the best of our knowledge, there has been only one
study using Al to investigate the under-five mortality status
worldwide. Skaftun et al. investigated achievements of
Ethiopia in some health-related variables, including under-
five mortality, from 2000 to 2011.** Their study showed that
Ethiopia had achieved lower rates of under-five mortality over

the years, but the achievement, just like our study, was due to
improvements in the mean of the mortality, and inequality
increased over time. This matter shows that no policymaker
should be allowed to make a trade-off between average and
inequality and hide behind average-focused achievements as
inequalities cannot be ignored in the long run.

Policy implications

One of the main features of the Al is that it can be used as a
guide for policymaking. For example, if the index shows that a
country is doing great in terms of average but lacking in in-
equalities, then it can direct the policies to redress the in-
equalities and vice versa. Therefore, using the Al in our study,
especially using changes in the relative change in mean from
1995 to 2010, one can suggest the proper policy, equity based
and efficiency based, for each province and the whole country
as follows.

Efficiency-oriented policies
According to Table 5, the provinces that should scale up
efficiency-oriented policies are as follows: Kohkilooyeh and
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* Chaharmahal and Bakhtiari
** Kohkilooyeh and Boyer-Ahmad

Fig. 1 — Provincial changes in relative difference from the mean since 2000 to 2010.

Hormozgan. Interestingly, Kohkilooyeh should take up these
types of policies as inequality has decreased over the years in
this province, but there was no change in the mean of the
under-five mortality. Hormozgan should take up these pol-
icies as, surprisingly, the mean has increased over time in this
province, but inequality has dropped dramatically. Efficiency-
oriented policies are those policies that aim to reduce the rate
of under-five mortality among the whole population, regard-
less of its delicate socio-economic distribution across the so-
cial groups. These policies, that are dominant in Iran's current
child health programs, are somehow blind to the social
patterning of under-five mortality.

Equity-oriented policies

According to Table 5, the following provinces should opt for
equity-oriented policies: West Azerbaijan, Ardabil, Ilam,
Bushehr, Zanjan, Semnan, Sistan, Qazvin, Qom, Kurdistan,
Kermanshah, Gilan, Lorestan, Markazi, Hamedan, and Yazd.

Mean of under-five mortality has considerably improved in
almost all these provinces over the decades, but inequality
has worsened. However, there have been some improvements
in terms of inequality in provinces of Bushehr and Hamedan,
but the rate is so meager that it cannot be counted as an
achievement, and future efforts are needed.

Equity- and efficiency-oriented policies

There are some provinces that should focus both on equity
and efficiency to have achievements in under-five mortality.
Some of these provinces have seen meaningful achievements
in both equity and efficiency over the years and need to
continue the same route (East Azerbaijan, Isfahan, Tehran,
Khuzestan, Fars, and Kerman). Some other provinces have
sadly had increases in both inequalities and mean of the
under-five mortality. These provinces, therefore, should focus
on both policy orientations in their future policy and action
routes.
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Table 5 — Classification of provinces according to the policy type they need to scale up.

Provinces Achievement Inequality change Mean change Policy type
East Azerbaijan Yes Decrease Decrease Equity and efficiency
West Azerbaijan No Increase Decrease Equity

Ardabil No Increase Decrease Equity

Isfahan Yes Decrease Decrease Equity and efficiency
Ilam No Increase Decrease Equity

Bushehr No Decrease Decrease Equity

Tehran Yes Decrease Decrease Equity and efficiency
Chaharmahal and Bakhtiari No Increase Increase Equity and efficiency
Khorasan No Increase Increase Equity and efficiency
Khuzestan Yes Decrease Decrease Equity and efficiency
Zanjan No Increase Decrease Equity

Semnan No Increase Decrease Equity

Sistan and Baluchestan No Increase Decrease Equity

Fars Yes Decrease Decrease Equity and efficiency
Qazvin No Increase Decrease Equity

Qom No Increase Decrease Equity

Kurdistan No Increase Decrease Equity

Kerman Yes Decrease Decrease Equity and efficiency
Kermanshah No Increase Decrease Equity

Kohkilooyeh and Boyer-Ahmad Yes Decrease Constant Efficiency

Golestan Yes Increase Decrease Equity

Gilan No Increase Increase Equity and efficiency
Lorestan No Increase Decrease Equity

Mazandaran Yes Increase Decrease Equity

Markazi No Increase Decrease Equity

Hormozgan Yes Decrease Increase Efficiency

Hamadan No Decrease Decrease Equity

Yazd No Increase Decrease Equity

Total (Iran) Yes Increase Decrease Equity

Provinces in bold have seen improvements in their relative change, i.e. had better achievements in under-five mortality rates. In contrast, the
provinces in italic have failed to see achievements in under-five mortality rates over time.

By equity-oriented policies, we mean those policies that
aim at specific parts of the society that suffer from more social
and health adversities. For example, there has been a growing
concern about the increasing number of people living in urban
slums and informal settlements in Iran in recent years.*® This
matter has stirred concerns about possible negative effects of
such a trend on health achievements that Iran has experi-
enced over the decades, especially in terms of rural and urban
health.”” Deployment of a family medicine program in rural
areas (rural primary health care) has been one of the stark
achievements of Iran's healthcare system in recent decades.
This program has led to significant improvements in child and
maternity health.*® However, the progressive scale up of the
family medicine program in urban setting (as part of an overall
health system intervention called Health Sector Evolution
Plan that began in 2014) and its specific focus on disadvan-
taged areas has raised the hopes to decrease the observed
inequalities in under-five mortality in the coming years in
Iran.*® However, the assessment of such an effect will be only
possible by the next DHS in Iran in 2020. We hope that our
article's result can be a source of help and guidance in such an
assessment.

Limitations

Although this study can be quite informative and useful in a
couple of ways, there are some limitations that are

worth mentioning. Iranian health authorities conduct a na-
tional health observatory survey every 10 years, so we will be
lacking new information about under-five mortality until 2021
or 2022, when new national survey data become available.
Nevertheless, our study can still be an informative torch to
light the way for better policymaking for children's health in
the near and even distant future.

Conclusion

The present study showed that Iran, nationally and provin-
cially, has experienced some significant achievements in
terms of reducing the under-five mortality rate over the past
two decades, but still the disadvantaged are suffering from
higher rates of under-five mortality, and inequalities are
remarkable. Therefore, policymakers should give more focus
to equity-oriented policies to achieve more equitable results in
the future.
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