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ORIGINAL RESEARCH

Burden of Ischemic Heart Disease and Its 
Attributable Risk Factors in North Africa 
and the Middle East, 1990 to 2019: Results 
From the GBD Study 2019
Arya Aminorroaya , MD, MPH*; Sahar Saeedi Moghaddam , MSc*; Hamed Tavolinejad , MD;  
Zahra Aryan, MD, MPH; Behnam Heidari, MD, MPH; Hedyeh Ebrahimi , MD, MPH;  
Mohammadreza Naderian , MD, MPH; Parnian Shobeiri , MD, MPH; Ali Ghanbari, MSc;  
Nazila Rezaei , MD; Mohammad- Reza Malekpour , MD; Rosa Haghshenas , BSc;  
Negar Rezaei , MD, PhD; Bagher Larijani , MD; Farshad Farzadfar , MD, MPH, DSc

BACKGROUND: The North Africa and Middle East (NAME) region has one of the highest burdens of ischemic heart disease (IHD) 
worldwide. This study reports the contemporary epidemiology of IHD in NAME.

METHODS AND RESULTS: We estimated the incidence, prevalence, deaths, years of life lost, years lived with disability, disability- 
adjusted life years (DALYs), and premature mortality of IHD, and its attributable risk factors in NAME from 1990 to 2019 using 
the results of the GBD (Global Burden of Disease study 2019). In 2019, 0.8 million lives and 18.0 million DALYs were lost due 
to IHD in NAME. From 1990 to 2019, the age- standardized DALY rate of IHD significantly decreased by 33.3%, mostly due to 
the reduction of years of life lost rather than years lived with disability. In 2019, the proportion of premature death attributable 
to IHD was higher in NAME compared with global measures: 26.8% versus 16.9% for women and 18.4% versus 14.8% for 
men, respectively. The age- standardized DALY rate of IHD attributed to metabolic risks, behavioral risks, and environmental/
occupational risks significantly decreased by 28.7%, 37.8%, and 36.4%, respectively. Dietary risk factors, high systolic blood 
pressure, and high low- density lipoprotein cholesterol were the top 3 risks contributing to the IHD burden in most countries 
of NAME in 2019.

CONCLUSIONS: In 2019, IHD was the leading cause of death and lost DALYs in NAME, where premature death due to IHD was 
greater than the global average. Despite the great reduction in the age- standardized DALYs of IHD in NAME from 1990 to 
2019, this region still had the second- highest burden of IHD in 2019 globally.

Key Words: coronary artery disease ■ epidemiology ■ global burden of disease ■ ischemic heart disease ■ mortality ■ North Africa 
and Middle East

Cardiovascular diseases have been the lead-
ing cause of death worldwide for decades.1–3 
Ischemic heart disease (IHD) remains the most 

prevalent cardiovascular disease and accounts for 
16% of total global deaths.1,2,4,5 Although the global 
IHD burden is increasing, there are considerable 
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regional and national variations.6 One of the high-
est age- standardized IHD prevalence and incidence 
rates is observed in the North Africa and Middle East 
(NAME) region.2,4,6

NAME is an economically diverse region, where 
countries are at different stages of development with a 
diverse distribution of wealth and resources, and remark-
able socioeconomic disparities. Besides the ongoing 

epidemiologic transition in NAME with evolving patterns 
of fertility, death, life expectancy, and leading causes of 
death, socioeconomic disparities worsen the access to 
preventive measures to control noncommunicable dis-
eases (NCDs).7,8 The prevalence of major atherosclerosis 
risk factors, including hypertension, diabetes, and obe-
sity has significantly increased in the NAME region over 
the past 2 decades.8–10 IHD seems to affect younger 
individuals across NAME countries compared with 
other regions.8,10 Consequently, the age- standardized 
disability- adjusted life year (DALY) rates for IHD are con-
siderably higher than the global picture, and IHD is esti-
mated to cause 26% of all deaths in NAME.4,6,11

Prevention and control of atherosclerotic cardiovas-
cular diseases are one of the public health challenges 
in the NAME region.7–9 Therefore, updated estimates of 
regional and national IHD burdens are essential in es-
tablishing benchmarks for decisions in policy making 
and resource allocation. It is also important to evalu-
ate the role of demographic changes, sex differences, 
risk factor patterns, and national trends to inform timely 
and effective strategies. Nevertheless, to the best of 
our knowledge, no updated study has reported de-
tailed epidemiologic estimates with time comparisons 
for IHD within countries in this region.8,11,12 As part of 
the GBD (Global Burden of Diseases, Injuries, and Risk 
Factors study 2019), this investigation was conducted 
to provide an update on the imposed burden of IHD- 
related death and morbidity in NAME.

METHODS
Data Source
Epidemiological data from the GBD was obtained from 
the Institute for Health Metrics and Evaluation to evalu-
ate the epidemiology of the Institute for Health Metrics 
and Evaluation and its attributable risk factors in NAME 
between 1990 and 2019. The GBD is a multinational 
collaboration that reports comprehensive and system-
atic estimations for 369 diseases and injuries in 204 
countries. The study was initiated in 1990 and has been 
updated regularly ever since with the addition of new 
data sources and methodological revisions to enable 
comparisons across time. Detailed methods of the GBD 
have been published elsewhere.1–4 The GBD study is 
approved by the University of Washington Institutional 
Review Board (STUDY00009060). Informed consent 
forms were not deemed necessary as the GBD uses 
deidentified collective data. The data used in this study 
are accessible via the Global Health Data Exchange 
(http:// ghdx. healt hdata. org/ gbd-  2019) and the GBD 
Compare webpage (https:// vizhub. healt hdata. org/ gbd- 
compa re/ ). The reporting of the present study complies 
with Guidelines for Accurate and Transparent Health 
Estimates Reporting.13

CLINICAL PERSPECTIVE

What Is New?
• In 2019, ischemic heart disease (IHD) was the 

leading cause of burden of disease and death in 
NAME, where premature death due to IHD was 
greater than the global average.

• The age- standardized disability- adjusted life 
year rate of IHD decreased by >30% in NAME 
from 1990 to 2019; however, NAME still has the 
second rank in the burden of IHD globally with 
major health inequalities.

• From 1990 to 2019, the age- standardized 
rates of disability- adjusted life years, years 
of life lost, and years lived with disability due 
to IHD significantly decreased; however, the 
reduction of disability- adjusted life years arises 
mostly from a decrease in years of life lost or 
death, rather than years lived with disability or 
morbidity, of IHD.

What Are the Clinical Implications?
• There are some control plans for IHD in place 

in some NAME countries, including multisecto-
ral and interdisciplinary committees for control of 
noncommunicable diseases and their risk fac-
tors, and expansion of catheterization laborato-
ries and fibrinolytic injection facilities for the acute 
management of IHD; although some of them 
proved effective in reducing the IHD burden ac-
cording to this study, they are yet to be adopted 
and evaluated by other countries in the region.

• The management of dietary risk factors, high 
systolic blood pressure, and high low- density 
lipoprotein cholesterol should be the focus of 
IHD control plans in NAME.

Nonstandard Abbreviations and Acronyms

GBD Global Burden of Diseases, Injuries, and 
Risk Factors study 2019

NAME North Africa and Middle East
NCD noncommunicable disease
SDI sociodemographic index
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Definitions
In the GBD, diseases and injuries are classified into 
4 levels of causes. IHD is a level 3 cause (coded as 
B.2.2) under noncommunicable diseases (level 1) and 
cardiovascular diseases (level 2). IHD itself cannot be 
subdivided into level 4 causes. The standard definition 
of IHD used in the GBD included acute myocardial 
infarctions, determined on the basis of the Fourth 
Universal Definition of Myocardial Infarction and adjusted 
to account for out- of- hospital sudden cardiac death, 
chronic IHD, and chronic stable angina, determined on 
the basis of the Rose angina questionnaire, and heart 
failure due to IHD.4,14 Premature death due to IHD 
was defined as age <55 years in men and <65 years 
in women according to international guidelines and 
regional studies.15–18 The Institute for Health Metrics 
and Evaluation uses a 4- level hierarchy to classify risk 
factors.3 Level 1 risk factors include broad categories 
of metabolic risks, behavioral risks, and environmental/
occupational risks. Level 2 risk factors comprise 20 
risk factors, and level 3 risk factors consist of 25 more 
granular risk factors, while level 4 risk factors represent 
the most detailed classification with 29 risk factors.1–3 
The sociodemographic index (SDI) is a summary 
measure of country development that incorporates 
income per capita, educational attainment level, and 
the total fertility rate, and is presented in quintiles.19

Definition of the NAME region is ambiguous and 
varies between institutions and studies. GBD defines 
7 super- regions on the basis of epidemiologic similar-
ity and geographic closeness, including high income; 
Latin America and Caribbean; sub- Saharan Africa; 
NAME; South East Asia, East Asia, and Oceania; 
Central Europe, Eastern Europe, and Central Asia; 
and South Asia. This analysis focused on the GBD 
NAME region, composed of 21 countries: Afghanistan, 
Algeria, Bahrain, Egypt, Iran, Iraq, Jordan, Kuwait, 
Lebanon, Libya, Morocco, Oman, Palestine, Qatar, 
Saudi Arabia, Sudan, Syrian Arab Republic, Tunisia, 
Turkey, United Arab Emirates, and Yemen.20,21

Estimation Framework
The burden of IHD was determined via standard epi-
demiologic measures including prevalence, incidence, 
death rates, years of life lost (YLLs), years lived with 
disability (YLDs), and DALYs measured with regard 
to age, sex, country, and SDI, with comparisons over 
time. Incidence and prevalence were based on a broad 
range of population- representative data. GBD employs 
a highly standardized method to estimate death due to 
different causes, which uses vital registration based on 
International Classification of Disease (ICD) codes1,22 
and verbal autopsy data as inputs to the Cause of 
Death Ensemble Model to produce time trends.1,2,23 
YLLs were calculated as the difference between the 

maximum country- specific life expectancy and the age 
at death. YLDs were the product of the prevalence and 
disability weights of IHD. DALYs were produced as the 
sum of YLLs and YLDs.

Statistical Analysis
In this study, we reported incidence, prevalence, deaths, 
premature deaths, YLLs, YLDs, and DALYs of IHD for 
NAME and its countries from 1990 to 2019. Moreover, 
we explored the impact of changes in age structure, 
population growth, and variations in incidence rate on 
the incidence of IHD using decomposition analysis. 
Briefly, expected IHD cases in 2019 were estimated 
using 2 hypothetical scenarios: first, applying the 1990 
age- specific IHD incidence rates to the 2019 population 
size; and second, applying the 1990 age structure and 
age- specific IHD incidence rates to the 2019 population 
size. The difference between the 2 scenarios was 
considered as the contribution of population aging. 
Differences between the second scenario and the 
actual IHD incidence in 2019 were considered as 
the contribution of population growth. Finally, any 
remaining changes in IHD incidence were attributed 
to alterations in age- specific IHD incidence rates.24 
Data are reported as point estimates (95% uncertainty 
interval). All statistical analyses and visualizations were 
done using R software version 4.0.4 (R Foundation for 
Statistical Computing, Vienna, Austria).

RESULTS
Disability- Adjusted Life Years
In 2019, 18.0 million DALYs (61.3% men) were lost 
due to IHD in NAME. From 1990 to 2019, the age- 
standardized DALY rate of IHD significantly decreased 
by 33.3% (95% uncertainty interval, −41.4 to −25.0) 
and reached 4158.9 per 100 000 population (3650.7–
4751.7) in NAME (Table 1; Figure 1). The correspond-
ing worldwide figure was −28.6% (−33.3 to −24.2) and 
2243.5 (2098.7–2385.0), respectively. Although NAME 
had the highest worldwide age- standardized DALY 
rate of IHD in 1990, the steady decrease of this meas-
ure in the study period resulted in convergence with 
the global average. Noticeably, this decreasing trend 
was consistent across all 21 countries of NAME rang-
ing from a 10.5% reduction (−30.2 to 16.8) in Libya to a 
69.1% decrease (−75.1 to −60.7) in Bahrain; neverthe-
less, it did not reach statistical significance for Egypt, 
Libya, Saudi Arabia, Syrian Arab Republic, Tunisia, and 
Yemen (Table S1; Figure S1). Egypt had the highest and 
Turkey had the lowest age- standardized DALY rate of 
IHD in NAME in 2019 (Figure 2). The decreasing trend 
of age- standardized DALYs mostly arises from the re-
duction of YLLs rather than YLDs. From 1990 to 2019, 
the contribution of YLDs to the age- standardized DALY 
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rate attributed to IHD was <4% for all NAME countries 
(Figure 3).

Mortality Rate
In 2019, 799 000.5 people (57.6% men) died of IHD, 
corresponding to 17.6 million YLLs (61.3% men), in the 
NAME region. The NAME region age- standardized 
death and YLL rates of IHD remarkably decreased by 

29.2% (−36.9% to −21.8%) and −33.7% (−42.1% to 
−25.3%) during the study period and reached 219.0 
(194.2–246.8) for death and 4075.1 (3561.3–4675.0) for 
YLLs in 2019 (Table  1; Figure  1). The corresponding 
worldwide figure was −30.8% (−34.8% to −27.2%) and 
118.0 (107.8–125.9) for death and −29.1% (−34.1% to 
−24.6%) and 2177.0 (2034.0–2321.5) for YLLs, respec-
tively. From 1990 to 2019, all countries in NAME demon-
strated a decreasing trend for age- standardized death 

Figure 1. Time trend of age- standardized incidence, prevalence, death, and DALY rates of IHD in NAME from 1990 to 2019.
DALY indicates disability- adjusted life years; IHD, ischemic heart disease; and NAME, North Africa and Middle East.

Figure 2. Ranking of NAME countries in terms of age- standardized incidence, prevalence, death, and DALY rates of IHD 
from 1990 to 2019.
DALY indicates disability- adjusted life years; IHD, ischemic heart disease; and NAME, North Africa and Middle East.
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rates varying from a 7.2% (−28.4% to 22.9%)  decre-
ment in the Syrian Arab Republic to a 64.9% (−71.4% to 
−55.9%) decrease in Bahrain; however, the decreasing 
trend was not statistically significant for Egypt, Libya, 
Morocco, Saudi Arabia, Syrian Arab Republic, Tunisia, 
and Yemen. Similarly, the decrease in age- standardized 
YLL rate ranged from 11.0% (−31.1% to 16.9%) in Libya 
to 69.9% (−76.0% to −61.3%) in Bahrain with no sta-
tistically significant difference in Egypt, Libya, Saudi 
Arabia, Syrian Arab Republic, Tunisia, and Yemen 
(Table  S1; Figure  S1). Syrian Arab Republic had the 
highest and Kuwait had the lowest age- standardized 
death rate of IHD in NAME in 2019 (Figure 2).

Premature Death
In 2019, the share of premature IHD death was 26.8% 
and 18.4% for women and men, respectively, in the 
NAME region, compared with 16.9% and 14.8%, 
accordingly, at the global level (Table  2). The great-
est reduction of IHD premature death from 1990 to 
2019 was recorded by Turkey (55.6% for women and 
37.8% for men) followed by Iran (48.3% for women and 
21.6% for men) and Lebanon (39.0% for women and 
33.5% for men) in NAME. In contrast, the United Arab 
Emirates (64.8% for women and 14.9% for men) and 
Saudi Arabia (60.4% for women and 48.7% for men) 

showed a dramatic increase in the share of IHD pre-
mature deaths. A similar pattern was observed consid-
ering premature YLLs due to IHD (Table 2). From 1990 
to 2019, Afghanistan demonstrated the widest sex 
inequality in IHD premature death, with 102.6% and 
3.4% increase in the share of IHD premature death in 
men and women, respectively. In Palestine, the share 
of IHD premature death decreased by 10.1% in women 
from 1990 to 2019, while it increased by 31.5% in men 
(Table 2).

Morbidity
In 2019, 351 000 YLDs (63.8% men) were lost due to 
IHD, one- third of YLDs of stroke, in NAME. Moreover, 
there were 20.0 million prevalent cases (61.5% men) of 
IHD in this year. The age- standardized YLD rate of IHD 
significantly decreased by 4.0% (−6.1% to −2.1%) from 
1990 to 2019 and reached 83.8 (56.5–117.2) in NAME 
in 2019. The respective figures were −3.5% (−4.5% 
to −2.2%) and 4911.1 (4552.7–5295.1) for prevalence 
(Table 1; Figure 1). The variation of age- standardized 
YLD rate during the study period ranged from a 26.9% 
(−32.7% to −21%) significant decrease in Turkey to a 
significant 23.4% (15.3%–32.4%) increase in Oman. 
Comparably, the percentage change in the age- 
standardized prevalence rate from 1990 to 2019 varied 

Figure 3. Age- standardized DALY rate of IHD and the contribution of YLLs and YLDs in NAME countries from 1990 to 2019.
DALY indicates disability- adjusted life year; IHD, ischemic heart disease; NAME, North Africa and Middle East; YLDs, years lived with 
disability; and YLLs, years of life lost.
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Table 2. Share of Premature Deaths and YLLs due to IHD and Their Percentage Change From 1990 to 2019 in the World, 
NAME, and NAME Countries

Measure Location

1990 2019
% Change 
(1990–2019)

Female, 
%

Male, 
%

Female, 
%

Male, 
%

Female, 
%

Male, 
%

Deaths Global 18.6 16.7 16.9 14.8 −9.1 −11.4

North Africa and Middle East 32 20.1 26.8 18.4 −16.3 −8.5

Afghanistan 47.3 19.2 48.9 38.9 3.4 102.6

Algeria 31.5 17.9 21 13.9 −33.3 −22.3

Bahrain 36 30.3 29.8 28.5 −17.2 −5.9

Egypt 31.9 20.4 32.8 18.6 2.8 −8.8

Iran (Islamic Republic of) 33.1 19 17.1 14.9 −48.3 −21.6

Iraq 28.2 19.1 27.9 17.9 −1.1 −6.3

Jordan 29.8 26.6 22.9 23.9 −23.2 −10.2

Kuwait 33.2 37.4 30.9 34.4 −6.9 −8.0

Lebanon 25.4 17.6 15.5 11.7 −39.0 −33.5

Libya 30.4 21 32.1 22.1 5.6 5.2

Morocco 31.6 17.9 28.4 12.2 −10.1 −31.8

Oman 30.1 26.1 26.6 23 −11.6 −11.9

Palestine 24.8 14.3 22.3 18.8 −10.1 31.5

Qatar 34.9 32.1 35.1 31.6 0.6 −1.6

Saudi Arabia 33.8 23.8 54.2 35.4 60.4 48.7

Sudan 34.9 21.1 32.1 20 −8.0 −5.2

Syrian Arab Republic 34.5 22.9 28.5 16.6 −17.4 −27.5

Tunisia 25.4 13.3 16.2 10.4 −36.2 −21.8

Turkey 25.9 20.1 11.5 12.5 −55.6 −37.8

United Arab Emirates 33.8 49.6 55.7 57 64.8 14.9

Yemen 35.7 26.7 35 23.3 −2.0 −12.7

YLLs Global 37.6 31.5 36.3 29.8 −3.5 −5.4

North Africa and Middle East 52.9 34.9 47.8 34.2 −9.6 −2.0

Afghanistan 65.9 31.7 69.9 58.2 6.1 83.6

Algeria 52.7 34 42.3 29.6 −19.7 −12.9

Bahrain 54.2 47.8 48.1 44.2 −11.3 −7.5

Egypt 52.5 35.9 51 32.9 −2.9 −8.4

Iran (Islamic Republic of) 53.9 32.3 36.1 31.3 −33.0 −3.1

Iraq 49.5 34.5 48.6 31.7 −1.8 −8.1

Jordan 49.2 42.6 40.6 40.7 −17.5 −4.5

Kuwait 57.3 54.9 57.1 54.5 −0.3 −0.7

Lebanon 45 31.7 32.9 26 −26.9 −18.0

Libya 53.7 40.8 56 41.8 4.3 2.5

Morocco 51.4 32.4 48.4 23.7 −5.8 −26.9

Oman 47.4 41.2 44.3 40.7 −6.5 −1.2

Palestine 43.2 27.3 41 32.8 −5.1 20.1

Qatar 57.1 47.4 52 47.6 −8.9 0.4

Saudi Arabia 55.6 39.9 74.3 51.3 33.6 28.6

Sudan 55.9 36.7 55.5 37.3 −0.7 1.6

Syrian Arab Republic 60.3 41.6 49.4 30.5 −18.1 −26.7

Tunisia 44.3 26.1 33.5 22.4 −24.4 −14.2

Turkey 45.5 33.8 25.9 25.6 −43.1 −24.3

United Arab Emirates 52.2 65.7 71.9 69.1 37.7 5.2

Yemen 55.5 40.9 56.1 40.1 1.1 −2.0

IHD indicates ischemic heart disease; NAME, North Africa and Middle East; and YLLs, years of life lost.
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from a significant 23.8% (−26.8% to −20.3%) decrease 
in Turkey to a significant 12.4% (8.7%–16.4%) increase in 
Saudi Arabia (Table S1; Figure S1). In 2019, Iran had the 
highest and Turkey had the lowest age- standardized 
prevalence rate of IHD in NAME (Figure 2).

Incidence and Decomposition Analysis
In 2019, 2.6 million incident cases (60.2% men) of 
IHD occurred in NAME. From 1990 to 2019, the age- 
standardized incidence rate of IHD remarkably de-
creased by 9.0% (−10.3% to −7.5%) and reached 613.9 
(555.8–675.2) in NAME in 2019 (Table  1, Figure  1). 
The variation of this measure during the study period 
ranged from a significant 31.4% (−34.9% to −27.4%) 
decrease in Turkey to a significant 11.4% (6.1%–17.4%) 
increase in Oman (Table S1). In 2019, Iran had the high-
est and Turkey had the lowest age- standardized inci-
dence rate of IHD in NAME (Figure 2).

The number of incident cases of IHD grew by 135.1% 
in NAME from 1990 to 2019. According to the decom-
position analysis, this increase was attributed to pop-
ulation growth (76.4%), age structure change (80.4%), 
and incidence rate change (−21.7%). Population growth 
and age structure change contributed to the increased 
number of incident cases of IHD in all NAME countries 
except for Afghanistan and Sudan; nonetheless, the 
incidence rate change varied from −80.3% in Turkey to 
65.7% in the United Arab Emirates from 1990 to 2019 
(Table S2).

Risk Factors
From 1990 to 2019, metabolic risk factors, followed by 
behavioral and environmental/occupational risks, con-
tributed the most to the number of IHD DALYs attrib-
uted to risk factors in the NAME region. In 2019, 15.9 
(13.7–18.6), 12.3 (10.5–14.4), and 6.9 (5.7–8.2) million IHD 
DALYs were attributed to metabolic, behavioral, and en-
vironmental/occupational risks, respectively, in NAME 
region (Table S3). The age- standardized DALY rate of 
IHD attributed to risk factors significantly decreased 
for combined all risk factors by 32.5% (−40.7% to 
−24.2%), metabolic risks by 28.7% (−37.1% to −18.9%), 
behavioral risks by 37.8% (−45.6% to −29.6%), and en-
vironmental/occupational risks by 36.4% (−44.7% to 
−27.7%) (Table S4). Considering the age- standardized 
DALY rate of IHD attributable to level 4 of risk factors, 
high systolic blood pressure, high low- density lipopro-
tein cholesterol, and high body mass index remained 
among the top 5 risk factors of IHD in NAME from 1990 
to 2019. Although the age- standardized DALY rate at-
tributable to high systolic blood pressure and high low- 
density lipoprotein cholesterol decreased by −28.9% 
(−38.3% to −18.7%) and − 32.9% (−41.4% to −24.0%), 
respectively, the age- standardized DALY rate attrib-
utable to high fasting plasma glucose increased by 

31.0% (9.1%–55.6%). Notably, the attributable burden 
of smoking significantly decreased by 41.5% (−49.6% 
to −32.6%) during the study period. Considering level 
2 of risk factors, dietary risks, high systolic blood pres-
sure, and high low- density lipoprotein cholesterol were 
the top 3 risks contributing to age- standardized DALYs 
and death rates in most countries of NAME in 2019 
(Figure S2).

DISCUSSION
In 2019, IHD was the leading cause of burden of disease 
and death in NAME and accounted for 18 million DALYs 
and 0.8 million deaths in this region. Noticeably, peo-
ple in the NAME region were more likely to die prema-
turely due to IHD compared with the rest of the world. 
Although NAME had the greatest age- standardized 
DALY rate of IHD in the world in 1990, the burden of IHD 
remarkably decreased from 1990 to 2019. Despite this 
great reduction, NAME still has the second rank of the 
burden of IHD globally, after Central Europe, Eastern 
Europe, and the Central Asia super- region. From 1990 
to 2019, the age- standardized rates of DALYs, YLLs, 
and YLDs due to IHD significantly decreased; however, 
the reduction of DALYs arise mostly from a decrease in 
YLLs or death, rather than YLDs or morbidity of IHD. 
The decomposition analysis of the IHD incidence re-
vealed that the inherent incidence change accounted 
for a >20% reduction in the incidence of IHD. Despite 
major reductions in the DALYs attributed to risk factors 
in NAME, metabolic risk factors and dietary risks re-
mained to be addressed in IHD control.

NAME had the greatest burden of IHD in 1990, and 
despite a considerable reduction of its burden, NAME 
remained as one of the most alarming regions for IHD 
compared with others. In this study, we found that 
the reduction in death is the main driver for the de-
crease in DALYs of IHD in NAME, and YLDs of IHD 
decreased significantly but far less than YLLs of IHD. 
Generally, this finding underscores the greater impor-
tance of preventive and therapeutic measures rather 
than rehabilitation facilities in the region; nevertheless, 
each country should tailor this recommendation on the 
basis of its resources and epidemiologic profile of IHD 
such as YLLs/YLDs ratio and trend.25

There are 2 widely accepted strategies to prevent 
IHD, population- based and individual- based.26,27 The 
presence of an extensive primary health care network 
enables the health system to implement population- 
based measures for risk factor control and, conse-
quently, a more equal reduction of the IHD burden. 
The Individual- based approach, however, depends 
on sophisticated costly health care personnel and re-
sults in a more diverse reduction of the IHD burden.28 
Although each of these policies requires certain infra-
structures and human resources, they can be adopted 
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by NAME countries on the basis of their health system 
profile. For instance, the extensive primary health care 
network of Iran can be leveraged for expanding pri-
mary and secondary preventive measures to control 
IHD risk factors.9 However, tackling NCDs, including 
IHD, requires multilevel approaches to implement tai-
lored action plans for the control of these conditions. 
Some NAME countries, including Iran,29,30 Turkey,31,32 
and the United Arab Emirates,33 developed customized 
strategies to tackle NCDs, which may have lessons for 
other countries in the region. These strategies included 
the establishment of NCD monitoring programs as well 
as multisectoral collaboration between government, 
ministries of education and health, municipalities, and 
academia.34 Moreover, tax implementation on tobacco 
products in some NAME countries might lead to the 
observed significant reduction of the attributable bur-
den of smoking in the study.34 Finally, the World Health 
Organization’s best buys for control of NCDs should be 
evaluated in terms of cost- effectiveness and adopted 
on the basis of health system priorities, especially in 
low-  and middle- income countries.35

The proportion of IHD premature death decreased in 
NAME from 1990 to 2019; however, this reduction was 
not consistent across NAME countries. Furthermore, 
premature mortality rates in NAME are still higher than the 
global measure and high- SDI regions.36–38 Adoption of 
premature death as part of the Sustainable Development 
Goal target 3.4 by the United Nations highlights its public 
health priority.39 It should be noted that we defined sex- 
specific premature death for IHD in this study, and this 
definition is not the same as the definition of the United 
Nations for NCDs, albeit both definitions share mutual 
concepts. Given the higher mortality rate of young adults, 
especially women, in the setting of acute IHD,40–43 im-
proved health care access and quality of care,5,44 par-
ticularly in the acute setting, along with enhancement of 
medical education and health care workers’ awareness 
on unusual signs and symptoms of IHD in the young 
population may address the high rate of IHD premature 
death in the NAME region. Although the establishment 
of modern therapeutic facilities including catheteriza-
tion laboratories and fibrinolytic administration facilities 
may diminish the IHD premature death and burden, the 
successful implementation of these advanced thera-
peutic interventions should be ensured.45–47 In addition, 
access to coronary artery bypass grafting procedures, 
which showed cost- effectiveness in NAME countries, 
should be improved to diminish the IHD burden.48,49 
However, the establishment of these treatment facilities 
is resource- intensive, imposing a financial burden on the 
health system. This should be factored into public health 
policymaking and tailored on the basis of the health pri-
orities and health expenditures of each country. Notably, 
expanding therapeutic infrastructures may cut the bur-
den of IHD in the short term; nevertheless, implementing 

nationwide preventive programs, especially for high- risk 
patients such as those with a family history of IHD or 
patients with hereditary dyslipidemia, may be more cost- 
effective as a long- term policy.26,27

The NAME region demonstrated a remarkable im-
provement in the age- standardized DALY rate of IHD 
attributed to risk factors, which is comparable with the 
global measure, 32.5% versus 28.8%.1,2 This decrease 
might play an important role in the significant reduction 
of the IHD burden in this region; however, much remains 
to be done. Metabolic risks remained the major contrib-
utor to IHD in NAME. These risks need to be reduced 
by multiple risk factor interventions that have shown 
effectiveness in low-  and middle- income countries.50 
Another strategy should focus on enhancing aware-
ness and effective treatment of cardiovascular risk fac-
tors. This is while regional studies showed suboptimal 
awareness of diabetes and hypertension, and also un-
deruse of medications to control NCD risk factors.51–53 
The predominance of metabolic and dietary risks con-
tributing to IHD calls for expanding social media cam-
paigns, a cost- effective tool, to encourage people to 
adopt a more healthy lifestyle, including a healthy diet 
and increased physical activity.35 Introduction of polyp-
ills in recent years may also depict new horizons in the 
primary and secondary prevention of IHD.54–56

Our findings provide a general epidemiologic pic-
ture of IHD in NAME countries. These data inform 
public health policymakers to adopt customized and 
cost- effective strategies according to their available in-
frastructure and resources to control IHD; nonetheless, 
disparities across demographic subgroups of age, sex, 
race, and ethnicity should be addressed.5 Between 
1990 and 2019, we found a remarkably greater in-
crease in IHD premature death in Afghan men (>100%) 
compared with women (<5%), and an increase in IHD 
premature death in men compared with a decrease in 
women in Palestine. These sex disparities may arise 
from poor quality of data sources including vital regis-
trations, which in turn introduces uncertainty into epi-
demiologic modeling. However, they may imply a true 
inequality that should be further delineated and ad-
dressed. The lack of data on these health inequalities 
in NAME, in contrast with high- SDI countries, neces-
sitates further studies in this region.41–43 The Quality of 
Care Index has been recently introduced and adopted 
to assess the quality of care and health inequalities 
for different diseases including IHD using the GBD re-
sults.5,57–61 This method involves dimension reduction 
strategies to combine death, DALYs, YLLs, YLDs, inci-
dence, and prevalence to provide an epidemiologically 
plausible index representing the care quality of IHD.5 
Therefore, the Quality of Care Index holds promise 
to assess the disparities in the quality of care of IHD 
across demographic subgroups in NAME and other 
regions using GBD.
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Among NAME countries, Turkey had one of the low-
est burdens of IHD in the region from 1990 to 2019 and 
successfully managed to cut the IHD burden by >50%. 
This achievement correlates and may originate from 
the successive growth of the gross domestic prod-
uct per capita and SDI of Turkey during the study pe-
riod.19,62 In addition to the control of NCDs,31,32 Turkey 
established percutaneous coronary intervention facili-
ties across the country and is actively monitoring the 
management of IHD by conducting nationwide studies 
and acute myocardial infarction registries.63 Reforming 
the national health system of Turkey may also be a 
factor in the significant reduction of the IHD burden. 
While Iran had the highest incidence and prevalence 
of IHD in NAME from 1990 to 2019, its DALYs and 
death rates due to IHD were far less than other NAME 
countries. Although the higher prevalence of IHD in this 
country might be the result of higher- quality screening 
and diagnostic strategies resulting in identifying more 
cases, it may also reflect inadequate primary preven-
tion strategies for controlling risk factors before they 
result in a clinically identifiable IHD.64 The significantly 
lower DALYs and death rate might also partially arise 
from better diagnosis strategies, resulting in diagno-
sis in earlier stages and therefore milder IHD, although 
it might be partially a reflection of better secondary 
prevention of IHD in Iran.9,25 In this country, availability 
and affordability of acute care for IHD were improved 
in recent years,45 and national efforts were directed at 
a multisectoral approach to address NCDs29,30; never-
theless, these efforts aimed at the primary prevention 
of IHD should be strengthened to reduce the inci-
dence of IHD in future years.64 The dramatic increase 
in the share of IHD premature death in the United Arab 
Emirates and Saudi Arabia is alarming and necessi-
tates an appropriate public health response. These in-
creases may be due to their increase in gross domestic 
product and the bell- shaped association between SDI 
and IHD death.4,11,62

Limitations
GBD is a global effort to depict the epidemiologic pic-
ture of diseases worldwide using the available data and 
a complex analytic framework; however, it has some 
inherent limitations.1–4 Incompleteness or even lack of 
vital registrations, verbal autopsy, and other health data 
sources are major drawbacks for the estimation of IHD 
burden in NAME. These limitations may be more exag-
gerated in this region due to the ongoing wars and con-
flicts in NAME. Investment in health data management 
systems and other infrastructures is highly encouraged 
to improve the quality of input data for IHD modeling. 
While we interpreted the trends of the IHD burden in 
the context of current IHD control plans in NAME coun-
tries to highlight the possibly successful health policies, 

we cannot establish causal relationships between the 
policies and trends in this study. Future studies are war-
ranted to evaluate the downstream effects of specific 
IHD control policies.

CONCLUSIONS
IHD was the leading cause of death and lost DALYs, 
accounting for 0.8 million deaths and 18 million DALYs 
in NAME in 2019. The age- standardized DALY rate of 
IHD decreased by >30% in NAME from 1990 to 2019; 
however, NAME still has the second rank in the burden 
of IHD globally. People in NAME were more likely to 
die prematurely due to IHD compared with the global 
average. While the age- standardized DALY rate of IHD 
attributed to risk factors significantly decreased from 
1990 to 2019, metabolic and dietary risks are still major 
setbacks for the control of IHD. There are some control 
plans for IHD in place in some NAME countries, includ-
ing multisectoral and interdisciplinary committees for 
control of NCDs and their risk factors, and expansion of 
catheterization labs and fibrinolytic injection facilities for 
the acute management of IHD. Although some of them 
proved effective in reducing the IHD burden according 
to this study, they are yet to be adopted and evaluated 
by other countries in the region. Health inequalities, 
and sex, ethnicity, and age disparities should be on the 
agenda of future research in NAME to ensure uniform 
improvement of the IHD burden in the region.
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