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Abstract

Objectives Although substantial reductions in under-5

mortality have been observed during the past 35 years,

progress in the Eastern Mediterranean Region (EMR) has

been uneven. This paper provides an overview of child

mortality and morbidity in the EMR based on the Global

Burden of Disease (GBD) study.

Methods We used GBD 2015 study results to explore

under-5 mortality and morbidity in EMR countries.

Results In 2015, 755,844 (95% uncertainty interval (UI)

712,064–801,565) children under 5 died in the EMR. In the

early neonatal category, deaths in the EMR decreased by

22.4%, compared to 42.4% globally. The rate of years of life

lost per 100,000 population under 5 decreased 54.38%

from 177,537 (173,812–181,463) in 1990 to 80,985

(76,308–85,876) in 2015; the rate of years lived with disability

decreased by 0.57% in the EMR compared to 9.97% globally.

Conclusions Our findings call for accelerated action to

decrease child morbidity and mortality in the EMR.

Governments and organizations should coordinate efforts

to address this burden. Political commitment is needed to

ensure that child health receives the resources needed to

end preventable deaths.

Keywords Child mortality � Burden of disease � Infant

mortality � Neonatal mortality � Eastern Mediterranean

Region

Introduction

Creating evidence-based estimates and understanding the

causes of child mortality are essential for tracking progress

toward child survival goals and for planning health

strategies, policies, and interventions on child health.

Substantial reductions have been observed in under-5

mortality worldwide during the past 35 years, with every

region in the world recording sizeable improvements in

child survival (Rajaratnam et al. 2010; Lozano et al. 2011;

Wang et al. 2014; Liu et al. 2015; You et al. 2015).

The Global Burden of Disease (GBD) study provides an

assessment of global child morbidity and mortality, docu-

menting child health achievements during the Millennium

Development Goal era and providing estimates of child mor-

tality by age (neonatal, post-neonatal, 1–4 years, and under-5),

sex, and cause over time (GBD 2015 Mortality and Causes of

Death Collaborators 2016). In this manuscript, we used data

from the GBD study to report child morbidity and mortality by

age (neonatal, post-neonatal, 1–4 years, and under-5), sex, and

cause over time in the EMR from 1990 to 2015.

This study provides the most comprehensive assessment

so far of levels and trends of child morbidity and mortality

in the EMR. Through a series of decomposition analyses,

we identify which groups of causes contribute most to
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reductions in under-5 mortality across regions and the

development spectrum. Comparisons of recorded levels

and cause composition for child mortality by country offer

an in-depth, nuanced picture of where countries might need

to refocus policies and resource allocation to accelerate

improvements in child survival in the future.

Millennium Development Goal 4 (MDG 4), ‘‘Reduce

child mortality,’’ called for the reduction of the under-5

mortality rate by two-thirds between 1990 and 2015

(United Nations 2000). The new Sustainable Development

Goals (SDGs) call for an end to preventable deaths of

newborns and children by 2030, with all countries aiming

to reduce neonatal mortality to at least as low as 12 per

1,000 live births and under-5 mortality to at least as low as

25 per 1000 live births (United Nations Sustainable

Development Goals 2017). Globally, the number of under-

5 deaths has declined by 52% (from 12.7 to 5.8 million

from 1990 to 2015) (GBD 2015 Child Mortality Collabo-

rators 2016), while progress across the EMR for child

survival remains uneven. Nine countries (Bahrain, Egypt,

Iran, Lebanon, Morocco, Oman, Saudi Arabia, Tunisia, and

United Arab Emirates) met MDG 4 for annual reduction in

child mortality of at least 4.4% between 1990 and 2015 in

the EMR (GBD 2015 Child Mortality Collaborators 2016).

Neonatal deaths are the one of the largest causes of child

mortality in the region, and are clearly linked to low levels

of maternal health among the poorest segments of the

population (Liu et al. 2012). The World Health Organiza-

tion (WHO) and UNICEF reported that less than 50% of

deliveries were attended by skilled health personnel in four

countries—Afghanistan, Pakistan, Somalia, and Yemen—

in the year 2010. Across the region, only 31% of married

women use modern contraceptives, and 35% of newborns

are delivered without a skilled birth attendant present

(UNICEF and WHO 2012). Beyond the neonatal period,

four disorders—diarrhea, pneumonia, malaria, and

measles—are the major causes of post-neonatal death

(Walker et al. 2013).

The Eastern Mediterranean Region (EMR) is home to

more than 500 million people, representing a diverse group

of 22 countries, including Arab states in North Africa, Gulf

nations, and countries in West Asia; 12.2% of the popu-

lation are children under 5 years of age, and 20% are

women of childbearing age (WHO EMRO 2013).

EMR countries have diverse historical backgrounds,

political and social contexts, and fiscal and cultural influ-

ences that impact maternal and child health. The region

also has wide variation in per capita gross national product

(GNP), ranging from a high of $134,420 in Qatar to a low

of $2000 in Afghanistan (The World Bank GNI per capita

2017a).

While the Gulf States are some of the richest countries

globally, poverty rates remain high in many other coun-

tries of the EMR. The proportion of the population living

below the national poverty line, according to World Bank

data, is more than 20% in seven EMR countries: Afgha-

nistan (36%), Egypt (22%), Iraq (23%), Pakistan (22%),

Palestine (22%), Sudan (47%), and Yemen (35%). In five

of these countries, approximately one-third of the popu-

lation is also food-insecure: Afghanistan (34%), Iraq

(30%), Pakistan (30%), Sudan (33%), and Yemen (36%)

(The World Bank Databank 2017b). Such wide variation

has a major influence on overall health spending and

results in substantial health inequities both within and

across countries.

Methods

The methods used to generate estimates of under-5 mor-

tality and age-specific death rates (neonatal, post-neonatal,

ages 1–4 years, and under-5), contribute to broader GBD

2015 analyses and results on all-cause mortality and cause

of death. Substantial detail on data inputs, processing, and

estimation methods can be found elsewhere (GBD 2015

Mortality and Causes of Death Collaborators 2016). Here,

we provide a brief summary of our under-5 mortality

estimation approach and accompanying analyses, including

an assessment of mortality trends by Socio-demographic

Index (SDI), and changes in under-5 mortality

attributable to leading causes of death.

Our GBD 2015 analyses follow the recently proposed

Guidelines for Accurate and Transparent Health Estimates

Reporting (GATHER) (Stevens et al. 2016), which include

the documentation of data sources and inputs, processing

and estimation steps, and overarching methods used

throughout the GBD study.

Data

Data sources and types used for estimating child mortality

are described extensively elsewhere (GBD 2015 Mortality

and Causes of Death Collaborators 2016), but in sum, vital

registration (VR) systems, censuses, and household surveys

with complete or summary birth histories served as primary

inputs for our analyses. Other sources, including sample

registration systems and disease surveillance systems, also

contributed as input data. In total we applied formal

demographic techniques to 8169 input data sources of

under-5 mortality from 1950 to 2015. Overall data avail-

ability and availability by source data type varied by

country.
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All-cause under-5 mortality and age-specific

mortality

We estimated all-cause under-5 mortality and death rates

by age group: neonatal (0–28 days), post-neonatal

(29–364 days), and ages 1–4 years. Details on data bias

adjustments for under-5 mortality, using spatiotemporal

Gaussian process regression to generate a complete time

series of under-5 mortality for EMR countries and the age–

sex model to produce estimates of mortality for neonatal,

post-neonatal, and ages 1–4 years, have been extensively

discussed previously (Wang et al. 2014).

To estimate mortality by age group and sex within the

under-5 categorization, we used a two-stage modeling

process that has been described in detail elsewhere (GBD

2015 Mortality and Causes of Death Collaborators 2016).

For this analysis, we report on early neonatal and late

neonatal mortality results in aggregate as neonatal

mortality.

Under-5 causes of death

The methods developed and used in GBD 2015, including

the systematic approach to collating causes of death from

different countries; mapping across different revisions;

redistributing deaths assigned to so-called garbage codes;

and the overall and disease-specific cause of death mod-

eling approaches, are described in other publications

(Foreman et al. 2012; GBD 2015 Mortality and Causes of

Death Collaborators 2016).

For GBD 2015, we assessed 249 causes of death across

age groups. Because of cause-specific age restrictions (e.g.,

no child deaths due to Alzheimer’s disease and other

dementias), not all causes of death were applicable for

children younger than 5 years (GBD 2015 Mortality and

Causes of Death Collaborators 2016).

YLLs, YLDs, and DALYs

We calculated years of life lost (YLLs) by multiplying

deaths by the remaining life expectancy at the age of death

from a standard life table chosen as the norm for estimating

premature mortality in GBD. We consider the standard life

expectancy as a composite of the best case mortality sce-

nario for every year, age, and sex. The metric therefore

highlights premature deaths by applying a larger weight to

deaths that occur at younger ages. Years lived with dis-

ability (YLDs) were calculated by multiplying the number

of prevalent cases of a certain health outcome by the dis-

ability weight assigned to this health outcome. A disability

weight reflects the magnitude of the health loss associated

with an outcome and has a value that is anchored between

0, equivalent to full health, and 1, equivalent to death.

Disability-adjusted life years (DALYs) were calculated by

adding YLLs and YLDs. Detailed methods on YLLs,

YLDs, and DALYs are published elsewhere (GBD 2015

Disease and Injury Incidence and Prevalence Collaborators

2016; Kassebaum et al. 2016).

Socio-demographic Index

We studied patterns in child mortality as they related to

measures of socioeconomic status and development.

Drawing on methods used to construct the Human Devel-

opment Index (HDI) (UNDP 2016), we created a com-

posite indicator, the Socio-demographic Index (SDI), based

on equally weighted estimates of lagged distributed income

(LDI) per person, average years of education among indi-

viduals older than 15 years, and total fertility rate. SDI was

constructed as the geometric mean of these three values. To

capture the average relationships for each age–sex group,

we applied a simple least squares spline regression of

mortality rate on SDI. SDI values were scaled to a range of

0–1, with 0 equaling measures of the lowest educational

attainment, lowest income, and highest fertility rate

between 1980 and 2015, and 1 equaling measures of the

highest educational attainment, highest income, and lowest

fertility rate during this time. Additional information can

be found elsewhere (GBD 2015 Mortality and Causes of

Death Collaborators 2016).

Decomposing change in under-5 mortality rate

by causes of death

Based on the age-specific, sex-specific, and cause-specific

mortality results from GBD 2015 (GBD 2015 Mortality

and Causes of Death Collaborators 2016), we attributed

changes in under-5 mortality rate between 1990 and 2015

to changes in leading causes of death in children younger

than 5 years in the EMR during the same period. To do

this, we applied the decomposition method developed by

Beltran-Sanchez and colleagues (Beltran-Sanchez et al.

2008), which has also been used for other GBD analyses

(GBD 2015 Mortality and Causes of Death Collaborators

2016).

Uncertainty analysis

We propagated known measures of uncertainty through key

steps of the mortality estimation processes, including

uncertainty associated with varying sample sizes of data,

source-specific adjustments to data used for all-cause

mortality, model specifications for spatiotemporal Gaus-

sian process regression (ST-GPR) and cause-specific model

specifications, and estimation procedures. Uncertainty

estimates were derived from 1000 draws for under-5
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123



mortality, age-specific mortality, and cause-specific mor-

tality by sex, year, and geography from the posterior dis-

tribution of each step of the estimation process. These

draws allowed us to quantify, and then propagate, uncer-

tainty for all mortality metrics. Percent changes and

annualized rates of change were calculated between mean

estimates, while the uncertainty intervals associated with

the percent changes were derived from the 1000 draws.

Results

Mortality

All-cause mortality rates for under-5 age groups in the

EMR decreased from 1990 to 2015, closely following

global patterns of decline of around 54% (Institute for

Health Metrics and Evaluation 2017). In 2015, there were

755,843 under-5 deaths in the EMR, which constitute about

18.8% of total deaths in the region for all ages. The largest

difference in under-5 deaths was in the early neonatal

category, where deaths in the EMR decreased by 22.4%, in

comparison to 42.4% globally (Institute for Health Metrics

and Evaluation 2017). Total deaths for all under-5 age

groups decreased in the EMR at a slower rate than globally

(e-Table 1).

In 2015, neonatal mortality was the largest contribut-

ing group to under-5 mortality in most EMR countries

(Table 1). The exceptions to this were Afghanistan,

Djibouti, and Syria, with roughly equal mortality rates for

neonatal, post-neonatal, and child (1–4 years) age

groups, and Somalia with a child mortality rate of 44.6

(95% UI: 32.4–58.8) deaths per 1000 live births com-

pared to a neonatal mortality rate of 31.3 (27.2–35.9)

(Table 1). Somalia also had the highest under-5 mortality

rate of 112.2 (97.5–130.4) deaths per 1000 live births.

The United Arab Emirates had the lowest under-5 mor-

tality rate, 5.5 (3.2–9.1) deaths per 1000 live births.

Under-5 mortality rate declined annually from 1990 to

2015 in all countries, ranging from Somalia with the

smallest rate of change 2.1 (1.4–2.7) to Iran with the

largest 6.5 (5.2–7.9).

Figure 1 shows the top cause of under-5 mortality for

individual countries in 2015. The top five causes of under-5

mortality—preterm birth complications, neonatal

encephalopathy, lower respiratory infections, congenital

defects, and diarrheal disease—were the same in the EMR

and globally, with congenital defects and diarrheal diseases

ranked fourth and fifth in the EMR, but fifth and fourth

globally (Institute for Health Metrics and Evaluation 2017).

War ranked ninth in the EMR and 25th globally (Fig. 2).

From 1990 to 2015, the top five causes of under-5 mortality

in the EMR remained the same. War moved from 43rd to

ninth between 2000 and 2015, and measles dropped from

sixth to 17th.

In Afghanistan, mortality rates from nine top-10 causes

were greater than the EMR average, with mortality from

neonatal encephalopathy as the only exception (Table 2).

Likewise, all countries except Pakistan fell beneath the

average regional rate for neonatal encephalopathy, with a

rate of 423.6 (318.5–528.3) per 100,000 population under 5

compared to the regional rate of 154.4 (121.7–187.9).

Bahrain, Kuwait, Lebanon, Palestine, Qatar, Saudi Arabia,

Tunisia, and United Arab Emirates were below the average

regional rates in all top-10 causes. Somalia, Afghanistan,

and Pakistan had the highest mortality rates for the top 10

sub-causes of under-5 morality in 2015, while United Arab

Emirates, Bahrain, and Kuwait had the lowest (Fig. 3).

Observed mortality versus expected mortality based

on SDI alone

Observed mortality rates in the EMR have been consis-

tently lower than expected mortality rates based on SDI

alone for the under-5 age group (e-Fig. 1). Kuwait had the

highest observed-to-expected ratio at 1.61, followed by

United Arab Emirates at 1.15 (e-Table 2). Kuwait and

United Arab Emirates have the highest SDIs in the region,

at 0.86 and 0.88, respectively. Djibouti, Pakistan, and Qatar

also had observed-to-expected ratios greater than 1. Mor-

occo and Palestine had the lowest ratios at 0.42 and 0.44,

respectively, with SDIs at 0.5 and 0.57. Somalia, with the

lowest SDI in the region, had a ratio of 0.58.

YLLs

The decrease in YLL rate per 100,000 population under 5

from 1990 to 2015 was similar globally and for the EMR,

with percent decreases of about 54% (Table 3). From 1990

to 2015, YLLs decreased in all countries (Table 3). The

largest decrease was in Iran, where the YLL rate decreased

81% from 132,265 (116,751–150,030) to 25,276

(18,585–33,780) per 100,000 population under 5. The

smallest decrease was in Kuwait, where the YLL rate

decreased 42% from 25,451 (22,873–28,223) to 14,665

(11,594–18,408) per 100,000 population under 5. Simi-

larly, Somalia’s YLL rate decreased 43% from 380,035

(359,276–402,133) to 217,737 (188,533–253,963) per

100,000 population under 5.

YLDs

YLDs in the EMR did not track the global trend from 1990

to 2015. The under-5 YLD rate decreased by 0.6% in the

EMR compared to 10.0% globally (Table 3). Five coun-

tries in the EMR had increased YLD rates (Table 3). Syria
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Fig. 1 Top cause of under-5 deaths in the Eastern Mediterranean Region by country, 2015 (Global Burden of Disease 2015 study, Eastern

Mediterranean Countries, 2015)

Fig. 2 Changes in number of deaths and mortality rates in top 25

causes of under-5 mortality in the Eastern Mediterranean Region,

1990–2000 and 2000–2015. Data available at https://vizhub.

healthdata.org/gbd-compare. (Global Burden of Disease 2015 study,

Eastern Mediterranean Region, 1990–2015)

GBD 2015 Eastern Mediterranean Region Neonatal, Infant, and under-5 Mortality Collaborators, A. H. Mokdad
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had the largest increase, 99%, followed by Yemen with a

59% increase. This increase was driven primarily by war in

both countries, where it accounted for 52.4% of total YLDs

in Syria and 36.9% in Yemen. The largest decrease in YLD

rate was in Lebanon, a 43% decrease from 6804

(4457–10,960) to 3878 (2676–5307) per 100,000 popula-

tion under 5.

DALYs

In 2015, there were 69,297,241 under-5 DALYs in the

EMR, which constituted 30.2% of total DALYs in the

region for all ages. From 1990 to 2015, the under-5

DALY rate in the EMR decreased by 52.8%, the same

as the decrease in the global rate (Table 3). For all

countries, this decrease in the DALY rate was driven

primarily by a decrease in the YLL rate (Table 3). Iran

had the largest decrease in DALY rate, 79%, from

137,881 (122,316–155,406) in 1990 to 29,140

(22,262–37,880) per 100,000 population under 5 in

2015. The smallest decreases were in Kuwait (40%) and

Somalia (42%).

Discussion

Our study shows that progress across the region for child

survival remains uneven, and total deaths for children

under 5 decreased in the EMR at a slower rate than glob-

ally. Our study showed large variation in the burden by

countries of the region, with about 80% of under-5 deaths

occurring in six countries of the region (Afghanistan,

Pakistan, Somalia, South Sudan, Sudan, and Yemen), and

three countries (Sudan, Afghanistan, and Pakistan) among

the 10 countries with the highest child mortality in the

world (GBD 2015 Mortality and Causes of Death Collab-

orators 2016).

Although the top five causes of under-5 mortality—

namely neonatal preterm birth complications, neonatal

encephalopathy, lower respiratory tract infections (LRI),

congenital defects, and diarrheal diseases—were the same

globally and in the EMR, the early neonatal mortality

burden still poses a huge problem in the region. The

decrease in the EMR countries has been the smallest

compared to other regions in the world between 1990 and

2015.

War and legal intervention ranked as the ninth cause of

death in children under 5 years of age in the EMR, com-

pared to 25th globally in 2015. This finding highlights the

consequences of recent conflicts and political unrest in the

region, and the wars that followed (Institute for Health

Metrics and Evaluation 2017). The EMR also now carries

the largest burden of displaced populations globally. Out ofT
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a total of 50 million refugees and internally displaced

persons (IDPs) worldwide, more than 29 million (9 million

refugees and 20 million IDPs) came from the region

(Mokdad et al. 2016). The impact of these emergencies on

public health is profound and affects both the displaced

populations and host communities and usually results in

food insecurity, lack of access to sanitation and health care

facilities, and inadequate care. Conflicts also disrupt fam-

ily, which further exacerbates child morbidity and mor-

tality burden due to unhealthy environments, spread of

disease, and decreased quantity and quality of food intake

(WHO EMRO 2015).

Conflict also deteriorates child health by increasing the

incidence of sexual violence against women and children.

Higher rates of rape, sexually transmitted diseases,

unwanted pregnancies, and unsafe abortions have been

documented in previous conflicts (Akseer et al. 2015).

Poverty and economic inequity are also important

determinants of child health in the EMR. A meta-analysis

examined the association of poverty with infant mortality

in the EMR countries and suggested that there is a signif-

icantly increased mortality risk in infants born in poor

households. The results suggest that policies aimed at

poverty alleviation and female literacy will substantially

contribute to a decrease in infant mortality in the EMR

(Cottingham et al. 2008).

Child marriage is highly prevalent in the EMR. A report

showed that approximately 25% of all girls were married

before the age of 18 years in 15 countries in the region

(The World Bank). In four countries, Afghanistan, Soma-

lia, Sudan, and Yemen, the rate is estimated to be as high as

50% (The World Bank). In addition, illiteracy, especially

among young females, is a common problem in the EMR.

The literacy rate among females older than 15 years is

approximately 80% in the EMR on average, but it is esti-

mated to be around 67% for Morocco, 66% for Yemen,

61% for Sudan, 55% for Pakistan, and 32% for Afghanistan

(The World Bank).

Our findings showed that while YLLs and DALYs fol-

lowed the global trend of decrease from 1990 to 2015,

YLDs in the EMR did not decrease during this period,

which demonstrates the lack of improvement in socioeco-

nomic conditions, in addition to the lack of improvement in

treatments and health care facilities.

Worldwide, successes in decreasing child mortality have

been attributed to rising levels of income per person (Jahan

2008; O’Hare et al. 2013); higher education, especially in

women of reproductive age (Preston 1975; Gakidou et al.

2010); lower fertility rates; and strengthened public health

programs.

In the EMR, action must be taken immediately to save

children’s lives by expanding effective preventive and

Fig. 3 Mortality rates for top 10 causes of under-5 mortality in the Eastern Mediterranean Region by country, 2015 (Global Burden of Disease

2015 study, Eastern Mediterranean Countries, 2015)
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curative interventions. The health interventions needed to

address the major causes of neonatal death generally differ

from those needed to address other under-5 deaths, and are

closely linked to maternal health. Antenatal care, delivery

in a health facility attended by a skilled birth attendant, and

newborn care are all essential public health measures that

need to be strengthened in the EMR. In addition, global

policy changes, like prevention of war and peaceful reso-

lutions of conflicts to improve the well-being of children.

More than half of under-5 child deaths are due to dis-

eases that are preventable and treatable through good

nutrition and simple, affordable interventions. For some of

the most deadly childhood diseases, such as measles, polio,

diphtheria, tetanus, pertussis, pneumonia due to Hae-

mophilus influenza type B and Streptococcus pneumoniae,

and diarrhea due to rotavirus, vaccines are available and

can protect children from illness and death (Fuchs et al.

2010). Strengthening health systems with a focus on

delivery strategies and mechanisms for scaling up coverage

to provide such interventions to all children is crucial to

accelerate progress in improving child health in the EMR.

Health education programs, including providing infor-

mation and confronting cultural and religious barriers

toward utilization of family planning services, are crucial

to decrease child mortality rates in the EMR. Birth spacing,

decreasing the rate of high-risk pregnancies, and delaying

the age of marriage, in addition to literacy, have been

found to be associated with child health and survival

(UNICEF 2005; Grown et al. 2005; Jain and Kurz 2007;

Bhutta et al. 2013, 2014; Nasrullah et al. 2014). In addition,

special care and protection should be given to vulnerable

populations in war times, as well as secure shelter, food,

and access to health care to prevent the devastating effects

of these emergencies on child health.

Study Limitations: While our paper reports important

information using the GBD methodology, this information

has wide uncertainty due to absence of data or data with

poor quality, and possible bias from modeling. Despite

such shortcoming in the estimates produced, it provides

estimates to EMR countries that could be a baseline to

gauge progress of interventions. The methodology used

makes the estimates comparable across countries. The

EMR is going through chronic and acute turmoil that

makes it difficult to observe any improvement in the

future.

Conclusion

In spite of the global achievements in improving child

survival across geographies, the pace of progress was slow

and uneven in the EMR. Our findings reinforce the

imperative need for intensive and accelerated action toT
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decrease the burden of child morbidity and mortality in the

EMR. Ministries of health, non-governmental organiza-

tions, and civic society in the region need to rise to the

challenge and accelerate the pace of progress toward

decreasing the unacceptably high mortality numbers

among children under 5 years of age in the region. Political

awareness, commitment, and leadership are needed to

ensure that child health receives the attention and resources

needed to end preventable child deaths.
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